
Zygophyllaceae is a family of about 25 genera and 240
species. It is distributed in tropical, subtropical and warm
temperate areas. It is represented in Pakistan by 8 genera and
22 species. The genus Zygophyllum consists of about 100
species, distributed in deserts and steppes from Mediter-
ranean to Central Asia, South Africa and Australia. In Pak-
istan it is found in the Sindh and Balochistan provinces.1)

The genus Zygophyllum represents the largest genus in the
family Zygophyllaceae.2)

Some of the plants belonging to genus Zygophyllum are
used in folk medicine. Leaves, stems and fruits of Zygophyl-
lum coccineum are used as the drug ‘Kammun Quaramany’.
This drug is active against rheumatism, gout, asthma and hy-
pertension and is also used as a diuretic, antihelmenthic and
antidiabietic agent.3) Extracts from Zygophyllum dumosum
(BOISS.) are used in Egypt to treat rheumatism, gout, asthma
and hypertension.2) The leaf juice of Zygophyllum simplex
acts as a skin cleanser. It was also reported for the horny
patches on skin in the North Africa and Arabia region.4)

In a previous investigation quinovic acid, saponins and
tannins have been found in the leaves, stem and roots of Zy-
gophyllum coccineum.3)

Our current study led to the isolation of two new triter-
penoidal saponin with the known constituent 3-O-[b-D-glu-
copyranosyl]-b-sitosterol which was first time isolated from
this plant. Herein, we describe their isolation and structure
elucidation.

Results and Discussion
The BuOH-soluble fraction (see experimental) yielded

compounds 1, 2 and 3. Compound 1, was purified by re-
peated column chromatography on silica gel 60 (70—230
mesh size) using solvent system MeOH : CHCl3 (18 : 82) by
recrystallization from methanol, compound 2, by
MeOH : CHCl3 (20 : 80) and compound 3, by MeOH : CHCl3

(16 : 84).
The UV spectrum in methanol showed a sharp peak at

199 nm as end absorption. In the IR spectrum the compound
1 showed peaks at 3400 (OH) and 1700 (COOH) cm�1. The
13C-NMR spectrum summarized in Table 1 was assigned on
the basis of broad band (BB), distortion less enhancement by
polarization transfer (DEPT), and heteronuclear multiple

quantum coherence (HMQC) experiments. The appearance
of the two anomeric carbon resonated at d 103.90 and d
106.01 suggested the presence of two monosaccharide moi-
eties. The 13C-NMR spectrum of 1 showed the presence of
41 carbon atoms in the molecule 11 carbon signals were seen
for the sugar moieties, confirming the presence of one hex-
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Fig. 1. Triterpenoidal Saponins from Zygophyllum atriplicoides



ose and one pentose, the remaining 30 carbon signals were
due to triterpenoid aglycone. The broad band 13C-NMR spec-
trum showed the presence of 6 methyl, 13 methylene, 14 me-
thine and 8 quarternary carbon atoms in agreement with
structure 1. The downfield 13C-NMR chemical shift at d
80.74 suggested that the disaccharide moiety was attached to
the C-3 of the aglycone5) and it was further confirmed by het-
eronuclear multiple bond connectivity (HMBC) correlation
of anomeric protons with C-3. The occurrence of the olefinic
carbon signals at d 121.08 and d 148.74 corresponding to
methine and quaternary carbons, suggested the presence of
endocyclic double bond at the 12-position in an oleanane
skeleton.6) Moreover, the 13C-NMR data were analyzed by
analogy with the reported data of oleanane triterpenoid
which led to the identification of the aglycone as hedera-
genin.5,7)

The structure of compound 1 was further supported by 1H-
NMR and negative ion FAB mass spectra. The 1H-NMR
spectrum of 1 indicated the presence of six tertiary methyl
singlets for C-24, C-25, C-26, C-27, C-29 and C-30 at d
1.39, 1.26, 1.38, 1.45, 1.30 and 1.34 respectively. The H-3 of
carbinylic proton resonated at d 3.60. The 1H-NMR spec-
trum also showed the presence of an olefinic proton reso-
nance as a distorted triplet at d 5.46 characteristic for the H-
12 in pentacyclic triterpenes.8)

