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Synthesis and growth regulatory activity
of guaianolide estafiatine and its derivatives

In this work, methods for directed synthesis of practically significant derivatives of guaianolide estafiatine
were considered. It is shown that a-epoxy cycle, which is present in the molecule of estafiatine determines the
stereo — and regioselectivity of nucleophilic addition and obtaining new biologically active derivatives. Dis-
cussed in this paper sesquiterpene lactone estafiatine and its derivatives were studied in terms of obtaining
new biologically active compounds and the influence of structural features of the molecules of this series on
their biological activity. During of performed bio-experiments, growth regulatory activity of series of
estafiatine derivatives was found.
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Terpenoid compounds, in particular, widespread in nature, sesquiterpene y-lactones are active principle
of many medicinal plants of the Compositae family (Asteraceae). In this regard, the synthesis of new deriva-
tives of natural sesquiterpene y-lactones with further consideration of the biological activity of the obtained
compounds represents a scientific and practical interest [1-3].

In this work, the results of chemical transformations of estafiatine (1) are presented. Estafiatine is avail-
able sesquiterpene y-lactone of guaian-type. Estafiatine was isolated by us from widespread in Central Ka-
zakhstan Noble Yarrow. Considering that there are many literary reports about chemical transformations of
guaianolides by exomethylene group of y-lactone cycle, by double bond at C3=C4, C4=C15, by oxy-
function, molecule of estafiatine (1) is a convenient model for targeted modifications by a-epoxy cycle at
C3—C4. One of the areas of modifications by epoxy cycle of estafiatine molecule (1) is obtaining on its base
fragment with a, B-unsaturated keto-group, assuch functional group, being a good alkylating center, can pos-
itively affect the biological activity of the obtained compound.

So, the isomerization of a-epoxy cycle of the' molecule (1) with subsequent oxidation of the resulting
secondary hydroxyl group was carried out by us. At the first stage interaction of estafiatine (1) with alumi-
num isopropylate in toluene led to derivative (2) in the form of a colorless crystalline compound of composi-
tion C;sH 303, mp 142—-144 °C, 90.% yield. Performed 'H NMR-spectroscopic research (Table 1) allowed us
to establish for compound (2) structure of 3a-hydroxy-guaia-4(15),10(14),11(13)-triene-6,12-olide, which
turned out to be identical guaianolide isozaluzanin C, isolated from Saussurea Lappa [4]. At the next stage,
the obtained derivative«(2) was.oxidized with chromium trioxide in pyridine. Thus, a crystalline compound
(3) of composition C;sH;c0; was obtained, mp 134—135 °C, 95 % yield. The presence in the molecule of the
conjugated o, B-unsaturated keto-group (table 1) is also confirmed by UV-spectrum (217 nm, E 1420), which
clearly indicates the formation of 3-keto-guaia-4(15),10(14),11(13)-triene-6,12-olide. It turned out to be
identical 3-keto-4-methylene-cis-guaianolide, isolated from Brachylaena transvaalensis Hutch.ex Phill. Et
Schweick [5].
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Acetylation of isozaluzanin C (2) with acetic anhydride in pyridine led to acetyl-derivative (4) in the
form of a colorless oil. Composition Ci7H;,0,, [oc]D26 +8,8° (0,0045, chloroform), 96 % yield. On the basis of
spectral data (Table 1) was found that the compound (4) had the structure of 3a-acetoxy-guaia-4(15), 10(14),
11(13)-triene-6,12-olide.
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Table 1
"H NMR-spectrum data of estafiatine (1) and compounds (2)-(4), (6)-(8)
Number Protons
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Notes. s (singlet); d (doublet); t (triplet); quint (quintet); brs (broad singlet); brt (broad triplet); brd (broad doublet).
'"H NMR spectra of all obtained compounds were registered on a spectrometer Bruker Avance-400 (operating frequen-
cy 400,13 MHz), solvent CDCl;, internal reference TMS.

