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Abstract

As part of the ongoing study of the plant Tanacetopsis karataviensis, this article presents
the results of the isolation of the sesquiterpene lactone ridentin and the flavonoids eupatilin
and luteolin from its aerial parts. The 'H NMR spectrum of ridentin, recorded in DMSO-d, +
CCl,, did not provide complete information on the splitting patterns and coupling constants of
certain protons. The X-ray crystallographic analysis confirmed the spatial structure of ridentin,
which contains a 10-membered labile germacranolide macrocycle. The macrocyclic conforma-
tion of ridentin differs from that observed in the known compound subchrysine, particularly
in the syn-orientation of the exo-bonds at C14 and C15. The conditional macrocycle form of
subchrysine (udCT) differs from the uuCC conformation observed in ridentin crystals. These
energetically favorable conformations undergo mutual interconversion in solution at room
temperature. However, the absolute configuration of the ridentin molecule, according to X-ray
crystallographic data, remains 1R, 3S, 6R, 7S, with an endo double bond configuration of 4E
in the macrocycle.

Ridentin, eupatilin and luteolin have been isolated from Tanacetopsis karataviensis for the
first time.
Keywords: Tanacetopsis karataviensis, ridentin, eupatilin, luteolin, NMR spectroscopy,
X-ray
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1. Introduction

The genus Tanacetopsis (Tzvelev) Kova-
levsk, belonging to the family Asteraceae,
includes more than 20 species, of which 9
species grow in Uzbekistan (The Plant List.
(n.d.).). Tanacetopsis karataviensis (Kova-
levsk.) Kovalevsk. (Syn. Cancrinia karat-
avica Tzvelev, Lepidolopsis karataviensis
(Kovalevsk.) Myrzakulov, Tanacetum karat-
aviense Kovalevsk.) is a perennial plant na-
tive to Central Asia (Tanacetopsis karat-
aviensis (Kovalevsk.) Kovalevsk. (n.d.).
Plantarium:).

In traditional medicine, Tanacetopsis
karataviensisis used as an anthelmintica-
gent (Dusmatova, D. E. et. al., 2021), and the
chloroform fraction of its ethanol extract ex-
hibits cytotoxic activity (Hashimova, Z. S. et.
al., 2022).

Previous phytochemical studies have
shown that the aerial part of Tanacetopsis
karataviensis is a source of sesquiterpene
lactones (Dusmatova, D. E. et. al., 2021;
Dusmatova, D. E. et. al., 2022), as well as fla-
vonoids and triterpenoids (Dusmatova, D. E.
et. al., 2024). As part of the ongoing research
on Tanacetopsis karataviensis, this study
presents the isolation and structural determi-
nation of the sesquiterpene lactone ridentin
(1) and the flavonoids eupatilin (2) and lu-
teolin (3) using spectroscopic methods. The
spatial structure of ridentin was established
based on X-ray crystallographic analysis.

2. Experimental

2.1 Plant material

The aerial part of Tanacetopsis karata-
viensis was collected in the Jizzakh region,
near the Ukhum settlement, close to Mount
Beshbarmok, during the flowering period
(May 2023). The species was identified by Dr.
Beshko N.Yu. by comparing it with a herbari-
um specimen (voucher specimen No. 9341G)
from the Herbarium Fund of the Institute of
Botany of the Academy of Sciences of the Re-
public of Uzbekistan.

2.2. General methods

The melting point was determined using
a Melting Point Tester (BMP-M70 model,
Biobase, China). The IR spectrum was re-
corded on a Fourier transform spectrome-
ter (Perkin-Elmer System 2000, KBr). The
1H and 13C NMR spectra were recorded on
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a JNM-ECZ 400R NMR spectrometer at 600
MHz (internal standard TMS). For thin-lay-
er chromatography (TLC), Sorbfil (Russia)
and Whatman® UV-254 (Germany) plates
were used. As a developer, iodine vapors and
a solution of vanillin with sulfuric acid in ab-
solute ethanol were applied.

