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Synthesis and anti-inflammatory, cytotoxic activity
of heteroatomic derivatives of estafiatine

Amination reactions of guaianolide of estafiatine were investigated in' this article. It is shown that secondary
amines interact only with the conjugated exomethylene bond of the lactone cycle with the formation of Mi-
chael adducts. Discussed in this paper sesquiterpene lactone estafiatine'(1) and its modified derivatives were
studied in order to obtain new biologically active compounds and to determine of influence of structural fea-
tures of the molecules of this series on their biological activity. It is found that the number of synthesized ni-
trogen-containing derivatives of estafiatine have anti-inflammatory and cytotoxic activity.
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Guaianolides are a large group of evolutionary-related secondary metabolites, which are descended
from a common bicyclic guaian sesquiterpene skeleton. More than thousand different guaianolides were iso-
lated from natural sources. Most of them have expressed biological activity. These natural compounds were
popular targets for total synthesis for more than three decades, and interest in them has been updated based
on the latest understanding of their biological and possible pharmacological relevance [1-3].

It is known that exomethylene double bond conjugated with the carbonyl of y-lactone cycle is one of the
characteristic groups in the structure of most natural biologically active guaianolides. It is considered that the
presence of this group affects the biological activity of the molecules of the compounds of this series [4, 5].

In this regard, the study of the amination reaction of guaianolide estafiatine (1), which was isolated
from Noble Yarrow (Achillea nobilis L.) with method of water extraction induces interest for us.

Interaction of estafiatine (1) with monoethanolamine and methylamine in ethanol medium under reflux
leads to the formation of hydroxy amides (2) and (4) with 65 % and 53 % yields, and amines (3) and (5) with
20 % and 30% Tyields. Interaction of estafiatine (1) with benzylamine leads only to amine (6) with 96 %
yield. 'TH-NMR spectrum data of obtained compounds are shown in Table 1.
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The reaction of conjugated nucleophilic addition of amines by exomethylene group of y-lactone cycle

occurs stereoselectively with formation of amines which have a-oriented C-13 carbon atom.

Table 1
"H-NMR-spectrum data of compounds (1)—(6)
Compounds
Protons
(€] 2 3) 4 (&) Q)
Me-4 1,53s 1,56 s 1,50 s 1,53 s 1,56 s 1,53 s
H-3 3,28 brs 3,28 brs 3,75 brs 2,84 brs 2,90 brs 2,84 brs
H-6 4E?é ‘51?9‘;‘t 4,0 £ (10) 3,95 t (10) 3,34 t (10) 3,18 £ (10) 3,03 'brt (9)
H-13a 5(’;25)(1 5,40d (2,5) 2,67 m 5,41d(3) 2,50d (3) 2,53 m
6,12d
H-13b (3.5) 6,1d(2,5) 2,67 m 6,21d(3) 2,50 m 2,53 m
H-14a 4,78 brs 4,78 brs 4,75 brs 4,53 brs 4,56 brs 4,50 brs
H-14b 4,78 brs 4,90 brs 4,82 brd 4,45 brs 4,64 brs 4,56 brs
. CONH
couicrpon it | G T kol I v
Other protons - i ’ ’ > 12,52 brs (1H), | 2,70 brs (IH), |-3,43 s (1H), 7,09
(7’5)(51’{1)7 brs brz’(lfﬂ) 1.84s 1.90 s (3H) brs (SH)
@H)
Notes. s (singlet); brs (broad singlet); d (doublet); t (triplet); quint|(quintet); m (multiplet); brt (broad triplet).
'"H NMR spectra of all obtained compounds were registered on a spectrometer Bruker Avance-400 (operating frequen-
cy 400,13 MHz), solvent CDCI3, internal reference TMS.

The reactions of conjugated nucleophilic addition of acyclic and cyclic amines by exomethylene group
of y-lactone cycle of (1) were investigated by us in detail.

Thus, reaction of (1) with diethanolamine, diethylamine, dimethylamine, piperidine and morpholine in
ethanol medium under reflux leads to aminoadduets (7)—(11) with 95 % yields ("H-NMR spectrum data are
shown in Table 2).