The analysis of 1D and 2D-NMR spectra revealed that the
carbon signal at 180.0 indicated the presence of free carboxyl
group at C-17. In the HMBC spectrum, C-17 was correlated
with a proton signal at C-16 (d 2.28, 2.32), C-18 (d 3.65)
and C-22 (d 1.22, 1.24). It was further confirmed by methy-
lation of compound 1 to its methyl ester, supported by a peak
at m/z 486 in EI-MS. In a NOESY spectrum, the presence of
a cross-peak between H-24 and H-25 indicated that the
methyl group at C-24 was axially; which in turn suggested a
a-configuration for the hydroxymethyl at C-24. The 1H-
NMR spectrum indicated the presence of two sugar moieties.
The anomeric proton at d 5.45 (d, J�3.78 Hz) showed the a-
configuration for D-glucose and at d 5.60 (d, J�7.22 Hz)
showed the b-configuration for D-xylose moiety. The 1H-
NMR assignments were confirmed with the help of 2D-J re-
solved, COSY 45° and NOESY experiments. A molecular
weight of 766 was confirmed by an intense peak at m/z 765
in the negative ion FAB-MS of the compound 1 which is due
to [M�H]� ion, corresponding to the molecular formula
C41H66O13 indicating the degree of unsaturation as 9 double
bond equivalents. Furthermore, negative fragment ion at m/z
603 may be ascribed respectively to the loss of a terminal
glucose unit. A second fragment ion at m/z 455 may be at-
tributed to the loss, from the [M�H]� ion, of a glucose–xy-
lose disaccharide unit. This sequence indicated that the ter-
minal glucose moiety was linked to xylose. This, in turn, was
attached to the C-3 of hederagenin. This fragmentation also
showed that both the sugars of compound 1 were linked to
each other by inter-glycosidic linkages as determined by 13C-
NMR data.

The acid hydrolysis of compound 1 yielded the aglycone
that was identified as hederagenin by comparing with spec-
tral and physical data reported in the literature.9,10) The sug-
ars obtained from hydrolysates were identified as glucose and
xylose. The J-values and 13C-NMR spectral data deduced the
b-D-pyranosyl configuration for xylose and a-D-pyranosyl
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Table 1. 1H- and 13C-NMR Data for Compounds 1 and 2

1 2

dH multi (J in Hz)a) dC
b) dH multi (J in Hz)c) dC

d)

The aglycone moiety
1 1.26, 1.88 38.78 1.45, 1.87 38.07
2 1.52, 1.64 26.16 1.86, 1.95 23.86
3 3.60 dd (11.0, 4.5) 80.74 3.05 m 91.36
4 43.54 39.10
5 1.22 48.17 0.64 55.75
6 1.63, 1.25 18.26 1.32, 1.46 19.30
7 1.25, 1.30 34.26 1.25, 1.42 31.41
8 42.02 38.40
9 2.12 49.68 1.80 49.85

10 36.98 40.15
11 2.60, 3.42 23.89 2.44, 2.32 25.92
12 5.46 dt 121.08 5.61 m 129.95
13 148.74 134.44
14 42.20 40.65
15 1.44, 1.46 28.38 1.68, 1.88 27.02
16 2.28, 2.32 23.80 2.29, 2.31 30.61
17 46.68 34.11
18 3.65 41.30 2.25 56.83
19 1.92, 1.98 48.01 1.60, 1.65 37.35
20 32.94 38.62
21 1.45, 1.47 36.98 1.25, 1.42 32.25
22 1.22, 1.24 30.96 1.01, 1.65 39.25
23 4.12 d (10.1) 65.01 0.92 s 28.10

4.22 d (10.1)
24 1.39 s 13.45 1.03 s 19.24
25 1.26 s 16.08 0.76 s 16.89
26 1.38 s 17.48 0.86 s 18.04
27 1.45 s 25.96 3.58 d (11.0) 64.29

3.45 d (11.0)
28 180.00 0.96 17.05
29 1.30 s 33.25 1.00 d (6.0) 21.58
30 1.34 s 24.46 1.05 d (6.0) 25.30

3-O-b-D-Xylopyranosyl
1� 5.60 d (7.22) 106.01
2� 4.59 82.30
3� 4.57 79.74
4� 4.72 68.29
5� 4.10, 4.22 65.51

