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Isolation and Structure of the New Sesquiterpene Lactone
3-0x0-10p-hydroxy-5,7a(H),4,6(H)-guai-1,11(13)-diene-6,12-olide

The article presents the results of a chemical study of Tanacetopsis pjataevae, which is.an endemic plant in Ka-
zakhstan. The number of extractive substances was obtained by extraction with chloraform from the air-dry
crushed above-ground part of the plant collected in the flowering phase. Isolation‘of compounds was carried out
by column chromatography on a column of silica gel brand KSK at a ratio of sum -‘carrier = 1:20. A colorless
crystalline substance of the composition C15H1s04 with m.p. 189-191°C (recrystallized from diethyl ether) was
found when the column was eluted with a mixture of petroleum ether-ethyl acetate (87.5:12.5). The structure of
the obtained new compound (3-oxo0-10B-hydroxy-5,7a(H),6B(H)-guai-1,11(13)-diene-6,12-olide) was estab-
lished based on IR, NMR analysis and mass spectra. The spatial structure was determined by the X-ray diffrac-
tion method. It was established that the 3-oxo-10B-hydroxy-5,7a(H),;63(H)-guai-1,11(13)-diene-6,12-olide mole-
cule in the crystal is disordered over two conformational states in the 6::4 ratio. The stability of these conformers
was confirmed by semi-empirical quantum-chemical calculations. It was established that the difference in the
heat of formation of two conformers was 6.3 kJ/mol for a free molecule.

Keywords: NMR spectroscopy, IR spectroscopy, mass.spectrometry, X-ray analysis, Tanacetopsis pjataevae,
endemic, 3-oxo-10B-hydroxy-5,7a(H),6p(H)-guai-1,11(13)-diene-6,12-olide, sesquiterpene lactones.

Introduction

Natural sesquiterpene y-lactones (STL) are potentially biologically active substances. The structure of
STL includes such pharmacophore groups-as a-methylene-y-lactone ring and o,B-unsaturated enone system.
Some STL have an epoxy ringy-a hydroxyl group, and chlorine atoms. A study of the chemical composition
of endemic plants is being actively.carried out to search for new bioactive compounds in Kazakhstan. For the
first time, over 30 STL were isolated and identified from endemic plants. A total of 11 of these compounds
are new ones, namely raposerine, racerolide, 15-deacetylraposerine, racerin, anolide, achymicrin, gracilin
and argracin, 1p-acetoxy-7a,6,11p(H)-eudesm-4(5)-en-6,12-olide, 1p-acetoxy-3p-hydroxy-eudesm-4(5)-en-
6,12-olide, and.artesin [1, 2].

In.continuation of these works, it has been studied the chemical composition of the aboveground part of
the Tanacetopsis pjataevae (Kovalevsk.) Karmyscheva, which is an endemic species of Kazakhstan, growing
in the Karatau mountains [3]. The literature sources [4-8] describe the results of a chemical study of Tanace-
topsis mucronata Rgl. et Schmalh. growing in Tajikistan. The sesquiterpene lactones, namely deacetyl lau-
renobiolide, dihydrodeacetyl laurenobiolide, mucrine, tavulin, tanakhine, tamirin, 13a-hydroxymethylene
deacetyl laurenbiolide were isolated from Tanacetopsis spiky. Later, the chemical composition of another
member of the Tanacetopsis genus was investigated. Sesquiterpene lactones 1R,10S,3S,4R-diepoxyguai-
5S,6S,75-11(13)-en-6,12-olide and hanfillin were isolated from the aboveground part of Tanacetopsis
karataviensis (Kovalevsk.) [9]. The previously known sesquiterpene lactones arglabin and isoepoxyestafiatin
were isolated from Tanacetopsis pjataevae (Kovalevsk.) Karmyscheva [2].

Experimental

IR spectra were obtained on a spectrometer “Thermo Nicolet Avatar-360” (USA) in potassium bromide
tablets in the range from 4000 to 600 cm™. NMR spectra were recorded on a Bruker DRX-600 spectrometer
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using standard Bruker software. The Finnigan DMS-8200 high-resolution mass spectrometer with an ioniz-
ing voltage of 70 eV (evaporator temperature was 220 °C) was used to record mass spectra, as well as deter-
mine the molecular weight and elemental composition. Melting point was determined on an SMF-38 heat-
ing table. The reaction progress was monitored by TLC. Sorbfil plates were used for TLC, which were de-
veloped by spraying with a 2% aqueous KMnO, solution. KSK silica gel was used for column chromatog-
raphy.

