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Abstract—From the petrol extract of the aerial parts of Tribulus cistoides three steroid sapogenins and two
N-acyltyramines were isolated, whereas the methanolic extract gave nine steroid saponins, among them the cardioac-
tive cistocardin, saponin-3, saponin-4 and saponin-7. Furthermore, a furostanol diglycoside was isolated besides
5’-(hydroxysulphonyloxy) jasmonic acid, D-( 4 )-pinitol and sucrose. The structures were established by spectroscopic
investigations of the isolated compounds and their hydrolysis products. S'<(Hydroxysulphonyloxy) jasmonic acid has

been prepared by partial synthesis.

INTRODUCTION

The genus Tribulus of the Zygophyllaceae comprises ca
20 species which grow as shrubs or herbs in subtropical
areas around the world [2, 3]. Among the Tribulus spe-
cies, only T. terrestris has been phytochemically investig-
ated [4-7]. This plant is known in South Africa and the
U.S.A. to be toxic for sheep and it causes major economic
damage [3, 8]. On the other hand, T. terrestris is used in
Ayurveda medicine against various diseases [9] and its
extract constitutes the active component of a medicine
traded in Bulgaria [10, 11].

Tribulus cistoides is a herb wide-spread in Middle
America and the Southern U.S.A. Its local name in
Mexico is ‘Abrojo de tierra caliente’ (thistle of the hot
country) and aqueous extracts of the roots are applied
against disorders of the kidney and bladder, but also
against malaria [12, 13].

The starting point of our investigations was the obser-
vation that a methanolic extract of the leaves and stems
of T. cistoides exhibits a significant positive inotropic
effect in a biological test [M. Reiter, personal commun-
ication].

RESULTS AND DISCUSSION

The aerial parts of T. cistoides were extracted first with
petrol and then with methanol. Chromatographic
separation of these extracts yielded 1-17 and Ca(NOj),

*Part 61 in the series ‘Constituents of Tropical Medicinal
Plants’. For Part 60 see ref. [1].
+Author to whom correspondence should be addressed.

(Table 1). Repeated chromatography of the petrol extract
on silica gel gave the sapogenins 1-3 and a mixture of
4 and 5, whose separation was achieved by HPLC on
silica gel RP-18.

The structures of neotigogenin (1), neogitogenin (2)
and neohecogenin (3), as well as the N-acyltyramines
4 and 5 were determined from their spectra and compari-
son with published data [ 4, 14-16, 18].

The methanolic extract was processed by dilution with
water and partitioning first between chloroform and then
n-butanol. MPLC of the CHCI, soluble part yielded 12
fractions (fractions 1-12) and fraction 3 gave by repeated
CC on Sephadex® LH 20 6, while fractions 4-9 by HPLC
on silica gel RP-18 yielded 7-13. For 10, we suppose the
name cistocardin, since biological monitoring revealed
this compound as the main cardiotonic active principle
besides saponin-4 (9). Saponin-3 (8) also showed signifi-
cant cardioactivity, whereas tribulosin (7) and saponin-7
(12) were only weakly active (Fig. 1, Table 4).

'H and '3C NMR studies established the structures of
the aglycones in these compounds to be either 1, 2 or
3 [15] with a sugar moiety linked at C-3 (Table 2). The
size and basic information on the structure of the sugar
moiety came from FAB mass spectroscopy. However,
structure determination of the sugar parts was achieved
by TLC-controlled partial hydrolysis in combination
with 'HNMR studies. In the presence of MeOH- 1 M
H,SO, at 80°, within 4-8 hr the genuine saponins 6,
7 and 10-12 were hydrolysed to give the aglycone and
a series of prosapogenins originating by successive loss of
the sugar units. Chromatographic separation by CC or
HPLC served to isolate the produced prosapogenins.
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Saponins from Tribulus cistoides 1529
Table 1. Compounds isolated from extracts of the aerial parts of 7. cistoides
Fraction Content
Compound class Compound * %1t Refs
Sapogenins Neotigogenin (1) PE 1.5 [4]
Neogitogenin (2) PE 1.5 [14, 15]
Neohecogenin (3) PE 0.5 4, 15
Acetogenins N-Docosanoyltyramine (4} PE 0.05
N-Tetracosanoyltyramine (5) PE 0.1 [16]1
Saponins
(i) Spirostanol-type Saponin-1 (6) MeOH-CHC, 0.1
Tribulosin (7) MeOH-CHCl, 14 4]
Saponin-3 (8) MeOH-CHCl, 0.15
Saponin-4 (9) MeOH-CHCI; 0.05
Cistocardin (10) MeOH-CHCl, 02
Saponin-6 (11) MeOH-CHCl; 03
Saponin-7 (12) MeOH-CHCl, 0.07
Saponin-8 (13) MeOH-CHCl, 0.2
(ii) Furostanol-type Saponin-9 (14) MeOH-BuOH 2
Cyclitols D+ )-Pinitol (15) MeOH-H,0 10 [171
Sugars Sucrose (16) MeOH-H,O 15
Inorganic Ca(NO;}» MeOH-H,0 1
Others 5'-(Hydroxysulphonyloxy)jasmonic acid {(17) MeOH-H,0 0.005

*PE: petrol extract; MeOH-CHCly; chloroform-soluble fraction of MeOH extract; MeOH-BuOH: n-butanol-soluble fraction of
MeOH extract; MeQH-H,O: residue after extraction with CHCl; and BuOH.

1Dry weight of extract=100%.

'H NMR studies of the acetylated prosapogenins and
comparison of the spectra identified the individual sugar
units [19] and revealed the positions of their linkage. As
an example, the corresponding data are compiled for
cistocardin (10) in Table 3.

Small coupling constants for H-1 to H-4 of the xylose
moieties in the corresponding peracetylated compounds
indicated that the conformation of the xylopyranosyl
units had been changed by acetylation from *C, to 'C,
with all-axial acetoxy groups [20, 21]. This effect was
observed particularly for saponin 12 and in the saponins
6-8, but in the latter compounds it occurred only for the
xylopyranosyl units linked to C-3 of the glucose as could
be shown by 3J'H-13C experiments. To determine the
absolute configurations of the sugar units, cistocardin
(10) and tribulosin (7) were hydrolysed to give the
aglycones and the mixture of the corresponding methyl
glycosides, which was analysed by GC using a chiral
column [22].

From the butanol-soluble fraction of the methanol
extract were isolated 14. NMR studies revealed the di-
glycosidic furostanol structure, which on treatment with
B-glucosidase yielded tribulosin (7) and B-glucose.

Repeated chromatography of the methanol-water resi-
due on Sephadex gels yielded D-{+ }-pinitol (15) [17] and
sucrose (16), besides a cardioactive fraction, which on
HPLC gave calcium nitrate responsible for the cardioac-
tivity (Fig. 1) in this fraction and 5'-(hydroxysulpho-
nyloxy) jasmonic acid (17). Compounds 15 and 16 consti-
tute the two major extractable components of the aerial
parts of T. cistoides. Their structures derived from the
spectral data for 15 [23], peracetyl-15 and 16 [24], and

from their optical properties [25, 26]. Structure 17 is the
result of spectroscopic studies on the isolated compound
and its methyl ester. The structure was corroborated by
acidic hydrolysis, which yielded (—)-5'-hydroxyjasmonic
acid methyl ester [27, 28], and by the synthesis of racemic
17 starting from {+)-jasmine ketolactone [29].

The cardioactive saponin-3 (8), saponin-4 (9) and cis-
tocardin (10), and the steroid saponins 6 and 11-13
represent new natural products, as does the furostanol
diglycoside 14. However, it cannot be excluded that the
methoxy group at C-22 in 14 may originate from the
methanol used. N-Docosanoyltyramine (4) has also not
been described previously and 5'-(hydroxysulphonyloxy)-
jasmonic acid (17) constitutes a unique new natural prod-
uct.

It may be pointed out that saponins deriving from
neotigogenin or neohecogenin are rare natural products,
and cistocardin (10) and 13 are the first saponins contain-
ing neogitogenin as the aglycone. Furthermore, except
for the tetrasaccharide contained in 9 and 10, and the
pentasaccharide from 7 and 8, the oligosaccharidic moie-
ties from 6, 11, 12 and 13 have been described for the first
time.

The biological test on inotropic cardioactivity uses the
papillary muscle of guinea pigs [30]. The results show
that cistocardin (10) and saponin-4 {9), and also saponin-
3 (8) possess relatively strong activities at 107 to 107°
M concentrations, whereas saponin-7 (12) and tribulosin
(7) show considerably lower activities in concentrations
of 1075 to 10°* M (Fig. 1 and Table 4). Half esters of
sulphuric acid as in 17 represent a rare but characteristic
structural group in constituents of higher plants, and are
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Fig. 1. Positive inotropic effects on isolated cardiac muscle of

constituents from Tribulus cistoides. (Ordinate scale represents

positive inotropic effect, expressed as per cent increase of force of

contraction (AF_) above control value. Symbols represent arith-
metic means with s.e.)

typically present in plant hormones of the turgorin-type

[311.

EXPERIMENTAL

Plant material. Plants were collected at the coast near
Boca del Rio, Veracruz, Mexico, in August 1987. Identi-
fication was made at Herbario del Instituto Nacional de
Investigaciones sobre Recursos Bioticos in Xalapa,
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Veracruz, Mexico; a voucher specimen is deposited in
our institute in Erlangen under No. 83-01.

General. TLC was performed on ready-made plates
(nano plates Sil-20 UV, Macherey-Nagel) using S— 1=
CHCl;; S—2=CHCI3;-MeOH (9:1) S—3=CHClI;-
MeOH-H,0 (7:4:1); S—4=petrol-EtOH (7:3). Detec-
tion: anisaldehyde followed by heating [32] and Ehrlich
reagent [33]. IR were run in KBr, if not otherwise stated.
MS were recorded by EIMS (70 eV) using a direct inlet
system, FABMS with glycerol as matrix (ionization gas:
xenon, 8kV). Unless otherwise stated, 'H NMR were
measured at 400 MHz and !*C NMR at 100 MHz in
pyridine-ds with TMS as int. standard. HPLC was done
on Nucleosil® RP-18, Macherey-Nagel, if not stated
otherwise.

Acetylation. The compound (1-20 mg) was dissolved in
0.5-2 ml pyridine-Ac,O (1:1) and kept at room temp. for
15 hr. The solvents were removed by evapn and the
product purified by either CC on silica gel using pet-
rol-EtOH mixts or by HPLC using MeOH-H,0 mixts.

Total hydrolysis of glycosides. The glycoside (2 mg) was
dissolved in 10 ml 2 M aq. CF;CO,H and refluxed for
2 hr. After evapn H,0 was added and the aglycones
extracted with CHCl;. The aq. phase was concd and
subjected to HPLC for sugar analysis {34] {Nucleosil®
10 NH,, Macherey-Nagel, using MeCN-H,O (3:1) }.

Partial hydrolysis of glycosides. The glycoside (sap-
onin) (50-150 mg) was dissolved in 50 mi 1 M H,SO,
~MeOH (1:1) and kept at 70° for 4-8 hr under monitor-
ing by TLC using S-3. Subsequent neutralization with
2M NaOH and evapn of the MeOH precipitated the
mixt. of prosapogenins together with the aglycone, which
were filtered off and subjected to chromatographic sepn.

Extraction and chromatography. Aerial parts (1.4 kg)
were extracted at room temp. successively with petrol
yielding 9 g petrol extract (= PE extract) and then with
MeOH. The MeOH extract (200 g) was redissolved in

Table 2. 13C NMR data of the isolated saponins 6-14 (6[ppm] in pyridine-ds)

C 6 7 8 9 10 11 12 13 14
1 371 373 36.7 371 45.6 37.2 36.6 45.6 371
2 299 300 29.7 299 72.5 300 29.6 72.5 299
3 78.7 78.8 78.8 78.6 84.2 78.8 79.1 84.2 78.7
4 348 344 34.2 34.8 341 349 34.1 34.1 34.3¢
5 44.6 44.7 444 44.6 44.6 4.7 443 44.6 44.6
6 289 29.0 28.6 289 28.1 29.0 28.6 28.1 289
7 32.1° 32.1° 314° 32.1° 32.1° 32.1° 314° 32.1° 32.1°
8 352 353 344 352 34.6 353 343 346 352
9 54.3 544 55.3 54.3 54.4 54.5 55.3 54.3 54.4
10 358 36.0 364 358 369 358 363 369 359
11 212 213 380 212 214 21.3 379 214 211
12 40.1 40.2 212.8 40.1 40.0 40.2 2128 40.0 399
13 40.7 40.8 55.5 40.7 40.7 40.8 55.5 40.7 41.1
14 56.4 56.5 559 56.4 56.3 56.5 55.8 56.3 56.3
15 3240 32.5° 31.7b 324° 32.2° 32.4° 3L 32.2° 32.4°
16 81.2 81.2 79.8 81.2 812k 81.2 79.7 81.2 813!
17 62.8 62.9 54.2 62.8 62.3° 62.5¢ 54.1 62.7° 64.3
18 16.6 16.6 16.0 16.6 16.6 16.6 16.0 16.6 16.3
19 12.3 12.5 11.8 12.3 134 123 11.8 134 123
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Table 2. Continued

C 6 7 8 9 10 11 12 13 14
20 424 425 43.1 424 425 425 43.1 42,5 40.4
21 149 14.9 138 14.3 14.8 149 137 149 16.4*
22 109.7 109.7 105.7 109.7 109.7 109.7 109.7 109.7 1126
23 21.5 276 275 27.5 275 276 275 275 30.9
24 26.2* 26.2* 26.2° 26.2* 26.2* 26.2* 26.1* 26.2* 28.1
25 26.3* 264* 26.4* 26.3* 264* 264" 26.3* 26.4* 34.4°
26 65.0 65.1 65.2 65.0 65.1 65.1 65.1 65.1 74.9
27 16.3 16.3 16.3 163 16.3 16.3 16.2 16.3 17.5
MeO — — — — — — — — 413
Iy 102.8 100.2 100.1 1024 103.3 102.5 100.0 103.3 100.0
2 732 81.4° 81.3¢ 732 71.3¢ 732 81.3* 7044 813!
k) 749 758 759 75.5¢ 75.3 75.6f 75.8 74.8¢ 75.8
4 80.3 791 794 80.2 79.7 80.1! 79.7 796 790
5 76.1 718 718 76.1 76.0 76.2¢ 7.1 76.1° 7.7
6 60.5 60.5 60.4 60.6 60.5 60.6 60.4 60.6 60.4
17 106.3 105.8 105.9* 104.5¢ 104.6' 105.0% 1059 104.1% 1058
2’ 82.1 81.5¢ 81.5¢ 81.5 81.3" 81.4 814° 813t 814
3” 86.3 877 87.6 88.5 88.7 88.1 88.9 88.2 8715
4" 70.5¢ 7044 70.4% 71.5 71.6° 70.8¢ 70.8¢ 70.7¢ 70.4°
5" 772 771 76.6 71.9¢ 715 114" 76.5* 715 76.9
6" 63.1 62.9 629 63.0 62.6° 62.9° 62.3° 62.8° 62.8
1 105.6° 105.1f 105.1% 104.9° 104.7 105.1* 104.6' 104.7¢ 105.0
2 75.3¢ 75.1 75.1 75.3¢ 755 754 75.0° 75.0° 750
3 71.8° 76.7 76.7 78.6 7828 77.5% 76.6¢ 78.5¢ 76.5%

4" 70.6° 70.7¢ 70.7¢ 70.8 70.4¢ 70.8¢ 70.9¢ 70.8¢ 70.7°
5 67.3 67.4¢ 674° 77.3¢ 78.6% 77.8% 67.6 78.3¢ 67.3¢
6" — — — 62.3 62.8° 63.1° — 63.0° —

| 105.2f 105.4) 105.4% 105.1° 104.9! 104.2 105.2° 104.9' 105.0
2 75.54 751 751 75.3¢ 757 74.9¢ 753 75.5¢ 750
3 77.9¢ 76.7 76.7° 78.6 78.4% 76.45 78.6 76.41 76.6*
4" 70.7¢ 70.9¢ 7094 70.8 70.8¢ 80.4' 715 80.3 70.8¢
5 673 67.7° 67.7¢ 71.5¢ 78.6% 76.8% 78.6 76.7° 67.64
6" — — — 62.3 63.0° 61.3 63.0° 612 —

| 1020 102.0 105.5 102.0 105.5 101.9
2 72.5% 72.5¢ 75.0° 72.4° 75.7° 724
3 .7 72.7¢ 78.3 72.7¢ 78.1 72.6°
4" 740 740 71.0¢ 74.0 71.2¢ 739
5 69.4 694 674 69.3 674 69.3
6" 185 18.5 184 184
1 105.3
2 75.2
3 78.54
4" 7.7
s 78.6
6 62.8

*~kSjgnals with the same letter may be interchangeable

350 ml MeOH, diluted with 700 ml H,O and successively
extracted with CHCl,; (35 g residue = MeOH-CHCI, fr.)
and then with #n-BuOH (45 g residue =MeOH-BuOH
fr.). The remaining aq. phase represents the MeOH-H,0
fr.

