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DETERMINATION OF CHEMICAL STRUCTURE OF
CYCLOLEHMANOSIDE A FROM ASTRAGALUS LEHMANNIANUS

Abstract. In the present work, the determination of chemical structure of the novel cycloartane glycoside,
cyclolehmanoside A is given. Determination of chemical structure was carried out by using of chemical reaction
(acidic hydrolysis) and spectral methods (1D and 2D NMR spectroscopy). Novel cycloartane glycoside,
cyclolehmanoside A was isolated from aerial parts of Astragalus Lehmannianus Bunge (Leguminosae) by column
chromatography on silica, and its chemical structure was established as 3-O-B-D-xylopyranoside, 6,16-di-O-B-D-
glucopyranoside-24S-cycloartane-3p,60,16p,24,25-pentaol.

Keywords: Astragalus Lehmannianus Bunge, Leguminosae, cycloartane triterpenoids, cyclolehmanoside A,
cyclocanthogenin, 'H, °C, DEPT NMR spectra, HMBC.

Introduction. Investigation of isolation methods and structural determination of biological active
substances from different medicinal plants has great importance for creation of modern high effective
natural medicines [1].

Cycloartane line triterpenoidal compounds, cycloartanes are wide spread in plants. At present it is
known, that cycloartanes have perspective biological activities. Therefore, investigation of cycloartanes
has theoretical and practical value. Cycloartanes were first discovered in astragalus plants. Astragalus
plants are good sources of these biological active substances. More 200 cycloartanes have been isolated
from the plants of this genus [2]. About 239 astragalus species grow in Uzbekistan [3]. There are 307
species in Kazakhstan [4,5]. Twelve species of astragalus — Astragalus alopecias, A. contortuplicatus, A.
filicaulis, A. flexus, A. floccosifolius, A. frigidus, A. glycyphyllus, A. onobrychis, A. sieversianus, A.
tribuloides, A. ugamicus, A. uliginosus growing in Kazakhstan are used in folk medicine [6]. Roots of
Astragalus membranaceus are used as diuretic, as gastric and intestinal means, for treating of spleen
diseases, during metabolic derangements in Chinese, Korean and Tibetan medicines. It has been
determined, that cycloartane glycoside, askendoside D isolated from Astragalus taschkendicus has
positive action to regulation of heart function and myocardium. Cyclosiversioside F from Astragalus
sieversianus has hypotensive, anti-inflammatory actions, sedative, analgesic and antitumor activities
[2.4,7.8].

The aim of our investigation is determination of chemical structure of the cycloartane glycoside,
cyclolehmanoside A isolated from the aerial parts of Asfragalus Lehmannianus Bunge, growing in
Karakalpakstan.

Astragalus Lehmannianus Bunge grows in the Middle Asia (Kyzylkum, Karakum), Kyzyl-Orda
region, Near Aral sea regions. The plant is good eaten by cattle.

Materials and methods. Astragalus Lehmannianus Bunge was collected from Karakalpakstan
(Sultanuzdag) in May 2007.

Plates with silica (0.005-0.043 mm) containing 10% of plaster and plates Silufol UV-254 (Czechia)
were used. Column chromatography was carried out on silica 0.1-0.08 and 0.16-0.1 mm. Cycloartanes
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were detected by spraying of 20% methanol solution of phosphotungstic acid following heating at 120°C
during 5-10 min. Paper chromatography was conducted on «FN-11» using solvent system #-BuOH-
CsHsN-H,O (6:4:3). Monosaccharides were detected by spraying of aniline phthalate following heating at
110°C.

Next solvent systems were used for elution of the column and for thin layer chromatography (TLC):

1) chloroform-MeOH (9:1);

2) chloroform-MeOH (6:1);

3) chloroform-MeOH-H,O (70:12:1);

4) chloroform-MeOH-H,O (70:28:3);

5) chloroform-MeOH-H,O (60:35:5).

NMR spectrum were obtained on UNITYplus 400 (Varian) in CD;OD. °C NMR spectrum were
obtained at full suppression of C-H interaction and at the DEPT conditions.

