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Abstract—A new triterpenoid saponin was isolated from the tubers of Thladiantha hookeri C. B. Clarke var.
pentadactyla in a high yield (9.7%). On the basis of chemical and spectral evidence, the structure was determined as §-
xylopyranosyl-(1 - 3)-f-xylopyranosyl-(1 —»4)-a-thamnopyranosyl-(1 - 2)-p-xylopyranosyl ester of 3-0-f-galacto-
pyranosyl-(1-2)-B-glucuronopyranosyl-gypsogenin. The solubilizing effect of this saponin is also described.

INTRODUCTION and Gal. Anomeric configurations of both the giycosyl
linkages were assigned as § by the coupling constant of

i i ines i | h . :
In continuation of studies on Chinese cucurbitaceous folk the anomeric proton signals. The location of the methyl

medicine, the present paper reports the isolation and
structural determination of a new saponin named thla-
dioside-H1 (1) from tubers of Thladiantha hookeri Table 1. 13C NMR chemical shifts of aglycone moieties in

C. B. Clarke var. pentadactyla Cogn. (Chinese name: Wu- CsDsN
ye-chi-pa).
C 1 2 7 8 9 10 1
1 380 384 385 388 386 387 386
RESULTS AND DISCUSSION 2 251 270 259 258 270 2711 270
An ethanolic extract of the tubers was separated as 3 820 716 823 823 715 1.7 716
described in the Experimental, affording a new saponin 4 549 562 420° 423 562 563 563
named thladioside-H1 (1) in a surprisingly high yield $ 48.6* 48.0* 480* 482 480° 480 480
(9.7%). 6 206 210 181 182 211 213 212
Compound 1 was hydrolysed with acid to yield giucu- 7 325 325 328 329 324 325 3250
ronic acid(GlcUA), galactose(Gal), xylose(Xyl) and 8 401 400 397 398 402 402 402
rhamnose(Rha) as sugar components. On enzymatic hy- 9 47.8* 477° 476 478" 478 480 480

—
[=

drolysis with crude hesperidinase [1], compound 1 gave 362 362 368 370 361 362 362
gypsogenin (2) [2,3] as an aglycone. The 'H and 236 238 238 238 236 237 236
I3C NMR spectra (Tables 1 and 2) of compound 1 12 1225 1222 1225 1226 1224 1226 1225
showed the presence of six monosaccharide units. On 13 1440 1448 1445 1448 1442 1442 1441
comparison of the 1C NMR spectrum of compound 1 14 422 422 421 423 424 424 424
with that of compound 2, the glycosylation shifts [4] were 15 284 282 283 285 287 285 285
observed for C-2, C-3, C-23 and C-28, indicating that 1 16 236 238 238 239 232 234 232
was a bisdesmoside of 2 with glycosyl linkages at both the 17 472  46.6° 466" 468 472 473 472
3-hydroxyl and 28-carboxyl groups. 18 419 419  421° 423 419 420 419
Since the aldehyde group would perturb the structure 19 467  465° 464> 468 464 465 463
elucidation, compound 1 was converted into a relatively 20 307 309 309 310 307 308 308
stable saponin (3) of hederagenin (4) [2, 5] by reductionof 21 341 342 342 343 341 342 340
the aldehyde group to a primary alcohol with sodium 22 325 331 332 333 325 325 327
borohydride in water. 23 2100 2071 641 645 2071 2073 2078
On selective cleavage of the ester glycoside linkage at 24 100 96 135 137 9.6 9.8 9.7
C-28 with Lil-2,6-lutidine in methanol [6], compound 3 25 157 157 160 161 157 159 158
gave a monodesomoside (5) and a methyl tetrasaccharide 26 173 173 174 176 173 174 174
(6), the former of which was purified as a monomethyl 27 258 261 262 263 258 259 259
ester (7) by mild treatment with methanolic hydrogen 28 1764 1800 1802 1802 1764 1765 1764
chloride. Acid hydrolysis of compound 7 yielded GicUA 29 331 332 332 333 331 331 331
30 236 238 238 239 236 237 236

o
—

+Author to whom correspondence should be addressed. *b.¢ Assignments may be interchanged 1n each column.
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Table 2. *C NMR chemical shifts of sugar moieties n C;DN

