ELSEVIER

Available online at www.sciencedirect.com

ScienceDirect

Phytochemistry 68 (2007) 1261-1266

PHYTOCHEMISTRY

www.elsevier.com/locate/phytochem

Triterpenoid saponins with N-acetyl sugar from the bark
of Albizia procera

F.R. Melek **, Toshio Miyase °, N.S. Ghaly ?, Marian Nabil *

& Chemistry of Natural Compounds Department, National Research Center, Dokki 12622, Giza, Egypt
° School of Pharmaceutical Sciences, University of Shizuoka, Shizuoka 422-8526, Japan

Received 6 November 2006; received in revised form 18 February 2007
Available online 3 April 2007

Abstract

Three (1,2,4) and one known (3) triterpenoid saponins were isolated from the bark of Albizia procera. The saponins were char-
acterized as 3-O-[B-pD-xylopyranosyl-(1 — 2)-a-L-arabinopyranosyl-(1 — 6)-2-acetamido-2-deoxy-B-p-glucopyranosyl] echinocystic acid
(1), 3-O-[a-L-arabinopyranosyl-(1 — 2)-B-p-fucopyranosyl-(1 — 6)-2-acetamido-2-deoxy-p-p-glucopyranosyl] echinocystic acid (2) and
3-O-[B-p-xylopyranosyl-(1 — 2)-o-L-arabinopyranosyl-(1 — 6)-2-acetamido-2-deoxy-B-p-glucopyranosyl] acacic acid lactone (4). Their
structures were elucidated by 1D and 2D NMR experiments, FABMS as well as chemical means. Saponins 1 and 3 exhibited cyto-
toxicity against HEPG?2 cell line with ICsq 9.13 pg/ml and 10 pg/ml, respectively.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Albizia procera (Leguminosae) is a tree cultivated in
streets and public gardens in Egypt. In folk medicine, the
bark is considered useful in pregnancy and stomachache.
It is also used as a medicine for water buffalo when given
with salt.

As a part of our continuing interest in bioactive sapo-
nins from plants grown in Egypt (Miyase et al., 1996;
Melek et al., 2002, 2003a,b, 2004a,b), we examined the
saponin mixture from the bark of 4. procera Benth. Previ-
ous phytochemical study on saponins from the seeds of this
plant led to the isolation of four acylated triterpenoid sap-
onins namely, proceraosides A—D (Yoshikawa et al., 1998).
We present in this report the isolation and structure eluci-
dation of four saponins 1-4 including three new ones from
the bark of A. procera.
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2. Results and discussion

The dried bark of A. procera was extracted twice with
methanol followed by once with 50% aqueous methanol.
The extracts were combined and the crude saponin mixture
from the combined extract was subjected to column chro-
matography on a porous polymer polystyrene resin (Dia-
ion HP-20) and silica gel followed by HPLC to give four
saponins (1-4) including three new ones (1, 2, 4). The
NMR data of the isolates are shown in Tables 1-3.

The positive ion FAB-mass spectrum of 1 exhibited a
quasi-molecular ion peak [M+Na]" at m/z 962, corre-
sponding to a molecular formula C4sH7,7NO;;. The 'H
NMR spectrum of 1 showed signals due to seven tertiary
methyl groups at 6 0.87, 0.98, 1.02, 1.06, 1.18, 1.19 and
1.87. Further feature were signals at 6 5.59 (br ¢,
J =3.0 Hz) ascribable to a vinylic proton and at § 3.42
(dd, J=12.0, 4.0 Hz) typical for an axial proton attached
to a hydroxylate carbon. The '*C NMR spectrum of 1 dis-
played two signals located at 6 122.5 and 145.1 which con-
firmed the presence of a double bond and a signal at ¢
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Table 1

"H NMR spectral data for compounds 1-4 in pyridin-ds
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Values in parantheses are "H-"H splitting. GIcNHAc, 2-acetamido-2-deoxy-p-p-glucopyranose; Ara, a-L-arabinopyranose; Fuc, B-p-fucopyranose; Xyl, p-

D-xylopyranose.

