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NpenapaTuBHun meton cuHTe3ly 4-(TpudriyopomMeToKCH)-
ninepuavHy Ta 4-(TpudnyopometTokcumMmeTUn)ninepuanHy

Merta. Po3po6uti 3py4HUIn CUHTETUYHWIA METOZ, A5st OQEPXKaHHA MyNbTUrpamMoBKX KinbkocTew 4-(Tpudnyopo-
MeTOKCU)ninepuanHy Ta 4-(TpudnyopomMeToKCMMETUN)NinepuanHy — NnepcnekTMBHuX ByaisenbHMx 6rnokis ons

MEANYHOI XiMmii.

Pesynbraty Ta ix o6roBopeHHsi. CHTe3oBaHo 4-(TpudnyopomeTtokcu)ninepuauH (8,4 r) ta 4-(Tpudpnyopo-
mMeTokcumeTun)ninepuamH (12,9 r) y n'ate cragin, Buxogsuv 3 4-rigpokcuninepuguHy (cymapHuin Buxig — 40 %)
Ta 4-(rigpokcmmeTun)ninepnanHy (cymapHun suxig — 13,5%) signosigHo.

EkcnepumeHTanbHa YacTtuHa. lepLuoto cTtagieto CMHTETUYHOI cTpaTerii 6yno auunioBaHHs 4-rigpoKcu-

ninepuauHy 6eHsoinxnopugom. Opepxannii N-6eH30in-4-rigpokcuninepuanH 6yno nepetsopeHo Ha N-6eH30in-
4-TpuchbnyopomeTokcHninepuanH y ABi ctagil 3 BUKOPUCTaHHAM MeTogy XisMu (CMHTEe3 BiAMOBIAHOMO S-meTun-
KcaHTaTy i HacTynHi Aecynbdypusalis Ta nyopyBaHHSA 3 BUKOpUCTaHHSIM N-OpOMOCYHKUMHIMIZY Ta peareHTy
Ona). dani N-6eH30inbHY rpyny 6yno BigHOBMEHO A0 6EH3WMBbHOT, 3HATTS AKOI MPOBOAUN 3 BUKOPUCTAHHAM
1-xnopoetunxnopodopmiaty. AHanoriyHy cxeMmy Oyrno BMKOPUCTaHO ANs CUHTE3Y 4-(TpudbriyopOMETOKCUMETU)-
ninepnaviHy, BUXoAsa4M 3 4-(rigpokcumetun)ninepuanHy. CTpyKTypy i CKnaja CMHTE30BaHMX Cronyk AoBeAeHo Aa-
HumK 'H, 3C i *F AMP-cnekTpockonii, Mac-CnekTpoMeTpii Ta efleMeHTHOro aHarniay.

BucHoBKkK. Po3pobneHnii MeTof € 3py4HUM NigX040M A0 CUHTE3Y MYMBTUrPaMoBUX KinlbkocTen 4-(Tpudnyo-
pomeToKecH)inepuanHy Ta 4-(TpmdnyopoMeToKCUMETMN)NINepUANHY Ta MOXe ByTu BUKOPUCTaHUIA AN CUHTE3Y
iHLUMX BTOPUHHMX aMmiHiB, Wwo mictaTte CF,O-rpyny.

Knro4oei crosa: dnyopyBaHHs; TpUyopoMeTOKCUrpyna; KcaHTar; ninepuaunH; 3axucHa rpyna
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The preparative synthetic approach to 4-(trifluoromethoxy)piperidine

and 4-(trifluoromethoxymethyl)piperidine

Aim. To develop a convenient synthetic approach for the preparation of multigram amounts of 4-(trifluoromethoxy)-
piperidine and 4-(trifluoromethoxymethyl)piperidine — promising building blocks for medicinal chemistry.

Results and discussion. 4-(Trifluoromethoxy)piperidine (8.4 g) and 4-(trifluoromethoxymethyl)piperidine
(12.9 g) were synthesized in 5 stages starting from 4-hydroxypiperidine (the overall yield 40%) and 4-(hydroxy-
methyl)piperidine (the overall yield 13.5%), respectively.

Experimental part. The first stage of the synthetic strategy was acylation of 4-hydroxypiperidine with ben-
zoyl chloride. N-benzoyl-4-hydroxypiperidine obtained was transformed to N-benzoyl-4-(trifluoromethoxy)pi-
peridine in two stages using the Hiyama method (the synthesis of the corresponding S-methyl xanthate with
the subsequent desulfurization/fluorination using N-bromosuccinimide and Olah’s reagent). Then the N-benzoyl
group was reduced to benzyl one, which was removed using 1-chloroethyl chloroformate. The similar approach
was applied to the synthesis of 4-(trifluoromethoxymethyl)piperidine starting from 4-(hydroxymethyl)piperidine.
The structure and composition of the compounds synthesized were confirmed by 'H, "*C and "°F NMR spectroscopy,
mass-spectrometry and elemental analysis.

Conclusions. The synthetic approach developed is a convenient method for the multigram preparation of
4-(trifluoromethoxy)piperidine and 4-(trifluoromethoxymethyl)piperidine and can be used for the synthesis of other
secondary amines containing the CF,O-group.

Key words: fluorination; trifluoromethoxy group; xanthate; piperidine; protection group

Copyright © 2021, I. G. Logvinenko, V. G. Dolovanyuk, I. S. Kondratov

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0)

BBegieHHs Ppu1yOpOBMiCHUX 3aMiCHHUKIB B OpraHiy-
Hi CITOJIyKH BCe YacTille BUKOPUCTOBYIOTh B arpoxi-
Mii, po3po61i JikapcbKKUX 3ac06iB, HOBUX MaTepia-
JiB Toio [1, 2]. Takuit iHTepec 3yMoBJIeHO HacamIle-
peJ YHIKaJIbHUMU eJIEKTPOHHUMH BJIACTUBOCTIMU
[[MUX 3aMiCHUKIB Ta IXHbOIO MPOCTOPOBOIO OYZ0BOIO.
IX BBe/IeHHA y eBHi M0J10XeHHs 610JI0TiYHO aKTHB-
HUX CIIOJIYK YaCTO NPU3BOAUTD 10 MOKpallleHHs aK-
THUBHOCTI, CeJIEKTUBHOCTI, MeTab0JIiYHOI CTIHKOCTI Ta
iHImMX ¢papMaKOKiHETUYHUX Ta papMaKoJUHAMIU-

HUX XapaKTePUCTHK Pe40BUH. 3 iHIIOro 60Ky, aKTHB-
He 3aCTOCyBaHH:A (JIyOopOOpraHidYHUX CIOJIYK II0B’s-
3aHO 3 TUM, 1110 32 OCTaHHI AecATUNITTA Oy/10 po3-
po6JieHO YMMaJio epeKTHBHUX MeTO/iB BBeeHHs
®ayopy Ta pa1yopoBMicHUX 3aMiCHHUKIB, 3alIPOIIOHO-
BaHO HU3KY 3pY4YHHUX i JOCTYIIHUX peareHTiB Ta 6i-
nuHr-6J10kiB (Building Blocks), o 3HauHo cipory-
I0Thb METO/JIU CUHTEe3y pisHOMaHITHUX dJyopoopra-
HIYHMX CIOJIYK Ta J03BOJISIOTh BBOAUTH (JIyOpOBaHi
3aMiCHUKH B IIeBHE MMOJIOXKeHHS [2].
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Ha BigMiHy Bif iHIIMX $u1yOpOBMiCHHUX 3aMiCHUKIB,
Tpudyopometokcu rpymny (CF,0-) BUKOPUCTOBYHOTh
He TaK 4acTo, xo4ya $pi3nKo-xiMiuHi Ta CTPYKTYpHi B1ac-
TUBOCTI CF,0-BMiCHHUX CTIOJIYK € J0BOJII NpUBa6./IM-
BHMH, 30KpeMa /IJ1s1 3aCTOCyBaHHS B po3po061Li TiKapCh-
KuX 3aco6iB [3]. Bigomo suiue Kinbka CF,0-BMicHHX
apoMaTUYHUX CHOJYK, 10 3HAWILIJIU TPAKTUYHE 3a-
crocyBaHHs. Cepesi HUX Tpenapar AJs JiKyBaHHs 6i4-
Horo amioTpodiuHoro ckneposy (BAC) Punysou, pe-
T'YJSTOP 3pOCTaHHSA pocauH Puynpumijion, npo-iH-
cekTuuu/ IHA0KCaKap6 i peryasaTop 3poCcTaHHSA KO-
Max TpudaymypoH (puc.).

Jns cunresy CF,0-BMicHUX criosiyk 6yJ10 po3po6-
JIEHO JieKijibKa epeKTHBHUX METO/iB CUHTE3Y 3 BUKO-
puctanHaM peareHTiB Pynnepra-Ilpaxaiua [4], Tosi [5]
Ta YmeMmoTo [6]. [IpoTe, nonpu pi3Hi nepeBaru Ta npu-
Ba0JIMBICTh 3alIPONIOHOBAHUX METO/iB, IX 3aCTOCYBaH-
HSI 4acTO € 0OMeXeHUM Ta 0poruM. ToMmy HalbibIL
Y?KUBaHUM 3aJIMIIAETbCA KJACUYHUN METO/, 3aIpo-
NOHOBaHUM rpymnoto Xisgmu [7], — fecynbdypusanis/
ds1yopyBaHHS KCaHTATiB 3 BUKOpUCTaHHAM N-6poMo-
CyHKIMHIMiy Ta pearenty Osa (nipugaus/HF). BonHo-
4yac }KOPCTKi YMOBU NpoBeJileHHS GJIyOpYyBaHHSA He
J103BOJISIIOTh e(EKTUBHO BUKOPUCTOBYBATH liel Me-
Tox 415 BBesieHHs CF,0-rpynu Ha ocTaHHIX CTafifgx
CHUHTEe3Yy CKJ3HUX opraHiyHux MmoJsiekys (last stage
modification) mizg yac cTBopeHHs JiKapcbKUX 3ac0-
6iB. AJIbTEpHATUBOIO /151 KKOHCTPYIOBAHHSI» GiJIbILl
CKJIAIHUX MOJIEKYJI MOXe 6YTH BUKOPUCTAHHA J10-
CTYIHUX, IPOCTHX 3a 6ymoBoto CF,0-BMicHUX peareH-
TiB Ta 6inguHr-6J10KiB. Takul miaxiz, 30KkpeMa, ak-
TUBHO 3aCTOCOBYIOTh [I/Isl CHHTE3Y cKyiagHux CF,0-
BMiCHUX apOMaTHUYHHUX CIIOJIYK, OCKIJIbKU YUMaJIO Biji-
NOBiIHUX TPUPIYOPOMETOKCUBMICHUX peareHTiB/6i-
JIMHT-0JI0KIB € KOMEPLIMHO IOCTYITHUMU. PazoM 3 TUM
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anidatuyni CF,0-BMicHI 6y/iiBe/IbHI 6JI0KH € MEHII
JIOCTYIIHUMM |, SIK pe3yJibTaT, iXx 3HaYHO pijLIe 3acTo-
COBYHOTb Y MeJUKO-XIMIYHUX IIPOEKTAX.
[IpofoBxKyro4M Hauli onepesHi JOCAiPKeHHA y
coepi cunresy CF,0-BmicHux criosiyk [8, 9], y wiit po-
60Ti MU penpe3eHTyEMO PO3POOKY MyJIbTUIPAMOBO-
ro cuHTe3y 4-(TpudiyopoMeToKCH)IiNepUANHY Ta
4-(TpudyopoMeTOKCHUMEeTU ) ilePUAUHY — EepCIIeK-
TUBHUX Oy/liBeJIbHUX OJIOKIB [1J1s1 3aCTOCYBaHHS B Me-
JUYHIN XiMil.
Pe3ynbTtaTtu Ta ix 06roBopeHHs

CuHTe3 TpUudJIyopOMeTOKCHBMIiCHUX ajlidaThy-
HUX aMiHiB 3 BiIlIOBiZHUX aMiHOCIIUPTIB YCKJIaJHIO-
€TbCs HEOOXiAHICTIO 3axucTy aMiHorpymnu. [Ipu boMy
3axMCHa rpyIa Ma€ BUTPUMYBaTH LOCTAaTHBO KOPCT-
ki yMmoBU JiyopyBaHHs 3a MeToi0M XisIMH i BOJHO-
Jac ii BHATTS He Ma€ MPU3BOJUTH /10 pyiHauii CF,0-
rpynu. PaHime g cuaTe3y TpudJayopoMeTOKCH-
BMiCHUX BTOPUHHUX [JUKJIIYHUX aMiHiB HaMU GYJ10 BU-
KOPHCTAaHO TO3WJIbHUH 3axucT [10], npoTe Horo 3a-
CTOCYBaHHS TaKOX He € epeKTUBHUM: 3HATTH TO-
3UJIBHOI I'PYIIY BUMAarae J0CTaTHbO »KOPCTKHUX YMOB
(kum'sATIHHA 3 aMa/IbTaMOl0 HAaTpilo B METAHOJI), 3a
SIKHUX BiJI0yBa€TbCA YaCTKOBA ab0 NMOBHA pyHHalis
CF,0-rpymnu. 3 mi€i >k NpUIMHU BAKOPUCTAHHS aMifi-
HOTI'0 3aXUCTY (alleTUIbHUM, 6EH301/IbHUIN) HE € 3py4-
HMM: TZIpOJIi3 BIIIOBIHUX aMi/liB BUMarae )KOpCTKUX
JI?>KHUX YMOB, 1[0 TIPU3BOAHUTS i /0 rifpo.izy CF,0-
TPYIH.

Tako02x paHilIe MOBILOMJIAJIOCH IPO MOXKJIUBICTh
3aCTOCYBaHHs Kiacu4HUX Boc- Ta Cbz-3axucTiB fuist
npoBezeHHs cuHTe3y CF,0-BMiCHUX BTOPUHHHX [[HK-
JiyHux amiHiB [11, 12], npoTe Hauli HAMaraHHs Bif-
TBOPUTH Lii METOAMKH J1JIS CHHTE3Y aMiHiB IPUMHATHOI

F3CO

dnynpumigon

OCF;

TpundnymypoH

Puc. CF,O-BMicHi crionyku, WO 3HaMLLK 3aCTOCYBaHHA y hapMaLeBTyLi Ta arpoximii
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YHUCTOTH He O6ysu ycmiltHUMHU. Tak, Boc-3axucT He
BUTPUMYE YMOB PTOPYBaHHS, 1110 3HAYHO YCKJIaIHIOE
BH/IiJIEHHS LIIbOBUX aMiHiB. Y Bunaaky Cbz-3axuc-
TY 32 YMOB NpOBeJieHHs $JIyOpyBaHHS 32 METOA,0M
XisiMH BiZIOYBa€TbHCS TaKOX OPOMYBaHHS apoMaTHY-
HOT'O KiJIbLId, IKe YCKJIAZIHIOE NTOJAJIbIlIe 3HATTS LibOr0
3aXUCTY HaBITb 3a 2KOPCTKUX YMOB.

Ax anprepHaTUBHUH 1UIsAX 110 CF,0-BMicHUX BTO-
PUHHUX IIMKJIIYHUX aMiHiB 1 (cxeMa 1) MU po3ris-
HyJI1 3acTOCyBaHHS N-6€H30iJIbHOTO 3aXUCTY, 3HAT-
TS IKOTO micssi G1yopyBaHHS 3allpONOHYBaJIU MPO-
BOJMTHM B ABi cTajil: BigzHOBJIeHHAM N-6eH301/1bHOL
rpynu 1o N-6eH3U/IbHOI i ToJalbIIUM BUKOPUCTAH-
HSIM KJIACHYHUX METO/iB Jle6eH3U/II0BaHHs1. 3HATTHA
6eH3UJIbHOI'0 3aXUCTY HE BUMarae 3aCTOCyBaHHA
YKOPCTKUX JY>KHUX YMOB, | MM O4iKyBaJId OTPUMaTH
BHCOKI BUXO/ Y LIVIbOBUX aMiHiB 1a,b, Ha cMHTe3i AIKuX
OyJ10 BUpillIeHO BUITPOOYBATH 3aMPOIIOHOBAHUH ITi/IXi/I.

CuHTe3 amMiHy 1a po3noYyMHaBCS 3 KOMePIiHO
JOCTynHOro 4-riApokcuninepuauny (2a) (cxema 2).
Moro 6eH30iM0BaHHSA NPOBOJUIHN 3 BAKOPUCTAHHAM
6eH30UIX/I0pU/TY B IPUCYTHOCTI TpreTWIaMiHy. [IpoaykT
anutoBaHHs — N-6eH30i1-4-rifjpokcuninepuavs (3a) -
6yJs10 ofiepKaHo 3 BUX0i0M 94 % Ta nepeTBOPEHO Ha
KCaHTaT 4a LJISIXOM KOTro B3aEMOJ|I 3 CipKOBYTJ/IELIEM
y IPUCYTHOCTI HaTpiH Tipyuy 3 HACTYITHOIO B3aEMO-
Jliero mpoMi>kHOI HaTpieBoi coJli 3 MeTUNHOAUAOM (BU-
xim 90%). OxepkaHuil KcaHTaT 4a 6yJio BBEJIEHO B
peaxiito GsyopyBaHHS 3a TUIIOBUX YMOB MeTO.Iy XiIMU
3 yrBopeHHAM CF,0-BMicHOro0 amiZly 5a 3 BUX0Z0M
90%, sikuii 6yJ10 BBEJIEHO B HACTYIHY CTa/jito 6e3 Jj0-
JIaTKOBOT0 O4MILeHHS. Jlasti HaMu 6yJ10 3po6JIeHO CIIpo-
Oy 3HATU 6EH30IIbHUH 3aXUCT UJISIXOM JIY?KHOTO Tifi-
pouizy. OfiHak peakiiisi BiibyBasach 3 pyHyBaHHIM
CF,0-rpynu. EAMHUM BU/IIEHUM TIPOJYKTOM GYB aMi-
HocriupT 2a. [lofi6HuM pe3y/ibTaT Takox 6yJ10 OTpU-
MaHO 3a YMOB KHUCJIOTHOTO TiZIpoJii3y. 3 Oy Ha LiE,
6yJ10 32CTOCOBAHO iHIIY METO/0JIOTi0 BUJAIeHHSs GeH-
301/IbHOI IPYIHU LJISIXOM MOCJIiI0BHUX peaKIiii BiIHOB-

JIEHHS Ta JIe0eH3U/II0BaHHs. BijHoBIeHHS aMifHOTO
dparmMeHTa CroJiyKu 5a NpoBOAUJIM 3 BUKOPUCTAH-
HSM JITiH anoMorigpuay (BuxiJ pofyKTy 6a cKiaB
70%). HactynHoto peakiiieto 6yJi0 3HATTSA G€H3UIb-
HoOI rpynu. ['iipyBaHHA CNIOJYKH 6a 3 BAKOPUCTAH-
HaM 10% Pd/C He pmano 6axkaHUX pe3yJbTaTiB.
HagiTb 3a riipyBanH4 nig, TuckoMm 20 aTM KOHBep-
cig rizporenounisy ckiazana Mmenue 10%. Kpamii pe-
3yJIbTaTH 6YJI0 JOCATHYTO 32 BUKOPUCTAHHSA 1-XJ10po-
eTwixsiopodopmiaty [13]. Peakiito npoBoguiu B 1u-
XJIOpoeTaHi, i liiboBUl aMiH 1a 6y/10 o/iep:kaHo y BU-
sl rizpoxsopuay 3 Buxonom 76%. Pospo6iienuit
MeTO/I, I03BOJIMB OJlepKaTH 1iJIboBUH aMiH 1a (rigpo-
xJopyjl) y KisibkocTi 8,4 r i3 cymapHuM BuxozoM 40%
3a 5 craiil (BUXo[sA4H 3 4-TiJpOKCUITiIEpUIUHY ).

AHasoriuHy cxeMy 6yJ10 BAKOPUCTAHO [1Jisl CHHTe-
3y 4-(TpudsyopomeTokcuMeTu ) ninepuauHy (1b)
(cxema 3). ¥ uboMy BUIIAQJIKy Oy/10 ofepxaHo 12,9 r
aminy 1b (y Burisizi rigpoxiopuy) i3 cyMapHUM BH-
xonoM 13,5% 3a 5 cTtaziil (Buxoasyu 3 4-(rigpokcu-
MeTua)ninepuauny (2b)).

ExcnepuMeHTasibHa YaCTUHa

Po34MHHMKM OY/I0 OYUILEHO 32 JIOIIOMOI'0I0 CTaH-
JapTHUX METOAIB. Y JOCHiPKeHHI BUKOPHUCTAaHO BU-
xigHi peyoBuHU BUpo6HULTBA Acros, Merck, Fluka
Ta HBII «EHamin». Cnektpu *H, 13C Ta 1°F AMP ognep-
»KaHo Ha crnekTpoMeTtpax Varian Unity Plus 400 (3a
400 MTI'y aist *H AMP Ta 376 MTI'y asis F AMP) i Bru-
ker 170 Avance 500 (3a 500 MT'y 151 tH IMP, 126 MTI'ny
Juist 3C AMP) 3a 25°C, xiMiuHU# 3cyB BU3HAYEHO B
M.4. BifHOCHO TeTpaMeTusicuaany (1H ta 3C AMP) Ta
Tpuxsopodyopometany (1°F SIMP), KoHCTaHTYy CIiH-
CIiHOBOI B3aEMO/ii HaBeZeHO y ['ll, MyJIbTUIJIETHICTD
BU3HAUEHO SIK: C — CUHIVIET, [ — Iy0JIeT, T — TPUILJIET,
KB - KBapTeT, /1 - Ay0JeT Ay6JeTiB, M — MYJIbTUILIET,
yIlI. - YIIUPEeHUN curHaj. KoJloHKOBY XpoMaTorpa-
¢ito 3acTocoByBanu 3 cuiikaresiem 60 (Merck, po3mip
yactuHok 0,040-0,063 MM). YHUCTOTY CIIOTYK KOHTPO-

OCF3 OCF3 OCF3 OCS,Me OH
pr— pr— pr— p—

N N by ) "

A kPh O~ 'Ph 0~ ~Ph H

1 2
OCF, OCF;
N N
H H
1a 1b

Cxema 1. 3arasibHa peTPOCUHTETUYHA CXeMa CUHTE3Y LMKNivHMX CF,O-BMiCHMX amiHiB 1 Ta CTPpYKTypu LinboBux crnonyk 1a,b
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H H M
0 BzCl, Et;N, Q 1) CS, NaH, THF, rt QCS,Me
fj CH,Cl, 0-5°C ﬁj 2) Mel, 0 °C DBH, Py*9HF, CH,Cl, -78°C _
40 o o 0 -
H 94% N 90% N 90%
COPh COPh
2a 3a 4a
P
OCF, OcF, Me® 0" Cl OCF,
1,2-guxnopoeTaH
LiAlH,, THF, rt reflux ;
70% 76% ® o
N N N ¢l
COPh CH,Ph H H
5a 6a 1a

Cxema 2. CuHTes 4-(TpudnyopomMeToKkeu)ninepuamnHii xnopugy (1a)

JiroBasi 3a jonomoroto TIIX (silica gel 60 F254, Merck).
EjleMeHTHUU aHaJi3 BUKOHAHO B JlabopaTopii opra-
HiYHOTr0 aHaJi3y XiMiyHOro dakynbTeTy KuiBchkoro
HallioHaJIbHOTO YHiBepcuTeTy iMeHi Tapaca IlleByeH-
Ka 3a JjonnoMmoroto nmpuazay Vario MICRO Cube CHNS/0O
analyzer. Mac-cnekTpu 6yJi0 3allMCaHO Ha NpuJaji
Agilent 1100 LCMSD SL (ximiuHa ioHizaunis (CI)).
Cunte3 N-6eH3011 4-Tigpokcuninepuuny (3a).
Po3uuH 6eH30inxa0puay (69,5 r; 0,50 mosb) y au-
xsopoMeTaHi (100 M) J01a10Th IO KPAIJIsSM 0 PO3-
4yuHy 4-rigpokcuninepuauny (2a) (50,0 r; 0,50 mosb)
Ta Tpuetuaaminy (70 mu; 0,50 mosb) B 500 Ma au-
xJ0poMeTaHy 3a Temnepatypu 0-5°C. Ogepkany cy-
Milll IepeMillyITh 3a KIMHAaTHOI TeMIlepaTypH Mpo-
TSATCOM HOYi, OTiM IPOMUBAIOTh BoA00 (2 x 200 M)
Ta HACUYEHUM po34uHOM coJii (200 M), cymaTh Hafj
6e3BOIHUM HaTpil cy/ibpaToOM Ta KOHLLEHTPYIOTb 3a

3HWKEHOro TUCKY. OZiepkaHy CIIoJIyKy 3@ BUKOPHCTO-
BYIOTb Y HACTYTIHIN CTail 6€3 10/1aTKOBOT0 OYUILEHHSI.
TBepaa 6is1a pevoBuHa. Buxig - 96,0 r (94 %).
T. n1. 86-87°C (s1im. T. m1. 89-90°C [14]). Pospaxo-
Bano aJis1 C,H NO,, %: C70,22; H7,37; N 6,82. Buzna-
yeHo, %: C 70,13; H 7,45; N 6,69. CnekTpasbHi JaHi
CrnoJiyKy 3a iieHTUYHI onrcaHuM y jaitepartypi [14].
'H AMP (500 MI'u, DMSO-d,), 6, M.u.: 1,40-1,75 (2H, m);
1,77-2,07 (2H, m); 2,68 (1H, yu. c.); 3,13-3,44 (2H, m);
3,59-3,75 (1H, m); 3,93-4,01 (1H, m); 4,13-4,29 (1H, m);
7,37-7,43 (5H, m). MS (CI), m/z: 206,2 [M+H]".
Cunre3 O-(1-6eH30L1ninepuauH-4-i1)-S-meTni-
Kapo6oHoauTioaty (4a). CycrneHsito HaTpil riapuay
(60% y miHepanbHi# oaii, 37,4 1; 0,94 MoJsib) ¥ Cy-
xomy TT'® (800 mu1) B K016i, 1[0 OCHAllleHA MarHiT-
HUM 3MilllyBayeM, paxiBHUKOM 0yJib6aIIOK, TEPMO-
MeTpPOM Ta KpalneJjibHOI BOPOHKOO, OX0JI0/KYIOTh

OH OH OCS,Me
BzCl, EtsN, 1) CS,, NaH, THF, rt
CHaCly, 0-5°C 2) Mel, 0 °C g DBH, Py*9HF, CH,Cl, -78°C
) 0, =
H 88% N 65% N 84%
COPh COPh
2b 3b 4b
Cl O
OCF; OCF; Me)\OJ\CI OCF;
. 1,2-guxnopoeTaH
LiAIH,, THF, rt reflux
52% g 84% ®© ) o
N N N ¢l
COPh CH,Ph H H
5b 6b 1b

Cxema 3. CuHTes 4-(TpucbnyopomeTtokeumetun)ninepuaunHin xnopugy (1b)
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1o 10-15°C. Cmontyky 3a (96,0 r; 0,47 mouib) y TTO
(500 M) 1oAal0Th MO KPAIJISAM /10 cycreH3il HaTpii
rifipyay 3a iHTEHCHBHOTO NepeMilllyBaHHs Ta 3 TEM-
nepaTypu He Bullle 25°C. BujiiieHHsI BOZHIO KOHTPO-
JIIOIOTh 3a I0TIOMOTr010 paxiBHUKa 6ysibOaliok. [licas
3aKiHYeHHsd [|0[laBaHHs peaKliliHy cyMill 3a/uiia-
I0Thb IepeMillyBaTHCA 32 KIMHATHOI TeMIIepaTypH Lie
Ha 5 roauH. [lotiM cymim oxosomkywTs g0 0°C Ta
3a MmepeMilllyBaHHA J0AAI0Th M0 KpanJsaM pO3YUH
cipkoByruienio (106,9 r; 1,40 mosp) y TT® (250 mu).
Cymiw 3aMal0Th NepeMilyBaTUCA 3a KIMHATHOI
TeMIlepaTypy NIPOTArOM HOYi, JaJli OXOJI0LKYIOTh 10
0°C Ta mo kpamisam JoAarTb Metuaoaus (119,6 r;
0,84 moub). [licns boro peakuifiHy cymiur 3aauina-
I0Th 32 KIMHATHOI TeMIIEPATYPH 1lle Ha 2 TOJJUHHU, OX0-
Jo/Ky10Th A0 0°C, o KparJisiMm 06epexxHo J0/jal0Th
BoAy (100 Mu1) Ta KOHLIEHTPYIOTh 32 3HU?KEHOT'O TUCKY.
OneprkaHUl ocaji pO3UYMHSAIOTD B eTUaaneTaTi (1 1),
NpPOMHBaIOTb BoJo0 (200 MJ1), HACUYEHHUM PO3YH-
HOM coJti (200 Mu1), cymaTh HaJl 6€3BOJHUM HaTpii
cynbdaToM, QiBTPYIOTh Ta KOHIIEHTPYIOTH 32 3HU-
»KEHOT0 THUCKY. 3a/IMILIOK OYUINYIOTh 3a J0IOMOTOI0
¢durem-xpomaTtorpadii Ha cutikaresi (rekcan/EtOAc,
8:2, R.=0,25), onepxyr04u crioyKy 4a.

TBepaaxoBTyBaTta peuoBuHa. Buxiz - 125,1 r (90%).
T 1. 47-48°C. Pospaxosano a1 C ,H .NO,S , %: C 56,92;
H 5,80; N 4,74. Busnaueno, %: C 57,04; H 5,69; N 4,81.
'H AAMP (400 MTI'y, CDCL), 6, m.u.: 1,74-2,17 (4H, m);
2,55 (3H, c); 3,26-4,04 (4H, m); 5,72-5,87 (1H, m);
7,31-7,54 (5H, m). *C AMP (126 MI'y, CDCL), 6, m.4.:
19,0; 30,5; 44,6; 78,2; 126,8; 128,5; 129,7; 135,8; 170,5;
215,0. MS (CI), m/z: 296,2 [M+H]".

Cunre3 N-GeH30is1 4-Tpud.ryopoMeToOKCUIIine-
puauny (5a). Cymim 1,3-gubpomo-5,5-gumMeTHIri-
nmanToiny (209,0 r; 0,73 MoJib) y AuxsiopoMeTaHi (1 J1)
OXOJIO/KYIOTH 710 —78°C y 2-x 1iTpoBOMY TedJIOHO-
BOMY pPeaKToOpi, AKWHI OCHAlleHO BEPXHbOMOBIJHUM
3MillyBaueM Ta paxiBHUKOM OyJib6aIloK, 32 MPOJIY-
BaHHS aproHoM. /lasi no kpanssiM A0/alThb Mipu-
Auna*9HF (pearenT Os1a, 174 MJ1) Ta pO34UH CIIOJIYKU
4a (75,3 r; 0,24 mousb) y auxaopomeTani (125 mu).
Peak1iliHy cyMil 3a/niaTh 3a KIMHAaTHOI TeMIle-
paTypu Ha 3 roauHu. [10TiM cyMilll BUJIMBAOTh Y BOAY
3 iboZioM (1 J1), BiZOKpEeMJ/IIOI0Th OpraHiYHUM IIap
Ta eKCTParyoThb BOAHY YaCTHHY JUXJIOPOMETaHOM
(2 x 150 mu1). OpranivHi wapu 06’ €AHYIOTh, TPOMU-
BaloThb x0104HUM (5°C) 37 % po3unHOM HaTpii 6i-
cyabdity (400 mu1), Bogoro (400 mi), cymaTh Haj 6e3-
BOJIHMM HaTpil cysibdaToM Ta GIBTPYIOTh Yepes Liap
cuinikareso. [licas ynaproBaHHS y BAaKyyMi ofiepKy-
I0Th HEOYHUILleHUH POJAYKT 5a, IKUH BUKOPUCTOBY-
I0Th Y HACTYTHIH cTajil 6€3 /10/JaTKOBOr'0 OYHUIIEHHS.

Kosra ontiga. Buxig - 62,5 (90%). Po3paxoBaHo
ans C H F.NO,, %: C57,14; H5,16; N 5,13. BusHa-
yeHo, %: C57,01; H5,28; N 5,27. 'H fAMP (400 MTI'y,
CDCL,), 8, m.4.: 1,60-2,14 (4H, m); 3,21-4,08 (4H, m);

4,44-4,56 (1H, m); 7,31-7,46 (5H, m). 3C AMP (126 MTI'1y,
CDCL), 6, m.u.: 31,5; 44,0; 73,8 (xB, / = 2,5 T'n); 121,6
(kB, J =254,0Tu); 126,8; 128,5; 129,8; 135,6; 170,5.
“F AMP (376 MI'y, CDCL,), 8, M.4.: 58,56 (c). MS (CI), m/z:
274,2 [M+H]".

CunTte3 N-6eH3U/1-4-TpUdIyopoMeTOKCHUIIiNe-
puauny (6a). o cycnensii sitik astoMorigpuay (8,3 r;
0,22 mouib) y cyxomy TT'® (500 mu1) 3a 0°C nogar0Th
po3uuH criostyku 5a (32,0 1; 0,12 mosib) y TT'® (100 mu1)
Ta 3aJIMLIAKTH CyMill 32 IHTEHCUBHOTO IlepeMilly-
BaHHA 32 KIMHATHOI TeMIlepaTypu NIPOTATOM HOYi.
[ToTiM cyMilll OXOJIOZKYOTh Ta 0 Hel I10 KpanjiaMm
nonarTb Boay (5 mu), motiM 15% po3uuH HATpil
rizpokcuy (7 mut) Ta 3HoBY Boay (5 mut) 3a 0°C. Ozep-
»KaHy CyMilll eKCTParyoThb eTuaaleTaToM (3 x 250 mu),
biNBTPYIOTH Yepes 1ap cujikaresto, IPOMUBAIOTh
eTUJIaleTaTOM Ta YIapoTh. 3aJUIIOK OUUILIYIOTh
3a Jonomoror dueni-xpomarorpadii Ha cuikarei
(rexcan/EtOAc, 7:3, R, = 0,35) Ta ofiepKyI0Th CI0-
JYKy 6a.