1 7 8 9 10 n
3-O-GlcUA-1 1034 104.2 3-0-Gle-1 1039
2 838 833 2 839
3 774 770* 3 780
4 728 727 4 710
5 774 767 5 785
6 1723 1704 6 62.7
Gal-1  106.0 106.6 Gal-1 1051
2 742 74.4 2 744
3 750 750 3 750
4 700 696 4 710
5 774 775 5 770
6 620 614 6 615
28-O-Xyl-1 951 953 952 952
2 780 783 78.6 780
3 758 754 759" 75.9*
4 707 708 709 708
5 672 672 672° 66 9°
Rha-t 1012 101 4 1013 1012
2 725 721 725 725
3 715 725 713 716
4 849 737 851 848
5 681 69.8 684 682
6 185 18.7 186 185
Xyl-1 1057 1076 1057
2 7500 76 2# 75 1°
3 870 777 871
4 688 709 68.9
5 672 675° 66 7°
Xyl-1 1068 106.2
2 748 7512
3 774 71.5
4 707 708
5 672 673

+b.¢ Assignments may be interchanged 1n each column

ester group of compound 7 at the GlcUA unit was
confirmed by the '*C NMR spectrum (Table 1) Com-
pound 7 was reduced with sodium borohydride or
sodium borodeuteride 1n ethanol [7], whereby the
GIcUA unit was converted into a corresponding neutral
hexose unit or deuterated neutral hexose unit, affording 8
and 8-*H,, respectively. The methylation-analysis [8] of
compound 8-°H,, afforded 1,5-d1-O-acetyl-2,3,4,6-tetra-
O-methylhexitol and 1,2,5-tr1-O-acetyl-6-dideutero-3,4,6-
tri-O-methylhexitol, which were proved to be associated
with terminal galactopyranosyl and 2-linked glucopyran-
osyl-d, residues, respectively, by GC-MS The coupling
constant of both the anomeric proton signals indicated
the f-anomeric configuration Tt follows that the struc-
ture of 5 was assigned as the 3-0-f-galactopyranosyl-
(1-2)-p-glucuronopyranoside of compound 4 and this
structure was supported by the '*C NMR spectrum
Compound 1 was treated with f-glucuromidase and the
resulting neutral prosapogenin mixture was separated by
CC to give three compounds (9-11). The FD mass spectra
of compounds 9-11 exhibited molecular 1on peaks as a
cationized cluster ion at m/z 771 [M+Na]* [M=2
—(Xyl-Rha)], 903[M + Na]* [M=2-(2Xyl-Rha)], 1035

[M+Nal]* [M=2+3Xyl-Rha)], respectively, so that
compound 11 was assigned as 3-desglyco-prosapogenin
of L.

The EI-mass spectrum of a peracetate of compound 9
exhibited fragment 10ns at m/z 273 [(Rha)Ac;]" and 489
[(Rha-Xyl)Acs], which, coupled with the 'H(anomeric
proton) and *3C NMR signals due to the sugar motety,
led to the formulation of 9 as the a-rhamnopyranosyl-
(1-2)-B-xylopyranosyl ester of compound 2

The El-mass spectrum of a peracetate of compound 10
showed fragment 1ons at m/z 259[(Xyl)Ac;]. 489[(Xyl-
Rha)Acs] and 705[(Xyl-Rha-Xyl)Ac,] Compound 10
was treated with Lil-2,6-luttdine in methanol, yielding a
methyl trisaccharide (12). The methylation analysis of
compound 12 revealed the presence of terminal xylo-
pyranesyl and 2-linked xylopyranosyl and 4-linked
rhamnopyranosyl residues. This evidence coupled with
the formulation of compound 9 led to the structure of
compound 10 as shown 1in Chart 1 The anomeric con-
figuration of each glycosyl hnkage of 10 was substan-
tiated by the 'H and **C NMR spectra

The methylation analysis of compound 6 obtamed
from 3 (vide supra) proved the presence of termunal, 2-
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linked, 3-linked xylopyranosyl and 4-linked rhamnopy-
ranosyl residues. Based on this evidence and the formula-
tion of 9 and 10 together with the elucidation of the
anomeric configuration by the 'H and *3C NMR spectra,
the structure was assigned to compound 11.