2.3. Isolation of secondary metab-
olites 1-3

The air-dried and crushed aerial part (1.1
kg) was extracted five times with 95% ethanol,
ensuring that the plant material was com-
pletely immersed in the solvent each time. The
contact time for each extraction was 12 hours.
The combined extracts were then concentrat-
ed under vacuum, yielding a concentrated ex-
tract (0.5 L). This extract was then fractionat-
ed using sequential liquid-liquid extraction in
a separatory funnel with solvents: extraction
benzine (BR-2 grade), chloroform, ethyl ace-
tate. As a result, the following fractions were
obtained: 5.4 g of the extraction benzene frac-
tion, 28.63 g of the chloroform fraction, 14.52
g of the ethyl acetate fraction.

The chloroform fraction (28.63 g) was
subjected to column chromatography using
silica gel (KSK grade). From the chloroform
fraction of the ethanol extract, elution frac-
tions 116—136, obtained using a chromato-
graphic column with a solvent system (ex-
traction benzine-ethyl acetate, 2:1), yielded
a crystalline compound 1, beige-colored,
melting point 215-218°C (ethanol).

2.3.1. Ridentin (1). IR spectrum (v__, KBr,
cm™): 3305 (OH), 2913 (C-H), 2879, 1762 (C=0
y-lactone), 1668, 1643 (C=C), 1441, 1402, 1306,
1264 (C=C), 1156 (C-0), 1077, 1049, 988, 959,
977,914, 893, 878, 813, 788, 768, 704, 633, 589,
559, 538, 507, 439.

1H NMR (600 MHz, DMSO-d, + CCL, §,
ppm, J/Hz): 1.60 (1H, m, overlapped, H-8a),
1.65 (3H, s, H-15), 1.81 (1H, br.d, J = 13.2,
H-9a), 1.89 (2H, dd, J = 11.9, 10.8, H-2b,
8b), 2.25 (1H, tdd, J = 13.3, 10.8, 2.5, H-9b),
2.79 (1H, br. s, H-7), 3.76 (1H, br. s, OH),
4.03 (1H, br. d, J = 10.8, H-1), 4.28 (1H, br.
s, H-3), 4.42 (1H, t, J = 9.1, H-6), 4.72 (1H,
br. s, OH), 4.75 (1H, s, H-14a), 5.05 (1H, s,
H-14b), 5.24 (1H, d, J = 9.9, H-5), 5.46 (1H,
d,J =3,H-13a), 6.01 (1H, d, J = 3, H-13b).

13C NMR (150 MHz, DMSO-d, + CCl,, §,
ppm): 74.18 (C-1), 34.79 (C-2), 73.35 (C-3),
140.24 (C-4), 124.69 (C-5), 79.40 (C-6),
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40.99 (C-7), 25.95 (C-8), 37.06 (C-9), 149.82
(C-10),139.30(C-11),168.87 (C-12),120.35
(C-13),117.23 (C-14), 11.37 (C-15).

2.3.2. Isolation of flavonoids

The ethyl acetate extract residue (14.52
g) was mixed with silica gel in a 1:1 ratio
(weight-to-weight), dried, and placed on a col-
umn with a small amount of silica gel. It was
then fractionated using a polarity gradient,
yielding the following subfractions: extraction
benzine—ethyl acetate (1:9) (1.63 g), ethyl ac-
etate (2.00 g), ethyl acetate—methanol (50:1)
(7.03 g), and methanol (0.85 g). Further chro-
matographic separation of the extraction ben-
zine—ethyl acetate (1:9) subfraction resulted
in the isolation of compound 2 as yellow crys-
tals with a melting point of 235-236 °C, while
compound 3, obtained from the ethyl acetate—
methanol (50:1) subfraction, was light yellow
with a melting point of 289-292 °C.
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Eupatilin (2) and luteolin (3) were iden-
tified by comparing their spectral data with
literature references (Mukhamatkhanova, R.
F. et. al., 2017; Abduwaki, M. et. al., 2014)
and by direct comparison with authentic
samples.

