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Twelve triterpenoid saponins, including six new, were isolated and identified from the aerial parts of Fagonia glutino-
sa. The new saponins were characterised as 3-O-[p-D-glucopyranosyl(1—2)][B-p-glucopyranosyl(1—3)]-a-L-ara-
binopyranosyl-27-hydroxy oleanolic acid 28-O-f3-bD-glucopyranosyl ester, 3-O-[[-D-glucopyranosyl(1—3)]-a-L-arabino-
pyranosyl ursolic acid, 3-O-o-L-arabinopyranosyl ursolic acid 28-O-fB-p-glucopyranosyl ester, 3-O-[B-D-
xylopyranosyl(1—2)][-p-glucopyranosyl(1—3)]-a-L-arabinopyranosyl ursolic acid, 3-O-[B-p-glucopyranosyl(1—2)][[3-D-
glucopyranosyl(1—3)]-a-L-arabinopyranosyl ursolic acid 28-O-f-p-glucopyranosyl ester and 3-O-[f-p-glucopyrano-
syl(1—2)][B-p-glucopyranosyl(1—3)]-a-L-arabinopyranosyl-27-hydroxy ursolic acid 28-O-f3-p-glucopyranosyl ester. The
structures of the saponins were established by spectral and chemical evidences. The assignments of the NMR signals
were performed by means of HOHAHA, 'H-'H COSY, ROE, HMQC and HMBC experiments.

1. Introduction

Fagonia glutinosa (Zygophyllaceae) is widely distributed
in Egypt and used in folk medicine for treatment of skin
lesions. The chemistry of flavonoids and diterpenes of this

plant was previously reported [1-3]. In continuation with HOOC

our investigations on saponins from the genus Fagonia 0

[4-6], we report the isolation of 12 saponins from the R,

aerial parts of F. glutinosa. Six of these saponins are new HO

compounds. o 1 Gle H

2 Xyl H

o . . . 3 H Glc

2. Investigations, results and discussion 1 Gle  Glo

The saponin containing fraction eluted with dichloro-
methane-methanol mixture gave after VLC, two fractions.
The less polar fraction was chromatographed on a poly-
mer gel column (Mitsubishi Diaion HP20) and the ab-
sorbed material was eluted with methanol to afford, after
HPLC, the saponins 5-7, 9-12. The other fraction was
passed through an amberlite IR-120 column followed by
methylation with diazomethane. The methylated deriva-
tives of saponins 1-4 and 8 were obtained after CC and
HPLC. The NMR data of the new saponins 6, 9-12 and 8

methyl ester are shown in Tables 1 and 2. Ry
On acid hydrolysis, Saponin. 10 yielded ursolic acid alnd ®, 5 Gle Xyl H Gle
the sugar components L-arabinose and D-glucose. The H 12 Gle Gl OH Gle
NMR spectrum showed the presence of four anomeric

proton signals at & 4.79 (d, J=6.6Hz), 527 (d,

J=8.0Hz), 5.49 (d, ] =8.0 Hz) and 6.25 (d, ] = 8.0 Hz)

for L-arabinose and three D-glucose units respectively. ;

Their attached carbons were located in the HMQC spec-

trum at & 105.5, 105.0, 104.4 and 95.8, respectively. The

proton system of each sugar unit was analysed from the

HOHAHA spectrum and the sequence of protons in each | COOR,

residue was then deduced from an 'H-'H COSY experi- ook

ment. A HMQC experiment correlated all proton reso- Ho /0 0 e

nances with the corresponding carbons. Comparison of the @/ A R R R R,
13C assignments with those of reference methyl glycosides ' ’ }
revealed the presence of three terminal 3-p-glucopyranosyl %y 6 Gle Xyl H H
units and one 2,3-disubstituted o-L-arabinopyranosyl moi- 7 Glc H H Gle
ety. Although the glucose units need not to be determined 8 Glce H H H
for their sequencing, the site of attachment of each unit 8 Glc H H Me
was determined from the HMBC spectrum. The observed 9 H H H Gl
correlations were between signals at § 176.2 (C-28 of 10 Gle Gk H Gl
Ag)/6.25 (H-1 of Glc III); 89.1 (C-3 of Ag)/4.79 (H-1 of 11~ Gle Gle OH Gl
Ara); 105.0 (C-1 of Glc 1)/4.31 (H-3 of Ara) and 104.4 Xyl = p—p—Xylopyranosyl
(C-1 of Glc 1I)/4.72 (H-2 of Ara). These observations in- Glc = p—bp—Glucopyranosyl
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Table 1: 'H NMR data of compounds 6, 8a, 9—12 in pyridine-ds
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H 6 8a 9 10 11 12

la 0.86 0.90 0.87 0.96 (dt, 13.7,3.3)  0.94 (dt, 12.0,2.4)