Isolation of 3-oxo0-10p-hydroxy-5,7a(H),64(H)-guai-1,11(13)-diene-6,12-olide (1). Air-dry crushed raw
materials of Tanacetopsis pjataevae (0.7 kg, leaves, flower baskets, buds) collected in the flowering phase in
the Arpaozen Gorge, Karatau, South Kazakhstan region were extracted with chloroform 3 times. Then the
solvent was evaporated. Next, the number of extractives (44 g) was chromatographed on a column of silica
gel grade KSK at a ratio of sum — carrier = 1:20. When the column was eluted with a mixture of petroleum
ether-ethyl acetate (87.5:12.5), substance 1 was isolated with a yield of 0.200 g (0.029% based on air-dry
raw materials). The colorless crystalline substance of the CisHis04 composition with m.p. 189-191 °C was
obtained by recrystallization from diethyl ether.

IR spectrum (KBr, v, cm™): 3463 (OH group), 2935, 2872, 1750 (C=0 y-lactone), 1707 (C=0), 1608
(C=C), 1456, 1410, 1371, 1356, 1325, 1261, 1173, 1154, 1081, 1064, 989, 971, 957, 883, 819, 758, 728,
666, 640, 558, 501, 425.

'H NMR spectrum (600 MHz, CDCls, 8, ppm, J/Hz): 6.33 (1H, s, H2), 2.57 (1H,.d,J=6.0, overlapping
with OH-10, H4), 2.69 (1H, d, J=11.0, H5), 3.95 (1H, t, J=10.0, H6), 2.93 (1H, m, H7), 1.75 (1H, m, H8a),
2.23 (1H, dd, J1=7.0, J2=7.0, H8b), 1.99 (2H, m, H9), 5.49 (1H, s, H13a),6.18 (1H,'s, H13b), 1.27 (3H, br.d,
J=6.0, CH3-14), 1.54 (3H, s, CHs-15). 2.57 d (1H, d, J=6.0, overlap with H-4, OH-10).

13C NMR spectrum (150.96 MHz, CDCl; 8, ppm): 169.12 (s, C1), 129.78 (d, C2), 209.23 (s, C3), 46.52
(d, C4), 55.24 (d, C5), 82.89 (d, C6), 46.42 (d, C7), 21.49 (t, C8), 37.60 (t, C9), 73.42 (s, C10), 139.73 (s,
C11), 181.07 (s, C12), 119.90 (t, C13), 27.83 (q, C14), 15.58 (g, C15).

Mass spectrum (70 eV, m/z, Irel. (%)): 262.1 [M]+. Calculated: m/z 262.1200. Found: m/z 262.1196.

Quantum-chemical calculations were carried out using the MOPAC software package version 9.0. Op-
timization of the molecule geometrical data was carried out by the PM6 method [10].

X-ray analysis of compound 1. The cell parameters and the intensity of 15346 reflections (3216 inde-
pendent, Rin=0.0491) were measured on a diffractometer “Bruker Kappa APEX2 CCD” (MoK, graphite
monochromator, ®-scan, 2.667 < 6 < 27.653) at 296 K. The crystals are orthorhombic, a=7.7072(3),
b=11.8416(5), c=15.2767(6) A, V=1394.2(1) A%, Z=4 (C15H150.), the space group P2:12:21, dcaic=1.250 g/cm?,
1©=0.090 mm, The initial array of the measured- intensities was processed and absorption was taken into ac-
count using the SAINT [11] and SADABS [12] programs (multi-scan, Tmin. 0.957, Tmax. 0.981).

The structure was solved via a direct method. The positions of nonhydrogen atoms were refined under
anisotropic approximation by full-matrix least-squares method. All hydrogen atoms were put in the geomet-
ric positions and refined under -isotropic approximation with constant position and heat parameters (rider
model). The structure was determined and refined using the SHELXS [13] and SHELXL-2018/3 [14] soft-
ware. A total of 2788 independent reflections with 1 > 2c(l) were used in the calculations and the number of
refined parameters.was 257.

The final divergence factors were R1=0.0408, wR>=0.1068 (for reflections with | > 2o(1)), R1 = 0.0495,
wR2 = 0.1145 (for all reflections), GooF = 1.032. Peaks of residual density were Ap = 0.156 and —0.128 e/AS.
The CIF file containing the complete information on the structure examined was deposited in the Cambridge
Center for Crystal Structural Data (CCDC) under number 2006552. The atomic coordinates are shown in
Table 1.

