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Abstract: From the aerial parts @&stragalus armatusa new acylated flavonol triglycoside, isorhamn&i®-

(5™ p-hydroxybenzoyl)s-apiofuranosyl-(3>2)[a-rhamnopyranosyl-(6)]-s-galactopyranoside 1l which we
named astrarmatuside, has been isolated and shilgtuelucidated together with seven known
flavonol glycosides: tamarixetin-3-@-apiofuranosyl-(3>2)[a-rhamnopyranosyl-(46)]-B-galactopyranoside
(2) (millettiaspecoside D), isorhamnetineBg-apiofuranosyl-(3->2)[a-rhamnopyranosyl-(36)]-5-galacto-
pyranoside ), kaempferol-39-a-rhamnopyranosyl-(%2)[a-rhamnopyranosyl-(36)]-4-glucopyranoside4),
kaempferol-30-a-rhamnopyranosyl-(@ 2)[a-rhamnopyranosyl-(3-6)]-4-galactopyranoside (mauritianinp)(
isorhamnetin-39-a-rhamnopyranosyl-(&2)[a-rhamnopyranosyl-(#6)]-5-galactopyranoside6], kaempferol-
3-O-a-rhamnopyranosyl-(& 6)]-p-glucopyranoside (nikotiflorin)®) and isorhamnetin-8-a-rhamnopyranosyl-
(1—6)]-p-glucopyranoside (narcissind)( The structures of the isolated compounds wetabéshed by means
of 2D NMR experiments, HPLC-DADMS, HR-MS and UV spral analyses. Pivotal role in the structure
elucidation and in particular in the determinatioh sugar sequence, played HSQC-TOCSY and ROESY
experiments whereas those of the known compouiey (vere established by spectral comparison withehos
published in the literature.
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1. Introduction

Astragalus(As-tra-ga-lu$, belonging to the legume family Fabaceae, sublfaR@boideae, is a
large genus of about 2000 species and is considerba@ the largest and most complex genus in
Angiosperm [1,2]. It is distributed primarily in kb arid and semiarid mountainous regions of the
Northern Hemisphere (Europe, Asia, N. America) &odth America. In North Africa, some species
are used against cough, asthma, arthritis and isoafpstings [3].A. armatusWilld. is an endemic
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shrub of the Northern Africa (Algeria, Morocco, Tsia) [4], distributed in the pre-Saharian zone and
is associated with the desertification in arid aréae to overgrazing [5]. In Tunisia, it is usedasc,
stimulant and in cases of anaemia. @] Algeria, plants belonging to the genus are usechses of
fatigue, numbing, cold, flu, asthma, arthritic gaeind deficiency of the immunitary system [7]. The
purported health benefits 8ktragalusare a bit vague, at least from a scientific staimtpAstragalus
prevent asthma and allergy symptoms, it has begmoped as an herbal remedy for everything from
AIDS, chronic fatigue syndrome, hepatitis, and nilyasia gravis to cancer [8,9]. It is almost always
combined with other herbs, complicating the evadwmatof the health benefits oAstragalus In
continuation of our works on Fabaceae family [1@k report here the isolation and structure
elucidation of a new acylated flavonol triglycosif@strarmatuside) together with seven known
flavonol glycosides from the endemic spedkssragalus armatusVilld.

2. Materials and Methods
2.1. General

UV spectra were recorded on a Agilent 8453 UV-Misipectrophotometer, in MeOH. HR-ESI
MS mass spectra were measured on an lonspec UI#TBIS spectrometer using 2,5-
dihydroxybenzoic acid (DHB) as matrix.

Column chromatography (CC): Polyamide (ICN Bioncath GMBH 09602) and silica gel 60
(Merck, Art. 9385), gradient elution with the saie mixtures indicated in each case;. TLC:
Polyamide (ICN Biomedicals GMBH 09603), Merck sdligel 60 b4 (Art. 5554); Detection: UV-
light, spray reagent (vanillin-£$0, on silica gel).