(7) RR=-CH (10 RR=ACth)s
®)=-GH (11)=-GHOH
©)=AOH,AOh),

It is obvious that reaction of guaian (1) with secondary amines controls with range of hardness and soft-
ness of bases by Pearson concept.

The anti-inflammatory and cytotoxic activity (in vitro) of the synthesized nitrogen-containing deriva-
tives of estafiatine (1) was studied by us. The nitrogen-containing derivatives of estafiatine (1) (Table 3)
were evaluated for anti-inflammatory and cytotoxicity activities using two cell lines, including mouse
J774.A1 macrophage cells and human THP-1Blue monocytic cells. Anti-inflammatory effect was estimated
as ability of test compound to inhibit lipopolysaccharide (LPS)-induced production of nitric oxide (NO) and
pro-inflammatory cytokines interleukin 6 (IL-6) and tumor necrosis factor (TNF) in J774.A1 cells or NF-kB-
dependent production of alkaline phosphatase (AP) in transfected cells THP-1Blue. Cytokines were meas-
ured in cell supernatants using enzyme-linked immunosorbent assay (ELISA). NO production in the cell su-
pernatants was measured using Griess reagent. AP production was measured using specific substrate Quanti-
BlueTM. Cytotoxicity was analyzed with a CellTiter-Glo Luminescent Cell Viability Assay Kit.

By looking at the table 3 we can see that estafiatine (1) and its dimethylamino-derivative (7) were found
to have a potent anti-inflammatory activity at nontoxic concentrations. Morpholine-(9), piperidine-(10) and
benzylamino-(6) derivatives were low-active or inactive at tested concentrations (<150 pM). Inspection of
these compounds suggested that bulky substituents could alter ligand interaction with a biological target.
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Table 2
"H-NMR-spectrum data of compounds (1), (7)—(11)
Compounds
Protons
(€] @) ®) &) (10) a1
Me-4 1,53 s 1,56 s 1,56 s 1,59 s 1,56 s 1,20d
H-3 3,28 brs 2,09 brs 3,31 brs 2,89 brs 2,87 brs -
H-6 4&?(1) 2‘39‘;“ 3,12t(10)| 4,0 brt (10) 3,12 £ (10) 3,12 £ (10) 3,18 £ (10)
2,37 dd 2,50 brd
H-13a 5,42d(3,5) (8:9) 2,43 m 2,0l m 2.5) 3,87 brs
2,65 dd 2,65 brd
H-13b 6,12d (3,5) (8:9) 2,43 m 2,0l m 2.5) 3,87 brs
H-14a 4,78brs | 4,53d(3) 4,87 brs 4,39d (2,5 4,53d(2,5) 4,65 d (2,5)
H-14b 4,78 brs | 4,53d(3) 4,87 brs 4,39d (2,5 4,53d(2,5) 4,65 d (2,5)
Other N(CHz)o; | NCHCHy) 1 \op) occry)y: | NEHDs 0 Niem,C,0m),
- 1,89 s 2,18 m (4H), 2,78 brs
protons (6H) 0.93 t (6H, 9) 3,37 brt (8H, 4) (10H) —-3,51 brs (4H)
Notes. s (singlet); brs (broad singlet); d (doublet); dd (doublet of doublets); t/(triplet); quint (quintet); brd (broad
doublet); m (multiplet); brt (broad triplet). '"H NMR spectra of all obtained compounds werg registered on a spectrome-
ter Bruker Avance-400 (operating frequency 400,13 MHz), solvent CDCl;, internal reference TMS.