Table 1
The coordinates of the atoms in the cell fractions (x10%)
and isotropic thermal parameters (A2, x10%) in the structure 1
Atom X y z Ueq.
1 2 3 4 5
01 2036(2) —776(1) -151(1) 53(1)
02A 260(30) —2216(13) —487(9) 86(4)
02B —100(40) —1910(20) —457(17) 91(6)
03 4808(4) 2953(2) —612(2) 113(1)
O4A 4186(16) 2035(8) 2583(6) 79(3)
CHEMISTRY Series. No. 2(106)/2022 53
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Continuation of Table 1

1 2 3 4 5
04B 4680(20) 2013(10) 2656(10) 81(5)
Cl 4636(3) 1242(2) 1227(1) 47(1)
C2 4828(3) 2253(2) 863(2) 62(1)
C3 4755(4) 2177(2) ~87(2) 70(1)
C4 4627(4) 949(2) —334(1) 65(1)
5 4338(3) 327(2) 542(1) 46(1)
C6 2514(2) ~122(2) 630(1) 43(1)
c7 2233(3) —048(2) 1382(1) 51(1)
C8A 2266(14) —292(9) 2274(7) 80(3)
C8B 1867(19) —541(10) 2289(11) 54(2)
C9A 4134(8) ~17(3) 2539(2) 70(2)
C9B 2465(8) 661(5) 2470(3) 54(2)
C10A 4902(12) 1073(8) 2150(6) 54(2)
C10B 4382(16) 957(12) 2275(8) 50(3)
Cl11A 610(20) —1552(14) 988(9) 85(4)
C11B 920(30) ~1660(20) 1126(13) 69(4)
CI12A 860(20) ~1507(17) 33(9) 72(4)
C12B 870(30) ~1640(30) 152(13) 64(5)
C13A —717(14) ~1917(9) 1459(6) 114(4)
C13B ~178(19) —2477(9) 1407(8) 83(3)
CL4A 6907(7) 1086(6) 2354(4) 99(2)
C14B 5673(10) 98(6) 2536(4) 73(2)
C15 6255(6) 571(4) —800(2) 118(2)

Results and Discussions

A colorless substance 1 of the C1sH1604 compasition was obtained from the extract of the aerial part of
Tanacetopsis pjataevae when the column was eluted with a mixture of petroleum ether-ethyl acetate
(87.5:12.5).

The IR spectrum of compound 1 contains absorption bands characteristic of the OH group at 3463 cm™,
the carbonyl of the y-lactone ring at 1750 cm®;.and the C=0 bonds at 1707 cm?, C=C at 1608 cm™. In the
mass spectrum of 1 there is a peak of‘the molecular ion m/z 262.1 [M]*, which corresponds to the molecular
weight.

In the *H NMR spectrum of molecule 1, signals of the protons of the methyl group at the C4 atom are
observed as a doublet at 2.57 ppm with'SSIC 6.0 Hz, protons of the methyl group at the hydroxyl group as a
singlet at 1.54 ppm, proton H5 as a doublet at 2.69 ppm with SSIC 11 Hz. Two symmetrical singlets at
5.49 ppm and 6.18 ppm belong.to the protons of the exomethylene group (C11=C13H2). The H7 methine
proton appears as a multiplet.centered at 2.93 ppm, while the H6 lactone proton appears as a triplet at 3.95
ppm with SSIC 10.0. Hz. The vinyl H2 proton appears as a singlet at 6.33 ppm, the hydroxyl proton appears
as a doublet at:2.57 ppm with SSIC 6.0 Hz. The nature of the splitting of the signal of the lactone proton in-
dicates that the lactone ring in compound 1 is located at C6-C7 of
the main skeleton, and the spin-spin coupling constant indicates its
trans junction.

The C NMR spectrum of the molecule 1 shows the presence
of 5 singlets, 5 doublets, 3 triplets, and 2 quartets. This corresponds
to the structural formula of compound 1.

Based on spectral data, compound 1 was identified as 3-oxo-
10B-hydroxy-5,7a(H),6p (H)-guai-1,11(13)-diene-6,12-olide, a new
STL of guaiane type (Fig. 1).

An X-ray analysis was performed to finally establish the struc-
ture of compound 1. From the obtained data it follows that there is
one molecule 1, half of whose atoms are statically disordered in two
positions, in the independent part of the unitary crystalline cell. The
bond lengths (Table 2) and bond angles (Table 3) in compounds 1

Figure 1. Structural formula of molecule
3-0x0-10B-hydroxy-5,7a(H),6B(H)-
guai-1,11(13)-diene-6,12-olide (1)
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somewhat differ from the usual ones [15]. This is related to the disorder of a number of atoms of structure 1
in the crystalline state.