2.2. Plant material

Aerial parts ofAstragalus armatusvere collected from Bekira-Constantine (Easternefiln)
in May 2007. Voucher specimen has been kept itHégrbarium of the faculty of sciences (University
of Constantine 1) under the number LOST.Aa.05.07.

2.3. Extraction and isolation

Air-dried powdered aerial parts #itragalus armatu$l.5 kg) were macerated four times with
70% EtOH solution. The hydro-alcoholic solution veasmicentrated under reduced pressure to dryness
and the residue was dissolved in water and kegt@nnight. After filtration, the aqueous solutioasv
successively extracted with GEl,, EtOAc andn-BuOH for three times with each solvent, then the
EtOAc andn-BuOH extracts were concentrated to dryness.nFBeOH extract (25 g) was subjected
to a MN-SC6 polyamide column chromatography beirlgted with a gradient system of
toluene/MeOH with increasing polarity. Four maiadtions (A-D) were collected. Fraction A (210
mg) was further purified by CC silica gel (EtOAc:E:H,O 10:2:1) and yielded a yellow precipitate
(100 mg) which was identified as compouhd-raction B (100 mg) was subjected to CC over silica
gel using EtOAc:MeOH:ED 10:2:1 and afforded impure compouddvhich was further separated by
TLC on silica gel (4.5 mg) using the same solveistem. CC over silica gel of fraction C (150 mg)
afforded compound3 (5.0 mg) which was further purified on polyamidd (O eluted with
(H,O:MeOH:butanone:acetic acid 13:3:3:1) and a mix{4r® mg) of compoundS and6, whereas
fractionation of D (250 mg) under the same chromatphic conditions led to three subfractions: D1-
D3. D1 (80 mg) was subjected to polyamide TLC (MeBj®:acetic acid, 18:1:1) and yielded
compounds1l (3.9 mg) and7 (2.0 mg). D2 (100 mg) was purified by silica geLO
(EtOAC:MeOH:HO 10:2:1) to give compoundl (7.0 mg) and D3 (90 mg) was purified on polyamide
TLC using (HO:MeOH:butanone:acetic acid 13:3:3:1) leading {8.0 mg).



A new flavonol triglycoside fromistragalus armatusvilld. 14

3. Results and Discussion

From the methanolic extract of the aerial parté&\stragalus armatugight flavonol glycosidesl(8)
were isolated (Fig. 1). Compouddastrarmatuside) was obtained as an amorphouwsnshi powder.

It was identified as isorhamnetinG+5"p-hydroxybenzoyl)s-apiofuranosyl-(3>2)[a-
rhamnopyranosyl-(#6)]--galactopyranoside by 1D, 2D NMR and HPLC-UV-DAD-Mfalyses
and by MS spectrometry. Its HPLC-UV-DAD data showieel presence of a flavonol derivative (255,
266sh, 330 nm) while its MS spectra exhibited pseumecular ions [M+Nd]at m/z899.7, and [M-

H] at m/z 875.7 in the positive and negative ion mode, repy. This suggested a molecular
weight of 876, compatible with the molecular foranH440... High resolution ESI-MS spectra in
the negative ion mode were in agreement, as thhipbited a pseudomolecular peak at [M-IH}/z
875.22384 (theoretical 875.22405) corresponding teolecular formula £H430,,. In agreement, 40
carbon signals were observed in tf@ NMR (SEFT) spectrurtd NMR and**C NMR spectra ofl
showed characteristic shift values and multipkstof a 30-4-glycosylated isorhamnetin derivative
[11]. In the aromatic area of the proton spectrumABX system was evident which was attributed to
the protons H-2', H-6', and H-5' (&4 8.04,d, J= 1.9; 7.36dd, J= 8.4, 2.0; and 6.90, J= 8.4,
respectively) of the flavonoid nucleus. Protons ldr@l H-8 were resonating as doublets below 6.5
ppm (atdy 6.08 and 6.17), indicating that the glycosylatsitie was other than position 7. Besides the
15 carbon signals of the flavonoid nucleus, & NMR (SEFT) spectrum df exhibited seventeen
carbon resonances belonging to three sugar mgienesseven carbon signals indicating the presence
of one acyl group. An additional signal & 57.6 indicated a methoxylated flavonoid. Accordimng
the™H NMR spectrum showed three anomeric protons résmnatd, 5.76 (d, = 8.7 Hz), 5.48 (18)