180.0, suggesting the occurrence of COOH group. The
spectrum also contained three signals at 6 102.4, 104.9
and 106.3 assigned to anomeric carbons of three sugar

units. On the basis of the forgoing data, 1 was concluded
to be a triterpene triglycoside with a triterpene acid moiety
of oleanene skeleton. The downfield position of the axial
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Table 2
13C NMR spectral data for the triterpene moieties of compounds 1-4 in
pyridine-ds

1 2 3 4
Aglycone
1 38.8 38.8 38.8 38.7
2 26.7 26.6 26.6 26.7
3 89.1 89.2 89.2 88.7
4 394 394 394 394
5 56.0 55.9 55.9 56.0
6 18.7 18.6 18.6 18.5
7 33.6 33.5 33.6 32.6
8 40.0 40.0 40.0 40.4
9 47.3 47.4 473 47.4
10 37.2 37.1 37.1 37.1
11 239 239 23.9 23.8
12 122.5 122.5 122.5 124.6
13 145.1 145.1 145.1 140.2
14 42.2 42.1 42.1 43.4
15 36.2 36.3 36.3 38.2
16 74.8 74.8 74.8 66.7
17 49.0 48.9 48.9 50.0
18 41.5 41.4 41.5 41.8
19 474 47.2 474 429
20 31.1 31.1 31.1 34.2
21 36.3 36.2 36.2 83.5
22 32.9 32.9 32.8 27.2
23 28.3 28.2 28.2 28.1
24 17.1 17.1 17.1 17.0
25 15.6 15.6 15.6 15.7
26 17.6 17.5 17.5 16.3
27 27.4 27.3 27.3 28.9
28 180.0 180.0 180.0 181.2
29 334 334 33. 4 28.6
30 24.9 24.8 24.8 243

group at C-14 (Me-27, ¢ 1.87) in the "H NMR spectrum,
implied an additional axial (o) hydroxyl group at C-16.
The assignments of the proton and the carbon resonances
of the triterpene moiety which were secured by 'H-'H
COSY, HMQC and HMBC experiments, allowed identifi-
cation of this moiety as echinocystic acid. The NMR data
due this moiety were in agreement with those reported for
similar triterpene saponins (Carpani et al., 1989; Orsini
et al., 1991). Glycosylation of the alcoholic function at C-
3 was indicated by the downfield position of this carbon
resonance (6 89.1) with reference to the corresponding sig-
nal in echinocystic acid. Acid hydrolysis of 1 afforded the
sugar components 2-amino-2-deoxy-D-glucose, L-arabinose
and p-xylose.

The sugar portion of 1 contained in the '"H NMR spec-
trum three anomeric proton signals. Analysis of 'H-'H
COSY spectrum allowed the sequential assignments of
the proton resonances to the individual monosaccharides
as reported in Table 1. The sugar unit with anomeric signal
at 0 5.03 (d, J = 8.0 Hz) was assigned to a 2-acetamido-2-
deoxy-B-glucose unit. The characteristic signals were at ¢
8.80 (d, J=9.0 Hz, NHAc) and at ¢ 2.14 (s, NHCO-
CHs;) (Ripperger et al., 1981; Carpani et al., 1989; Orsini
et al., 1991; Abdel-Kader et al., 2001). The HMBC cross
peak between the proton signal at ¢ 4.52 (H-2) and the car-

Table 3
13C NMR spectral data for the sugar moieties of compounds 1-4 in
pyridine-ds

1 2 3 4
C-3-0O-sugar GIcNHAC
1 104.9 104.9 104.9 104.8
2 58.0 58.0 58.0 58.1
3 75.8 75.8 75.7 75.7
4 73.0 72.1 72.8 73.0
5 76.2 76.6 76.1 76.4
6 69.6 70.0 69.6 69.5
C=0 170.3 170.2 170.2 170.2
Me(CONH) 23.7 23.7 23.7 23.7
Ara
1 102.4 102.5 102.4
2 80.5 79.5 80.5
3 72.6 72.9 72.7
4 67.5 67.7 67.5
5 64.3 64.6 64.4
Fuc
1 103.5
2 80.4
3 75.5
4 72.5
5 71.4
6 17.1
Xyl
1 106.3 106.3
2 75.4 75.4
3 71.9 77.9
4 70.9 70.9
5 67.3 67.3
Ara
1 105.6 105.6
2 73.1 72.8
3 74.2 74.3
4 68.4 68.9
5 66.0 66.6