Table 2
Bond lengths (d, A) in conformers 1a and 1b of the structure 1
Bond d Bond
la 1b la 1b
01-C12 1.283(14) 1.44(2) C4-C15 1.510(3) 1.510(3)
01-C6 1.470(2) 1.470(2) C5-C6 1.509(2) 1.509(2)
02-C12 1.245(11) 1.236(16) C6-C7 1.523(2) 1.523(2)
03-C3 1.219(2) 1.219(2) C7-C8 1.570(8) 1.494(12)
04-C10 1.429(8) 1.398(12) C7-Cl11 1.561(9) 1.372(15)
C1-C2 1.328(2) 1.328(2) C8-C9 1.531(8) 1.522(9)
C1-C10 1.439(7) 1.648(9) C9-C10 1.540(6) 1.547(9)
C1-C5 1.523(29) 1.523(29) C10-14 1.576(8) 1.477(11)
C2-C3 1.455(3) 1.455(3) C11-12 1.473(10) 1.489(14)
C3-C4 1.506(3) 1.506(3) C11-13 1.323(10) 1.357(14)
C4-C5 1.544(2) 1.544(2)
Table 3
Valent angles (o, deg.) in conformers 1a and 1b of the structure 1
()

Angle a b Angle 1a b
C12-01-C6 110.8(4) 105.7(6) C6-C7-Cl11 96.7(4) 106.5(6)
C2-C1-C5 111.7(1) 111.7(1) C6-C7-C8 109.5(3) 121.2(4)
C2-C1-C10 121.3(3) 127.2(4) C11-C7-C8 125.0(6) 108.8(7)
C10-C1-C5 126.6(3) 120.2(4) C9-C8-C7 110.4(5) 114.4(7)
C1-C2-C3 110.9(2) 110.9(2) C8-C9-C10 115.9(5) 117.7(6)
03-C3-C2 127.4(2) 127.4(2) 04-C10-C1 106.8(5) 101.6(7)
03-C3-C4 124.4(2) 124.4(2) 04-C10-C9 110.0(5) 106.3(8)
C2-C3-C4 108.2(2) 108.2(2) C1-C10-C9 116.1(5) 110.3(6)
C3-C4-C5 104.7(1) 104.7(1) 04-C10-C14 106.3(6) 113.0(9)
C3-C4-C15 110.5(2) 110.5(2) C1-C10-C14 109.3(4) 108.9(6)
C15-C4-C5 112.8(2) 112.8(2) C9-C10-C14 108.0(5) 115.8(6)
C6-C5-C1 109.2(1) 109.2(1) C13-C11-C12 130.7(9) 107.9(14)
C6-C5-C4 112.4(1) 112.4(1) C13-C11-c7 124.0(8) 143.9(11)
C1-C5-C4 103.6(1) 103.6(1) C12-C11-c7 105.1(7) 107.3(11)
01-C6-C5 110.3(1) 110.3(1) 02-C12-01 125.3(11) 108.8(17)
01-C6-C7 103.8(1) 103.8(1) 02-C12-C11 123.9(13) 139.9(18)
C5-C6-C7 115.2(1) 115.2(1) 01-C12-C11 109.5(8) 108.2(12)

It should be noted that in some STL crystalline structures, disordering of atoms is observed. Usually,
some substituents are disordered in the main framework. For example, the phenyl group is disordered in eu-
patocunin-o-bromobenzoate [16], and the isobutyl group is disordered in 8a-isobutyryloxy-9-oxo-germacr-
4E,1(10) Z-dien-6p,12-olide [17].

In compounds 1, an unusual disorder of a part of the atoms of the main framework was observed. An
analysis of the data showed that the positions of the atoms in the crystal structure 1 corresponded to two con-
formers la and 1b (Fig. 2).
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Figure 2. Conformers 1a and 1b of disordered molecule 3-oxo-10B-hydroxy-5,7a(H),6f(H)-guai-
1,11(13)-diene-6,12-olide (1) (thermal vibration ellipsoids are shown with a probability of 30%)

The conformation of the five-membered carbocycle (A) in both conformers'is a'strongly flattened, dis-
torted 4o-envelope ((ACs*=2.0°). The seven-membered cycle (B) in conformer 1a accepts the intermediate
conformation between the 70,1,10B- chair (ACs'=17.1°) u 5,6a,7,8p- twist-chair (AC,'°=13.7°), in the con-
former, 1b accepts the intermediate conformation between 7.8a,1B-chair ((ACs!=18.5°) and 1.10a, 5,6B-
twist-chair (AC2%=19.7°). The conformation of lactone cycle in both conformers is a distorted 68,7a-half-
chair ((AC2%7=4.8° and 2.4° for 1a and 1b, respectively). Intracyclictorsion angles are illustrated in Table 4.

