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Abstract: One new oleanane-type saponinO3-D-glucopyranosyl-(3>4)-3-D-xylopyranosyl-(3>3)-a-L-
rhamnopyranosyl-(& 2)-a-L-arabinopyranosylhederagenin PZBB-D-glucopyranosyl-(3>6)-3-D-gluco-
pyranosyl esterl) was isolated from the MeOH extract of whole plpatts ofCephalaria aristataC. Koch
along with three known oleanane-type saponing)-@&L-rhamnopyranosyl-(3»2)-a-L-arabinopyranosyl
hederagenin 28-(B-D-glucopyranosyl-(£6)-3-D-glucopyranosyl) ester?], 3-O-B-D-glucopyranosyl-(34)-
B-D-xylopyranosyl-(3->3)-a-L-rhamnopyranosyl-($2)-a-L-arabinopyranosyl hederageni3) and 30-a-L-
rhamnopyranosyl-(32)-a-L-arabinopyranosylhederageni). Also three triterpenoids and a steroid glucoside
oleanolic acid %), p-amyrin 6), 20$-hydroxyursolic acid 7) and 29-hydroxystigmast-5-en@{3-D-
glucopyranoside8). Their structures were established by the extensse of 1D- and 2D-NMR experiments
along with ESIMS and HRMS analysis.

Keywords: Cephalaria aristata Dipsacaceae; Oleanane-type saponins. © 2014 ACGcRiibns. All rights
reserved.

1. Introduction

The genuephalaria(Dipsacaceae) consists of 94 species distribuidly in the Mediterranean
region and the Middle East. In Turkey, there ar€€éfhalariataxa and 24 of them are enderfiie3].
Cephalaria aristatais an annual herb which mainly grows at inner aadt Anatolia, also Armenia
[2]. SeveralCephalariaspecies have been used as folk medicine for thgiothermal, alleviative,
relaxant and anti-infective activities [4,5]. Flaaads [6,7], iridoids [8] and triterpene saponinghw
antimicrobial [9-11], antifungal [9], mollusciciddll0] and cytotoxic activities [10,12] have been
previously reported from this genus. As a part of ongoing research of new compounds from
Turkish Dipsacaceae species [A-D] [13-16] we carpat a study oephalaria aristataC. Koch
This paper reports the isolation of one new oleartgpe triterpene glycosidd)(from the methanol
extract of the whole plant &. aristataalong with three known oleanane-type glycoside4)( three
aglycones %-7) and one sterol glucosideB)( Their structures were elucidated by extensive
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spectroscopic methods including 10H( **C and TOCSY) and 2D-NMR (DQF-COSY, HSQC,
HMBC and ROESY) experiments as well as ESIMS and/iSRinalysis.

2. Materials and Methods
2.1. General procedures

Optical rotations were measured on a JASCO DIP lfdl@rimeter. IR measurements were
obtained on a Bruker IFS-48 spectrometer. NMR a@rpants were performed on a Bruker DRX-600
spectrometer (Bruker BioSpinGmBH, Rheinstetten,niey) equipped with a Bruker 5 mm TCI
CryoProbeat 300 K. All 2D-NMR spectra were acquiredCD;OD (99.95%, SigmaAldrich) and
standard pulse sequences and phase cycling walgfarsBQF-COSY, HSQC, and HMBC spectra.
The NMR data were processed using UXNMR softwaracEmasses were measured by a Voyager
DE mass spectrometer. Samples were analyzed byxraasisted laser desorption ionization time-of-
flight (MALDITOF) mass spectrometry. A mixture of nalyte solution and a-cyano-4-
hydroxycinnamic acid (Sigma) was applied to theatliet sample plate and dried. Mass calibration
was performed with the ions from ACTH (fragment3%-at 2465.1989 Da and angiotensin Il at
931.5154 Da as internal standard. ESIMS analyses werformed using a ThermoFinnigan LCQ
Deca XP Max iontrap mass spectrometer equippedXdttibur software.