2.4. X-ray diffraction study of com-
pound 1

To determine the spatial structure of
compound 1, X-ray diffraction analysis was
performed on its crystals. The X-ray structur-
al experiment was performed using a Bruker
D8 VENTURE dual-wavelength Mo/Cu dif-
fractometer (Germany) (Bruker, 2021) on
a prismatic crystal, using CuKa radiation
(A = 1.54178A). Absorption correction was
applied using the Multi-Scan method (SAD-
ABS) (Krause, L. et.al., 2015). The main pa-
rameters of the X-ray structural experiment
are presented in Table 1.

Table 1. Main Crystallographic Parameters and
Characteristics of the X-ray Structural Experiment

MolecularFormula C _H, O, P, g/cm3 1.260
M, g/mol 264.31 CrystalSize (mm) 0.30x0.06x0.02
SpaceGroup P1,7Z=2 ScanRange 20 2.9<0<69.2
a, A 6.5504(8) TotalReflections 3954
b, A 7.1716(8) Reflections with I > 20(I) 1880
c, A 15.022(2) R,(I>20(I) and overall) 0.063 (0.142)
ao 87.020(8) wR, 0.155(0.179)
Bo 88.257(8) COOF 0.953
\ 81.549(8) ResidualPeaks, eA 0.21 1 -0.19
V, A3 696.9(1) CCDC 2441079

The structure was solved and refined using
the Bruker SHELXTL Software Package (Shel-
drick, G. M., 2015; Sheldrick, G. M., 2015).

All non-hydrogen atoms were refined
by full-matrix least squares (on F2) in the
anisotropic approximation. The hydrogen
atom coordinates of hydroxyl groups were
located in a Fourier map and their positions
refined with U._(H) = 1.5U_(0O). Hydrogen

iso eq
atoms bonded to carbon atoms were placed
geometricallyand refined with a riding model
and U, (H) = 1.2Ueq(C) orU_(H)= 1.5Ueq(C)
in case methyl group.

The X-ray crystallographic data from the
experiment have been deposited at the Cam-
bridge Crystallographic Data Centre (CCDC).

3. Results and Discussion

From the chloroform fraction of the al-
coholic extract, compound 1 was isolat-
ed as beige crystals with a melting point of
215-218 °C (ethanol) from eluates 116—136
during chromatographic column elution with
a mixture of extraction benzine-ethyl acetate
(2:1).

In the IR spectrum of compound 1, ab-
sorption bands characteristic of hydroxyl
groups (3305 cm), the carbonyl group of
the y-lactone cycle (1762 cm™), C=C dou-
ble bonds (1668, 1643, 1264 cm™), and C-O
bonds (1156 cm™) were observed.