and 4.59 (bs), corresponding in the HSQC spectrum to three amimncarbons. The number of
carbons together with the MS data indicated thesgaree of two hexoses and one pentose in the
structure. In particular, the broad singletat5.48 correspoding to the anomeric carboiat09.9
together with a quaternary oxygenated carbaix 8.2 and two methylenes & 75.8 and 70.9 were
typical of an apiofuranose unit, whereas the bigiaglet até, 4.59 (corresponding to the carborbat
102.4) and a methyl group &t 1.17 revealed the presence of @rhamnose. COSY experiment
together with HSQC enabled the complete charaettiwiz of the two sugars, which was further
confirmed in an HSQC-TOCSY experiment. The lattee @s of great importance for the structure
elucidation of oligosaccharides [12], as it revealdetail the sequences of all proton sugars loghon

to individual saccharides. In this case it enalbledaccurate characterization of the rhamnose group
Signal assignment of the third sugar showed itrimpd to a galactose moiety, as indicated by a broad
doublet (J= 3.3 Hz) atoy 3.81 which corresponded to proton H-4". HSQC-TOG&@eriment was
again typical of a galactose sequence, as it disglaignals solely from H-1 to H-4 (Fig 2). The
blocking of magnetization transfer from the anomemioton at H-4 of galactose has been described
previously [13], and it is attributed to the pautarly small scalar coupling constant (<1 Hz) betwe
H-4 and H-5 in galactose. Under the experimentalditmns used (100 msec) HSQC-TOCSY
permitted the correct assignment of the galactos®ps H-2" dd, J = 9.5, 8.0 Hz), H-3'd¢, J = 9.7,

3.8 Hz) and H-4" (lat, J = 3.3 Hz) along the HSQC dimension of C-1Y(Fé 2)

The lowfield shift of the methylene carbon of gétse ab: 67.7 suggested that this was one of
the glycosylation sites. This was confirmed by riptetation of the HMBC spectrum. An HMBC
crosspeak between the galactose H-1" and C-3c(484.5) proved that the saccharidic unit was
attached to the position 3 of isorhamnetin, wherkagnostic crosspeaks (Table 1) between H-2"/C-
1™ and H-1"/C-6" proved the-2 linkage of apiose and—6 linkage of rhamnose on galactose,
respectively. In the aromatic area of it NMR spectrum remained signals which belongedrto a
AA'BB' system: four protons appeared as doubleés &t53 (2H, J 8.7 Hz, B2,6), as well a%;6.61
(2H, J= 8.7 Hz, B3,5) and were assigned fo-laydroxybenzoyl group.
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OCH;

4 Ry=H R, = apiose
6 R;=0CH3 R,=apiose
7 Ry=H R,=H

8 R, =OCH; R,=H

Figure 1. Structures of compound$-8)
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Figure 2. HSQC-TOCSY spectrum (in blue) overlapped withHH&QC spectrum (in red) of the sugar
area of compountdl (astrarmatuside)

The linkage of thg-hydroxybenzoyl group on the apiose was deduceah fitee downfield
shifted signals of H-5a"", and H-5b"", §at4.57 and 4.44, respectively). Additionally, theaahment
of the acyl group to apiose was confirmed by HMBGsspeaks between B8/H-5a™", and B8/H-5b™".
Due to the vicinity of the acyl group to the C-%f apiose, ROESY crosspeaks were observed
between B2,6 and H-5a"" & 5b™". The same spatexhibited crosspeaks between H-1", H-2', and H-
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6', whereas interactions between the methoxyl geowpH-2' confirmed the structure of isorhamnetin

(Table 1).