2.2. Plant Material

Cephalaria aristataC. Koch was collected from Darende-Malatya, TurkeyJune 2010 and
identified by one of the co-author, SerdarS&nol (Deparment of Biology, Faculty of ScienceseEg
University, izmir, Turkey). A voucher specimen (EGE 40857) ipasited in the Ege University
Botanical Garden & Herbarium Research and The gppbn Centerlzmir, Turkey.

2.3. Extraction and Isolation

Air-dried and grinded plant material (900 g) weneracted with MeOH (4x5 L) at room
temperature. After filtration, the solvent was rema by rotary evaporation yielding (60 g) of MeOH
extract. The MeOH extract was dissolved y©OH350 ml), and successively partitioned with ndmex
(3x150 mL), CHCI, (4x150 mL), and n-BuOH saturated with@(4x150 mL). The n-BuOH phase
(10 g) was chromatographed over Sephadex colunon@tography to give ten main fractions (A-J).
Fraction A (2.5 g) was subjected to vacuum liquidomatography (VLC) using reversed-phase
material (RP-18) employing 4 (600 mL), HO-MeOH (8:2, 1000 mL; 6:4, 1000 mL; 4:6, 1500 mL;
3:7, 1000 mL; 2:8, 1200 mL) and MeOH (800 mL) teggb main fractions. Fraction 2 (50 mg) was
subjected to RP-HPLC column chromatography withdblgent system MeOH#@ (50:50, 250 ml)
to yield compound. (3 mg). Fraction 3 (50 mg) was submitted to RP-BRIolumn chromatography
with the solvent system MeOH;8 (60:40, 250 ml) to yield compoun@s(3 mg) and3 (2 mg).
Fraction 4 (60 mg) was subjected to RP-HPLC colwhromatography with the solvent system
MeOH:H,O (70:30, 250 ml) to yield compourtd(3 mg). Fraction 5 (50 mg) was subjected to RP-
HPLC column chromatography with the solvent systsf@OH:H,O (90:10, 200 ml) to vyield
compounds (3 mg),6 (4 mg) and7 (3 mg). Fraction 6 (40 mg) was submitted to RP-BRiolumn
chromatography with the solvent system MeOMIH95:15, 250 ml) to yield compou@d2 mg).

2.4. Acid hydrolysis

The crude saponin mixture (300 mg) was heated a€60ith 1:1 0.5 N HCI-dioxane (100 ml) for 2
h, and the mixture was then evaporated in vacue.rébidue was partitioned with @E,-H,O, and
the HO layer was neutralized with Amberlite MB-3. The(Hlayer was then concentrated and passed
through a silica gel column, using CH@®eOH-H,O (7:1:1.2, lower layer) as eluting solvent to
afford glucose, xylose, arabinose and rhamnose Drbenfiguration of xylose and glucose and the L
configuration of arabinose and rhamnose were éskedal as by comparison of their optical rotation
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values with those reported in the literature [1EF$Kander et al., 2006). The optical rotations were
determined after dissolving the sugars OHand allowing them to stand for 24 h; D-xylosg*f,

+10 (€ 0.1), L-arabinosed{] %, +80.5 € 0.1), D-glucosed]?%, +51.0 € 0.1), L-rhamnosed]®’, +13.8
(c0.2).
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Figure 2.Key HMBC of compound

3. Results and Discussion
3.1. Structure elucidation

The HRMALDITOF mass spectrum df (m/z 1391.6465 [M+Na], calcd for G,H10/0::Na,
1391.6459) supported a molecular Formula §H&/O31. The ESIMS spectrum showed a major ion
peak aim/z1391 which was assigned to [M+NaJhe MS/MS of this ion showed a peaknaiz 1229
[M+Na-162], corresponding to the loss of a hexose unit. bn MS spectrum peaks anh/z 1067
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[M+Na-162-162], corresponding to the loss of a hexose unit, 1028Na-162-162-44], due to
consecutive losses of carbon dioxide, 861 [M+Na-162-44-162], corresponding to the loss of a
hexose unit, 729 [M+Na-162-162-44-162-132¢orresponding to the loss of a pentose unit, 583
[M+Na-162-162-44-162-132-148] corresponding to the loss of a deoxy-hexose 4it, [M+Na-
162-162-44-162-132-146-132]corresponding to the loss of a pentose unit wbserved.