In the 'H NMR spectrum, recorded
in a solvent mixture of DMSO-d, + CCl,,
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a three-proton singlet at 1.65 ppm corre-
sponding to a methyl group at a double bond
was observed, while the lactone proton ap-
peared as a triplet at 4.42 ppm with a cou-
pling constant of 9.1 Hz. The olefinic proton
at C-5 produced a signal in the downfield re-
gion at 5.24 ppm with a coupling constant of
9.9 Hz. A broad one-proton doublet at 4.03
ppm (J = 10.8 Hz) was assigned to the gemi-
nal hydroxyl proton at C-1, while the second
geminal hydroxyl proton at C-3 appeared
as a broad singlet at 4.28 ppm. The protons
of two exocyclic double bonds resonated in
the downfield region: two protons at C-14
appeared as broad singlets at 4.75 and 5.05
ppm, while two protons of the exomethylene
double bond of the y-lactone cycle appeared
as doublets at 5.46 and 6.01 ppm, each with
a coupling constant of 3 Hz. The broadening
of many signals, such as geminal hydroxyl
protons and B-position C-H protons relative
to the oxygen atom in the DMSO-d, + CCI,
solution (H-1,3,7, OH), as well as other sig-
nals, may be explained by the formation of
hydrogen bonds. These bonds, formed by hy-
droxyl protons in the donor solvent deuterat-
ed dimethyl sulfoxide, slow down proton ex-
change between molecules, leading to signal
broadening. In the presence of the nonpolar
solvent CCl,, these hydrogen bonds may be-
come more dynamic, further enhancing sig-
nal broadening. CCl, in the DMSO-d, mixture
can alter the solvent environment, affecting
proton exchange dynamics and increasing
signal broadening. Additionally, the slowed
proton exchange between molecules due to
hydrogen bonding contributes to chemical
shift inhomogeneity and signal broadening.
Thus, a combination of hydrogen bonding
effects, exchange processes, and solvent in-
teractions leads to signal broadening in the
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NMR spectrum.The presence of hydrogen
bonds in molecule 1 was confirmed by X-ray
diffraction.

The 13C NMR spectrum revealed the
presence of a methyl group (11.37 ppm), two
hydroxyl-bearing carbons (74.18 and 73.35
ppm), a downfield-shifted y-lactone cycle
carbon bonded to oxygen, and the carbon
atoms of three double bonds: 140.24 and
124.69 ppm (C5=C6); 139.30 and 120.35
ppm (C11=C13); 149.82 and 117.23 ppm
(C10=C14). Additionally, the carbonyl car-
bon C12 was observed at 168.87 ppm.

Based on spectral data, compound 1 was
identified as ridentin. Due to the limited in-
formativeness of the 1H NMR spectrum, its
spatial structure was determined using X-ray
diffraction analysis (Figure 1).

In the crystal structure of compound 1,
the asymmetric unit contains two chemically
identical molecules of germacranolide lac-
tone, designated as 1a and 1b. The observed
bond lengths and bond angles in both mol-
ecules are identical within the experimental
error margin of 30 and do not deviate from
commonly accepted values (Allen, F. H. et. al.,
1987).The absolute configuration was con-
firmed as expected: 1R,3S,6R,7S (Fleq pa-
rameter from X-ray data: —0.06(16)), and the
endocyclic double bond C4=C5 in the mac-
rocycle adopts an E-configuration. However,
molecules 1a and 1b exhibit slight differenc-
es in the values of the endocyclic torsional
angles of the macrocycle, with deviations in
some regions reaching up to 22 degrees due
to the flexibility of the ten-membered macro-
cycle. Despite this, the overall conformation-
al motif of the macrocycle remains consistent
in both independently identified molecules.
For this reason, only one of the two mole-
cules (1a) is shown in Figure 1.

Figure 1. The spatial structure of ridentin (1a) and its 3-acetyl derivative, showing
the conformational forms of the macrocycle (Kulyyasov, A. T. et. al., 1998)
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According to the literature, a natural
3-O-acetyl derivative of ridentin, isolated
from Artemisia subchrysolepis, is known as
subchrysine (Kulyyasov, A. T. et. al., 1998).
The conformation of the flexible 10-mem-
bered macrocycle in acetylridentin differs
significantly from that observed in the crystal
structure of compound 1, as evidenced by vi-
sual comparison (Figure 1). As seen in Figure
1, in molecule 1, the orientations of the exo-
cyclic groups at C14 and C15 are syn-orient-
ed, whereas in the 3-acetyl derivative, they
are anti-oriented relative to the hypothetical
plane of the 10-membered macrocycle. This
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difference is also evident when comparing
the endocyclic torsion angles of the macrocy-
cle in these molecules (Table 2).

