
Hammada scoparia (POMEL) ILJIN (5Arthrophytum sco-
parium (POMEL) ILJIN5Haloxylon articulatum subsp. scopar-
ium (POMEL) BATT.5Haloxylon scoparium POMEL) (Chenopo-
diaceae) is a small, highly-branched halophytic shrub distrib-
uted in south–east Spain, North Africa and parts of Iran,
Turkey, Iraq and Syria (Irano-Turanian region).1—3) In
Tunisia, it is known locally as ‘rimth’4) and used in tradi-
tional medicine to treat eye disorders.5,6) Aqueous extracts of
this plant have also been reported to show anti-cancer,7) anti-
plasmodial7) and larvicidal activity,8) but relatively little has
been published on its phytochemistry. This paper describes
the isolation and identification of a new flavonol triglycoside
found in the leaves of H. scoparia, isorhamnetin 3-O-b-D-xy-
lopyranosyl-(100→3-)-a -L-rhamnopyranosyl-(1-→60)-b -D-
galactopyranoside (1), and two known flavonol triglycosides,
isorhamnetin 3-O-b-D-apiofuranosyl-(1-→20)[a-L-rhamnopy-
ranosyl-(100→60)]-b-D-galactopyranoside (2) and isorham-
netin 3-O-a-L-rhamnopyranosyl-(1-→20)[a-L-rhamnopyra-
nosyl-(100→60)]-b-D-galactopyranoside (3).

Fractionation of an Me2CO–H2O (1 : 1) extract of leaves of
H. scoparia by column chromatography, preparative paper
chromatography and semi-preparative HPLC yielded com-
pounds 1—3 as yellow powders. Each of these afforded
isorhamnetin (3,5,7,49-tetrahydroxy-39-methoxyflavone) and
sugars (1, galactose, rhamnose and xylose; 2, apiose, galac-
tose and rhamnose; 3, galactose and rhamnose) on acid 
hydrolysis (2 M HCl). The UV spectra of 1—3 recorded in
MeOH were similar to those of isorhamnetin 3-O-glyco-
sides,9) with distinctive maxima at 254 and 354 nm. Use of
UV shift reagents9,10) confirmed that the hydroxyl groups at
C-5, C-7 and C-49 were free and that the hydroxyl group at
C-3 was blocked. Atmospheric pressure chemical ionization
(APCI)-MS (positive mode) of both 1 and 2 gave a proto-
nated molecule at m/z 757 and common fragment ions at 
m/z 625, 479 and 317, corresponding to loss of pentose
[(M1H)2132]1, deoxyhexose [(M1H)2(1321146)]1 and
hexose [(M1H)2(13211461162)]1, respectively. Likewise
APCI-MS (positive mode) of 3 gave a protonated molecule at
m/z 771 and fragment ions at m/z 625, 479 and 317 corre-
sponding to loss of deoxyhexose [(M1H)2146]1, deoxy-
hexose [(M1H)2(1461146)]1 and hexose [(M1H)2(1461

1461162)]1, respectively. These preliminary data indicated
that compounds 1—3 were isorhamnetin 3-O-triglycosides.