In the crystal, the ratio of conformers 1a and 1b is 60:40, and the conformations of the seven-membered
cycle in them are significantly distorted relative to the ideal chair.and the twist chair. To optimize the geome-
try of conformers 1a and 1b, a quantum chemical calculation was performed using the MOPAC program in
the PM6 [10] parameterization. As follows from the obtained calculations, the five-membered carbocycle is
slightly flattened in comparison with the X-ray diffraction data and takes in 1a and 1b the conformation in-
termediate between the 4a-envelope and 4a,5B- half-chair (ACs*=2.0°, AC,*°=1.7°) for 1a and (ACs*=1.9°,
AC;*%=0.5° for 1b. The seven-cycle conformation in 1a and 1b undergoes the greatest changes. In conformer
1a, it changes from that observed in the crystal to the intermediate between the 7a,1,10B-chair (ACs’=19.8°)
and 8.90,6,7p-twist-chair (AC,2=8.8°)..dn-conformer 1b, the conformation of cycle B is generally preserved,
leaning toward a highly distorted 1,100, 5,6B-twist-chair (AC,2=8.8°). The lactone cycle is also somewhat
flattened, but remains in the conformation of the somewhat distorted 63,7a-half-chair (3.8° for 1a and 3.1°
for 1b).

Table 4
Intracyclic torsion angles (t, degr.) in n conformers 1a and 1b
T
Angle 1a (X-ray) 1a (PM6) 1b (X-ray) 1b (PMB6)
1 2 3 4 5
Cycle A
C5-C1-C2-C3 -2.0(3) -1.8 -2.0(3) -1.7
C1-C2-C3-C4 -4.5(3) -4.0 -4.5(3) -2.4
C2-C3-C4-C5 8.7(3) 7.7 8.7(3) 52
C3-C4-C5-C1 -9.3(2) -85 -9.3(2) -5.9
C2-C1-C5-C4 7.3(2) 6.7 7.3(2) 5.0
Cycle B
C10-C1-C5-C6 74.6(5) 47.6 57.6(6) 52.1
C1-C5-C6-C7 —77.8(2) -90.1 -77.8(2) -725
C5-C6-C7-C8 72.7(5) 84.2 84.4(7) 95.9
C6-C7-C8-C =77.7(7) —67.8 —22.2(13) -43.9
C7-C8-C9-C10 85.4(8) 79.6 -53.5(13) -36.5
C8-C9-C10-C1 -46.5(9) —75.5 82.2(11) 83.3
C5-C1-C10-C9 -25.4(9) 20.5 —64.6(10) —68.0
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Continuation of Table 4

1 2 3 4 | 5
Cycle C
01-C6-C7-Cl11 —35.7(6) -28.4 -30.1(12) ~20.0
C12-01-C6-C7 30.6(8) 224 24.3(11) 15.7
C6-01-C12-C11 -8.9(13) -6.9 -11.0(20) -4.7
C7-C11-C12-01 -15.7(15) -11.9 -8.0(30) -8.7
C6-C7-C11-C12 31.4(10) 24.3 23.0(20) 174

It should be noted that for a free molecule, the heat of formation of conformer 1a is lower than that of
1b (AHf = 6.3 kJ/mol. Such a conformation of cycle B (AC;!=7.8°), as in 1a, was observed in the structure of
hypochaerin [18], which was the only studied by the X-ray diffraction method with the sp?-hybridized C(1)
atom of the seven-membered ring, being consistent with the theory of the implementation of the maost stable
conformer in the crystal [19].

Conclusions

As a result of the Tanacetopsis pjataevae chemical study, an endemic plant of Kazakhstan, a colorless
crystalline substance of the CisH1s04 composition with m.p. 189-191°C was isolated. The structure of the
obtained new compound according to IR, NMR and mass spectra was determined as 3-o0xo-10B-hydroxy-
5,7a(H),6p(H)-guai-1,11(13)-diene-6,12-olide. From the data of X-ray diffraction analysis, it was established
that the molecule of 3-0xo0-10B-hydroxy-5,7a(H),6B(H)-guai-1(2),11(13)-diene-6,12-olide in the crystal was
disordered in two conformational states in a ratio of 6:4. Quantum-chemical.semi-empirical calculations es-
tablished that for a free molecule the difference in the heats of formation of conformers was 6.3 kJ/mol.