KoBTa outist. Buxig - 16,2 v (52%). Po3paxoBaHo
anas CH, F.NO, %: C 60,22; H 6,22; N 5,40. Busna-
yeHo, %: C 60,06; H 6,13; N 5,54. *H AMP (500 MTI,
CDClL,), 8, mu.: 1,76-1,88 (2H, m); 1,89-1,99 (2H, m);
2,19-2,31 (2H, m); 2,66-2,75 (2H, m); 3,49 (2H, c,
CH,); 4,19-4,31 (1H, m); 7,20-7,37 (5H, m). *C AMP
(126 MTI'n, CDCL,), 6, m.u.: 31,6; 50,2; 60,4; 62,8; 121,7
(kB,J=254,0Tu); 127,1; 128,2; 129,0; 138,2. F AMP
(376 MI'y, CDCl,), 8, m.4.: =58,25 (c). MS (CI), m/z:
260,2 [M+H]".

CuHTte3 4-(TpudIyopoMeTOKCH ) inepuAuHii
xsiopuay (1a). Peyouny 6a (13,8 r; 41 MMoJib) B
1,2-puxsopoeTani (200 mu) oxosomkyoThb g0 0°C.
[TocTynoBo A0AAI0Th PO34YMH 1-X10pOeTUIXJIOpOdOp-
miaTy (10,9 r; 76 Mmmouib) B 1,2-guxsiopoeTai (20 mu)
i nepemimytoTh npotsarom 15 xBusinH 3a 0°C. [licis
LIbOTO peakLifHy CyMill KUI SITSTh 3a NepeMilllyBaH-
HA [IPOTATOM HOY, ITicJ1g 40T 0 ii 0X0JI0KY0Th Ta yIIa-
prooTh y BakyyMmi. Ocafi, 1[0 YTBOPUBCS, PO3UUHSAIOTh
y MeTaHoJIi i KUl 'ATATh NPOTATrOM 2 TOJIUH, 0X0JI0-
JDKYIOTh, @ PO3YUHHHUK yNapOTh. 3a/UIIOK 3aTH-
paloTh y AieTUI0OBOMY eTepi Ta OJep>KyTh CII0JY-
Ky 1a y BUridi rifpoxyiopuay, AKy KpUCTalai3yrTh
3 alleTOHITPUILY.

Be3bapBHa TBepaa pedyoBWHA. Buxig - 8,4 r
(76%). T. 1. 170-172°C (MeCN). Po3paxoBaHo AJist
C6H11C1F3NO, %: C 35,05; H 5,39; N 6,31. BuszHaueHno, %:
C35,14; H5,46; N 6,78. 'H AMP (400 MI'y, DMSO-d ),
6, mu.: 1,85-1,98 (2H, m); 2,04-2,18 (2H, m); 3,09-3,24
(4H, m); 4,65-4,80 (1H, m); 9,22 (2H, c). 3C AMP
(126 MI'u, DMSO-d,), 8, M.4.: 28,2; 40,5; 73,0 (xB,/= 1,9 'n);
121,6 (xB,J = 254,0 I'y). F AMP (376 MI'y, DMSO-d,),
6, M.4.: -56,97 (c). MS (CI) m/z: 170,1 [M+H]".

Cunte3 N-6eH3011 4-(rigpoKcuMeTn1)ninepu-
auny (3b). Cnoayky 3b 6y/10 ofepaHo 3a BuUllle-
OMMCAaHOI0 METOAUKOIO JJil CHHTEe3y CHoJyKH 3a,
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BUXO/A4H 3i criostyku 2b (69,1 1; 0,6 MoJib), 6eH3011-
xyiopuay (84,4 r; 0,6 MoJib) Ta TpueTUIaMiny (84,0 mut;
1,2 MoJB).

TBepaa 6isa pedyoBuHa. Buxig — 115,8 r (88%).
T. 1. 81-83°C (sim. T. 1. 83-85°C [15]). Po3paxoBa-
Ho asis1 C,H _NO,, %: C71,21; H7,81; N 6,39. Busna-
4yeHo, %: C 71,14; H 7,96; N 6,28. CnekTpaJ/ibHi JaHi
cnonyku 3b ifeHTHYHI onrcaHuM y JiiTepaTtypi [15].
'H AMP (400 MTI'y, CDCL), §, m.u.: 1,07-1,40 (2H, m);
1,56-1,98 (3H, m); 2,64-3,07 (2H, m); 3,52 (2H, &,
J=5,9Tn); 3,69-3,88 (1H, m); 4,60-4,84 (1H, m);
7,30-7,46 (5H, m). MS (CI), m/z: 219,2 [M+H]".

Cunrte3 0-((1-6eH30ininepuauH-4-i1))MeTHI)-
S-MeTwikap6oHoauTioary (4b). Cnosyky 4b 6yso
0/lep’KaHo 3a BUIIIEONTMCAHOK METOIUKOIO JIJIsI CUH-
Te3y COJIYKU 4a, BUXos1uu 3i ciosiyku 3b (109,7 1;
0,5 mouib), HaTpil rizpuay (60% y MiHepasbHIH ouii,
40,0 1; 1,0 mosib), cipkoByriento (114,2 r; 1,5 Mob)
Ta Metuadoauay (127,8 r; 0,9 Mosib). OYHINYIOTH CIIO-
JyKy 4b 3a jonomoroto ¢Jien-xpomMatorpadii Ha cu-
nikaresi (rekcan/EtOAc, 8:2, R, = 0,28).

’KosTa oaia. Buxig - 101,3 r (65%). PospaxoBa-
Ho a1 C, H ;NO_S,, %: C 58,22; H 6,19; N 4,53. Busna-
yeHo, %: C 58,30; H 6,11; N 4,68. 'H AMP (400 MTIn,
CDCL), 6, m.4.: 1,15-1,47 (2H, m); 1,66-1,96 (2H, m);
2,06-2,20 (1H, m); 2,54 (3H, ¢); 2,71-3,07 (2H, ) ;
3,69-3,87 (1H, m); 4,47 (2H, n,] = 6,5 'n); 4,63-4,84
(1H,m); 7,33-7,43 (5H, m). *CAMP (126 MI'y, CDCL,),
6, m.u.: 18,6; 28,7; 35,2; 47,0; 76,7; 126,3; 128,0; 129,1;
169,9; 215,6; 135,7. MS (CI), m/z: 310,0 [M+H]".

CuHTe3 N-6eH30i/1-4-(TpudayopoMeTOKCUMe-
T ninepuauny (5b). Cosyky 5b 6ys0 ogepikaHo
3a BUIEONMCAHOI0 METOAUKOIO JJISI CHHTE3Y CIIOJIy-
kH 5a, Buxoasuu 3i ciostyku 4b (80,5 ; 0,26 mosib), 1,3-
In6pomo-5,5-aumeTtniriaanToiny (223,0 ; 0,78 mouib)
Ta nipuguu*9HF (186 mi).

»KomTa ousisi. Buxig - 63 r (84%). Po3paxoBaHo
anas C H F.NO,, %: C58,53; H5,61; N 4,88. BusHa-
4yeHo, %: C 58,39; H 5,73; N 4,82. 'H AMP (400 MTIn,
CDCL,), 8, M.4.: 1,08-1,42 (2H, m); 1,60-1,89 (2H, m);
1,89-2,02 (1H, m); 2,64-3,10 (2H, m); 3,81 (2H, &,
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J=6,4Tn); 4,61-4,86 (1H, m); 7,29-7,46 (5H, m). 13C
AMP (126 MTI'n, CDCL), 8, m.u.: 28,4; 35,3; 46,8; 70,4
(xB,/=2,8Tn); 121,2 (kB, ] = 254,0 I'n); 126,4; 128,0;
129,1; 135,6; 169,9. F AMP (376 MI', CDCL,), 5, M.4.:
-61,40 (c). MS (CI), m/z: 288,1 [M+H]".

CuHTe3 N-6eH3u (4-TpudiryopomeTokcuMme-
TUiI)ninepuauHy (6b). Cnosyky 6b 6yJi0 omepxkaHo
3a BUILEONMCAHOI0 METOAUKOIO JIJISi CHHTE3Y CIIOJIy-
KU 6a, BUXos14u 3i cnosiyku 5b (45,6 r; 0,16 mMouib)
ta LiAlH, (6,0 r; 0,16 mMoub). LlinboBy noxigHy 04u-
1yBaJIM 3a JonoMoroto ¢uent-xpomarorpadii Ha cu-
JikareJi (rexcan/EtOAc, 7:3, R, = 0,39).

»KosTa oustis. Buxig - 22,8 r (52%). Po3paxoBaHo
aas C H F.NO, %: C 61,53; H 6,64; N 5,13. BusHa-
yeHo, %: C 61,62; H 6,55; N 5,04. 'H AMP (400 MTIn,
CDCL,), 8, Mm.u.: 1,19-1,45 (2H, m); 1,62-1,77 (3H, m);
1,91-2,01 (2H, m); 2,85-2,93 (2H, m); 3,48 (c, 2H);
3,78 (2H, 1, ] = 6,0 T'n); 7,22-7,39 (5H, m). 13C AMP
(126 MTI'n, CDCL,), 8, m.u.: 28,5; 35,4; 53,0; 63,3; 71,7
(xB,/=2,8Tn); 121,7 (xB, ] = 254,0 T'n); 126,9; 128,1;
129,1;138,4.F AMP (376 MI'y, CDCL,), 6, M.4.: ~61,24 (c).
MS (CI), m/z: 274,2 [M+H]".

Cunres 4-(TpudiyopoMeTOKCMMETHII)liNlepu-
AuHii xiaopugy (1b). Cnonyky 1b 6yso omeprkaHo
3a BULLEONMCAHOK METOAUKOIO /IS CHHTE3Y CIOJIy-
kU 1a, Buxoasiuu 3i cnosiyku 6b (19,0 r; 70 MMoJib) Ta
1-xsnopoetunxaopodopmiaty (13,3 r; 93 MMoJIb).
Crnosiyky 1b of1epkyt0Th y BUIVISA/II TiIpOXJI0PHUTY TA
KPUCTaIi3YIOTh 3 alleTOHITPUIIY.

BesbapBHa TBepja pedyoBUHA. Buxig - 12,9 r
(84%). T. 1. 146-148°C (MeCN). Po3paxoBaHo 151
C,H,,CIF,NO, %: C 38,28; H 5,97; N 6,38. BusnaueHo, %:
C38,15; H 5,86; N 6,44. 'H AMP (400 MI'y, DMSO-d,),
6, mu.: 1,39-1,53 (2H, m); 1,74-1,83 (2H, m); 1,92-2,02
(1H, m); 2,77-2,90 (2H, m); 3,18-3,27 (2H, m); 3,96
(2H, 1, ] =6,2T1); 8,92 (1H, c); 9,26 (1H, ¢). *C AMP
(126 MI'y, DMSO-d), 6, m.u.: 24,81;32,97; 42,73; 71,6
(B, ] = 2,4 Tn); 121,8 (xB, / = 254,0 T'u). °F AMP
(376 MI', DMSO-d,), 8, M.4.: - 59,36 (c). MS (CI), m/z:
184,1 [M+H]*.
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1. Haufe, G.; Leroux, E R, Eds. Fluorine in Life Sciences: Pharmaceuticals, Medicinal Diagnostics, and Agrochemicals; Progress in Fluorine Science

Series; Academic Press: San Diego, 2019; Vol. 4.

2. Kirsch, P. Modern Fluoroorganic Chemistry: Synthesis, Reactivity, Applications, 2™ Ed.; Wiley-VCH: Weinheim, 2013.

3. Gregory, L.; Armen, P; Frederic, R. L. Trifluoromethyl Ethers and -Thioethers as Tools for Medicinal Chemistry and Drug Discovery. Curr. Top.

Med. Chem. 2014, 14 (7), 941-951. http://dx.doi.org/10.2174/1568026614666140202210016.

Liuy, J.-B.; Xu, X.-H.; Qing, F-L. Silver-Mediated Oxidative Trifluoromethylation of Alcohols to Alkyl Trifluoromethyl Ethers. Org. Lett. 2015, 17 (20),
5048-5051. https://doi.org/10.1021/acs.orglett.5b02522.

Koller, R.; Stanek, K,; Stolz, D.; Aardoom, R.; Niedermann, K.; Togni, A. Zinc-Mediated Formation of Trifluoromethyl Ethers from Alcohols and
Hypervalent lodine Trifluoromethylation Reagents. Angew. Chem. Int. Ed. 2009, 48 (24), 4332-4336. https://doi.org/10.1002 /anie.200900974.
Umemoto, T.; Adachi, K,; Ishihara, S. CF3 Oxonium Salts, O-(Trifluoromethyl)dibenzofuranium Salts: In Situ Synthesis, Properties, and Applica-
tion as a Real CF," Species Reagent. J. Org. Chem. 2007, 72 (18), 6905-6917. https://doi.org/10.1021/jo070896r.

Shimizu, M.; Hiyama, T. Modern Synthetic Methods for Fluorine-Substituted Target Molecules. Angew. Chem. Int. Ed. 2005, 44 (2), 214-231.
https://doi.org/10.1002/anie.200460441.

Kondratov, L. S.; Logvinenko, I. G.; Tolmachova, N. A;; Morev, R. N.; Kliachyna, M. A,; Clausen, E; Daniliuc, C. G.; Haufe, G. Synthesis and physical
chemical properties of 2-amino-4-(trifluoromethoxy)butanoic acid - a CF,0-containing analogue of natural lipophilic amino acids. Org. Biomol.
Chem. 2017, 15 (3), 672-679. https://doi.org/10.1039/C60B02436].



ISSN 2518-1548 (Online) XKypHan opraHidyHoi Ta hapmaueBTUYHOI Ximii. — 2021. — T. 19, sun. 1 (73) ISSN 2308-8303 (Print)

9.

10.

11.

12.

13.

14.

15.

Logvinenko, I. G.; Markushyna, Y.; Kondratov, L. S.; Vashchenko, B. V;; Kliachyna, M.; Tokaryeva, Y.; Pivnytska, V.; Grygorenko, O. O.; Haufe, G. Syn-
thesis, physico-chemical properties and microsomal stability of compounds bearing aliphatic trifluoromethoxy group. J. Fluorine Chem. 2020,
231,109461. https://doi.org/10.1016/j.jfluchem.2020.109461.

JlorBuneHko, L. I; Konzaparos, L. C. CuHTe3, $pi3uKo-xiMiyHi BJacTUBOCTI Ta MiKpocoMasibHa CTa6iJIbHICTh alipaTUYHUX TPUPTOPOMETOKCH-
BMIiCHUX croJiyK. B BioakmueHi cnoayku, Ho8i pevosuHu i mamepianau; BoBk, A. 1., Pej.; 3a maTepiasnamu XXXV HaykoBoi koHdepeH1iii 3 6ioopra-
HivHOI Ximii Ta HadToximii (23 kBiTHA 2020 p., M. KuiB); IHTepcepsic: Kuis, 2020; ¢ 125-129.

Bryan, M. C,; Chan B.; Hanan E.; Heffron T,; Purkey H.; Elliott R. L.; Heald R.; Knight J.; Lainchbury M.; Seward E. M. Aminopyrimidine compounds
as inhibitors of T760M containing EGFR mutants. International patent W02014081718, May 30, 2014.

Chen, H. S.; Chuy, Y; Do, S.; Estrada, A.; Hu, B.; Kolesnikov, A.; Lin, X.; Lyssikatos, J. P; Shore, D.; Verma, V.; Wang, L.; Wu, G.; Yuen, P.-W. Substituted
heterocyclic sulfonamide compounds useful as TRPA1 modulators. International Patent W02015052264, April 16, 2015.

Yang, B. V.; O'Rourke, D; Li, ]. Mild and Selective Debenzylation of Tertiary Amines Using a-Chloroethyl Chloroformate. Synlett 1993, 1993 (03),
195-196. https://doi.org/10.1055/s-1993-22398.

Chang, D.; Feiten, H.-].; Engesser, K.-H.; van Beilen, ]. B.; Witholt, B.; Li, Z. Practical Syntheses of N-Substituted 3-Hydroxyazetidines and 4-Hy-
droxypiperidines by Hydroxylation with Sphingomonas sp. HXN-200. Org. Lett. 2002, 4 (11), 1859-1862. https://doi.org/10.1021/01025829s.

Barbe, G.; Charette, A. B. Highly Chemoselective Metal-Free Reduction of Tertiary Amides. J. Am. Chem. Soc. 2008, 130 (1), 18-19. https://doi.
org/10.1021/ja077463q.

Received: 03. 01. 2021
Revised: 27. 01. 2021
Accepted: 05. 02. 2021

PoboTy BMKOHaHO B paMkax Temu HauioHanbHoi akageMii Hayk YkpaiHu «CuHTe3 HoBux pTopo- i hocdOpoBMICHUX aLMKITIYHUX
Ta retepoumKkiivyHMX aHanoris npupoaHunx cnonyk» (N2 aepxxpeectpauii 0119U100611, nepioa aocnimxeHb: 2019-2021 pokw).



ISSN 2308-8303 (Print) Journal of Organic and Pharmaceutical Chemistry. — 2021. — Vol. 19, Iss. 1 (73)  ISSN 2518-1548 (Online)

YOK 547.77 + 547.83 + 547.781 https://doi.org/10.24959/0ophcj.21.224583

I. I. AkoBeHko"?, M. B. BoBk?

"HauioHanbHun yHiBepcuteT «Kneso-MornnsaHcbka akagemisy, YkpaiHa
04655, m. Kuis, Byn. puropis CkosBopoau, 2. E-mail: chemgeorge@i.ua
2|HcTnTyT opraHivHoi ximii HAH Ykpainn, Ykpaina

3pYy4Hi nigxoan Ao cuHte3ly 6-amiHO- Ta 6-0KcoiMiga3o-
[4,5-b]nipa3ono[3,4-e]nipnauHis

MeTta po6oTu. Po3pobuTtn npenapaTMBHO 3py4HUI BapiaHT cUHTE3y 6-amiHO- Ta 6-okcoimigaso[4,5-b]-
nipa3ono[3,4-e]nipuamnHiB Sk HOBUX MOMNEKYNSPHUX NnaTdopM Ans an3ariHy 6ionepcnekTUBHUX CMOSyK.

Pe3synkTaTti Ta ix 06roBopeHHs. 3’acoBaHo, LWo umknokoHaeHcauiss N-Boc-4-amiHonipason-5-kapbanbaeriais
i3 KpeaTMHIHOM MOXe BYyTV BUKOpUCTaHa Ik ePEKTUBHUIA METO, OAEPKaHHS paHille He BigoMux 6-amiHoiMiaasol[4,5-b]-
nipasono[3,4-enipuaunHis. [ns cMHTe3y ix 6-0KCOaHanoriB B4anum BUSBMBCS MOAMMIKOBaAHWIA BapiaHT neperpy-
nyBaHHsi Kypuiyca 5-amiHonipasono[4,3-b]nipnanH-6-kapboHOBUX KMCMOT i3 Aguderindocdopunasngom, Skui
Oyno peanizoBaHO Yepes KM4YoBY CTafilo BiANOBIAHMX amiHoi3oLUiaHaTIB.

EkcnepumeHTanbHa YactuHa. Baaemogieto N-Boc-4-amiHonipason-5-kapbanbaeriais i3 KpeatuHiHOM y Kunnsadin
OLTOBIN KUCNOTi B NPUCYTHOCTI NiponiavHy AK KaTanisatopa CMHTe30BaHO 6-amiHoimigaso[4,5-b]nipa3ono(3,4-e]-
nipnamHu 3 Buxoaamm 54—70%. IxHio Bynosy HadiHO [OBEOEHO CNeKTPansHUMM BUMIpOBaHHAMM. 3oKkpema,
y cnektpax 'H AMP HasiBHi cuHrnetn npotoHiB H-3 (7,63—-7,88 m.4) Ta H-8 (7,87—-8,26 M.4.), @ TaKOX YLUMPEHI
cuHrnety rpynu NH, B pianasoHi 7,05—-7,21 m.4. 5-AmiHonipasoso[4,3-b]nipnanH-6-kap6oHoBi kKucnoTu peary-
10Tb i3 AudeHindocdopunasngom 3a HarpiBaHHA 6 rog y AiokcaHi B NPUCYTHOCTI TpUeTUnamiHy 3 yTBOPEHHSM
1-3amilLleHunx imigaso[4,5-b]nipa3ono[3,4-e]nipnanH-6(5H)-oHiB i3 Buxogamu 67—-80%. I4-cnekTpu cuHTe3oBa-
HMX CMONYK XapakTepuayTbcs cMyramu nornmHanHsa rpyn C=0 (1705—-1708 cm') Ta NH (3275-3281 cm™),
a 'H AMP-cnekTtpu — cuHrnetamm npotoHis H-3 Ta H-8 BignosigHo B iHTepeanax 7,43—8,08 M.u. i 7,92—-8,32 m.u.
Ta ABOMa WKnpoknmu cuHrnetamm NH-npotoHis y gianazoHax 10,90—-11,12 m.y. i 11,25-11,37 m.u.

BucHoBku. Po3pobrieHo edekTvBHI Nigxoam A0 ofepXaHHs HOBMX BionpnBabnueBnx MONeKynapHUX nnat-
dopm — 6-amiHO- Ta 6-okcoimigaso[4,5-b]lnipa3ono[3,4-e]nipuAanHIB, SKi FPYHTYOTLCSA Ha LUKNOKOHAEHCcaLUisX
N-Boc-4-amiHonipason-5-kapbanbaeriagis i3 kpeaTnHiHOM Ta 5-amiHonipasono[4,3-b]nipuanH-6-kapboHOBUX KMUC-
noT i3 AndpeHindocdopunasngom.

Knrovoei cnoea: N-Boc-4-amiHonipa3on-5-kapbanbaerian; kpeaTuHiH; 5-amiHonipasono[4,3-b]nipnanH-
6-kapOoHOBI Kncnotu; gudeHindgocdopunasung; 6-amiHo(okco)imigaso[4,5-b]nipasono[3,4-e]nipuanHu;
LMKITOKOHAEH caUis

G. G. Yakovenko'?, M. V. Vovk?

"National University of Kyiv-Mohyla Academy, Ukraine

2Institute of Organic Chemistry of the National Academy of Sciences of Ukraine, Ukraine

Convenient approaches to the synthesis of 6-amino- and

6-oxoimidazo[4,5-b]pyrazolo[3,4-e]pyridines

Aim. To develop convenient approaches to the synthesis of 6-amino- and 6-oxoimidazo[4,5-b]pyrazolo[3,4-
e]pyridines as promising biologically active scaffolds.

Results and discussion. It has been found that cyclocondensation of N-Boc-4-aminopyrazole-5-carbaldehydes
with creatinine can be used as an effective method for obtaining 6-aminoimidazo[4,5-b]pyrazolo[3,4-e]pyridines
previously unknown. For the synthesis of their 6-oxoanalogs, the reaction of 5-aminopyrazolo[4,3-b]pyridine-
6-carboxylic acids used in a modified Curtius rearrangement with diphenylphosphorylazide was successful.
This method was implemented through the stage of the intermediate aminoisocyanates formation.

Experimental part. The reaction of N-Boc-4-aminopyrazole-5-carbaldehydes with creatinine in the presence
of pyrrolidine as a catalyst in refluxing acetic acid allowed to obtain 6-aminoimidazo[4,5-b]pirazolo[3,4-e]pyri-
dines with the yields of 54—70%. The structure of the compounds synthesized was proven by spectral measure-
ments. In the '"H NMR spectra there were singlets of H-3 (7.63—7.88 ppm) and H-8 (7.87—-8.26 ppm) protons, as
well as broad singlets of the NH, group in the range of 7.05-7.21 ppm. Heating of 5-aminopyrazolo[4,3-b]pyri-
dine-6-carboxylic acids with triethylamine and diphenylphosphorylazide in dioxane for 6 hours gave 1-substituted
imidazo[4,5-b]pyrazolo[3,4-e]pyridine-6(5H)-ones with the yields of 67-80%. The IR-spectra of the compounds syn-
thesized were characterized by the absorption bands of the C=0 (1705—1708 cm™') and NH (3275-3281 cm™")
groups. 'H NMR-spectra were characterized by singlets of H-3 and H-8 protons in the intervals of 7.43—8.08 ppm
and 7.92-8.32 ppm respectively, as well as by two broad singlets of NH-protons in the ranges of 10.90—11.12 ppm
and 11.25-11.37 ppm.

Conclusions. Effective approaches to the synthesis of new promising heterocyclic systems of 6-amino- and
6-oxoimidazo[4,5-b]pirazolo[3,4-e]pyridines have been developed. Cyclocondensations of N-Boc-4-aminopyrazole-
5-carbaldehydes with creatinine and 5-aminopyrazolo[4,3-b]pyridine-6-carboxylic acids with diphenylphosphorylazide
have been proven to be convenient ways to obtain these compounds with good yields.

Key words: N-Boc-4-aminopyrazole-5-carbaldehyde; creatinine; 5-aminopyrazolo[4,3-b]pyridine-
6-carboxylic acid; diphenylphosphorylazide; 6-amino(oxo)imidazo[4,5-b]pyrazolo[3,4-e]pyridines;
cyclocondensation
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MousiekyisipHUE cKesieT iMiZja30([4,5-b]nipuiuHy €
i30CTEpHUM /10 ypUHY | XapaKTEPU3YETHCS LIUPOKUM
cneKTpoM ¢dapmMakoJioridHoi fii. CepeJ1 HU3KH HOTO
MOXITHUX BUABJIEHO aHTArOHICTU peLenTopa aHrio-
TensuHy Il [1], TpomMboKcaH A, mpocTaryiaHZAMHOBO-
ro H, penenropa [2], inri6iTopu rizposasu Jiekko-
TpueHy A, [3], cienudiuHoi cepuH\TPeOoHiH MpOTeiH-
KiHa3u [4, 5] Ta gunentuananentuHasu [6]. [Ipu ubomy
TaKO0> BapTO 3BEpPHYTHU yBary i Ha HafABHICTb MyTa-
TeHHUX BJIACTUBOCTEH y IesIKUX 2-aMiHoimMizazo[4,5-b]-
nipuauHiB [7, 8] Ta ix KoHAeHCcoBaHUX noXigHuX [9, 10],
AKI MOXKYTb yTBOPIOBAaTHUCA B MPOLLECI TEPMIYHOTO
06po6JieHHs1 M'sica i pubu.

KonzieHCOBaHUM 3a MipUIMHOBUM $1/IpOM iMij1a30-
[4,5-b]nipurHOoBOTO CKadOIAY CIIOTYKaM TaKOXK MPH-
TaMaHHa 6ioJioriyHa fiis. 30Kkpema, noxi/iHi imigaso-
[4,5-b]xinoniny [11-14] Ta imiza3o[4,5-h][1,6]HadTH-
puauHy [15] Bijomi 1K iHTi6iTOPH IUKJIIYHOTO aZIeHO-
3uHMoHOopochaTy TPOMOOLUTIB KPOBI.

[IpeagMeTOM HaIIOTO AOC/IPKEHHS CTaJIU HOBi aMiHO-
Ta oKcopyHKI[ioHa/i30BaHi iMiza3o[4,5-b|nipuanau
3 aHeJIbOBAaHUM 3a MipUUHOBUM SAPOM papmMaKo-
dbopHUM nipa3osibHUM LUKJAOM [16-19]. Indopma-
11isI PO HUX y JIITEPATYPi € BKpall 06MeXKeHOo10 i CTo-
CYEeTbCA MOXiJHUX iMifia30[4,5-b]nipasono[4,3-e]mi-
PU/AVH-6-0HY, O/iepKaHUX TPUKOMIIOHEHTHOIO IIUKJIO-
KOH/IeHcalli€ro 4-iMiHOIMIiZIa301i0Hy 3 apOMaTUYHU-
MU asbjierizamMu i 5-aminomnipazosiamu [20], a Takox
7-pubodypaHosuiiMminazol4,5-b]nipasonol|3,4-e]mi-
PUAMHY, OTPUMAHOTO [A06YJ0BOI Mipa3oJibHOIO
LIMKJIY 10 BignoBigHoro N-[(pubodypanosu)imizaso-
[4,5-b]nipuaun-6-in]aneramigy [21].

3a3Buyai JJis oJleprKaHHs 2-aMiHoiMiza3o0[4,5-b]-
nipu/iMHIB BUKOPUCTOBYIOTh BapiaHTH, sIKi nepe/6a-
4yaioTbh GOpMYBaHHS aMiHOiIMiZ|Ja30/IbHOTO LUKJTY Ha
6asi BiamoBigHux 1,2-miamiHonipuauHiB [22-25], a Ta-
KoK QYHKIiOHaTi3ali0 iMi/Ia30/1bHOTO sipa iMizja3o-
[4,5-b]nipuauHiB [26-28]. CBo€0 Ueproto, /sl CHH-
Te3y 2-0KcoiMizazo[4,5-b|mipuanHiB 3aIIpoIIoHOBaHO
JleKiJIbKa MeTO/iB, IKi OXOIJIIOIOTh B3aeEMo/iro 1,2-
MiamiHOMipUAUHIB 3 MOHOLIEHTPOBUMH KapOOHiJIb-
HUMU esieKTpodisamu [6, 26, 29-31], a TakoX BHY-
TPILUHBOMOJIEKY/IIPHI peakii meperpynyBaHHa Kyp-
niyca 2-aMiHOHIKOTHHOBHUX KUCJIOT [26, 32, 33] Ta
lodmana amifiiB 2-aMiHOHIKOTHHOBHUX KUC/IOT [34-39].

Jl/1s1 KOHCTPYIOBaHHSA 6i0MPHUBAGIMBUX MOXiITHUX
iMmizrazo[4,5-b]xiHo.J1iH-2-0HIB BJja/1010 BUSBUJIACh KOH-
neHcarlist XopHepa-BazcBopTa-EMMoHca 2-HiTpo6eH-
3asbJierifiB i3 AiokcoimigazonianH-5-pochonaramu
[11-13, 40], y akiii KJ11040BOIO CTA/i€I0 € aHEJIIOBAH-
Hsl XiHOJTIHOBOTO IIUMKJYy. ABTOpH mipari [10] onuca-
JIU CUHTe3 2-aMiHoiMizazo[4,5-b]Tieno|2,3-e]nipu-
JUHY peakiieto @pianenaepa 3-aMmiHo-5-MeTwI-2-Tio-
dbeHKapbabAeriy i3 KpeaTHHIHOM (2-aMiHO-1-MeTHII-
5H-imizazoui-4-oH) y npucytHocTi N,0-6ic(TprMeTHII-
cuiin)atetamify (BSA) sik po3uMHHHKA Ta KOH/IEH-
CYBaJILHOTO peareHTy. 3 MeTO0 OTPpUMaHH4 ix mipa-
30JI0BMICHHMX aHAJIOTiB BUZIaBa/I0CA AOLIJIBHUM anpo-

OyBaTH B MO/1i6HIM KOH/eHcallii i3 KpeaTUHIHOM pa-
Hime cuHTe30BaHi HaMu N-Boc-4-amiHonipasoi-5-
kapbanbaerigu 1a-d [41].

Hamu 3’sicoBaHoO, 1110 Taka peakiiis He BUMarae
creljaIbHUX YMOB ITPOBe/IeHHs (BUKOpUCTaHHS BSA)
i ceJIeKTUBHO Mepebirae 3a KU ATIHHS aJbJeriliB
1a-d i3 kpeaTuHiHOM (2) B JIbOASIHIN OLITOBIH KUCJIO-
Ti y IPUCYTHOCTI €KBIMOJIAPHOI KIJIbKOCTI MipoJIigu-
HYy 3 yTBOPeHHsM 6-aMiHoiMizazo[4,5-b]nipa3osio-
[3,4-e]mipuuHiB 3a-d 3 Buxonamu 54-70%. [Ipu oMy
[ anbjerifiB 1a,b BoHa 3aBepIIyETHCSA BIPOIOBK
4 ron, a auig anbaerigis 1c,d 3i crepudHO yTpyAHe-
HUMHU 3aMicHuKaMHu R 4ac ii nepebiry 3pocrae Bij-
noBigHO /10 5-6 roa. HaliBiporigHirie, mo Take ne-
pPeTBOpEHHA peasli3yeTbCd Yepe3 CTailo NepBUHHOL
KoHJeHcauii popminbHOI yHkuii cnosyk 1a-d i3 me-
TUJIEHAaKTUBHUM parMeHToM KpeaTUHiHy (2) 3 yTBo-
PEHHAM i/liileHoBUX iHTepMegiaTiB A. Ix moganbma
BHYTPILIHBOMOJIEKY/IIpHA JUKJIi3aLid 3a paXyHOK
B3aEMO/ii 3reHepoBaHoOl B yMOBax peakliil nipasosib-
HOI aMiHOTPYTIH 3 KapOOHIJIbHOI iMiZIa30/IbHOIO TPY-
TIOI0 MPU3BO/IUTH JI0 ITbOBUX CTPYKTYP 3a-d (Tabu. 1,2,
cxeMa 1).

