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Abstract-—Two new hopane-type saponins, succulentosides A and B, were isolated from Polycarpon suc-
culentum (whole plant). Based on spectral analyses (including 2D NMR, and FAB-mass spectroscopy), the
structures of succulentosides A and B were characterized as 6u-O-[«-L-arabinopyranosyl-(1-3)-x-L-ara-

binopyranosyl]-$-0-f-b-xylopyranosyl-16-O-f-p-xylopyranosyl-22-hydroxyhopane,
binopyranosyl-3f-0-f-D-xylopyranosyl-16-0--D-xylopyranosyl-22-hydroxyhopane,

right ) 1997 Elsevier Science Ltd

INTRODUCTION

Polycarpon succulentum (Del.) G. Gay is a small
annual herb spread throughout the Sainai Desert near
El-Arish. The butanol-soluble fraction of the etha-
nolic extract of P. succulentum exhibited considerable
anti-inflammatory and antispasmodic activities [1].
This observation prompted us to perform detailed
chemical investigations of this plant. This paper is
concerned with the isolation and structure elucidation
of two new hopane-type saponins, succulentosides A
(1) and B (2).

RESULTS AND DISCUSSION

The 70% alcoholic extract of P. succulentum (whole
plant) was extracted successively with carbon tetra-
chloride, ethyl acetate and butanol. Repeated DCCC
of the saponin mixture prepared from the butanol
extract yielded succulentosides A (1) and B (2).

Succulentoside A (1) was crystallized from meth-
anol-diethylether as needles, mp 258-260" and reacted
positively to the Liebermann-Burchard and Molisch
tests. The IR spectrum showed the presence of a
hydroxyl group (3420 cm~"). The FAB-mass spectrum
(positive ion mode) spectrum showed a quasi-
molecular ion peak at m/z 1027 [M +Na]*, revealing
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and  60-O-a-L-ara-
respectively.  Copy-
R, R, R
1: Xylose Arabinose {3"—1"") arabinose Xylose
la: Xylose (x 3 Ac) Arabinose (3"—1"') arabinose (x 5 Ac) Xylose (x 3 Ac)
2: Xylose Arabinose Xylose
3 H H H

its M, to be 1004 consistent with the molecular for-
mula Cs,Hg,O5 and indicating the presence of 9 dou-
ble bond equivalents in the molecule. Microhydrolysis
of 1 on TLC, afforded xylose and arabinose.

The 'H NMR spectrum (pyridine-ds, 400 MHz)
showed signals characteristic for eight tertiary methyls
as singlets at §0.80, 0.94, 1.05, 1.09, 1.30, 1.44, 1.52
and 1.85, and four anomeric protons at 34.84, 4.89,
4.90and 5.16 (cach d, J = 7.5 Hz) (Table 1). By inspec-
tion of the '"H-'"H COSY spectrum the following spin
systems were identified: H-17-H-21-H-20,.,-H-19,5;
H-3-H-2,,,-H-1,5; H-5-H-6-H-7,,4 and H-17-H-
16-H-15,,5 (Table 1).

The'*C NMR spectrum of 1 (pyridine-d;, 100 MHz)
analysed by the aid of APT, DEPT and 'H-'""C COSY,
revealed the presence of 50 carbon atoms in the mol-
ecule (Table 2). Thirty carbon signals were indicated
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Table 1. '"H NMR spectral data of compounds 1 and 2 in pyridine-ds