References

1 Adekenov S.M. Sesquiterpene lactones from endemic species of the family Asteraceae / S.M. Adekenov // Chem. Natur.
Comp. — 2013. — Vol. 49, No 1. — P. 158-162. https://doi:10.1007/s10600-013-0543-y

2 AnexenoB C.M. PacTeHHsT — WCTOYHMKH HOBBIX JicKapcTBeHHBIX BemiectB / C.M. Anekeno, E.M. I'abonysmuH,
A.H. Kynpusinos // ®apmariest. 6ror. — 2015. — Ne 1, 2. — C. 9-16.

3 TIlasnos H.b. ®nopa Kasaxcrana / H.b. ITaBnoB. — Anma-Ara: Hayxka, 1966. — 639 c.

4 Abduazimov B.C. Components of Tanacetopsis mucronata / B.C. Abduazimov, A.l. Yunusov, G.P. Sidyakin // Chem. Natur.
Comp. — 1983. — Vol. 19, No. 6. — P. 764,/765. https://doi.org/10.1007/BF00575207

5 Makhmudov M.K. Crystal and molecular structure of the sesquiterpene lactone mucrin / M.K. Makhmudov,
B.K. Abduazimov, B. Tashkhodzhaev, B.T. Ibragimov, M.R. Yagudaev // Chem. Natur. Comp. — 1988, — Vol. 24, No. 1. —
P. 49-53. https://doi.org/10.1007/BF00597573

6 Abduazimov B.C. Structure of macrolide / B.C. Abduazimov, B. Tashkhodzhaev, S. Nasirov, 1.D. Sham'yanov,
M.R. Yagudaev, V.M. Malikov //Chem. Natur. Comp. — 1991. — Vol. 27, No. 1. — P. 15-19. https://doi.org/10.1007/BF00629823

7 lzbosarov M.B. Structure of mucroflavone B / M.B. Izbosarov, B.R. Abduazimov, A.Vdovin, E.L. Kristallovich,
M.P. Yuldashev // Chem. Natur. Comp. — 1999. — Vol. 35, No. 6. — P. 625-627. https://doi.org/10.1007/BF02236287

8 Tashkhodzhaev B. 13a-Hydroxymethylenedeacetyllaurenobiolide, a New Germacranolide from Tanacetopsis mucronata /
B. Tashkhodzhaev, B.K. Abduazimov, M.B. Izbosarov, I.D. Sham'yanov, M.Y. Antipin // Chem. Natur. Comp. — 2002. — Vol. 38,
No. 6.4 P. 557-560. https://doi.org/10.1023/A:1022682620162

9 Dusmatova D.E. Isolation of cytotoxic sesquiterpene lactones from the Tanacetopsis karataviensis (Kovalevsk.) Kovalevsk /
D.E. Dusmatova, .K.M. Bobakulov, R.F. Mukhamatkhanova, K.K. Turgunov, E.O. Terenteva, E.A. Tsay, |.D. Sham'yanov,
B. Tashkhodzhaev, S.S. Azimova, N.D. Abdullaev / Natur. Prod. Research. — 2021. — Vol. 35, No. 12. — P. 1939-1948.
https://doi.org/10.1080/14786419.2019.1647423

10 Stewart J.J.P. Optimization of parameters for semiempirical methods V: modification of NDDO approximations and application
to 70 elements / J.J.P. Stewart // J. Mol. Modeling. — 2007. — Vol. 13. — P. 1173-1213. https://doi:10.1007/s00894-007-0233-4

11 Bruker. SAINT. Bruker AXS Inc., Madison, Wisconsin, USA. 2015.
12 Bruker. SADABS. Bruker AXS Inc., Madison, Wisconsin, USA. 2015.

13 Sheldrick G.M. Crystal structure solution with SHELXS / G.M. Sheldrick // Acta Crystaollogr., Sect. A. — 2008. — Vol. 64,
— P. 112-122. https://doi.org/10.1107/S0108767307043930

14 Sheldrick G.M. Crystal structure refinement with SHELXL / G.M. Sheldrick // Acta Crystaollogr., Sect. C. — 2015. —
Vol. 71, — P. 20153-8. https://doi.org/10.1107/S2053229614024218

15 Allen F.H. Tables of bond lengths determined by x-ray and neutron diffraction / F.H. Allen, O. Kennard, D.G. Watson,
L. Brammer, A.G. Orpen, R. Taylor //J. Chem. Soc., Perkin Trans. 2. — 1987. — P. S1-S19. https://doi.org/10.1039/A701672G