bonyl signal at 6 170.3 (NH-CO-CH3) supported the
assignment. The sugar units with anomeric proton signals
at 0 498 (d, J="7.0Hz) and 6 5.13 (d, J= 5.0 Hz) were
attributable to a xylose and an arabinose units, respec-
tively. The anomeric centers of the 2-acetamido-2-deoxy
glucose and the xylose units were each determined to have
a B-configuration based on large 3JH_1,H_2 values. The
o-anomeric configuration of the arabinose unit was
deduced from its 3JH_1,H_2 value (5.0 Hz) expected for an
a-arabinose in rapid *C; — 'C4 conformational exchange.
The HMQC experiment of 1 which correlated all the pro-
ton resonances with the resonances of their directly
attached carbons allowed assignments of the sugar carbons
and showed that all the sugars were in the pyranose form.
It also permitted the assignments of the interglycosidic
linkages by comparison of the observed carbon chemical
shifts with those of the corresponding methylpyranosides
(Seo et al., 1978). The absence of any '*C NMR glycosyla-
tion shift for the B-p-xylopyranosyl unit (xyl) suggested
that this sugar was a terminal unit. Glycosylation shifts
were observed for C-6 (6 69.6) of the 2-acetamido-2-
deoxy-B-p-glucopyranosyl unit (GIcNHAc) and C-2
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(6 80.5) of the a-L-arabinopyranosyl unit (Ara). The posi-
tions of the sugar residues in the trisaccharide chain were
unambiguously defined by the HMBC experiment. The
cross peak due to a long-range correlation between the
echinocystic acid C-3 (6 89.1) and GIcNHAc H-1 (6 5.03)
indicated that this hexose residue was the sugar unit
directly linked to the C-3 of the echinocystic acid moiety.
The cross peak observed between GIcNHAc C-6 (5 69.6)
and Ara H-1 (J 5.13) established the connectivity between
the two sugar units. Similarly, the cross peak between Ara
C-2 (0 80.5) and xyl H-1 (0 4.98) confirmed the terminal
position of the xylose unit in the trisaccharide chain. Thus,
compound 1 was assigned the structure of 3-O-[B-pD-xylo-
pyranosyl-(1 — 2)-o-L-arabinopyranosyl-(1 — 6)-2-acetam-
ido-2-deoxy-B-D-glucopyranosyl] echinocystic acid.

The FAB-mass spectrum of 2, in the positive ion mode
exhibited a quasi-molecular ion peak at m/z 976 [M+Na]"
corresponding to a molecular formula C4oH79NO;. The
"H and '*C NMR spectra indicated that 2 was also a triter-
penoid saponin with the same triterpene moiety as that of 1
(echinocystic acid) but differed in the structure of the sugar
part. The presence of three sugar units was deduced from the
observed three anomeric proton doublets in the 'H NMR
spectrum, at ¢ 4.94 (J =7.5 Hz), 6 5.05 (J/=8.0 Hz) and ¢
5.22 (J = 6.0 Hz), in addition to a methyl doublet at 6 1.48
(J = 6.5 Hz) which suggested the occurrence of one deoxy-
hexose unit. From the assigned NMR signals associated
with the triterpene moiety and derived from the combined
use of "H-'"H COSY, HMQC and HMBC spectra, it was
apparent that the three sugars were present in one trisaccha-
ride chain bounded to C-3 of the triterpene moiety. The 1D
and 2D NMR studies allowed assignments of the sugar pro-
tons and carbons and showed the presence of a terminal o-1-
arabinopyranose, a 2-substituted B-p-fucopyranose (Fuc)
and a 6-substituted 2-acetamido-2-deoxy-B-p-glucopyra-
nose units. As expected, acid hydrolysis afforded 2-amino-
2-deoxy-p-glucose, D-fucose and L-arabinose. The positions
of the sugar units in the trisaccharide chain were determined
from the HMBC correlations between Ara H-1 (§ 5.22) and
Fuc C-2 (0 80.4), Fuc H-1 (6 4.94) and GIcNHAc C-6 (6
70.0), GIcNHAc H-1 (6 5.05) and echinocystic acid C-3 (6
89.2). Therefore, 2 was formulated as 3-O-[a-L-arabinopyr-
anosyl-(1 — 2)-B-p-fucopyranosyl-(1 — 6)-2-acetamido-2-
deoxy-B-p-glucopyranosyl] echinocystic acid.