H 1 2 H 1 2
Aglycon Xylose
Ia 1.69 brdt (12.5, 20) 1.70 m I 4904 (7.5) 4.92d(7.5)
1s 0.99 brdd (12.5,2.5)  1.04* > 4.06 ¢ (7.5) 4.05 1 (7.5)
24 226 m 2.26 dd (10.0, 4.0) 3 4.14* 417 m
2y 1.96 m 1.98 m 4 4.20* 417 m
3 3.424dd (12.0, 4.5) 3.43dd (11.5,5.0) S'a 439 m 4.44 dd (10.0, 4.0)
5 1.35d(9.5) 1.36 d (10.5) 5 3.76m 377 m
6 425m 4.31 ddd (10.5, 10.5, 4.0) Arabinose
7a 233m 2.39 dd (12.0, 4.0) 1 4.84d(7.5) 491d (7.5
T 1.89 m 1.93 m 2 3.931(7.5) 3.951(7.5)
9 1.41% 1.40* 3" 4.11* 4.13%
114 1.55m 1.54 m 4" 430 m 4.26 m
1y 1.46 m 1.46 m 57, 432 m 4.38 dd (11.0, 5.0)
12, 1.43* 1.48 m 5"y 3.78 dd (11.5, 6.5) 3.78 m
12, 1.33m 1.28%*
13 1.29* 1.24* Arabinose
154 2.29m 2.29 dd (10.0, 5.0) 1" 5.16 d (7.5)
155 1.76 m 1.74 m 2" 4.571(7.5)
16 4.48 td (10.5, 4.0) 4.49 ddd (10.0, 10.0, 4.0) 3" 418 m
17 1.83 £ (10.5) 1.81 7 (10.0) 4" 4.04 m
19, 1.22% 1.18* 5" 437 m
194 0.95* 0.98 m 5" 3.70 ddd (17.0, 11.0, 9.0)
204 1.79m 1.76 m Xylose
205 1.38 m 1.38 m 1" 4.89 d (7.5) 4.89 4 (7.5)
21 2.74 ¢ (10.5) 2.73 ¢ (10.0) 2 3.95 1 (7.5) 4.01¢(7.5)
23 1.85s 1.86 5 3" 6.16* 4.14*
24 1.52s 1.62 s 4™ 4.13m 428 m
25 0.80 s 0.80 s 5" s 434 m 4.41dd (11.0,5.0)
26 0.94 s 0.96 s 5y 3.80 dd (12.0, 7.0) 380 m
27 1.09 s 1.10 s
28 1.05¢ 1.06 s
29 1.44 5 1435
30 1.30 s 1.30 s

dvalues in ppm and coupling constants (in parentheses) in Hz.

* Signal pattern unclear due to overlapping.
for the aglycone part with signals characteristic for tertiary methyls (00.89-1.83) and eleven acetyl

eight tertiary methyls, eight methylenes, eight sp’
methines and six saturated quaternary carbons
(including a carbon signal at 672.9). Twenty carbon
signals were seen for the sugar moieties (including
signals for four anomeric carbons at §107.9, 105.7,
105.6 and 104.7), indicating four monosaccharide
moieties.

On the other hand, the FAB-mass spectrum of 1
showed characteristic fragment ions at m/z 968
[(M+Na)—59]" for the loss of a tertiary propanol
residue, 459, 441, 423, 207 and 189 suggested that the
aglycone part is a 22-hydroxyhopane-type triterpene
[2, 3]

Acetylation of 1 with acetic anhydride—pyridine at
room temperature afforded 1a, mp 301-303°, analysed
for C;,H 4,05, (M +H]™ at m/z 1467) as indicated by
positive ion FAB-mass spectrometry. Its IR spectrum
still exhibited the presence of a hydroxyl absorption
(3580 cm ') which presumably is tertiary as it resisted
acetylation. The '"H NMR and '"H-'H COSY spectra
of 1a (CDCl;, 400 MHz) displayed signals for eight

methyls (31.98-2.30). Besides, signals for four anom-
eric protons {65.31, 5.41, 5.52 and 3.58) and signals at
92.60, 3.20, 4.08 and 4.42 assigned for H-21, H-3, H-
6 and H-16, respectively, were also observed. The "C
NMR spectrum of 1a (CDCl;, 100 MHz) showed sig-
nals characteristic for eleven ester carbonyl carbons
at 6170.79, 170.65, 170.62, 170.49, 170.46, 170.36,
170.31, 170.21, 170.02, 169.79, 169.39.

From the above data, and by comparing *C NMR
shielding data of 1 with the literature reports for tri-
terpenoids [4], the aglycone part was identified as mol-
lugogenol A (3), a triterpene isolated from Mollugo
pentaphylla L. (Syn. M. stricta L.) [5].