CHEMISTRY Series. No. 2(106)/2022 57


https://doi:10.1007/s10600-013-0543-y
https://doi.org/10.1007/BF00575207
https://doi.org/10.1007/BF00597573
https://doi.org/10.1007/BF00629823
https://doi.org/10.1007/BF02236287
https://doi.org/10.1023/A:1022682620162
https://www.webofscience.com/wos/author/record/31443963
https://www.webofscience.com/wos/author/record/31443963
https://www.webofscience.com/wos/author/record/1137649
https://www.webofscience.com/wos/author/record/5661052
https://www.webofscience.com/wos/author/record/537878
https://www.webofscience.com/wos/author/record/8598759
https://doi.org/10.1080/14786419.2019.1647423
https://doi:10.1007/s00894-007-0233-4
https://doi.org/10.1107/S0108767307043930
https://doi.org/10.1107/S2053229614024218
https://doi.org/10.1039/A701672G

K.M. Turdybekov, S.A. Ivasenko et al.

16 Cox P.J. X-ray and molecular mechanics studies on the sesquiterpene lactone eupatocunin-o-bromobenzoate — An unusual
case of disorder involving atropisomerism / P.J. Cox // J. Crystallogr. Spectrosc. Res. — 1993. — Vol. 23, No. 3. — P. 203-208.
https://doi.org/doi:10.1007/bf01190048

17 Quijano L. Structures of 8a-(2'-methylbutyryloxy)-9a-hydroxymontahibisciolide, a new skeletal type of sesquiterpene lac-
tone, and of its precursor 8a-isobutyryloxy-9-oxo-germacra-4E, 1(10)Z-dien-6B,12-olide / L. Quijano, T. Rios, R.A. Toscano,
F.R. Fronczek // J. Chem. Cryst. — 1996. — Vol. 26, No. 11. — P. 753-757. https://doi.org/10.1007/BF01664652

18 Gonzalez A.G. Hypochaerin: a new sesquiterpene lactone from Hypochaeris setosus / A.G. Gonzalez, J. Bermejo,
G.M. Massanet, J.M. Amaro, B. Dominguez, J. Fayos // Cryst. Struct. Commun. — 1977. — Vol. 6. — P. 373-376.

19 Kuwuraiiropoxckuii A.J1. Monexynspasie kpuctamisl / AWM. Kuraiiroponckuit. — M.: Hayxka, 1971. — 424 c.

K.M. Typnsi6ekos, C.A. UBacenko, JI.M. TypasiOekos,
A.C. MaxmytoBa, }0.B. I'atunos, C.M. OnekeHoB

Kana ceckBuTepneHIiK JaKTOH 3-0kco-10B-ruapokcu-5,7a(H),4,6(H)-
rBaii-1,11(13)-quen-6,12-01uATHIH OKIIAYJIAHYBI JKOHE KYPbLTBIMBI

Makanana Kazakcranusiy sHIeMuKaibIK [IstacBa tananerorncuci (Tanacetopsis Pyataeva) ecimairinig xu-
MUSUTBIK 3€PTTEY HOTIKEIEPi KeNTipiireH. DKCTPAaKTHBTI 3aTTapAbIH KOCHIHIBICH TYIICHY Ke3eHIHIEe KH-
HaJFaH OCIMIIKTIH ayaZa KYpFaK YCaKTalFaH >KEpYCTi OelsiriHeH XJIopoGOpMMEH 3KCTpaKIHsIaHIbL.
Kocrsuteictapapa naauBuayannsl typae 6eminyi KCK mapkainsl cumikaresns OaraHaChIHIA KOCBIHIBIHBI — Ta-
ceiManaaymsl = 1:20 KaTblHacBIHZA Xpomarorpadusl omiciMeH Kyprisuaai. baraHaHel merponeiiH 3¢up-
stunanetar (87.5:12.5) kocmacsiMeH amoupierenzae kypambl CisHisO4 Gonathia, 6anky Temmeparypachl 189-
191°C KypalTBIH TYcCi3 KpHUCTAIABI 3aT (XUATHINI 3(UpiMEeH KalTa KPUCTAUIIAHIBIPY) OOJIHIN aBIHIBL.
BeuniHim ajblHFaH jXaHa KOCBUIBICTBIH KYPBUIBICH (3-0kco-10B-runpokcu-5,7a(H),6p(H)-reaii-1,11(13)-anen-
6,12-omun) UK-, SIMP- xoHe Macc-CrieKTpJepiH Taljay HeriziHme adjeineHred. KeHICTIKTiK KYPBUIBIMbL
PEHTTeH KYPBUIBIMIBIK OJMICHCH aHbIKTanraH. Kpucraminarsl 3-okco-10B-runpokcu-5,7a(H),63(H)-reaii-
1,11(13)-auen-6,12-omun  Mosexkynacel 6:4 KaThIHACKIHAA €Ki KOHGOPMAIMSUIBIK Kyiire OeJiHreHi
aHBIKTNABL. byn KkoH(OpMepiepaAiH TYpPaKTBUIBIFBL . KBAHTTHI-XMMMSUIBIK JKapThUIAil  SMIMPHKAIBIK
ecenTeyliepMeH pacTanmanbl. EpkiH Monekyna YOIH €Ki KOHpOpMepAiH maiga Ooiy IKbUTYBIHBIH
afpIpMaIIbUIBIFBI 6.3 KJ[/MOJIb OOTATHIHIBIFI OSNTiIi OOJIIBI.