In study (Kulyyasov, A. T. et. al., 1998),
the authors analyze the possible conforma-
tional minima of the 10-membered macro-
cycle in 3-acetylridentin, which differ by no
more than 5 kcal/mol. They propose hypo-
thetical conformational forms of the macro-
cycle, though these forms are not stable at
room temperature in solution. According to
their notation, the macrocycle in compound
1 (in our case) adopts the uuCC conforma-
tion.

Table 2. Endocyclic torsion angles of the macrocycle
according to X-ray structural analysis (XRD)

Ridentin

TorsionAngles (°) 1alb Subchrysine
C1-C2-C3-C4 67 59 85.1
C2-C3-C4=C5 -109 -96 -102.2
C3-C4=C5-C6 156 162 153.1
C4=C5-C6-C7 -129 -128 -118.4
C5-C6-C7-C8 79 79 80.8
C6-C7-C8-C9 =70 -78 -49.9
C7-C8-C9-C10 95 85 -57.7
C8-C9-C10-C1 -158 -136 165.3
C9-C10-C1-C2 125 147 -53.6
C10-C1-C2-C3 -64 -82 -55.6

In crystal 1, an intermolecular hydrogen
bond O1b-H...O1la is observed between inde-
pendently found molecules. The parameters
of this bond are as follows: O1b...0la dis-
tance of 2.737 A, H...O1la distance of 1.78 A,
and O1lb-H...Ola bond angle of 170°. Three
additional intermolecular hydrogen bonds
are formed between molecules translated
along the a and b axes. The intermolecular
hydrogen bonds between identical molecules
Ola-H...02a and 0O2b-H...O2b, translated
along the b axis (x, —I1+y, z), have the follow-
ing hydrogen bond parameters: 2.717, 2.11,
124 and 2.787, 1.75, 163, respectively. How-
ever, molecules translated along the a and b
axes (1+x, 1+y, z) exhibit hydrogen bond pa-
rameters for O2a-H...O2b: 2.755, 2.13, 145.
As a result of these intermolecular hydrogen
bonds, a layer is formed in the crystal, ex-
tending along the a and b axes.

The X-ray structural analysis of ridentin
was conducted for the first time.

Ridentin was previously isolated from Ar-
temisia giraldii var. giraldii (Tan, R. X. et.al.
1999) and A. tripartita Rydb. ssp. rupicola
Beetle (Irwin, M. A. et. al., 1973).

Compounds 1-3 from Tanacetopsis
karataviensis were isolated for the first time.
They are biologically active compounds. Ac-
cording to literature sources, ridentin ex-
hibits antimalarial activity against Plasmo-
dium falciparum FcB1 (Surowiak, A. K. et.
al.,2021). Eupatilin possesses antitumor,
antioxidant, anti-inflammatory, and anti-ad-
ipogenic activity (Kim, J. S. et. al., 2018; Na-
geen, B. et. al., 2020). Luteolin, being a wide-
ly distributed compound in flowering plants,
has been well studied for its biological activi-
ty. For example, it is considered a promising
candidate for the treatment of neurodegen-
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erative diseases such as Parkinson’s disease,
Alzheimer’s disease, Huntington’s disease,
and multiple sclerosis (Jayawickreme, D.K.
et. al., 2024).

4. Conclusion

It has been revealed that Tanacetopsis
karataviensis, a species of the flora of Uz-
bekistan, is a rich source of sesquiterpene
lactones and flavonoids. Continuing the re-
search, the sesquiterpene lactone ridentin
was isolated for the first time from the aerial
part of the plant, and its spatial structure was
determined. Additionally, the flavonoids eu-
patilin and luteolin were identified.

Section 2. Chemistry

The conformation of the ten-membered
labile germacranolide macrocycle observed
in the crystal of ridentin differs from that
found in the crystal of the known germacran-
olide subchrysine, particularly in the mutu-
al arrangement of the exo-bonds at C14 and
C15.
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