The assignment of carbon signals due to the com-
mon sugar moiety of 1 was carried out by a detailed
inspection of 1D and 2D experiments ('H-'H COSY,
and HMQC) where information on the respective
sugar residues and the anomeric configurations could
be obtained. This information together with published
chemical shift data for methyl-O-glycosides [6] and by
considering the glycosidation effect [7], allowed us
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Table 2. *C NMR spectral date of compounds 1 and 2 in pyridine-ds

BC 1 2 3* C 1 2

Aglycon Xylose
1 39.1¢ 39.1¢ 3851 I 107.9d 107.8 d
2 26.51 26.6 1 26.7 ¢ 2 75.5d 75.5d
3 89.1d 89.04 78.2d 3 782 d 78.1d
4 404 s 40.5 s 390 4 71.24d 71.0d
S 60.5d 60.5d 60.1d 5 67.31 67.31
6 198d 80.1d 67.8d Arabinose
7 43.0¢ 43.0¢ 4271 1” 105.6 d 106.3 d
8 4295 428 s 426 s 2" 74.0d 71.24d
9 49.7d 49.7d 49.1d 3” 87.0d 74.8 d

10 39.05 3905 3895 4" 69.3 d 70.7 d

11 21.1¢ 21.1 ¢ 2061 s” 67.0¢ 67.11¢
12 2371t 2381 23.0¢ Arabinose

13 489d 49.0 4 472 d 1" 105.7 d

14 44.0s 44.1s 4345 2" 724 d

15 43.5¢ 43.4 ¢ 454 ¢ 3” 744 d

16 79.6d 79.6d 76.3d 4" 69.1d

17 59.1d 59.1d 57.3d 5" 66.5 ¢

18 46.4 5 46.4 s 46.5 s Xyloxe

19 41.7 ¢ 41.7 ¢ 3951« 1" 104.7 d 104.7 d

20 283 ¢ 28.31¢ 2591+ 2" 749 d 74.9 d

21 52.7d 52.6d 51.9d 3" 78.4 d 78.5d

22 729 s 73.0s 709 s 4" 70.7 d 71.0 d

23 309¢ 31.0¢ 30.0¢ 5" 67.41 67.0 ¢

24 16.6 ¢ 16.7 ¢ 16.1 ¢

25 17.2 ¢ 17.2¢q 1594

26 17.2 ¢ 172 ¢ 16.7 ¢

27 18.1 ¢ 18.1¢ 17.5¢

28 183 ¢ 18.4 ¢4 178 ¢

29 3134 31.3¢ 308 ¢

30 2734 273 ¢ 226¢q

Chemical shifts in é ppm.
* Measured in CDCl;-10% pyridine-ds. See ref. [5].

to assign the different spin systems to specific sugar
residues, where two arabinose and two xylose residues
were indicated in the molecule. The downfield shift of
four oxygen-bearing methines (C-3, C-6, C-16 and C-
3”) indicated the sites of glycosylation (Table 2). One
of the arabinose residues is linked at C-6 (§79.80) and
substituted at its C-3” position (587.0) by the second
arabinose residue. Two xylose residues were sep-
arately linked at C-3 (389.1) and C-16 (579.6) [8].
The presence of arabinose as the terminal sugar was
presumed by the detection of arabinose and xylose,
on partial hydrolysis on TLC in a hydrogen chloride
atmosphere [9]. Moreover, the FAB-mass spectrum
showed a fragment ion peak at mjz 895
[(M+Na)—132]", consistent with the loss of a ter-
minal pentose unit. The fragment ion at m/z 879 and
subsequent fragment at m/z 746 corresponded to the
loss of a disaccharide unit from the molecular ion.
The above proposed interglycosidic linkages were
further substantiated by measuring HMBC and
NOESY spectra of 1. Cross peaks between H-1"/C-1
(04.90/6107.9) of the xylose unit and C-3/H-3