2-O-a-D-Glucopyranosyl
1� 5.45 d (3.78) 103.90
2� 4.62 76.28
3� 4.58 78.31
4� 4.56 71.47
5� 4.64 79.74
6� 4.18, 4.20 62.60

3-O-b-D-Quinovopyranosyl
1� 4.41 d (7.62) 104.04
2� 4.15 82.11
3� 3.58 77.51
4� 3.38 78.20
5� 3.55 70.93
6� 1.25 d (6.06) 18.28

2-O-b-D-Glucopyranosyl
1� 4.45 d (7.72) 104.75
2� 3.45 75.24
3� 3.32 77.26
4� 3.20 72.60
5� 4.03 78.52
6� 3.78, 3.80 65.87

a) 500 MHz for 1H, b) 125 MHz for 13C in C5D5N, for compound 1. c) 300 MHz for
1H, d) 75 MHz for 13C in CD3OD for compound 2. The 1H and 13C chemical shifts were
assigned by a combination of 1H–1H COSY, HMQC and HMBC experiments.



configuration for glucose.11)

The points of attachment of sugar units were determined
through 13C-chemical shifts in which the upfield shifts of b-
carbons and the downfield shift of a-carbons were character-
istic for the establishment of interglycosidic linkages.12)

The signal at d 82.30 corresponding to the C-2� of the xy-
lose moiety is indicative of a disaccharide in which the xylo-
syl group is attached to the aglycone and has a second gluco-
syl unit attached at C-2� which was further confirmed by the
strong HMBC interaction of d 5.45 H-1� of glucose to d
82.30 ppm C-2� of xylose.13)

One bond correlation between 1H- and 13C-nuclei were es-
tablished by HMQC experiments,14) which provided conclu-
sive evidence to establish the structure of compound 1. The
signals of C-3, C-11, C-12 and C-15 in the 13C-NMR spec-
trum at d 80.74, 23.89, 121.08 and 28.38 could be easily cor-
related with corresponding protons in the 1H-NMR spectrum
at d 3.60, 2.60, 3.42, 5.46, 1.44 and 1.46. The methyl car-
bons resonated at d 13.45 (C-24), 16.08 (C-25), 17.48 (C-
26), 25.96 (C-27), 33.25 (C-29) and 24.46 (C-30) respec-
tively. These carbons are coupled with protons at d 1.39,
1.26, 1.38, 1.45, 1.30 and 1.34, respectively in the HMQC
spectrum. The anomeric carbons C-1� and C-1� were coupled
to the proton resonating at d 5.60 and 5.45 which confirmed
that these proton signals were due to H-1� and H-1�, respec-
tively.

The 2D homonuclear 1H–1H chemical shift correlation
(COSY-45°)14) which illustrated the proton connectivity (Fig.
2) provided further insights into the structure 1. The position
of double bond at C-12 was finally confirmed by COSY-45°
which showed the connectivity of H-11 (d 2.60) to vinylic H-
12 (d 5.46).

Finally, on the basis of all the above evidences the struc-
ture of 1 was established as 3-O-[a-D-glucopyranosyl-
(1→2)-b-D-xylopyranosyl] hederagenin.

In compound 2 the UV spectrum in methanol showed a
sharp peak at 195.8 nm as end absorption. In the IR spectrum
the compound 2 showed peaks at 3449.7 (OH), 2926 (CH),
2854 (C�C) and 1256 (C–O) cm�1. The 13C-NMR spectrum
summarized in Table 1 was assigned on the basis of BB,
DEPT and HMQC experiments. The appearance of the two
anomeric carbon resonated at d 104.75 and d 104.04 sug-
gested the presence of two monosaccharide moieties. The
13C-NMR spectrum of 2 showed the presence of 42 carbon
atoms in the molecule 12 carbon signals were seen for the
sugar moieties, confirming the presence of two hexoses, the
remaining 30 carbon signals were due to triterpenoidal agly-
cone. The broad band 13C-NMR spectrum showed the pres-
ence of 8 methyl, 11 methylene, 17 methine and 6 quar-
ternary carbon atoms in agreement with structure 2. The
downfield 13C chemical shift at d 91.36 showed that the dis-
accharide moiety was attached to the C-3 of the aglycone.15)