Repeated CC of the PE extract on silica gel (Macherey-
Nagel) using cyclohexane-Me,CO, CHCl;-MeOH and
CHCI;-Me,CO mixts yielded 1-3 besides a fr. whose
sepn was achieved by HPLC using MeOH-H,0 (95:5)
to yield 4 and 5.

Repeated CC of the MeOH-CHCI, fr. on silica gel
(MN 60, Macherey-Nagel) with CHCl;-MeOH-H,0
mixts and subsequently HPLC on reversed phase silica
gel (Nucleosil® RP-18, and LiChrosorb® RP-18, Merck,
with MeOH-H,O mixts) yielded 6-13.

The MeOH-BuOH fr. was dissolved in 300 ml MeOH
and added slowly to 31 Me,CO yielding a ppt. (ca 20 g),
which was filtered off and redissolved in CHCl,-
MeOH-H,0 (65:45:10). CC of this soln on silica gel
using CHCl,-MeOH-H,0 (65:45:10) gave 14.
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Table 3. NMR shifts of the sugar protons in peracetylated cistocardin (10) and its prosapogenins 10.1-10.4 (3[ppm] in CsDg)

H-Atoms Peracetylated prosapogenins Peracetyl-
10.1 10.2 10.3 104 10

p-D-galactose

1 4.42 4.46 4.44 4.33 4.36

2 5.64 5.40 5.38 5.69 570

3 5.23 5.02 5.06 4.98 5.06

4 5.52 3.89* 395+ 3.74* 3.95*%

5 3.46 342 345 341 348

6,/6; 4.15/4.23 4.40/4.48 4.43/4.47 4.43/4.45 ~4.44/4.50

B-D-glucose

1 4.58 4.59 424 443

2 5.15 ~5.14 3.56t 397

3 5.49 4061 5.16 4,041

4 5.19 486 5.04 5.19

5 3.19 351 299 328
6,/6, 2x4.10 4.15/4.22 ~4.10/4.13 2x4.20

B-p-glucose

1 4.60 5.09

2 517 5.36

3 5.32 5.47

4 5.18 532

5 3.00 352

6,/6, 3.87/4.33 3.89/4.45

B-p-glucose

1 4.56 524

2 ~5.52 ~5.70

3 ~5.55 ~5.70

4 5.86 5.87

5 385 413

6,/6, 4.67/4.76 4.71/4.78

*+1Since not shifted by acetylation indicating the linkage.
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Table 4. Positive inotropic activity* of the isolated saponins measured with the papillary muscle system [30]

Sugar moiety

Neotigogenin (1)

Aglycone

Neogitogenin (2) Neohecogenin (3)

ﬁ-n-Glciﬁ-lyoizlcf-ﬂ-o-ca1~ Saponin-4 (9)

p-p-Glc 4
ﬂ-Xyli~ﬂ-?21ciﬁ-Ga1~-~ Saponin-1 (6)
B-Xyl

ﬁ-Xyliﬂ-GlciB-(l}zlciB-Gal—

B-Glc

B-D-Xyl> ﬁ-D-Gllciﬁ-Dczal— Tribulosin (7)

p-0-Xyl a-L-Rha (+)

ﬁ-Glciﬂ‘Gzlcf—ﬂ-(gal—

B-Xyl o-Rha

Saponin-6 (11)

Cistocardin (10)

+++

Saponin-8 (13)
Saponin-3 (8)
++
Saponin-7 (12)

+

*Degree of activity: —, (+), +, ++, +++.

The MeOH-H,O fr. was evapd and redissolved in
MeOH-H,O (1:2) and then subjected to CC on
Sephadex® LH 20 with MeOH to give 2 frs. The faster fr.
by CC on Sephadex® G 10 with MeOH yielded 15 and
16. The slower fr. was sepd by MPLC on RP-18 (FC
LiChroprep®, Merck with H,O-MeOH (95:5) to give frs
1-4. Fr. 2 consisted of inorganic salts only as shown by its
spectra. The result of an ion chromatographic analysis on
Super Sep (Metrohm) was: Na™* (11%), Ca2* (15%), C1~
(19%), NO3; (37%). HPLC of fr. 3 with H,0-MeOH
(95:5) yielded almost the same mixt of inorganic ions and
17.

Neotigogenin (1). Crystals (40 mg). Mp 192-195° (lit.
[4] mp 192-194°). TLC: R; 0.26 (S-1); anisaldehyde:
yellow-green. [a]3® —68° (CHCly; ¢0.8) (lit. [4]
[a]p —65°). 'H NMR: 60.59 (1H, ddd, J, =12, J,=10.5,
J3=4 Hz), 0.80-2.20 (38H, m) within 0.82 and 0.85 (3H
each, s) [Me-18 and Me-19], 1.08 (3H, d, J=7 Hz, Me-
27), 1.16 (3H, d, J=7Hz, Me-21), 3.37 (1H, br d,
J=11Hz, H-26,,), 3.86 (1H, m, H-3), 407 (1H, dd,
Jy=11, J,=3Hz, H-26.), 453 (1H, ddd, J,~J,~8,
J3=17Hz, H-16).

Neogitogenin (2). Crystals (21 mg). Mp 259-261° (lit.
[14] mp 253-255°). TLC: R, 0.26 (8-2); anisaldehyde:
yellow-green. [0]3° —67° (CHCly; ¢ 0.7) (lit. [14] [«]5°
—66°). IR v,,, cm™!: 3400, 2950, 990, 925, 895, 855.
'H NMR: §0.65-1.95 (34H, m) within 0.83 and 0.86 ( 3H
each, s) [Me-18 and Me-19], 1.08 (3H, d, J =7 Hz, Me-
27), 1.15 (3H, d, J=7 Hz, Me-21), 2.03 (1H, ddd, J, =12,
J,=15, J3=5.5Hz), 214 (1H, dddd, J;~J,~13,
Jy~J4~5Hz), 2.26 (1H, dd, J, =12, J,=4.5 Hz), 3.37
(1H, br d, J=11 Hz, H-26,,), 3.86 (1H, ddd, J, =11,
J;=9, J3=5 Hz), [H-2 or H-3], 4.014.09 (2H, m) [H-3
or H-2 and H-26,],4.53 (1H, ddd, J, ~ J,~8,J3=THz,
H-16). 3CNMR (90 MHz): §13.7 (C-19), 149 (C-21),
16.3 (C-27), 16.7 (C-18), 21.6 (C-11), 26.2 (C-24 or C-25),
26.4 (C-25 or C-24), 27.6 (C-23), 28.4 (C-6), 32.1 (C-7 or

C-15), 32.4 (C-15 or C-7), 347 (C-8), 37.2 (C-4), 376
(C-10), 40.2 (C-12), 40.8 (C-13), 42.5 (C-20), 45.3 (C-1),
46.5 (C-3), 54.7 (C-9), 56.4 (C-14), 62.9 (C-17), 65.1 (C-26),
73.1(C-2), 76.7 (C-3), 81.2 (C-16), 109.7 (C-22). EIMS m'z
(rel. int.) : 432 [M]* (5), 373 (2), 363 (5), 360 (10), 318 (19),
303 (15), 289 (38), 140 (12), 139 (100), 122 (9), 115 (26), 69
(18).

Neohecogenin (= sisalagenin) (3). Crystals (39 mg). Mp
240-243° (lit. [4] mp 245-246°). TLC: R/0.55 (S-2); an-
isaldehyde: yellow-green. [a]%) —3° (CHCls; c1.1) (lit.
[4][«]p —4.5°). 'H NMR (360 MHz): 60.70-2.19 (34H,
m) within 0.83 (3H, s, Me-18), 1.08 (3H, d, J= 7 Hz,
Me-27), 1.11 (3H, s, Me-19), 1.38 (3H, d, J=THz, Me-
21),2.31 (1H, dd, J, =14, J,=5 Hz, H-11,), 2.45 (1H, dd,
Ji~J;~14 Hz, H-11,)), 2.76 (1H, dd, J, =9, J, =7 Hz,
H-17),3.37 (1H, br d, J=11 Hz, H-26,,), 3.76-3.86 (1H, m,
H-3), 405 (1H, dd, J, =11, J, =3 Hz, H-26,), 447 (1H,
ddd, J,~J,~8, J3;=7 Hz, H-16). 13C NMR (90 MHz):
12,0 (C-19), 13.6 (C-21), 16.1 (C-18 or C-27), 16.3 (C-27
or C-18), 26.3 (C-24 or C-25), 26.6 (C-25 or C-24), 27.6
(C-23), 28.8 (C-6), 31.5 (C-2), 31.9 (C-7 or C-15), 32.2
(C-15 or C-7), 34.7 (C-8), 36.5 (C-10), 37.1 (C-1), 38.1
(C-11), 39.1 (C-4), 43.3 (C-20), 45.2 (C-5), 54.4 (C-17), 55.5
(C-13), 56.0 (C-9 or C-14), 56.2 (C-14 or C-9), 65.3 (C-26),
70.4 (C-3), 79.9 (C-16), 109.8 (C-22), 2124 (C-12).

N-Docosanoyltyramine (4). Crystals from CHCl;
(3 mg). Mp 109-112°. TLC: R, 0.53 (8-2); anisaldehyde:
pink. IR v, cm™': 3400, 2920, 2850, 2465, 1625. UV
JBOH nm (log £): 223 (4.02), 278 (3.32); +NaOH: 241
(4.26), 294 (3.71). 'THNMR [CDCl,-CD,0OD (1:1)]:
60.89 (3H, t, J= 7 Hz, Me-22), 1.26 (36H, br s, H-4 to
H-21), 1.54-1.61 (2H, m, H-3), 2.14 (2H, t, J=7.5 Hz,
H-2),2.71 (2H, ¢, J=7.5 Hz, H-2'), 3.39 2H, ¢, J = 7.5 Hz,
H-1), 6.75 (2H, AA'BB’-system, H-5' and H-7), 7.04
(2H, AA'BB’-system, H-4 and H-8). '*CNMR
[CDCl;-CD,OD (1:1); 629 MHz]: §14.0 (C-22), 229
(C-21), 26.2 (C-3), 29.6, 29.8, 29.9, 32.2 (C-20), 35.1 (C-2),
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36.9(C-2),41.3(C-1'),2x115.8(C-4' and C-8),2x 1300
(C-5' and C-77), 130.5 (C-3'), 1559 {C-6), 174.8 (C-1).
DCIMS (isobutane) m/z (rel. int.): 460 [M+H]™* (100);
EIMS m/z (rel. int.) : 340 (13), 121 (10), 120 (100).

N-Tetracosanoyltyramine (5). Crystals from CHCl,
{8 mg). Mp 111-114°. TLC: R, 0.54 (8-2); anisaldehyde:
pink. IR and UV identical with 4. 'HNMR [CDCl;~
CD;OD (1:1)]: identical with 4 except for the assign-
ments of the signals at 40.89 (3H, ¢, J =7 Hz, Me-24) and
1.26 (40H, br s, H-4 to H-23). 13CNMR [CDCl;-
CD,;0D (1:1); 22.5 MHZz] is identical with 4 except for
the assignments of §14.0 (C-24), 22.9 {C-23) and 32.2
{C-22), DCIMS (isobutane) m/z (rel. int.): 488 [M+H]"
(100 EIMS m/z (rel. int.) 368.3900 (10) [calcd for
C,.H;5oNO: 368.3892], 120.0575 (100) [calced for CgHgO:
120.0575].

Saponin-1 (=3-O-[B-xylopyranosyl-(1--2)-[B-
xylopyranosyl-(1- 3)1-B-glucopyranosyl-(1-4)-B-galac-
topyranosyl}-neotigogenin) (6). Crystais from MeOH
{45 mg). Mp 272-274°. TLC: R, 0.51 {8-3); anisaldehyde:
yellow-green. [«]2°—47° (pyridine; ¢ 1.0}, (Found: C,
53.22; H, 8.42. Calcd for C,9Hgo0, - 5SH,0: C, 53.74; H,
8.28%.) IR v, cm™1: 3400, 2930, 990, 920, 895, 850.
'HNMR: 5§0.46-0.55 (1H, m), 0.63-2.19 (38H, various m)
within 0.65 and 0.82 (3H each, s) [Me-18 and Me-19],
1.08 (3H, 4, J=7 Hz, Me-27), 1.16 (3H, d, J =7 Hz, Me-
21), 337 (1H, br d, J==11 Hz), 3.67-4.26 (17H, m),
4.33-4.62(6H, m),4.76 (1H, dd, J, ~ J, ~ 10 Hz), 4.89 (1H,
d, J=17.5Hz), 517 (1H, d, J= 7.5 Hz) overlapped with
5.18 (1H, d, J=7.5Hz) and 528 (1H, d, J=8 Hz) [4
anomeric protons]. Negative ions FABMS m/z (rel. int.):
1003 [M~H]™ (14), 871 [M—132—H]" (7), 577
[M—426—H]" (13), 551 (27) and 459 (100) [both matrix
peaks].

