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Abstract: One new sulfated saponins,23,30-trihydroxyurs-20-en-28-al-23-sulfate38-D-xylopyranoside
(Zygofaboside C;1) was purified from the water soluble fraction dhanolic extract of the aerial parts of
Zygophyllum fabagd.inn. The structure of the compound was elucidatedugh spectral studies, especially
1D- and 2D-NMR, HR-FAB mass spectrometry, and caispa with literature data.
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1. Introduction

Zygophyllaceae is a family of flowering plants imding about 22 genera and 285 species. The
members of this family are small trees, shrubs, taartds; often resinous and some are poisonous [1].
Trees are less common and usually the plants @fahily require very less quantity of water [2heT
genusZygophyllumis a leading genus in the family ZygophyllaceahisTgenus usually contains
tropical herbs or shrubs having ill-smelling floweunds. So far six species have been reported in
Pakistan for the genugygophyllum[2]. Zygophyllum fabagds commonly known as Syrian bean-
caper and is distributed in Pakistan, Iran, Afghtam, Iraq, Arabia, North Africa, Spain, Francelyit
and Turkey. Many species belonging to the gefwgophyllumhave been shown to cure various
diseases and are used in folk medicine in sevegabms of the worldZ. coccineums active against
rheumatism, gout, asthma, and hypertension andlsis ased as diuretic, anthelminthic, and
antidiabetic agent [3, 4]. Extracts &f coccineundisplayed significant antihypertensive propertres i
normotensive as well as in spontaneously hypesensits [5]. Compounds isolated francornutum
have shown hypocholesterolemic and hypolipidemtividies [6] and those fronZ. simplexhave
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shown antibiotic as well as laxative activities.[Z] gaetulums used as anti-eczema, antispasmodic,
hypoglycemiant, and in stomach and liver disea8k<[ albumis used as diuretic, local anaesthetic,
antihistaminic, and antidiabetic agent [¥. fabagois used as antitussive, expectorant, anti-
inflammatory and for removing pains [10]. Aerialr{zaof the plant, collected at the flowering stages
have been used as anti-rheumatic, anthelminthibadéc, and anti-asthmatic [11]. The plant cokett
from Pakistan has shown a very strong activity mgjahe human pathog&uandida albicang12]. Z.
fabagoextracts may also contain antiviral photosenswizaut the activities have been seen only at
high concentrations [13]. In an ongoing searchterbioactive compounds frokh fabagoe the EtOH
extract of the aerial parts of this plant was delgédor investigation and a new sulfated saponin
trivially named as Zygofaboside @)((Figure 1) was isolated from it.

HO HO

Figure 1. Structure of compountl

2. Materials and Methods
2.1. General

Compoundl was characterized by extensive 1D- (Bruker Avabi@@-and Bruker Avance-AV-
500 spectrometers) and 2D-NMR analysis (COSY, HS@@BC, NOESY, Bruker Avance AV-500
and Bruker Avance AV-600 spectrometers), negatiie-AAB-MS (Jeol-JMS-HX-110), and IR
(Vector-22) spectrometer. Optical rotations wereasueed on a Jasco-DIP-360 automatic digital
polarimeter. Column chromatography (CC) was caroedon Sephadex LH-20 (25-100 mm; Sigma-
Aldrich). MPLC separation was done using an Eye&PV3050 instrument; column (200 mm x 25
mm i.d.; Eyela) filled with Polygroprep C-18 (15—&8%n, 10 nm; Macherey-Nagel). Analytical TLCs
were carried out on RP-18 plates (5% 10 cm, Merck) or RP-18,ks aluminum sheets (20 20
cm, Merck).

2.2. Plant Material

The aerial parts af. fabagoLinn. were collected from Ankara, Turkey in Jur@?2. The plant
was identified by one of us (B. S.). A voucher spen (GUE # 2312) was deposited in the herbarium
of the Faculty of Pharmacy, Gazi University, Ankararkey.

2.3. Extraction and Isolation

The EtOH extract was prepared from aerial partskf)2of Z. fabagoby maceration. The dark-
green residue (450 g) was dissolved pOHnd partitioned betweenHexane (50 g), EtOAc (100 g),
and HO (300 g). An amount of 100 g from theMextract was dissolved in water and (25 mL x 4)
was subjected to Sephadex LH-20 CC eluting witregdO (2.0 L), then polarity was decreased by
the addition of MeOH in steps of 25% (2.0 L eacp)te 100% MeOH (2.0 L). The fraction obtained
(250 mg) with MeOH/HO (1:3) was subjected to reverse-phase MPLC eluwtitig MeOH/H,O (1:1)
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which after repeated chromatography affordg3,30-trinydroxyurs-20-en-28-al-23-sulfate035-
D-xylopyranoside (Zygofaboside @) as a new natural compound. Purity of the compowad
checked on RP-18 TLC (visualization by sprayinghwierium (IV) sulfate reagent; followed by
heating).