The 'H NMR spectrum ofl displayed signals for six tertiary methyl groupss .74, 0.83,
0.94, 0.97, 1.00 and 1.21, for an olefinic proton &.27 (t,J=3.5 Hz), one oxygen-bearing methine
proton até 3.64 (dd,J=11.5, 4.2 Hz, H-3) and one primary alcoholic fumctatd 3.36, 3.61 (H-23)
(Table 1). These signals along with the carbonmasces in thé’C NMR spectrum for the methyl
groups ab 13.8, 17.7, 33.5, 23.8, 16.6, 26.3 and the twéirotecarbons ab 123.5, 146.3 suggested
that compound. possessed hederagenin as aglycon [18]. The dddistigts of C-3 § 82.2) and C-
28 (177.7) of the aglycon suggested that compdumgis a bidesmosidic glycoside. THE NMR
spectrum showed 64 carbon signals, of which 30 vassigned to the aglycon moiety and 34 to a
sugar portion made up of six sugar units. TH&NMR spectrum displayed in the sugar region signal
corresponding to six anomeric proton® &.37 (d,J=7.5 Hz), 4.37 (dJ=7.5 Hz), 4.54 (dJ=7.5 Hz),
4.55 (d,J=3.7Hz), 5.26 (dJ=1.2 Hz) and 5.38 (d=7.5 Hz) which were unambiguously correlated by
HSQC experiment to the corresponding carbon res@saats 103.2, 104.5, 105.8, 104.5, 100.9 and
95.3, respectively. The chemical shifts of all thedividual protons of the six sugar units were
ascertained from a combination of 1D-TOCSY and DTIFSY spectral analysis, and tHé&C
chemical shifts of their relative attached carbavere assigned unambiguously from the HSQC
spectrum (Table 1). These data showed the presdribeeep-glucopyranosyl unitss(4.37, 2H and
5.38), one a-rhamnopyranosyl unitd( 5.26), one p-xylopyranosyl unit § 4.54) and oneo-
arabinopyranosyl units(4.55). An unambiguous determination of the segeemt linkage sites was
obtained from the HMBC spectrum, which showed kexredation peaks between the proton signal of
8 H-12 (8 4.55) and the carbon resonance of G-82.2), H-1y, (8 5.26) and C-2, (8 75.9), H-1y (8
4.54) and C-g, (6 82.2), H-1, (6 4.37) and C-4; (6 78.1), H-Lc, (6 5.38) and C-28)(177.7) and H-
Lgcm (8 4.37) and the carbon resonance of (Gr&d 69.2). The absolute configurations of the sugar
units was determined by acid hydrolysis of the ersdponin mixture as D-glucose, D-xylose, L-
rhamnose and L-arabinose and were assigned o df their optical rotation values [17].

On the basis of all these evidence, the structiitheonew compound was established as@-D-
glucopyranosyl-(34)--D-xylopyranosyl-(3-3)-a-L-rhamnopyranosyl-(3>2)-a-L-
arabinopyranosylhederagenin @83-D-glucopyranosyl-(3>6)-B-D-glucopyranosyl ester.