Peracetylsaponin-1(= peracetyl-6). Compound 6 (18 mg)
was acetylated and purified by HPLC [MeOH-H,0
(9:1)] to yield 17 mg amorphous peracetyl-6. TLC: R,
040 (S-4); anisaldehyde: yellow-green. [a]% —S56°
(CHCly; c1.6). IR v3i% em™1: 2935, 1750. 'HNMR
(CeDg): 00.42-2.25 (72H, m) within 0.71 and 0.81 (3H
each, s) [Me-18 and Me-19], 1.07 (3H, d, J =7 Hz, Me-
27), 1.21 (3H, d, J=7 Hz, Me-21), 1.60, 1.65, 1.69, 1.76,
1.81, 1.82, 1.86, 1.96, 2.02, 2.06 and 2.18 {3H each, s, Ac),
3.03(1H, m, H-5"), 334 (1H, br d, J=11 Hz, H-26, ), 3.48
(IH, brdd, J,=17, J,=5Hz, H-5), 3.53(1H, dd, J, =12,
J,=4Hz, H-5)"), 3.58-3.70 (3H, m, H-3, H-2" and H-
5a), 396 (1H, dd, J, ~J, ~ 10 Hz, H-3"), 4.01 (1H, br d,
J=3 Hz, H-4), 406-4.14 (3H, m, H-6},, H-55" and H-
26,,) overlapped with 4.16 (1H, dd, J, =125, J,=4 Hz,
H-63), 4.34 (1H, 4, J=7.5Hz, H-1"), 444-449 (2H, m,
H-1" and H-6} overlapped with 4.51 {( 1H, dd, J, =12,
Jp=7Hz, H-6g), 4.60 (1H, ddd, J;~J,~8, J3=65 Hz,
H-16),4.71 (1H, dd, J, = 11.5, J, =5 Hz, H-5.}), 4.81 (1H,
ddd,J,~J,~4,J3=3Hz, H-4""), 505-5.09 2H, m, H-3'
and H-1"") overlapped with 5.10 (1H, dd, J, ~J,~10 Hz,
H-4"), 517 (1H, dd, J, =4, J,=2.5Hz, H-2"""), 5.29 (1H,
dd, J, ~J;~4 Hz, H-3""), 544 (1H, d, J=2.5 Hz, H-1""),
5.60 (1H, dd, J, =85, J,=7 Hz, H-2"), 5.66 (1H, dd,
Jy~J,~8.5Hz, H-3"), 5.77-5.86 (2H, m, H-4""" and H-
2. 13C NMR (C¢Dg; 90 MHz): 612.3 (C-19), 14.9 (C-21),
16.3 (C-27), 16.7 (C-18), 2x20.3, 4 x 204, 4 x20.6 and
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20.9 (all MeCO), 21.3 (C-11), 26.3 (C-24 or C-25), 26.5
(C-25 or C-24), 27.6 (C-23), 29.1 (C-6), 29.8 (C-2), 32.2
(C-7 or C-15), 32.5 (C-15 or C-7), 35.2 (C-4, C-8 or C-10),
35.3(C-8, C-10 or C-4), 35.8 (C-10, C-4 or C-8), 37.3 (C-1),
40.3 (C-12), 40.8 (C-13), 42.6 (C-20), 45.0 (C-5), 54.6 (C-9),
56.6 (C-14), 58.6 {(C-5""), 62.0(C-6"), 62.8 {C-17 or C-5"),
63.1 (C-5" or C-17), 64.3 (C-6), 65.1 {C-26), 67.4 (C-4""),
67.9 (C-3""), 68.2 (C-2""), 68.6 {C-4"), 69.3 (C-4"), 70.8
(C-2), 71.8 (C-5', C-5" or C-3"), 72.0 (C-5", C-3"" or C-5'),
72.3(C-3", C-5' or C-5"), 72.9 (C-4' or C-2""), 73.2 (C-2""
or C-4'), 74.1 (C-3), 76.7 (C-3"), 79.0 (C-3), 79.9 (C-2"),
81.2 (C-16), 96.8 (C-1"), 100.1 (C-1"", 100.3 (C-1), 1014
(C-17), 109.6 (C-22), 168.8,3x 169.1,2x 1694, 2x 1698,
170.1, 170.4 and 170.5 (all MeCO).

Total hydrolysis of 6. Total hydrolysis of 6 (1.7 mg)
gave 1 as the aglycone (TLC). HPLC analysis of the aq.
phase showed xylose, glucose and galactose in a 2:1:1
ratio.

Partial hydrolysis of 6. Partial hydrolysis of 6 {16 mg)
and subsequent CC on silica gel [CHCl;-MeOH 9:1)]
yielded prosapogenin-1.1 (1 mg).

Prosapogenin-1.1. Amorphous (1 mg). TLC: R, 0.78 (S-
3); anisaldehyde: yellow-green.

Peracetylprosapogenin-1.1. Acetylation of prosapo-
genin-1.1 (1 mg) yielded its peracetyl derivative [amor-
phous (1 mg)]. TLC: R; 0.62 (S-4); anisaldehyde: yel-
low-green. [«]3° —19° (CHCl; ¢0.1). IR and 'HNMR
are identical with peracetylprotribulosin-1.

Tribulosin(=3-O-[B-D-xylopyranosyl-(1—2)-[p-D-
xylopyranosyl-(1-»3)]-B-D-glucopyranosyl-(1—-4)-[a-L-
rhamnopyranosyi-(1-2)3-B-D-galactopyranosyl]-
neotigogenin}7) [4]. Crystals from MeOH (650 mg). Mp
273-276° (lit. {4] mp>>300°). TLC: R, 0.37 (S-3); anisal-
dehyde: yellow-green. [«J2° —66° (pyridine; ¢ 1.2) {lit. [4]
[a]p —61° (pyridine)]. (Found: C, 52.26; H, 8.18. Calcd
for Cs5HgoO,5 - 6H,0: C, 52.46; H, 8.16%.) 'H NMR
(360 MHz): 30.46-0.55 (1H, m), 0.68-2.18 {(41H, m) within
0.81 and 0.86 (3H each, 5s) [Me-18 and Me-19], 1.08 (3H,
d, J=T7THz, Me-27), 1.15 (3H, 4, J=7 Hz, Me-21}, 1.72
(3H, d, J=6.5Hz, Me-6"""), 3.37 (IH, br d, J=11 Hz),
349 and 3.68 (1H each, dd, J, ~J,~10 Hz), 3.80-4.32
(17H, m), 4.46-5.02 (12H, m) within 4.86 and 5.00 (1H
each, d, J=8 Hz), 5.25 and 5.44 (1H each, 4, J=8 Hz),
6.20 (1H, br s) [5 anomeric protons]. Negative ions
FABMS m/z (rel. int.y: 1150 [M]~ (10), 1149 [M—H]~
(20), 1017 [M—132~H]" (10), 723 [M ~426—-H]" (5),
459 [glycerine — peak] (100).

Peracetyltribulosin (= peracetyl-T). Compound 7 (21 mg)
was acetylated and purified by CC [petrol-EtOH
(75:25)] to give 11 mg of peracetyltribulosin, amorphous.
TLC: R, 040 (S-4); anisaldehyde: yellow-green. [¢]3°
—48° (CHCl3; ¢0.9). IR & em™1: 2935 1745, 'H
NMR (C¢Dg): & from 0.46-0.55 (1H, m), 0.75-1.10 (9H, m)
within 0.83 and 0.85 (3H each, s) [Me-18 and Me-19] and
1.08 (3H, d, J=7 Hz, Me-27), 1.18-2.10 (67H, m) within
1.22 (3H, d, J=7 Hz, Me-21), 1.47 (3H, d, J =6 Hz, Me-
67"), .64, 1.65, 1.69, 1.71, 1.75, 1.78, 1.81, 1.84, 1.96, 1.97,
1.99 and 2.02 (3H each, s, Ac), 2.15-2.26 {1H, m), 2.49 (3H,
s, Ac), 297 (1H, ddd, J, =9.5, J,=4.5, J;=3 Hz, H-5),
3.35 (1H, br d, J=11 Hz, H-26, ), 3.47-3.53 (2H, m, H-5'
and H-5Y"), 3.58 (1H, dd, J,=11.5, J,=9Hz, H-5]))
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overlapped with 3.62 (1H, dd, J, =9.5, J,=8 Hz, H-2"),
3.72-3.80 (1H, m, H-3), 3.93 (1H, dd, J,~J,~9.5 Hz,
H-3"), 4.06 (1H, dd, J, =12, J, =3 Hz, H-65), 4.09 (1H,
dd, J,=13, J,=3Hz, H-55"), 412 (1H, dd, J,=11,
J2=3Hz, H-26,.), 4.16 (1H, dd, J, =12, J,=4.5 Hz, H-
63, 4.21 (1H, br d, J=3 Hz, H-4),4.25 (1H, d, J=8 Hz,
H-1"),433 (1H, d, J=7 Hz, H-1), 440-4.47 (3H, m, H-2,
H-6, and -57)), 451 (1H, dd, J, =12, J,=7 Hz, H-6p),
4.62 (1H, ddd, J,~J,~8, J3=6.5Hz, H-16), 4.81-4.88
(2H, m, H-4"" and H-5""), 499 (1H, d, J=7 Hz, H-1")
overlapped with 5.01 (1H, dd, J,=10, J,=3 Hz, H-3),
509 (1H,dd, J, ~J,~9.5 Hz, H-4"), 5.15 (1H, dd, J, =4,
J,=3Hz, H-2""), 5.26 (1H, dd, J, =9, J, =7 Hz, H-2"),
529(1H,dd,J,~J,~4 Hz, H-3""), 534 (1H, d, J=3 Hz,
H-1""), 5.39 (1H, ddd, J,~J,~9, J3=55 Hz, H-4"),
5.55~5.59 (3H, m, H-3"", H-1""" and H-2"""), 5.66 (1H, dd,
J ~J,~10 Hz, H-4"""), 5.87 (1H, dd, J, =10, J,=3 Hz,
H-3""). 13C NMR (C¢Dg; 90 MHz): §12.3 (C-19), 14.9
(C-21), 16.3 (C-27), 16.7 (C-18), 17.6 (C-6"""), 4x20.3,
2x204, 3x20.5, 3x20.6 and 210 (all MeCO), 214 (C-
11), 26.3 (C-24 or C-25), 26.5 (C-25 or C-24), 27.6 (C-23),
29.1 (C-6), 299 (C-2), 32.2 (C-7 or C-15), 325 (C-15 or
C-7), 34.6 (C-4), 354 (C-8 or C-10), 359 (C-10 or C-8),
37.3(C-1), 40.3 (C-12), 40.8 (C-13), 42.6 (C-20), 44.8 (C-5),
54.5 (C-9), 56.6 (C-14), 59.0 (C-5"), 61.9 (C-6"), 63.0
(C-5" or C-17), 63.1 (C-17 or C-5"), 64.5 (C-6), 65.1
(C-26), 67.0 (C-5"""), 67.6 (C-3""), 68.1 (C-4", C-2"" or
C-4""), 68.5 (C-2""", C-4"" or C-4"), 68.6 (C-4"", C-4" or
C-2""), 69.3 (C-4"" or C-3""), 69.5 (C-3""" or C-4""), 71.2
(C-27),2x71.8 (C-5, C-5", C-2" or C-4""), 72.2 (C-2",
-4, C-§' or C-57), 72.3 (C-4"", C-§, C-5" or C-27),
73.1 (C-3"), 73.7 (C-2’ or C-4), 74.0 (C-4' or C-2), 76.7
(C-3), 77.3(C-3"), 77.7(C-3), 80.1 (C-2), 81.2(C-16), 97.1
(C-1""), 97.9 (C-1""), 994 (C-1'), 100.2 (C-17), 101.7 (C-
1), 109.6 (C-22), 168.9, 169.0, 169.1, 169.3, 169.4, 169.5,
169.6, 169.8, 2 x 169.9, 2 x 170.4 and 171.1 (all MeCO).

Total hydrolysis of 7. Compound 7 (19 mg) was hydro-
lysed and the reaction mixt. worked-up as described.
HPLC analysis [34] of the aq. phase afforded xylose,
galactose, glucose and rhamnose in a 2:1:1:1 ratio; in
the organic phase 1 was identified as the aglycone. Total
hydrolysis with MeOH-2 M HC! (gas) yielded the
methyl glycosides. The mixt. of methyl glycosides was
derivatized and subjected to GC-analysis according to
Kénig et al. [22].

Partial hydrolysis of 7. The reaction mixt. of 150 mg
7 was worked-up as described above. Repeated CC on
Sephadex® LH 20 with MeOH and then on silica gel
with CHCI;-MeOH (9:1) yielded the aglycone 1 (9 mg)
and the protribulosins-1 (5 mg) and -2 (22 mg), besides
a further fr. of protribulosins. This mixt. was sepd by
HPLC [RP-18; MeOH-H,O (8:2)] into 3 crude pro-
tribulosins, which were finally purified after acetylation
by CC [silica gel; petrol-EtOH (75:25)] to afford
peracetylprotribulosin-3 (3 mg) and -4 (3.5 mg), and by
HPLC [RP-18; MeOH-H,0 (9:1)] to afford in addition
peracetylprotribulosin-5 (4 mg).

Protribulosin-1. Amorphous (5 mg). TLC: R, 0.78 (S-3);
anisaldehyde: yellow-green. [«]3° —30° (MeOH; c0.1).
IR v cm™': 3400, 2930, 990, 920, 895, 850. 'H NMR:

max

40.46-0.55 (1H, m), from 0.65-2.19 (38H, m) within 0.67
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and 0.83 (3H each, s) [Me-18 and Me-19], 1.08 (3H, 4,
J =17 Hz, Me-27), 1.16 (3H, d, J =7 Hz, Me-21), 3.37 (1H,
br d, J=11 Hz, H-26,,), 3.96-4.05 (1H, m, H-3), 4.07 (1H,
dd, J,=11, J,=3Hz, H-26,), 418 (1H, br dd,
Jy~J,~6Hgz H-5), 426 (1H, dd, J,=10, J,=3 Hz, H-
3), 4.47-4.57 (4H, m) [H-16, H-2', H-6), and H-6;], 4.63
(1H, br d, J==3 Hz, H-4'), 4.95-5.08 (br s, HOD-signal)
overiapped with signal of the anomeric proton.

Peracetylprotribulosin-1. Acetylation of 3mg pro-
tribulosin-1 gave peracetylprotribulosin-1 (amorphous,
3mg). TLC: R, 0.62 (S-4), anisaldehyde: yellow-green.
[2]2° —14° (CHCl;; c0.3). IR v§H em ™% 2930, 1750.
THNMR (CsDg; 360 MHz): 50.40-2.25 (51H, m) within
0.62 and 0.81 (3H each, s ) [Me-18 and Me-19], 1.08 (3H,
d, J=7Hz, Me-27), 1.22 (3H, d, J=7 Hz, Me-21), 1.56,
1.64, 1.76 and 1.79 (3H each, s, Ac), 3.35 (1H, br 4,
J=11Hz, H-26,,), 3.48 (1H, ddd, J; ~J,~6.5, J3=1 Hz,
H-5), 3.56-3.65 (1H, m, H-3), 412 (1H, dd, J, =11,
J2=3Hz, H-26,,), 4.18 (1H, dd, J, =11, J,=6.5 Hz, H-
6,) overlapped with 4.21 (1H, dd, J;=11, J,=65Hz,
H-6;), 446 (1H, 4, J=8Hz, H-1), 461 (1H, ddd,
Ji~Jy~8, J3=65Hz, H-16), 524 (1H, dd, J,=10,
J;=3.5Hz, H-3), 554 (1H, dd, J;=3.5, J,=1 Hz, H-4)),
5.69 (1H, dd, J, =10, J,=8 Hz, H-2)).

Protribulosin-2. Amorphous (22 mg). TLC: R, 0.65 (S-
3); anisaldehyde: yellow-green. [«]3° —36° (MeOH;
clLl). IR v, cm™1: 3400, 2930, 990, 920, 895, 850.
'H NMR: 0.46-0.55 (1H, m), 0.62-2.20 (38H, m) within
0.65 and 0.82 (3H each, s) [Me-18 and Me-19], 1.08 (3H,
d, J=7 Hz, Me-27), 1.16 (3H, d, J=7 Hz, Me-21), 3.37
(1H, br d, J=11 Hz), 3.90-4.36 (10H, m), 4.43 (1H, dd,
Ji~J,~9Hz), 453 (1H, ddd, J,~J,~8, J;=THz),
4.61-4.77 (3H, m), 491 and 5.33 (1H each,d, J=8 Hz)} [2
anomeric protons]. 13C NMR: §12.3 (C-19), 14.9 (C-21),
16.3 (C-27), 16.6 (C-18), 21.3 (C-11), 26.2 {C-24 or C-25),
26.4(C-25 or C-24), 27.5(C-23), 28.9(C-6), 30.0(C-2), 32.1
{C-7 or C-15), 32.4 (C-15 or C-7), 34.8 (C4), 35.2 (C-8),
35.8 (C-10), 37.2 (C-1), 40.1 (C-12), 40.7 (C-13), 424 (C-
20), 44.6 (C-5), 54.4 (C-9), 56.4 (C-14), 61.0 (C-6'), 62.8
(C-17), 63.1 (C-6"), 65.1 (C-26), 72.3 (C-4"), 73.5 (C-2)),
75.2 (C-2" or C-3), 75.5 (C-3' or C-2"), 76.0 (C-5'), 77.1
(C-3), 78.5 (C-3" or C-5"), 78.7 (C-5" or C-3"), 80.1 (C-4),
81.2 (C-16), 102.5 (C-1"), 107.2 (C-1"), 109.7 (C-22).