Table 3

Ability of sesquiterpene lactones of estafiatine (1) and its derivatives to inhibit
lipopolysaccharide (LPS)-induced production of nitric oxide (NO), cytokines
and alkaline phosphatase (AP) in mouse and human cell lines, and cytotoxicity evaluation

J774.A1 cells THP-1Blue cells
Compounds TNF | IL-6 | NO Cytotoxicity AP Cytotoxicity
[Csp, UM ICys, UM [Csp, UM ICys, UM
Estafiatine (1) 11.1£1.3 6.0+0.7 4.9+£0.6 ~145 7.7+£0.8 64.8+6.7
(10) N.A. N.A. 122+ 1.7 N.T 39.5+£2.8 N.T
(6) N.A. 71.6+£5.4 31.2+2.6 N.T 124.4+16.9 N.T
©) N.A. N.A. 20.5+2.2 N.T 89.245.1 N.T
@) 6.3+0.9 3.3+£0.41 2.1+0.4 40.2+ 3.6 5.8+£04 42.6+52
Notes. N.A., no inhibition at concentrations <150 pM; N.T., nontoxic at concentrations <150 uM.

Thus, in the course of the research it was found that nitrogen-containing derivatives of estafiatine (1)
had expressed anti-inflammatory and cytotoxic activity at non-toxic concentrations.
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JdcrapuaTHHHIH reTepoaTOMKYPaM/Ibl TYbIHAbLIAPbIHBIH CHHTE31
JKOHe KaObIHYFa KapChl, HUTOTOKCUKAJIBIK OeJICeHATiri

Makanazna rBasiHONMM dcTaQUATHHHIH aMHUHICY peakUUsIapbl 3epTTenfi. EKIHIIIK aMUHOEP JAKTOHIBI
IUKJIIH KOCapJlaHFaH SK30METHICHAI OalTaHBICHIMCH OpEKeTTECill, HOTIKeciHae Muxasib aIyKTapbl
TY3UIeTiHI aHBIKTaJ/BL. 3epTTey OapBICHIHAA albIHFaH CECKBUTEpIEH/I JIAaKTOH dcraduatud (1) »oHe OHBIH
Moau(UKAIMSIIAaHFaH TYBIHABUIAPHI KaHa OHOJOTHSIBIK OEICeH/I 3aTTap/bl aly JKOHE allbIHFaH 3aTTap
KYPBUIBICTApEIHBIH OHBIH OMOJIOTHSUIBIK O€JICeHIUIriHe aCepiH aHBIKTay YIIH OenriteHsmi. DcraduaTHHHIH
CHHTE3JIeJiN aJbIHFaH a30TKYPaMIbl TYBIHIbUIAPHl KAaOBIHYFa KapChl OHE LIMTOTOKCHKAIBIK OCICEHAiNIK
KOPCETETiHI aHBIKTAII/IbI.

H.Mepxarynsl, M. A Illenerkun, C.b.AGeyona,
A.T.Omaposa, A.H.Uckanaepos, JI.H.TokTapoBa

Cunre3 n NMPOTUBOBOCHIAIUTEC/IbHAA, HUTOTOKCHYCCKAA AKTUBHOCTD
rerepoaToMcCcoacpsRalux Inpou3BoJAHbIX 3CTa(l)I/laTI/lHa

B crarbe u3ydeHsl peaklMd aMHHUPOBAaHMS TBasHONIMIA dcraduaTuHa. [okasaHo, YTO BTOPHYHBIC aMUHBI
B3aMMOJICHCTBYIOT TOJBKO C CONPSIKEHHOH SK30METHJICHOBOI CBS3bIO JIAKTOHHOTO. IMKJIA ¢ 00pa3oBaHHEM
anaykToB Muxasms. OGCyK1aeMblil CECKBUTEPIICHOBBIN akToH.a¢cTaduatnH (1) 1 ero MoaubuIupoOBaHHbIC
TIPOM3BOIHEIE OBLIM W3YYEHHI B IIAHE MOTYUSHUS] HOBBIX OHMOJIOTHYECKH aKTHBHBIX BEIECTB M ONPEAEICHUS
BIIMSTHHSL CTPYKTYPHBIX OCOOSHHOCTE! MOJIEKYJT JaHHOTO psiia Ha UX. OMOJIOTHYIECKYI0 aKTHBHOCTh. Y CTaHOB-
JICHO, YTO DS CHHTE3MPOBAHHBIX a30TCOJEPIKAINX MPOMU3BOMHBIX dcraduaTuHa 00JaJaloT IPOTHBOBOCIA-
JIUTETHHON ¥ INTOTOKCHYECKOH aKTHBHOCTBIO.
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