Table 1.'H (295 K, 400 MHz) and*C NMR (295 K, 100.6 MHz) Spectroscopic Data of Comnpd 1 (in

CD;0D; ¢ in ppm,Jin Hz) and diagnostic HMBC cross peaks

CH Sn S C type HMBC
GENIN
2 - 158.3 C H2', H6'
3 - 134.9 c H1"(Gal)
4 - - C=0 -
5 163.8 C H6
6 6.08d(J =2.1) 101.4 CH C5, C7,C10
7 - 166.1 C H6, H8
8 6.17d (J =2.1) 95.0 CH C7, C9, C10
9 - 158.8 C H8
10 - 106.4 C H6, H8
-OCH; 4.01s 57.6 CH c3
1 - 123.6 C H2', H5'
2' 8.04d (J=1.9) 115.0 CH Cc2, C1,C3, C4
3 - 148.9 C OCHl
4 - 150.9 C H2', H5', H6'
5' 6.90d (J = 8.4) 116.3 CH C1', Cc3, c4'
6' 7.36dd (J = 8.4, 2.0) 123.6 CH Cc2, C4
C/H
galactose
1" 5.76d(J =7.9) 101.4 CH C3
2" 4.08dd(J = 9.5, 8.0) 75.2 CH ci™
3" 3.76dd (J = 9.7, 3.8) 76.04 CH
4" 3.81 bd (J =3.3) 71.0 CH
5" 3.76* 75.97 CH
6a" 3.76* 67.7 CHi
6b" 3.52*
rhamnose
i 4.59 bs 102.4 CH c6"
2" 3.58dd (J = 3.1, 1.6) 72.6 CH
3" 3.51* 72.8 CH
4™ 3.26t(J =9.6) 74.3 CH
5™ 3.54* 70.2 CH
6" 1.17d (J = 6.3) 18.4 CH
Apiose
i 5.48 bs 109.9 CH
2™ 3.88 bs 78.6 CH
3™ - 80.2 C H5b™", H4b™"
4a™ 4.38 (J = 9.6) 75.8 CHl
4p™ 3.70* c3™
53" 4.57d(J = 11.7) 70.9 CH B7 (C=0 benzoyl)
5b"™ 4.44d(J=11.1) c3™
benzoyl group
B1 - 123.8 C B3,5
B2,6 7.53d(J =8.7) 132.9 CH B6,2
B3,5 6.61d (J =8.7) 116.3 CH B5,3
B4 - 164.4 C B2,6, B3,5
B7 - 168.3 C=0 B2,6, H5a™", H5b""

* signal pattern unclear due to overlapping
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3.1. Compound (astrarmatuside)

Isorhamnetin-32-(5"'p-hydroxybenzoyl)s-apiofuranosyl-(32)[a-rhamnopyranosyl (46)]-
f-galactopyranosidel] (astrarmatuside): Amorphous pale powder (3.9 y);Amax (MeOH): 255,
330 (nm); HR-ESI-MS (negm/z 875.22384 + 0.24ppmmU (theoretical 875.22405, calculated for
CaoH1302,); diagnostic fragments: 737.19223 [M-benzoylHi, 559.16531 [gal-rha-api-2H]J315 [A-
H]"; *H and™C NMR spectral data, see Table 1.

4. Chemotaxonomic significance

From this study, We have separated eight flavorgtagides from the endemic species
Astragalus armatugrom which compoundlj, which we named astrarmatuside, is isolated ffier t
first time from a natural source while compou}li§ reported here for the second time from natitire;
was first isolated fronMilletia speciosaand named millettiaspecoside D [14]. On the dasia
recently reported chemotaxonomic study of the gébbif it appears that the compound} [(L6] and
(6) [17] are reported here for the first time for gpenus while compound8)([18], (5) (mauritianin)
[19], (7) (nikotiflorin) [20] and @) (narcissin) [21] are isolated for the first tifinem the species.
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