Acetylation of protribulosin-2. Acetylation of pro-
tribulosin-2 (4 mg) gave 5 mg of peracetylprotribulosin-2,
amorphous. TLC: R; 0.50 (8-4); anisaldehyde: yellow-
green. [¢]3° —28° (CHCl;; ¢0.5). IR and "H NMR ident-
ical with peracetylprosapogenin-6.1.

Peracetylprotribulosin-3. Amorphous (3 mg). TLC: R,
044 (S-4); anisaldehyde: yellow-green. [«]3® —22°
(CHCl;; ¢0.2). IR v$HSs em™ 1 2935, 1750. 'H NMR
(CeDg): 30.40-2.25 (69H, m} within 0.81 and 0.85 (3H
each, s) [Me-18 and Me-19], 1.08 (3H, d, J=7 Hz, Me-
27), 1.22 (3H, d, J=7 Hz, Me-21), 1.40 3H, d, J=6 Hz,
Me-6""""), 1.60, 1.64, 1.66, 1.69, 1.73, 1.79, 1.85, 2.06 and
2.23 (3H each, s, Ac), 3.07 (1H, ddd, J,=10, J,=4,
J3=3 Hz, H-5"), 3.35 (1H, br d, J=11 Hz, H-26,,), 3.51
(1H, br dd, J =7, J,=4.5 Hz, H-5), 3.70-3.79 (1H, m,
H-3), 405 (1H, dd, J,=13, J,=3 Hz, H-6}), 409-4.15
(3H, m, H-26.,, H-4' and H-63), 4.19 (1H, dd, J,=10,
J.=175Hz, H-2),4.34(1H, d, J=7.5 Hz, H-1'), 441 (1H,
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dd, J,=11.5, J,=T7 Hz, H-6),), 448 (1H, d, J=8 Hz, H-
1") overlapped with 4.50 (1H, dd, J,=11.5, J,=4.5 Hz,
H-63), 4.61 (1H, ddd, J, ~J,~8, J3=6.5 Hz, H-16), 4.79
(1H, dgq, J, =10, J,=6 Hz, H-5"""), 5.03 (1H, dd, J, = 10,
J,=3 Hz, H-3), 5.10 (1H, dd, J,=10, J,=8 Hz, H-2"),
516 (1H, dd, J;~J,~10Hz, H-4"), 543 (1H, dd,
Ji~J;~10Hz, H-3") overlapped with 544 (1H, dd,
J1=3, J,=2Hz, H-2""") and 5.46 (1H, d, J=2 Hz, H-
17", 5.63 (1H, dd, J, ~J,~10 Hz, H-4""""), 5.81 (1H, dd,
J; =10, J,=3 Hz, H-3""").

Peracetylprotribulosin-4. Amorphous (3.5mg). TLC:
R, 0.52 (S-4); anisaldehyde: yellow-green. [¢]2® —21°
(CHCl;: ¢0.3). IR v¢H em~1: 2930, 1750. 'H NMR
(Ce¢Dg): 60.40-2.26 (66H, m) within 0.66 and 0.81 (3H
each, s) [Me-18 and Me-19], 1.08 (3H, d, J=7 Hz, Me-
27), 1.21 (3H, d, J=7 Hz, Me-21), 1.63, 1.70, 1.72, 1.74,
1.76, 1.82, 1.92, 1.95 and 2.24 (3H each, s, Ac), 2.95 (1H,
ddd, J,=9.5, J,=4, J;=25Hz, H-5"), 3.27 (1H, dd,
Jy =115, J,=9.5Hz, H-5})), 3.34 (1H, br d, J=11 Hz,
H-26,,), 346 (1H, br dd, J, ~J,~6 Hz, H-5), 3.54 (1H,
dd, J,=9.5,J,=8 Hz, H-2"), 3.56-3.65 (1H, m, H-3), 3.90
(1H, br d, J=3Hz, H-4), 409 (1H, dd, J,=12.5,
J,=2.5 Hz, H-6}) overlapped with 4.12 (1H, dd, J, =11,
J»=3Hz, H-26,) overlapped with 4.16 (1H, dd,
J, =125, J,=4 Hz, H-6y), 422 (1H, d, J =8 Hz, H-1"),
442 (1H, d, J=8 Hz, H-1), 444-4.53 (3H, m, H-1"", H-6/,
and H-6), 4.56-4.63 (2H, m, H-16 and H-5)), 5.01
(1H, dd, J,=10, J,=3Hz H-3) 514 (IH, dd,
Jy~J,~9.5Hz, H-4"),5.21 (1H, dd, J, ~J,~9.5 Hz, H-
3"), 542 (1H, dd, J; ~J,~9.5 Hz, H-3""), 5.48 (1H, dd,
J1=9.5, J,=17.5Hz, H-2"), 580 (1H, ddd, J, ~J;~9.5,
J3;=55Hz, H-4"), 587 (1H, dd, J,=10, J,=8 Hz,
H-2").

Peracetylprotribulosin-5. Amorphous (4 mg). TLC: R,
0.46 (S-4); anisaldehyde: yellow-green. [«]2® —19°
(CHCl3; ¢0.4). IR v§H¢ cm~1: 2945, 1750. 'H NMR
(CeDg): 60.44—-2.27 (75H, m) within 0.81 and 0.85 (3H
each, s) [Me-18 and Me-19], 1.08 (3H, d, J=7 Hz, Me-
27), 1.22 3H, 4, J=7 Hz, Me-21), 1.48 (3H, d, J=6 Hz,
Me-6""""), 1.65, 1.66, 1.70, 1.72, 1.73, 1.76, 1.81, 1.91, 1.93,
2.16 and 2.57 (3H each, s, Ac), 2.83 (1H, ddd, J, =10,
J,=3.5, J3=25Hz, H-5"), 314 (IH, dd, J,=12,
J;=9.5Hz, H-5)),3.35(1H, brd, J =11 Hz, H-26,,), 3.43
(IH,dd, J,=9.5,J,=8 Hz, H-2"), 3.50 (1H, br dd, J, =7,
J,=5 Hz, H-5), 3.70-3.80 (1H, m, H-3), 4.02-4.07 2H, m,
H-6% and H-4), 4.10-4.15 (1H, m, H-26,,) overlapped
with 4.13 (1H, d, J=8 Hz, H-1"), 4.18 (1H, dd, J, =12.5,
J,=3.5Hz, H-65),4.34 (1H, d, J =8 Hz, H-1) overlapped
with 4.34-4.39 (1H, m, H-5.;) overlapped with 4.39 (1H, d,
J=8 Hz, H-1"") overlapped with 4.42 (1H, dd, J, =11.5,
J,=5 Hz, H-6},),4.50 (1H, dd, J, =11.5, J, =7 Hz, H-6y)
overlapped with 4.51 (1H, dd, J, =10, J,=8 Hz, H-2),
4.62 (1H, ddd, J, ~J,~8, J3= 6.5 Hz, H-16), 4.86 (1H,
dq, J,=10, J,=6 Hz, H-5""), 493 (1H, dd, J,=10,
J,=3 Hz, H-3'), 5.07-5.15 (2H, m, H-3" and H-4") over-
lapped with 5.16 (1H, dd, J, =9.5, J,=8 Hz, H-2""), 5.28
(1H, dd, J,~J,~95Hz, H-3"), 538 (1H, ddd,
Jy~J;~9.5, J3;=6 Hz, H-4"), 5.57-5.60 (2H, m, H-1"""
and H-2""), 5.70 (1H, dd, J,~J,~10 Hz, H-4"""), 5.89
(1H, dd, J, =10, J,=3 Hz, H-3"").

H. ACHENBACH et al.

Saponin-3(=3-O-[B-D-xylopyranosyl-(1-2)-[ B-D-
xylopyranosyl-(1- 3)]-B-D-glucopyranosyl-(1 »4)-[ a-L-
rhamnopyranosyl-(1-—2)]-B-p-galactopyranosyl]-
neohecogenin) (8). Crystals from MeOH (41 mg). Mp
272-278°. TLC: R, 0.37 (S-3); anisaldehyde: yellow-green.
[2]&° —47° (pyridine; ¢0.3). (Found: C, 51.63; H, 8.09.
Calcd for Cs5HggO,46H,0: C, 51.88; H, 7.91%.) IR
Vmax €M~ 11 3435, 2930, 1708, 985, 920, 895, 850. 'H NMR
(360 MHz): §0.70-2.18 (37H, m) within 0.87 (3H, s, Me-
19), 1.06 (3H, s, Me-18) overlapped with 1.07 (3H, d,
J=7Hz, Me-27), 1.37 (3H, d, J =7 Hz, Me-21), 1.72 (3H,
d, J=6.5Hz, Me-6"""), 2.25 (1H, dd, J, =14, J,=5Hz,
H-11,,), 240 (1H, dd, J, ~J,~14 Hz, H-11,)), 2.74 (1H,
dd, J,=9, J,=7Hz, H-17), 3.37 (1H, br d, J=11 Hz),
3.50 and 3.68 (1H each, dd, J, ~J,~10 Hz), 3.824.58
(23H, m), 4.65-5.05 (SH, m) within 4.85 (1H, d, J =8 Hz)
[anomeric proton], 4.96 (br s) [HOD-signal, overlapping
with signal of one anomeric proton], 5.26 and 5.45 (1H
each, d, J=8 Hz) and 6.21 (1H, br s) [3 anomeric prot-
ons]. Negative ions FABMS m/z (rel. int.): 1165 (34), 1164
[M]™ (31), 1163 [M —H] ™ (100), 1032 [M —132]~ (30),
1031 [M —132—-H]" (58), 1017 [M—146 —H]™ (12), 899
(11), 885 (12), 737 [M —426—H]~ (26), 591 (16).

Peracetylsaponin-3( = peracetyl-8). Compound 8 (6 mg)
was acetylated and purified by HPLC [MeOH-H,0
(8:2)] to obtain 3 mg of its peracetyl derivative (amorph-
ous). TLC: R, 0.37 (S-4); anisaldehyde: yellow-green.
[«]3° —26° (CHCly; ¢0.2). IR vSHCs cm L 2935, 1745,
1705. '"H NMR (C,Dg; 360 MHz): §0.57-0.82 (7TH, m)
within 0.71 (3H, s) [Me-18 or Me-197, 0.93 (3H, 5) [Me-19
or Me-18], 1.07 (3H, d, J =7 Hz, Me-27), 1.15-2.24 (62H,
m) within 149 (3H, 4, J=6 Hz, Me-6"""), 1.52 (3H, d,
J=7Hz, Me-21), 1.64, 1.65, 1.69, 1.71, 1.76, 1.78, 1.83,
1.84,1.95,1.98, 1.99, 2.01 (3H each, s, Ac), 2.47 (3H, 5, Ac),
2.81(1H, dd, J, =9, J,=6.5 Hz, H-17), 2.96-3.03 (1H, m,
H-5"),3.36 (1H, br d, J=11 Hz, H-26,,), 3.47-3.53 2H, m,
H-5"and H-57"), 3.58 (1H,dd, J, =11.5,J, =9 Hz, H-5J)),
3.62-3.73 (2H, m, H-2” and H-3), 394 (1H, dd,
Ji~J,~10Hz, H-3"), 405-4.12 (3H, m, H-53", H-26,,
and H-6%), 4.16 (1H, dd, J, =12.5, J, =4.5 Hz, H-6};), 4.21
(1H,brd,J =3 Hz, H-4'),4.27 (1H, d, J = 8 Hz, H-1"),4.30
(1H, d, J=8 Hz, H-1'), 440-4.54 (5H, m, H-2, H-6,,
H-65, H-16 and H-5), 4.74-4.85 (2H, m, H-4"" and
H-5""), 5.01 (1H, d, J=7 Hz, H-1""), overlapped with
501 (1H, dd, J,=10, J,=3 Hz, H-3), 509 (1H, dd,
Jy~J;~10Hz, H-4"), 516 (1H, dd, J, =4, J, =3 Hz, H-
2", 5.26 (1H, dd, J, =9, J,=7 Hz, H-2""), 5.30 (1H, dd,
Jy~J,~4Hz H-3"), 534 (1H, d, J=3 Hz, H-1""), 5.39
(1H, ddd, J, ~J,~9, J3=5.5 Hz, H-4"), 5.54-5.60 (3H,
m, H-3", H-1"" and H-2""), 565 (1H, dd,
Jy~J,~10Hz, H-4""), 586 (1H, dd, J, =10, J,=3 Hz,
H-3"").

Total hydrolysis of 8. Compound 8 (1.5 mg) was hydro-
lysed as described. HPLC analysis of the aq. phase gave
xylose, galactose, glucose and rhamnose in a 2:1:1:1
ratio; and 3 was identified as the aglycone (TLC).

Saponin4 (= 3-O-[B-D-glucopyranosyl<(1 —2)-[ B-D-gluco-
pyranosyl-(1- 3)]-B-D-glucopyranosyl-{1—4)-B-bD-galacto-
pyranosyl ]-neotigogenin) (9). Crystals from MeOH (62 mg).
TLC: R, 0.36 (S-3); anisaldehyde: yellow-green. [«]3° —38°
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(pyridine; ¢0.2). (Found: C, 52.52; H, 8.12. Calcd for
Cs51Hg,0,5-5H,0: C, 53.02; H, 8.20%.) All spectral and
chromatographic properties identical with prosapo-
genin-6.4 (see below). Acetylation of 9 (25 mg) yielded on
HPLC [MeOH-H,0O (87:13)] peracetyl-9 (16 mg),
which was identical with peracetylprosapogenin-6.4 (see
below).

Cistocardin (= 3-O-[B-D-glucopyranosyl-(1-»2)-[ B-D-
glucopyranosyl-(1—3)]-B-D-glucopyranosyl-(1—-4)-B-D-
galactopyranosyl]-neogitogenin) (10). Crystals from
MeOH (247 mg). Mp 254°. TLC: R, 0.33 (S-3); anisal-
dehyde: yellow-green. [«]2® —47° (pyridine; c1.2).
(Found: C, 47.48; H, 7.74. Calcd for C5,H;,0,,8H,0:
C, 47.22; H, 8.39%.) IR v_,,, cm™': 3400, 2930, 990, 925,
895, 850. 'H NMR: 60.54-0.62 (1H, m), 0.67-0.83 (7H, m)
within 0.70 and 0.80 (3H each, s) [Me-18 and Me-19],
0.93-1.65 (22H, m) within 1.08 (3H, d, J =7 Hz, Me-27),
1.14 (3H, 4, J=7 Hz, Me-21), 1.75-2.22 (TH, m), 3.37 (1H,
br d, J=11 Hz), 3.81-4.69 (28H, m), 4.94, 5.20, 5.32 and
5.61 (1H each, d, J =8 Hz) [4 anomeric protons]. Positive
ion FABMS myz (rel. int.): 1082 (51), 1081 [M+H]*(16),
1080 [M]1*(32), 919 [M-162+H]* (5, 3595
[M—486+H]" (65),433 [M —648 +H] ™ (100), 415 (48).