Compound 3 showed in its FAB-mass spectrum
[M+Na]" peak at m/z 962, consistent with a molecular for-
mula C43H77,NO,;, and identical to that of 1. The NMR data
indicated that 3 was also an echinocystic acid 3-O-glycoside
identified as 3-O-[a-L-arabinopyranosyl-(1 — 2)-a-L-arabi-
nopyranosyl-(1 — 6)-2-acetamido-2-deoxy-B-p-glucopyr-
anosyl] echinocystic acid. Although the structure of 3 was
reported before from A. anthelmintica (Carpani et al.,
1989) we listed here 'H NMR data for the first time and
13C NMR data based on 2D NMR ('"H-'"H COSY, HMQC,
HMBC) analysis.

Compound 4 showed in its FAB-mass spectrum, a
quasi-molecular ion peak [M+Na]" at m/z 960, corre-

sponding to a molecular formula C43H;5sNO;;. The pres-
ence of an absorption band in the IR spectrum of 4 at
1761 cm™" suggested the occurrence of a y-lactone ring.
The '*C NMR spectrum of 4 contained signals due to the
triterpene moiety very similar to their corresponding in
acacic acid lactone 3-O-glycosides previously isolated from
the bark of A. lebbek (Pal et al., 1995) and after alkaline
hydrolysis of the stem bark of A. julibrissin (Ikeda et al.,
1997) as well as from the seeds of 4. prosera (Yoshikawa
et al., 1998). The assignments of the proton and the carbon
resonances were established by NMR analysis ('H-'H
COSY, HMQC and HMBC). The presence of three sugar
units identified as 6-substituted-2-acetamido-2-deoxy-p-p-
glucopyranosyl [H-1: 6 5.05 (d, J = 8.0 Hz), C-1: 6 104.8],
2-substituted-a-L-arabinopyranosyl unit [H-1: 6 5.14 (d,
J=5.0Hz), C-1: § 102.4] and a terminal B-p-xylopyranosyl
unit [H-1: 64.98 (d, J = 7.0 Hz), C-1: 6 106.3] was deduced
from the combined use of 1D and 2D NMR spectra and
after acid hydrolysis. The sugar sequence and the sites of
attachment were found identical to those of compound 1
after considering the HMBC correlations. Consequently,
the structure of 4 was concluded to be 3-O-[B-D-xylopyr-
anosyl-(1 — 2)-a-L-arabinopyranosyl-(1 — 6)-2-acetam-
ido-2-deoxy-B-p-glucopyranosyl] acacic acid lactone.

It is worth noting that saponins with 2-acetamido-2-
deoxy-p-D-glucopyranose as an inner glycosyl unit at C-3
of the triterpene moiety, have been reported before from
the bark of A. anthelmintica (Carpani et al., 1989) and
the seeds of A. lucida (Orsini et al., 1991) as well as the
stems of A. subdimidiata (Abdel-Kader et al., 2001) The
occurrence of saponins with the same sugar unit, was also
reported from the other leguminosae members Pithecello-
bium cubense, P. arboretum (Ripperger et al., 1981) and
Tetrapleura tetraptera (Maillard et al., 1989).

Saponins 1-4 were evaluated in vitro for their cytotoxic
activity against HEPG?2 cell line. Saponins 1 and 3 exhib-
ited cytotoxic effect with ICsy 9.13 pg/ml and 10.0 pg/ml,
respectively. The rest of compounds were found inactive.
The moderately active echinocystic acid saponins 1 and 3
possessed an arabinose unit attached to C-6 of the glucosa-
mine moiety. The inactive saponin 2 was different from 1
and 3 only in the nature of the sugar attached to the gluco-
samine C-6 moiety being fucose instead of arabinose. The
glycosidic parts of 1 and 3 were identical to those of 4. sub-
dimidiata saponins with oleanolic acid as the triterpene
moiety, and showed strong cytotoxicity against A2780
mammalian cell line (Abdel-Kader et al., 2001).