The occurrence of the olefinic carbon signals at d 129.95 and
d 134.44 corresponding to methine and quaternary carbons,
suggested the presence of endocyclic double bond at the 12-
position in an ursane skeleton. The presence of hydroxy-
methyl at C-27 was confirmed by its HMBC correlation with
C-13 and C-14. Moreover, the 13C-NMR data were analyzed
by analogy with the reported data of 27-hydroxyursane triter-
penoid which led to the identification of the aglycone.16)

The structure of compound 2 was further supported by 1H-

NMR and positive ion FAB mass spectra. The 1H-NMR
spectrum of 2 indicated the presence of five tertiary methyl
singlets for C-23, C-24, C-25, C-26 and C-28 at d 0.92, 1.03,
0.76, 0.86 and 0.96. Two secondary methyls C-29 and C-30
at d 1.00 and 1.05 respectively. The attachment of carbinylic
proton of H-3 resonated at d 3.05.15) The 1H-NMR spectrum
also showed the presence of an olefinic proton resonated as a
distorted triplet at d 5.61 characteristic for the H-12 in penta-
cyclic triterpenes.8) The 1H-NMR spectrum also indicated the
presence of two sugar moieties. This saponin contains a
–SO3H group linked to the 2-O- of b-D-quinovopyranosyl
moiety. This type of saponin was previously reported in 
Zygophyllum propinquum and Zygophyllum album.3) The
anomeric proton at 4.45 (d, J�7.72 Hz) showed the b-config-
uration for D-glucose. The anomeric signal of the b-O-
quinovopyranosyl moiety, appeared at d 4.41 (d, J�7.62 Hz).
A doublet at d 1.25 (d, J�6.06 Hz) was due to the methyl
signal of the quinovose moiety. The downfield shifts of the
H-2� (Dd�1.00) and C-2� (Dd�5.3) signals compared with
those of quinovose indicate that the sulphate group is in posi-
tion C-2� of the quinovose. A molecular weight of 831 was
confirmed by an intense peak at m/z 832 in the positive ion
FAB-MS of the compound 2 which is due to [M�H]� ion,
corresponding to the molecular formula C42H70O14S. Further-
more, positive fragment ion at m/z 668 may be ascribed to
the loss of a terminal glucose unit. A second fragment ion at
m/z 442 may be attributed to the loss, from the [M�H]� ion,
of a glucose-quinovose disaccharide unit. This sequence indi-
cated that the terminal glucose moiety was linked to
quinovose. This, in turn, was attached to the C-3 of com-
pound 2. This fragmentation also showed that both sugars
were linked to each other by inter-glycosidic linkages as de-
termined by 13C-NMR data.

The acid hydrolysis of compound 2 yielded the aglycone
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Fig. 2. Selected HMBC and COSY Correlation of 1 and 2
COSY , HMBC .



that was identified as 27-hydroxyursane by comparing with
spectral and physical data reported in the literature.15) The
sugars obtained from hydrolysates were identified as glucose
and quinovose. The 13C-NMR spectral data deduced the b-D-
pyranosyl configuration for glucose and quinovose.

The signal at d 78.20 corresponding to the C-4� of the
quinovose moiety is indicative of a disaccharide in which the
quinovose group is attached to the aglycone and has a second
glucosyl unit attached at C-4� which was further confirmed
by the strong HMBC interaction of d 4.45 H-1� of glucose to
d 78.20 C-4� of quinovose.

The signals of C-3, C-11, C-12 and C-15 in the 13C-NMR
spectrum at d 91.36, 25.92, 129.95 and 27.02 could be easily
correlated with corresponding protons in the 1H-NMR spec-
trum at d 3.05, 2.32, 2.44, 5.61, 1.68 and 1.88 which were
shown by HMQC.11) The methyl carbons resonated at d
28.10 (C-23), 19.24 (C-24), 16.89 (C-25), 18.04 (C-26),
28.52 (C-28), 17.05 (C-29) and 21.58 (C-30) respectively.
These carbons are coupled with protons at d 0.92, 1.03, 0.76,
0.86, 0.96, 1.00 and 1.05. The anomeric carbons C-1� and C-
1� were coupled to the proton resonating at d 4.41 and d 4.45
which confirmed that these proton signals were due to H-1�
and H-1�, respectively.