(089.1/63.42) of the aglycone showing that a xylose
unit is bound at C-3 of the aglycone. H-1"/C-1”
(64.84/0105.6) correlated with C-6/H-6 (679.8/04.25).
H-1"/C-1" (85.16/6105.7) of an arabinose unit
showed cross peaks with C-3"/H-3" (687.0/64.11) of
another arabinose unit, indicating a disaccharide
chain, [arabinose (1-3)-arabinose], linked at C-6
(679.8) of the aglycone. Finally, there were cross peaks
between H-1""/C-1"" (64.89/6104.7) of a xylose unit
and C-16/H-16 (679.6/64.48) of the aglycone. Fur-
thermore, the NOESY spectrum showed significant
spatial correlation between the proton signals at §5.16
(H-1"), 4.90 (H-1"), 4.89 (H-1"") and 4.84 (H-1"), and
proton signals at 04.11 (H-3"), 3.42 (H-3), 4.48 (H-16)
and 4.25 (H-6), respectively.

The relative stereochemistry of 1 was determined
based on the coupling constants of each proton and
NOESY experiment. The multiplets and coupling con-
stants (J = 9.5-12.0 Hz) of the axial protons at 63.42,
4.25 and 4.48 confirmed the equatorial orientation of
all the three substitutions in the aglycone part [10] as
can be seen in formula 1 and comparable with those
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reported for mollugogenol A (3) [5], 62, 168-dihy-
droxyhopane-24-oic acid [11] and 6x-acetoxyhopan-
166, 22-diol [12].

On the bases of the above evidence, the structure of
succulentoside A is proposed to be 6a-O-[a-L-ara-
binopyranosyl-(1-3)-a-L-arabinopyranosyl]-35-0O-f-
D-xylopyranosyl-168-0-f-pD-xylopyranosyl-22-
hydroxyhopane (1).

Succulentoside B (2), mp 265-266" was analysed for
C4sH75044. Its 'TH NMR spectrum (Table 1) showed
signals for eight methyls, three anomeric protons as
doublets (J = 7.5 Hz) at 64.92, 491 and 4.89, and
characteristic methine protons at 62.73 (¢, H-21), 3.43
(dd, H-3), 4.31 (ddd, H-6) and 4.49 (ddd, H-16). The
3C NMR spectrum exhibited signals due to the mol-
lugogenol A moiety (3) (Table 2) and three anomeric
carbon signals at §107.8, 106.3 and 104.7. The positive
ion FAB-mass spectrum of 2 displayed a qua-
simolecular ion peak at mjz 895 [M+Na]*. Other
fragments analogous to those in 1 suggested the same
aglycone moiety in the two compounds (1 and 2). The
only difference was the absence of a pentose sub-
stitution to the arabinose moiety. This was further
supported by 'H and “C NMR values of the sugar
moieties of both glycosides (Table 1 and 2) as well as
examination of the HMBC and NOESY spectra. The
H-3"/C-3" of the arabinose in 2 were found to be at a
higher field (64.13/574.8) relative to that in 1 due to
absence of glycosylation, whereas the remaining 'H
and “C NMR data closely resembled those of 1. On
microhydrolysis on TLC xylose and arabinose were
detected as the sugar part [9].

Thus succulentoside B (2) was characterized as 60-
O-a-L-arabinopyranosyl-35-0-8-p-xylopyranosyl-
16f-O-f-p-xylopyranosyi-22-hydroxyhopane.

This is the first report of the isolation and structure
elucidation of succulentosides A and B (1 and 2) from
P. succulentum (Del.) G. Gay and from nature.

EXPERIMENTAL

General. Mps: uncorr. IR: KBr. 'H and “C NMR
(pyridine-ds or CDCl;) using JEOL GNM-GX 400
(‘H: 400 MHz, '*C: 100 MHz) spectrometer. FAB-MS
(positive ion mode) was made using a JEOL JMS DX-
300 spectrometer with glycerol and thioglycerol/or
NBA ‘in saponin acetate’ as a matrix. DCCC: using a
Buchi 670 DCC chromatograph with CHCl,-MeOH-
i-PrOH-H,O (5:6:1:4, upper layer as stationary phase
and lower layer as mobile phase), technique: descend-
ing, pump: 20 psi, flow rate: 1 ml min.~'. VLC: Silica
gel G 60 H TLC (15 um, Merck) and Sephadex LH-
20 (Pharmacia, Sweden). TLC: Silica gel G 60 F,s,
(Merck) using solvent systems (a) EtOAc-MeOH-
H,O (100:16:12), () BUOH-HOAc-H,O (4:1:1), (¢)
EtOAc-MeOH-H,0-HOAc (65:20:15:15) and (e)
CHCI,-MeOH (20:1). The spots were visualized
by spraying with anisaldehyde-H,SQO, followed by
heating.