The inactive Saponin 4 contained acacic acid lactone as
the triterpene moiety and glycosidic units identical to those
of 1 and 3. The prosapogenins with the same triterpene
moiety prepared by alkaline hydrolysis of Albizia julibrissin
extract were also found inactive against KB cell line (Ikeda
et al., 1997). Therefore, it was concluded that the presence
of the lactone ring in the triterpene moiety, induced an
inhibition of the cytotoxic activity and that an arabinose
moiety attached to the position 6 of the glucosamine unit
seems to be better than a fucose unit.
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3. Experimental
3.1. General

Optical rotations were measured with Jascodip-1000
digital polarimeter. MS spectra were measured on Jeol
JMS-SX 102 mass spectrometer. NMR spectra were
recorded on Jeol GSX-500 FT NMR spectrometer. Chem-
ical shifts are given on the J-scale with TMS as internal
standard. HPLC was performed on a Jasco system 800
instrument. GC analysis was carried out on Hitachi G-
3000 gas chromatograph.

3.2. Plant material

The bark of A. procera Benth was collected from the
zoological garden in Giza, Egypt in June 2004. Plant iden-
tification was confirmed by Mrs. T. Labib, head specialist
for plant identification in EI-Orman public garden, Giza
Egypt. The herbarium voucher specimen was deposited in
the Herbarium of NRC (CAIRC).

3.3. Extraction and isolation

Air-dried and powdered bark (750 g) of A. procera
was extracted twice with MeOH followed by once with
50% aqueous methanol. The methanolic and the aqueous
methanolic extracts were combined and the solvent was
evaporated to dryness under reduced pressure. The resi-
due (27 g) was dissolved in water and the aqueous solu-
tion was passed through a porous polymer gel column
(Mitsubishi Diaion HP-20). The column was then eluted
with water, 50%, 75%, 85% and 100% MeOH. The 85%
MeOH and MeOH eluates were combined and the
material from the combined fraction (5.8g) was
chromatographed on silica gel column eluted with
CHCI3-MeOH-H,0 (70:27:3-58:35:7) and finally with
MeOH to give 11 fractions (A-K). Part (400 mg) of
fraction D (711 mg), eluted with CHCl;-MeOH-H,O
(70:27:3), was subjected to repeated HPLC [ column,
ODS, 3 mm x 50 cm; solvent, CH;0OH-H,O (65:35-80:20)
+0.05 TFA; flow rate, 9.5ml/min; detection, UV
205 nm] to give 1 (72 mg), 2 (13 mg), 3 (23 mg) and 4
(24 mg).

3.4. Saponin (1)

Amorphous powder [oc]2D3 —-0.3 (C=220, MeOH),
FAB-MS m/z: 962 [C4sH77NO;,+Na]", 'H and 'C
NMR (see Tables 1-3).

3.5. Saponin (2)
Amorphous powder [u]p +5.7 (C=1.88, MeOH),

FAB-MS m/z: 976 [C4H7oNO;;+Na]", 'H and 'C
NMR (see Tables 1-3).

3.6. Saponin (3)

Amorphous powder [a]§+5.0 (C=2.40, MeOH),
FAB-MS m/z: 962 [C4,H77NO.;+Na]", 'H and "C
NMR (see Tables 1-3).

3.7. Saponin (4)
Amorphous powder [oc]f)3 —-9.7 (C=1.55 MeOH),

FAB-MS m/z: 960 [C4sH7sNO;,+Na]", 'H and 'C
NMR (see Tables 1-3).

HOR o
HO 0
HO

NHAc

R
1- B-D-Xylp-(1—2)-0-L-Arap-
2- o-L-Arap-(1—2)-B-D-Fucp-
3- o-L-Arap-(1—2)-0-L-Arap-

’ ///

HO
HO

NHAc

R
4- B-D-Xylp-(1—2)-0-L-Arap-

3.8. General method for acid hydrolysis

Each saponin (10 mg) in 9 ml 2 N HCI and 9 ml CH;0H
was heated at 100 °C for 6 h. The mix. was left to cool,
diluted with H,O and extracted with CHCl3. The aq. layer
was repeatedly diluted with CH3OH and evaporated to
dryness. 2-Amino-2-deoxy-p-glucose hydrochloride was
obtained from the residue by PPC using BuOH-AcOH-
H,O (4:1:5, upper layer) and identified by comparing its
PC R; and [o]p values with those of authentic sample.
The other sugar components were detected by GC analysis
of their thiazolidine derivatives as previously described
(Melek et al., 2002, 2003a,b).
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3.9. Cytotoxic assay

The procedure for the cytotoxic assay was performed by
sulphorhodamine B (SRB) assay as described by Skehan
et al. (1990). In this study, the cell line HEPG2 (liver carci-
noma cell line) was used.
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