The position of double bond at C-12 was finally confirmed
by COSY-45° which showed the connectivity of H-11 (d
2.32) to vinylic H-12 (d 5.61).

Finally, on the basis of all the above accumulated evi-
dences the structure of 2 was established as 27a-hydroxyurs-
12-ene-3-O-[b -D-glucopyranosyl(1→4)(2-O-sulpho)-b -D-
quinovopyranoside].

Compound 3 showed a [M�H]� ion peak at m/z 575 in the
negative ion FAB mass spectrum. The fragment which ap-
peared at m/z 413 showed the loss of a hexose moiety. The
acid hydrolysis of 3 yielded a sapogenin which was identified
as a b-sitosterol by comparing with spectral data reported in
the literature.16) The sugar obtained from the hydrolysate was
identified as glucose on silica gel TLC by comparing with an
authentic sample. The anomeric signal appeared at d 4.57 (d,
J�7.96 Hz) b-D-pyranosyl configuration for glucose. Hence,
on the above evidence 3 was identified as 3-O-[b-D-glucopy-
ranosyl]-b-sitosterol.

Experimental
General Experimental Methods Column chromatography (CC): silica

gel, 70—230 mesh. Flash chromatography (FC): silica gel 230—400 mesh.
TLC was carried out on E. Merck silica gel plates using the indicated 
solvents : CHCl3 : MeOH�75 : 25 BAW�12 : 3 : 5 butanol–AcOH–water;
BEW�12 : 3 : 5 butanol–EtOH–water and detected by ceric sulphate
reagent. The IR and UV-Spectra were recorded on a Jasco-320-A and Hi-
tachi-UV-240, respectively. Optical rotation was recorded on Jasco DIP-360,
Digital Polarimeter. Fast atomic bombardment mass spectra (FAB-MS) were
recorded on a double focusing Varian MAT-312 spectrometer. 1H- and 13C-
NMR, COSY, HMQC, HMBC spectra in C5D5N for compounds 1 and 3 and
CD3OD for compound 2 at 500, 300 and 125 and 75 MHz, respectively,
using a AM 500 and 300 Bruker Spectrometers. Chemical shifts d in ppm
and coupling constants in Hz. EI, CI-MS: JMS-HX-110 with a data system.

Plant Material The plant Zygophyllum atriplicoides (Zygophyllaceae)
was collected from Quetta, Balochistan, Pakistan, in 2002, and was identi-
fied by one of us (RBT). A voucher specimen (no. 1408) has been deposited
at the herbarium of the Botany Department, Balochistan University, Quetta.

Extraction and Isolation The shade-dried whole plant (20 kg) was
crushed and extracted with methanol at room temperature. The extract was
evaporated to yield the residue (100.5 g). The whole residue was extracted
with ethyl acetate, n-butanol and water. The butanolic extract (50.3 g) was

subjected to column chromatography (CC) on silica gel using a gradient of
methanol in CHCl3. The fractions eluted with 20—25% (A) and 35—40%
(B) methanol in CHCl3 were then subjected to repeated flash chromatogra-
phy on silica column provided subfraction A-1 and B-1 from fraction A and
B respectively. The presence of one major spot of A and B were shown by
TLC (n-BuOH–AcOH–H2O 12 : 3 : 5) and MeOH : CHCl3 (25 : 75) along
with impurities The fractions were then subjected on repeated column 
chromatography. Compound 1 was purified on using solvent system
MeOH : CHCl3 (18 : 82).

Fraction B was first subjected on Sephadex using water and then by
adding methanol in increasing order. Compound 2 was purified by column
chromatography using solvent system MeOH : CHCl3 (20 : 80) and com-
pound 3 by MeOH : CHCl3 (16 : 84).

Atriplicosaponin A (1): Crystalline compound (25 mg), mp 215—217 °C,
Rf�0.49, CHCl3 : MeOH (0.49), (BAW), 0.39 (BEW), 0.30 (15 : 85, HOAc–
water); UV-lmax (MeOH): 199, 205, 268, 315 nm. IR nmax (KBr) 3400 (OH),
2927 (CH), 2856 (C�C), 1700 (C�O), 1027—1130 (O-glycosidic linkage)
and 825 cm�1; [a]D

25 �40° (c�0.02, MeOH), EI-MS; m/z 458, Positive FAB
MS: m/z 767, Negative FAB-MS m/z 765, 1H-NMR (C5D5N, 500 MHz) and
13C-NMR data: see Table 1.