In terms of another approach for the preparation of 3-keto-derivative of estafiatine (1), reaction with bo-
ron trifluoride in chloroform was carried out by us. In this case;, colorless crystalline compound (5) was ob-
tained. Composition C;sH;30;, mp 140-142 °C (from ethyl acetate), [o]p'’ + 126°, (0,005; chloroform). Mol-
ecule of the obtained compound (5) contains a carbonyl group (IR-spectrum: 1745 cm™), which is also con-
firmed by "H NMR spectrum (Table 1). Comparison of physico-chemical and spectral data of the molecule
(5) with the literature data [5—7], we were able'toidentify it as guaianolide estafiatine with the structure of
3-keto-1,5,7a(H),4,63(H)-guaia-10(14),11(13)-dien-6,12-olide (5):
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In order to obtain analogy of chlorine-containing biologically active guaianolides, the interaction
estafiatine (1):with gaseous hydrogen chloride in methanol was investigated by us. In this case a mixture of
two_compounds was formed. Rf value 0,55 and 0,45, TLC system: diethyl ether. After chromatography on
silica gel two derivatives (6) and (7) were isolated with 80 % and 15 % yields respectively. On the basis of
spectral data (table 1), we can conclude that in the course of this reaction two isomeric chlorohydrins were
formed.

In order to confirm the location of the hydroxyl group in these molecules, acetylation reactions were
carried out. The interaction of the main chlorohydrin (6) with acetic anhydride in pyridine at room tempera-
ture does not lead to the acetate derivative. This shows that the hydroxyl group in the molecule (6) is tertiary.
Acetylation of the second derivative (7) in the same conditions led to acetate with 60 % yield. The presence
of acetyl group is confirmed by the data of IR-spectrum (1756 and 1250 cm™) and "H NMR spectrum (Ta-
ble 1). Therefore, structure of 3a-acetoxy-4p-chloro-guaia-10(14),11(13)-dien-6,12-olide can be proposed
for acetoxy-derivative (8). From this it follows that the initial chlorohydrin (7) has structure of 3a-hydroxy-
4B-chloro-guaia-10(14), 11(13)-dien-6, 12-olide, as a consequence, the main isomer (6) has the structure of
3B-chloro-4a-hydroxy-guaia-10(14), 11(13)-dien-6,12-olide:
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Thus, the reaction of oxirane ring-opening of estafiatine molecule (1) is stereoselective. It can be ex-
plained by the small conformational mobility of this molecule.

Also, growth regulatory activity of estafiatine (1) and its derivatives (2), (5) and (6) was studied by us.
Growth regulatory activity was determined by actions on the seed germination of mustard (Sinaps arvensis
L.) and common wild oat (Avena fatua). Compounds (1), (5), (6) and (2) were investigated in comparison
with drugs triallate and oktalon, which used in practice. Water was control sample. Germination of mustard
seeds was determined after 24 hours, wild oats — 72 hours. Determining of least significant difference was
carried out with standard biometric methods using computers. The results of the tests are presented in Tables
2 and 3.

Table 2
Influence of estafiatine (1) and its derivatives on germination of mustard seeds

Variants of experiments, Concentration, The number of germi- o
Ne 2 % of inhibition
names of compounds g/cm nated mustard seeds
1 |Control (water) — 47,5433 0
2 |Standard (oktalon) 6,29x10° 33+14,75 31
3 |Estafiatine (1) 6,29x10:° 42+5,75 12
4 |Keto-estafiatine (5) 6,29x10 ° 41+6,5 14
5 |Chlorohydrin — estafiatine (6) 6,34x10°° 35+12,5 26
6 |3-Hydroxy-4-methylene-estafiatine (2) 6,45x10° 34+£13,5 28,4
Notes. LSD (Least Significant Difference) — 5,017; SX (accuracy of experience) — 4,762.

Table 3
Influence of estafiatine (1) and its derivatives on germination of wild oat seeds

No Variants of experiments; Concentration, g/em’ The number of germi- 9% of inhibition
names of compounds nated wild oat seeds

1 |Control (water) - 49+5,4 0

2 |Standard (oktalon) 6,3x10° 33+16,25 33

3 |Estafiatine (1) 6,28x10° 444525 11

4 |Keto-estafiatine (5) 6,35x10°° 37£12 24,5

5 |Chlorohydrin — estafiatine (6) 6,29x10°° 34+£15,25 31,2

6 |3-Hydroxy-4-methylene-estafiatine (2) 5,83x10° 43+6 12
Notes. LSD.(Least Significant Difference) — 2,825; SX (accuracy of experience) — 2,506.