The 1H-NMR spectrum of 1 in DMSO-d6 contained dis-
tinctive resonances for one methoxy group and three
anomeric protons. Additional glycosidic and aromatic proton
resonances were also observed (Table 1). The chemical shift
and coupling constant data for the aromatic and methoxy
protons together with their corresponding 13C-NMR chemi-
cal shifts obtained by heteronuclear single quantum coher-
ence spectroscopy (HSQC) confirmed the identity of the
aglycone as isorhamnetin (Table 1). The 1H and 13C reso-
nances of each sugar residue were assigned from double
quantum filtered correlation spectroscopy (DQF-COSY),
total correlation spectroscopy (TOCSY), HSQC and hetero-
nuclear multiple bond correlation (HMBC) data using the
anomeric proton resonances at d 5.40 (d, J57.7 Hz), 4.44 (d,
J51.3 Hz) and 4.24 (d, J57.4 Hz) as starting points (Table
1). These data allowed the glycosidic units to be identified as
b-galactopyranose, a-rhamnopyranose and b-xylopyranose,
respectively.11) The interglycosidic linkages and the site of at-
tachment between the glycoside and the aglycone were deter-
mined from HMBC data and rotating frame Overhauser en-
hancement (ROE) connectivities detected in 1D XSROESY
experiments.12) A 3J (1H, 13C) long-range connectivity (HMBC)
between the anomeric proton resonance of b-Gal (d 5.40)
and C-3 (d 133.0) of the aglycone confirmed the identity of
the primary sugar as b-Gal and the site of attachment of the
triglycoside as C-3. This was also suggested by the ROE con-
nectivity detected between Gal H-10 (d 5.40) and H-29 of the
aglycone (d 7.98). The ROE connectivies detected between
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Rha H-1- (d 4.44) and Gal 60-CH2 (d 3.63 and 3.38) charac-
terised the interglycosidic linkage between these sugars as
(1-→60), a conclusion supported by the downfield shift of
Gal C-60 to d 65.2 and a 3J (1H, 13C) long-range HMBC con-
nectivity between Rha H-1- (d 4.44) and Gal C-60 (d 65.2).
An HMBC connectivity observed between the anomeric pro-
ton resonance of b-Xyl (d 4.24) and the downfield-shifted
Rha C-3- resonance at 81.0 ppm characterised a (100→3-)
linkage between these sugars, as was also confirmed by an
ROE connectivity between Xyl H-100 and Rha H-3-. Further
ROE connectivities detected between Xyl H-100 and both Xyl
H-300 and Xyl H-500 were as expected for the b-pyranose
form of this sugar. The absolute configurations of D for b-Gal
and b-Xyl, and L for a-Rha were assumed as those naturally
occuring in flavonoid glycosides. Compound 1 was therefore
identified as isorhamnetin 3-O-b-D-xylopyranosyl-(100→3-)-
a-L-rhamnopyranosyl-(1-→60)-b-D-galactopyranoside, a new
linear flavonol triglycoside. The molecular formula of
C33H40O20 determined for 1 by high resolution MS was con-
sistent with this structure. A flavonol triglycoside tentatively
identified as isorhamnetin 3-O-xylosylrobinobioside was
found previously in the leaves of another halophytic shrub,
Nitraria retusa (FORSSK.) ASCH. (Zygophyllaceae), by Halim
et al.13) However, their preliminary characterisation using
only chemical methods did not allow the important intergly-
cosidic linkage between the xylosyl and robinobiosyl (5a-L-

rhamnopyranosyl-(1→6)-b-D-galactopyranosyl) units to be
determined and the full identity of the compound from this
source remains uncertain.

The structures of compounds 2 and 3 were determined in-
dependently by the procedures outlined above to be the
branched isorhamnetin triglycosides, isorhamnetin 3-O-b-D-
apiofuranosyl-(1-→20)[a -L-rhamnopyranosyl-(100→60)]-b -
D-galactopyranoside and isorhamnetin 3-O-a-L-rhamnopyra-
nosyl-(1-→20)[a -L-rhamnopyranosyl-(100→60)]-b -D-galac-
topyranoside, respectively. Compound 2 was identified re-
cently as a constituent of the aerial parts of Astragalus vul-
neraria DC. (Leguminosae)14) but has not been reported from
any other source. A complete set of 1H- and 13C-NMR reso-
nance assignments for this compound in DMSO-d6 is given
for reference in the Experimental section (the original data
were obtained in CD3OD). Compound 3 was first described
from Primula veris (Primulaceae),15) but is present in several
other taxa, including Lysimachia fortunei (Primulaceae),16)

Alangium premnifolium (Alangiaceae),17) and Chenopodium
pallidicaule.18) All three isorhamnetin triglycosides described
in the present study are new to Hammada scoparia, from
which only isorhamnetin 3-O-a-L-rhamnopyranosyl-(1-→
60)-b-D-galactopyranoside (isorhamnetin 3-O-robinobioside)
had been reported previously.19)