ByZi0By CHHTE30BaHUX TPULUKJIIYHUX CIOJYK
3a-d HaziliHO J0BEIEHO 32 JIONIOMOTOI CIIEKTPAJIb-
HUX BUMiprOBaHb. 30kpeMa, y cnektpax 'H IMP Ha-
siBHi cuHIieTH npoTtoHiB H-3 (7,63-7,88 m.4) Ta H-8
(7,87-8,26 M.4.), a TaKOXK IIUPOKi CUHIJIETH TPy
NH, y gianasoni 7,05-7,21 m.u.

BukopucTaHHS B HaBeJleHil Bullle peakii i3 N-
Boc-4-amiHonipazos-5-kap6anbzerifamu 1la-d rijan-
TOIHY 3aMiCTb KpeaTUHIHY 3 MeTOI0 OZlep>KaHHA Bij-
MOBIHUX 6-0KCOMOXiJHUX HE BUSBUJIOCH YCITILLIHUM;
i3 peakuiiHoi cyMilui 6ys10 BU/iJIEHO BUXIi/IHI peareH-
TH Ta NPOAYKTHU noJikoHAeHcauil. [lo3uTUBHUX pe-
3y/IbTATIB He GY/I0 OTPHMMaHO i B pa3i BBe/IeHHS HEIll0-
JlaBHO ONMCcaHUX HaMHU [42] 5-amiHomipa3osio[4,3-b]-
nipuHUH-6-Kap6okcaMiziB 4a-d B peakiiito [opmaHa
i3 BUKOpUCTaHHAM HoZ06eH3eHAialeTaTy sIK OKHC-
HuUKa [37-39]. Tomy amigu 4a-d ny>kHUM rifipoJiisoM
6ys10 mepeTBOpeHo 3 BuxoAaMu 89-96% Ha 5-aMiHo-
nipasoJio[4,3-b]nipuauH-6-kap60oHOBI KUCI0TH 5a-d
(Ta6.1. 1, 2). Ix nogasblIe NepeTBOPEHHA B yMOBax
MoundikoBaHoi peakuii Kypiiiyca i3 BUKOpHUCTaHHAM
TaKoro epeKTUBHOT0 a3UAYyBaJIbHOTO PEareHTy, sIK
Judenindochopusasua, 3a HarpiBaHHA B JioKcaHi
NPOTSATOM 6 TOJ, Y IPUCYTHOCTI TPpUETHUIaMiHy Yepe3
CcTaAil NpOMDKHUX aMiHOauuJIa3uziB A Ta aMiHO-
i3oniaHaTiB B mpusBesio f0 yTBOopeHHs 1-3aMille-
HUX iMiZia30[4,5-b]|nipazoio[3,4-e|nipuann-6(5H)-oHiB
6a-d i3 Buxomamu 67-80% (Tabs. 1, 2, cxema 2).

[Y-cniexktpu crosiyk 6a-d XapakTepUsyrThCsl CMy-
ramu normHaHHA rpyn C=0 (1705-1708 cm*) Ta NH
(3275-3281 cm!), a 'H AIMP-cnieKTpHu — CUHTJIeTa-
Mu npoToHiB H-3 Ta H-8 BignoBigHo B iHTEepBasax
7,43-8,08 M.u. 1 7,92-8,32 M.4. Ta IBOMA LIUPOKUMHU
cuHietTaMy NH-nipoToHiB y Aianazonax 10,90-11,12 mu.
i11,25-11,37 m.u.
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Ta6nuua 1
Buxoaw, TemnepaTtypu nnaBneHHsA, Mac-CNeKTPU Ta pe3ynbTaTi €N1eMEHTHOTO
aHanisy cnonyk 3a-d, 5a-d, 6a-d
Cnonyka | Buxin,% | T.nn.,°C [M+H]* Po3paxosaro,% ®opmyna ByaHaueHo,%
C H N C H N
3a 58 276-278 203 53,46 | 498 | 4156 | CH N, | 5359 | 508 | 41,71
3b 70 268-271 217 5554 | 559 | 3886 | CH.N, | 5560 | 546 | 3879
3c 57 262-264 245 59,00 6,60 34,40 CH, N, 58,77 6,53 34,23
3d 54 280-283 265 6362 | 458 | 3180 | C,H N, | 6378 | 471 | 31,97
5a 94 >300 193 50,00 | 420 | 2915 | CHNO, | 5014 | 4,13 | 29,19
5b 96 >300 207 5242 | 489 | 2717 | CH N, | 5259 | 495 | 27,04
5c 89 >300 235 56,40 | 602 | 2392 | C H NO, | 5627 | 589 | 2398
5d 91 >300 255 6141 | 396 | 22,04 | C H NO, | 6157 | 388 | 2187
6a 80 >300 190 50,79 3,73 37,02 CH.N.O 50,71 3,70 37,10
6b 73 >300 204 53,20 4,46 34,47 CHN.O 53,27 4,53 34,31
6¢ 67 >300 232 5713 | 567 | 3028 | C, H.,NO | 5728 | 560 | 3044
6d 69 >300 252 62,15 3,61 27,87 C,;H,N.O 62,31 3,49 28,97
Ta6nuua 2
[Oawi 14-, 'H Ta *C AMP-cnekTpis cnonyk 3a-d, 5a-d, 6a-d
Cnonyka | 4 (KBr), v, cm™ Cnektpu 'H AMP (399,97 MI'u, DMSO-d,) Ta *C AMP (125,75 MIy, DMSO-d,), , m.u.
3a 1667 (C=N) 'H: 3,55 (3H, ¢, N-CH,); 4,01 (3H, ¢, N-CH,); 7,05 (2H, yw. ¢, NH,); 7,63 (1H, ¢, H-3); 7,89 (1H, ¢, H-8)

3371,3115 (NH,)

13C: 28,9; 36,1; 94,2; 129,5; 130,2; 131,3; 136,3; 155,9; 159,9

'H: 1,39 (3H, 7,J=7,0 Ty, CH,CH,); 3,56 (3H, ¢, N-CH,); 4,50 (2H, K, J = 6,8 Ty, CH,CH,);

3281, 3148 (NH)

b |4, ; 26351(2C8=('\’11)H 7,14 2H, yw. ¢, NH,); 7,70 (1H, ¢, H-3): 7,90 (1H, ¢, H-8)
! 2 113C: 14,9; 28,6; 43.5; 94,0; 128,8; 129,2; 130,9; 135,9; 155,5; 159,6
3c 1666 (C=N) 'H: 1,71 (9H, ¢, 3xCH,); 3,58 (3H, ¢, N-CH,); 7,12 (2H, yw. ¢,NH,); 7,72 (1H, ¢, H-3); 7,87 (1H, ¢, H-8)
3366,3120 (NH,) | *C: 29,6; 41.1; 59,8; 98,0; 128,0; 130,1; 137,6; 135,9; 155,1; 159,2
1672(C=N) 'H: 3,59 3H, ¢, N-CH,); 7,21 (2H, yw. ¢, NH,); 7,37 (1H, 7,J = 7,2 Ty, PhH); 7,59 (2H, T,
3d 3374 31 25_(NH ) J=7,6Tu, PhH); 7,81-7,88 (3H, m, PhH, H-3); 8,26 (1H, ¢, H-8)
! 2/ 113C: 29,0; 95,0; 121,8; 126,4; 128,5; 130,0; 130,2; 135,0; 137,7; 140,6; 156,5; 160,4
'H: 3,40 (3H, ¢, N-CH,); 7,76 (1H, ¢, H-3); 7,89 (1H, ¢, H-7). CurHanu npoToHis rpyn NH
1718 (C=0) 3 L N 2
5a 3260,3119 (NH.) Ta COOH nepebyBatoTb B 06MiHi 3 MOieKynamMm BOAN AeNTEPOPO3UMHHNKA.
! 2 113C: 36,8; 115,0; 124,1;127,5; 129,1; 131,4; 141,9; 165,8
'H: 1,38 3H, 7,J=7,2Ty, CH,); 440 (2H, Kk, J=7,2 Ty, CH,); 7,57 (1H, ¢, H-3);
1719 (C=0) 7,80 (1H, ¢, H-7). CurHanu npoTtoHis rpyn NH, Ta COOH nepe6byBatoTb B 06MiHi
5b . 2
3263,3126 (NH,) | 3 monekynamm BoAv AENTEPOPO3UMHHUKA.
3C:15,1;44,4;118,8; 124,1; 126,4; 127,2; 130,3; 142,4; 166,5
"H: 1,73 (9H, ¢, 3 X CH,); 7,89 (1H, ¢, H-3); 7,94 (1H, ¢, H-7). CurHanu npotoHis rpyn NH
1716 (C=0) 3 L . 2
5c 3259, 3130 (NH.) Ta COOH nepebyBatoTb B 06MiHi 3 MONeKynaMmm BOAN AeNTEPOPO3UMHHNKA.
! 2 113C: 30,0; 62,3; 110,0; 125,6; 126,4; 128,7; 132,1; 152,7; 167,1
'H:7,42 (1H,1,J=7,2 Ty, PhH); 7,62 (2H, 1, J = 6,8 Ty, PhH); 7,73 (2H, A, J = 7,6 T, PhH);
5d 1721 (C=0) 8,15 (1H, ¢, H-3); 8,58 (1H, ¢, H-7). CurHanu npoTtoHis rpyn NH, Ta COOH nepebysatotb
3266,3127 (NHZ) B OOMiHi 3 MOneKynamu Boau LeiTepopo3uHHUKA.
13C:108,6; 121,5; 124,6; 126,2; 126,8; 129,8; 132,9; 139,3; 143,4; 156,3; 168,2
6a 1705 (C=0) 'H: 3,99 (3H, ¢, N-CH,); 7,43 (1H, ¢, H-3); 7,92 (1H, ¢, H-8); 10,99 (TH, yw. ¢, N-H); 11,25 (1H, yw. ¢, N-H)
3275,3150 (NH) | '*C: 35,9; 95,6; 124,6; 130,7; 130,9; 133,7; 143,5; 155,5
1703 (C=0) 'H:1,353H,1,J=7,2Tuy, CH,); 438 (2H, Kk, J=7,1 Ty, CH,); 7,49 (1H, ¢, H-3); 7,96 (1H, ¢, H-8);
6b 3276 3147_(NH) 11,07 (1H, yw. ¢, N-H); 11,32 (1H, yw. c., N-H)
! 3C: 14,7 (CH3); 42,9 (CHZ); 96,1;123,9; 129,7; 131,0; 134,1; 144,2; 155,7
6¢ 1701 (C=0) 'H: 1,66 (9H, ¢, 3x CH,); 7,57 (1H, ¢, H-3); 7,92 (1H, ¢, H-8); 10,90 (TH, yww. ¢, N-H); 11,32 (1H, yw. ¢, N-H)
3278,3152 (NH) |'3C: 29,6;60,1; 98,4; 124,9; 128,9; 130,4; 135,5; 143,5; 155,9
1708 (C=0) 'H:7,28 (1H, 1,J=7,2Tu, PhH); 7,47 2H, 7,J=7,4 Tu, PhH); 7,55 (2H, 7, J = 7,4 Tu, PhH);
6d o 8,08 (1H, ¢, H-3); 8,32 (1H, ¢, H-8); 11,12 (1H, yw. c.,, N-H); 11,37 (1H, yw. c., N-H)

13C:99,1;122,1; 126,2; 128,5; 129,9; 130,3; 136,3; 138,4; 140,2; 145,7; 160,4
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NHBoc AcOH NH © N N
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H NH> é Me - i-C4Hg
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a: R=Me; b: R=Et; c: R=%Bu; d: R=Ph

Cxema 1. CuHTes 6-amiHoimigaso[4,5-b]nipa3ono[3,4-e]nipuaunHis 3a—d

ExcnepuMeHTasibHa YacTUHa

[Y-cnekTpy CHHTE30BaHHUX CIIOJIYK Y TabJsieTKax
KBr 3anucano Ha npuaai Bruker Vertes 70. CnekTpu
'H AMP oTpumasnu Ha cnekTpomeTpi Varian VXR-400
(399,97 MI'n) B iMmnysnbcHoMy Dype-pexxuMi B po3un-
Hax DMSO-d,, BHyTpimnii crangapt - TMC. CiexT-
pu C SIMP oxeprkano Ha ciekTpoMeTpi Bruker Advance
DRX-500 (125,75 MI'n) B iMmmysibcHOMY Pyp'e-pesxumi
B po3unHax DMSO-d,, BHyTpimHii crangapt - TMC.
XpomaTo-Mac-CreKTPH OTpUMaJ/ii Ha npuiaji Agilent
LC\MSD SL; kosioHka Zorbax SB-C18, 4,6 x 15 MM,
1,8 mxM (PN 82(c)75-932); posunnauk JIMCO, ioHi-
3allisi eJIeKTPOPO3NHUJIEHHSIM 32 aTMOCYEPHOTO TUCKY.
EjsileMeHTHUH aHaJi3 BUKOHAHO Ha npusaji Perkin
Elmer CHN Analyzer cepii 2400 B aHa/IiTU4HIH J1a-
6opatopii [HcTuTyTy opraniuHoi ximii HAH Ykpainu.
TemnepaTypu n1aBjaeHHsI BUSHAYEHO Ha CTOJIUKY Kod-
Jiepa i He BigjkoperoBaHo. [lepe6ir peakiiiii KOHTpO-
JIIDBaJIM METO/I0M TOHKOLIApOBOi XpoMaTorpadil.

3ara/ibHa MeTOAUKA CUHTe3y 6-aMiHOiMiza30-
[4,5-b]uipa3oio]3,4-eJnipuauniB 3a-d. /o po3uuHy
2,51 mMoutb anbjerigiB 1a-d B 25 M1 JiboAgHOI 01 TO-
BOI KMCJIOTH TOC/Ti0BHO AoaaBau 0,3 r (2,65 MMoJIb)
KpeaTuHiny (2), 0,2 M (2,52 MMoJIb) TipostiivHy, epe-
MinyBasiu 1 roj 3a KIMHaTHOI TeMIlepaTypH Ta KUIT 51-
TuH 4 rop, (y BUnazky aabgerizis 1a,b), 5 rog (y Bu-
najKy anbjieriay 1c¢) ta 6 rox (y BUNIIKy ajb/eTiay
1d). [licns 3aBepieHHs peakllii pO3YMHHUK Bifra-
HSIJIU 32 3HUKEHOTO TUCKY, 10 OTPUMAHOTO OJIi€NO0-
Ji6HOTO MPOAYKTY AoAaBaau 50 MJ1 Bojgu Ta iHTeH-
CUBHO NlepeMilllyBaJlv 10 YTBOPEHHS 0CaZly, IKUH BiJi-
GinbTPOBYBaH, CYLIWIN HA OBITPi Ta KpUCTalisy-
BaJId 3 €TaHOJIY.

3arasibHa MeTOAUKA CUHTe3y 5-amiHomipa3oJ10-
[4,3-b]nipyanuH-6-Kap60HOBUX KUCIOT 5a—d. /lo cyc-
neHsii 2,2 MMoJib aminy 4a-d B 20 MJ1 eTaHOJy J107a-
Basv 2,2 Ma1 2 M po34uHy Kaunill riipokcuay. Peak-
LiAHY CyMilll KU ITUJIA IPOTSATOM 6 T'O/Ji, OXOJIO/IKY-
BaJIY, YIIapOBaJIv 3a 3HMKEHOTO THUCKY, /10 3a/TULIKY

o~y N N2 r~ N N2 o) po)N N N2
VI AR T e T T
N CONH, N CO,H ’ N CON;
R R EtsN, A, 6 rog R

4a-d 5a-d A

a:R=Me;b: R=Et;c: R=¢tBu; d: R=Ph

H N.__NH
s~ NN N - NH2
Nl =0 =——— | N ||
N~ F N N NCO
R H R
6a-d B
Cxema 2. CuHTes imigaso[4,5-b]nipasono(3,4-e]nipnanH-6(5H)-oHiB 6a—d
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nopasaiv 40 mi 0,1 M po34uHy XJIOPUHOL KUCJIOTH,
yTBOpPeHUI ocaf BiidiIbTPOBYBa/IH i CYLIMIIU Ha TOBITPI.

3arasibHa MeTOJMKa CUHTe3y imifa3o0[4,5-b]-
nipa3oJio[3,4-eJnipuaun-6(5H)-oHiB 6a-d. /lo cyc-
neH3ii 2,0 MMosib aMmiHOKHCTOTH 5a-d y 50 MJ1 6e3B0-
HoOro Aiokcany gogaBasiu 0,85 mu (6,1 MMoJb) TpU-
eTUJIaMiHy i 3a IHTEHCUBHOTO NepeMilllyBaHHS J10-
naBasu 0,58 r (2,1 mmouib) nudenindocdopunazu-
Ay. Cymim noctynoso HarpiBasau go 100°C, Butpu-
MyBaJlu 3a 33/laHO0] TeMIepaTypu NPOTSATroM 6 roj,
PO3YMHHUK BiJITaHSJIU 32 3HUKEHOTO TUCKY, 10 3a-
JIMLIKY AojaBaiu 20 MJ1 nponaH-2-0J1y, YTBOPEHUN

oca/ GiIbTpyBasIH, CYILIWJIN Ha MOBITpi Ta mepeKpucTa-
JII30BYBaJIX 3 JIbOAAHOL OLITOBOI KUCJIOTH.

BucHoBKM

Po3po6sieHo epeKTUBHI NiAX0AU 10 OfepKAHHS
HOBUX 610MpHUBaGIUBUX MOJIEKYJISIPHUX MJIaTHOPM -
6-aMiHO- Ta 6-0KcoiMizazo[4,5-b|nipazosio[3,4-e]mipu-
JIVHIB, fIKi [PYHTYIOTbCA Ha LIMKJIOKOHAEHCaLifAX Bij-
noBigHo N-Boc-4-amiHomipa3oJsi-5-kap6asib/ierijiB
i3 KpeaTuHiHOM Ta 5-aMiHonipasoJio[4,3-b|nipuanH-
6-KapbOHOBUX KUCOT i3 udeHindochopuiazugom.

KonduikT iHTepeciB: BiicyTHIH.
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The determination of the phytochemical composition
of the Altabor substance

The development of medicines based on alder cone extracts led to the introduction of Altan and Altabor
medicines into medical practice. The technology of extraction cake from cones has made it possible to obtain
extracts with different therapeutic properties.

Aim. To develop an effective method for studying the qualitative composition of the Altabor substance and
determine the quantitative content of its components.

Results and discussion. The Altabor substance is a complex mixture of ellagitannins containing more than
70 components. The main components of the extract (or their isomers) were determined by mass spectrometry
and by comparing the retention times with the literature data. Gallic, ellagic, valoneic acids dilactone were conclu-
sively determined by adding reference standards of these acids to the extract. The substance contains the following
compounds: 2,3-hexahydroxydiphenoyl-(a/B)-glucose t , = 0.55 min, t , = 0.89 min (a and {3 isomers), 4,6-O-[(S)-
valeonyl]-D-glucose (isomer) t. = 0.64 min, gallic acid t = 1.198 min, pedunculagin t = 3.63 min, t,=4.62min
(aand B isomers), proecoxin A (isomer) t. = 4.78 min, valoneic acid dilactone t = 6,19 min, ellagic acid pentoside
(isomer) t = 7.07 min, ellagic acid t = 7.335 min.

Experimental part. The composition analysis was performed using an Agilent 1200 chromatograph with
a UV detector, a G6140 mass detector, an Alltech 3300 light scattering detector (ELSD), as well as the Agilent
ChemStation Rev.B.04.03 software. The molecular weights of the compounds in the extract were determined
using the method of mass spectrometry of ESl-electrospray ionization. The determination of the components
was performed using an ultraviolet detector at a wavelength of 280 nm. The column was Rapid Resolution
HT Cartige, 4.6 x 30 mm, 1.8 ym, Zorbax SB-C18.

Conclusions. A new effective method of analysis of the Altabor substance has been developed; it allows
determining the qualitative and quantitative content of its structural components. The method gives the possibility
to control the process of obtaining the Altabor substance, study the dependence of its composition on the condi-
tions of its obtaining, batch number, place, time of the natural raw material collection, and study the composition
of other pharmaceutical substances, the plant raw material containing tannins. The advantage of the method is
the short time (up to 10 min) of analysis using high-performance liquid chromatography at high resolution.

Key words: gallotannins; ellagitannins; Altabor; chemical composition; structure; HPLC (high-performance
liquid chromatography)

C. 10. Wenko', A. C. lUanaman?
" lHcmumym 6ioopaaHiyHoI Ximil ma Hagbmoximii imeri B. 1. Kyxaps HAH YkpaiHu, YkpaiHa
2[1AT HBL] «Bopuwaeiecbkuti X®3», YkpaiHa

BusHaveHHs cpiToximiuHoro cknagy cybcraHuii Ansrabop

Po3pobka nikapcbkunx 3acobiB Ha OCHOBI €KCTPaKTIB CynniAb BiNbXu BepLue 3aBepLunnach BNpoBagXeHHAM
y MeauyHy npakTuky npenapartis AnbtaH Ta Anstabop. OcobnmMBOCTi TEXHOMOTIT eKCTparyBaHHs! MiAroToBNEHOr0
LWPOTY CynIiab JO3BOMWIIO OTPUMYBATU EKCTPAKTK 3 Pi3HMMU TepaneBTUYHUMU BITACTUBOCTSIMU.

MeTa. Po3pobutn eekTnBHUIA METOS BUBHEHHS sIKICHOTO cknagy cybctaHuii Anbtabop i3 BU3HaYEHHAM
KifTbKICHOrO BMICTY KOMMOHEHTIB.

Pe3synkraTti Ta ix obroBopeHHsi. Cyb6etaHuia Anstabop cTaHOBUTE COBOK CknaHy 6GaraTOKOMMNOHEHTHY CyMilLl
enaroTaHiHiB, Lo MiCTUTb GinbLue 70 KoMNoHeHTIB. OCHOBHI KOMMOHEHTW EKCTPaKTY BU3HA4YeHO 3a LOMNOMOro Mac-
CMEKTPOMETPIi, @ TAKOX LUMSAXOM MOPIBHSAHHS YaciB YTPYMyBaHHS 3 fiTepaTtypHUMU AaHumun. [anosy, enarosy,
BaSIOHOBY KMCIOTU BU3HAYEHO OCTATOYHO LUMISIXOM AO[aBaHHS B EKCTPAKT CTaHAapTiB Lyx kucnot. [lo oro cknagy
BXOAATb ideHTUiKoBaHi crnonyku: 2,3-rekcariapokcuaundeHoin-(a/)-rnokosa t, = 0,55 xs, t, = 0,89 xB (a Ta
B isomepw), 4,6-O-[(S)-BaneoHin]-D-rniokosa (isomep) t = 0,64 x8, ranosa kucnorta t = 1,198 xB, neayHkynarid
t,=3,63xs, t, =4,62 xB (a Ta B isomepu), NpaekokciH A (isomep) t. = 4,78 XB, ANNAKTOH BaNOHOBOI KACIOTH
t = 6,19 x8, neHTo3Myg enarosoi k1cnotu (isomep) t. = 7,07 xB, enarosa kucnorat = 7,335 xB.

ExkcnepumeHTanbHa YacTuMHa. AHani3 cknagy npoBoaunv 3a A0NOMOro Agi[ent 1200 xpomatorpadpa 3 YP-
netekTtopom, mac-getektopom G6140 Ta getektopom caitnopo3scitoBaHHsi (ELSD) Alltech 3300. MporpamHe 3abesne-
yeHHs Agilent ChemStation Rev.B.04.03. MonekynspHi Macu cnonyk, siki BXOAATb A0 CKragy eKCTPakTy, BU3Haye-
HO 3a JOMOMOroK MeTOoAY Mac-CNeKTPOMETPIi ioHi3aLielo po3nuneHHaM B enekTpuyHoMy noni (ESI-electrospray
ionization). BusHa4yeHHA KOMMNOHEHTIB NPOBOAMIIN i3 3aCTOCYBaHHAM yNbTPadioneToBoro AeTekTopa 3a A0BXK-
Hu xBuni A 280 Hm. KonoHka: Rapid Resolution HT Cartige 4,6 x 30 mm, 1,8 mkm, Zorbax SB-C18.

BucHoBku. Po3pobneHo HoBUI ehbekTBHMI MeToq aHanidy dapmcyocTaHuii Anstabop, sk o3Bonsie
BMBYATK 11 AKICHUI CKNag Ta BU3HAYaTy KiNbKiCHUA BMICT KOMNOHEHTIB. MeToa [03BOMSIE KOHTPOMOBATK NpoLec
BMPOGHULTBaA cyOcTaHLUii AnbTabop, BUBYATU 3aNeXHICTb il CKnaay Bid yMOB OTPMMaHHS, HoMepy napTii, Micus,
Yyacy 360py NPUPOAHOI CUPOBUHW, BUBYATU CKNaA iHWINX dpapMcyBCTaHLin, NPUPOAHOT CUPOBUHW, LLO MICTUTbL Ta-
HiHW. MNepeBara meToay — kopoTkuiA Yac (fo 10 XBUNMH) NpoBeAEHHSA aHani3y 3a AOMNOMOroK BUCOKOE(EKTUBHOT
pianHHOI Xxpomatorpadii 3a BUCOKOI po3ainbHOi 34aTHOCTI.

Knroyoei crioea: ranoTaHiHu; enarotaHiiu; Anstabop; XiMibHWIA cknag,; CTpyKTypa;

BEPX (BucokoedekTrBHa pignHHa xpomarorpadis)

Copyright © 2021, S. Yu. Sheiko, A. S. Shalamay
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0)

16



ISSN 2518-1548 (Online)

XKypHan opraHidyHoi Ta hapmaueBTUYHOI Ximii. — 2021. — T. 19, sun. 1 (73)

ISSN 2308-8303 (Print)

European alder (Alnus glutinosa) and grey alder
(Alnus incana) are found almost on the whole terri-
tory of Ukraine, especially on the forest lowland wet-
lands and floodplains of many small and large rivers
and firstly in the Polissia area [1].

Since ancient times, the interest of folk medicine
to this plant has been associated with the healing pro-
perties of its bark and cones. The high content of tan-
nins, namely gallo- and ellagitannins, reveals the thera-
peutic effect of tinctures and decoctions from the parts
of this plant [2].

The development of medicines based on alder cone
extracts has led to the introduction of such medici-
nes as Altan and Altabor into medical practice. The tech-
nology of extraction cake from cones has made it pos-
sible to obtain extracts with different therapeutic pro-
perties [3, 4].

Thus, the use of 75% aqueous ethanol under the con-
ditions of filtration extraction of European alder (Alnus
glutinosa) infructescence and grey alder (Alnus incana)
allows obtaining a dry extract for the preparation of
Altan medicine prescribed for diseases of the diges-
tive tract of different localization - for the complex
treatment of gastric ulcers and various sections of
the stomach and small and large intestine, as well
as infections of the digestive tract [5-9]. The hepato-
protective effect of Altan medicine in the case of acute
and chronic liver lesions is quite pronounced and ma-
nifests itself even when using the drug in low doses [10].
The drug tablet contains 10 mg of the Altan extract cal-
culated with reference to dried substance, and the
content of ellagitannins amounts to 60% in it.

Altabor medicine is produced on the basis of
the aqueous extract of European alder (Alnus glutinosa).
The active ingredients of the dry extract - gallo- and
ellagitannins in the composition of the drug have
a marked antiviral effect against influenza viruses and
herpes. This drug, which tablet contains 20 mg of
the dry extract, is used in the treatment of influenza,
acute respiratory viral infections, and for the preven-
tion of these diseases [3, 4, 11].

The active agents of both substances of the dry
extract of the European alder infructescence exhibit
a pronounced antioxidant, anti-inflammatory and mem-
brane-stabilizing action, which complements their
pharmacological effects [3, 4].

The technological processes of obtaining these dry
extracts in the production of both drugs may alter
their true phytochemical composition, and this may
be due to their ability to easily hydrolyze gallo- and
ellagitannins, constituents of alder cones (Fructus Alni).

In connection with this, we should further study
the natural phytochemical composition of biologically
active substances of European alder, in particular tan-
nins, which, in fact, has not been studied with some

exceptions [12]. It is also important to examine the sub-
stance from the alder raw material - Altabor since its
constant composition of active ingredients, namely
tannins, will enable to achieve a guaranteed perma-
nent pharmacological effect of drugs from this sub-
stance. The paper [12] presents the isolation of three
substances - tannins in the extract from cones by four
preparative HPLC methods. The substances were ob-
tained in very small amounts of 1-8 mg. The quali-
tative HPLC chromatograms of alder cone extracts,
which would determine their component composi-
tion, are not described in the literature. Moreover, in
Ukraine, the studies to determine the phytochemical
composition of the natural raw material containing
hydrolyzable tannins, as well as pharmaceuticals ma-
nufactured based on this raw material, have not been
carried out at all. Only the total tannin content was
determined. Altabor and Altan have been manufac-
tured since 1990s by the P]JSC SIC “Borshchahivskiy
CPP”. The company previously made attempts to ob-
tain high-quality HPLC chromatograms, which would
allow studying the qualitative composition of these
substances, as well as the raw material, and deter-
mine the quantitative content of components, but all
of them were unsuccessful [13]. The phytochemical
composition of the Altabor substance is unknown.
To date, the quality of the Altabor substance is deter-
mined by measuring the total amount of tannins by
spectrophotometry. The raw material, i.e. the alder co-
nes, has been studied similarly. It is important to find
the phytochemical composition of the raw material
since its composition can be influenced by such fac-
tors as soil properties, the time of the raw material
collection, climatic and other conditions under which
alder grows [14]. This can affect the manufacturing
process. To separate a mixture containing more than
70 substances with the similar chromatographic pro-
perties is a complicated task [15]. Therefore, the re-
sults presented in this paper are important.

Thus, the aim of this work was to develop an ef-
fective method for studying the qualitative composi-
tion of the Altabor substance and determine the quan-
titative content of its components.

To determine the composition, the crushed sam-
ple of the Altabor substance (batch No.301217) was
extracted with methyl alcohol. As a method of analy-
sis of the extract obtained the method of high-perfor-
mance liquid chromatography using an Agilent 1200
chromatograph was proposed.

The extract is a complex multicomponent mixture
of tannins with very similar chromatographic proper-
ties, which is difficult to separate. In order to select
the conditions for successful separation of the extrac-
ted ellagitannins, a suitable chromatographic column
and solvent systems for elution, as shown in the ex-
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perimental part, were selected. On the way to achieve
the desired result, namely the creation of the HPLC
method that would allow determining the Altabor sub-
stance composition, a number of isocratic solvent
systems were tested, for example: H,0:CH,CN in the ra-
tio of 90:10; H,0:CH,CN:THF:HCOOH in the ratio of
70:5:25:0.2; H,0:CH,CN:THF:HCOOH in the ratio of
90:5:5:0.2; 0.1N H3P04:O.1N KH2P04:CH3CN in the ra-
tio 0f 42.5:42.5:15; H,0:CH,CN:THF:HCOOH in the ra-
tio of 80:5:15:0.2, as well as gradient systems, for
example: H,0:CH,CN with various linear gradients -
0-30; 0-50; 0-100 and others. However, the systems
presented in the article turned out to be much better.
For the analysis of such polar substances as tan-
nins it is better to use the chromatographic columns
filled with C18 modified silica gel. One should choose
the smallest size of particles among available - 1.8 um.
Resolution decreases when 5 pm columns are used.
According to the results of the chromatographic
and mass spectrometric studies the Altabor substan-
ce is a complex mixture of ellagitannins containing more
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than 70 components (see chromatogram, Fig. 1). The main
components of the substance (or their isomers) were
determined by mass spectrometry and by comparing
the retention times with the literature data [16-18].
Gallic (3), ellagic (8), valoneic acid dilactone (6) were
conclusively determined by adding reference stan-
dards to the substance. The reference standard of valo-
neic acid dilactone with a purity of more than 98% was
obtained by the method described in the experimen-
tal part. Its *"H NMR spectrum and HPLC are shown in
Fig. 14, 15. To determine gallic and ellagic acids, com-
mercially available Sigma-Aldrich samples were used.
The HPLC-MS experiments revealed that the Alta-
bor substance contains the following compounds
(Fig. 1, 2): 2,3-hexahydroxydiphenoyl-(a/f)-gluco-
se (1),t,=0.55min, t,=0.89 min («x and  isomers)
(Fig. 3); 4,6-0-[(S)-valeonyl]-D-glucose (an isomer) (2),
t = 0.64 min (Fig. 4); gallic acid (3), t = 1.198 min;
pedunculagin (4),t  =3.63 min,t_, =4.62 min (a and
B isomers) (Fig. 5)?; praecoxin A (5) (an isomer),
t =4.78 min (Fig. 6); valoneic acid dilactone (6),
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Fig. 1. The chromatogram of the Altabor substance (Batch No. 301217). Methanol Extract. System I. (A) 0.1% HCOOH (aqueous solution),
(B) CH,CN. 0-1.5 min, 100% A (isocratic mode); 1.5—7.5 min, 0-20% B in A (linear gradient); flow-rate — 1 mL/min, 280 nm

2Mass spectra of the compounds with t =3.63 min and 4.62 min are the same. The areas of two peaks with t = 3.63 min and t, = 4.62 min
are almost identical. Having compared the retention times with the literature data we can conclude that two peaks on the chromatogram
probably belong to the same substance — a and B pedunculagine isomers (4).
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Fig. 2. The main components of the Altabor substance
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Fig. 3. The negative ion mass spectrum of the compound 1
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Fig. 4. The negative ion mass spectrum of the compound 2
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Fig. 5. The negative ion mass spectrum of the compound 4
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Fig. 8. The chromatogram of the Altabor substance fraction 1
(Diaion HP-20, pure water) (system I)

t = 6.19 min; ellagic acid pentoside (most probably
xyloside, an isomer) (7), t_ = 7.07 min (Fig. 7); ella-
gic acid (8), t. = 7.335 min. The Altabor extract also
contains a mixture of hexoses and possibly pentoses,
which are not fixed by the UV detector and are not re-
tained by the C-18 column phase. These compounds
can be detected on a light scattering detector at the be-
ginning of the chromatograms with t = 0.3 min in
the form of a mixture.