Accordingly, the structure of compound 1 was estab-
lished as 28-0-B-xylopyranosyl-(1-3)-8-xylopyranosyl-
(1 »4)-a-rhamnopyranosyl-(1 —2)-p-xylopyranosy! ester
of 3-0-B-galactopyranosyl-(1-2)--glucuronopyrano-
syl-gypsogenin.

In our serial studies on surfactive properties of natural
oligo-glycosides, we have disclosed that glucuronide sap-
onins such as gimsenoside-Ro (oleanolic acid saponin of
Ginseng root) [9] and glycyrrhizin [10] strongly increase
the water solubility of saikosaponins, active principles of
Bupleuri radix. The essential role of the glucuronide
moiety 1n this solubilizing effect was also revealed. In the
present study, this specific solubilizing effect was ob-
served with 1, the saponin with a glucuronide unit (Table
3). Compound 1 also solubilized Yellow OB (a water
nsoluble synthetic dye) and increased the water solubility
of saponin A from pericarps of Sapindus mukurossi which
is sparingly soluble in water (Tables 4, 5).

EXPERIMENTAL

NMR spectra were measured in C;DsN-TMS, 'H NMR at
100 or 270 MHz and !3C NMR at 25 and 67.8 MHz. The
solvents used for spectral determination were; MeOH([a]p);
Nujol(IR), unless otherwise stated. Acid hydrolysis of saponins
followed by identification of the resulting monosacchandes and
the methylation analysis of sugar moiety by GC-MS were carried
out as described 1n the previous paper [8]. For CC, silica gel 60
was used. The solvent systems for CC was all homogeneous.

Plant material. Thladiantha hooker: C. B. Clarke var. pentadac-
tyla Cogn. was collected at Lufeng (Yunnan), China in June 1970
and identified by Emeritus Professor C.-Y. Wu (Kunming In-

stitute of Botany, Chinese Academy of Science). A voucher
specimen has been deposited in the Herbarium of this Institute.

Extraction and separation The dried and powdered tubers
(2kg) were extracted with hot EtOH. After removal of the
solvent by evapn, the residue was separated into H,O-soluble
and msoluble portions by treatment with H,O and an aq. soln of
the water-soluble portion was extracted with Et,O and then with
n-BuOH satd with H,O. After removal of solvents by evapn, the
n-BuOH extract (210 g) was proved to consist of an almost
homogeneous saponin, compound 1 by TLC on silica gel
(CHC1,-MeOH-H,0, 13.7 2, lower layer), visuahzed by
spraying with 10% ethanolic H,SO, followed by heating at 110°
and on a reverse phase plate, HPTLC RP-3 Merck [solvent
70% MeOH, visualized in the same way as above] Thus fraction

Table 3. Solubihzing effect on saikosaponin-a 1n
water at 37°

Solubulity of

Compound (1 mg/ml) sakosaponin-a (mg/ml)

None 0.1
Ginsenoside Ro 34
Glycyrrhizin 50

Thiadioside H1 (1) 51

Table 4. Solubilizing effects on Yellow OB in buffer at
37°

Compound (1 mM) Solubility of Yellow OB

None Insoluble
Ginsenoside Ro 259 uM
Thladioside H1 (1) 392 uM

M/80 phosphate buffer (pH 6 5 ionic strength 0.02).
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Table 5 Solubilizing effects on sapomin A 1n water at 37°

Amount of

Solubility of

Compound (1 mg/ml) sapomn A (mg/ml) saponin A (mg/ml) M/M*
None 1.6 0017 -
Ginsenoside Ro 30 11 13
Thladioside H1 (1) 30 214 328

* Molar ratio of solubilized saponin A to bisdesmosides

was further purified by CC on silica gel (CHC1;-MeOH-H,0,
6 4:1) to grve 1 in a yield of 9.7%.