1B 1.50 1.53 1.52 (d, 12.0) 1.52 (d, 12.0) 1.53 (d, 12.0) 1.45 (brd, 12.0)

200 2.10 2.12 2.04 2.01 1.97

23 1.87 1.82 1.82 1.83 1.78

3 3.27 (dd, 12.0,6.0) 3.38(dd, 13.3,4.0) 3.36(dd, 13.3,4.6) 3.26(dd, 12.0,4.0) 3.15(dd, 12.0,4.0) 3.11(dd, 12.7,4.7)

5 0.79 (brd, 12.0) 0.83 0.82 0.77 (d, 12.0) 0.90 0.85

600 1.53 1.49 1.53 (brd, 12.0) 1.50 (brd, 12.5)

6B 1.33 1.34 1.30 1.32 1.32

7o 1.51 (t, 12.0) 1.53 (t, 12.0) 2.06 1.84

76 1.34 1.53 (brd, 12.0) 1.41 (brd, 12.0)

9 1.66 (dd, 12.0,8.0) 1.60 (dd, 12.0;8.0) 1.59 (dd, 12.0,8.0) 1.56 (dd, 12.0, 8.0) 2.11 (brt, 10.0) 2.17 (dd, 12.0, 8.6)

11 1.90 1.90 1.93 2.0 1.93

12 5.45 (t,3.0) 5.38 5.46 (t, 3.0) 5.45 (t, 3.0) 5.74 (t, 3.0) 5.79 (t, 3.0)

150 1.12 (brd, 13.3) 1.17 1.82 1.45 (brd, 12.0)

15p 245 (dt, 13.3,4.0) 2.43(dt, 14.6,4.0) 2.39(dt, 13.3,4.0) 2.33 (dt, 13.3, 4.0)

160 2.11(dt, 13.3,4.0) 2.09 (dt, 13.6,4.0) 2.17 (dt, 13.5,4.0) 2.11(dt, 13.3,2.7)

16 1.98 (brd, 12.0) 2.04 (brd, 12.0) 1.97 (brd, 12.0)

18 2.61(d, 11.4) 243 (d, 12.7) 2.54 (d, 12.0) 2.53(d, 12.0) 2.64 (d, 12.7) 3.28 (dd, 14.7, 4.0)

19a 1.47 1.42 1.44 1.43 1.47 1.73 (brt, 13.3)

198 1.32 (brd, 13.3)

21la 1.50 1.25 (dt, 12.0,2.7)  1.29 (dt, 12.0, 4.0)

218 1.38 1.33 (brd, 11.0) 1.07

220 1.95 (brd, 12.0) 1.91 (brd, 13.3) 1.73 (brd, 13.3)

226 1.75 (dt, 13.3,4.0) 1.75(dt, 14.7,4.0) 1.75(dt, 14.6,4.7) 1.86

23 1.28 (s) 1.33 (s) 1.30 (s) 1.27 (s) 1.19 (s) 1.20 (s)

24 1.07 (s) 1.01 (s) 0.98 (s) 1.09 (s) 1.08 (s) 1.07 (s)

25 1.00 (s) 0.90 (s) 0.91 (s) 0.87 (s) 0.90 (s) 0.85 (s)

26 0.84 (s) 0.84 (s) 1.15(s) 1.13 (s) 1.17 (s) 1.10 (s)

27 1.23 (s) 1.20 (s) 1.23 (s) 1.20 (s) 4.02 3.76 (d, 10.5), 4.03

28 OMe 3.70 (s) - - - -

29 1.00 (d, 6.5) 0.95 (d, 6.5) 0.96 (d, 6.5) 0.95 (d, 6.5) 1.05 (d, 6.5) 0.85 (s)

30 0.95 (d, 6.5) 0.85 (d, 6.5) 0.92 (d, 6.5) 0.92 (d, 6.5) 0.83 (d, 6.5) 0.91 (s)