The Altabor substance was additionally fraction-
ated by column chromatography with a Diaion HP-20
sorbent. While fractioning the starting substance gave
fractions containing much less number of compounds
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Fig. 10. The chromatogram of the Altabor substance fraction 3
(Diaion HP-20, 20% EtOH) (system I)
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Fig. 9. The chromatogram of the Altabor substance fraction 2
(Diaion HP-20, 10% EtOH) (system I)

than the raw material. Thus, it is easier to analyze such
mixtures. It becomes possible to obtain the minor com-
pounds characteristics, which small peaks are hidden
by other peaks on the raw material chromatogram.
Moreover, re-determination of the molecular masses
in fractions is an additional proof of the presence of
the compounds previously found.

As an eluent the aqueous solution of ethyl alcohol
of different concentrations was used. The concentra-
tion of ethyl alcohol was increased stepwise. As the re-
sult 5 fractions were obtained. The fraction analysis
was performed by HPLC, in particular fraction 1 was
obtained by elution of the Altabor substance with water

&Cb

800 —

600

400

200+

T T T
2 4 [

P
3

Fig. 11. The chromatogram of the Altabor substance fraction 4
(Diaion HP-20, 40% EtOH) (system I)
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Fig. 12. The chromatogram of the Altabor substance fraction 5
(Diaion HP-20, 96 % EtOH) (system I)

(Fig. 8), fractions 2, 3, 4, 5 by elution with 10%, 20%,
40% and 96% ethyl alcohol, respectively (Fig. 9-12).

The order of the substance release (ellagitannins
from the column filled with Diaion HP-20) was simi-
lar to the order of the substance release from the HPLC
column filled with a sorbent - C18 modified silica gel.
The main components of the fraction 1 (Fig. 8) were 2,3-
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Fig. 13. HPLC repeated chromatographic (Diaion HP-20, 20 %
EtOH) (system |) separation of fraction 3 (elution with 20% EtOH)

hexahydroxydiphenoyl-(a/B)-glucose (1),t , = 0.63 min,
t,=1.08 min (aand B isomers), 4,6-0-[(S)-valeonyl]-
D-glucose (2) (an isomer), t = 0.76 min, gallic acid
(3), t. = 1.46 min; the fractions 2 and 3 (Fig. 9 and
Fig. 10, respectively) - pedunculagin (4), t , = 3.84 min,
t, = 4.81 min (aand B isomers), praecoxin A (5),
t =4.96 min; fractions 4 and 5 - ellagic acid (8) and

9.483
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— 8917

[E:

Fig. 14. '"H NMR spectrum of valoneic acid dilactone in DMSO-dj

PPM
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Fig. 15. HPLC of the valoneic acid dilactone reference standard

valoneic acid dilactone (9), ellagitannins with mo-
lecular weights of 934 Da and 936 Da.

The main components of the purified fraction 3
of tannins were pedunculagin (4) and praecoxin A
(anisomer) (5) (Fig. 13). The resulting concentrate is
promising for further isolation of these compounds
required as standards for the study of their quanti-
tative content in the Altabor substance.

A preparative method for valoneic acid dilactone
isolation from the Altabor substance hydrolyzed in
acidic conditions was also developed. It can be used
to obtain a reference standard of this compound.
The 'H NMR spectrum of the valoneic acid dilactone
isolated and its HPLC are shown in Fig. 14 and 15,
respectively.

Experimental part

Equipment

The composition analysis was performed using
an Agilent 1200 chromatograph with a UV detector,
a G6140 mass detector, an Alltech 3300 light scattering
detector (ELSD), as well as the Agilent ChemStation
Rev.B.04.03 software.

The molecular weights of the compounds in the extract
were determined using the method of mass spectro-
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metry of ESI-electrospray ionization - a gentle ioni-
zation method that allowed obtaining molecular ion
peaks of complex ellagitannin molecules without de-
stroying them. Formic or trifluoroacetic acid should
be used to ionize the molecules in the extract, as their
use improves the resolution. One can also use ammo-
nium acetate or ammonium formate.

The determination of the components was per-
formed using an ultraviolet detector at a wavelength
of 280 nm.

The column was Rapid Resolution HT Cartige,
4.6 x 30 mm, 1.8 um, Zorbax SB-C18.

'H NMR spectrum was taken with a Varian VNMRS
400 MHz spectrometer, using TMS as an internal stan-
dard in DMSO-d, solution.

Mobile phase systems

System I: (A) 0.1% HCOOH (aqueous solution), (B)
CH,CN. 0-1.5 min, 100% A (isocratic mode); 1.5-7.5 min,
0-20% B in A (linear gradient); flow-rate - 1 mL/min.

System II: (A) 0.05% CF,COOH (aqueous solu-
tion), (B) CH,CN. 0-1.5 min, 100% A (isocratic mode);
1.5-7.5 min 0-20% B in A (linear gradient); flow-
rate - 1 mL/min.

System III: (A) 0.1% HCOOH, (B) CH,CN. 0-1.5 min,
100% A (isocratic) 1.5-3 min, 0-5% B in A (linear
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gradient); 3-4.5 min, 5% B (isocratic); 4.5-9 min,
5-20% B in A (linear gradient); flow-rate - 1 mL/min.

System IV: (A) 0.1% HCOOH (aqueous solution),
(B) CH,CN. 0-3 min, 100% A (isocratic); 1.5-7.5 min,
0-20% B in A (linear gradient); flow-rate - 1 mL/min.

Preparation of the methanol extract of the Alta-
bor substance. The sample of of the Altabor substance
(6.0 g) was mixed with 120 mL of methyl alcohol for
3 h. The dark solution was filtered, and the solvent
was evaporated in vacuum at a temperature below
40°C. A dark solid product was obtained. The yield
was 4.2 g.

Fractionation of the Altabor substance with
Diaion HP-20 sorbent. A column: inner diameter
d = 1.5 cm, total volume v = 70 mL, the height of the sor-
bent column h = 25.5 cm, weight of the resin - 20 g.
The Altabor substance (700 mg) was dissolved in 1.5 mL
of distilled water with stirring. The solution was fil-
tered and applied to the top layer of the sorbent. Elution
of the column was carried out at a rate of 1.5 mL per
minute. The first elution was carried out with pure
water. Fraction 1 was collected in a volume of 110-120 mL.
Then elution by 10%, 20%, 40%, 96% ethyl alcohol
was successively carried out. Thus, fractions 2, 3, 4, 5
in volumes of 110-120 mL were collected. All frac-
tions were evaporated in vacuum at 20 mmHg on
a water bath with a temperature below 40°C.

Valoneic acid dilactone (reference standard).
The Altabor substance (2 g) was dissolved in the
ethyl alcohol-water mixture (1:2). Then 7 mL of the
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concentrated hydrochloric acid were added to the so-
lution, and it was refluxed for 4 h. After the resin was
separated, the solvents were evaporated. As the re-
sult, a crystalline product, being preferably a mixture
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tained. The resulting product (900 mg) was refluxed
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The precipitate was filtered. The procedure was re-
peated 3-4 times to obtain valoneic acid dilactone
with a purity of more than 98% (HPLC control). The
yield was 50 mg.

Conclusions

A new effective method of analysis of the Altabor
substance has been developed; it allows determining
the qualitative and quantitative content of its struc-
tural components. The method gives the possibility
to control the process of obtaining the Altabor sub-
stance, study the dependence of its composition on
the conditions of its obtaining, batch number, place,
time of the natural raw material collection, and study
the composition of other pharmaceutical substances,
the plant raw material containing hydrolysable tan-
nins. The advantage of the method is the short time
(up to 10 min) of analysis using high-performance
liquid chromatography at high resolution.

Conflict of interests: the authors have no con-
flict of interests to declare.

1. Exodaopa Ykpainu; [linyx, 5. I1,, Pen.; @itocouionenTtp: Kuis, 2004; T. 2, 442-447.

3agopoxHbii, A. M.; Komkus, A. I; Cokosos, C. f.; llpeTep, A. U. CnpasouHuk no sekapcmeeHHbIM pacmeHusM; JlecHast IPOMBIIIIEHHOCTb:
MockBa, 1981.

3. Pubasnko, C. JI. BuBYeHHSsI aHTUBIpYCHOI aKTUBHOCTH NpenapaTty AsbTabop Ha eKcliepuMeHTaIbHiIM Mogeni iHdekuii, cnpuyrnHeHol BipycoM
renaTtuty C, B KylbTypi KJIITUH. BicHuk papmakosoeii ma papmayii 2010, 3, 29-36.

4. Tlomoga, O. 1. KniniyHa e$peKTUBHICTD a/JbTab0py B KOMILJIEKCHOMY JIiKyBaHHI reprneTuyHoi iHdeKIil nopoxXHUHU poTa. YkpaiHcbkull meduuHutl
anbmaHax 2013, 16 (1), 154-56.

5. slkoBneBa, JI. B.; EBnokimMoBa, O. C. AsibTaH - HOBUH Npenapar JJis JiKyBaHHSI BUPAa3KOBOi XBOPOGH LIIyHKOBO-KHIIKOBOIO TPaKTy. BicHuk
dapmayii 1993, 1-2,96-103.

6. Cep6uH, A.T; fAkoBaesa, JI. B,; XBopocr, O.I1.; naayx, E. B.; Komuccapenko, H. @.; Bonaaps, B. C.; BosioTos, B. B; lllanamaii, A. C. AnbTaH - HOBOe oTe-
yecTBeHHOE 3P PEKTUBHOE CPELICTBO PAHO3KUBIISIOLIET0, TPOTHBOBOCIAIUTEILHOI0, aHTUMUKPOOHOTO iedCcTBUs. [Iposusop 1998, 18, 40-41.

7. boiuyk, O.II. 3acTocyBanus ¢iTonpenapaTy “AnbTaH” B KOMILJIEKCHOMY JIIKyBaHHI XBOPUX Ha rocTpi KUIKOBI iHdek1il Ha Tu1i cynyTHBOI naTo-
siorii opraHiB TpaBieHHs. [aauybkuli aikapcokull sicHuk 2004, 11 (2), 20-21.

8. Hesropa, 1. I; Puxaso, H. A. (BiHHMIbKMH HaLioOHaJILHUHM MeJUYHUH yHiBepcuTeT iM. M. L. [luporosa). Cnoci6 ikyBaHHS TOCTPUX KULIIKOBUX
indexuii. [latenT Ykpainu 3317, 15.11.2004.

9. Pukano, H. A. EbexkTuBHicTb QiTonpenapaTy «AsbTaH» IPU eKCIIEPUMEHTAJbHOMY KJe06Ci€Nbo3i. EKcnepumeHmanbvHa i KAiHiuHa mMeduyuHa
2005, 2,41-44.

10. JlankoBchkwit, E. 1. 3acToCyBaHHS albTaHy i ULleTesy /s KopeKLii 6i0XiMiYHUX Ta IMyHOJIOTIYHUX TOKAa3HUKIB IPU XPOHIYHOMY HEKaMeHe-
BOMY X0JIeLUCTUTI. KsniHiyHa ma ekcnepumenmanasHa namosozisi 2004, 4, 117-120.

11. 3ymnanew, U. A.; l'epacumenko, E. B,; [llanamai, A. C.; Caenko, T. B. OnbIT nprMeHeHus npenapaTta AabTabop B IpodUIAKTHKE IPUIIIA U OCTPBIX
pecnupaTopHbIX BUPYCHBIX MHeKIUH. 300poe’s Ykpainu 2013, 20, 43-45.

12. Ivanov, S. A;; Nomura, K.; Malfanov, L. L.; Ptitsyn, L. R. Glutinoin, a novel antioxidative ellagitannin from Alnus glutinosa cones with glutinoic acid
dilactone moiety. Natural Product Research 2012, 26 (19), 1806-1816. https://doi.org/10.1080/14786419.2011.613387.

13. Krutskikh, T. V;; Shalamay, A. S. Validation of the method of quantitative determination of the amount elagotannins in tablets Altabor. Manage-
ment, economy and quality assurance in pharmacy 2015, 3, 25-29.

14.

Gryszczynska, A.; Dreger, M.; Piasecka, A.; Kachlicki, P; Witaszak, N.; Sawikowska, A.; Ozarowski, M.; Opala, B.; Lowicki, Z; Pietrowiak, A.; Miklas, M,;
Mikotajczak Przemystaw, L.; Wielgus, K. Qualitative and quantitative analyses of bioactive compounds from ex vitro Chamaenerion angustifolium (L.)
(Epilobium augustifolium) herb in different harvest times. Industrial Crops and Products 2018, 123, 208-220. https://doi.org/10.1016/j.ind-
crop.2018.06.010.

23



ISSN 2308-8303 (Print) Journal of Organic and Pharmaceutical Chemistry. — 2021. — Vol. 19, Iss. 1 (73)  ISSN 2518-1548 (Online)

15. Liang, X;; Jiang, Y.; Guo, Z.; Fang, S. Separation, UPLC-QTOF-MS/MS analysis, and antioxidant activity of hydrolyzable tannins from water caltrop
(Trapa quadrispinosa) pericarps. LWT 2020, 133, 110010. https://doi.org/10.1016/j.lwt.2020.110010.

16. Grace, M. H.; Warlick, C. W,; Neff, S. A; Lila, M. A. Efficient preparative isolation and identification of walnut bioactive components using high-speed
counter-current chromatography and LC-ESI-IT-TOF-MS. Food Chem. 2014, 158, 229-238. https://doi.org/10.1016/j.foodchem.2014.02.117.

17. Regueiro, J.; Sdnchez-Gonzalez, C.; Vallverdd-Queralt, A.; Simal-Gandara, J.; Lamuela-Raventds, R.; Izquierdo-Pulido, M. Comprehensive identifi-
cation of walnut polyphenols by liquid chromatography coupled to linear ion trap-Orbitrap mass spectrometry. Food Chem. 2014, 152, 340-348.
https://doi.org/10.1016/j.foodchem.2013.11.158.

18. Jia, X;; Luo, H.; Xu, M.; Zhai, M.; Guo, Z.; Qiao, Y.; Wang, L. Dynamic Changes in Phenolics and Antioxidant Capacity during Pecan (Carya illinoinensis)
Kernel Ripening and Its Phenolics Profiles. Molecules 2018, 23 (2), 435. https://doi.org/10.3390/molecules23020435.

Received: 12. 05. 2020
Revised: 23. 01. 2021
Accepted: 15. 02. 2021

The work was supported by the PISC SIC “Borshchahivskiy CPP” through the project “Development of methods
for determining the quantitative content of the components of the Altabor substance” (research period 2019).

24



ISSN 2518-1548 (Online)

XKypHan opraHidyHoi Ta hapmaueBTUYHOI Ximii. — 2021. — T. 19, sun. 1 (73)

ISSN 2308-8303 (Print)

UDC 577.15: 543.92: 615.2:547.233.4

https://doi.org/10.24959/ophcj.21.224212

M. Ye. Blazheyevskiy, O. V. Koval'ska, K. V. Dynnyk

National University of Pharmacy of the Ministry of Health of Ukraine, Ukraine
53, Pushkinska str., Kharkiv, 61002. E-mail: lena05021985@ukr.net

A novel luminol-based chemiluminescence method

for detecting acetylcholine

Aim. To develop a new simple non-enzymatic method for the determination of acetylcholine (ACh) by the chemi-
luminescent reaction of luminol under conditions of the enzymatic hydrolysis of acetylcholine (pH 8.5).

Experimental part. The method proposed is based on the perhydrolysis reaction of ACh by the excess of
hydrogen peroxide with the formation of peracetic acid. The latter was further determined by the activation effect
of the luminol chemiluminescent oxidation reaction in the presence of hydrogen peroxide. The analytical signal
was the summary luminescence () registered within certain time.

Results and discussion. The pH range of the analytically applicable system was from 8.2 to 8.5. The effect
of ACh + H,0, incubation period on the reaction progress was also studied. The increase of the incubation period
enhanced the sensitivity of the method (the limit of detection (LOD)), but because of practical reasons (especially
the detection speed) and practical experience the incubation period was set to 30 min. The linear dependence
was observed in the acetylcholine chloride concentration range of (0.8—2.8) x 10 mol/L. While determining acetyl-
choline chloride in the concentration range of (1.1-2.2) x 10 mol/L the relative standard deviation (RSD) did not
exceed 3% ((X — p) x 100%/u = —0.5...40.5%). The Limit of Quantitation (LOQ, 10S) was 7.7 x 10 mol/L.

Conclusions. A new non-enzymatic kinetic method for the chemiluminescent determination of ACh in aque-
ous solutions and the pharmaceutical formulation Acetylcholinchlorid Injeel® has been proposed. This method
is simple, fast, inexpensive, and thus appropriate for the routine ACh quality control in the laboratories of hospi-
tals, pharmaceutical industries and research institutions.

Key words: acetylcholine; chemiluminescence method

M. €. BnaxeeBcbkui, O. B. KoBanbcbka, K. B. AIMHHUK

HauioHanbHul hapmayesmuyHull yHisepcumem MiHicmepcmea oxopoHuU 300po8’s YkpaiHu, YkpaiHa

HoBun xemintomiHecUeHTHUI MeTod BU3HAYeHHS aLeTUIXONiHy 3 BUKOPUCTaHHAM

nomiHony

Merta. Po3pobuTti HOBU MPOCTUI He(hEePMEHTATUBHWUIA METOA, BU3HaYeHHs aueTunxoniHy (ACh) 3a gonomo-
rot0 XeMirtoMiHECLIEHTHOI peakLii MoMiHONY 3a yMOB pepMeHTaTMBHOrO rigponisy auetunxoniHy (pH 8,5).

EkcnepumeHTanbHa 4yacTuHa. 3anpornoHoBaHUI cnocib 3acHOBaHO Ha peakLii neprigponiay aueTunxoriHy
HaANMLLIKOM NepOKCUAY BOAHIO 3 yTBOPEHHSIM NEPOLITOBOI kKMcnoTu. [NepouToBy KMCNOTY Aani BU3HaYanum 3a Jomno-
MOroto ebekTy akTuBaLii peakuii XeMmiftoMiHECLIEeHTHOIO OKUCHEHHS JIIOMIHOMNY B MPUCYTHOCTI NepoKcuay BOOHHO.
AHaniTmyHMm curHanom Byna cymapHa fromiHecLeHUis (Z) 3a neBHMI Yac.

Pe3ynbraTy Ta ix o6roBopeHHs. [liana3oH pH aHaniTM4yHO 3aCTOCOBHOI cMcTemMu ctaHoBuMB Big 8,2 0o 8,5.
[lopaTkoBo AocnimkeHo BNNuB iHkybauiiHoro nepiogy ACh+H,O, Ha nepe6ir peakuii. 36inbieHHs iHKy6aLii-
HOro nepiofy NiABMLMMAO YyTNMBICTb MeToay (Mexy BusierieHHs (LOD)), ane 3 npakTU4HMX NpuymH (0cobnmnBo
LLBMAKOCTI BU3HAYEHHS) Ta NpaKTUYHOro AoCBiAy iHKy6auinHmi nepiog 6yno 3adikcoBaHo Ha piBHi 30 xB. JliHiHa
3arexHicTb crnocTepiranacs y Aiana3oHi KOHLEHTpaLin aueTunxoniH xnopuay (0,8—2,8) x 10* monk/n. 3a Bu3Ha-
YeHHS aueTUnXoriH Xnopuay B MOAEMbHOMY PO34MHI B Mexax koHueHTpauin (1,1-2,2) x 10 monb/n BigHOCHE
ctaHgapTHe BigxuneHHs RSD He nepesuwysano 3% ((X — ) x 100%/p = -0,5...40,5%). Mexa kinekicHoro Bu-
3Ha4veHHs (LOQ, 10S) ctaHoBuna 7,7 x 105 monb/n.

BucHoBKUW. 3anponoHOBaHO HOBU HE(PEPMEHTATUBHUI KIHETUYHUIA METOA, AN XEMINOMIHECLLEHTHOMO BU-
3HaAYEHHs aLeTUNXoniHy y BOAHMX po3ynHax Ta hapmaueBTM4HOMY 3acobi Acetylcholinchlorid Injeel®. Lien me-
TOA € MPOCTUM, LUBUAKUM, HELOPOTMM i MPUAATHUM A5si PYTUHHOIO KOHTPOSO SIKOCTi aueTunxoniHy B naboparopi-
AX nikapeHb, hapMaLeBTUYHOI NPOMMUCIIOBOCTI Ta HayKOBO-A0CHIAHMX YCTaHOB.

Knroyoei csioea: aLeTUNXoniH; XeMintoMiHECLEHTHUIA MeTo

Copyright © 2021, M. Ye. Blazheyevskiy, O. V. Koval'ska, K. V. Dynnyk
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Acetylcholine (ACh) (Fig. 1) is a neurohormone
of the autonomic nervous system playing an impor-
tant role in maintaining the vital functions of a living
organism.

ACh was the first neurotransmitter to be charac-
terized. It is the primary neurotransmitter in mus-
cular synapses. In the central nervous system (CNS)
itis associated with attention, learning, memory, con-
sciousness, sleeping, and control of voluntary move-

ments [1]. Disruption of normal ACh signaling is im-
plicated in Huntington’s disease, Alzheimer’s disease,
schizophrenia, and Parkinson’s disease [2], endarte-
ritis, intermittent claudication, spasms of retinal arte-
ries, intestinal and bladder atony. It is used to facili-
tate radiographic diagnosis of esophagus achalasia [3].

When the nerve impulse reaches the end of
an axon, ACh is released transmitting the im-
pulse further. This action of ACh is subsequently
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Fig. 1. Acetylcholine chloride

discontinued as a result of its hydrolysis catalyzed
by the cholinesterase enzyme presented in living tis-
sues (Scheme 1).

In order to study various disorders mentioned above
and develop new medicines, it is important to measure
the ACh concentration with simple, fast, inexpensive,
and accurate methods.

For the quantitative determination of acetylcho-
line chloride the European Pharmacopoeia and US
Pharmacopoeia use the method of acidimetry [4, 5].
According to the current analytical normative docu-
mentation, the content of the main substance is argento-
metrically determined by Folgard or LC [4]. The tit-
rimetric procedures are highly accurate, but are not
specific to ACh. A colorimetric method widely used in
the practice of biological researches for determining
ACh concentration was proposed by Hestrin [6].

Common procedures for ACh detection include
the high-performance liquid chromatography (HPLC)
method on microdialysis samples [7], electrochemi-
cal methods using potentiometric and amperometric
sensors [8] and ion-sensitive field-effect transistors
(ISFETs) [9].

HPLC on microdialysis samples has very high reso-
lution in the pM range. However, this method has dis-
advantages, namely the tedious sample pretreatment
and high cost (a microdialysis probe costs about $200).

A simple, rapid and sensitive optical biosensor for
detection of choline and ACh based on the hydrogen
peroxide (H,0,)-sensitive quantum dots (QDs) was
constructed. The detection limit for ACh was found
to be 10 uM, and the linear range was 10-5000 pM.
The wide linear ranges were shown to be suitable for
routine analyses of choline and ACh. The detection
linear range of ACh in the serum was 10-140 uM.
The excellent performance of this biosensor showed
that the method can be used in practice detection
of choline and ACh. The performance of the device
exceeds most reported ACh microsensors. However,
the characteristic curve is not linear, and calibration
is required for this device [10].

Ternaux and Chamoin described an enhanced che-
miluminescence assay method for the determination
of ACh [11]. In some methods ACh was hydrolyzed by
acetylcholinesterase before the analysis [12]. Electron
transfer and oxidation by hydrogen peroxide were

facilitated by immobilizing the enzyme on a redox
polymer [13].

ACh is not electroactive, thus, it cannot be ana-
lyzed by electrochemical methods. Therefore, methods
recently published for monitoring ACh involve either
biosensor or MS detection. Biosensors were used for
the direct detection of ACh or preceded by LC. A com-
mon biosensor scheme requires co-immobilization
of acetylcholinesterase and choline oxidase. ACh is
converted to choline, and choline is further oxidized
by choline oxidase to produce hydrogen peroxide, which
is detected. Since choline is a normal metabolite of ACh
in vivo, another biosensor coated only with choline
oxidase is often used together with the ACh biosensor
to measure and subtract out the signal due to endo-
genously occurring choline. As with all biosensors or
microelectrodes, major concerns are their selectivity
and sensitivity in relation to a target molecule. There-
fore, interfering electroactive species were excluded
from ACh electrodes with permiselective membranes
composed of over oxidized poly(pyrrole)-poly(2-naph-
thol) films [14]. Carballo et all demonstrated liquid
chromatography with the electrochemical detection
(LC-EC) system using an electrode for the detection
of ACh [15, 16].

Those methods published for the determination
of ACh by LC-MS in dialysate or cell culture samples
sought rapid separations and a sensitive detection
with the minimal ion suppression during ESI [17-19].

In some new enzymatic methods based on the use
of two sequential reactions involving acetylcholine-
sterase and choline oxidase, the control of the con-
tent of hydrogen peroxide is carried out by the che-
miluminescent method following the catalytic oxida-
tion reaction of the chemiluminescent luminol indi-
cator in the presence of the enzyme peroxidase [10, 12].

In this article a new kinetic-chemiluminescent me-
thod for the determination of acetylcholine chloride
has been proposed. It is based on the application of
a conjugated system of two successive reactions -
ACh perhydrolysis and oxidation reaction of the che-
miluminescence indicator luminol (H,L) induced by
peracetic acid formed at the first stage.

Peracetic acid formed as the result of ACh perhy-
drolysis reacts with luminol in the presence of hydro-
gen peroxide with the generation of chemilumines-
cence measured by the chemiluminescence method
of the fixed time. The scheme of luminol oxidation
is given in Scheme 2.

Based on the experimental data it was found that
within the pH range of 8.2-8.5 the intensity of chemi-

Q Me‘ Me o holi Q Me: Me
N’ cholinesterase N’ O
Me)ko/\/(g e ci” + HO Me)J\OH + HO/\/@ Me Cl
acetylcholine chloride acetic acid choline chloride

Scheme 1. Acetylcholine hydrolysis
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Scheme 2. The reaction scheme of ACh perhydrolysis and chemiluminescent oxidation of luminol

luminescence (emitted by oxidation of luminol with
peracetic acid in the presence of hydrogen peroxide)
was directly proportional to the concentration of ACh.
The initial stage — ACh perhydrolysis - determined
the rate of the whole process. The kinetic curves of
chemiluminescence produced in the reaction of lu-
minol with hydrogen peroxide in the presence of ACh
are shown in Fig. 2.

Experimental Part

Acetylcholine chloride - 99% (Acros), argento-
metric titration - 298.5% (on dried base); the loss on
drying - £1.0% (105°C, 3 h); the molecular formula -
C,H,,CINO,; the molecular weight -181.66 g/mol.

Luminol (5-amino-2,3-dihydro-1,4-phthalazine-
dione, H,L, Sigma-Aldrich, 97 %) was additionally re-
crystallized from a saturated solution of sodium hy-
droxide. All other chemicals were of analytical grade.
Solutions were prepared with double distilled water

produced in a quartz water distiller.

I, rel.un.

10
time, s

20

Fig. 2. The effect of ACh (ACh-luminol-H,O,, 2) on the intensity
of chemiluminescence in the luminol-H,0, () system for the
reaction time of 20 sec, w (ACh): 1—0%; 2 - 1.5-10°%;

¢ (H,L) =5.0-10° mol/L; w (H,0,) = 5.0:102%; pH 8.5

Acetylcholinchlorid Injeel® (Biologische Heilmittel
Heel GmbH) - composition: 1 ampoule of 1.1 mL con-
tains as an active ingredient acetylcholine chloratum
0.367 g (on dried base), ethanol 43% (w/w). Excipient:
sodium chloride.

The stock solution of acetylcholine chloride
(2.75 - 102 mol/L) was prepared daily and stored at 4°C.
The analyte was weighed using a calibrated scale (model
AG204, Mettler-Toledo, Greifensee, Switzerland).

The experiment conditions used in the research
were selected based on the literature sources [21-23].

Preparation of the Working Standard Solution
of acetylcholine chloride, 5.07 mg/mL. Dissolve
0.50717 g of acetylcholine chloride reference standard
ex tempore in degassed double distilled water to make
100.00 mL of solution. Store in a high-density poly-
ethylene or polypropylene bottle at 4°C.

The content of ACh in the solution was con-
trolled by argentometric titration [6]. Working solu-
tions with a smaller amount of acetylcholine chlo-
ride were prepared daily by diluting accurately the
stock solution.

Preparation of phosphate buffer, pH 8.5

To 250.0 ml of 0.2 mol/L solution of disodium phos-
phate add 8.0 mL of 0.1 mol/L of hydrogen chloride
solution. The pH control was carried out potentio-
metrically using a glass electrode ELS-43-07 and I-130
ionomer.

Preparation of hydrogen peroxide solution, 5%
(1.5 mol/L). Dissolve 16.5 g of 30% hydrogen per-
oxide in water in a 100 mL volumetric flask and di-
lute the solution to the volume with water. The con-
tent of hydrogen peroxide in the solution was control-
led by the method of permanganometry.

Preparation of 0.01 mol/L stock solution of lu-
minol in 0.01 mol/L solution of sodium hydroxide.
Dissolve 0.1772 g of luminol in 100.0 mL of 0.01 mol/L
solution of sodium hydroxide. Dilute the resulting so-
lution of luminol 10 times with double distilled water.

The chemiluminescence intensity was measu-
red using an assembled chemiluminescence installa-
tion (Chemiluminometer-01), including a FEU-84-A
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1 — PEM power supply source
(high -voltage stabilizer);

2 — current -voltage converter;

3 — recording potentiometer;

4 — magnetic mixer,;
7 T/ /1 3 /14 5 — impeller in Teflon;
~ \ /912710 11}, | 6 — crystal measuring cell;
6 S R :
n | (R S — 4 | | 7 — opaque chamber;
. w H@ A 8 — adjustable pipettor (P—1) with
- ' L = an opaque seal;
- — G = Kl4uDsa 3 2nopad
\\\ \\—1—\'\—\\ = I = })\\\ 9 - ||ght fllter,
- \\\\\\:\\\\ — 2 10 — photoelectric multiplier
I NN 1 (PEM) FEU—84A;

Fig. 3. The installation for measuring chemiluminescence

photoelectric-multiplier (PEM), a IMT-0.5 weak cur-
rent meter and a LINE RECORDER TZ 4620 fast-ope-
rating recording potentiometer (Laboratorni pristroje,
Czech Republic) (Fig. 3).

The procedure for the quantitative determi-
nation of acetylcholine by the chemiluminescen-
ce method. When studying the impact of the ACh
concentration on chemiluminescence in the (ACh +
buffer + H,0,) + H,L system, an order of operations
was as follows. A sample of the test solution of ACh
(from 0.10 to 1.00 mL), 1.00 mL of 5% solution of
hydrogen peroxide and (10 - Y) mL of 0.2 mol/L of
the phosphate buffer solution (pH 8.5) (where «Y» is
the total volume of all other components in the solu-
tion) were added into a flask with a lapped stopper,
and all components were mixed thoroughly. The flask
was left in the thermostat at 40°C for 15 min. Then
1.00 mL of the resulting mixture was taken and pla-
ced in a quartz cuvette, with stirring, 8.5 mL of phos-
phate buffer solution (pH 8.5) was added, and the cu-
vette was placed in a measuring cell of a chemilumi-
nescent photometer. After that the curtain was ope-
ned and 0.5 mL of 1 x 103 mol/L of luminol solution
was added to the cuvette. The total luminescence was
recorded using an 1-02 digital automatic integrator for
20 sec. The dependence of the chemiluminescence
intensity on time (sec) was registered on the kinetic
graph (Fig. 2). The experiment was repeated five times.
The desired signal was the area under the curve -
the integral of the chemiluminescence over time pe-
riod (20 sec) (Z, relative units (rel. un.)) obtained by
averaging the values of five experiments. The sensi-
tivity was 2 mV, and the chart speed was v = 0.6 cm/min.
All experiments were conducted at 18 to 20°C. The con-
tent of acetylcholine was found on the calibration graph.

The control experiment was performed as follows:
9.0 mL of 0.2 mol/L phosphate buffer solution (pH 8.5)
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11 — PEM anode;

12 — PEM cathode;

13 - blind;

14 — aluminium screen.

and 1.0 mL of 5% solution of hydrogen peroxide were
added to a 10 mL tube with a lapped stopper with
stirring. 1.00 mL of the solution was introduced into
the cuvette, stirred with 8.5 mL of phosphate buffer
(pH 8.5), and the cell was placed in a chemilumines-
cent photometer. The curtain was opened, and the va-
lue of integral chemiluminescence was registered using
an I-02 digital automatic integrator for 20 sec (Z, rel. un.).