Peracetylcistocardin (= peracetyl-10). Compound 10
(10 mg) on acetylation and purification by HPLC
[MeOH-H,O (9:1)] gave peracetylcistocardin (amorph-
ous, 12 mg). TLC: R, 0.27 (S-4); anisaldehyde: yellow-
green. [a]2° —29° (CHCl;; ¢ 1.0). IR vEHCs cm~1: 2935,
1750. 'H NMR (C¢Dy): 50.44-0.51 (1H, m), 0.63-2.24
(78H, m) within 0.75 and 0.87 (3H each, s) [Me-18 and
Me-19], 1.08 (3H, d, J=7 Hz, Me-27), 1.20 (3H, d,
J=7Hz, Me-21), 1.65, 1.67, 1.69, 1.72, 1.80, 1.81, 1.82,
1.85, 1.95, 2.03, 2.04, 2.06, 2.09 and 2.20 (3H each, s, Ac),
3.28 (1H, ddd, J, =10, J, ~J3~3 Hz, H-5"), 3.34 (1H, br
d, J=11 Hz, H-26,,), 3.48 (1H, br dd, J, =7, J,=5 Hz,
H-5)), 3.52 (1H, ddd, J,=10, J,=4, J;=2 Hz, H-5""),
3.59 (1H, ddd, J, =11, J, =10, J;=6 Hz, H-3), 3.89 (1H,
dd, J, =125, J,=2 Hz, H-6,"), 395 (1H, br d, J=3 Hz,
H-4') overlapped with 3.97 (1H, dd, J,=9, J,=7Hz,
H-2"), 404 (1H, dd, J,=9.5, J,=9 Hz, H-3"), 4.09-4.15
(2H, m, H-26,,, H-5""), 4.20 (2H, d, J =3 Hz, H-6}, H-63),
436 (1H, d, J =8 Hz, H-1'), 4.41-4.52 (4H, m, H-1”, H-6),,
H-65, H-65"), 4.59 (1H, ddd, J, ~J,~8, J3=7 Hz, H-16),
471 (1H, dd, J,=12.5, J,=5.5 Hz, H-6}'), 478 (1H, dd,
J1=12.5, J,=4Hz, H-63), 506 (1H, dd, J,=10,
J,=3Hz, H-3), 5.09 (1H, 4, J=7 Hz, H-1""), 5.19 (1H,
dd, J,=10, J,=9.5 Hz, H-4") overlapped with 5.20-5.27
(2H, m, H-2 and H-1""), 5.32 (1H, dd, J, =10, J,=9.5Hz,
H-4"") overlapped with 5.36 (1H, dd, J, =9.5, J,=7 Hz,
H-2""), 5.47 (1H, dd, J, ~J,~9.5 Hz, H-3""), 5.67-5.74
(3H, m, H-2, H-2” and H-3"), 587 (1H, dd,
J, ~J;~9.5 Hz, H-4").

Total hydrolysis of 10. Compound 10 (2 mg) was hy-
drolysed. HPLC of the aq. phase gave glucose and galac-
tose in a 3:1 ratio; from the organic layer 2 was identified
as the aglycone (TLC). Total hydrolysis with
MeOH-2 M HCI (gas) yielded the methyl glycosides; the
mixt. of the methyl glycosides was derivatized and sub-
jected to GC-analysis according to Konig et al. [22].

Partial hydrolysis of 10. Compound 10 (48 mg) on
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partial hydrolysis and CC on Sephadex® LH 20 (MeOH)
gave 2 (2mg) and a mixt. of procistocardins, which
was sepd by HPLC [MeOH-H,O (82:18)] to
yield prosapogenin 10.1 (=procistocardin-1, 1.5 mg),
prosapogenin 10.2 (=procistocardin-2, 3 mg), pro-
sapogenin 10.3 (=procistocardin-3, 3 mg) and pro-
sapogenin 10.4 (= procistocardin-4, 2 mg).

Procistocardin-1 (10.1). Amorphous (1.5 mg). TLC: R,
0.75 (S-3); anisaldehyde: yellow-green. 'H NMR
(CD;OD): 60.70-2.25 (37H, m) within 0.79 and 0.88 (3H
each, s) [Me-18 and Me-19], 0.98 and 1.08 (3H each, d,
J=7THz) [Me-21 and Me-27], 3.44-3.54 (4H, m),
3.60-3.70 (3H, m), 3.76 (1H, dd, J, =12, J,=4 Hz), 3.80
(1H, dd, J,=3, J,=1Hz), 392 (IH, dd, J,=11,
J,=3 Hz), 431 (1H, d, J =8 Hz) [anomeric proton], 4.39
(1H, ddd, J,~J,~8, J;=7 Hz).

Peracetyl-10.1. Acetylation of 10.1 (1.4 mg) gave 2 mg
of its peracetyl product (amorphous). TLC: R, 0.54 (S-4);
anisaldehyde: yellow-green. [a]2° —22° (CHCly; cO0.1).
IR vEHEs em ~1: 2930, 1750. 'H NMR (C¢Dg): 60.59-2.25
(52H, m) within 0.63 and 0.77 (3H each, s) [Me-18 and
Me-19], 1.08 (3H, d, J=7Hz, Me-27), 1.21 (3H, d,
J=7Hz, Me-21), 1.54, 1.66, 1.75, 1.83 and 1.89 (3H each,
s, Ac), 3.35 (1H, br d, J=11 Hz, H-26,.), 3.46 (1H, ddd,
Ji~J,~T7, Jy=1Hz, H-5), 3.75 (1H, ddd, J, =12,
J,=10, J3=55Hz, H-3), 412 (1H, dd, J,=11,
J,=35Hz, H-26,,) overlapped with 4.15 (1H, dd,
Ji=11,J,=7Hz,H-6,),423(1H,dd, J, =11, J,=T7 Hz,
H-6;), 442 (1H, d, J=8 Hz, H-1'), 4.59-4.64 (1H, m,
H-16), 5.23 (1H, dd, J, =10, J,=3 Hz, H-3'), 5.25-5.32
(1H, m, H-2), 5.52 (1H, dd, J, =3, J,=1 Hz, H-4), 5.64
(1H, dd, J,=10, J,=8 Hz, H-2).

Procistocardin-2 (10.2). Amorphous (3 mg). TLC: R,
0.63 (S-3); anisaldehyde: yellow-green. 'H NMR
(CD5OD}): §0.71-2.02 (37H, m) within 0.79 and 0.88 (3H
each, s) [Me-18 and Me-19], 0.98 and 1.08 (3H each, d,
J=7Hz) [Me-21 and Me-27], 3.18-3.68 (12H, m),
3.82-3.94 (3H, m), 4.04 (1H, br d, J=3 Hz), 434 (1H, 4,
J=17.5Hz) [anomeric proton], 4.354.42 (1H, m), 4.51
(1H, d, J=8 Hz) [anomeric proton].

Peracetyl-10.2. Compound 10.2 (3 mg) was acetylated
as described yielding 2.5 mg of peracetyl-10.2 (amorph-
ous). TLC: R; 040 (S-4); anisaldehyde: yellow-green.
[€]2° —24° (CHCl;; ¢0.2). IR vEHS cm~1: 2930, 1750.
'H NMR (C¢Dg): 60.60-2.25 (61H, m) within 0.61 and
0.76 (3H each, s) [Me-18 and Me-19], 1.08 (3H, d,
J=7Hz, Me-27), 1.21 (3H, d, J =7 Hz, Me-21), 1.66, 1.68,
1.77, 1.81, 1.83, 1.86, 2.07 and 2.22 (3H each, s, Ac), 3.19
(1H, ddd, J,=10, J,~J3~3 Hz, H-5"), 3.35 (1H, br d,
J=11Hz, H-26,,), 342 (1H, br dd, J,=7, J,=5Hz,
H-5'),3.80 (1H, ddd, J, =12, J, =10, J; =5 Hz, H-3), 3.89
(1H, br d, J=3 Hz, H-4), 4.104.14 (3H, m, H-6},, H-64
and H-26,,), 440 (1H, dd, J, =11.5, J, =7 Hz, H-6),), 4.46
(1H, d, J=1.5 Hz, H-1’) overlapped with 4.48 (1H, dd,
J, =115, J,=5 Hz, H-6), 4.58 (1H, d, J=8 Hz, H-1")
overlapped with 4.57-4.62 (1H, m, H-16), 5.02 (1H, dd,
J,=10,J,=3 Hz, H-3'), 5.15(1H, dd, J, =10, J,=8 Hz,
H-2, 5.19 (1H, dd, J, ~J, ~ 10 Hz, H-4"), 5.27 (1H, ddd
J,=12, J,=10, J3=5Hz, H-2), 540 (1H, dd, J,=10,
J,=15Hz, H-2"), 549 (1H, dd, J, ~J,~10 Hz, H-3").
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Procistocardin-3 (10.3). Amorphous (3 mg). TLC: R,
049 (S-3); anisaldehyde: yellow-green. *‘H NMR
(CD;0D): 60.71-1.46 (27H, m) within 0.79 and 0.88 (3H
each, s) [Me-18 and Me-19], 0.98 and 1.08 (3H each, 4,
J=7Hz) [Me-21 and Me-27], 1.52-2.03 (10H, m),
3.24-3.69 (17H, m), 3.81-3.94 (4H, m), 405 (1H, br d,
J=3Hz), 434 (1H, d, J=8 Hz) [anomeric proton], 4.39
(1H, ddd, J, ~J,~8, J3=7 Hz), 4.54 and 4.57 (1H each,
d, J=8 Hz) [2 anomeric protons].

Peracetyl-10.3. Compound 10.3 (3 mg) was acetylated
to obtain 3 mg of its peracetyl derivative (amorphous).
TLC: R; 0.35 (S-4); anisaldehyde: yellow-green. [a]3°
-39° (CHCly; ¢0.3). IR vHCs em~1!: 2930, 1750.
'H NMR (C¢Dg): 60.40-2.25 (67H, m) within 0.61 and
0.76 (3H each, s) [Me-18 and Me-19], 1.08 (3H, d,
J=17Hz, Me-27), 1.21 (3H, d, J =7 Hz, Me-21), 1.65, 1.66,
1.69, 1.79, 1.81, 1.84, 1.85, 1.87, 1.97 and 2.14 (3H each, s,
Ac), 242 (3H, s, Ac), 3.00 (1H, ddd, J,=10, J,=4,
J;=2Hz, H-5""),3.35 (1H, br d, J=11 Hz, H-26,,), 3.45
(1H, br dd, J, ~J, ~6 Hz, H-5'), 3.48-3.54 (1H, m, H-5"),
3.76 (1H,ddd, J, =11.5,J,=10, J;=5 Hz, H-3), 3.87 (1H,
dd, J,=125Hz, J,=2Hz, H-6}"), 395 (1H, br d,
J=3Hz, H-4), 406 (1H, br dd, J, ~J,~ 10 Hz, H-3"),
4.12 (1H, dd, J, =11, J, =3 Hz, H-26, ) overlapped with
4.15 (1H, dd, J, =125, J,=5 Hz, H-6}), 4.22 (1H, dd,
Jy =125, J,=3Hz, H-6), 433 (1H, dd, J,=12.5,
J,=4 Hz, H-6}"), 440-4.50 (3H, m, H-6,, H-6}; and H-
1), 4.57-4.63 (3H, m, H-1", H-1"", H-16), 4.86 (1H, br dd,
Jy~J,~10 Hz, H-4"), 5.06 (1H, dd, J, =10, J,=3 Hz,
H-3), 5.12-5.22 (3H, m, H-2", H-2"" and H-4""),
5.26-5.33 (1H, m, H-2) overlapped with 5.32 (1H, dd,
Ji~J;~9.5 Hz, H-3""), 5.38 (1H, dd, J, =10, J,=8 Hz,
H-2).

Procistocardin-4 (10.4). Amorphous (2 mg). TLC: R,
049 (S-3); anisaldehyde: yellow-green. H NMR
(CD;0Dy): §0.71-1.76 (33H, m) within 0.78 and 0.88 (3H
each, 5) [Me-18 and Me-19], 0.98 and 1.08 (3H each, d,
J=7Hz) [Me-21 and Me-27], 181-2.07 (4H, m),
3.16-4.04 (22H, m), 4.33-4.42 (2H, m) within 4.36 (1H, 4,
J=8Hz), 456 and 4.66 (1H each, d, J=8 Hz) [3
anomeric protons.

Peracetyl-10.4. Compound 10.4 (2 mg) was acetylated
to give peracetyl-10.4 (amorphous, 2 mg). TLC: R, 0.30
(S-4); anisaldehyde: yellow-green. [a]3°® —4° (CHCl,;
¢0.2). IR S cm~1!: 2930, 1755. '"H NMR (Cg¢Dg):
60.40-2.25 (70H, m) within 0.65 and 0.74 (3H each, s)
[Me-18 and Me-191, 1.07 3H, d, J =7 Hz, Me-27), 1.20
(3H, d, J =17 Hz, Me-21), 1.66, 1.67, 1.70, 1.76, 1.77, 1.81,
1.93, 1.96, 2.04, 2.09 and 2.24 (3H each, s, Ac), 2.99 (1H,
ddd, J,=10, J,~J3~3.5Hz, H-5"), 3.34 (I1H, br d,
J=11Hz, H-26,)), 3.41 (1H, br dd, J, =7, J,=5.5 Hz,
H-5'), 3.53-3.61 (1H, m, H-3) overlapped with 3.56 (1H,
dd, J,=10, J,=8 Hz, H-2"), 3.74 (1H, br d, J=3 Hz,
H-4'), 3.85 (1H, ddd, J, =10, J,=6, J,=4.5 Hz, H-5"),
4.07-4.16 (3H, m, H-26,,, H-6), and H-6y), 4.24 (1H, d,
J=8 Hz, H-1"), 433 (1H, d, J=8 Hz, H-1"), 443 (1H, dd,
Jy =115, J,=5.5 Hz, H-6}) overlapped with 445 (1H,
dd, J,=11.5, J,=7 Hz, H-63), 4.56 (1H, d, J =8 Hz, H-
1) overlapped with 4.59 (1H, ddd, J,~J,~38,
J3=6.5 Hz, H-16), 4.67 (1H, dd, J, =12, J,=6 Hz, H-
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6.),4.76 (1H,dd, J, =12, J,=4.5 Hz, H-63), 498 (1H, dd,
J,=10, J,=3 Hz, H-3'), 504 (1H, dd, J;~J,~10 Hz,
H-4"), 5.16 (1H, dd, J, ~ J, ~ 10 Hz, H-3"), 5.26 (1H, ddd,
Ji=11.5,J,=9.5, J3;=5 Hz, H-2), 5.48-5.57 (2H, m, H-
2" and H-3""), 5.69 (1H, dd, J, =10, J, =8 Hz, H-2'), 5.86
(1H, dd, J, =10, J,=9 Hz, H-4").

Saponin-6 (= 3-O-[B-xylopyranosyl-(1—4)-B-glucopy-
ranosyl-(1- 3)-[ B-glucopyranosyl-(1—-2)}-B-glucopyran-
osyl-(1—4)-B-galactopyranosyl]-neotigogenin) (11). Crys-
tals from MeOH (283 mg). Mp 286-290°. TLC: R, 0.32
(8-3); anisaldehyde: yellow-green. [«]2°—49° (pyridine;
cl3). (Found: C, 5217, H, 834. Caled for
Cs6Hy,0,-5H,0: C, 5225 H, 7.99%.) IR v_, cm™ %
3400, 2930, 990, 920, 895, 850. 'H NMR: §0.45-0.54 (1H,
m), 0.63 (3H, s) [Me-18 or Me-19], 0.74-2.20 (35H, m)
within 0.81 (3H, s) [Me-19 or Me-18], 1.08 (3H, 4,
J=7Hz, Me-27), 1.15 3H, d, J =7 Hz, Me-21), 3.37 (1H,
brd, J=11 Hz, H-26,)), 3.67 (1H, br dd, J, ~J, ~ 10 Hz),
3.77-4.30(21H, m), 4.37-4.74 (10H, m), 4.89, 5.07, 5.15 and
5.27 (1H each, d, J=8 Hz), 557 (1H, 4, J=75Hz) [S
anomeric protons]. Positive ion FABMS m/z (rel. int.):
1197 [M+H1™ (32), 613 (15), 579 [M—~618+H]™ (31),
418 (11), 417 [M—780+H]"* (40).