3-0O-sugar

Ara Ara

1 4.77(d, 6.8) 4.75 (d, 6.5) 4.72 (d, 6.6) 4.79 (d, 6.6) 4.73 (d, 6.6) 4.74 (d, 6.8)

2 4.66 (t, 7.0) 4.58 (t,7.0) 4.52 (t,7.0) 4.72 (t,7.0) 4.69 (t,7.0) 4.70 (t, 7.0)

3 428 (dd, 6.8,3.5) 4.22(dd, 6.8,3.5) 4.02(dd, 6.8,3.5) 4.31(dd, 6.8,3.5) 4.31(dd, 6.8,3.5) 4.31(dd, 6.8,3.5)

4 4.52 (m) 4.43 (m) 4.49 (m) 4.49 (m) 4.48 (m) 4.48 (m)

5 3.68 (d, 11.4), 3.74 (d, 11.0), 3.74 (d, 11.0), 3.66 (d, 11.0), 3.66 (d, 11.0), 3.70 (d, 11.0),
4.18(d, 11.4) 4.21 3.78 (d, 11.0) 4.18 (d, 11.0) 4.18 4.18 (d, 11.0)

Glc Glc I

1 5.27 (d,7.8) 5.37 (d,8.0) 5.27 (d,8.0) 5.27 (d,8.0) 5.27 (d,8.0)

2 4.0 (t, 8.0) 4.02 (t, 8.0) 3.98 (t, 8.0) 3.98 (t, 8.0) 3.98 (t, 8.0)

3 4.22 (t, 8.0) 4.24 (t, 8.0) 4.21 (t, 8.0) 4.20 (t, 8.0) 4.20 (t, 8.0)

4 4.18 (t, 8.0) 4.21 (t, 8.0) 4.18 (t, 8.0) 4.18 (t, 8.0) 4.19 (t, 8.0)

5 3.93 (m) 3.98 (m) 3.93 (m) 3.92 (m) 3.92 (m)

6 4.31 (dd, 12.0,4.5), 4.37 (dd, 12.0, 4.5), 4.30 (dd, 12.0, 4.5), 4.30(dd, 12.0,4.5), 4.31 (dd, 12.0, 4.0),
4.47 (dd, 12.0,2.0) 4.53 (dd, 12.0, 2.5) 4.47 (dd, 12.0,2.0) 4.46 (dd, 12.0,2.0) 4.47 (dd, 12.0, 2.0)

Xyl Glc I

1 5.38(d, 7.5) 5.49 (d, 8.0) 5.48 (d, 8.0) 5.49 (d, 8.0)

2 4.02 (t, 7.5) 4.03 (t, 8.0) 4.02 (t, 8.0) 4.03 (t, 8.0)

3 4.11 (t,7.5) 4.18 (t, 8.0) 4.18 (t, 8.0) 4.19 (t, 8.0)

4 4.22 (t,7.5) 4.15 (t, 8.0) 4.14 (t, 8.0) 4.15 (t, 8.0)

5 3.45 (brt, 9.0),4.22 3.70 (m) 3.70 (m) 3.70 (m)

6 4.25 (dd, 12.0,4.5), 4.25(dd, 12.0,4.0), 4.25(dd, 12.0, 4.0),

4.34 (dd, 12.0,2.0) 4.34 (d, 12.0) 4.34 (d, 12.0)

28-0-sugar

Glc GlcIII

1 6.26 (d, 8.0) 6.25 (d, 8.0) 6.30 (d, 8.0) 6.34 (d, 8.1)

2 4.19 (t, 8.0) 4.19 (t, 8.0) 4.20 (t, 8.0) 4.21 (t, 8.0)

3 4.27 (t, 8.0) 4.27 (t, 8.0) 4.30 (t, 8.0) 4.28 (t, 8.0)

4 4.31 (t, 8.0) 4.33 (t, 8.0) 4.33 (t, 8.0) 4.35(8.0)

5 4.02 (m) 4.02 (m) 4.03 (m) 4.03 (m)

6 4.38 (dd, 12.0,4.5), 4.37 (dd, 12.0,4.5), 4.38 (dd, 12.0,4.5), 4.38 (dd, 12.0, 4.0),

4.44 d, 12.0, 2.0)

4.44 (dd, 12.0, 2.0)

4.46 (d, 12.0)

4.46 (d, 10.0)