Air dried aerial parts of the plant (1.2 kg) were exhaustive extracted with methanol (MeOH). The
obtained MeOH extract was evaporated until thick condition and added twice volume of water. The
obtained water solution was treated at first with chloroform, after with »-BuOH. n-BuOH extract was
evaporated and obtained dry residue (68 g) was chromatographed on silica column using solvent systems
4 and 5 for elution. Compound 1 (75 mg) was isolated from #n-BuOH extract.

Acidic hydrolysis of compound 1 (Fig.1). Compound 1 (35 mg) was dissolved in 10 ml of MeOH
containing 0.5% sulfuric acid and boiled in water bath during 1 hour. Then the reaction mixture was
diluted with 20 ml of water and MeOH was evaporated. Laid down precipitate was filtered, washed with
water and dried. Filtrate was neutralized with barium carbonate. After neutralization in the filtrate D-
xylose and D-glucose were detected by using of paper chromatography method in comparison with
standard substances. The obtained precipitate was set to the chromatographic column and eluated with
system 1. Genin 2 was isolated in the result of the column chromatography. Genin 2 was identified as
cyclocanthogenin by comparing with standard substance on TLC and on basis of 'H NMR data.

"H NMR data of cyclocanthogenin (400 MHz, CsDsN): 0.34 and 0.62 (2H-19, d, *J=4), 1.05 (CHs, s),
1.11 (CH3-21, d), 1.38, 1.44, 1.49, 1.90, 1.90 (5xCHj, s), 3.67 (H-3, dd), 3.94 (H-24, dd), 4.74 (H-6, td),
4.76 (H-16, td) (Table 1).

Results and discussion.

The 'H NMR spectrum of the compound 1 showed signals due to cyclopropane methylene at 50.58
and 0.35 (each 1H, d, J=4Hz) and signals of methyl groups at & 0.99-1.29. These data indicate that the
compound 1 is triterpenoid of cycloartane line (Table 1) [8,9].

Acidic hydrolysis of the compound 1 gives genin 2 identified with cyclocanthogenin [1,7,8]. D-xylose
and D-glucose were detected in carbohydrate part of the hydrolysate by using of paper chromatography
method in comparison with standard substances (Fig.1).
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Figure 1 - Acidic hydrolysis of compound 1
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Table 1 — 'H, '3C NMR and DEPT data of cyclolehmanoside A (1) (CD;0D, §, J/Hz, 0-TMS)

and cyclocanthogenin (2) (CsDsN, 8, J/T't, 0-TMS)

Atom C DEPT b 1 on 62C
1 CH, 31.36 1.29,1.60 32.54
2 CH, 3042 1.72,1.98 31.17
3 CH 90.22 324 78.10
4 € 42.13 - 42.18
5 CH 53.10 1.68 53.73
6 CH 7821 3.59 68.04
7 CH, 3440 1.65,1.95 38.33
8 CH 46.11 1.90 46.94
9 C 21.13 - 21.02
10 € 30.11 - 29.71
11 CH, 2629 1.37,1.94 26.17
12 CH, 33.27 32.95
13 C 46.66 - 4547
14 C 47.49 - 46.67
15 CH, 47.94 1.40,2.13 48.16
16 CH 82.23 71.75
17 CH 58.23 57.11
18 CH;, 18.59 1.15 18.03
19 CH, 27.55 0.35u0.58 29.09
20 CH 30.03 28.44
21 CH; 17.85 1.0 18.77
22 CH, 36.82 32.81
23 CH, 29.90 27.67
24 CH 78.59 76.99
25 C 72.59 - 72.88
26 CH; 25.55 1.18 2548
27 CH; 26.20 1.21 26.07
28 CH; 19.66 0.99 19.93
29 CH; 2841 1.29 29.34
30 CH, 16.80 1.05 15.87
p-D-Xylp
1 CH 106.51 442
2 CH 75.12 324
3 CH 77.55 3.33
4 CH 71.83 3.50
5 CH, 67.33 3.21,3.85
B-D-Glcp
1 CH 104.78 448
2 CH 76.43 3.26
3 CH 78.04 3.37
4 CH 71.32 3.31
5 CH 77.55 327
6 CH, 62.80 3.69, 3.85
B-D-Glcp
1 CH 105.05 4.65
2 CH 76.43 329
3 CH 77.90 343
4 CH 71.83 3.35
5 CH 77.05 3.36
6 CH, 62.80 3.69, 3.85
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In "H NMR spectrum anomeric protons of monosaccharide residues of the compound 1 are observed
at & 4.42 (H-1 of B-D-xylopyranose), & 4.48 and & 4.65 (H-1 of B-D-glucopyranoses) *J=7.4, °J=7.8 and
’J=7.9 Hz accordingly. So, monosaccharide residues in the glycoside 1 have pyranose form, “C-
conformation and [-configuration. This conclusion is confirmed by values of chemical shifts of
carbohydrate residue carbon atoms in °C NMR spectrum of 1 (Table 1).