The study of growth regulatory activity of estafiatine (1) and its three derivatives on the germination of
wild oats and mustard seeds at a concentration 5,83x10°° — 6,45x10° g/cm® showed significant inhibitory
activity. Moreover, the introduction of a chlorine atom, a hydroxyl group or a double bond in the molecule of
estafiatine significantly increases its activity. Thus, inhibition of germination of mustard seeds by 3-chloro-4-
hydroxy derivative of estafiatine (6) at a concentration 6,34x10° g/cm’, and by 3-hydroxy-4-methylene-
estafiatine (2) at a concentration 6,45x10° g/cm’ was 2 times higher than the activity of original
estafiatine (1). And introduction of a keto-group in the structure of estafiatine did not affect activity. The ef-
fect on the germination of wild oat seeds by 3-chloro-4-hydroxy derivative (6) at a concentration of
6,29x10"° g/cm” was 3 times higher than the action of estafiatine (1).

Thus, the results of bioscreening of estafiatine and its derivatives show that the introduction of alkylat-
ing centers in the molecule of sesquiterpene lactone, such as a,p-unsaturated keto-group, and functional
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groups such as hydroxyl, halogen atoms contribute to a targeted change of their growth regulatory activity.
Synthesized biologically active compounds can be the basis for creation of new practically valuable drugs.
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JcTtadUaTHH KOHE OHbIH TYbIHAbLIAPBIHbIH CUHTE31
MeH ocy/i perrerim 0esiceHaiIiri

Makanaza rBastHONIH] dcTaQUATUHHIH MPAKTHUKAJIBIK MaHBI3AbI TYBIHIBUIAPBIHBIH CHHTE31 KapacThIPbUIFaH.
OcraduaTH MOJIEKYJIaChIHIAFBl O-OMOKCHATIK UUKIMIH OOMybl HYKICO(PUIBAI KOCBUIy DPEaKUUSICHIHBIH
CTEpeO- JKOHE PErHOCECKTHBTITIH AaHBIKTAHTBIHBIH KOPCETTI. ABTOpiap 3epTTey OapbhIChIHAA ajbIHFaH
CECKBHUTEPIICH/II JIAKTOH 3CTa(UaTHH >KOHE OHBIH MOJM(UKAIWMSsIAHFaH TYBIHABUIAPHI KaHA OMOIOTHSIIBIK
OeJIceH Tl 3aTTap Ikl ATy JKOHE ANTBIHFAH 3aTTap KYPBUIBICTAPBIHBIH OHBIH OHOJIOTHSIIBIK OCJICEHIUTITIHE dCepiH
aHbBIKTabl. JKypri3ireH OHOJIOTHSUIBIK 3epTTEYJIEepAiH HOTIDKeCiHIe 3CTadMaTHH TYBIHIBUIAPBIHBIH OCyi
perrerint GenceHaiTiri OaiKambL.

H.Mepxatynsl, C.b.AbeyoBa, A.T.Omaposa, JI.H.Tokraposa, XX.E.CyneiimenoBa

Cunre3 n pocTperyJaupyromasi akTuBHOCTb 3CTa(l)I/IaTl/IHa H €r0 NPOU3BOAHBIX

B crathe paccMOTpPEHBI MOAXOABI K HANpPaBICHHOMY CHHTE3y IPAaKTHYECKH 3HAYUMBIX IPOM3BOJIHBIX
rpasHoNnAa d¢TaduaTHHA. [loKa3aHO, YTO HAIMYME B MOJIEKyJe 3craduaTvHa 0-3HOKCHIHOTO IHUKIA
OIpENeNsACT CTEPeO- M PErMOCENeKTHBHOCTh HYKJICO(DUIBHOTO INPUCOCAMHEHUS M IOJY4YEeHHs HOBBIX
OMOJOTHYECKH aKTHUBHBIX NPOM3BONHBIX. OOCYKIaeMblii CECKBUTEPIICHOBBIH JTaKTOH — 3cTaduaTuH U ero
TIPOM3BOHEIE OBUIM M3YYCHBI B IUIAHE IMOJTYYCHUS HOBBIX OMOJIOTMYECKHM aKTUBHBIX BEIISCTB WM BIMSHHS
CTPYKTYPHBIX OCOOEGHHOCTEH MOJIEKYJl JaHHOTO psfa Ha MX OMOJIOTMYECKYyI0 aKTUBHOCTb. B Xozme mpo-
BEJICHHBIX OMOUCIIBITAHIH OOHapy)KeHa POCTPETYIUPYIOIast aKTHBHOCTH Psi/ia HPOU3BOAHBIX dCTadHaTHHA.
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