The method of obtaining the data for the ca-
libration curve. In a tube with a lapped stopper,
(10 - Y) mL of 0.2 mol/L phosphate buffer solution
(pH 8.5) (where “Y” is the total volume of all other
components in the solution), 1.00 mL of 5% solu-
tion of hydrogen peroxide and a sample of the test
solution of ACh (0.10; 0.20; 0.40; 0.50; 0.70 and
1.00 mL) were added. The analysis was performed
in the same way as when testing model solutions
(see the procedure above).

Results and discussion

A series of experiments allowed us to determine
the dependence of integral chemiluminescence
(AZ, rel. un.) on the concentration of ACh in the cell
(¢, mol/L) (Fig. 4). The linear dependence was ob-
served on the acetylcholine chloride concentration
range of (0.8-2.8) x 10* mol/L (Table 1).

The concentration of ACh was calculated using
the following formula:

(AT —a)x10x10
€= bxV, x1 ’

where: a - is the axis intersection of the calibration
curve equation (tga = bc + a), rel. un.; b - is the slope of
the calibration curve equation (tga = bc + a) - the coef-
ficient of instrumental sensitivity, L/mol; AY - is the
difference in values of integral chemiluminescence
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Table 1

Regression output

Parameter Data
Regression equation |y — (25042 31.2)x 10%
Correlation coefficient (r) 0.998
S, 1.931073
S, 11273.28
a -0.9694
b 250448
Aa=S xt, 5.36152
Ab=S, xt, 31230
LOD =3S /b 2.3 x10° mol/L
LOQ=3.3xL0OD 7.7 X 10° mol/L

in the working and control (without ACh) experiments,
in relative light units; V_ - is the volume of the sam-
ple solution taken for testing, mL; 10, 10 - is the di-
lution.

The results of determining acetylcholine chloride
in model solutions by the chemiluminescence meth-
od using the reaction with hydrogen peroxide and lu-
minol is presented in Table 2.

The procedure of the ACh assay in Acetylcho-
linchlorid Injeel® (Biologische Heilmittel Heel GmbH).
The procedure was as follows: 1.00 mL solution con-
tained in an ampoule of Acetylcholinchlorid Injeel®
(Biologische Heilmittel Heel GmbH) (0.367 g (on dried
base) in 1.1 mL) was quantitatively transferred into
a 100 mL volumetric flask, and double distillated water
was added to make 100 mL solution. The micropipettes
were used to introduce a sample of the test solution of
ACh prepared (1.00 mL), 1.00 mL of 5% solution of hy-
drogen peroxide and (10 - Y) mL of 0.2 mol/L phos-
phate buffer solution (pH 8.5) (where “Y” is the total vol-
ume of all other components of the solution) into a tube
with a lapped stopper, and the content was mixed tho-
roughly. The analysis was performed in the same way

80 r

y = 250450x - 0.9694
R”=0.9959

AY, rel.un
N
o
T

0 1 1
0 1 2 3

¢, 10* mol-L’

Fig. 4. The dependence of integral chemiluminescence (AZ, rel. un.)
on the concentration of ACh in the cell (¢, mol/L)

as when testing model solutions (see the procedure
above “The procedure for the quantitative determi-
nation of acetylcholine by the chemiluminescence
method”).

Accurately weighed 0.367 g of acetylcholine chlo-
ride reference standard was dissolved ex tempore in
degassed double distilled water to make 100.00 mL
of solution. The micropipettes were used to introduce
a sample of standard solution of acetylcholine (1.00 mL),
1.00 mL of 5% solution of hydrogen peroxide and
(10 - Y) mL of 0.2 mol/L phosphate buffer solution
(pH 8.5) (where «Y» is the total volume of all other
components of the solution) into a tube with a lap-
ped stopper, and all the components were mixed tho-
roughly. The flask was left in the thermostat at 40°C
for 15 min. 1.00 mL of the resulting mixture was col-
lected and placed in a quartz cuvette, with stirring,
8.5 mL of phosphate buffer solution (pH 8.5) was ad-
ded, and the cuvette was placed in a measuring cell
of a chemiluminescent photometer. After the curtain
opening 0.5 mL of 1 x 10 mol/L of luminol solution was
added. The total luminescence was registered using
an [-02 digital automatic integrator for 20 sec. The expe-

Table 2

The results of the acetylcholine chloride determination in model solutions by the chemiluminescence
method using the reaction with hydrogen peroxide and luminol (P =0.95, n =5)

C taken, 10* mol/L C found, 10* mol/L Recovered, mol/L RSD, % 3, %
1.10 1.10; 1.06; 1.13; 1.07; 1.13 (1.10 £ 0.04) x 10* 3.0 0%
1.38 1.43;1.41;1.36; 1.35; 1.37 (1.38 + 0.04) x 10* 2.5 0%
1.93 1.97;1.93; 1.94; 1.89; 1.86 (1.92 £ 0.05) x 10* 23 -0.5%
2.20 2.15;2.21;2.26; 2.20; 2.25 (2.21 £ 0.055) x 10* 2.0 +0.45%
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riment was repeated five times.

The control experiment was performed as it was
mentioned above (see “Procedure for the quantita-
tive determination of acetylcholine by the chemilu-
minescence method”).

The content of ACh (X (g) of a dried substance) in
one ampoule was calculated by the following formula:
X=(AZxxm xw_xV)/(AZst x 100 x 1.00),
where: m_ - is the standard sample weight, g; w_ - is
the content of anhydrous ACh, %; 1.00 - is the volume
of the test solution taken for analysis, mL; I/ - is the ave-
rage volume of the solution in ampoules, mL; AZx - is
the difference in values of integral chemiluminescen-
ce in the working and control (without ACh) experi-
ments in relative light units; AZst - is the difference
in values of integral chemiluminescence in the stan-
dard solution and control (without ACh) experiment

in relative light units.

The results of the ACh analysis in the pharmaceu-
tical formulation Acetylcholinchlorid Injeel® (Biolo-
gische Heilmittel Heel GmbH) by the method propo-
sed (n =7, P=0.95) are presented in Table 3.

From the results given above, we can conclude
that this chemiluminescent method is a fast, sim-
ple and non-enzymatic approach for the quantita-
tive determination of ACh in aqueous solutions; it is
based on the reaction of perhydrolysis of ACh to per-
acetic acid and the subsequent chemiluminescent de-
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The results of ACh the analysis in the pharmaceutical
formulation Acetylcholinchlorid Injeel”
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termination of its amount by the reaction of chemi-
luminescent oxidation of luminol. While determining
acetylcholine chloride in the concentration range of
(1.1-2.2) x 10* mol/L the relative standard devia-
tion did not exceed 3% (RSD < 3%, ((X-u) x 100%/
i =-0.5...40.5%)). The limit of quantitation (LOQ, 10 S)
was 7.7 x 105 mol /L.

Conclusions

A new non-enzymatic kinetic method for the che-
miluminescent determination of acetylcholine in aqueous
solutions and the pharmaceutical formulation Acetyl-
cholinchlorid Injeel® has been proposed. This method
is simple, fast, inexpensive, and thus appropriate for
the routine acetylcholine quality control in the labo-
ratories of hospitals, pharmaceutical industries and
research institutions.
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2 lepxaBHe nignpnemMcTBo «[epkaBHUIN HayKOBUIN hapMakonenHuUin LEHTP AKOCTI NiKapCbKnx
3acobiB», YkpaiHa

Po3pob6ka meToauK cTaHaapTusauii NPMUMOYOK KPOKYyCY
nociBHoro (wadppaH) Ana BHECEHHA Yy MPOEKT MoHorpadil
HdepxaBHol chapmakoneil YKpaiHu

Kpokyc nocisHun (Crocus sativus L.) 3 pogunu Ipucosi (Iridaceae) — nikapcbka Ta xap4oBa pocrinHa, Ky
HeLloaaBHO noYanu akTMBHO KynbTuByBaTM B YkpaiHi. Cneuis «wadpaH» — e € NPUAMOYKA 3 KBITKN KPOKYCY,
AKi NPOABNATL LUMPOKUI CNEKTP dhapMaKonoriYHOI akTUBHOCTI 3aBASKM CBOIM TPbOM OCHOBHUM 6i0akTUBHUM
cronykam: KpoLHy, NiIKPOKPOLMHY Ta wadpaHanto. AKiCTb Liei CUPOBUHWN pernaMeHTyeTbCs PisHUMU HOpMaTKB-
HYMK JOKYMeHTamu, npoTe B [lepxasHin dpapmakonei Ykpainu (APY) Taka ctatTa BiaCyTHS.

MeTa. NpoBecTy nopiBHANbHUIA aHani3a MoHorpadii «Saffron for homoeopatic preparations» 3 European
Pharmacopoeia (E®) 9.0, «Safran. Croci stigma» 3 Deutscher arzneimittel codex (DAC) ta «Spices — Saffron
(Crocus sativus L.)» 3 1SO 3632 3a noka3Hmkamu: onuc, ineHTndikadis (mikpockonis Ta TLUX), cTopoHHi fomiLw-
KW, BTpaTa B Maci nif Yac BUCYLLYBaHHS, 30Ma Ta KiflbKiCHe BU3HaYeHHS KPOLMHY, NIKPOKPOLIMHY Ta LwadpaHanto
meToom Y®-Bua-cnekrpodoTomMeTpii Ans 3'iCyBaHHS MOXIMBOCTI rapMOHi3aLii BUMOr HauioHanbHOi 3aKoHO-
Aasyoi 6a3n Ha npuriMoukm kpokycy 3 €@, DAC Ta ISO. Pesynstatv aHanidy 6yayTb BpaxoBaHi AN po3pobku
MoHorpadii HauioHanbHoi YacTuHy AdY «Kpokycy nocisHoro (LwadpaH) npuiMoYkm».

Pe3ynbraTty Ta ix o6rosopeHHs. [poaHanisoBaHO MOKa3HWKM SKOCTi MPUAMOYOK KPOKYCY Ta IX HOPMYBaHHS,
Lo B13Ha4eHo MoHorpadieto € 9.0, DAC T1a ISO 3632 Ha gocniayBaHy CUPOBVHY, BUSIBNIEHO NEBHI BiAMIHHOCTI
OO0 pernameHTOBaHUX MOKa3HUKIB AKOCTi CUPOBUHU. Pe3ynbsTaTin BnacHMX OChiAXeHb 3acBigqumnu, Wo 3pasku
NPUINMOYOK YKPaiHCBKOro KpoKycy (LwadppaH) BignosigakTb yCiM 3a3HavyeHM BMMoram. HaBefeHo pesynsraTtu
MaKpo- Ta MiKpOCKOMNIYHOro AOCHIMKEHHA CUPOBUHM; XpomaTorpadivyHe JocnigXeHHst NpoBeAeHo BiANOBIAHO A0
€® 9.0 ta DAC i3 BUKOPUCTaAHHAM KPOLMHY SIK CTaHAAPTHOI PEYOBUHW; KiNlbKICHE BU3HAYEHHS KPOLMHY, MiKpO-
KPOUMHY Ta WwadpaHano y 8 3pa3kax NnpMMMOYOK KpOKyCy npoBedeHo meToaoM YP-Bua-cnektpodotomeTpii
BignoigHo go ISO 3632. 3anponoHoBaHO BBECTM Taki 3HAYEHHS MMTOMOIO NoKa3HMKa MOTNMHAHHS: ANs Kpo-
umny (C,,H,,0,,; M.m. 976,70) — He meHwe 180, ana wadpaxanio (C, H,,0; M.m. 150,22) — He meHLwwe 30, ans
nikpokpoumHy (C, H,,O,; M.m. 330,37) — He MeHuie 60, y nepepaxyHKy Ha CyXy CUPOBUHY.

EkcnepumeHTanbHa YyacTuHa. [ing aHanisy BUKOPMUCTOBYBANM BUCYLLEHI NPUMMOYKIN KPOKYCY MOCIBHOrO
(wadpaH), 3aroToBneHi y cmT Jllobumika, XepcoHcbka 0br., YkpaiHa (2016—2018), a Takoxx KoMepLiiHi 3pasku
wadpaHy 3 Mapokko, AzepbarigxaHy, lcnanii. NMposegeHo aHanis nposigHux HTL, wo mictatb ctatTi «Kpokycy
npunmodkny», cepe Hux €@ 9.0, DAC ta ISO 3632. NpoBoaunu A0CNIAKEHHS: ONUC 30BHILUHLOIO BUIMAAY Linmx
NPUINMOYOK KPOKYCY; BTpaTa B Maci nig Yac BMUCYLLYBaHHA Ta MacoBa YacTka netkux cnonyk (105°C, 16 rop);
MacoBa 4yacTka 3araribHOl 30/1; BUMIPHOBaAHHSA KiflbKOCTi MiKPOKPOLMHY, WadpaHanto Ta KpoLMHy npoBoauv
LUFIAXOM NPAMOrO 34MTYBaHHSA MOMMMHAHHS 1% BOAHOrO po3ymHy NpunMoYok 3a 257 Hm, 330 HM Ta 440 Hwm, Bia-
noBiaHo, 3a gonomoroto Y®-Bua-cnektpodotomeTpa.

BucHoBku. [NpoeeneHo aHani3 Bumor Ao sikocTi JIPC — npunMoYkok KpoKycy NOCIBHOrO 3a ABOMa MOHOrpa-
dismu: € 9.0 «Saffron for homoeopatic preparations», «Safran. Croci stigma» 3 Deutscher arzneimittel codex
Ta MikHapoaHuMm ctaHgapTom akocTi ISO 3632 «Spices — Saffron (Crocus sativus L.)». BusHaueHO OCHOBHI
KpuTepii cTaHaapTM3aLii NPMIUMOYOK KPOKyCy. 3anponoHOBaHO BHECTM MOHorpadilo 4O HauioHanbHOI YacTuHK
[dY «Kpokycy nociBHOro npunmMoydKkm (LuadppaH)» 3a TakMMm BUMoramu: igeHtudikauis (Makpo- Ta MiKpoCKONiYHi
03HaKu; TOHKOLLapoBa xpomarorpadisi (KpOLMH); KinbKiCHe BU3HA4YeHHS (BMICT KPOLIMHY, NIKPOKPOLIMHY, wadpa-
Hant), agantoBaHe Ao 1ISO 3632, sike npoBoanTLCS MeToAOM YP-Bua-cnekTpodoToMETpii; CTOPOHHI SOMILLKY;
BTpaTa B Maci nif, Yac BMCYLLIyBaHHS; 3aranbHa 3ona.

Knroyoei criosa: ctaHpaptusauis; [lepxasHa papmakones YkpaiHu; KpOKyCy MNOCIBHOTO NPUIMOYKH;
wacdppaH; KpounHM

0. O. Mykhailenko', A. G. Kotov?, E. E. Kotova?, [L. M. Siral,

V. M. Kovalyov', V. A. Georgiants'

" National University of Pharmacy of the Ministry of Health of Ukraine, Ukraine

2 State Enterprise “Ukrainian Scientific Pharmacopoeia Centre for Quality of Medicinal Products”, Ukraine

Development of methods for standardization of Crocus sativus (saffron) stigmas

for inclusion in the draft monograph of the State Pharmacopoeia of Ukraine

Crocus sativus L. from the Iridaceae family is a medicinal and edible plant that has recently been actively cul-
tivated in Ukraine. Saffron spice is crocus flower stigmas exhibiting a wide range of the pharmacological activity due
to its three main bioactive compounds: crocin, picrocrocin and safranal. The quality of this raw material is regulated
by various normative documents, but there is no monograph in the State Pharmacopoeia of Ukraine (SPhU).
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Aim. To perform a comparative analysis of the monograph “Saffron for homoeopatic preparations” from the
Ph. Eur. 9.0, “Saffron. Croci stigma” from the Deutscher arzneimittel codex (DAC) and “Spices — Saffron (Crocus
sativus L.)” from the ISO 3632 by the following indicators: description, identification (microscopy and TLC), impu-
rities, loss on drying, total ash and quantification of crocin, picrocrocin and safranal by UV-Vis-spectrophotometry
to clarify the possibility of harmonizing the requirements of the national legal framework for Crocus stigmas with
the Ph. Eur. 9.0, DAC and ISO 3632. The results of the analysis will be taken into account in the development of
the monograph of the national part of the SPhU “Crocus stigmas (saffron)”.

Results and discussion. The quality indicators of Crocus stigmas and their standardization determined
by the monograph in the Ph. Eur. 9.0, DAC and ISO 3632 on the raw material studied have been analyzed;
some differences in the regulated quality indicators of the raw material have been found. The results of our own
research have shown that the samples of the Ukrainian Crocus (saffron) meet all these requirements. The results
of the macro- and microscopic examination of the raw material are given. The chromatographic examination has
been performed in accordance with the Ph. Eur. 9.0 and DAC using crocin as a standard compound; the quan-
titative determination of crocin, picrocrocin and safranal in 8 samples of Crocus stigmas has been performed
by UV-Vis-spectrophotometry in accordance with the ISO 3632. It has been proposed to introduce the following
indicators to determine the specific absorption rate: for crocin (C,,H,,0O,,; Mw — 976.70) not less than 180, for
safranal (C,,H,,0; Mw — 150.22) — not less than 30, for picrocrocin (C,H,.O,; Mw — 330.37) — not less than
60 calculated with reference to the dried raw material.

Experimental part. For analysis the dried stigmas of Crocus sativus (saffron) collected in the village
Lyubimivka, Kherson region, Ukraine (2016-2018), as well as commercial samples of saffron from Morocco,
Azerbaijan, Spain were used. The analysis of the leading normative documents containing monographs “Crocus
stigmas”, among them the Eur. Ph. 9.0, DAC and ISO 3632, was performed. The studies included description of
the appearance of the whole Crocus stigmas; loss on drying and the mass fraction of volatile compounds (105°C,
16 h); the mass fraction of total ash. The amount of picrocrocin, safranal and crocin was measured by direct
reading of the absorption of 1% aqueous solution of stigmas at 257 nm, 330 nm and 440 nm, respectively, using
a UV-Vis-spectrophotometer.

Conclusions. The analysis of the requirements to quality of the medicinal raw material — stigmas of Crocus
sativus — has been performed based on the monographs: “Saffron for homoeopatic preparations” from the Ph. Eur. 9.0,
“Saffron. Croci stigma” from the Deutscher arzneimittel codex and “Spices — Saffron (Crocus sativus L.)” from the ISO 3632.
The main criteria for standardization of the raw material have been determined. It has been proposed to intro-
duce the monograph to the national part of the SPhU “Crocus stigmas (saffron)” according to the following
requirements: identification (macro- and microscopic signs; thin-layer chromatography (crocin); the quantitative
determination (the content of crocin, picrocrocin and safranal) adapted to the ISO 3632, performed by UV-Vis-
spectrophotometry; impurities; loss on drying; total ash.

Key words: standardization; State Pharmacopoeia of Ukraine; Crocus sativus stigma; saffron; crocin
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Crocus L. € omHUM i3 poiB poiuHH [pucoBi (Iridaceae),
o0 Hastiuye 6sn3bko 80 BuAiB [1]. Halbinbw goci-
JKeHUM, PO3MOBCIO/[P)KEHUM Ta BBEJJEHUM Y KYJIbTY-
py € Crocus sativus L. (KpoKyc MoCiBHUHN), TIPUUMOY-
KU SIKOT0 IIMPOKO BUKOPHUCTOBYIOTH y Xap4yoBiii Ipo-
MHCJIOBOCTi IK 6apBHY Ta apOMaTU3yBaJIbHY CIIEILiI0.
2015 poky noyasocb MacoBe KyJbTUBYBaHHs wwad-
paHy y XepcoHCbKill 06/1acTi Ykpainu [2].

Hapa3zi TpuBawTh A0CaiKeHHSA madpaHy 3 Me-
TOIO 3'ICyBaHHS MOXJIMBOCTi MOr0 BUKOPHUCTAHHS K
KOMIIOHEHTa NPOTUPAKOBUX, POTH3alla/IbHUX Ta aHTH-
JlelpecaHTHUX JiKapcbKUX 3aco6iB [3]. lllappaH BU-
KOPUCTOBYIOTb Y KUTAUCbKiX MeIUIMHI A5 JIiIKyBaH-
HS MeJIaHXoJ1ii, Aenpecii, 10Ky Ta nopylieHb MeH-
CTpyaJIbHOTO UKJY [4]; 1K afjlanToreH B iHAIHCbKIT
aropBeIUUHil MeguIMHi [5]; y romeonaTii 3acToco-
BYIOTb y BUINA/IKaX Cy/IOMHOI0 KalllJI0, CHACTUYHUX
saBuly fitel [3, 4]. [[puliMo4YKU KPOKyCy MOCIBHOTO
MICTATD KiJIbKa XapaKTepHUX BTOPUHHUX MeTabo.1i-
TiB, 30KpeMa KapOTHUHOIU KPOLIeTUH Ta KPOLUH,
a TaK0>X MOHOTEPIIeHOIAHNUM [VIIKO3U /|, TIKPOKPOLIUH
Ta wadpanHassb (puc. 1) [1-3]. Kpim Toro, BusiBjieHO
HasIBHICTh Pi3HUX QEHOJIbHUX CIOJIYK, TEPIEHOI B,
aMiHOKHCJIOT, BiTaMiHiB [3, 6], IKi 3yMOBJIIOIOTb papMa-
KOJIOTIYHY aKTHBHICTb POCJMHHOI CMpoBHUHU. Ha cBi-
TOBOMY PHUHKY HasiBHI pPi3Hi BUJIU LOJATKOBOTO Xap-

4yyBaHHS Ha 0CHOBI wadpaHny, cepes HUX: «Affron»®
Saffron Extract (Pharmactive, Canada) [7]; «Dry saffron
extract «Saffron’Extr»® (Eusano, France, Germany)
[8]; «Saffr’Activ»® (Green Plants Extracts, Australia)
[9] Ta iHmi.

AHasi3 cy4acHOro CTaHy HayKOBO-TEeXHIYHOI 10-
kyMmeHTauil (HT/) Ha el BUJ JlikapcbKOl pOCJIMHHOI
cupoBunH (JIPC) 3acBiguus, 1110 MoHorpadii Ha npui-
MOYKH KpOKycy nociBHoro (madpaH) € y BCix npoBij-
HUX Ppapmakoresx cBity: European Pharmacopoeia
(E®D) 9.0 “Saffron for homoeopatic preparations. Croci
stigma ad praeparationes homoeopathicas”, 2014 [10];
British Pharmacopoeia “Saffiron for Homoeopathic Pre-
parations”, 2009 [11]; German Homoeopathic Pharma-
copoeia “Crocus. Safran”, 2003 [12]; Deutscher arz-
neimittel codex (DAC) “Safran. Croci stigma”, 1999 [13];
Ayurvedic Pharmacopoeia of India, “Kumkuma (Style
and stigma)”, 2015 [14]; Taiwan Herbal Pharmaco-
peia 2" Ed. «Croci stigma», 2016 [15]; Japanese Pharma-
copoeia 17" Ed. «Crude Drugs Saffron», 2016 [16];
Chinese Pharmacopoeia “Stigma Croci. Xihonghua»,
2005 [17]; mibkaapoauui cranaapt ISO 3632 Spices - Saf-
fron (Crocus sativus L.), Geneva, Switzerland, 2010/2011
[18-19]; FDA PART 73 - Listing of color additives
exempt from certification Subpart A - Foods. Sec. 73.500
Saffron [20]; TOCT 21722-84 «IlladpaH, TeXHUUECKUE
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Puc. 1. CTpyKTypHi chopMynun OCHOBHUX GiONOriYHO aKTUBHUX PEYOBUH NMPUIIMOYOK KPOKYCY NMOCIBHOMO: KPOLIMH, KPOLIETUH, MiIKPOKPOLIMH

Ta wadpaHanb

ycsoBusi», Mocksa, P®, 2011 [21]; Doc. No. FAD 9(2516)C
Draft Indian Standard Spices — Saffron (Crocus sa-
tivus L.), 2010/2011 [22]; National Iranian Stan-
dards 259-1: Saffron - specifications and 259-2: Saf-
fron-test methods, 1996 [23]. [IpoTe BapTO 3ayBa-
KUTH, 10 Bci HT/] persiaMeHTyOTh BUKOPUCTAHHA
madpaHy no-pisHOMY - IK FOMeOoNaTUYHUH JIiKapCh-
KU 3acib, K JIiIKapChbKy POCJUHHY CUPOBUHY YU SIK
Xap4yoBUH 3acib.

OTKe, Ha CbOTO/HI ICHYE LIUPOKUU CIEKTP MiJX0-
JiB 10 cTaHAapTH3aLlii wadpaHy, 3yMoBIeHUH BMic-
TOM OCHOBHUX 6i0J/10TiYHO akTUBHUX pedoBUH (BAP),
a TOMy po3po6Ka EJUHUX METOAMK CTaHJapTHU3allii
AK CHPOBMHH, TaK i IpenapariB Ha ii OCHOBI € aKTy-
asnbHOM. /ly1s1 BepudikKallil METOAUK IMOKa3HUKIB SIKOC-
Ti madpany 6ys10 o6paHo moHorpadii EP® 9.0, DAC
Ta ISO 3632 n.151 po3po6KH NPOEKTIB MOHOTpadii
Ha POCJIMHHY CUPOBUHY MPUHUMOUYOK KPOKYCY IOCiB-
HOro. 3 OISy Ha Te, W0 AOCAIPKYBaHY CUPDOBUHY
ornrcano B E® 9.0, DAC Ta inmux HT/I, ayne He onu-
caHo B JlepxkaBHill papMmakornei Ykpainu ([APY), me-
TOI0 POGOTHU OY/JI0 MPOBEJIEHHS aHaJ/li3y MeETOJUK
SIKICHOT'0 Ta KiIbKicHOr0o BU3HaueHHs BAP npuiimo-
YOK KPOKYCY 3 ypaxyBaHHsAM Bumor JA®Y nis pos-
po6ku MoHorpadii HarjioHanbHOI YacTUHU «Kpoky-
cy nociBHOTO (1madpaH) NpUHAMOIKU».

ExcnepuMeHTasibHa YaCTUHa

[t mpoBeieHHS JOCipKeHHs 6yJ/10 B34TO 8 ce-
pi¥t npuiiMo4oK madpaHy: 3pa3ku cepiit Ne1-5 3aro-
TOBJIEHO ¥ cMT JIF0OMMiBKa, XepCcoHCbKa 006J1., YKpaina
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(y xxoBTHI 2016-2018), 3pa3ku cepiit N°6-8 npujbda-
HO Y BiZJOMHX CBITOBHX BUPOOHHUKIB adpaHy — MapoKko
(M. Tamioyin), 2017 p.; A3ep6aiikas (M. AGIIEPOH),
2017 p.; Icnanig (M. Jla-Manm), 2017 p. (3pa3ku He
danbcudikoBaHi, KynieHi y Bigzomux pepmepin).

[IpoBesieHO aHa/Ii3 BUMOT /10 IKOCTi MPUHAMOYO0K
KPOKYCy MOCiBHOTO 3a JiBOMa MoHorpadisamu: «Saffron
for homoeopatic preparations» 3 E® 9.0, «Safran. Croci
stigma» 3 DAC Ta Mi>kHapOJHUM CTaHJAPTOM SIKOC-
Ti [SO 3632 «Spices - Saffron (Crocus sativus L.)», 0
6yJ10 06paHO 32 OCHOBY /IS PO3POOKU Ta BIPOBaA-
JKeHHs1 MoHorpadii «Kpokycy nociBHoro (1madpas)
NpUUMOYKU» 10 J1DY.

Mopdhonozo-anamomiuHe docaidrceHHA. [pena-
paTH 3 LJIMX Ta NOAPIGHEHUX CYXUX MPUHAMOYOK KpPO-
KYCy TOTYBaJIM IIJIIXOM QiKCYyBaHHSI CHPOBUHHU Y Cy-
Mimi cnupT-rainepuH-soza (1:1:1). Ak nposBio-
BaJIbHUHA PO3YUH BUKOPHUCTOBYBAaJMU BOAY [JUC-
THUJIbOBaHY, po34HuH xJopasuriapaty P (80 r/100 ma
Bozau) Ta po3urH 50% (06/06) rninepuny P [24].
PeakTuB Ha KpoxMaJib — po34uuH Jltorossa. Mopdoso-
riyHi Ta aHaTOMIi4YHi AiarHOCTUYHI 03HAKW BUBYAJIU
¥ onucyBaJii 3a 3arajlbHONPUUHATUMU MeTOAaMU
i BuMmoramu JJ@Y [25], BUKOPUCTOBYBAJIX MiKPOCKOT
PB-2610 (36inbmenns 15x10, 15x40) i poTokame-
py Samsung PL50.

Tonkowapoea xpomamozpadhisa. [lns ananizy
BUKOPUCTOBYBAJIM METOAHUKY iieHTHUdiKalil Kpolu-
HiB, 110 HaBesieHO y ED 9.0 3a cTaTTelo «IgeHTHUdiKa-
1ist C» [10]: a1 npUroTyBaHHS BUIIPOOYBAHOT0 PO3-
YyUHYy 6pasid HaBaxkKy cupoBuHHU 0,01 1, 06epexHO
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pO3THUPAJIM Y CTYIi TOBKAQUMKOM Ilepe/i BUIPpO6OBY-
BaHHAM Ta fogaBasu 0,05 mu eodu P. Yepe3s 3 xB f10-
JaBasiu 1 Ms MemaHoy P, BUTpUMYBaJIX BIPOJOBK
20 xB y 3axuIlleHOMY Bij] CBiTyia Miclli Ta GisbTpyBaIn.
XpoMaTorpadyBaHHS NPOBOAUJIU Ha NJACTUHKAX
Merck 60 F,,, y cuctemi po3uuHHUKIB 800a P - 2-npo-
navoa P - emuaayemam P (10:25:65). Sk po3uuH no-
piBHSAHHS BUKOPUCTOBYBaIu 5,0 MIr Haggpmony #os-
moeo S R ta 5 Mr cydaHy uepgoHozo G R, 1110 po34u-
HSIM y 5 M1 MmemaHos1y P. OTpuMaHi XxpoMaTorpaMu
BUCYILYBaJIM Ha MOBITP, ITic/is Yoro neperisjasiy 3a
JIEHHOTO CBiTJIa (8Us18/1€HHA A), TOTIM Neperasaaim
IJIACTUHKU B Y ®-cBiTii 32 JOBXKUHU XBUJIi 254 HM
(eusienenHs B). BusigaenHs C: IJIaCTUHKY OBIPUCKY-
BaJIU aHiC08020 a/bdezidy po3yuHoM P, HarpiBau 3a
temiepaTtypu 100-105°C npoTtsarom 5-10 xB i ne-
pernsajany 3a eHHOTO CBIiT/Ia.

KinvkicHe su3Ha4eHHs. Jl7is1 foCipKeHHS BUKO-
PUCTAaHO METOAMKY BUMIipIOBaHHSA ONTUYHOTO IOTJIU-
HaHHS BUIIPOOOBYBAaHOTO BOJAHOI'O PO3YMHY IPUKHMO-
YOK Kpokycy 3a 440 HM 3 €D 9.0 BignoBigHO [0 cTATTi
«Bunpo6oByBaHHs. IHTeHCHMBHICTb 3a6apB/ieHHs» [10]
Ta MeToAuKy 1SO 3632 [19] ouinku BMicTy mikpo-
KpOLUHY, adppaHasIio Ta KPOIMHY BiZiMOBiIHO /10
CTaTTi «BU3HaYeHHA OCHOBHUX XapaKTEPUCTUK Me-
TofoM Y®-Bua-cnekTpockonii» y BOZHOMY pO34HHi
NPUMMOYOK KPOKYCY. BU3HaueHHdA NiKPOKPOLMHY,
macdpaHaJslo Ta KpOIMHIB (Ai‘::a(hmax)) JUIST KOYKHOTO
3pa3Ka po3paxoByBaJiy 3a GOPMyJIOL0:

; A x10000)
1% }\ - ( ,
A= (100 - W)

Jle: A - onTUYHA I'yCTHHA BUIIPOGOBYBaHOTO PO34H-
HY 33 JIOBKUHHU XBWJIi 257 HM /1151 TIKpOKpolyHY, 330 HM
Juis wadpaHastto, 440 um ass kpouuHy; 10000 - moBHe
pO3Be/IeHHs] BUTATY, M — Maca HaBaXKH BUIIPOOOBY-
BaHOI CUpOBUHHY, T; W - BTpaTa B Maci mij yac BUCY-
IyBaHHS BUIIPO60OBYBaHOI cCHpoBUHH, %. EKcTpakTH
aHaJsti3yBasiy 3a JIonomMororo criekrpodoromerpa Evo-
lution 60S UV-Visible Spectrophotometer (CIIIA). CtaTwuc-
TUYHe 06p06.JIeHHS JaHUX IPOBOJU/IU BiAANOBIAHO 10
BuMor /1Y, 1-e Buz,, fo1. 1, n. 5.3, BUAKOPHUCTOBYIOUU
nporpaMHe 3a6e3neyeHHst Microsoft Office Excel 7.0 [25].

Pe3ynbtaTt Ta ix 06roBopeHHs

[l 3AilicHeHHS TOCTaBJIEHOTO 3aBAaHHA y Xep-
COHCBKIH 06J1acTiy 2016-2018 pp. 6y/10 3aroToBJIEHO
3pa3Ku NPUHMOYOK KPOKYCy nociBHOTo. Ha MoMeHT
BUKOHAaHHSA [OC/IiIKEHHS B IHIIKX perioHax YkpaiHu
L[}0 POCJIMHY He BUPOILyBaJy, TOMY JAJf IOPIBHAH-
Hsl IKOCTi madpaHy YKPalHCHKOTO MOXOXKEHHS /10
aHaJ1izy 6yJ10 3a/1y4eHO0 3pa3ky NPUMMOYO0K, 3ar0TOB-
JieHi B Mapokko, Asep6aii/pkadi Ta Icnanii, 1e Bupo6-
HUI[TBO adpaHy iCHYE AeKiJbKa CTOJIITh.