2.4. Zygofaboside Q)

White amorphous powder (10 mgl]p?>+ 43.2 € = 0.086, CHOH); IR (KBr) Vinax 3345, 2925,
1710, 1662, 1122 ct 'H-NMR (500 MHz, CROD): aglycone moietyd 9.42 (1H, s, H-28), 5.56
(1H, d,J = 6.0 Hz, H-21), 4.09 (1H, d,= 10.0 Hz, H-23), 3.97 (2H, dJ = 13.0 Hz, H-30 and H-
30), 3.72 (1H, dJ = 9.5 Hz, H-23), 3.65 (1H, ddJ) = 11.5 Hz and 4.5 Hz, H-3), 2.34 (1HJt 6.5
Hz, H-13), 2.16 (1H, m, H-18), 2.08 (2H, ovip,H and K-7), 1.79 (2H, ovlp, H-16 and H-16),
1.70 (2H, ovlp, H-2 and H-2), 1.69 (2H, ovip, W1 and H-1), 1.58 (2H, ovip, F-11 and H-11),
1.42 (1H, ovlp, H-19), 1.41 (1H, ovlp, H-5), 1.3BH, ovlp, H-9), 1.35 (2H, ovip, K22 and H-22),
1.33 (2H, ovlp, H-6 and K-6), 1.08 (3H, dJ = 6.5 Hz, H-29), 1.01 (3H, s, H-27), 0.93 (3HHs26),
0.91 (3H, s, H-25), 0.76 (3H, s, H-24), xylose nyi&4.48 (1H, dJ= 8.0 Hz, H-1"), 3.81 (1H, dd,
= 11.5 Hz and 5.5 Hz, H45"), 3.45 (1H, m, H-4"), 3.33 (1H, masked, H-3'R9 (1H, ddJ = 10.5 Hz
and 10.5 Hz, B5", 3.10 (1H, ddJ = 8.0 Hz and 8.0 Hz, H-2fC-NMR (125 MHz, CROD):
aglycone moietyo 39.7 (C-1), 26.5 (C-2), 82.7 (C-3), 43.1 (C-4),318C-5), 18.6 (C-6), 36.1 (C-7),
42.1 (C-8), 51.8 (C-9), 37.9 (C-10), 22.6 (C-119,2(C-12), 33.6 (C-13), 43.4 (C-14), 28.7 (C-15),
30.7 (C-16), 51.9 (C-17), 41.3 (C-18), 48.2 (C-19)8.1 (C-20), 118.3 (C-21), 34.9 (C-22), 69.5 (C-
23), 13.1 (C-24), 17.4 (C-25), 16.5 (C-26), 14.82T, 209.0 (C-28), 23.8 (C-29), 64.8 (C-30), xg@os
moiety: 106.2 (C-1"), 75.8 (C-2"), 78.1 (C-3"), 71.3 ((;-86.7 (C-5"); Negative mode HR-FAB-MS:
m/z683.3520 [M — H] (Calcd. for GsHs5011S, 683.3465).

3. Results and Discussion
3.1. Structure elucidation

Compoundl was isolated as a colorless amorphous powder. HR&AB-MS (—ve mode) of
compoundl showed thequasimolecular-ion peak am/z 683.3520 [M—H] corresponding to a
molecular formula of gHs¢O::S. This formula was also supported by IR and NMRcsp. Acid
hydrolysis of1 followed by treatment with Baglestablished the presence of a sulfate moiety in
[14]. In the IR spectrum of compourid typical absorption bands were found at 3345 (@slgs),
2925 (C-H stretch), 1710 (aldehydic C=0), 1662 (Gx®d), and 1122 cth(sulfate stretch). The
'H-NMR spectrum of compounti exhibited signals for four tertiary methyl grougsd 0.76 (s, H-
24), 0.90 (s, B25), 0.93 (s, B26), and 1.01 (s, $#27), one secondary methyl groupiat.08 (d,J =
6.5 Hz, RB-29), and a hydroxymethylene group @B.97 (ovip, Hg-30) indicating a pentacyclic
triterpenoid skeleton. Th#d-NMR spectrum also displayed one olefinic protmmal ats 5.56 (d,J =
6.0 Hz, H-21). Thé°C-NMR spectra indicated signals for four tertiargthyls atd 13.1, 17.4, 16.5,
and 14.8 and one secondary methyl 28.8, respectively. Accordingly, compouhdvas suggested to
contain an urs-20-ene skeleton [15]. Furthermdre,"iC-NMR spectra displayed one oxygenated
methine signal at 82.7 (C-3) and two oxygenated methylene signat64t8 (C-30) and 69.5 (C-23).
The®C-NMR spectra exhibited signals for a total of thiive carbons, of which thirty were assigned
to the aglycone while the remaining five were doi¢he sugar moiety. From tHel- and**C-NMR
data and comparison with the literature the bassteson of compound was found to be/323,30-
trihydroxyurs-20-en-28-al-23-sulfate [15]. A doweifi signal in theé H-NMR spectrum ab 9.42 (s)
with the correspondinfC-NMR signal aty 209.0 was assigned to an aldehyde group in theaula.
The point of attachment of aldehyde group was sstggeat C-17 from the HMBC interactions of H-
28 (0 9.42) with C-17 § 51.9), C-18 ¢ 41.3), and C-224(34.9) (Figure 2). The H-18 (2.16) also
showed HMBC interactions with C-28 209.0). The positions of the sulfate and the atghoups in
1 were determined from the chemical shifts of C-330C and C-23. Hydroxylated C-3 signals
resonate nead 72.0 and hydroxylated methylenes attached to ansimbered ring resonate near
62.0 [16]. Although, in compound C-3 was observed at 82.7 (10.7 ppm downfield) but this