Experimental
UV spectra were recorded on a Shimadzu 1601 UV–visible spectropho-

tometer. Spectra were recorded both in MeOH and with the addition of shift
reagents.9,10) 1H- and 13C-NMR spectra were recorded in DMSO-d6 on
Bruker 400 MHz instruments. Standard pulse sequences and parameters
were used for the experiments. Chemical shift references were obtained
from the solvent resonances of DMSO-d6 at dH 2.50 and dC 39.5, relative to
tetramethylsilane (TMS). High resolution electrospray ionization (ESI)-MS
(positive mode) were obtained on a Bruker Apex II instrument with an inter-
nal calibrant. Positive ion APCI-MS were obtained using a quadrupole ion-
trap instrument (Finnigan LCQ) as described previously.20) Analytical and
semi-preparative HPLC were carried out using a Waters LC600 pump and a
996 photodiode array detector. A Merck LiChrospher 100RP-18 (25034.0
mm i.d.; 5 mm particle size) column with a 20 min linear gradient of 25—
100% MeOH : HOAc : H2O (18 : 1 : 1) in 2% aq. HOAc at 1 ml/min was used
for analytical HPLC. An identical LiChrospher column but with 10 mm i.d.
was used for semi-preparative HPLC with a flow rate of 4.5 ml/min. The col-
umn temperature was maintained at 30 °C in both cases.

Plant Material Hammada scoparia (POMEL) ILJIN was collected in No-
vember 1999 at Sfax, Tunisia. The leaves were carefully detached from the
fresh plants and air-dried. Voucher specimens (No. LCSN101) have been de-
posited at the Laboratoire de Chimie des Substances Naturelles, Faculty of
Sciences, University of Sfax, Tunisia, and the Royal Botanic Gardens, Kew.

Extraction and Isolation Air-dried leaves of Hammada scoparia (2.4
kg) were extracted at room temperature in Me2CO–H2O (1 : 1). The filtrate
was concentrated under reduced pressure, made alkaline with aqueous am-
monia and partitioned with CHCl3 and n-BuOH successively, to give ex-
tracts A and B. The remaining aqueous layer was acidified to pH 2 with HCl
and partitioned with EtOAc and n-BuOH successively, giving extracts C and
D. Column chromatography of D (35 g) on Sephadex LH-20 (H2O–MeOH
gradient) gave 11 fractions (D.1—D.11). Fraction D.3 (1.6 g) was purified
further by preparative paper chromatography (Whatman 3MM) to remove
tannins and phenolic acids; first using BAW (n-BuOH, HOAc, H2O, 4 : 1 : 5,
v/v, upper layer) and then CHCl3–HOAc–H2O (15 : 15 : 2). Final purification
of the yellow band was achieved by semi-preparative HPLC with a gradient
method (solvent A5MeOH, solvent B5H2O; A525%, B575% at t50 min;
A5100% at t520 min; A5100% at t525 min and A525%, B575% at
t526 min) to give 1 (7 mg) and 3 (4 mg). Fraction D.4 (100 mg) was purified
directly by semi-preparative HPLC using the same gradient method to yield
2 (8 mg).

Isorhamnetin 3-O-b -D-Xylopyranosyl-(100→3-)-a -L-rhamnopyranosyl-
(1-→60)-b-D-galactopyranoside (1): UV lmax (MeOH) nm 254, 355;
(MeOH1NaOH) 272, 414; (MeOH1AlCl3) 268, 399; (MeOH1AlCl31
HCl) 268, 400; (MeOH1NaOAc) 275, 371; (MeOH1NaOAc1H3BO3) 256,
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Table 1. 1H- and 13C-NMR Resonance Assignments for Compound 1 in
DMSO-d6

d 1H d 13C

2 156.3
3 133.0
4 177.3
5 161.2
6 6.16 d (1.7) 98.7
7 165.1
8 6.37 d (1.7) 93.7
9 156.4

10 103.9
19 121.0
29 7.98 d (1.8) 113.4
39 146.9
49 149.4
59 6.89 d (8.4) 115.1
69 7.50 dd (8.4, 1.8) 121.9

OCH3 3.84 s 55.9
Gal 10 5.40 d (7.7) 101.8

20 3.60 m 71.1
30 3.45 m 72.9
40 3.64 m 67.9
50 3.63 m 73.4
60 3.63 m 65.2

3.38 m
Rha 1- 4.44 d (1.3) 100.1

2- 3.58 m 69.8
3- 3.40 dd (9.3, 3.1) 81.0
4- 3.32 m 70.8
5- 3.45 dd (9.0, 6.1) 67.9
6- 1.06 d (6.1) 17.7

Xyl 100 4.24 d (7.4) 105.4
200 3.03 m 73.8
300 3.11 m 76.0
400 3.26 m 69.4
500 3.63 m 65.5

2.99 m



359. 1H- and 13C-NMR: see Table 1. APCI-MS (positive mode) m/z: 757
[M1H]1, 625 [(M1H)2132]1, 479 [(M1H)2(1321146)]1, 317 [(M1
H)2(13211461162)]1. HR-ESI-MS m/z: 757.2197 [M1H]1 (Calcd for
C33H41O20, 757.2186).