Ara = o-L-arabinopyranosyl

Glc = p-p-glucopyranosyl
Xyl = B-p-xylopyranosyl
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Table 2: 3C NMR data of compounds 6, 8a, 9-12 in pyri-
dine-ds, (ppm)

C 6 8a 9 10 11 12

1 39.1 39.0 39.2 39.1 39.1 38.8
2 26.8 26.8 26.7 26.7 26.7 26.6
3 89.3 88.7 88.9 89.1 88.9 88.9
4 39.8 39.9 39.6 39.7 39.7 39.7
5 56.0 55.9 56.0 56.0 559 55.8
6 18.6 18.5 18.6 18.6 18.9 18.6
7 33.6 334 33.6 33.6 345 33.7
8 40.0 39.9 40.3 40.2 41.1 40.7
9 48.1 48.0 48.1 48.1 48.6 48.7
10 37.1 37.0 37.0 37.0 37.2 37.2
11 23.8 23.6 23.7 23.7 24.1 24.4
12 1257 1260 1262 1262 130.2 128.0
13 1393  138.8 1385 1385 1354 139.1
14 42.5 423 42.6 42.6 48.4 48.0
15 28.7 28.4 28.7 28.7 232 23.9
16 24.9 24.6 24.7 24.8 253 23.6
17 48.1 48.3 48.4 48.5 48.2 46.9
18 53.6 534 534 534 534 41.6
19 394 39.6 394 394 39.2 45.4
20 39.1 39.2 39.2 39.2 39.2 30.8
21 31.0 30.8 30.8 30.9 30.6 33.9
22 37.0 37.1 37.0 36.8 36.9 32.6
23 27.9 28.2 28.2 28.2 28.0 28.0
24 16.6 17.0 17.0 16.8 16.8 16.7
25 15.7 15.8 15.8 15.8 16.2 16.0
26 17.5 17.2 17.4 17.7 18.9 19.0
27 23.9 23.7 23.8 23.8 64.3 64.5
28 180.0 177.7 1762 1762 1764 176.5
29 17.5 17.4 17.7 17.5 18.0 33.1
30 214 213 21.3 21.3 21.3 23.8
OMe 51.4

3-O-sugar

Ara

1 105.6 1074 1074 1055 1053 1054
2 71.5 72.0 72.0 71.5 71.5 71.5
3 83.7 84.2 75.3 83.3 83.3 83.3
4 68.9 69.3 69.3 68.8 68.7 68.7
5 66.1 67.0 67.1 65.9 65.9 65.9
Glc Glcl

1 105.1 106.4 105.0 105.0 105.0
2 75.3 75.8 75.3 75.3 753
3 79.0 78.7 78.7 78.6 78.7
4 71.4 71.7 71.6 71.6 71.6
5 78.4 78.4 78.3 78.3 78.4
6 62.6 62.8 62.5 62.6 62.6
Xyl Glell

1 105.1 1044 1044 1045
2 76.0 76.2 76.1 76.1
3 78.5 78.5 78.5 78.5
4 71.7 72.5 72.5 72.5
5 67.2 71.5 77.4 774
6 63.3 63.3 63.3
28-0-sugar Glclll

Glc

1 95.8 95.8 95.8 95.8
2 74.1 74.1 74.2 74.2
3 78.7 78.9 78.9 79.0
4 71.4 71.4 71.4 71.3
5 79.2 79.2 79.2 79.3
6 62.5 62.6 62.3 62.3

Ara = o-L-arabinopyranosyl
Glc = f3-p-glucopyranosyl
Xyl = B-p-xylopyranosyl

dicated that, in the 3-O-sugar chain, the [3-D-glucopyrano-
syl unit I is linked to C-3 and the B-p-glucopyranosyl unit
II to C-2 of the inner o-L-arabinopyranosyl moiety
whereas the (-p-glucopyranosyl unit III is attached to the
aglycone C-28. This conclusion was confirmed by ROE