357 Khanet.al, Rec. Nat. Prod(2014) 8:4 354-359

downfield shift was not due to the sulfate grouthea it was due to the glycosylation effect as
confirmed by HMBC interactions of anomeric protdntlee sugar unit with the C-3 of aglycone and
vice versa. The C-30 in compoufidvas observed @ 64.8 but the C-23 appeareddad9.6 (7.5 ppm
downfield) indicating that the sulfate group wataehed at C-23. These assignments were further
supported by comparison of tH&C chemical shifts to the related triterpenoids [1B]. The
attachments of the hydroxyl and the sulfated graipkese positions were also augmented by HMBC
spectra. Thus, HMBC interactions were observed &etvH-21 § 5.56) and C-30464.8). The H-30

(0 3.97) in turn also showed HMBC interactions witR2@ (¢ 148.1) and C-214(118.3), thus
confirming the point of attachment of the hydrogybup at C-30. Furthermore, H-182.16) showed
HMBC interactions with C-20.

HOno
Figure 2. Important HMBC interactions of compoutd

The point of attachment of the OH group at C-30 Vasher supported by the NOESY
interactions (Figure 3) between H-3D3,97) and H-2145.56). The point of attachment of the sulfate
group at C-23 was also authenticated by the HMBEctsp, where H-244(0.76) gave HMBC
interactions with C-23469.5). The H-2344.09 and 3.72) showed inverse HMBC correlatiorts wi
C-3 (0 82.7), C-4 § 43.1), and C-5448.3), thus establishing the presence of a suffatety at C-23.
Based on the above facts and comparison of theicheshift data of C-23%69.5) and C-244(13.1)
with those of hydroxylated C-23 and non-hydroxyia@ 24 [19-21] as well as hydroxylated C-24 and
non-hydroxylated C-23 in the literature [19, 22-26jwas established that the sulfate group was
attached to C-23 of the aglycone. The OH group-atdf aglycone was disposgdand equatorial on
the basis of coupling constant of H-3 (dd; 11.5, 4.5 Hz). This point of attachment ghdisposition
was also supported by the cross peaks in NOESY. ploas, CH-24 (9 0.76) showed NOESY
interactions with CkKt25 ¢ 0.91) while the CK23 (6 4.09 and 3.72) showed interactions with H3 (
3.66).

The anomeric proton signal of the sugar moiety olzserved ab 4.48 (d,J = 8.0 Hz). The spin
constitution of the sugar moiety was observed fthetH-'H-COSY correlations between the sugar
protons. For this purpose, the anomeric protonasigras selected as a starting point. From the
coupling constant data the anomeric configuratibthe sugar unit was found to Ifexylose. The
absolute configuration of the sugar unit was deigeoh asp-D-xylose after acid hydrolysis of
compoundl followed by finding the optical rotation of thegar moiety. The point of attachment of
the xylopyranoside moiety to the aglycone was dategd from the chemical shift data of the
glycosylated position as well as from the HMBC iatgions. The C-3 of the aglycone was shifted
downfield tod 82.6 due to glycosylation. The point of attachmarthe sugar unit at this position was
also supported by the HMBC interactions of the amaenproton of the sugar unit to the C-3 of
aglycone. Thus, the proton signaldéa#.48 (H-1) showed HMBC correlations with the carbon signal
at 6 82.6 (C-3). The H-3 of aglycon& 3.66), in turn, also showed HMBC interactions wilie
anomeric carbon signal at 106.2. This connectivity was also supported by [S®@Enteractions
between anomeric proton of the sugar udit(48) and proton of the aglycone at the glycosyat
carbon § 3.66). On the basis of above observations thestsirel of compound was established as
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3,23,30-trihydroxyurs-20-en-28-al-23-sulfate  O35-D-xylopyranoside  (trivially named as
Zygofaboside C) which is a new compound.

Figure 3. Important NOESY interactions of compouhd
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