Y monorpadii €EP 9.0. HaBeseHO KpuTeEpil cTaH-
JapTu3anii IpUUMOYOK KPOKYCY, 1110 3alIpOTIOHOBAHO

BUKOPHUCTOBYBATH SIK TOMeoNaTUYHUH 3aci6. BogHo-
vyacy DAC HaBe/ieHO MOHorpadito «Safran. Croci stigma»
caMe Ha JIiKapCbKy POCJIMHHY CUPOBHHY, 8 HACTaHOBa
MixHapogHoI opraHisaunii 3i cranzapTis ISO 3632
«Spices - Saffron (Crocus sativus L.)» pernaMmeHTye
npoLeAypy BU3HAUYEeHHA IKOCTI IPUMMOYOK [ Xap-
40BOi poMHUc10BOCTi. ToMy /151 0O6I'PYHTYBaHHA po3-
pOOKHU Ta BIIPOBAJKeHHS NMPOEKTY MOHOTpadii Ao
HauioHasbHOI YacTuHU [®Y «Kpokycy nociBHOro
(madpan) npUUMOYKU» CaMe SIK JIiIKapCbKOi POCTHH-
HOI CUPOBHHH [1JIs1 IOPIBHAAHHSA METO/iB BU3HAYeHHs
SIKOCTi 6yJ10 06paHO Ha3BaHi HOPMATHUBHI JOKYMEHTH.

Hocaipxkyroun KkpuTepil crangapTusalili Ta peria-
MeHTaLlil IOKa3HUKIB AKOCTI, HaBeJleHi y 3a3Ha4YeHUX
BHUILe JJOKYMEHTAaX, BUSBUJIN NIE€BHI p0o36iXKHOCTI, 1110
[P LIbOMY CyTTEBO JJONOBHIOIOTh O/iHA OAHY. Y Ta6-
auni 1 HaBeJleHO pe3y/bTaTy aHaJli3y JOCaiAKyBa-
HUX 3pa3KiB YKpaiHCbKOro madpaHy Ta NOPiBHAHHSA
BUMOT, 1110 BUCYBAIOTHCA [0 CADOBUHHU NIPUHMOYOK
kpokycy y €® 9.0, DAC ta ISO 3632: inenTudika-
it A Ta B (Makpo- Ta MiKpOCKoOTlisi CHDOBUHHU); iZieH-
tudikanig C (TUIX), a Takok BUIpo6oByBaHHs (CTO-
poHHi AoMilKy; cTopoHHi 6apBHUKH, TIIX, BTpaTa
B Maci i yac BUCYLIyBaHH4; 3arajbHa 30J1a Ta KiJib-
KicHe BU3HauYeHHs).

Idenmudgpikayia A. Makpockonis. I1ig yac npoBe-
JIEHHSI MaKpOCKOMIYHUX AOCHiIKEHb cepii MpUuUMo-
YOK KPOKYCy 6yJ10 3'sICOBAHO, 1110 A0C/i/[KyBaHa CUPO-
BHWHa BifinoBizae BuMmoram moHorpadii EP 9.0, DAC
Ta ISO 3632.

Idenmugpikayis B. Mikpockonis. locnipkeHHS po-
BO/ISITh J1J1s1 TOAPiOHEHOT CHPOBHHM. Y X0/1i MiKpPOCKO-
MIYHUX OOCAIJXKEeHb Y BCiX 3pa3Kax BUABJIEHO [Jia-
FHOCTUYHI aHAaTOMIYHi CTPYKTypH, XapaKTepHi A4
NPUIMOYOK KPOKYCY nociBHOTO (puc. 2, Tabuis 1).

Ioenmudpikayis C. Tonkowaposa xpomamozpagisi.
[neHTHdiKaLi0 KPOLMHIB y CHPOBHHI MPOBOAMU/IU Me-
tomoM THIX BignoBianHo g0 Bumor DAC Ta €®. Ha puc. 3
HaBeZIeHO MOUII0BHICTb 30H Ha XpOMAaTOorpaMax BUIPO-
6yBaHOI'0 PO3YMHY NPUHMOYOK KPOKYCY Ta PO34H-
Hy NOpiBHAHHA. 3a JeHHOTO CBiTJ/a (8usie/s1eHHA A)
Ha XpoMaTorpaMi po34HlHy IOPiBHAHHA 3BePXy BU-
SIBJIIETBCSA YepBOHA 30HA CYZlaHy YepBOHOTO G, y HYX-
HIill TPeTHHI BUABJIAETHCS XKOBTA 30Ha HAQPTOJIY KOB-
Toro S. Ha xpoMaTorpami BUNpo6yBaHOI'0 pO3UUHY
B HW)KHIM TPeTHHI HUXKYe CTaHAapTy NPOSBJISETh-
Cs O/1Ha »KOBTA 30HA Ta BUIIle Hel — /1Bi »KOBTi 30HMU.
Y cepeaHilt TpeTUHI MOXKe 6y TH BUAHO /10 BOX OJ1i-
JIO-)KOBTHX 30H. 30HA 3 HAUMEHIINM 3Ha4YeHHAM Rf
(KpoLMH) Ma€ Hal6i/bIYy iIHTEHCUBHICTB, 1[0 [TIepeBU-
11y€e iHTEHCUBHICTb 30HU HadTO1y *)k0BTOTO S. Ha xpo-
MaTtorpacdi BUNpo6yBaHOTO pO3UUHY (8usig/eHHSs B)
BH/IHO TEMHY 30HY B Ilepexo/i BiJl HUXKHbOI J10 ce-
pelHbOI TPETUHU Ta y BepXHill TpeTHUHI. 3a 8us8-
seHHsA C Ha XpoMaTorpaMi BUIPOOOBYBaHOI'0O PO3-
YMHY B HW>KHIN [I0JIOBHHI IPOABJIAETHCS CUHbO-3€e-
JleHa 30Ha (KpOLUH), HaJ, Helo — 1Bi CUHbO-3€eJIeHi
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]

Puc. 2. AHaToMO-AiarHOCTUYHI 03HaKM Linux NpUMMoYOoK LWadpaHy, Ae: a — enifgepma noBepxHi NPUAMOYOK 3 cocodkamu; 6 — kpai
NPUIAMOYKM 3 COCOYKOMOAIGHUMM 11 Manb4acTMMy BUPOCTamu; B — NMUMKOBI 3epHa; I — NiIrMEHTOBaHI KMiTUHW enigepmu i napexximm
NPUAMOYOK; A — cripanbHi CyAWHN KCUMEMM CTOBMYMKA | MPUAMOYKM; @ — KpOoXMarbHi 3epHa (nicns aii po3vuHy Jloronst)

A B Cc

Puc. 3. XpomaTtorpamum BUNpo6oBYyBaHMX PO34MHIB NMPUIMOYOK KPOKYCY MOCIBHOrO (LwadpaH): A — nepernsaaoTb 3a AEHHOTO CBITNa;
B — B Y®-cBiTni 3a 254 HM; C — nicnst o6npuckyBaHHA PO34MHOM aHICOBOrO anbAeriay i 3a AeHHOro CBiTna nicns HarpiBaHHs
3a 100—105°C npotarom 5-10 xB
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Puc. 4. Tvnosi Y®-cnekTpu nornvHaHHsa BUNpo60oBYBaHNX PO3YMHIB MPUAMOYOK KPOKYCY MOCIBHOrO: A — OTpYMaHUn B yMOBax

meToaukn 1ISO 3632; B — oTpumaHuii B ymoBax metoguku €9 9.0

Ta6bnuya 2

Pe3ynbTaTvi BU3HaueHHS KinbKiCHOro BMICTY MiKPOKPOLMHY, WwadpaHanto Ta KPOLMHIB Y pO3UnHax
NPUIMOYOK KPOKYCY NOCIBHOro BianoBigHo o metoanku 1SO 3632, (x = Ax), P=0,95; u=5

Homep A" 257 im A" 330 Hm A% 440 um
cepil MNikpokpoLumH (cMak) LWadpaHanb (apomar) KpouwnHn (konip)
Ne1 73,63+ 1,30 43,54 £0,77 158,66 + 2,79
Ne2 69,04 + 1,21 35,38+ 0,62 153,29+2,70
Ne3 81,23 +1,43 31,72+ 0,56 221,04 £ 3,89
Ne4 87,81 +£1,54 35,38+ 0,62 245,52 £4,31
Ne5 90,40 + 1,59 37,76 £ 0,66 248,11+ 4,36
N°6 94,15 + 1,66 36,96 + 0,65 208,52 £ 3,67
Ne7 57,62 +1,01 38,48 + 0,66 49,30+ 0,87
N°g8 77,74 +£1,37 55,52 +0,98 133,03+2,34

30HH, Ha/l HUMH — 30Ha Bi/j 4epBOHOTO /10 YePBOHO-
dios1eToBOro KoJIbOPY i Y BEpXHil OJIOBUHI — 0ZjHA
a6o ABi 6s1i10-4epBoHO-dioseToBi 30HU. Ha xpoma-
TOrpaMi po34MHYy NOPIBHAHHA Y BEepXHill 4aCTHUHI BU-
ABJIAETHCA MaJMHOBO-4YepPBOHA 30HA Cy/laHy YepBO-
Horo G, a i1 Hero — )KOBTa 30Ha HaTOJTY }KOBTOTO S.
BapTo 3ayBaXUTH, 1110 eKCTPaKTH adpaHy Jyxe J006-
pe po3iIAThCs, 30HA MAalOTh XapaKTepHY KOBTY
dyyopecneHLio, 3 4iTKUM BU3HAaYE€HHAM R. 30HK
CTaH/JApTiB NOPiBHSAHHS PO3TallOBaHI Jly>ke BUCOKO
(AuB. 3pa3ku XpoMaTorpaM), HaBiTh He Ha piBHi 3
BHU3HAYYBAHOI0 PEYOBHHOI — KPOI[MHOM (Rf 0,15-0,25)
Ta MiKPOKPOIMHOM (Rf 0,55).

KinvkicHe su3HayeHHs1. Y po60Ti BUKOPHUCTAHO JBi
MEeTO/MKHU JIJ151 TOPiBHSAAHHSA pe3ynbTaTiB. Y €D 9.0
IPOBOASATH BUSHAYEHHS ONTHUYHOI I'YyCTUHU (iHTEH-
CUBHOCTI 3a6apBJIeHHSI) BOJJHOTO BUTATY IPUKUMO-
YOK KpOKycy MeTozoM Y®-Bua-cnekrpodoromeTpii
3a 440 HM y nepepaxyHKy Ha KpoLMHHU. BianoBigHo

no metoauku ISO 3632, KiibKicHe BU3HAYeHHS Ii-
KPOKpPOIMHY, KPOI[MHIB Ta madpaHasIio, BUPpAKEHUX
SIK NoTJIMHAaHHA 1% BOJHOrO PO3YMHY NPUKUMOYOK
3a 257 uM, 330 HM Ta 440 HM BiANIOBiIHO, TPOBO-
JISTbh TUM e MeTooM. [lopiBHSIHHS 3aIpoNOHOBA-
HUX METO/IMK 3aCBig4nII0, 10 TisibKU y [SO 3632 Ha-
Be/IeHO BU3HAY€HHS TMTOMOTO0 [MOKa3HUKa NOIVIMHAHHS
JJIs1 KPOIMHIB 3a AOBXWUHU XBUJi 440 HM (iHTeH-
CUBHICTb 3a6apBJIeHHS), 114 ladpaHasIo 3a JOBXKHU-
HU xBuJi 330 HM (apoMaT), AJisl MiKPOKPOLMHY 3a
JIOBKHMHU XBUJIi 257 HM (ripkoTa), 3a iIKUMU BU3Ha-
YalTh KiJIbKICHUIM BMiCT KOMITIOHEHTIB; y €® BuU3Ha-
YaIOTh JIULIE NOKA3HUK NOVIMHAHHSA KPOLUHIB 32 440 HM,
1110 Ma€ CTAHOBUTH He MeHl1e 0,44, mpu niboMy He 06-
YUCIIOIOTH KiJbKiCHUH BMicT peyoBuHH. Y DAC Big-
NOBiJHA cTaTTH BiAcyTHs 30BciM. Ha puc. 4 (A ta B)
HaBeJIeHO TUIOBi Y P-ClleKTpH BUIIPOOYBAHOTO PO3-
4yuHy madpaHy BiamoBigHO A0 MeToAuK ISO 3632
Ta €D 9.0.
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OnTUMa/JIbHUM € BUKOPUCTAHHA METOJUKHU KiJIb-
KiCHOT0 BU3HAY€HHA OCHOBHHUX CIOJYK 3a JJOITIOMO-
roro CneKTpodoTOMETPUYHOrO aHAJi3y BiAmoBiHO
no ISO 3632, ne nmikpokponuH, wadpaHaab Ta Kpo-
[MHU BUPAKaIOTh CMaK abo ripkoTy, apoMar Ta 3a-
GapBJIeHHS BiJNMOBiHO. []i 3HaYeHHS] BU3HAYAIOTh SIK
npsiMe 3UMTYBaHHA NorJinHaHHA 1% BOJHOTO po3-
YHHY BUCYIIEHUX NpUiMo4ok 3a 257, 330 Tta 440 HM
y KBaplLeBill KIOBETi 3 TOBUIMHOLO 11apy 1 cM (Tabi1. 2).

Y pe3ysbTaTi AJ151 po3po6kHU (y HallioOHAJIbHY Yac-
THUHY MOHOrpadii) METOANKU KiJIbKICHOTO BU3HAYEH-
Hs 6i0JIOriYHO aKTHBHUX PEYOBUH 3alPONOHOBAHO
BU3HAYaTH BMiCT NIKPOKPOLMHY, l1adppaHasto Ta Kpo-
UHY 3a MeToAuKow [SO 3632: BUMiproBaHHS NPO-
BOJISITh METOJIOM 3/ICOPOIiliHOI cieKTpodoToMeTpii
B yibTpadioneToBill i BUANMIN obJacTsx. 3a pe3y/ib-
TaTaMH JOCJiJ»KeHb BU3HAYEHO Bi/OBiAHI 3HaY€eH-
HS NATOMOTO NOKa3HUKA NMOTJIMHAHHSA: AJIS KPOIv-
Hy - He MeHIle 180, ang madpaHasiio - He MeHIle
30, 14 NIKPpOKPOLMHY — He MeH1le 60, y nepepa-
XYHKY Ha cyXy cupoBHUHY. O6paHi ped4oOBUHU BIJIU-
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2 TalKeHTCbKMI hapMaLEeBTUYHUI IHCTUTYT, Y3bekucTtaH

3TOB HaykoBuii LeHTp cTaHAapTU3aLii nikapcbkmx 3acobis, Y3bekuncraH

BuBYyeHHA nonipeHOoNbLHUX CronyK TpaBu aHicy 3BU4anHOro
Ta BU3HAYEeHHS IXHbOI aHTUOKCUAAHTHOI aKTUBHOCTI

Merta. BnBUMTM SKiCHUIA CKnag Ta KinbKiCHWUIA BMICT NOMicheHONbHMX CNOMyK TPaBuy aHicy 3BM4aiHOro Ta BU3Ha-
YUTU PiBEHb IXHBOT aHTUOKCUAAHTHOI aKTMBHOCTI.

Pe3ynbTaTty Ta ix 06roBopeHHs. 3-nomix nonicheHoNbHUX CNonyk, LWo MICTATbCS B TpaBsi aHicy 3BuYaii-
HOro, nepeBaxae xrnoporeHoBa kucnoTa (4,409 mr/r). Takox y TpaBi HAKONUYYOTLCS 3HAYHI KiNbKOCTI KaTexiHiB
(3,104 mr/r), noxigHwx anireniny (3,077 mr/r) Ta nioteoniHy (1,864 mMr/r). Y MiHOPHUX KiNbKOCTAX NPUCYTHI PYTUH
(0,189 wmr/r), noxigHi mipuuetmHy (0,105 wmr/r), kBepueTuH (0,028 wmr/r), noxigHi HapuHreHiHy (0,019 mr/r), anire-
HiH (0,009 mr/r) Ta recnepeTuH (0,002 mr/r). 3a pesynsratamu AOCHIAXEHHS BU3HAYEHO, L0 aHTMOKCMAAHTHA
aKTMBHICTb NOnicheHOMNbHMX CNonyk TpaBu aHicy 3BMYanHOro, BUMipsiHa LOA0 ackopGiHOBOI KMCMOTH, CTAHOBUTL
67,76 + 0,05 mmonb/r, 4Na pyTUHY aHTUOKCUAAHTHA aKTUBHICTb cknana 3979,59 + 0,08 mmonb/T.

ExkcnepumeHTanbHa 4YacTtuHa. [Ins aHanisy BMKOPUCTOBYBanu Tpasy aHiCy 3BMYaNHOro, 3aroTOBMEHY B ne-
pioa uBiTiHHA BRiTKY 2019 poky B XapkiBcbkili obnacTi, YkpaiHa. AHanid 70 % eTaHONbHOI BUTSXKKM TpaBy aHicy
3BUYANHOrO NPOBOAUIIN METOAOM BMCOKOEMEKTUBHOI PiAMHHOT XpomaTtorpadii 3a 4onomMoroto xpomaTtorpadivHor
cuctemn Prominence LC-20 Shimadzu (AnoHis) 3i cnektpodotomeTpuyHnm aetektopom SPD-20AV, konoHka Agilent
Technologies Microsorb-MV-150 (o6epHeHo-thazosa, C18 moaundikoBaHui cunikarens, goBxuHa 150 MM, giameTp
4,6 MM, po3mip 3epeH copbeHTy 5 Mkm). |aeHTudikaLito peqyoBMH Yy BUTSXKLI NPOBOAMIN LUMASIXOM MOPIBHAHHS
Yyacy yTpUMYBaHHS i CNeKTparbHUX XapakTePUCTUK OOCNIAKYBaHUX PEYOBUH 3 aHANOrMYHUMMN XapakTepucTmka-
MW CTaHAapTiB. AHTUOKCUAAHTHY aKTUBHICTb BU3HA4anu noTeHuiomeTpmyHum metogom (pH-metp — Hanna 2550,
3 pegokc-enektpogom EZDO PO50) wono ackopbiHOBOI KMCIOTHU.

BucHoBku. MeTogomM BMCOKOEhEKTUBHOI PIAUHHOT XpoMaTorpadii BU3Ha4YeHO SKICHUIA CKnag Ta KinbKiCHUI
BMICT nonid)eHOonNbHNX CNOMyK B €TaHONbHOMY EKCTPaKTi TpaBu aHicy 3BnyanHoro. CymapHuUmn BMICT NonidpeHorb-
HUX cnonyk cknas 17,576 mr/r. BusiBrneHo, Lo aHTUOKCMAAHTHA aKTUBHICTb €TaHONBbHOIO EKCTPaKTy TpaBu aHicy
3BUYANHOIO LLIOA0 aKTUBHOCTI aCKOpBIHOBOT KUCMOTU CTaHOBUTL 67,76 + 0,05 Mmonb/r.

Knro4oei cnnoea: nonipeHONbHI CNonyku; aHic 3Buy4anHui; Tpaea; BUCOKOeEKTMBHA PiAMHHA
xpomaTorpadiga; aHTMOKCMAAHTHa akTUBHICTb
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The study of polyphenolic compounds of Pimpinella anisum herb and determination

of their antioxidant activity

Aim. To study the qualitative composition and quantitative content of the polyphenolic compounds in Pimpinella
anisum herb and determine their antioxidant activity.

Results and discussion. Among the polyphenolic compounds contained in anise herb, chlorogenic acid
(4.409 mg/g) predominates. Significant amounts of catechins (3.104 mg/g), apigenin derivatives (3.077 mg/g)
and luteolin (1.864 mg/g) also accumulate in the herb. Minor amounts of myricetin (0.105 mg/g) and naringenin
(0.019 mg/g) derivatives, rutin (0.189 mg/g), quercetin (0.028 mg/g), apigenin (0.009 mg/g) and hesperetin
(0.002 mg/g) are present. According to the research results, the antioxidant activity of polyphenolic compounds
of anise herb with reference to ascorbic acid was found to be 67.76 + 0.05 mmol/g. Rutin exhibited the antioxi-
dant activity at the level of 3979.59 + 0.08 mmol/g.

Experimental part. Pimpinella anisum herb collected during the flowering stage in the summer of 2019 in
the Kharkiv region (Ukraine) was used for analysis. The analysis of 70% ethanolic extract from anise herb was per-
formed by high performance liquid chromatography using a Prominence LC-20 Shimadzu chromatographic system
(Japan) with a SPD-20AV spectrophotometric detector, an Agilent Technologies Microsorb-MV-150 column (reversed-
phase, C18 modified silica gel, length — 150 mm, diameter — 4.6 mm, particles size — 5 ym). Identification of sub-
stances in the extract was carried out by comparing the retention time and the spectral characteristics of the test
substances with the same characteristics of the reference standards. The antioxidant activity was determined by
the potentiometric method (pH meter — Hanna 2550, with redox electrode EZDO PO50) with reference to ascorbic acid.

Conclusions. The qualitative composition and quantitative content of polyphenolic compounds in the etha-
nolic extract of anise herb have been determined by high performance liquid chromatography. The total content
of polyphenolic compounds is 17.576 mg/g. The antioxidant activity of polyphenolic compounds of anise herb
with reference to ascorbic acid has been found to be 67.76 + 0.05 mmol/g.

Key words: polyphenolic compounds; anise; herb; high performance liquid chromatography; antioxidant activity
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Pig Benpunenp oxomitoe 170-180 BUAIB pociuH,
NOLUIMPEHUX I10 BCiM 3eMHIH KyJli, KOr0 BBaXKalOTh Hall-
6inbIIMM y poiuHi cesiepoBux (Apiaceae) [1]. OgHUM
i3 BUAiB 1[bOTO poOAy € aHic 3BU4alHUM (Pimpinella
anisum L.), mo pocte y €runri, [liBgeHHi#t EBpomi
i IKMH MUPOKO Ky/JIbTUBYIOTH ¥ TypeuuuHi, [liBaeHHIN
Adpui [2]. [lnogu aHicy foCUTb A06pe BUBUEHO i BU-
ABJIEHO, 1110 BOHU MICTATH IiIPOKCUKOPUYHI KUCJIO0-
TH, pJ1aBoHOIAM [3], 6GaraToaTOMHi COUPTH, ByTJie-
BOJIY, 1iko3uAu [4]. Y HaciHHi 1i€i pocivHU BUSIB-
JIEHO *KUPHI KUCJIOTH [5], y KOpeHsIX - KyMapuHU i CTe-
pouiu [6]. B edipHii oii 6ys10 ieHTHdiKOBaHO 49 crio-
JIYK, cepeJ; AKUX JJOMIHYIOTb mpaHc-aHeToJ1 1 0-aueTwi-
i3oeBrenou [7].

AHic BUKOPUCTOBYIOTb y TPaAULIHHIA MeguLu-
Hi K BITpOTiHHUU Ta BifjxapKyBa/JbHUH 3aci6 [8].
EdipHy 0J1it0 30BHIIIHBO 3aCTOCOBYIOTD IS JIIKyBaH-
Hsl IIKipHUX 3aXBOPIOBaHb [9], in vitro BoHa IposiB-
JIslE aHTUMIKpPOOHY aKTUBHICTb 111010 30yAHHKA Xap-
YOBUX OTPYEHD JIIOAVHU Ta OJHOIO 3i 30yIHUKIB ra3o-
Boi ranrpenu C. perfringens [10]. loBeseHo, 1110 eTa-
HOJIbHUM eKCTPAKT IJIO/iB aHiCy YUHUTb aHTUOKCH-
JIaHTHY Ta NpoTHU3ananabHy Jito [11], Toai IK BoAHUN
€KCTPaKT HaCiHHA aHiCy MOXe BUKJIMKATHU TilloTeH-
3ito i 6pagukapgio [12].

[TosidpeHO/IBHI CHIOJIYKH SIK BTOPUHHI MeTab01iTH
€ KOMIIOHEHTAaMU 3aXHUCTy POCJIMH BiJi KOMax i MiKpo-
oprani3miB [13, 14]. 3a pesysbTaTamMu papMakoJio-
riYHUX AOC/iPKeHb JOBE/IEHO, 1110 MOTiPpEeHO/IbHI CITo-
JIVKU BUSIBJISIIOTb aHTUOKCUJAHTHY [15], mpoTusa-
nasbHy [16], aHTHaHrioreHHy [17], aHTUMeTacTaTU4-
Hy [18] akTUBHOCT!I.

[lnonu it edpipHa oJ1ist aHicy 3BU4aliHOTO BXOJSTh
1o [lepxaBHoi papmakorei YKpaiHu, BOHU € JOCTaTHBO
BUBYEHI, IPOTe JIJaHi Mpo BMICT 6i0JI0TiYHO aKTUBHUX
CIIOJIYK Y TpaBi Lii€l pOCJMHU MalOTh PO3Pi3HEHUN
XapakKTep, a BUBUYEHHIO M0J1ipeHO/IbHUX CIIOJIYK Tpa-
BU | IX aHTUOKCHUJAHTHOI aKTUBHOCTI He IPULiJIeHO
yBaru 3 60Ky JIOC/IiTHUKIB. 3 OISy HA Ile BUJAETHCS
aKTyaJIbHUM JIOCJIIPKEHHA AKICHOTO CKJIaZy, KUIbKIic-
HOTO BMICTY 1 aHTUOKCUJAHTHOI aKTHUBHOCTI MOJIi-
¢dbeHoJTiB 3 TpaBU aHiCy 3BUYAHHOTO.

Pe3ynbTaTt Ta ix 06roBopeHHn

MeTomoJioriyHo ijleHTHiKallil0 pEYOBHH B €KC-
TPAKTi IPOBOAW/IY ILJISIXOM [TOPiBHAHHA Yacy yTpH-
MYBaHH1 | ClIEKTPa/IbHUX XapaKTePUCTUK JJOCTiKY-
BaHUX PEYOBUH 3 aHAJIOTIYHUMU XapaKTepUCTUKaAMHU
Habopy CTaHAAPTIiB BiIMOBIIHO 0 CIOCOOY i/IeHTH-
¢ikauii nosideHois, o onvcaHo B cratTTi [19]. Jus
To4uHOI ijleHTUIiKallii 260 BU3HAUYEHHS MPHUHAJIEXK-
HOCTI JOC/II/PKyBaHUX Pe4OBHH 10 KOHKPETHUX Pyl
nostijeHOJ1iB BUKOPUCTOBYBAJIM TaKi CTaHAAPTH: XJI0PO-
reHOBa i KaBOBa KUC/IOTH (TiAPOKCUKOPUYHI KUCIOTH);
KaTexiH (KaTexiHM); MipHLIeTHH, KBEpLETHH i pyTHUH
(ps1aBOHOIN); HAPMHTEHIH, HAPWHTIH, FeCIepUMH i rec-
nepeTHH ($JIaBOHOHH); JIFOTEOJIIH i artireHiH (¢JiaBoHu);

Jlannazein, redicteid i renictus (i3odsaBonu); nia-
HifuH (aHTouiaHu) (Sigma-Aldrich, Himeuynna).
Ak cnekTpasibHI XapakTepucTUKU pedoBUH (h)
BHKOPHCTOBYBAJIM BUCOTH MiKiB I[UX peYOBUH Ha
XpoMaTorpaMax 3a JOBKHH XBUJIb 255, 2861 350 HM
I[0/10 BUCOTH ITiKa 3a JJOBXKHUHHU XBUJIi 225 HM:

H255 H286 H350
h255= H_ ’ h286: H_ , h350= H_ ’
225 225 225
ne:H,,., H,., H,, H, - Bucoru mikis 3a 225, 255,
286, 350 um; h,,, h, ., h, - BijHOCHI BUCOTH MiKiB

3a 255, 286, 350 M.

HaBejeHi JOBXWHU XBUJIb € CepeHIMH 3Ha4YeH-
HSIMU MaKCHMYMIiB IOIVIMHAHHS CBiT/Ia B ysibTpadio-
JIeTOBiH 06/1aCTi 111 BUKOPHUCTAHUX Y AOCJiPKEHH]
CTaHJAPTIB, Bi/JTOMOCTi PO SIKi 6yJI0 B35TO 3 pKepeJs
[20-22]. [lng inenTH®iKaLii pedoBHUH po3paxoByBa-
JIM TaKi iHZeKCH MoAiI6HOCTI MK J0C/i»KyBaHOI0 pe-
YOBUHOIO i CTaHapTOM 3a GOopMy/IaMHu:

I;=1-|Te~ T,
Loss = 1 = [, = hysg
Lge = 1 = [Pyaq,~ Dige |
Liso = 1 = [hug, = hago

)
Ae: 1 - iHaeKc noai6HocTi yacy yrpuMyBaHHs; T  —vac
yTpUMyBaHHA cTangapTy (xB); T, - 9ac yTpuMyBaHHS
AOCJIIpKyBaHOI pe4OBHHH (xB); L., Ly Lys, — IHAEK-
CHU MO/IIOHOCTI CeKTpaIbHUX XapaKTepPUCTHUK; h

h

255st!

h3505t — CIEKTPaJIbH1 XapaAKTEPHUCTHUKU CTaAHAAPTY,

5550 Nogew Nasg, — CIEKTPAJIbHI XapaKTEPUCTUKH [0~
c1impKyBaHOI pedoBHHU. HaliMeH MM 3 TPHOX 32 3HA-
YeHHSM iHJIeKC o/1iGHOCTI ClieKTpaIbHUX XapaKTe-
PUCTHMK BU3HAYaB CTYMiHb noAi6HoCTi (I, ) peyoBruHM
i cTaHZapTy 3a UMMU XapakTepyucTukamu. Lo Buimmin
[, To 6iibLIA HMOBIPHICTb TOYHOI iIeHTUdIKaL|i pe-
4yoBUHU. TakKUl MeTO/I /103BOJIsIE 3 BUCOKOIO TOYHIC-
TI0 iieHTUdiKyBaTH coJyKHy B pasi ix BignoBigHoCTI
33 4aCOM yTPUMYBaHHS OZJHOYACHO JIeKIJIbKOM CTaH-
JlapTaM, i HaBITaKH — BUSBUTH Pi3Hi GOpMU MEBHOTO
nostipeHosy (rJIiKO3U/ 11 Ta arJliKOHM ), IKi MalOThb CXO-
Ki ClleKTpaJibHi XapaKTepuCTUKHU [19].

KpuTepiem TO4HOI BiANOBIAHOCTI AOCIIHKYBaHOI
PEYOBHHU IKOMY-HEeOYAb CTAaHAAPTY Oy/10 MPUKHS-
TO BesinyuHu [ i1 He Hkye 0,7. PeyoBuHHY, MoAi6HiI
3a ClIeKTPa/IbHUMU XapaKTEPUCTHUKAMHU /10 OY/Ib-SIKOTO
CTaHJlapTy, aJie BiIMiHHi 3a iHJeKcoM [, y 1in pobo-
Ti po3rJisia/iv IK peYOBUHY, 110 HaJeXaThb A0 Ti€l
K rpynu nosideHodis, wo i uei crangapt. [Ipu npo-
My, SIKILO MK A0oCTipKyBaHOTO puaBaHoigy dpopmy-
€TbCA paHillle BiJ] MiKa CTaHAApTy-arJlikoHY, TO TaKi
PEYOBHHU iZIeHTUPIKYIOTH SIK IVTIKO3U/IHU [IbOTO arJi-
KOHY, a IX BMICT p03pax0BYIOTb 3a KaJliopyBaJIbHUMU
3aJIeXKHOCTSIMU HAasIBHOTO CTaHZAPTY OY/b-SIKOTO IJIi-
KO3K1/ly LIbOT0 arvliKoHy. Hanpukiiaz, BMICT HEBiJoOMOT0O

286st’
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[J1iKO3W/ly HApUHI'eHiHY BU3HAa4aJIu 3a KaslibpyBaH-
HSIM HapUHTIHY, a BMiCT HeBiZjoMuUX r/1iko3uaiB ¢uia-
BOHOJIIB — Ka/liGpyBaHHSAM 33 PyTHHOM (sIK IVTIKO3U /I~
HOI pOpPMU KBEPLIETUHY).

Pe4yoBUHH, CTyIiHb MO/[iGHOCTI IKUX 3i cTaHap-
TOM KaTexiHy 6yB He Hk4e 0,7 i MKK IUX peYOBUH
pO3TallOBYBAJIUCA B Jiianla30Hi MiX MIKOM KaTexiHy
i Hal6iNbLI paHHIM iKOM ¢JiaBOHOIAY, ineHTUIKY-
BaJIU fIK KaTeXiHU. PeliTy nofi6HUX 10 KaTexiHy pe-
YOBMH 3apax0BYBaJlU 0 IPYNH KaTeXiHOMOAIOHUX
noJiigpeHoiB.