Comparative analysis of ?C NMR spectra of compound 1 and genin 2 showed that carbon atoms C-3,
C-6 and C-16 have glycosidation shifts resonating at 6 90.22., 6 78.21 and 82.23 accordingly.

Anomeric carbon atoms of monosaccharide residues resonate at 6 106.51 (C-1 of B-D-xylopyranose),
5 104.78 and & 105.05 (C-1 of B-D-glucopyranose) in the >C NMR spectrum of the compound 1. Value of
chemical shifts of anomeric carbon atoms indicate, that D-xylose residue linked at C-3, and two D-glucose
residues linked at C-6 and C-16 of genin.

In HMBC spectrum of 1 correlation peaks between H-1 of D-xylose (8 4.42) and C-3 of aglycon (&
90.22), H-1 of D-glucose (5 4.48) and C-6 aglycon (8 78.21), H-1" of D-glucose (8 4.65) and C-16
aglycon (5 82.23) are observed.

Thereby, fully analysis of the spectral data allow us to make conclusion, that isolated compound 1 is
cycloartane glycoside having novel chemical structure 3-O-f-D-xylopyranoside,6,16-di-O-B-D-
glucopyranoside-24S-cycloartane-3[3,6a,16[,24,25-pentaol.
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ASTRAGALUS LEHMANNIANUS OCIMJITI'THEH BOJIII AJIBIHFAH
NUKJIOJEXMAHO3UA A XUMHUAJIBIK KYPBLJIIBIMbIH AHBIKTAY

AnnoTtamust. Ochl JKYMBICTA )KaHA OHKJIOAPTAH TJIMKO3HAIL, IUKIOICXMAHO3HI A —HBIH XHMUSUIBIK KYPBITBIMBIH
aHBIKTAy OcpinreH. XMMUSUTBIK KYPBIIBIM XUMILIIBIK PEaKIus (KbIIIKBUIABIK THIPOJIN3) SKOHE CIIEKTPAJbIl dmicTep
(Oipenmemmi xoHe exiemmemai SIMP crmekTpockommsa) KOMETIMCH AHBIKTAIABL. JKaHA OUKIOAPTAH TIHKO3HIIL,
mukTonexManosun A Astragalus  Lehmannianus Bunge (Leguminosae) ecCiMAITIHIH >kep YCTi OemmiriHeH
CHJIMKATCITBAC OaraHambel XpoMatorpadus omiCiMCH Oein aNbIHABI KOHE OHBIH XHUMHSIBIK KypbUIBIMBI 3-O-B-D-
KCHJIOMTHPAHO3HU I, 6,16-1u-O-B-D-rmoxompanosna-24S-muxmoapras-3p,6a,16,24,25-neataon CKCHIIT1
AHBIKTAIIBL

Tyiiin  ce3nep: Astragalus Lehmannianus Bunge, Leguminosae, THKIOAPTAaH TPUTECPICHOUIBL,
UKJI0MeXMaHo3u A, ukaokanrorennt, 'H, °C, DEPT SIMP cnexrp, HMBC.
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OINIPEJEJEHUE XUMHWYECKOI'O CTPOEHUSA NUKJIIOJIEXMAHO3HUJA A
N3 ASTRAGALUS LEHMANNIANUS