Recrystallization of Compound 1: Methanol was heated to boil. Com-
pound 1 was placed in an Erlenmeyer flask. Small amount of the hot
methanol was poured into the flask containing the compound. The flask was
swirled to dissolve compound. Then the flask was kept on the steam bath to
keep the solution warm. When the compound was all in solution the flask
was set on the bench top without disturbance. After a while, crystals were
appeared in the flask. Now the flask was placed in an ice bath to finish the
crystallization process. The crystals were filtered from the solution through
vacuum filtration. After filtration they were scraped on the watch glass for
drying.

Acid hydrolysis of Compound 1: Compound 1 (10 mg) was hydrolyzed
with 2 M HCl in aqueous methanol (10 ml) at 100 °C for 3 h. The methanol
was evaporated under reduced pressure and the mixture diluted with water
and extracted with EtOAc. The EtOAc and water layers were evaporated
under reduced pressure. The EtOAc layer contains aglycone and water layer
contain sugars. The spectral data of aglycone was analyzed with the reported
data of oleanane triterpenoid which led to the identification of aglycone as
hederagenin.5,7) The sugars were identified by comparision with authentic
samples of glucose and xylose through paper chromatography as well as on
silica gel TLC using solvent system as EtOAc : MeOH : HOAc : H2O
(11 : 2 : 2 : 2) followed by spraying with sugar reagent (orcinol, ferric chlo-
ride and sulphuric acid)17) and heating.

Methylation of Compound 1: Compound 1 (5.0 mg) in methanol was
treated with excess diazomethane and the whole reaction mixture was al-
lowed to stand for 12 h. Removal of the solvent under reduced pressure gave
its methyl ester.

Atriplicosaponin B (2): Crystalline compound (20 mg), mp 215—217 °C,
Rf�0.52, (BAW), CHCl3 : MeOH (0.49), 0.41 (BEW), 0.29 (15 : 85,
HOAc–water); UV-lmax (MeOH): 195.8, 199.0, 205.8 and 278.4. IR nmax

(KBr) 3449.7 (OH), 2926 (CH), 2854 (C�C), 1256 (C–O), 1027—1130 (O-
glycosidic linkage) and 803 cm�1; [a]D

25 �10.26° (c�0.02, MeOH), EI-MS;
m/z 442, Positiv FAB-MS: m/z 832, Negative FAB-MS m/z 830, 1H-NMR
(CD3OD, 300 MHz) and 13C-NMR data see Table 1.

Acid Hydrolysis of Compound 2: Compound 2 (5 mg) was dissolved in
5 ml 10% H2SO4–dioxane (1 : 1) and refluxed for 3.5 h at 100 °C. The reac-
tion mixture was diluted with water and extracted with CHCl3. The aqueous
layer was neutralized with KHCO3 and glucose was identified by the same
procedure described for compound 1 while the assignments of chemical
shifts of quinovose were based on the spectral data reported in literature.3)

The CHCl3 layer yielded aglycone which was identified as 27-hydroxyursane
by comparing with spectral data reported in literature.15)

3-O-[b-D-Glucopyranosyl]-b-sitosterol (3): Crystalline compound
(21 mg), mp 287—289 °C, Rf�0.50, (BAW), CHCl3 : MeOH (0.47), 0.38
(BEW), 0.26 (15 : 85, HOAc–water); IR nmax (KBr) 3400 (OH), 2920, 2840
(CH) and 1027—1130 (O-glycosidic linkage); Negative FAB-MS m/z 575.

Acid Hydrolysis of Compound 3: Compound 3 (10 mg) was hydrolyzed
with 2 M HCl in aqueous methanol (10 ml) at 100 °C for 3 h. The methanol
was evaporated under reduced pressure and the mixture diluted with water
and extracted with EtOAc. The EtOAc and water layers were evaporated
under reduced pressure. The EtOAc layer contains aglycone and water layer
contain sugars. The aglycone was identified as sitosterol through comparison
of its spectral data reported in literature.16) The sugar was identified by com-
parision with authentic sample of glucose through paper chromatography as
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well as on silica gel TLC same as described for compound 1.
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