Isorhamnetin 3-O-b -D-Apiofuranosyl-(1-→20)[a -L-rhamnopyranosyl-
[(100→60)]-b-D-galactopyranoside (2): UV lmax (MeOH) nm 254, 354;
(MeOH1NaOH) 270, 408; (MeOH1AlCl3) 269, 404; (MeOH1AlCl31
HCl) 270, 400; (MeOH1NaOAc) 274, 366; (MeOH1NaOAc1H3BO3) 254,
355. 1H-NMR (DMSO-d6) d : 7.97 (1H, d, J52.1 Hz, H-29), 7.53 (1H, dd,
J58.5, 2.1 Hz, H-69), 6.86 (1H, d, J58.5 Hz, H-59), 6.36 (1H, d, J52.0 Hz,
H-8), 6.13 (1H, d, J52.0 Hz, H-6), 3.85 (3H, s, 39-OCH3); b-D-Gal: 5.58
(1H, d, J57.7 Hz, H-10), 3.79 (1H, dd, J59.3, 7.7 Hz, H-20), 3.62 (1H, m,
H-40), 3.62 (1H, m, H-30), 3.59 (1H, m, H-50), 3.58, 3.25 (231H, 23m, 60-
CH2); b-D-Api: 5.28 (1H, d, J51.2 Hz, H-1-), 3.81 (1H, d, J59.3 Hz, 4--
CH2A), 3.79 (1H, m, H-2-), 3.47 (1H, m, 5--CH2A), 3.45 (1H, d, J59.3 Hz,
4--CH2B), 3.40 (1H, m, 5--CH2B); a-L-Rha: 4.39 (1H, d, J51.4 Hz, H-100),
3.38 (1H, m, H-200), 3.36 (1H, m, H-500), 3.30 (1H, m, H-300), 3.10 (1H, m,
H-400), 1.05 (3H, d, J56.2 Hz, 600-CH3); 

13C-NMR (DMSO-d6) d : 177.0 (C-
4), 164.5 (C-7), 161.1 (C-5), 156.3 (C-9), 155.9 (C-2), 149.3 (C-49), 146.9
(C-39), 132.8 (C-3), 121.9 (C-69), 121.1 (C-19), 115.0 (C-59), 113.3 (C-29),
103.7 (C-10), 99.2 (C-6), 93.6 (C-8), 55.8 (39-OCH3); b-D-Gal: 98.7 (C-10),
74.3 (C-20), 73.4, 73.2 (C30/C50), 68.2 (C-40), 65.0 (C-60); b-D-Api: 108.7
(C-1-), 79.2 (C-3-), 75.9 (C-2-), 74.0 (C-4-), 64.5 (C-5-); a-L-Rha: 100.0
(C-100), 71.8 (C-400), 70.5 (C-300), 70.3 (C-200), 68.2 (C-500), 17.8 (C-600).
APCI-MS (positive mode) m/z: 757 [M1H]1, 625 [(M1H)2132]1, 479
[(M1H)2(1321146)]1, 317 [(M1H)2(13211461162)]1. HR-ESI-MS
m/z: 757.2192 [M1H]1 (Calcd for C33H41O20, 757.2186).

Isorhamnetin 3-O-a-L-Rhamnopyranosyl-(1-→20)[a-L-rhamnopyranosyl-
(100→60)]-b-D-galactopyranoside (3): UV lmax (MeOH) nm 254, 355;
(MeOH1NaOH) 269, 409; (MeOH1AlCl3) 269, 406; (MeOH1AlCl31
HCl) 269, 401; (MeOH1NaOAc) 274, 370; (MeOH1NaOAc1H3BO3) 255,
356. 1H- and 13C-NMR: in agreement with published data.16,18) APCI-
MS (positive mode) m/z: 771 [M1H]1, 625 [(M1H)2146]1, 479 [(M1
H)2(1461146)]1, 317 [(M1H)2(14611461162)]1. HR-ESI-MS m/z:
771.2360 [M1H]1 (Calcd for C34H43O20, 771.2342).
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