Annotamus. B Hacrosmed paboTe NMPHBOIUTCSA  ONPEACICHHE XHUMHYECKOTO CTPOCHHSI  HOBOTO
IOUKJIOAPTAHOBOTO TIIMKO3WAA, ITHKIONEXMaHO3mAa A. OmpenescHHE XHMHYECKOTO CTPOCHHS MPOBOJWICSA TIPH
TMIOMOIIY XUMHUYECKOM peakuyu (KUCAOTHBIM T'MAPOIN3) M CHEKTPAJbHBIMH METOJAMHU (OJAHOMEPHAA U JABYMEPHA
SMP cnekrpockonmst). HoBbIil IHMKIOAPTAHOBBIM TIIMKO3H[, UHUKIONEXMAHO3HX A OBUI BBIJCICH W3 HAA3CMHOH
vactu Astragalus Lehmannianus Bunge (Leguminosae) KOMOHOYHOW Xpomarorpadmed HA CHIIMKAresne, a ero
XHMHYECKOE CTPOCHHE VCTAHOBICH Kak 3-O-B-D-kcmmommpanosun, 6,16-au-O-B-D-rimokonupanosna-24S-
mukIoapraH-33,6a,160,24,25-neHTao N

KimoueBnie cioBa: Astragalus Lehmannianus Bunge, Leguminosae, IUKIOAPTAHOBBIC TPUTCPICHOMIBL,
IUKJIOIEXMAHO3HA A, muknokanTorerms, 'H, °C, DEPT SIMP cniexrp, HMBC.




News of the Academy of sciences of the Republic of Kazakhstan

REFERENCES

[1] A.Zh. Kaldybekova, A.T. Amangazyeva, Z.B. Halmenova, A.K. Umbetova. Development of technology for the
complex isolation of biological active substances from plants of the genus haplophyllum A juss., News of NAS RK. Series of
Chemistry and technology. Volume 5, Number 431 (2018), 74 — 81 https://doi.org/10.32014/2018. 2518-1491.10 ISSN 2518-
1491 (Online), ISSN 2224-5286 (Print)

[2] Mamedova R.P., Isaev M.I. Triterpenoids from Astragalus plants // Chemistry of natural compounds. Tashkent, 2004.
Vol. 40, N 4 . pp. 303-357. DOL: 10.1023/b:conc.0000048246.16075.62

[3] Flora Uzbekistana. Tashkent: AN UzSSR, 1955. T. 3. Pp. 473-671.

[4] Makhatov B.K., Patsayev A.K., Sapagbay M.M., Kucherbayev K.Dzh. Issledovaniye triterpenoidov cycloartanovogo
ryada rasteniy roda astragal // Herald of the Kazakhstan National Academy of Natural Sciences, 2017, N 3, pp 116-119.

[5] Baitenov M.S. Flora Kazakhstana. Rodovoi kompleks flory. Almaty, 2001. T.2. 280 s.

[6] Grudzinskaya L.M., Esimbekova M.A., Gemedjieva N.G., Mukin K.B. Dikorastushie poleznie rasteniya Kazakhstana
(katalog). Almati, 2008. P. 100.

[7] Zhang W.-D., Hong Ch., Zhang Ch., Liu R.-H., Li H.-L.., Chen H.-Zh. Astragaloside IV from Astragalus membranaceus
Shows Cardioprotection during Myocardial Ishemia in vivo and in vitro // Planta Med., 2006, 72, 4-8. DOI: 10.1055/5-2005-
873126

[8] Gan L.-X., Han X.-B., Chen Y.-Q. The structures of thirteen astrasieversianins from Astragalus sieversianus //
Phytochemistry. Oxford, 1986. V. 25. P. 2389.

[9] Zhanibekov A.A., Naubeev T.Kh., Uteniyazov K. K., Bobakulov Kh.M., Abdullaev N.D.// Triterpene Glycosides from
Astragalus. Structure of Cyclolehmanoside C from A. lehmannianus //. Chemistry of natural compounds, pp. 475-477 (2013)
DOI: 10.1007/s10600-013-0642-9.

— ] ——