Additionally, three known oleanane-type triterpeglgcosides; 39-a-L-rhamnopyranosyl-
(1—2)-a-L-arabinopyranosylhederagenin €8B-D-glucopyranosyl-(36)-p-D-glucopyranosyl ester
(2) [19], 3-O-B-D-glucopyranosyl-(3>4)--D-xylopyranosyl-(1»3)-o-L-rhamnopyranosyl-(32)-o-
L-arabinopyranosylhederageniB) (20] and 30-a-L-rhamnopyranosyl-(#»2)-a-L-arabinopyranosyl
hederagenind) [21], three aglycones; oleanolic aci),(f-amyrin 6) [22] and 2@-hydroxyursolic
acid (/) [23] and one sterol glucoside, 29-hydroxystigrtaen-3O-p-D-glucopyranoside§) [24],
were isolated.
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Table 1.**C and'H NMR data { in Hz) of the aglycon and sugar moieties of conmubLi(600Mz,3
ppm, in CQOD).

Aglycone Sugar
Position d¢ Oy (Jin HZ) Position d¢ Oy (Jin HZ)
1 39.7 1.65,0.99, m a-L-Ara | (at C-3)
2 26.5 1.90,1.79m 1 104.5 4.55,d (3.7)
3 82.2 3.64,dd (11.5,4.2) 2 75.9 3.73,dd (8B 3
4 43.7 - 3 73.9 3.71, dd (8.5, 3.0)
5 48.0 1.30, m 4 69.6 3.78, m
6 18.7 1.51,1.40 5 65.4 3.87 dd (11.9, 2.0)
3.54,dd (11.9, 3.0)
7 33.1 1.64,1.31, m a-L-Rha (at C-2.)
8 40.6 - 1 100.9 5.26,d (1.2)
9 48.8 1.66, m 2 71.4 4.12,dd (1.2, 3.2)
10 37.3 - 3 82.2 3.89,dd (3.2, 9.7)
11 24.4 1.93, (2H) m 4 72.3 3.59,1(9.7)
12 123.5 5.27,1(3.5) 5 69.7 3.95, m
13 146.3 - 6 17.8 1.26, d (6.5)
14 42.8 - B-D-Xyl I(at C-3+;)
15 28.7 1.86,1.05, m 1 105.8 4.54,d (7.5)
16 23.8 1.95,1.63, m 2 74.7 3.38,dd (7.5,9.2)
17 47.5 - 3 75.6 3.52,1(9.2)
18 42.3 2.89,m 4 78.1 3.72, m
19 47.1 1.74,1.18, m 5 64.3 4.07,dd (5.2,1133,3 (11.7)
20 31.3 - B-D-Glcl (at C-4y)
21 34.7 1.43,1.25; m 1 103.2 4.37,d (7.5)
22 33.2 1.766, 1.64, m 2 74.5 3.23,dd (7.5, 9.0)
23 64.5 3.61,d (11.5) 3 7.7 3.38,1(9.0)
3.36,d (11.5)
24 13.8 0.74, s 4 71.3 3.31,1(9.0)
25 16.6 1.00, s 5 78.0 3.35, ddd (3.5, 4.5, 9.0)
26 17.7 0.83,s 6 62.4 3.88,dd( 3.5, 12)
3.68,dd (4.5, 12
27 26.3 1.21,s B-D-Glcll (at C-28)
28 177.7 - 1 95.3 5.38,d (7.5)
29 33.5 0.94,s 2 73.8 3.36, dd (7.5, 9.0)
30 23.8 0.97,s 3 77.9 3.44,1(9.0)
4 70.5 3.46,1(9.0)
5 77.6 3.53,ddd (3.5, 4.5, 9.0)
6 69.2 4.15, dd( 3.5, 12)
3.81,dd (4.5, 12
B'D'GIC”I (at C'63|c||)
1 104.5 4.37,d (7.5)
2 74.8 3.24,dd (7.5, 9.0)
3 77.8 3.33,1(9.0)
4 71.3 3.31,t(9.0)
5 77.8 3.26, ddd (3.5, 4.5, 9.0)
6 62.4 3.88,dd (3.5, 12)
3.68, dd (4.5, 12)
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