Peracetyl-11. On acetylation 11 (16 mg) gave
peracetyl-11 (amorphous, 18 mg). TLC: R, 028 (S-4);
anisaldehyde: yellow-green. [¢]3° —23° (CHCl;; ¢0.7).
IR veHS em~1!: 2935, 1750. 'H NMR (C¢Dg): from
60.44-2.22 various m, within 0.79 and 0.81 (3H each, s)
[Me-18 and Me-19], 1.07 (3H, d, J=7 Hz, Me-27), 1.21
(3H, d, J=17 Hz, Me-21), 1.60, 1.65, 1.69, 1.70, 1.76, 1.77,
1.82,1.83, 1.85, 1.90, 1.92, 1.95, 2 x 2.09 and 2.18 (3H each
s, Ac), 3.09 (1H, dd, J, =12, J,=8 Hz, H-5,"), 3.27 (1H,
ddd, J,=9.5, J,=45, J,=3.5 Hz, H-5"), 3.34 (1H, br d,
J=11Hz, H-26,), 3.44-3.51 (2H, m, H-5' and H-5""),
3.58-3.66 (1H, m, H-3) overlapped with 3.65 (1H, dd,
J,=10, J,=9Hz, H-4""), 382 (IH, dd, J,=12,
J,=5Hz, H-5"), 400 (I1H, br d, J=3Hz, H-4),
4.01-4.06 (2H, m, H-1” and H-3"), 4.08-4.17 (3H, m,
H-5", H-26,, and H-6}"), 417 (IH, dd. J,=12,
J,=4.5Hz, H-6}), 421 (1H, dd, J, =12, J,=3.5 Hz, H-
6;), 429 (1H, dd, J, =12.5, J, =2 Hz, H-6}"), 435 (1H , d,
J=7 Hz, H-1"""),4.41 (1H, d, J =8 Hz, H-Y’) overlapped
with 4.38-4.51 (3H, m, H-6}, 5 and H-2"), 4.60 (1H, ddd,
Ji~J,~8, J3=65Hz, H-16), 475 (1H, dd, J, =12,
J,=3.5Hz, H-6})), 484 (1H, dd, J, =12, J,=6 Hz, H-
63), 492 (1H, ddd, J,~J,~8, Jy=5Hz, H-4""),
5.06-5.11 (3H, m, H-1"", H-2"""" and H-3'), 5.20 (1H, dd,
J1~J;~9.5 Hz, H-4"), 5.25 (1H, d, J =8 Hz, H-1"") over-
lapped with 5.27 (1H, dd, J, =9, J,=17.5 Hz, H-2""), 5.33
(1H, dd, J,~J,~8Hz, H-3""), 547 (1H, dd,
Jy~J;~9 Hz, H-3""), 5.68-5.71 (2H, m, H-2"" and H-
3"), 5.76 (1H, dd, J, =10, J, =8 Hz, H-2'), 5.87 (1H, dd,
Jy~J;~10 Hz, H-4").

Total hydrolysis of 11. Compound 11 (2 mg) was hy-
drolysed and the aglycone from the organic layer was
shown to be identical with 1 (TLC). Analysis of the aq.
phase identified glucose, galactose and xylose as the
sugars in a 3:1:1 ratio.

Partial hydrolysis of 11. Partial hydrolysis of 11
(120 mg) afforded a mixt. of prosapogenins, which was



Saponins from Tribulus cistoides

sepd by CC (Sephadex® LH 20; MeOH) into 2 frs. Sub-
sequent HPLC of fr. 1 [MeOH-H,O (83:17)] yielded the
prosapogenins-6.1 (4 mg), -6.2 (8 mg), -6.3 (2 mg) and -6.4
(23 mg). CC of fr. 2 on silica gel [CHCL;-MeOH (9:1)]
gave the aglycone 1 (12 mg).

Prosapogenin-6.1. Amorphous (4 mg). TLC: Ry 065
(S-3); anisaldehyde: yellow-green. *H NMR {CDCl;-
CD,;0OD (1:1)]: 80.63-2.06 (39H, m) within 0.77 and
0.83 (3H each, 5) [Me-18 and Me-19], 1.00 and 1.09 (3H
each, d, J=7Hz) [Me-21 and Me-27], 3.21-3.69 (11H,
m), 3.89-3.96 (3H, m),4.07 (1H, brd, J =3 Hz), 435 (1H, 4,
J =8 Hz) [anomeric proton], 442 (1H, ddd, J,~J,~8,
J3=6.5 Hz), 4.51 (1H) [anomeric proton] (overlapped
with HOD-signal).

Peracetylprosapogenin-6.1. Prosapogenin-6.1 (4 mg)
on acetylation gave its peracety! derivative (amorphous,
Smg). TLC: R, 0.50 (S-4); anisaldehyde: yellow-green.
{a]3° —26° (CHCl3; ¢0.5). IR v&H%% cm™1: 2930, 1750.
"H NMR (CsDg): 60.42-2.26 (60H, m) within 0.61 and
0.80 (3H each, s) [Me-18 and Me-19], 1.07 (3H, d,
J=7Hz, Me-27), 1.21 (3H, d, J=7 Hz, Me-21), 1.65, 1.67,
1.75, 1.78, 2 x 1.86, 2.19 (3H each, s, Ac}, 3.15 (1H, ddd,
J1=10,J,~J3~3.5 Hz, H-5"), 3.34 (1H, br d, J =11 Hz,
H-26,,),3.45(1H, brdd, J, =7, J,=5 Hz, H-5), 3.63-3.71
(1H, m, H-3), 3.86 (1H, br d, J=3 Hz, H-4'), 4.09-4.15
(3H, m, H-6;y and H-26,), 441 (I1H, dd, J,=12,
J,=7Hz H-6,), 448 (1H, d, J=8 Hz, H-1'), 4.52 (1H, dd,
J1 =12, J,=5Hz, H-6;) overlapped with 4.52 (1H, 4,
J=8Hz, H-1"), 4.60 (1H, ddd, J;~J,~8, J3=6.5Hz,
H-16), 501 (1H, dd, J =10, J, =3 Hz, H-3'), 5.13 (1H, dd,
J,=10, J,=8 Hz, H-2"} overlapped with 5.16 (1H, dd,
J; =10, J,=9.5Hz, H-4"), 546-5.51 (2H, m, H-2' and
H-3").

Prosapogenin-6.2. Amorphous (8 mg). TLC: R, 0.50
(S-3); anisaldehyde: yellow-green. "H NMR [CDCl5-
CD;0D (1:1)): 80.62-2.07 (39H, m) within 0.78 and
0.84 (3H each, s) [Me-18 and Me-197, 1.00 and 1.09 3H
each, d, J=7 Hz) [Me-21 and Me-27], 3.29-3.69 (16H,
m), 3.88-3.96 (4H, m), 4.08 (1H, brd,J=3 Hz),4.34 (1H, 4,
J =8 Hz) [anomeric proton], 442 (1H, ddd, J, ~J,~38,
J3=17 Hz), 4.49 (1H, d, J =8 Hz) [anomeric proton], 4.55
(1H) [anomeric proton] (overlapped with HOD-signal).

Peracetylprosapogenin-6.2. Prosapogenin-6.2 (8 mg)
on acetylation and purification by HPLC [MeOH-H,0
(9:1)] gave its peracetyl derivative (amorphous, 5 mg).
TLC: R, 0.38 (S-4); anisaldehyde: yellow-green. [«]3°
—18° (CHCly; ¢05). IR v&H9 em~1: 2935, 1750
'H NMR (C¢Ds, 360 MHz): §0.42-2.06 (65H, m) within
0.62 and 0.81 (3H each, s) [Me-18 and Me-19], 1.07 (3H,
d, J=T7 Hz, Me-27), 1.20 (3H, d, J=7 Hz, Me-21), 1.65,
1.66, 1.68, 1.76, 1.80, 1.85, 2 x 1.87, 1.97 (3H each, s, Ac),
2.15-2.25(1H, m), 2.36 (3H, s, Ac), 3.04 (1H, ddd, J, =10,
Jo=4, Jy=2Hz, H-5""), 3.33 (1H, br d, J=11 Hz, H-
26,,), 3.42-3.48 (2H, m, H-5' and H-5"), 3.64-3.74 (1H, m,
H-3), 3.85 (1H, br d, J =3 Hz, H-4') overlapped with 3.86
(1H, dd, J,=12, J,=2Hz, H-6}"), 407 (1H, br dd,
Ji~J;~10Hz, H-3") overlapped with 4.11 (1H, 44,
Ji=11, J,=2.5 Hz, H-26,,) overlapped with 4.14 (1H,
dd, Ji=13, J,=5Hz, H-6)), 420 (1H, dd, J,=13,
J,=2.5Hz, H-63), 4.31 (IH, dd, J,=12, J,=4 Hz, H-
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657), 442 (1H, dd, J, =12, J,=7 Hz, H-6}) overlapped
with 445 (1H, br d, J=8 Hz, H-1"),448 (1H, d, J =8 Hz,
H-1), 452 (1H, dd, J,=12, J,=4 Hz, H-6}), 4.58 (1H,
ddd, J ~J,~8, Jy=6 Hz, H-16), 4.62 (1H, d, /=8 Hz,
H-1""), 4.85 (1H, br dd, J, ~J,~10 Hz, H-4"), 5.04 (1H,
dd, J, =10, J,=3 Hz, H-3), 5.09-5.20 (3H, m, H-2", H-
2" and H-4"""), 5.33 (1H, dd, J; ~J y ~ 10 Hz, H-3""), 5.44
(1H, dd, J; =10, J,=8 Hz, H-2).

Prosapogenin-6.3. Amorphous (2mg). TLC: R, 0.50
(S-3); anisaldehyde: yellow-green. 'H NMR [CDCl;-
CDsOD (1:1)}: 60.64-220 (39H, m) within 0.78
and 0.85 (3H each, s) [Me-18 and Me-19], 0.99 and 1.09
(3H each, d, J=7 Hz) [Me-21 and Me-27], 3.21-3.70
(16H, m), 381 (IH, dd, J, =125, J,=4 Hz), 3.88-4.03
(4H, m), 4.37 (1H, d, J=8 Hz) [anomeric proton], 4.41
(1H, ddd, J; ~J,~8, J3=7 Hz), 4.52 and 4.63 (1H each,
d, J=8 Hz} [2 anomeric protons].

Peracetylprosapogenin-6.3.  Prosapogenin-6.3 was
acetylated as described to give its amorphous peracetyl
derivative (2 mg). TLC: R, 0.45 (S-4); anisaldehyde: yel-
low-green. [a]2® —15° (CHCl; ¢0.2). IR v&i% cm™ 1
2930, 1750. 'H NMR (C¢Dg): 60.42-2.25 (69H, m) within
0.80 and 0.81 (3H each, s) [Me-18 and Me-19], 1.08 (3H,
d, J=THz, Me-27), 121 (3H, 4, J=7Hz, Me-21),
2x1.66, 1.69, 1.72, 1.76, 1.79, 1.88, 1.97, 1.98, 2.24 (3H
each, s, Ac), 3.00(1H, ddd, J, =10, J, ~J; ~3 Hz, H-5"),
334 (1H, br 4, J=11Hz, H-26,), 341 (IH, br dd,
Jy~J;~6 Hz, H-5'), 3.54-3.63 (1H, m, H-3), 3.67 (1H, dd,
Jy =10, J,=8 Hz, H-2"}, 3.74-3.80 (1H, m, H-5"") over-
lapped with 3.78 (1H, br d, J =3 Hz, H-4'), 4.06-4.14 (3H,
m, H-26_,, H-63 ), 427 (1H, d, J =8 Hz, H-1"), 4.36 (1H,
d,J=8 Hz, H-1'},444 (2H, d, J =6 Hz, H-6/, ), 4.58-4.64
(IH, m, H-16) overlapped with 4.61 (1H, d, J=8 Hz,
H-1"),475(1H, dd, J, =12, J,=4 Hz, H-6]), 4.80 (1H,
dd, J, =12, J,=7Hz, H-65), 500 (1H, dd, J,=10,
Jy=3Hz, H-3"), 5.03(1H, dd, J; ~ J , ~ 10 Hz, H-4"), 5.20
(1H, dd, J, ~J,~10 Hz, H-3"}, 549-5.59 (2H, m, H-2""
and H-3"), 5.76 (1H, dd, J,=10, J,=8 Hz, H-2'), 5.87
(1H, dd, J; =10, J, =9 Hz, H-4").

Prosapogenin-6.4 (=saponin-4) (9). Crystals from
MeOH (23 mg). Mp. 280-282°. TLC: R, 0.36 (S-3); an-
isaldehyde: yellow-green. [«]3 —41° (pyridine; ¢ 1.4). IR
Vmax €M1 3400, 2930, 990, 920, 895, 850. 'H NMR:
60.45-0.54 (1H, m) 0.61-2.19 (38H, m) within 0.64 and
0.82 (3H each, s) [Me-18 and Me-19], 1.08 (3H, 4,
J=7Hz, Me-27), 1.15 (3H, d, J =7 Hz, Me-21), 3.37 (1H,
br d, J=11 Hz, H-26,,), 3.83-4.75 (27H, m), 490, 5.17,
5.32 and 5.60 (1H each, d, J==8 Hz) [4 anomeric
protons].

Peracetyl-9 (= peracetylprosapogenin-6.4). Compound
9 (5mg) on acetylation and purification by HPLC
[MeOH-H,O (9:1)] gave amorphous peracetyl-9 (2 mg).
TLC: R; 033 (S-4); anisaldehyde: yellow-green.
[2]3°~15° (CHCl,; ¢0.3). IR vE¥% cm~1: 2945, 1750.
'H NMR (C¢Dg): 60.70-2.25 (78H, m) within 0.80 and
0.81 (3H each, s) [Me-18 and Me-19], 1.08 (3H, 4,
J=7Hz, Me-27), 1.21 (3H, 4, J=7 Hz, Me-21), 2x 1.64,
1.69, 1.73, 1.76, 1.77, 1.81, 1.85, 1.91, 1.93, 2.04, 2.09, 2.18
(3H each, 5, Ac), 3.29 (1H, ddd, J, =9.5,J,=4,J;=3Hz,
H-5"), 3.34 (1H, br d, J=11 Hz, H-26,,}, 3.46 (1H, br dd,
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Ji=7, J,=6Hz, H-5), 3.54 (1H, ddd, J, =10, J,=4,
J3=2Hz, H-5""), 3.58-3.67 (1H, m, H-3), 3.89 (1H, 44,
Jy=125, J,=2Hz, H-6{"), 398 (I1H, br d, J=3 Hz,
H-4), 402-4.14 (4H, m, H-2", H-3", H-5" and H-26_),
417 (1H, dd, J, =125, J,=3 Hz, H-6}), 421 (1H, dd,
Jy =125, J,=4 Hz, H-6}), 4.36~4.52 (5H, m, H-1', H-65",
H-6},, H-6,, H-1"), 4.60 (1H, ddd, J;~J;~8, J3=7 Hz,
H-16), 475 (1H, dd, J, =12, J,=3 Hz, H-6}), 485 (1H,
dd, J,=12, J,=65Hz, H-6}), 508 (1H, dd, J, =10,
J,=3Hz, H-3), 513 (1H, d, J=7 Hg, H-1"""), 5.19 (1H,
dd, J, ~J,~9.5Hz, H-4"), 5.27 (1H, 4, J=8 Hz, H-1"),
5.33 (1H, dd, J,=10, J,=9 Hz, H-4""), 5.36 (1H, 44,
J1=9, J,=7THz, H-2""), 548 (1H, dd, J,~J,~9 Hz,
H-3""), 5.67-5.76 (2H, m, H-2'" and H-3"), 5.79 (1H, dd,
Jy=10, J,=8 Hz, H-2'), 588 (1H, dd, J,~J,~9.5 Hz,
H-4").