Kinm  ce30ep: SIMP  cnekrpockomuscsl, - MK CIIeKTPOCKONHUACH], Macc-CIEKTPOMETPHs, PEHTICHIIK
TUQPaKIUSIBIK Tanaay, [IsTacBa TaHAIIETONCHCI, SHIEMHKANBIK, 3-0kco-10B-ruapokcu-5,7u(H),63(H)-rpaii-
1,11(13) -nuen-6,12-onum, cecKkBUTEPIIEH I JAKTOHIAP.

K.M. Typusi6exor, C.A. UBacenko, JI.M. Typapi0ekoB,
A.C. MaxmyTtoBa, FO.B. I'atuno, C.M. AnekeHoB

BobiaesieHne 1 CTPYKTYPa HOBOT'O CECKBUTEPIEHOBOT0 JIAKTOHA
3-okco-10p-ruapoxcu-5,70(H),4,6(H)-rBaii-1,11(13)-nuen-6,12-oanaa

B _craThe mpUBEAEHBI PE3yNbTAThl XMMHYECKOTO HCCIIeNOBaHHs TaHaieroncuca Ilsraesa (Tanacetopsis
Pjataevae), sumemuunoro pacrenust Kazaxcrana. CyMMa 5KCTPaKTHBHBIX BEIECTB MMOJIyYeHA SKCTpaKIHen
XJIOPOGOPMOM 13 BO3IYIIHO-CYXOH M3MENIBbUCHHON HaJ3eMHOI 4acTH pacTeHwusi, COOpaHHOTO B a3y IBeTe-
HUs. Bplienenne coennHeHH MPOBEEHO METOAOM KOJIOHOYHOH XpOMOTOTpadMH Ha KOJOHKE C CHIIMKAare-
nem Mapku KCK mpu cootHomennn cymma—Hocutens = 1:20. [Ipu smoupoBaHUN KOJOHKH CMECBIO TETPO-
neuHbIN up—aTrnanerar (87,5:12,5) Beineneno OecuBeTHOE KpucTammmdeckoe BeniecTBo coctaBa CisH1804
¢ T. 1. 189-191 °C (mepekpucraum3aus U3 AUITUWIOBOTO dupa). CTpOCHHE TIOIyYESHHOTO HOBOTO COCIH-
HeHus (3-okco-10B-ruapoken-5,7a(H),6B(H)-reaii-1,11(13)-aueH-6,12-on1aa) ycTaHOBIEHO HA OCHOBAaHHH
anamza K-, SIMP- u macc-criextpoB. [IpocTpaHcTBeHHas CTpyKTypa ONpelesieHa PeHTI€HOCTPYKTYPHBIM
METOJIOM. YCTaHOBJEHO, YTO MoJjeKyna 3-okco-10B-ruapokcu-5,7a(H),6B(H)-reaii-1,11(13)-uen-6,12-
OJIMJIa B KPUCTAJUIE pasyHopsA0UYeHa 1o AByM KOH(OPMAIMOHHBIM COCTOSIHHSM B COOTHOIICHUH 6:4. Y CTOM-
YHBOCTH 3THX KOH(OPMEPOB MOATBEPKAEHA KBAHTOBO-XHMHUUECKUMH MOy MINPUUECKUMHA pacdeTamu. OT-
MEUEHO, 9TO JUIsl CBOOOIHON MOJEKYIBI pa3HUIIA TEIUIOT 00pa30BaHUS IABYX KOH(POPMEPOB cocTaBisieT 6,3
kJk/MOJIb.

Kurouesvie crosa: SAMP-cniektpockonus, MK-criekTprnockomnusi, Macc-CrieKTpOMeTpusi, peHTT€HOCTPYKTYyp-
HBIA aHanu3, TaHaieroncuc [laraeBa, sHaeMuk, 3-okco-10B-ruapokcu-5,70(H),6p(H)-reaii-1,11(13)-anen-
6,12-0mu1, CECKBUTEPIICHOBBIC JIAKTOHBI.
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