774

experiment. Irradiation of the anomeric proton signal at o
5.27 (H-1 of Glc I) enhanced the proton signal at & 4.31
(H-3 of Ara). Irradiation of the anomeric proton signal at
0 5.49 (H-1 of Glc II) enhanced the proton signal at
0 4.72 (H-2 of Ara) and irradiation of the anomeric pro-
ton signal at & 4.79 (H-1 of Ara) enhanced the proton
signal at 0 3.26 (H-3 of Ag). Regarding the non glycosi-
dic part the '*C NMR signals were similar to those of
ursolic acid except the glycosylation shift observed
around C-3 and C-28. The '*C shift assignments were
made possible from HMQC and HMBC experiments
while proton signals were identified from the combined
use of 'H-'H COSY, HMQC and HMBC experiments.
The relative orientation of the hydrogen atoms was deter-
mined from the values of coupling constant obtained from
1D spectrum or their relative magnitudes from the shape
of the cross peaks in the 'H-'H COSY spectrum. The
FAB MS showed a molecular ion peak at m/z 1097
[Cs3HgsO2, + Nal*, along with a fragment ion at m/z 935
due to loss of glucose unit. From the above studies, sapo-
nin 10 was assigned the structure of, 3-O-[[3-D-glucopyrano-
syl(1—2)][B-p-glucopyranosyl(1—3)]-a-L-arabinopyrano-
syl ursolic acid 28-0-B-p-glucopyranosyl ester.

On acid hydrolysis, saponin 11 afforded r-arabinose and
p-glucose. The 1D and 2D NMR spectra (HOHAHA, 'H-
'"H COSY and HMQC) of 11 exhibited signals due to
sugar units very similar to those of 10 suggesting that
both saponins are identical regarding sugar structures and
linkages. Irradiation at each anomeric proton signal in the
ROE experiment and the observed cross peaks in the
HMBC spectrum supported this conclusion. Comparison
between the signals of B and C ring carbons in 11 and 10
revealed that the aglycone moiety of 11 was 27-hydroxy
ursolic acid previously found in F. arabica [5]. The unam-
biguous carbon shift assignments were allowed from the
HMQC and HMBC spectra. The reversed assignments of
C-24 and C-25 became evident on comparison with the
assignments initially carried out [5]. The uncertain assign-
ments of C-15, C-16 and C-11, which arose from the
close proximity of their signals, could be overcome. In the
HMBC spectrum, the carbon signal at & 23.2 showed cor-
relation with signal at & 4.02 due to one proton of Hy-27,
whereas the carbon signal at & 25.3 exhibited correlation
with one proton signal at & 2.64 (d, J = 12.7) due to H-
18. The former signal was therefore assigned to C-15 and
the latter to C-16. The remained signal at & 24.1 was then
assigned to C-11. Its position in the HMQC spectrum was
confirmed from the observed correlation with its directly
attached protons (coupled to H-12 in the 'H-'H COSY).
The differentiation between the signal of the deshielded
C-14 (B to the introduced OH) from those of C-9 and C-
17, could be achieved. The signals at 6 48.2 and 0 48.6
were assigned to C-17 and C-9 by means of the observed
correlations of the former to the signal of H-18 in the
HMBC spectrum and the latter to the signal of H-9 (&
2.11) in the HMQC spectrum. The remained signal at 0
48.4 is therefore attributable to C-14. Although the signal
due to C-13 in the '3C NMR spectrum is hidden under
solvent signals, its location at & 135.4 was deduced from
the observed correlation with H-18 signal in the HMBC
spectrum. Proton signal assignments were made possible
from 'H-'H COSY, HMQC and HMBC spectra. In addi-
tion to the expected cross peaks corresponding to two and
three bond couplings for H-9, H-16a and H-22f protons
[7], further correlations were observed in the HMBC spec-
trum of 11 between the following signals H-7p/C-26, C-5,
C-8, C-9; H-15p/C-8, C-27. The downfield position of the
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signals due to H-7a (8 2.06), H-9a (& 2.11), H-15a
(0 1.82) with reference to the corresponding in ursolic
acid saponin 10 (& 1.53, 1.56, 1.17, respectively) is in full
agreement with replacement of a-oriented CH; (axial) by
CH,O0H at C-14. The FAB MS of 11 displayed [M + Na]*
at m/z 1113 [Cs53HggOo3 + Na]* along with a fragment ion
at m/z 951 due to elimination of glucose unit. The pre-
sence of a fragment ion, corresponding to loss of CH30H,
at m/z 1081, was reported from saponins with oleanolic
acid skeleton bearing hydroxymethylene function at C-14
[8]. Thus 11 was formulated as 3-O-[B-p-glucopyrano-
syl(1—2)][p-p-glucopyranosyl(1—3)]-a-L-arabinopyrano-
syl-27-hydroxy ursolic acid 28-O-f3-p-glucopyranosyl es-
ter. Saponin 11 is the second member with an aglycone
possessing 27-hydroxy ursolic acid structure. The first was
isolated from F. arabica [5].