Saponin-T(= 3-O-[B-xylopyranosyl-(1-2)-[ B-glucopy-
ranosyl-(1-3)]-B-glucopyranosyl-(1—4)-[o-rham-
nopyranosyl-(1-—2)}-B-galactopyranosyl}-neohecogenin)
(12). Crystals from MeOH (53 mg). Mp 281-283°, TLC:
R; 0.28 (8-3); anisaldehyde: yellow-green. [«J3° —37°
{pyridine; ¢0.3). (Found: C, 50.36; H, 9.24. Calcd for
Cs6Hoo027TH,0O: C, 5090; H, 7.93%.) IR v, om™ L
3400, 2930, 1705, 985, 920, 895, 850. 'H NMR: 60.64-2.18
(37H, m) within 0.87 (3H, 5, Me-19), 1.06 (3H, s, Me-18)
overlapped with 1.07 (3H, d, J =7 Hz, Me-27), 1.37 (3H,
d, J=17Hz, Me-21), 1.72(3H, d, J = 6.5 Hz, Me-6"""), 2.25
(1H, dd, J,=14, J,=5Hz, H-11,). 240 (IH, d4
Jy~Jy~14 Hz, H-11,), 2.74 (1H, dd, J, =9, J,=T7 Hz,
H-17), 337 (1H, br d, J=11Hz), 349 (1H, dd,
Ji~J,~11 Hz), 3.80-4.31 (18H, m), 4.38-5.00 (13H, m)
within 4.84 and 4.98 (1H each, d, J =8 Hz), 5.30 and 5.44
(1H each, d, J=8 Hz) and 6.23 (1H, br s) [ 5 anomeric
protons]. Negative ion FABMS m/z (rel. int.): 1196 (30),
1194 [M]™ (51), 1193 [M —H] ™ (100), 1062 [M~132]~
{23), 1061 [M—132—H]™ (60), 1047 [M—146-H]~
(10), 1032 [M—162]" (11), 103t [M—162-H]" (18),
899 (20), 738 [M —456] " (14), 737 [M-456—-H]" {32),
590 (29).

Total hydrolysis of 12. Hydrolysis of 12 (2 mg) gave in
the aq. phase glucose, galactose, rhamnose and xylose in
a 2:1:1:1 ratio, whereas from the organic layer 3 was
isolated (identification by TLC).

Partial hydrolysis of 12. Partial hydrolysis of 12 (38 mg)
followed by CC on Sephadex® LH 20 (MeOH) gave 2 frs,
which were acetylated. The acetylated fr. 1 on HPLC
[MeOH-H,0O (83:15)] gave peracetyl-12 (1.5 mg),
peracetylprosapogenin-7.2  {(4mg) and  peracetyl-
prosapogenin-7.3  (0.5mg). HPLC [MeOH-H,O
(85:15)] of the acetylated fr. 2 yielded peracetyl-
prosapogenin-7.1 {3.5 mg).

Peracetylsaponin-7  {=peracetyl-12).  Amorphous
(1.5 mg). TLC: R, 0.28 {8-4); anisaldehyde: yellow-green.
[233%—14° (CHCl3; ¢0.1). IR vEHCh om™ 1 2930, 1750,
1705. "H NMR (C4Dg): 60.60-0.81 (6H, m) within 0.71
(3H, s) [Me-18 or Me-19], 0.94 (3H, 5) [Me-19 or Me-18],
1,07 (3H, d, J =17 Hz, Me-27), 1.15-2.25 (66H, m) within
1.47 (3H, d, J =6 Hz, Me-6"""), 1.53 (3H, d, J =7 Hz, Me-
21), 1.64, 2x 1.69, 1.70, 1.76, 2 x 1.79, 2 x 1.80, 1.84, 1.88,
1.93, and 2.08 (3H each, s, Ac), 2.32 (3H, s, Ac), 2.81 (1H,
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dd, J,=8,J,=65Hz, H-17),3.37(1H, br d, J =11 Hz, H-
26,3, 3.40-345 (1H, m, H-5"), 348 (1H, br dd, J =7,
J,=5Hz, H-5),3.56 (1H, ddd, J =10, J,=4, J;=2 Hz,
H-5""), 3.59-3.66 (1H, m, H-3), 3.69 (1H, dd, J,=13,
J,=2Hz, H-6,"),3.80 (1H, dd, J, =13, .J,=35 Hz, H-5}"),
398 (tH, dd, J,=9, J,=8 Hz, H-2"), 411 (1H, dd,
Jy=11,J,=3 Hz, H-26,,), 4.14-4.24 (3H, m, H-3", H-6,
and H-6), 427 (1H, 4, J=§ Hz, H-1"), 4.32-4.38 2H, m,
H-6, and H-2), 441 (1H, dd, J, =13, J,=4 Hz, H-6}"),
445-4.53 (3H, m, H-16, H-4', H-63), 4.65 (1H, 4, /=8 Hz,
H-1", 473 (1H, dg, J, =10, J, =6 Hz, H-5""), 481 (1H,
dd, J, =13, J,=3.5Hz, H-537, 5.07-5.13 (3H, m, H-3,
H-4", H-1""), 5.28 (1H, dd, J=9.5, J,=7.5 Hz, H-2"")
overlapped with 5.30 (1H. dd, J, =10, J,=9.5 Hz, H-4""}
overlapped with 5.31-5.36 2H, m, H-1"" and H-4"}, 5.39
(1H, dd, J;~J,~5.5Hz, H-2"), 543-547 (2H, m, H-3"
and H-2""""), 5.50 (1H, d, J=1.5 Hz, H-1"""), 5.63 (1H, dd,
Jy~J,~10Hz, H-4"""} overlapped with 5.64 (1H, dd,
Ji~J;~9.5Hz, H-3"), 581 (1H, dd, J, =10, J,=3 Hz,
H-3"").

Peracetylprosapogenin-7.1. Amorphous (3.5 mg). TLC:
R; 053 (S-4);, anisaldehyde: yellow-green. [a]3%—3°
(CHCly; c0.3). IR veHS com™1 2035 1750, 1705.
TH NMR (C¢Dg): 60.40-2.20 (57TH, m) within 047 and
0.88 (3H each, s) [Me-18 and Me-19], 1.06 (3H, 4,
J=7Hz. Me-27), 1.51 (3H, d, J =7 Hz, Me-21), 1.65, 1.66,
1.76, 1.78, 2 x 1.85, and 2.19 (3H each, s, Ac), 2.77 (1H, dd,
Ji=9, J,=T7Hz, H-17), 315 (1H, ddd, J,=10,
Jy~J3~3.5Hz, H-5"),3.36 (1H, br 4, J =11 Hz, H-26,),
344 (1H, br dd, J, =17, J,=4.5 Hz, H-5"), 3.56-3.65 (1H,
m, H-3), 3.83 (1H, br d, J =3 Hz, H-4'), 4.07-4.11 (1H, m,
H-26,,) overlapped with 4.10 (2H, d, J = 3.5 Hz, H-6 and
H-6}), 441 (1H, dd, J, =12, J,=7 Hz, H-6}), 444449
{1H, m, H-16) overlapped with 445 (1H, 4, J =8 Hz, H-1)
and 4.49 (1H, d, J=8 Hz, H-1") overlapped with 4.51
(1H, dd, J, =12, J, =45 Hz, H-6,),499 (1H, dd, J, =10,
J;=3Hz, H-3), 512-5.18 (2H, m, H-2" and H-4"),
5.45-5.51 (2H, m, H-2' and H-3").

Peracetylprosapogenin-71.2. Amorphous (4 mg). TLC:
R; 035 (S-4), anisaldehyde: yellow-green. [a]2°-9°
(CHCly; ¢03). IR &% ¢om~ 1 2935 1750, 1705,
'H NMR (CyDyg): 60.42-2.22 (63H, m) within 0.49 and
0.88 (3H each, s) [Me-18 and Me-19], 1.07 (3H, d,
J=7Hz, Me-27), 1.50 (3H. d, J =7 Hz, Me-21), 1.63, 1.67,
1.69, 1.78, 1.81, 1.85, 2x 1.87, and 1.99 (3H each, s, Ac),
2.37 (3H, s, Ac), 2.78 (1H, dd, J,=9, J,=6.5 Hz, H-17),
3.04 (1H, ddd, J, =10, J, =4, J; =2 Hz, H-5""), 3.35 (1H,
brd,J=11 Hz, H-26,,), 3.42-3.48 2H, m, H-5" and H-5"),
3.60-3.68 (1H, m, H-3), 3.80 (1H, br d, J =3 Hz, H-4),3.86
(1H, dd, J,=12.5, J,=2 Hz, H-6)"), 402-4.08 (1H, m,
H-3" ) overlapped with 4.08 (1H, dd, J,=11, J,=3 Hz,
H-26,). 413 (1H, dd, J;=125, J;=5He, H-6%), 4.20
(1H, dd, J,=1235, J,=235Hz, H-63), 430 (1H, dd,
Jy =125, J,=4 Hz, H-6g", 441 (1H, br d, J=8 Hz,
H-1") overlapped with 444 (1H, dd, J, =12, J,=7 Hz,
H-6}), 440-4.50 (1H, overlapped m, H-16), 449 (1H, d,
J =8 Hz, H-1'} overlapped with 4.52 (1H, dd, J,=12,
J,=4 Hz, H-63), 462 (1H, 4, J=8 Hz, H-1""), 4.81 (1H,
br dd, Jy~J,~9.5Hz, H-4"), 502 (I1H, dd, J, =10,
J;=3Hz, H-3), 5.10-5.20 (3H, m, H-2", H-2"" and H-
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4"}, 533 (1H, dd, J, ~J;~9.5 Hz, H-3""), 5.44 (1H, 44,
Jy =10, J,=8 Hz, H-2).

Peracetylprosapogenin-7.3. Oil (0.5 mg). TLC: R, 0.41
(S-4); anisaldehyde: yellow-green. [«]2® —32° (CHCly;
c0.05). IR v§i% cm~*': 2930, 1750, 1705. 'H NMR
(CeDg): 80.42-2.23 (72H, m) within 0.59 and 0.89 (3H
each, s) [Me-18 and Me-19], 1.07 (3H, d, J =7 Hz, Me-
27), 1.51 (3H, d, J=7 Hz, Me-21), 1.64, 1.68, 1.70, 1.74,
1.75, 1.78, 1.83, 1.87, 1.89, 1.90, 1.96 and 2.10 (3H each, s,
Ac), 2.80(1H, dd, J, =8.5,J,=6.5 Hz, H-17), 3.36 (1R, br
d, J=11 Hz, H-26,)), 3.44-3.54 (3H, m, H-3, H-5 and
H-5"), 3.63 (1H, ddd, J,=10, J,=4, J;=2Hz, H-5""),
3.73 (1H, dd, J,=12.5, J,=2Hz, H-6}"), 391 (1H, dd,
Jy=13, J,=45Hz, H-5;), 399 (1H, dd, J,=9,
J,=8Hz, H-2"),4.10(1H, dd, J, =11, J, =3 Hz, H-26_,),
4.16-4.25 (3H, m, H-3", H-6; and H-6y), 4.33 (1H, dd,
Jy =12, J,=5Hz, H-6}), 438 (1H, br d, J=3 Hz, H-4),
445(1H, dd, J, =12.5, J, =4 Hz, H-63") overlapped with
447 (1H, d, J=17.5 Hz, H-1"), 4.45-4.51 (1H, overlapped
m, H-16), 4.53 (1H, dd, J, =12, J, =7 Hz, H-6}), 4.80 (1H,
d,J=8 Hz, H-1"), 498 (1H, dd, J, = 13, J, =3 Hz, H-53)),
506(1H, dd, J, ~J,~10 Hz, H4"),5.15(1H, d, J=8 Hz,
H-1", 5.19 (1H, dd, J, =10, J,=3 Hz, H-3'), 530 (1H,
dd, J,=9.5, J,=8 Hz, H-2"") overlapped with 5.33 (1H,
dd, J,~J;~95Hz, H-4""}, 540-5.44 2H, m, H-1"" and
H-2" or H-3"), 548-5.53 (1H, m, H-4""), 5.56-5.61
(2H, m, H-2’ and H-3" or H-2"), 568 (1H, dd,
Jy~J,~9.5 Hz, H-3"").

Saponin-8 (= 3-O-[B-xylopyranosyl-(1-+4)-B-glucopy-
ranosyl-(1—3)-[ B-glucopyranosyl-(1 —2)]-B-glucopyran-
osyl-(1-+4)-B-galactopyranosyl]-neogitogenin) (13). Crys-
tals from MeOH (89 mg). Mp 261-264°. TLC: R, 0.29
(S-3); anisaldehyde: yellow-green. [«]3° —45° (pyridine;
c12). (Found: C, 50.12; H, 781. Caled for
Cs¢Ho20,5 - 6H,0: C, 50.90; H, 7.93%.) IR v,,,, cm™ 4
3400, 2930, 990, 920, 895, 850. 'H NMR: 50.54-0.62 (1H,
m), 0.67-0.82 (7H, m) within 0.70 and 0.80 (3H each, s)
[Me-18 and Me-19], 0.95-1.64 (22H, m) within 1.08 (3H,
d, J=THz, Me-27), 1.14 (3H, 4, J=7Hz, Me-21),
1.74-2.22 (TH, m), 3.37 (1H, br 4, J=11 Hz), 3.62-4.65
(33H, m), 493 (1H, d, J=8 Hz), 5.06 (1H) [overlapped
with HOD-signal], 5.18 (1H, d, J=8 Hz), 529 (1H, 4,
J=8 Hz) and 5.58 (1H, 4, J=8 Hz) [5 anomeric prot-
ons]. Positive ions FABMS m/z (rel. int.); 1213 [M+H]*
(25), 1081 [M~132+H]* (6), 1051 [M~162+H]* (6),
596 (27), 595 [M —618+H]™ (100), 433 [M—780+H]*
(65), 415 (30).

Peracetylsaponin-8 (=peracetyl-13). Compound 13
(18 mg) on acetylation and HPLC [MeOH-H,0 (9:1)]
yielded peracetyl-13 (amorphous, 17 mg). TLC: R, 0.25
(S-4); anisaldehyde: yellow-green. [«]2° ~36° (CHCl;;
¢1.5). IR vS¥% cm~1: 2640, 1750. '"H NMR (CeDe):
00.42-0.50 (1H, m), 0.65-2.24 (84H, m) within 0.75 and
0.85 (3H each, s) [Me-18 and Me-19], 1.08 (3H, 4,
J=7Hz, Me-27), 1.20 3H, d, J =7 Hz, Me-21), 1.61, 1.68,
1.69, 1.72, 1.81, 2 x 1.82, 1.85, 1.86, 1.92, 1.95, 2.04, 2.07,
2,09, 2.11 and 2.20 (3H each, s, Ac), 3.10 (1H, dd, J, =12,
J,=8 Hz, H-5."), 3.27 (1H, ddd, J, = 10, J, ~ J3~3 Hz,
H-5"),3.34 (1H, br d, J=11 Hz, H-26, ), 3.46-3.52 2H, m,
H-5', H-5""), 3.56-3.63 (1H, m, H-3), 3.66 (1H, dd, J, =9,
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J,=8 Hz, H-4""), 3.83 (1H, dd, J;=12, J,=5Hz, H-
Seq ) 3.95-4.02 (3H, m, H-4', H-2", H-3"), 4.09-4.23 (SH,
m, H-26,,, H-5", H-6,, H-65, H-6\"), 429 (1H, dd,
J1=12, J,=2 Hz, H-63"), 434 (1H, d, J=7 Hz, H-1""),
4.39(1H, d, J=8 Hz, H-1'), 441-4.46 (2H, m, H-1", H-6),),
4.50 (1H, dd, J,=12, J,=5Hz, H-6y), 4.59 (1H, ddd,
Ji~J,~8, J3=65Hz, H-16), 470 (1H, dd, J, =12,
J,=5.5Hz, H-6)), 479 (1H, dd, J,=12, J,=4 Hz, H-
6), 493 (1H, ddd, J,~J,~8, J;=5Hz, H-4""), 504
{1H, d, J=7 Hz, H-1""), 5.07 (1H, dd, J, =10, J, =3 Hz,
H-3') overlapped with 5.08 (1H, dd, J;=9, J,=7Hz,
H-2"""), 5.18-5.29 (4H, m, H-2, H4", H-1"", H-2""), 5.34
(1H, dd, J,=9, J,=8Hz, H-3""), 547 (IH, d4,
Jy~J;~9 Hz, H-3""), 566 {1H, dd, J, =10, J,=8 Hz,
H-2') overlapped with 5.67 (1H, dd, J, =95, J,=7.5 Hz,
H-2"),5.73(1H, dd, J; ~J, ~9.5 Hz, H-3""), 5.86 (1H, dd,
Jy~J;~9.5 Hz, H-4").