Pe4oBUHHY, CTyMiHb NOAIGHOCTI IKUX 3 OY/Ib-IKUM
craHgapToM 6yB HUk4e 0,7, 3apaxoByBaslu [0 TPyNU
HeifeHTUiKOBaHUX MoJideHo0iB i iX BMicT BU3Ha-
YyaJii 3a CTaHJapTaMH, CTyliHb NOAIGHOCTI 3 AKUMU
6yB HaW6iIbIMH. TakoXK K HeifeHTUdiKOBaHI moJIi-
dbeHoIM BU3HAYa/IM PEYOBUHHY, 1[0 MAlOTh CTYIiHb
noAioHoOCTI 3i cTaHgapTamMu ¢guiaBoHoiaiB Buie 0,7
1 NiKK AKKMX Ha XpOMaTOTrpaMax po3TallOBYBaJIUCA 3a
MeXXaMU Jiana3oHy MHikiB cTaHAapTiB ¢J1aBOHOIAIB,
AKi BAKOPUCTOBYBAJIU B IbOMY JOCJIiKeHHI. Peyo-
BUHY, 1|0 He MOIVIMHAJIXA CBITJIO 3a JJOBXKHUHHU XBUJII
225 HM, TaKOXX BBaKa/IU HeileHTH(IKOBaHUMHU Ta Ta-
KHMH, 1[0 He HaJIeXaTh A0 noJipeHoiB, ix y 11iKi po-
60Ti He BpaxoByBaJIH.

Ha puc. 1 HaBeieHO XxpoMaTorpaMy eKCTpaKTy 3 Tpa-
BM aHiCy 3BU4alHOro. /leTeKTyBaHHA MiKiB pe4OBUH
Ha BUXO0/i 3 xpoMaTorpadidyHol KOJIOHKU TPOBOJUIU
Y®-neTeKTOpOM 3a AOBXKUHU XBWJII 255 HM. 3arasiom
Ha XpoMaTorpaMax eKCTPaKTy TPaBHU aHiCy 3BUYal-
Horo izenTUdikoBaHo 88 mikKiB, 1110 ix 6ys10 MpoaHa-
Ji30BaHO 3a iHJeKcaMu No/[iGHOCTi /1o CTaHIaPTiB,
AKI BAKOPUCTOBYBAJIU Y [1bOMY LOC/IIPKEHH]; 3 HUX
24 6yJsi0 3apax0BaHO /10 IPyNU «HeieHTUPiKoBaHi».
Ha xpoMaTorpami no3HaueHo OCHOBHI MiKH, HOMe-

250
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IHTEeHcMBHICTb abcopbuii, MB
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o

o

pH SIKUX 36iratoThcs 3 HOMepaMHu ileHTUDIKOBaHHUX
PEYOBHH y TABGJUIII.

BifmoBiiHO 10 ONMMCAHOTO paHillle aJIT0OPUTMY Ta
Ha OCHOBi BUCOKHUX iH/I€KCiB MO/1iGHOCTI 3i cCTaHapT-
HUMM pedoBHHaMmu I Ta I cmosyku Ne5 Ta Ne19
ileHTHPiKOBAHO SIK XJIOPOTEHOBY KHCJIOTY Ta KBEP-
1eTHH. PeyoBuHy N215 ineHTHdiKOBaHO K PyTHH
3 oISy Ha il BUCOKe 3HaYeHHs iHJeKCy NoAi6HOCTI
Jacy yTpuMyBaHH (1) 3i cTaHJapTOM pyTHHY; HU3bKa
CXOXICTb CIIEKTPaJIbHUX XapaKTEePUCTHUK MOXe OYTH
3yMOBJIEHA JIOMIlIIKOI0 CTOPOHHIX PEYOBUH, sIKi dop-
MYIOTb pa3oM i3 pyTHHOM mik N215 Ha xpoMaTorpami.
Kpim Toro, B eKCTpaKTi BUSIBJIEHO MOXiZHI Mipuie-
THHY, allireHiHy Ta JII0Te0JIiHY, AKi ileHTUdIKOBaHO
SK TIiK03UAHI $OpMU LUX arJIiKOHIB Yepe3 BUCOKY
CXOXKICTh CHEKTPaJbHUX XapaKTePUCTUK Ta MeHLI
3HAYEHHS Yacy yTPUMaHHS IPOTH CTAHAAPTY, IK OYJI0
3a3Ha4yeHo paHiule. TakoXX B eKCTPAKTi NPUCYTHI 1O-
XiJTHI TIZIPOKCUKOPUYHUX KUCJIOT Ta KaTeXiHU.

KinbkicHui#l BMicT nosiipeHobHUX CIIOJNYK eTa-
HOJIBHOT'O eKCTPaKTYy TPaBU aHicy 3BUYalHOTO pO3-
paxoByBaJ/id Ha 1 T cyxoro 3pa3ka TpaBU. BusiBjieHo,
1110 3 NoJ1ipeHOBHUX CIOJIYK B €eKCTPAKTI IEPEBAXKAE
xJIoporeHoBa kKucJjoTa (4,409 mr/r), ska € OAHUM i3
HaimnolupeHimux GpeHinnponaHoiiiB cepes MeTabo-
JIITIB POCJIUH; CyMY TiJpPOKCUKOPUYHUX KUC/IOT BU3Ha-
yeHo Ha piBHi 1,221 Mr/T. TakoK y TpaBi HAKOMUYYIOTh-
cs1 3Ha4Hi KisibKoCTi KaTexiHiB (3,104 mr/r), moxijHUX
amireHiny (3,077 mr/r) Ta sitoteosiny (1,864 mr/r).
BMmicT pyTHUHY ¥ NOXiJHUX MipUIleTUHY BHUSIBJIEHO Ha
piBHi 0,1-0,2 Mr/T, y MiHOPHHUX KiJIbKOCTSIX IPUCYT-
Hi kBepueTuH (0,028 Mr/r), noxijHi HapUHTeHiHY
(0,019 mr/r), anirenin (0,009 Mr/r) Ta recnepeTyH
(0,002 mr/r). 3aranbHuii BMicT noJiipeHoJ1iB BU3HaUa-
JIY SIK CyMy BMIicTy GJ1aBOHOI/IIB, HeiieHTUdiKOBaHUX
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Puc. 1. XpomaTorpama Cn1pTOBOrO EKCTPaKTY 3paska TpaBu aHicy 3BMYaiHOro, OTpMMaHa 3a AOBXKUHU XBUIi AETEKTYBAHHS 255 HM
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Ta6bnuua

|neHTUIKaLis PEYOBYH Y CNMPTOBOMY €KCTPAKTI TPaBW aHiCy 3BMYANHOTO,

MiKN AKMX NO3HAYeHO Ha puc. 1

Hgg";ﬁcf";‘a T, x8 | I, CTa””anTnj;Hﬁ?fgb””” lneHTUdiKaLlis
1 3,767 0,863 -4,317 KaTexiH KaTexiHonogibHa cnonyka
2 4,193 -4,619 -11,610 reHicTuH H/i
3 6,932 0,817 -2,968 KaBOBa KMC/OTa rigpOKCMKOPUYHA K1COTa
4 10,444 0,935 0,567 XJIOPOreHoBa K1cioTa rigpOKCMKOPUYHA KMUCOoTa
5 10,990 0,950 0,887 XJIOPOreHoBa K1UCoTa XNIOPOreHoBa KucoTa
6 11,394 0,867 -1,31 KaTexiH KaTexiH
7 13,757 0,667 -1,857 KaBOBa KucnoTa rigpOKCMKOPUYHA K1CIoTa
8 14,221 0,900 -2,344 XJIOPOreHoBa K1coTa rigpOKCMKOPUYHA KMCIOoTa
9 15,479 0,736 -2,880 MipnueTuH rniko3ng MipuueTnHy
10 15,845 0,856 -5,94 NOTEOoNiH rniko3ng nTeoniHy
11 16,263 0,903 -5,522 noTeoniH rniko3ng noTeoniHy
12 17,236 0,910 -6,519 anireHiH rnikosng anireHiny
13 17,759 0,917 -5,996 anireHiH rniko3ng anireHiny
14 17,859 0,866 -3,926 NOTEoNiH rniko3ng nTeoniHy
15 18,127 0,408 0,973 KBepLeTuH PYTVH
16 18,513 0,658 0,154 MipULETUH rnikosng mipuueTnHy
17 19,647 0,892 -2,138 JNIoTEONIH rNiko3ng NoTeoniHy
18 20,382 0,643 -0,0226 MipnueTuH rniko3ug dnasoHony
19 21,579 0,755 0,968 KBepLeTuH KBepLeTuH
20 30,081 -1,825 -12,278 reHiCcTuH H/i
21 37,568 0,495 -19,178 HapPWVHriH H/i

noJiibeHo1iB i pEeHObHUX KUCIOT — BiH CTAHOBUB
17,576 mr/r.

JloriuHUM NpoAOBXKEHHSIM po60OTH 6YJI0 BU3HA-
YeHHs PiBHSI aHTUOKCUJAHTHOI akTUBHOCTI (AOA)
noJ1ipeHOIbHUX CIIOJIYK TPAaBU aHicy 3BUYalHOrO.
g 1bOro 3aCTOCOBYBAJIM MOTEHI[IOMETPUYHUU
MeTO/i 3 BUKOPUCTAHHAM PO3YUHY CyMillli CIIONYK
K,[Fe(CN) ]/K,[Fe(CN), ] ax MmeaiaTopHOi cucTeMu.
KinbkicHy oninky AOA BH3Ha4YasIH 100 aCKOPOiHO-

80
701
60 -
50 1
40+
301
201
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0 T

y = 5,55x + 21,96

R*=0,9964

0o 1

KoHueHTpauist ackopbiHOBOT KUCNOTK, MMOSb/N

Puc. 2. MpagytoBanbHa npsiMa 3MiHV NOTeHLjiany cTaH4apTHUX
PO34MHIB aCKOPBIHOBOT KMCMOTK

BOI KUCJIOTH, IJ1d KOl BUMIpIOBaJIu 3MiHUY NIOTeHLia-
JIy 3a j0JaBaHHA [0 MeJiaTOPHOI CUCTEMU B iHTep-
BaJli KOHIleHTpalii 1,6-8,0 Mmosib /1 (puc. 2).

3HadyeHHA AOA eKCTpaKTy TpaBH aHiCy 3BUYAM-
Horo (MMoJib/T) BU3Ha4YaIH 38 GOPMYJIOLO:

_ Vi CV,-100
AOA = 50— W)

ne: V, - 06eM posuuny A, J1; V, - 06€M posuuHy b, i;
V,- 06’eM po34uHy B, J1; C -3HayeHHs AOA 3a rpajyto-
BaJIbHOIO MPSIMOIO, MMOJIb/JI; M~ Maca HaBaXKKH CH-
poBuHHY, I; W - BTpaTa B Maci i yac BUCy11yBaHHs, %.

Takox 3a UM METO/[0M OY/10 069K C/IEHO 3HAYEH-
Hs AOA /151 pyTUHY (MMOJIB/T) 3a GOpPMYJI010:

V(100
AOA =00 - W)

ne: V - o6'eM pozuuHy, J1; C - 3HadeHHsa AOA 3a rpajy-
HOBaJIbHOIO TIPSIMOI0, MMOJIb/JT; M, — Maca HaBaXKKH py-
TUHY, I; W — BTpaTa B Maci mij 4yac BUCylIyBaHHS, %;

Y pe3y/bTaTi NpoBeIeHUX eKCIEPUMEHTIB OyJ10 BU-
3Hau€eHo, 10 NoJipeHObHI CMIOJIYKH TPaBU aHicy 3BU-
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yaliHoro BUsBJIsiIoT AOA Ha piBHi 67,76 + 0,05 MMOJIb/T.
BoxHo4ac pyTHH BUSBUB 3HAa4YHO BULIMH piBeHb AOA,
KU ctaHoBUB 3979,59 + 0,08 MMoJIb/T.

ExcnepuMeHTasibHa YaCTUHa

TpaBy aHicy 3BU4aitHOTr0 6yJ10 3arOTOBJIEHO B Ie-
piog uBiTiHHA BiTKy 2019 poky B XapKiBcbKiii 06.J1acTi,
YkpaiHa (gocTOBipHICTb CHPOBHHM BU3HAYEHO Kypa-
TOpOM rep6apito XapKiBCbKOTr'0 Hal[iOHaJIbHOI'O YHi-
BepcuTeTy iMeHi B. H. Kapazina, kaHuaToM 6ioJ1. HayK,
noueHtoM 0. I. [amyseto, HoMep repbapHoOro 3pas-
ka CWU0057573).
MeToauKa BU3HaYEHHS N0J1ipeHOIbHUX CIO-
JIYK TPaBH aHiCcy 3BUYAIHOT0 METOA0M BHCOKOe-
dexTHBHOI piznHHOI XxpomaTorpadii
s ekcrpakuii mostideHosTiB /10 HABAXKKY 3pas-
ka logaBasiu 70% (06/06) eTaHO/1 y CIiBBiIHOTIIEH-
Hi 1 r 3pa3ka Ha 20 mJs1 po3uuHy etaHoay [23]. Ekc-
TPaKLilo NPOBOAUIN B TepMETUYHINA EMHOCTI 6€3 J10C-
TYIIy CBiTJIa JiJ/isl 3an0o6iraHHs TpaHcpopMariii ekcTpa-
rOBaHUX PEYOBUH MPOTSIToM 5 /1i6 3a KIMHaTHOI TeM-
nepaTypu i nepiogUIHOTO NnepeMililyBaHHs. BUTs kK-
KU Ilepe/i aHali3oM QilbTpyBalyd 3 BAKOPUCTAHHAM
mnpuieBoro ¢pisbTpa Supelco Iso-Disc Filters PTFE 25-4
(25 MM x 0,45 MKM).
AHasi3 eKCTpaKTy NPOBOAWJIN METOA,0M BUCOKO-
edekTuBHOI pisnHHOI XpoMmaTorpadii (BEPX) 3a no-
MIOMOTO0 piAMHHOI XxpoMaTorpacdiyHoi cuctemu Pro-
minence LC-20 Shimadzu (fnoHis), o ckagaacs 3 Ta-
KUX QyHKLiOHaIbHUX MOAYJIiB: flerasaTop DGU-20A3,
HacocHu# Moaynb LC-20AD, aBTOCeMILIEp-X0I041JTb-
HUK SIL-20AC, oTomeTpuunuii fetexktop SPD-20AV,
tepmocTtaT CTO-20A, kosroHka Agilent Technologies
Microsorb-MV-150 (o6epHeHo-dpazoBa, C18 moaudi-
KOBaHMH culiKaresib, JoBxkuHa 150 MM, fiameTp 4,6 MM,
po3Mip 3epeH COpOEHTY 5 MKM).
YmoBu BEPX:
1) ckusaz pyxoMoi pa3u: KOMIIOHEHT A - MeTaHOJI,
KOMIOHEeHT B - 0,9% po34uH ¢pocdaTHOI KUCIOTH
B JleioHi30BaHi# Bofj;
2) pexuM xpoMmaTorpapyBaHHs - rpaliEHTHUH,
po3p0o6JIeHUM AJiS SAKICHOT0 PO3/iJIeHHS] OKpEeEMHUX
¢$eHoNbHUX KUCIOT i $J1IaBOHOIZIIB ¥ POCTMHHUX EKC-
TpakTax [24, 25]. CxeMa rpajiieHTa 3a BMiCTOM KOM-
NoHeHTa A B pyxoMil ¢asi 6ysa Taka:
e 0oYyaTKOBUH BMicT - 10%;
e mnepui 13 XBUJIMH - NiJBUILeHHA BMicTy 3 10
710 40%);

e 313-0i 10 20-TOI XBUJIMHMU — ITiIBUII[€HHS BMic-
Ty Bizg 40 no 53 %;

e 320-0i 10 26-01 XBUJIMHU — NiABUILIEHHS BMicC-
Ty Bif 53 10 55%);
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e 326-01 70 40-01 XBUJIMHU — YTPUMYBaHHA BMiC-

Ty 55%);

e 340-0i 1,0 41-01 XBUJIMHU — 3HUKEHHS BMICTY
10 10%;

¢ 341-0i 10 56-01 XBUINHU — YTPUMYBaHHS BMic-
Ty 10%);

3) wBUAKICTb pyxomoi pa3u - 0,5 MJ1/XB;

4) Temmnepartypa KoJioHku — 40°C;

5) 06'eM iHxkeKLil - 5 MKJI.

[nenTudikaniliHi xapaKTepUCTUKU CTAaHJAPTIB
OTpPUMYBaJIU 32 YMOB XpoMaTorpadyBaHHs, 1110 aHa-
JIOTiyHi TUM, sIKi 6yJI0 BUKOPUCTAHO Mif 4ac JocJi-
JoKeHHs eKcTpakTy. KasibpyBasibHi 3a/1eKHOCT] «1u1oLa
nika - BMICT cTaHZApTy» OyJ/IM JIiHIHHUMU 3 Koedi-
LieHTaMU KopeJssuii He Huxkve r = 0,996.

BusHayeHHs1 AOA noJtipeHOJILHUX CIOJIYK Tpa-
BM aHiCy 3BUYallHOTO

Jnsa BusHadyeHHs1 AOA 3aCcTOCOBYBaJIU NIOTEHII0-
MeTpUYHUHU MeTo/ i3 BukopuctanuaMm K [Fe(CN),]/
K,[Fe(CN),] sk MeiaTOpHOI CHCTEMH 3 KOHIIEHTpa-
iero komnoHeHTiB 0,002/0,00002 mosib/a1 Ta pH Ha
piBHi 7,2 (docdaTHuii 6ydep). 3 orpumanoro 70%-Horo
€TaHOJIbHOTO eKCTPAKTy TPaBU aHicy 3BUYaliHOTO
(po3uuH A) Bigoupanu aniksoty 10,0 M (po3uuH b)
i nomimasnu B MipHy Kos16y MicTkicTio 25 MJ1, 0BO-
UM 06'eM po3uuHy 70% eTaHOJIOM /10 MITKH i e-
peMiuyBasnu (po3uuH B).

s mpurotyBaHHs po3uuHy pyTuHy 0,05 r (TouHa
HaBaXkKa) pyTuHy (PC-42-2508-87) BHOCHIM B Mip-
Hy K010y eMHicTI0 100 MJ1, po3uuHsiiu B 70% eTa-
HOJIi, JOBOAUJIA 06'EM PO3UMHY [0 MIiTKH i mepeMiliy-
BaJIM.

BuMiproBaji mo4aTKOBUM NMOTEHIia/l BUXiJTHOTO
pO34MHY MeJiaTOPHOI CUCTEMH, AaJjli B eJIeKTPOXiMiy-
HY KOMipKy BHOCUJIU 1 MJI eKCTPaKTy Ta BUMiploBa-
JIU KiHIIeBUH MOTeHLjaJl, Mic/15l LbOT0 BU3SHAYaAJIU pi3-
HUII0O MK IOYaTKOBHM Ta KiHLIeBUM IMOTEHIliaJa-
mu (pH-meTp - Hanna 2550, 3 pefiokc-esieKTpoAOM
EZDO P0O50).

[lapanesbHO B THX K€ yMOBaX BUMipIOBa/d aHTH-
OKCUJIJaHTHY aKTUBHICTb PO3YHUHY PYTHUHY.

BUCHOBKM

MeToz0M BrCOKOepEKTHUBHOI piZIMHHOI XpOMaTo-
rpadii BU3Ha4eHO SIKiICHUH CKJIaJ] Ta KiJIbKICHUH BMiCT
10/1ipeHOIbHUX CIOJIYK B €TAHOJIbHOMY eKCTPaKTi
TpaBH aHicy 3Bu4yaiiHoro. CymapHuil BMicT noside-
HOJIbHUX CNOJNYK cksaB 17,576 mr/r. BusBieHo, 1o
AHTHUOKCH/IAaHTHA aKTUBHICTb €TaHOJIbHOT'O EKCTPaK-
TY TpaBU aHicy 3BUYAMHOTO 1110/J0 aKTUBHOCTI acKop-
6iHOBOI KUCJIOTH CTAaHOBUTH 67,76 + 0,05 MMOJIB/T.

KonduikT iHTepeciB: BifcyTHIN.
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CuHTe3 Ta B3aemoaida 3 anbgerigamm 4-amiHo-
5-(xiHoniH-2-in)-4H-1,2,4-Tpnason-3-tiony

Meta. CuHTe3yBatu 4-aMiHO-5-(xiHoMiH-2-in)-4H-1,2,4-Tpnason-3-Tion Ta 4OCniAMTA NOro peakuinHy 3paT-

HICTb y B3aeMogiji 3 anbgerigamu.

Pe3ynkraTty Ta ix o6roBopeHHs. CMHTe30BaHo 4-amiHo-5-(xiHoniH-2-in)-4H-1,2,4-Tpnason-3-Tion Ta Ha 1oro

OCHOBI ogepaHo pag 4-(eTun, apun)igeHaMiHONOXigHUX.

ExkcnepuMeHTanbHa 4yacTuHa. 3a JONOMOrOK Cepii 3 YOTMPbOX NMOCMILOBHUX peakuii Ha OCHOBI XiHOMIH-
2-kapbOHOBOI KUCINOTHN CUHTE30BaHO 4-aMiHO-5-(xiHoniH-2-in)-4H-1,2,4-Tpna3on-3-Tion, B3aeMOAis SIKOro 3 anb-
Jerifjamun go3sonuna ogepxatun psag 4-(etvn, apun)igeHamiHonoxigHux. CTPyKTypy BCiX CMHTE30BaHUX CMOSyK
niaTeepakeHo 3a gonomoroto 14- ta 'H AMP-cnekTpockonii, a Takox 4aHMMK eneMeHTHOro aHaniay, a ix iHauBi-
AyanbHICTb — 3a ONMOMOrOI0 TOHKOLLAPOBOT XpoMaTtorpadii.

BucHoBku. CuHTe30BaHO 4-aMiHO-5-(xiHoniH-2-in)-4H-1,2,4-Tpna3on-3-Tion Ta BUSBINEHO, LU0 AOro B3aEMOLIS
3 anberigaMmy NpuM3BoanTb 4O YTBOPEHHS HOBMX 4-((€Tun, apun)igeHamiHo)-5-(xiHoniH-2-in)-4H-1,2,4-Tpuason-
3-Tioni..

Knroyoei crioea: 5-(xiHoniH-2-in)-1,2,4-Tpnason-3-Tion; 4-apunigeHamiHONOXiAHi; KncnoTa xiHanbAWHOBA;

OiornoriyHa akTUBHICTb

D. M. Zozulynets, A. G. Kaplaushenko, A. S. Korzhova

Zaporizhzhya State Medical University, Ukraine

The synthesis of 4-amino-5-(quinolin-2-yl)-4H-1,2,4-triazole-3-thiol and its interaction with

aldehydes

Aim. To synthesize 4-amino-5-(quinolin-2-yl)-4H-1,2,4-triazole-3-thiol and study its reactivity in the reaction

with aldehydes.

Results and discussion. 4-Amino-5-(quinolin-2-yl)-4H-1,2,4-triazole-3-thiol was synthesized, and a num-
ber of 4-(ethyl, aryl)idenamino derivatives were obtained on its basis.

Experimental part. Using a series of four successive reactions based on quinoline-2-carboxylic acid, 4-amino-
5-(quinolin-2-yl)-4H-1,2 4-triazole-3-thiol was synthesized; its interaction with aldehydes allowed to obtain a num-
ber of 4-(ethyl, aryl)idenamino derivatives. The structure of all compounds synthesized was confirmed by IR and
"H NMR spectroscopy, as well as by elemental analysis, and their purity by thin layer chromatography.

Conclusions. 4-Amino-5-(quinolin-2-yl)-4H-1,2,4-triazole-3-thiol has been synthesized. It has been found
that its interaction with aldehydes leads to the formation of new 4-((ethyl, aryl)idenamino)-5-(quinolin-2-yl)-4H-

1,2,4-triazole-3-thiols.

Key words: 5-(quinolin-2-yl)-1,2,4-triazole-3-thiol; 4-arylidenamino derivatives; quinaldic acid; biological

activity
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AHauti3 cy4acHoI JIiTepaTypHy 3acBif4y€ aKTya/lb-
HiCTb NOLIYKY 6i0JIOTIYHO aKTUBHUX PEYOBUH CePe/,
CIIOJIYK, SIKi MiCTATB s17po 1,2,4-TpuasoJy. 30KpeMa,
po60TH HAyKOBOI IKOJIU 3alI0Pi3bKOTO0 JlepKaBHOTO
MeJIUYHOr0 YHIBEPCUTETY JOBOAATH, 10 1,2,4-Tpu-
a30JI1 € IePCHEeKTUBHUM KJIACOM CIIOJYK JJIS CTBO-
pEHHA OpUriHAJbHUX JIIKapChbKUX NIpenaparis, Npu
LbOMY JlesIKi OXiHI 3 L€l rpyny BKe aKTUBHO 3a-
CTOCOBYIOTh y BeTepUHAapHIii Ta ryMaHHIN MeULU-
Hi [1-4]. 30kpema, dpparmeHT 1,2,4-Tprazony mUpo-
KO BUKOPHUCTOBYIOTb Y MEIMUHIN XiMil /151 mo6ymo-
BU MOJIEKY/I, 1110 BUABJISIIOTh NIPOTUTPUOKOBY, aHTHU-
JlellpeCUBHY, rellaToNPOTEKTOPHY, paHO3aroBaJlb-
HYy Ta IPOTUBIpYCHY Aito. BogHovyac naHi HayKoBO-
TeXHIYHOI JliTepaTypy OCTAaHHIX POKiIB 3BepTalOTh
yBary Ha Te, 110 PO XiHOJIIHY TaKOX € CTPYKTyp-
HUM pparMeHTOM 6i0JIOTiYHO aKTUBHUX CIOJIYK 3
BUPAXKEHOI0 NMPOTUMIKPOOHOIO Ta aHTHUCENTUYHOIO
Jiew [5-7].
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Hapasi mupoko gocuaigxeHo 6i0710TiuHy aKTHUB-
HicTb 1,2,4-TpurasoJ1iB, 10 MiCTATh Pi3HOMAaHITHI 3a-
MicHUKH nipu N1(N2)-atomi [8]. OcobauBy yBary npu-
BEPTAIOTh POOOTH BITUM3HSHUX aBTOPIB, Jie HaBe/le-
HO pe3y/ibTaTh GpapMaKoJ0TiuyHOI aKTUBHOCTI S-110-
XiiHUX — 5-R-1,2,4-Tpuason-3-tioHis [9-11]. Ane He-
JIOCTaTHbO BUBYEHO $apMaKoJIOriyHy aKTUBHICTb MO-
XigHUX y psaai 4,5-au3amimenux 1,2,4-Tpuasos-3-TioHiB.
CaMe TOMy CMHTe3, BUBUeHHS $i3nKO-XiMiuHUX Ta
6ioJioriyHuX BJacTUBOCTeH 4,5-nusaminienux 1,2,4-
TpHa30Ji-3-TiOHIB, Ha Hallly YMKY, MalOTb HayKOBY
HOBH3HY, TEOPETHUYHY Ta IPAKTUYHY 3HAYYLiCTh.
30KpeMa, y LbOMY LOCJI>KEHH]I HaBeJleHO CUHTe3
1,2,4-TpHazo.y, 3aMillleHoro 3a MoJI0XKEHHSIMU 4 Ta 5,
MPUYOMY OJJHUM i3 3aMiCHUKIB € XiHOJIiHOBUM dpar-
MeHT. MoxKHa NPUIYCTUTH, 1[0 OEAHAHHA dapMaKo-
dopHuUx pparmeHTiB 1,2,4-TpUazosty Ta XiHOJIIHY B
OfiHINM MoJIeKysTi 6y/ie aINTUBHO BIJINBATHU HA MPO-
sIB HaBeJleHUX BUIIe BU/IiB 6i0JI0riYHOI aKTUBHOCTI.
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6a: R = Me; 6b: R = Ph; 6¢: R = 3-F-Ph; 6d: R = 4-F-Ph; 6e: R = 2-HO-Ph; 6f: R = 4-HO-Ph;
6g: R = 3-O2N-Ph; 6h: R = 2-HO,C-Ph; 6i: R = 4-HO,C-Ph; 6j: R = 4-MeyN-Ph; 6k: R = 2-Me0-4-HO-Ph

Cxema. CuHTes 4-amiHo-5-(xiHoniH-2-in)-4H-1,2,4-Tpnason-3-tiony (5) Ta voro 4-(eTvn, apun)iaeHoBMX NOXigHWX 6

CUHTEeTUYHUH NUIAX 10 4-amiHo-5-(xiHouTiH-2-11)-
4H-1,2,4-tpuazo-3-tiony (5), HemocTynHuM B iHdop-
MaLifHOMY M0JIi HAQYKOBOI Ta MaTeHTHOI JIiTepaTypH,
MU BU3HAUUWJIM K TaKHUH, 110 CKJIaJA€EThCA 3 4 cTa-
JiH (cxema). BuxizHo0 pedyoBHHOIO AJis HOT'O CUH-
Te3y € XiHaJIbJAMHOBA KKC/I0Ta (1), AKY B KJIaCUYHUX
yMOBaXx peakllii ecrepudikariii 6ysio nepeTBOpeHO Ha
ii MeTusioBUM ecTep 2. /li€lo Ha OCTaHHIH rigpasuH
riapaTy oepkasu BiANOBIJHUM rijpa3uj XiHalabgu-
HOBOI KUCI0TH (3), AKKMU BCTyINaE B peakliilo 3 Kap-
60H JuCcyabdifoM y Ty>KHOMY cepeloBHIL 3 yTBO-
peHHsAM AuTiokapbamiHaTy 4. 3aMukaHH4 1,2,4-Tpu-
a30JI0BOTO IIUKJIY CIIOJIYKU 5 BijIOyBa€ThCs 3a A0/1a-
BaHHS /|0 NOXiIHOI 4 rigpa3uHy rigpary.

CuHTe30BaHUM 4-aMiHO-5-(xiHOJMIH-2-11)-4H-1,2,4-
TpuazoJ-3-tios (5) - KpucTasiyHa pe4oBHUHA KOB-
TOT0 KOJIbOPY, MaJI0 pO3YMHHA Y BOZi, METaHOJIi, po3-
YHWHHA B PO3YMHAaX JIYTiB Ta OLITOBiM KHUCJIOTI 3a Ha-
rpiBaHHA.

Y nogasnbiioMy 4-amiHo-5-(xiHostiH-2-i1)-4H-1,2,4-
Tpuaz0.1-3-TioJ (5) BUKOPUCTAHO K BUXi/IHY CIOJIY-
Ky AJ151 cuHTe3y pany 4-((eTus, apui)ifgeHamino)-5-
(xiHOMiH-2-11)-4H-1,2,4-Tpuazo-3-TiosniB 6a-K uuis-
XOM HMOro B3aEMO/|l 3 ajibaTUYHHUMU Ta apOMaTHY-
HUMU aJibjierifaMu. Peakiiito mpoBOAWIIN 32 KUIT'SI-
TiHHS B cCepe/lOBHILI O TOBOI KUCJIOTU. CHHTE30BaHi
TaKUM YUHOM 4-(eTuJ1, apuJ)ifieHamMiHo)-5-(xiHoJiH-
2-in)-4H-1,2,4-tpuaso-3-tiosu (6a-K) € amopdHrumMu
pedoBUHAMHU >k0BTOro0 (6a-c, g-i), 3esienoro (6d),
yepBoHoro (6K) Ta dpioseroBoro (6j) KosbOPY, MaJIO
PO34HMHHI y BO/Ii, pO34MHHI B MeTaHOoJIi. /11 aHa1i3y
croJIyKH 6a-Kk 6ys1o ouniIlieHO NepeKpUucTastisalieto
i3 cymii oniToBa kucjaoTa/Boza (4:1).

TemnepaTypu J1aBJeHHS, BUXO/H, laHi eJleMeHT-
HOT'0 aHaJIi3y Ta CIeKTPabHi XapaKTepUCTHUKU CUH-
Te30BaHUX CIOJIYK 5 Ta 6 HaBeJleHO B TabJ1. 1-4.

B IY-cnekTpax 4-amiHo-5-(xiHOJiH-2-11)-4H-1,2,4-
TpuasoJi-3-tiosy (5) Ta 4-((eTwns, apui)igeHamino)-
5-(xiHosiH-2-11)-4H-1,2,4-Tpuazon-3-TioJiB 6 crnocte-

piraroTbcs XapaKTEepPUCTUYHI CMYT'Y BaJIEeHTHUX KO-
JIMBaHb, 30KkpeMa =C-H 3B’s13kiB y Mexkax 3050-3025 cm?,
ek3ouukJaiYHUX C=N ¢pparmeHTiB criosyk 6 y Mexax
1699-1680 cm!, engorukaiyaux C=N Ta C=C 3B’93KiB
3a 1655-1485 cm!, C-S-3B’a3kiB 32 757-624 cm™.

Y 'H AMP-cnekTpi 4-amiHo-5-(xiHO/iH-2-11)-4H-
1,2,4-tpuaso-3-tiosy (5) cnocTepira€Tbcs CUHIJIET
NPOTOHIB aMiHOTPYIH 3a 5,79 M.4., a TAKOXX CHHTJIET
npoToHy SH-rpynu B ay»xe ciabkomy noJii 3a 13,86 M.y,
SIKAU TaKOX NPUCYTHIN y CleKTpax ycix cnoayk 6.
Xapakrepuum juis H AMP-criekTpiB 4-((eTw, apu)-
ineHamiHo)-5-(xiHosiH-2-11)-4H-1,2,4-Tpuazon-3-
TiosiB (6a-K) € cunrier npotony -CH=N- ¢parmen-
TY, IKUH CIIOCTEPIraeThcs 3a 6,58 M.4. /151 eTUJiieH
noxigHoi 6a ta B fjiana3oHi 9,08-9,87 m.u. gsig apu-
JigeH noxigHux 6b-K.