On acid hydrolysis, saponin 6 yielded ursolic acid and the
sugar components L-arabinose, D-glucose and D-Xxylose.
The 1D and 2D spectra allowed identification of a-L-ara-
binopyranosyl unit, B-p-glucopyranosyl and [-p-xylopyra-
nosyl units. Their anomeric proton signals were located at
0 477 (d, J=6.8Hz), 527 (d, J=7.8) and 5.38 (d,
J =7.5 Hz) respectively. In the '3C NMR spectrum, the
signals due to the aglycone moiety, showed similar shift
values to those of ursolic acid [9] except the lower field
position of C-3 signal (8 89.3) due to glycosylation. The
shift values due to the sugar carbons, indicated that the [3-
glucopyranosyl and the [-pD-xylopyranosyl units are ter-
minal while the o-L-arabinopyranosyl moiety is inner ex-
hibiting down field shift for C-2 and C-3, (6 77.5, 83.7),
thus suggesting glycosidic linkages at these carbons. The
similarity between the sugar carbon signals of 6 and those
due to 3-O-sugar chain of saponin § (NMR data in refer-
ence [5]) suggested placement of the [-p-xylopyranosyl
and the B-p-glucopyranosyl units at C-2 and C-3 of the
inner o-L-arabinopyranosyl moiety respectively. The site
of sugar connections was confirmed by ROE experiment.
Irradiation of the anomeric proton signal at 8 4.77 (H-1 of
Ara) enhanced the proton signal at & 3.27 (H-3 of Ag).
Irradiation of the anomeric proton signal at & 5.38 (H-1 of
xyl) enhanced the proton signal at & 4.66 (H-2 of Ara)
and irradiation of the anomeric proton signal at & 5.27 (H-
1 of Glc) enhanced the proton signal at & 4.28 (H-3 of
Ara). The FAB MS of 6 displayed [M + Na]* at m/z 905
[C46H74016 + NaJ*. Thus 6 was assigned the structure of
3-0-[p-p-xylopyranosyl(1—2)][ f-p-glucopyranosyl(1—3)]-
a-L-arabinopyranosyl ursolic acid.

Saponin 8 methyl ester displayed [M + Na]* in its FAB
MS at m/z 787 [C,,Hgg012 + Na]*. Acid hydrolysis yielded
D-glucose and L-arabinose together with ursolic acid. The
1D and 2D NMR spectra indicated the presence of a car-
bomethoxyl group (8 51.4), a terminal -p-glucopyranosyl
unit and an inner a-L-arabinopyranosyl moiety [anomeric
carbons & 106.4 and 107.4; anomeric protons O 5.37 (d,
J=8.0Hz) and 4.75 (d, ] = 6.5 Hz)]. The downfield shift
observed on C-3 of the a-L-arabinopyranosyl unit (0 84.2)
suggested the site of attachment to the terminal [3-p-gluco-
pyranosyl moiety. The HMBC spectrum confirmed the
(1—3) linkage and the observed correlations were be-
tween signals at 0 106.4 (C-1 of Glc)/4.22 (H-3 of Ara)
and & 107.4 (C-1 of Ara)/3.38 (H-3 of Ag). ROE experi-
ment added further support and showed that irradiation of
the anomeric proton signal at & 5.37 (H-1 of Glc) en-
hanced the proton signal at 8 4.22 (H-3 of Ara) and irra-
diation of the anomeric proton signal at & 4.75 (H-1 of
Ara) enhanced the proton signal at & 3.38 (H-3 of Ag).
The carbon signals of the aglycone moiety were similar to
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those of ursolic acid methyl ester [10] except the de-
shielded C-3 signal (8 88.7) due to glycosylation. There-
fore 8 was formulated as 3-O-[f3-D-glucopyranosyl(1—3)-
a-L-arabinopyranosyl] ursolic acid.