Total hydrolysis of 13. Compound 13 (2 mg) was hy-
drolysed. The aq. phase when subjected to HPLC gave
glucose, galactose and xylose in a 3:1:1 ratio, whereas
from the organic layer 2 was isolated and identified by
TLC.

Saponin-9 (= 3-[B-D-xylopyranosyl-(1-2)-[B-D-
xylopyranosyl-(1-3)}-B-D-glucopyranosyl-(1 - 4)-[a-L-
rhamnopyranosyl-(1-2)1-B-D-galactepyranosyl}-26-(B-
glucopyranosyl)-22-methoxy-(38,5%,258)-furostan-3,26-
diol} (14). Crystals from MeOH (125 mg). Mp 208-211°,
TLC: R, 0.23 (S-3); anisaldehyde: yellow-green; Ehrlich
reagent [33]: red. [«]E° ~ 58° (pyridine; c 0.8). (Found: C,
50.43; H, 8.02. Calcd for C4,H, 0401, 7H,0: C, 50.60; H,
8.08%.) IR v,,,, ecm™';: 3400, 2930. 'H NMR: 60.46-0.54
(1H, m), 0.74--2.07 (40H, m) within 0.79 and 0.86 (3H each,
s} (Me-18 and Me-19), 1.06 and 1.18 (3H each, d, J=7 Hz)
[Me-21 and Me-27}, 1.73 (3H, 4, J=6 Hz, Me-6"""),
2.18-2.26 (1H, m), 3.26 (3H, s, MeO), 3.47-3.56 (2H, m),
369 (1H, dd, J,~J,~10Hz), 3.82-433 (20H, m),
4.39-4.62 (8H, m), 4.66-4.98 (7H, m) within 4.87 and 4.88
(IH each, d, J=8 Hz), 5.00-5.04 {(m) overlapped with
HOD-peak at §5.01, 5.26 and 5.45 (1H each, d, J=8 Hz}
and 6.21 (1H, br s) [6 anomeric protons]. Negative ion
FABMS m/z (rel. int.): 1344 [M]~ (54), 1343 [M—H]"
(100), 1212 [M—132]" (37), 1211 [M—132-—-H]" (69),
1197 [M—~146—H]" (13), 1181 [M—162—H] " (11),
1079 (16), 917 [M —426—H] ™ (32), 609 [M —734—~H]"
(21).

Peracetylsaponin-9 (= peracetyl-14). Compound 14
(15mg) was acetylated and purified by HPLC
[MeOH-H,0 (85:15)] to afford 15 mg of its peracety!
derivative (amorphous}. TLC: R, 025 (S-4); anisal-
dehyde: yellow-green. [«]3°—29° (CHCl;; c¢14). IR
yHC em 1 2935, 1750. 'H NMR (C¢Dg) 80.40-0.58
(1H, m) overlapped with HOD-peak, 0.76-1.09 (14H, m)
within 0.85 and 0.88 (3H each, s) [Me-18 and Me-19],
0.93 (3H, d, J=7 Hz, Me-27), 1.22-2.10 (74H, m) within
1.29 (3H, d, J =7 Hz, Me-21), 1.48 (3H, d, J=6 Hz, Me-
6", 1.64, 1.65, 2x1.68, 1.69, 1.70, 1.71, 1.75, 1.78,
2 x 1.83, 1.84, 1.95, 1.98, 2.00 and 2.03 (3H each, s, Ac),
2.20-2.28 (1H, m), 249 (3H, s, Ac), 2.94-2.99 (1H, m,
H-5"),3.14(1H, dd, J; =10, J, =6 Hz, H-26,), 3.25 (3H, s,
MeO) overlapped with 3.27 (1H, ddd, J,=10, J,=4,



1542

J3=2.5Hz, H-5"""), 3.47-3.53 (2H, m, H-5," and H-5'),
3.59 (1H, dd, J, =12, J,=8 Hz, H-5;]) overlapped with
3.63 (1H, dd, J, =9, J,=8 Hz, H-2"), 3.72-3.81 (1H, m,
H-3) overlapped with 3.76 (1H, dd, J, =10, J,=5.5 Hz,
H-264),3.93(1H, dd, J; ~J, ~9 Hz, H-3"), 4.04-4.11 (3H,
m, H-6,, H-5;" and H-6{""), 4.16 (1H, dd, J,=12.5,
J, =5 Hz, H-63), 421 (1H, br d, J =3 Hz, H-4), 4.25 and
4.26 (1H each, d, J =8 Hz) [H-1" and H-1"""] overlapped
with 4.28 (1H, dd, J;=12.5, J,=4 Hz, H-63""), 434 (1H,
d, J=8 Hz, H-1'), 4.40-4.55 (5H, m, H-2', H-6),, H-6y,
H-16 and H-5;), 4.80-4.88 (2H, m, H-4"" and H-5"""),
5.00(1H, d, J =17 Hz, H-1"") overlapped with 5.01 (1H, dd,
J1=10, J,=3Hz, H-3"), 509 (1H, dd, J,~J,~9 Hz,
H-4"), 5.16 (1H, dd, J,=4, J,=3 Hz, H-2""), 5.24-5.31
(3H, m, H-2"", H-3""" and H-4"""), 5.34 (1H, d, J=3 Hz,
H-1"") overlapped with 5.35 (1H, dd, J,=9.5, J,=8 Hz,
H-2"""} overlapped with 539 (1H, ddd, J,~J,~8,
J3=55Hz, H-4") overlapped with 544 (lH, dd,
Ji~J,~9.5Hz, H-3"""), 5.54-5.60 (3H, m, H-3"", H-
1" and H-2""), 5.66 (1H, dd, J,~J,~10 Hz, H-4""),
5.87 (1H, dd, J, =10, J,=3 Hz, H-3""").

Total hydrolysis of 14. Compound 14 (3 mg) was hy-
drolysed with CF;CO,H. HPLC analysis of the aq.
phase gave glucose, xylose, galactose and rhamnose in
a2:2:1:1 ratio; from the organic layer 1 was isolated and
identified by TLC.

Enzymatic hydrolysis of 14. Compound 14 (11 mg) was
suspended in 13ml H,O and 20mg p-glucosidase
(6 Umg™!, Fluka) was added. After stirring for 18 hr at
37-39° the mixt. was extracted with EtOAc. The solvent
was evapd and the residue purified by HPLC
[MeOH-H,0 (78:22)] to yield 3 mg of the prosapogenin
-14.1 (amorphous), which was found to be identical with
tribulosin (7).

D-(+)-Pinitol (15). Crystals from MeOH (210 mg). Mp
179° (lit. [17] mp 185-186°). TLC: R 0.18 (S-3); anisal-
dehyde: light blue. [o]3° +60° (H,O; ¢6.5). {lit. [25]
[2]3° +64.6° (H,0; c 1.0)}. IR v, cm™1: 3400, 2935. 'H
and '*)CNMR in agreement with published data
[23].

Pentaacetylpinitol. Compound 15 (4mg) was
acetylated to yield 5 mg of pentaacetylpinitol (oil). TLC:
R/ 0.54 (S-4); anisaldehyde: light blue. [a]3® —5° (CHCl;;
c04). IR v&¥% cm~': 1755. '"H NMR (CDCl;): §1.99,
2.05, 2.10, 2.16 and 2.17 (3H each, s, Ac), 3.63 (1H, dd,
Ji~J,~10Hz, H-3), 520 (1H, dd, J,=10, J,=3 Hz,
H-2) overlapped with 522 (1H, dd, J,=10, J,=3 Hz,
H-5), 5.31-5.36 (2H, m, H-1 and H-6) overlapped with
5.38 (1H, dd, J, ~J,~ 10 Hz, H-4).

Sucrose (16). Crystals from MeOH (100 mg). Mp 172°.
TLC: R, 0.5 (S-3); anisaldehyde: brown-blue.
[]2° +65° (H,O; ¢9.9) {lit. [26] [«]3*+66.5° (H,O)}.
Substance identical with an authentic sample.

S'-(Hydroxysulphonyloxy) jasmonic acid (=1R,2R
(2'2)-3-0x0-2{5-hydroxysulphonyloxy-2-pentenyl) cyclo-
pentane acetic acid (17). Amorphous (5 mg). TLC: R, 0.17
(S-3); anisaldehyde: red-brown. [a]2® —24° (MeOH;
¢0.2). IR v,,,, cm™*: 3430, 2985, 1735. CD ™% nm (Ae:
295 (—0.92). '"HNMR (CD;0D): §1.46-1.58 (1H, m,
H-5,), 1.93-1.99 (1H, m, H-2), 2.03-2.41 (7H, m), 2.46 (2H,
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dt, J,=55, J,=7Hz, H-4), 254 (1H, dd, J,=14,
J,=5Hz, H~a,), 3.98 (2H, ¢, /=7 Hz, H-5"), 5.34-5.54
(2H, m, H-2" and H-3'). 13C NMR (CD,0D): §26.4 (C-1),
28.3 (C-9), 28.6 (C-4"), 38.8 (C-4), 40.0 (C-1), 43.5 (C-m),
55.1 (C-2), 68.5 (C-5'), 1279 (C-3'), 129.8 (C-2'), 1820
(CO,H), 222.6 (C-3). Negative ions FABMS m/z (rel. int.):
344 [M+K—H]™ (93), 343 [M+K—-2H] "~ (100), 327
[M+Na—2H]" (42), 306 [M]~ (47),305 [M—H] " (53),
283 (57).

Methylation of 17. Compound 17 (2.5 mg) was dis-
solved in 1 ml MeOH and CH,N, in Et,O was added
until the soln showed a yellow colour. After 12 hr the
solvent was evapd to yield 3 mg 17 monomethyl ester
(amorphous). TLC: R, 0.62 (S-3); anisaldehyde: red-
brown. [¢]3° —22° (MeOH; ¢ 0.1). CD AM<%H nm (Ag): 297
(—0.51). '"H NMR (CD;O0OD): 61.53 (1H, dddd, J, =12,
J,=11, J3=10, J,=9 Hz, H-5,), 2.00 (1H, ddt, J, =11,
Jy=15, J3=6 Hz, H-2), 2.10 (1H, ddd, J, =19, J,=11,
J3=9 Hz, H-4,), 2.15-2.24 (1H, m, H-5p), 2.27-2.38 (2H,
m, H-1 and H-4,) overlapped by 2.38 (2H, dd, J,=6,
J,=5.5Hz, H-1") and 2.39 (1H, dd, J, =14, J,=9 Hz,
H-ag), 245 2H, dt, J,~J,~7 Hz, H-4), 2.73 (1H, dd,
Jy=14, J,=4 Hz, H-a,), 3.71 (3H, 5, CO,Me), 3.98 (2H,
t, J=7Hz, H-5), 540-5.55 (2H, m, H-2" and H-3').
13C NMR (CD;0D): §26.4 (C-1'), 28.1 (C-5), 28.7 (C-4),
38.6(C-4), 39.2(C-1), 39.5 (C-w), 52.1 (CO,Me), 55.0 (C-2),
68.4 (C-5), 128.3 (C-3'), 129.6 (C-2), 174.5 (CO,Me) and
220.3 (C-3). Negative ion FABMS m/z (rel. int.): 321 (52),
320 [M]™ (34), 319 [M—H]" (100).

Hydrolysis of 17 monomethyl ester. Compound 17
monomethyl ester (1.2 mg) was dissolved in 1ml
MeOH-2 M HCI (1:1) and refluxed for 10 hr at 80°.
After evapn of the MeOH the aq. phase was extracted
with CHCl; (5 ml). Work-up of the organic layer yielded
5'-hydroxyjasmonic acid methyl ester [27] (0.8 mg,
amorphous). TLC: R, 0.80 (S-3); anisaldehyde: red-
brown. [«]2° ca —35° (MeOH; c008). 'HNMR
{CD;OD): 6147-1.63 (1H, m, H-5,), 198 (1H, ddt,
J,=11,J,=15,J;=9 Hz, H-2), 2.04-2.15 (1H, m, H4,),
2.15-2.24 (1H, m, H-5), 2.26-2.41 (7H, m), 2.72 (1H, dd,
J,=15,J,=4Hz H-a,), 3.55(2H, t, J =7 Hz, H-5), 3.68
(3H, s, CO,Me), 540-5.51 (2H, m, H-2' and H-3'). EIMS
m/z (rel. int.): 240 [M]%(2), 222 [M —18]% (2), 210 (27),
156 (65), 83 (100). In the aq. phase sulphate was detected
besides chloride by ion chromatography (Super Sep Ani-
onensiule, Metrohm).

Compound (+)-17 by partial synthesis. Aq. KOH
(0.5 M, 2 ml) was slowly added to a soln of 20 mg (+)-
jasmine ketolactone in 4 ml MeOH and stirred for 3 hr at
room temp. The reaction mixt. was neutralized, the soi-
vent evapd and the residue subjected to CC on silica gel
[CHCI3-MeOH (95:5)] to yield (4 )-5"-hydroxyjasmonic
acid methyl ester (18 mg).

Chlorosulphuric acid (550 mg) was added dropwise to
a soln of (x)-5-hydroxyjasmonic acid methyl ester
(15 mg) in 10 ml CHCl; at 0° under stirring. After stirring
for 4 hr the mixt. was adjusted to pH 6 with 2 M NaOH,
the solvent evapd and the residue subjected to CC on
silica gel [CHCl;-MeOH-H,0 (75:25:2)] to yield (+)-
17 monomethyl ester (16 mg).
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(+ )17 monomethyl ester (15 mg) was stirred in 12 ml
0.1 M aq. KOH for 5 hr at room temp. After adjusting to
pH 6 with 2 M H,SO, the solvent was evapd and the
residue subjected to MPLC (LiChroprep® RP-18,
Merck) using H,O0-MeOH (85:15), which gave (+)-17
(11 mg). Except for the optical properties ([«]p, CD), all
physical and spectral data of synthetic (4)-17 were found
in agreement with those of (—)-17 isolated from the plant
material.

Pharmacological methods. Guinea pigs of either sex
weighing 250350 g were killed by cervical dislocation.
Right ventricular papillary muscles (diameter,
0.5-0.8 mm) were rapidly excised from the isolated heart
and mounted in a 2-chambered organ bath [30] with
a vol. of 17 ml. The bath soln was constantly gassed and
kept in circulation by 95% 0,~5% CO,; temp. 35°, pH
7.5. The composition of the bath soln was (mM): NaCl
115, KCi14.7, MgSO, 12, CaCl, 3.2, NaHCO, 25,
KH,PO, 1.2, and glucose 10.

The muscles were stimulated at their base through
2 punctate platinum electrodes with square wave pulses
of 1 msec and an intensity slightly above threshold. Force
of contraction was recorded isometrically by means of an
inductive force transducer (Q-11, 10p, Hottinger Baldwin
Messtechnik, Darmstadt, F.R.G.) connected to an os-
cilloscope and a pen recorder. The resting force was kept
constant at 4 mN throughout the experiment. An equili-
bration period of at least 1 hr at a stimulation frequency
of 1 Hz preceded each experiment. Subsequently, the
frequency of stimulation was lowered to 0.2 Hz, and the
substance to be tested was added as soon as force of
contraction had reached a steady state.
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