ExcnepuMeHTasibHa YaCTUHa

BuxinHi criosiyku 3 BiinmoBiHUMU cepTUdikaTa-
MU SIKOCTi 6yJI0 0Jlep>KaHo 3 KOMePLiHHUX JKepeJ.

Ta6bnuua 1

Buxoawn, Temnepatypu nnaBieHHA cnonyk 5, 6a-k

Cnonyka R T.nn., °C Buxin, %
5 - 126-127 89
6a Me 205-206 83
6b Ph 206-208 79
6¢ 3-F-Ph 203-205 80
6d 4-F-Ph 205-207 85
6e 2-HO-Ph 242-245 89
6f 4-HO-Ph 246-249 80
6g 3-O,N-Ph 115-117 83
6h 2-HOOC-Ph 191-193 79
6i 4-HOOC-Ph 145-147 80
6j 4—Me2N—Ph 247-249 84
6k 2-MeO-4-HO-Ph 248-250 81
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Ta6bnuua 2
Pe3ynbTaTii eneMeHTHOro aHanisy cnonyk 5, 6a—k
Cronyka | BpyTTo-bopmyna Po3paxoBaHo, % Bu3HaueHo, %
C H S C H N S

5 C, HN.S 55,54 5,03 26,99 12,35 55,58 5,05 27,01 12,36
6a C,.H, NS 57,96 4,10 25,98 11,80 57,98 4,12 26,00 11,90
6b C,,H, NS 65,66 4,92 20,14 9,21 65,68 4,93 20,16 9,23
6c¢ C,,H,,FN.S 62,44 4,39 19,15 8,76 62,45 4,41 19,17 8,77
6d C,oH,,FNS 62,43 4,40 19,16 8,75 62,45 4,41 19,17 8,77
6e C,gH,;N.OS 62,22 3,75 20,15 9,21 62,23 3,77 20,16 9,23
6f C,;H,5N.OS 62,77 4,69 19,26 8,80 62,79 4,71 19,27 8,82
69 C,H,N.O,S 58,14 4,09 21,41 8,15 58,15 4,11 21,42 8,17
6h C,H N.OS 60,77 3,48 18,65 8,52 60,79 3,49 18,66 8,54
6i C,H,;N.OS 61,70 517 17,17 7,86 61,93 5,19 17,19 7,87
6j C,H, NS 64,13 4,84 22,42 8,54 64,15 4,85 22,44 8,56
6k C,H,N.O0,S 61,04 4,86 17,60 8,15 61,05 4,87 17,80 8,12

BusHayeHHs TeMIepaTypH IJIaBJeHHs TPOBOAUIN
KaniJIspHUM crioco6oM Ha npusazi [ITIT (M). Torko-
IIapoBy XpoMaTorpadito HOBUX NoXiAHUX 1,2,4-Tpu-
a30J1y NPOBOJMJIM Ha IJIACTUHKAX CcUJikare b 60
ALUGRAMSIll G\UV254 (antom.migks1. 20 x 20) (Maxe-
peii-Haresib), abo cuntikaresnb 60 ALUGRAMSIll G\UV254
(anmom.migka. 10 x 20) (Maxepeii-Haren), sik pyxo-
BY $a3y BUKOPUCTAHO CyMilll 6yTaHO0J1/01TOBA KUC-
Jiota/Bojia y cniBBigHomeHHi 10:3:9. EneMeHTHUM
CKJIaJ CUHTe30BaHUX CIIOJIyK BU3HAYa/IM Ha eJIeMeHT-
HoMy aHaJsizaTopi Elementar Vario Vario EL Cube
(Elementar Vario, HimeuyunHa), ctavgapt — cysnbda-
Hisamiz,. [Y-criekTpy cCHHTe30BaHUX PeYOBUH QiKCy-
BaJIM B TabJieTKax Kasli 6poMiy Ha cieKTpodoTo-
MeTpi Specord M-80 B ginsiHi ciektpa 4000-500 e,
TabsieTKH roTyBa/v pecyBaHHAM MiCJIs CNIJIBHOTO

postupannsa 200 Mr Kaniit 6poMify i 2 Mr gocimKy-
BaHoi crosiyku. 'H AMP-cnekTpu 3HiMa/u Ha Cliek-
TpoMeTpi «Varian VXR-300» (poGoua d4acToTa -
300 MI'y), po3yrHHUK - DMSO-d,, BHY TpillIHIiK cTaH-
JlapT — TeTpaMeTu/IcKIaH. CIeKTpU iHTepIIpeTyBaJIu 3
BUKOPHCTAHHSIM KOMIT IoTepHoi mporpamMu ADVASP 143.

Cunre3 4-AmiHO-5-(xiHONiH-2-11)-4H-1,2,4-TpU-
azoJ1-3-tiosy (5). CunTe3 crnosiyku 5 BifioyBaBcd y
4 ctafii, IK BUXiIHY pe4OBUHY BUKOPUCTOBYBAJIH Xi-
HaJIbJUHOBY KUCJIOTY. [IpoMixkHI crionyku 2-4 BuU-
KOPUCTOBYBaJ/IM B HACTYIIHUX CTaZisX 6€3 10JaTKO-
BOTO OYMIIEHHS.

Cymim 20,0 r (0,115 Mos1b) XiHAJIAUHOBOI KHC-
JiotH (1), 100 M1 MeTaHOJY i 2 MJ1 KOHIIEHTPOBAHOI
cynbdaTHOI KUCJIOTH KUII'ATATh NPOTAToM 12 rog,
PO3YMHHUK BHUIIAPOBYIOTH, 3aJIMIIOK IPOMHUBAIOTh

Ta6bnuuya 3

Makcmymun nornnHaHHA B [4-cnekTpax 4-amiHo-5-(xiHoniH-2-in)-4H-1,2,4-Tpna3on-3-tiony (5)
Ta 4-((eTun, apwn)igeHamiHo)-5-(xiHoniH-2-in)-4H-1,2,4-Tpna3zon-3-Tionis (6a—k)

Cnonyka V/C=C ra/a6o C=N engounkniuHi V=CH ves VNH, VC=N exsounknivsi
5 1615 3040 624 3336/3205 -
6a 1605 3035 682 - 1680
6b 1650/1510 3050 682 - 1680
6c¢ 1600/1506 3025 658 - 1681
6d 1605/1509 3030 695 - 1687
6e 1620/1495 3035 675 - 1688
6f 1610/1518 3020 665 - 1690
69 1531/1485 3025 695 - 1699
6h 1655/1515 3025 681 - 1691
6i 1607/1504 3035 757 - 1681
6j 1595/1505 3030 655 - 1695
6k 1612/1500 3045 710 - 1682
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Tabnuua 4

'H AMP cnekTtpu 4-amiHo-5-(xiHoniH-2-in)-4H-1,2,4-Tpnason-3-tiony (5) Ta 4-((eTun, apun)igeHamiHo)-
5-(xiHoniH-2-in)-4H-1,2,4-Tpnason-3-tionis 6a-k

Cnonyka

XimiuHuni 3cyB (6, m.u.)

3 1870 (1H,d,J=8,65 Iy, ArH); 13,86 (1H, s, SH)

5,79 (2H,s,NH,); 7,58 (1H,t, J= 7,53 T, ArH); 7,70 (1H, d, J = 7,63 T, ArH); 7,83-7,98 (3H, m, ArH);

0,83 (3H,d,J=0,87 Ty, CH,); 6,58 (1H, q, J = 6,53 Iy, CH,CH); 7,51-7,68 (2H, m, ArH); 7,80 (1H, t, = 7,83 T,

6a ArH); 7,93-8,02 (2H, m, ArH); 8,61 (1H, d, J = 8,65 Tu, ArH); 13,49 (1H, s, SH)

6b 7,50-7,66 (5H, m, ArH); 7,74-7,85 (3H, m, ArH); 7,94-8,02 (2H, m, ArH); 8,61 (1H, d, J = 8,65 Tu, ArH);
9,12 (1H, s, CH); 13,45 (1H, s, SH)

6¢ 7,42-7,65 (5H, m, ArH); 7,81-7,84 (2H, m, ArH); 7,93-8,03 (2H, m, ArH), 8,61 (1H, d, J = 8,65 Tu, ArH);
9,12 (1H, s, CH); 13,51 (1H, s, SH)

6d 7,29 (2H,t,J=7,32Tu, ArH); 7,56 (1H, t,J= 7,53 Ty, ArH); 7,65 (1H, d, J = 7,63 Tu, ArH); 7,87 (5H, m, ArH);
8,68 (1H, d, J=8,65Tu, ArH); 9,11 (1H, s, CH); 13,49 (1H, s, SH)

6,91

13,61 (1H,s,SH)

(1H,d,J=6,93 Ty, ArH); 7,14 (TH,t,J=7,16 Tu, ArH); 7,29 (1H, t, J=7,32Tu, ArH); 7,51-7,66 (4H, m, ArH);
6e 7,79 (1H,t,J=7,83,ArH); 7,98 (1H, m, ArH); 8,67 (1H, d, J=8,65 I, ArH); 9,14 (1H, s, CH); 11,09 (1H, s, OH);

6f

6,82 (2H, d, J= 6,85 Tu, ArH); 7,49-7,69 (4H, m, ArH); 7,79 (1H, t, J = 7,83 Ty, ArH); 7,98-8,04 (2H, m, ArH);
8,71 (1H,d, J=8,65Tu, ArH); 9,18 (1H, s, CH); 9,54 (1H, s, OH); 13,43 (1H, s, SH)

69 7,50-7,86 (4H, m, ArH); 7,94-8,17 (4H, m, ArH); 8,43 (1H, s, ArH); 8,58 (1H, d,J =865 I'l, ArH); 9,08 (1H, s, CH); 13,49 (1H, 5, SH)

6h 7,49-8,05 (8H, m, ArH); 8,32 (1H, m, ArH); 8,69 (1H, m, ArH); 9,10 (1H, s, CH); 12,73 (1H, s, COOH); 13,83 (1H, s, SH)

7,52-7,65 (2H, m, ArH); 7,83 (1H, t, J = 7,83 Ty, ArH); 7,96 (4H, m, ArH); 8,28 (2H, d, J = 8,35 Ty, ArH);

o 8,63 (1H, d, J=8,65 'y, ArH); 9,18 (1H, s, CH); 12,65 (1H, s, OH); 13,80 (1H, s, SH)
6i 3,13 (3H,s,CH,); 3,15 (3H, s, CH,); 6,82 (2H, d, J = 6,82 Ty, ArH); 7,48 (3H, m, ArH); 7,59 (1H, d, J = 7,63 Ty, ArH);

) 7,79 (1H,t,J=7,83 'y, ArH); 7,94-8,03 (2H, m, ArH); 8,59 (1H, d, J = 8,65 'y, ArH); 9,87 (1H, s, CH); 13,47 (1H, s, SH)
6k 3,79 (3H,s, OCH,); 6,45 (2H, m, ArH); 7,51-7,75 (3H, m, ArH); 7,85 (1H, t, J = 7,83 Ty, ArH);

7,93-8,01 (2H, m, ArH); 8,62 (1H, d, J = 8,65 'y, ArH); 9,08 (1H, s, CH); 9,93 (1H, s, OH); 13,38 (1H, s, SH)

PO34YHMHOM HaTpil rifpokapboHaTy 10 HEUTPaTbHO-
ro cepelOBH1IA Ta BiIQiIbTPOBYIOTh yTBOPEHUH Me-
TUJIOBUU ecTep XiHOJIiH-2-KapbOHOBOI KUCJIOTH (2).
Buxin - 87,5%.

Jo po3uuny 17,5 (0,116 MoJsib) METUJIOBOTO ec-
Tepy XiHOJIiH-2-Kap6oHOoBOI kucjaoTH (2) B 100 Ma
e€TUJI0BOTO0 cnupTy AoAawTb 12,8 Mu 40% po3uuny
riipasuH ripaty, po34uH KU ATATb NPOTAToM 4 ro-
JIMH, OX0JIO/KYIOTb Ta BiAQiNbTPOBYIOTE YTBOPEHUM
oca xiHoJiH-2-Kap6oriapasuay (3). Buxig - 84%.

Jo 18,72 1 (0,1 Mos1b) XiHOMTIH-2-Kap6oTiApasuLy
(3) momatotb po3unH 8,98 r (0,16 MoJib) KastiH rij-
pokcuay y 200 ma 1-6yTanosy. OTpUMaHy CyMilll 0Xo-
JIo/KY10Th 10 10°C Ta nepeMillyoTh NpoTArom 1 ro-
JUHU. /l0 yTBOPEHOTO PO3YUHY, IKUM MICTUTbCS B
TpUropJiii koJi6i, npotsarom 40 xB oaa0Tb 11,42 M
(0,15 Moub) kap6oH Aucyabdiay Ta 150 ma 1-6yTa-
HOJIy B OJJVH 1 TOM e 4ac, CyMilll nepeMilnytoThb 14 ro-
JUH 3a TeMnepaTtypu 20°C, yTBOpeHHUH ocaj KaJii
XiHOJIiH-2-Kap6aMiHoguTiokap6amiHaTy (4) dinbTpy-
I0Th Ta IPOMHBAIOTb /IieTU/IOBUM eTepoM. Buxiz — 79,6%.

Y Tpuroputy koJ16y Ha 250 Mu1 3aBaHTaKyrOTh 30,2 T
(0,1 mousip) kasiéi XiHOJIiH-2-Kap6aMiHOAWTIOKAp-
6aminary (4), 14,7 r (0,4 mMoJsb) rizpa3uH rigpaty
(y nepepaxyHky Ha 40% po3uuH). Cymiln KUI'ATATh
2 rofi, 0X0J0/KYIOTh, J0AAI0Th 5 MJI X0J10{HOI BOJU.
He#lTpanisyloTh KOHIIEHTPOBAHOI XJIOPUAHOIO KUC-

JIOTOI0, yTBOPEHUH ocajl 4-aMmiHO-5-(xiHOiIH-2-11)-
4H-1,2,4-tpua3zou-3-tioay (5) BiAdinbTpoByOTH.
Kpucrasniuna peyoBUHa }XOBTOT0 K0J1b0pYy. Buxig -
89%. Pi3uKo-XiMiyHi Ta cleKTpasibHi XapaKTepPUCTHU-
KU CIIOJIYKU 5 HaBesleHO B Ta6J1. 1-4.

Cunre3s 4-((ETwi, apui)iaenamino)-5-(xiHos1iH-
2-in)-4H-1,2,4-TpuasoJ-3-tioais 6a-k. lo po3uu-
Hy 0,01 Mos1b 4-amiHO-5-(xiHO/iH-2-11)-4H-1,2,4-TpU-
azoJi-3-tiosy (5) B 40 MJ1 OIITOBOI KMCJIOTH IOAAI0TH
0,01 Mos1b BiANIOBIAHOTO aJIbAETIAY, CYMIll HarpiBa-
I0Th /10 YTBOPEHHS PO34YHUHY i 3a/IMLIAI0Th 38 KIMHAT-
HOI TeMnepaTypu Ha 48 roa. Ocaay 1iJIbOBUX NPO-
JAYKTiB peakuii BiiQiJbTPOBYIOTh, IPOMHUBAIOTh Ai-
eTUJIOBUM eTepoM, BUCYILYIOTb Ha NOBITPi Ta Kpuc-
TaJi3yoTh i3 cyMiui onToBa kucjaota/Boaa (4:1).
®i3uko-xiMiyHi Ta crieKTpasibHi XapaKTEPUCTUKH CITO-
JIyK 6 HaBeJleHOo y Tabu1. 1-4.

BUCHOBKM

Po3po6sieHo epeKTUBHUM COCIO ofiepKaHHS 4-
aMmiHo-5-(xiHO/1iH-2-i1)-4H-1,2,4-Tpra3oa-3-Tiony
Ha OCHOBI XiHaJIbAUHOBOI KUCJIOTHU 3a JOIIOMOT 00
peakniil ecrepudikarii, rizpasrHoizy, NpUeLHAHHS,
UKJi3alii. Bsaemogieto ofepskaHoi noxigHoi 1,2,4-
TpUa30Jy 3 aJbJerilaMd CHHTE30BaHO PsiJ, HOBUX
4-(eTwn1, apuJ)izeHaMiHOTIOXiTHUX.

KoH@uikT iHTepeciB: BigcyTHil.
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Validation of the alkalimetry method for the quantitative
determination of free organic acids in raspberry leaves

Organic acids are a large group of biologically active compounds that perform important functions in the plant
organism. Moreover, all plants, regardless of the species and family, contain organic acids to a small or large ex-
tent as organic acids belong to intermediate metabolites arising from the oxidation of proteins and amino acids,
fats and carbohydrates.

Aim. To validate the method of alkalimetry proposed with potentiometric detection of the end-point for the quan-
titative determination of free organic acids in raspberry leaves.

Results and discussion. The method proposed was validated according to the International Conference on
Harmonization (ICH) guidelines. The linearity was in the concentration range of 40-200% (r? = 0.9991). The percentage
of recovery was found to be in the range of 98.77—102.48%. The repeatability and intermediate precision were 1.58%
and 1.74%, respectively. The method is accurate and reliable, with the relative standard deviation of less than 2%.

Experimental part. Leaves of raspberry were collected in the Kharkiv region during the period of full ripening.
A Hanna 2550 pH-meter with a HI 1131P potentiometric electrode was used for alkalimetric titration of free organic
acids. The titration was carried out using a microburette with Class A accuracy.

Conclusions. The alkalimetry method for the quantitative determination of free organic acids in raspberry
leaves has been proposed and validated according to the following parameters: specificity, linearity, accuracy,
repeatability, intermediate precision, robustness. It has been confirmed that the method is simple, reliable, ac-
curate and cost-effective.

Key words: raspberry; leaves; free organic acids; alkalimetry; validation

0. 0. Macnos, C. B. KonicHuk, T. A. KocTiHa, 3. B. LLloBkoBa, E. 0. AxmefoB,

M. A. KomicapeHko

HauioHanbHul chapmayesmuyHull yHisepcumem MiHicmepcmea oxopoHU 300po8’st YkpaiHu, YkpaiHa

Banigauisa ankaniMeTpuyHOi MEeTOAMKM KiNlbKICHOro BU3HA4YE€HHS BiflbHUX OpraHiyHUX

KUCHOT Y FIUCTi MasriuHu

OpraHiyHi KucnoTn — Benuka rpyna 6ionoriyHo akTMBHUX CMOJYK, sIKi BUKOHYOTb BaXKnMBi OYHKLIT B OOMiHi
PEYOBVH POCIVH. YCi POCNMHMW, HE3aNEXHO Bif BUAY Ta POAVHW, MICTSATb OpraHidHi KMCNoTy B HEBENWKIN abo 3HayHiNn
KiNbKOCTi, 60 Lji pe4oBMHN Hanexarb A0 NPOMIXKHUX MeTaboniTiB, WO YTBOPIOKTLCA B pe3ynbraTti OKUCHEHHS bin-
KiB, @MiHOKUCIOT, X1piB Ta BYIMEeBOAIB.

MeTa. Banigysatu 3anponoHoBaHy ankaniMmeTpuyHy MeTOAMKY 3 NOTEHLIOMETPUYHUM BUSIBIIEHHSIM KiHLIEBOT
TOYKM TUTPYBaAHHSA ANS KiNbKICHOrO BU3HAYEHHS BiMlbHUX OpraHivyHMX KMCMNOT y NUCTI ManuHu.

Pe3ynbraTy Ta ix 06roBopeHHs. 3anponoHoBaHWIn METOA BanigoBaHO 3rigHO 3 AnpekTuBoto International
Conference on Harmonization. NiHilHicTb 3Gepiranacs B AianasoHi kKoHUeHTpauin 40—200% (r?= 0,9991). BusHayeHo,
LLIO BiAICOTOK BiAHOBMEHHs1 cTaHoBUTL 98,77 —102,48 %, NOBTOPKOBaHICTb Ta NpOMixHa ToYHICTb — 1,58 % Ta 1,74 %
BigNoBiaHO. MeToa xapakTepu3yeTbCa K TOYHUN | HAAINHWA, Ma€e BiAHOCHE CTaHOapTHe BiAXUneHHA MeHLwe 2 %.

EkcnepumeHTanbHa YyacTuHa. JIucts ManuHu B nepiod NOBHOrO 403piBaHHSA 30Mpanu B XapkiBcbkii 00-
nacrti. Ana ankaniMeTpuyHoro TUTpyBaHHS BiflbHUX OpraHidHUX KUCOT BUKopucToByBanu pH-metp Hanna 2550
3 noTeHuiomeTpuyHum enektpogoM HI 1131P. TuTpyBaHHSA NpoBOAUIN MIKPOOKOPETKO 3 KIacoM TOYHOCTI A.

BucHoBku. Po3pobneHy TUTPUMETPUYHY METOAMKY KiNbKICHOTO BU3HAYEHHS BilTbHUX OPraHiYHuUX KMCMOT
y NUCTi ManuHu BanigoBaHO 3a TakUMK napaMeTpamMu: cneuundidHiCTb, NiHINHICTb, TOYHICTb, 36DKHICTb, BHYTPILLHS
npeumsinHicTb, pobacHicTb. [iaTBEpOXKEHO, WO METOA € MPOCTUM, HAAINHUM, TOYHUM Ta €KOHOMIYHO BUTiLHUM.

Knrouoei crioea: manuHa; NUCTS; BiflbHI OpraHivHi KACNOTK; ankanimeTpiqa; Banigauis

Copyright © 2021, O. Yu. Maslov, S. V. Kolisnyk, T. A. Kostina, Z. V. Shovkova, E. Yu. Ahmedov
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0)

A variety of biologically active compounds have
been found in raspberry leaves, including flavonoids,
phenolic acids, organic acids, ellagitannins, gallotan-
nins and proanthocyanidins [1, 2]. There is a rather
high interest in determining the amount of organic
acids in raspberry leaves in literary sources [3, 4].
According to these studies, the total amount of orga-
nic acids is relatively high and ranges from 1.1 to 2.3%j;
it makes raspberry leaves a promising raw material
of organic acids [5, 6].

Organic acids are a group of biologically active
compounds with a wide spectrum of the pharmaco-

logical activity. They reveal vitamin properties, pos-
sess the choleretic effect, and normalize the activity of
the digestive system. Organic acids regulate the sec-
retion of the bile and pancreatic juice, improve appe-
tite, possess bactericidal properties and reduce pu-
trefactive processes in the body [7].

Nowadays there are various analytical methods
for determining organic acids such as titration, ion
chromatography [8], high-performance liquid chro-
matography-ultraviolet detection (HPLC-UV) [9], ca-
pillary electrophoresis [10], gas chromatography (GC)
[11] and thin-layer chromatography [12].
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Although HPLC-UV and GC have been proposed for
the determination of organic acids before, they re-
quire high skillful analysts and expensive instruments.
In addition, most of the procedures previously descri-
bed require expensive instrumental setup. That is why
in the current work the method of alkalimetry with
potentiometric detection of the end-point was cho-
sen for determining organic acids in raspberry leaves
as it is simple, reliable, rapid and economical. Thus,
the aim of the study was to validate the method pro-
posed for the quantitative determination of free or-
ganic acids in raspberry leaves.

Experimental part

The study object was raspberry leaves collected
in the Kharkiv region during the period of full ripe-
ning, according to the rules of harvesting this type
of plant. Drying of leaves was carried out at a tem-
perature of 60°C to a residual humidity of not more
than 20%. A Hanna 2550 pH meter with HI 1131P
potentiometric electrode was used in the study. All tit-
rations were carried out manually. Free organic acids
were titrated using a microburette with Class A accu-
racy. Weighing was carried out using an AN100 digital
analytical balance (AXIS, Ukraine) with d = 0.0001 g.

Citric acid was purchased from Sigma Aldrich
(298%), NaOH was of analytical grade. In order to
prepare NaOH solution with the concentration of 0.05 M,
1.0 g of NaOH was dissolved in distilled water. The so-
lution was diluted to 250 mL with the same water
and standardized.

The procedure of the quantitative determina-
tion of free organic acids in raspberry leaves. Place
2.0 g (accurate weight) of the crushed raw material
in a 100 mL flask with a ground glass joint, then pour
40 mL of distilled water in the flask, equip it with
a condenser and keep the flask for 2 h on a boiling

250 —
225 —
200 —
175 —
150 —
125 —

AE/AV

100 —

water bath. After cooling quantitatively transfer the so-
lution into a 50 mL volumetric flask and dilute to the vo-
lume (solution A).

Place 5.00 mL of the solution A in a 100 mL flask,
and add 45.0 mL of distilled water with the subse-
quent titration of the solution by 0.05 M sodium hy-
droxide. After adding each portion of 0.05 M sodium
hydroxide mix the solution thoroughly, and record
the electrode potential.

The blank experiment was also performed. Accor-
ding to it, the blank volume of 0.05 M sodium hydro-
xide was 0.03 mL.

The content of organic acids in the solution was
calculated from the value of the equivalent volume
of the titrant. The equivalent volume of the titrant
was determined by a differential curve constructed
in the AE/AV -V coordinates. The equivalence point
was fixed at the maximum of the differential curve.
The perpendicular line was dropped to the horizon-
tal axis (the volume of the titrant) through the maxi-
mum, and the volume of the titrant spent on titra-
tion was determined (Fig. 1).

The content of free organic acids (X, %) with refe-
rence to citric acid in the completely dry raw mate-
rial was calculated by the following formula:

o (V= 1)-0.0032:50-100-100-K
) m-5-(100-W)

)’

where: 0.0032 - is the amount of citric acid equivalent
to 1 mL of sodium hydroxide solution (0.05 mol/L), g;
v, —is the volume of sodium hydroxide solution
(0.05 mol/L) used for titration, mL; V - is volume of
sodium hydroxide solution (0.05 mol/L) spent for ti-
tration in the blank experiment, mL; m - is the mass
of the raw material used, g; K - is the correction co-
efficient for 0.05 mol/L sodium hydroxide solution;
W - is the loss on drying of the raw material, %.

V eq.

|
|
|
|
|
|
|
|
|
|
|
I
|
I
I
I
|
|
|
|

| |
0.00 0.05 0.10 O.

| | | | | | | | | | | |
15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80

Volume of titrant, mL

Fig. 1. The potentiometric titration curve of determination total free organic acids in raspberry leaves
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Validation

Validation of the alkalimetric method for the quan-
titative determination of the amount of free organic
acids in raspberry leaves by potentiometric titration
was performed according to the International Confe-
rence on Harmonization (ICH). The titrimetric method
proposed was validated by the following parameters:
specificity, accuracy, linearity, repeatability, interme-
diate precision, robustness.

The specificity of the method was studied by po-
tentiometric titration of the solvent.

The accuracy was verified by the method of addi-
tives in a triplicate analysis of three levels of concen-
tration of organic acids corresponding to 40, 60, 80%
of the working concentrations of organic acids. The stan-
dard solution of citric acid was prepared as follows:
0.076 g (accurate weight) of citric acid was placed in
a 200.00 mL volumetric flask, and the solution was
diluted to the volume with distilled water. Then an ali-
quot of the resulting standard solution of 2.00, 3.00,
4.00 mL was taken and placed in a 100.0 mL flask.
After that 5.00 mL of the extract obtained from rasp-
berry leaves was added to the flask, then 45.0 mL of
distilled water was added, and the solution was titra-
ted. The evaluation criterion in determining the accu-
racy was the value of the relative standard deviation
(RSD), which according to the requirements should
be not more than 2%, and the percentage of recovery
should be from 95 to 105 %.

The linearity of the method was studied at 9 concen-
tration levels (40, 60, 80,100,120, 140,160, 180,200%)
of the theoretical content of the total amount of free
organicacids (calculated with reference to citric acid, %)
in raspberry leaves. In order to evaluate linearity of
the method, different aliquots of the extract were taken
(2.00; 3.00; 4.00; 5.00; 6.00; 7.00; 8.00; 9.00; 10.00 mL).
After that each aliquot was placed in a 100.0 mL flask
and diluted to the volume with distilled water. The quan-
titative content of the total amount of free organic
acids (calculated with reference to citric acid, %) in
raspberry leaves in the solutions obtained was then
determined according to the alkalimetry method of
titration. The linearity was assessed by a linear rela-
tionship between the concentration of the total amount
of free organic acids and the equivalent volume of
the titrant, as well as the correlation coefficient calcu-
lated. The linear regression was calculated by the me-
thod of least squares to obtain the regression equa-
tion and determine the correlation coefficient (r?).
According to the requirements of ICH, the value of
the correlation coefficient when studying the linea-
rity of the analytical method for determining the quan-
titative content of the active substance should be 20.999.

The repeatability of the method was checked by
preparing an aqueous extract of raspberry leaves from
6 portions of the raw material within a short period of

time using the same set of reagents and with the par-
ticipation of the same analyst. The intermediate pre-
cision was determined as described above in the same
laboratory, but in different days. The acceptance crite-
rion is expressed by the value of the relative standard
deviation, which should not exceed 2%.

The robustness of the potentiometric procedure
was tested at 100% concentration of free organic
acids with the participation of two different analysts
and two different burettes. The acceptance criterion
is expressed by the value of the relative standard de-
viation, which should not exceed 2%.

The statistical processing of experimental data ob-
tained was performed in accordance with the mono-
graph «Statistical analysis of the results of a chemical
experiment» of the State Pharmacopeia of Ukraine.

Results and discussion

When studying the specificity of the method, it was
shown that the solvent used in the samples prepara-
tion and the probable impurities did not affect the re-
sult of the quantification of the amount of free or-
ganic acids in raspberry leaves (Table 1).

Linearity was proven in the concentration range
from 40% to 200%. A calibration curve of the de-
pendence of the equivalent volume of the titrant
values on the volume of aliquots of the extract from
raspberry leaves was plotted (Fig. 2). The regres-
sion equation of the curve had the following form:
y = 0.1667x - 0.2722. The value of the correlation
coefficient (r?) was equal to 0.9991 (Fig. 2).

When testing the method for the quantitative de-
termination of the amount of free organic acids by li-
nearity parameters it was found that the correlation
coefficient (r?) was 0.9991. Therefore, there is a di-
rect linear relation between the equivalent volume
of the titrant and the concentration of organic acids.

Table 1

The results of the titration to prove the specificity
of the method developed (n =3, P = 95%)

ey ML Contznctié)sf (z/zganlc Statistical analysis

Blank experiment (titration of distilled water)
0.03 0.05

0.045 £ 0.02%
0.02 0.035 5. =0.0014
0.03 0.05

Results of titration of the extract from raspberry leaves
0.57 1.00
1.00 £ 0.02%

0.56 0.99 s =0.0033
0.57 1.00
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Fig. 2. The calibration curve of the titrant volume vs the volume of an aliquot of the extract prepared

Table 2
Recovery studies by the procedure of standard additions
Toresentg | addedg | adsrakeng | recoveredrg | Recoven:% | SD.% | RSD.%
0.024 99.17
0.019 0.0052 0.0242 0.0248 102.48
0.0246 101.65
0.032 98.77
0.019 0.0134 0.0324 0.033 101.85 1.46 1.45

0.0326 100.62
0.037 98.93
0.019 0.0184 0.0374 0.0372 99.47
0.0378 101.07

Table 3 The accuracy of the method was assessed using

Repeatability of organic acids in raspberry leaves

Number of samples

Content of free
organic acids, %

1 0.95
2 0.97
3 0.93
4 0.95
5 0.95
6 0.95
Mean, % 0.95
SD 0.0151
Confidence interval (P = 95%), % 0.0120
RSD, % 1.58

56

the percentage of recovery and the relative standard
deviation. The percentage of recovery was found to
be in the range from 98.77 to 102.48%, and its ave-
rage value was 100.45 %, the value of the relative
standard deviation when assessing the correctness
of the method was 1.45% and did not exceed 2%
(Table 2).

The precision of the method was confirmed by
repeatability and intermediate precision. The values
of RSD for repeatability and intermediate precision
were 1.58 and 1.74 %, respectively. The RSD values
were less than 2%. It proves that the method is pre-
cise (Tables 3, 4).

The robustness of the method was determined
by changing the analyst and burette. [t was found that
the RSD values of inter-analyst and inter-burette were
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Table 4
Intermediate precision of organic acids in raspberry leaves
Content of free organic acids, %
Number of samples
The first day The second day

1 0.95 0.93

2 0.95 0.93

3 0.93 0.95

4 0.97 0.97

5 0.93 0.95

6 0.95 0.97

Mean, % 0.95 0.95

SD 0.0151 0.0179
Confidence interval (P = 95%), % 0.0120 0.0143

Mean, % 1.59 1.88

Mean RSD, % 1.74
Table 5
Robustness of organic acids in raspberry leaves
. Content of free organic acids, % RSD, %
Conce.ntrat.|on c? f The second The second
organic acids, % | The first analyst analyst The first burette burette Inter-analysts | Inter-burettes
0.95 0.95 0.95 0.97 0.93
0.95 0.95 0.95 0.97 0.95
0.95 0.97 0.93 0.97 0.97
1.52 1.37

0.95 0.97 0.93 0.95 0.93
0.95 0.93 0.93 0.95 0.95
0.95 0.93 0.95 0.95 0.95

1.52 and 1.37 %, respectively. The RSD values were
less than 2%, showing that minor changes in condi-
tions have little effect on the results (Table 5).

Conclusions

The alkalimetric method for the quantitative de-
termination of free organic acids in the raspberry

leaves has been developed and validated according
to the following parameters: specificity, linearity, ac-
curacy, repeatability, intermediate precision, robust-
ness. [t has been confirmed that the method is simple,
reliable, accurate and cost-effective.
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