On mineral acid hydrolysis, saponin 9 yielded ursolic
acid. The sugar units released were identified as L-arabi-
nose and p-glucose. The 'H NMR spectrum exhibited two
anomeric proton signals at 8 4.72 (d, J = 6.6 Hz) and 6.26
(d, J=8.0 Hz). Their configuration from J values were
consistent with o-arabinose and B-glucose. The '*C shift
values indicated that the two sugar units exist in the pyra-
nose form. The carbon signals due to the aglycone moiety
were in agreement with 28-glycosyl ester of 3-O-glycosyl
ursolic acid. The signals at 8 95.8, 74.1, 78.7, 71.4, 79.2
and 62.5 were relevant to terminal [-p-glucopyranosyl
unit linked to C-28 of the aglycone moiety. Therefore the
a-L-arabinopyranosyl moiety is locared at C-3. The FAB
MS was consistent with the above conclusions and dis-
played [M + Na]* at m/z 773 [C4;HgsO12 + Na]*. There-
fore 9 was assigned the structure of 3-O-a-L-arabinopyra-
nosyl ursolic acid 28-O-[B-p-glucopyranosyl] ester.
Saponin 12 yielded p-glucose and L-arabinose as the sugar
components on acid hydrolysis. The 'H NMR, HOHAHA,
'H-"H COSY and HMQC experiments indicated the pre-
sence of three terminal B-p-glucopyranosyl units and a
2,3-disubstituted a-L-arabinopyranosyl moiety. Their link-
ages were identical to those of 10 and 11 from HMBC
and ROE experiments. The aglycone moiety was shown
from NMR data to be the rare 27-hydroxy oleanolic acid
[5, 8]. The unambiguous shift assignments were allowed
from 1D and 2D NMR spectra (‘H-"H COSY, HMQC and
HMBC spectra). The signals of C-15 and C-16 with close
shift values were distinguished by means of observing
cross peaks corresponding to two and three bond coup-
lings (HMBC). The correlations between signals of C-7/
H; -26 and between C-21/H3-29 in the HMBC spectrum
differentiated the signals of C-7, C-21 and C-22. The FAB
MS of 12 displayed [M + Na]* at m/z 1113 [Cs3HggOo3 +
Na]* along with a fragment ion at m/z 951 due to loss of
glucose unit. The fragment ion at m/z 1081 which ac-
counted for loss of CH30H, confirmed the presence of a
CH,OH group at C-14 of the aglycone moiety [8]. There-
fore saponin 12 must be the oleanolic analogue of 11 and
formulated as 3-O-[f-p-glucopyranosyl(1—2)][B-p-gluco-
pyranosyl(1—3)]-a-L-arabinopyranosyl ursolic acid 28-O-
[-p-glucopyranosyl ester. This is the second occurrence of
the new 27-hydroxy oleanolic acid saponin from the
genus Fagonia and the third from nature [5, 8]. Sapogen-
ins oxidised at C-27 are known in the family Zygophylla-
cea. Quinovic acid possessing carboxyl function at C-14
has been found in F cretica [11] and its glycosides in
Zygophyllum species [12].

The known saponins 1-4 were identified from the spectral
data of their methyl esters as spinasaponin A [13], Mo-
mordin Ic [14, 15], Chikusetsusaponin IVa [16] and 3-O-
[B-p-glucopyranosyl(1—3) [-p-glucuronopyranosyl]-olea-
nolic acid 28-O-f-p-glucopyranosyl ester [17], respec-
tively. The known saponin 5 was identified by direct com-
parison with an authentic sample [NMR data, [o]p]
isolated from F. arabica [5], while 7 was found to be ma-
tesaponin [18].

3. Experimental

3.1. Equipment

Optical rotations were measured with a JASCO DIP-1000 digital polarime-
ter. MS were measured on a JEOL JMS-SX102 mass spectrometer. NMR
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spectra were recorded on JEOL a-400 (399.65 and 100.40 MHz) NMR
spectrometers. Chemical shifts are given on the 0 scale with TMS as inter-
nal standard. HPLC was performed on a JASCO system 800 instrument.
GC analysis was carried out on a HITACHI G-3000 gas chromatograph.

3.2. Plant material

Fagonia glutinosa was collected from the Sinai peninsula, Egypt, in May
1995 and identified by Dr M. El-Gibaly at the taxonomy department,
N.R.C., where a voucher specimen was deposited.