Extraction and isolation procedure. The plant
material was collected from El-Arish region, North
Sainai in April 1994 and identified by Dr M. Elgibali,
Plant Taxonomy department [National Research
Center (N.R.C.), Cairo]. A voucher specimen has been
deposited in the Herbarium of the N.R.C. The pow-
dered air-dried whole plant (200 g) was extracted at
room temp with 70% EtOH (500 ml x 5) and the sol-
vent was evapd under red. pres. The residue obtained
(54.5 g) was suspended in boiling H,O (200 ml) and
successively extracted with CCl,, EtOAc and BuOH.
The BuOH extract was evapd under red. pres. The
residue (21 g) was dissolved in MeOH (100 ml) and
Et,O was added portionwise to give a flocculant pre-
cipitate. The precipitate was washed with Et,O and
used as the crude saponin mixture (6.2 g, 3.1%).
DCCC of the saponin mixture (500 mg, dissolved in
7 ml of the mobile phase) was undertaken and frs (20
ml each) were collected. Frs 31-38 (34 mg) and 39-41
(59 mg) were, separately, chromatographed over a
column of Sephadex LH-20 (60 x 1.6 cm i.d, 50% agq.
MeOH) to afford succulentoside B (2, 23 mg) and A
(1, 48 mg), respectively.

Succulentoside A (1). Needles (MeOH-Et,0), mp
258-260°, R;[0.26 in solvent system («), and 0.38 in
M) [d]p —34° (MeOH, ¢2.5). IR v, cm™': 3420
(OH), 2850 (CH,). 'H and '*C NMR (pyridine-ds): see
Tables I and 2. FAB-MS (positive ion mode) m/z 1027
[(M+Na]*, 968 [M+Na)—C;H;0]*, 895 [(M + Na)
—pentose]™, 879 [(M+Na)-C,H,O:)", 746
[M+Na)—C,H,;0,]", 613,574,459, 441 [574 —pen-
tose]*, 423, 405, 307, 268, 246 and 207.

Microhydrolysis of succulentoside A on TLC. Suc-
culentoside A (1) was applied to a silica gel TLC plate
and left in an HCI atmosphere in an oven at 100°
for 1 hr. HCI vapour was then eliminated under hot
ventilation and the authentic sugars were applied to
the chromatoplate. The chromatoplate was developed
with solvent system (¢) and the spots were detected
by spraying with anisaldehyde-H,SO,, followed by
heating. The sugar part was identified as arabinose
and xylose.

Partial hydrolysis of succulentoside A on TLC. Com-
pound 1 was applied to a silica gel TLC plate and
left in an HCI atmosphere at room temp for | hr.
Arabinose and xylose were identified.

Acetylation of succulentoside A. Succulentoside A
(1. 20 mg) was dissolved in Ac,0O—pyridine (1:1, Sml)
and left at room temp for 3 days. The solvent and
reagent were removed by co-distillation with toluene.
The residue was subjected to VLC using CHCl—
MeOH (99:1) as solvent to afford an acetate derivative
(1a, 31 mg); needles (CHCl;-MeOH), mp 301-303".
IR v.., cm™ " 3580 (OH); FAB-MS: m/z 1467
[M-+H]*.

Succulentoside B (2). Needles (MeOH-Et,0), mp
265-266°, R, [0.44 in solvent system («), and 0.50 in
A, [2]lp —27° (MeOH, ¢ 2.0). IR v, cm~"): 3400
(OH), 2840 (CH,). 'H and ""C NMR (pyridine-ds): see
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Tables 1 and 2; FAB-MS (positive ion mode) m/z 895
[M+Na]*, 459, 441, 423 and 207.
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