3.3. Extraction and isolation

The aerial parts of F. glutinosa (2.5 kg) were extracted with CH,Cl, twice
and the residue was then extracted with MeOH at room temperature twice.
The combined methanolic extract was concentrated and then diluted with
Me,CO to precipitate the crude saponin fraction (30 g). The latter was
chromatographed on silica gel using VLC technique [CH,Cl,:MeOH
(9:1-7:3)] to give two fractions. The residue from fraction 1 was dis-
solved in water and the solution was passed through a porous polymer gel
column (Mitsubishi Diaion HP-20). After washing with water, a methanol
eluate was obtained as a pale powder (4 g). A part (1.0 g) of the methano-
lic eluate was chromatographed on a Develosil Lop-ODS column (2x 50
cm) using MeOH-H,O and Develosil Ph A (2 x25 cm) column using
MeCN-H,O system to give saponins 5 (51 mg), 6 (6 mg), 7 (40 mg), 9
(15 mg), 10 (16 mg), 11 (8 mg) and 12 (7 mg). Fraction 2 in methanol,
was passed through an Amberlite IR-120 column and treated with CH,N,.
The methylated fraction was chromatographed on a silica gel column with
CHCI13-MeOH (9:1-4:1) and semiprep. HPLC (ODS and PHA : MeCN-
H,0 system] to give the methyl esters of 1 (70 mg), 2 (50 mg), 3 (42 mg),
4 (45 mg) and 8 (10 mg).

Compound 6. Amorphous powder; [ot]é3 +14.1° (¢ =0.38, MeOH);
FABMS (m/z), 905 [C4H7406 + Nal*, 861, 725, 577, 413, 371, 392; 'H
and '3C NMR: see Tables 1 and 2.

Compound 8a. Amorphous powder; [a]2D3 +34.3° (¢ =0.22, MeOH);
FABMS (m/z ), 787 [C4HesO12 + Nal*, 453, 393, 307, 298, 262, 203; 'H
and '3C NMR: see Tables 1 and 2.

Compound 9. Amorphous powder; [a]%; +17.9° (c =2.25, MeOH);
FABMS (m/z) 773 [C4HesO12 + Nal*, 623, 413, 307, 261; 'H and "*C
NMR: see Tables 1 and 2.

Compound 10. Amorphous powder; [oz]zD3 +16.3° (c = 1.43, MeOH);
FABMS (m/z) 1097 [Cs3HgO22 + Nal*, 935, 890, 740, 497, 393, 317; 'H
and '*C NMR: see Tables 1 and 2.

Compound 11. Amorphous powder; [oz]zD3 +12.6° (c = 1.49, MeOH);
FABMS (m/z) 1113 [Cs3HgsO23 + Nal*, 1081, 951, 531, 487, 399; 'H and
13C NMR: see Tables 1 and 2.

Compound 12. Amorphous powder; [oz]zD3 +21.8° (c = 1.50, MeOH);
FABMS m/z 1113 [Cs3HgsO03 + Nal*, 1081, 951, 531, 487, 399; 'H and
13C NMR: see Tables 1 and 2.

3.4. General method for acid hydrolysis

Each saponin (2 mg), in dioxane (50 ul) and 2M HCI (100 pl) was heated
at 100 °C for 30 min. The reaction mixture was diluted with H,O and
extracted with EtOAc. The produced aglycone was detected by TLC
against an authentic sample using various solvent systems and its identity
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was confirmed by MS. The monosaccharide units in the aqueous layer
were analysed according to ref. [19] as follows: the aqueous layer of the
reaction mixture for each saponin was passed through an Amberlite IRA-
60E column (6 x 50 mm), and the eluate was concentrated. Each monosac-
charide fraction was dissolved in pyridine (50 ul) and stirred with p-cystei-
ne methyl ester (6 mg) for 1.5 h at 60 °C then overnight at room tempera-
ture. To the reaction mixture, hexamethyldisilazane (20 ul) and
trimethylsilyl chloride (20 ul) were added, and the reaction mixture was
stirred at 60 °C for 30 min. The supernatant was then analysed by GC,
conditions: column, Supelco SPB-TM1 (0.25 mm x 27 m); column temp.,
215 °C; carrier gas, Nj; retention times, p-arabinose (11.0 min), rL-arabi-
nose (11.9 min), p-xylose (11.7 min), r-xylose (10.8 min), p-glucose
(21.6 min) and r-glucose (20.3 min). It was shown for the new saponins
that arabinose belongs to the L-form whereas glucose and xylose to the p-
series.
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