Compound 1 a white powder, [«]3? +3 8° (H,0, c 0.89), IR
Vmax €M ! 3300 (OH), 1740, 1720 (Found C, 54.32; H, 7.22.
Ce3H;3305, 2H,0 requires C, 54.53; H, 7.41%), *H NMR
(270 MHz) 6179 (3H, d, J=5.9 Hz, H-6 of Rha), 492 (1H, d, J
=73 Hz, anomeric proton), 509 (1H, d, J=70 Hz, anomeric
proton), 5 24 (1H, d, J =7 3 Hz, anomeric proton), 527 (1H, d, J
=84 Hz, anomernic proton), 5.42 (1H, t-like, H-12), 6.19 (1H,d, J
=6.6 Hz, anomeric proton of Xyl ester), 6.37 (1H, s, anomeric
proton of Rha), 100 (1H, s, -CHO).

Enzymatic hydrolysis of compound 1 with crude hesperidinase. A
soln of compound 1 (1 g) and crude hespenidinase (1 g, Tanabe
Pharm. Co, Ltd, Osaka, Japan) in H,O (120 ml) was incubated
for 8 days at 37° After cooling, the reaction mixture was concd to
dryness The residue was chromatographed on silica gel
(CHC1,-MeOH, 49: 1) to give the aglycone 2 (=gypsogenin) as
colourless needles from ag. MeOH, mp 265-267° (uncorr.), [a]3¢
+94.9° (EtOH, ¢ 0.99) which was identified by comparison of the
melting point, optical rotation and *3C NMR spectrum with
those of the reported data [2]

Preparation of compound 3 from compound 1. NaBH, (11g)
was added to a soln of compound 1(2.0 g) in H,O (80 ml) and the
muxture was stirred for 18 hr at room temp. Me,CO (5 ml) was
added to the reaction mixture and the solvent was evapn to
dryness The residue was passed through a highly porous
polymer, DIAION HP-20 (Mitsubish1 Chem Ind Tokyo, Japan)
column (solvent. H,O and MeOH successively) The MeOH
eluate was evapd to dryness to give compound 3 (1 8 g) as a white
powder, [«]3* —132° (H,0, ¢ 0.97), IR v_,,, cm ™! 3300 (-OH),
1750 (ester), the '"H NMR spectrum showed no -CHO signal
(Found C, 5500, H, 7 42 requires C¢3H, 0,05, - H,OC,5517H,
750%)

Selectwe cleavage of the ester glycoside inkage of 3. A soln of 3
(250 mg) and Lil (dried at 150° for 3 hr, 650 mg) and dry 2,6-
lutidine (10 ml) 1n dry MeOH (10 ml) was refluxed for 83 hr
under Ar atmosphere. After cooling, the reaction mixture was
diluted with 50% aq MeOH (3 ml), delonized with Amberlite
MB-3 (H*, OH" form) and evapd to dryness The residue was
dissolved 1n H,O and extd with n-BuOH. The H,0 layer was
chromatographed on silica gel (CHCI,-MeOH-H,0, 10:5.1)
to give 6 (64 mg) as a white powder which was subjected to
the methylation analysis (2-linked, 3-linked and terminal
xylopyranose residue and a 4-linked rhamnopyranose residue)
The n-BuOH extract was chromatographed on silica gel
(CHCl1;-MeOH-H,0, 10.5 1 and then 6°4.1) to give com-
pound 5 (81 mg) A soln of 5 (28 mg) 1n 2% HCI-MeOH (10 ml)
was stirred for 2 hr at room temp After neutralization with
Amberlite MB-3, the solvent was evapd to dryness to give
compound 7 as a white powder, [a]3! +196° (c=0.75), IR v,,,
cm™! 3300 (OH), 1725 (ester) 1680 (COOH), 'H NMR
(100 MHz) 6 367 (3H, s, -COOMe of GIcUA), 5.12 (1H, d, J
=5 Hz, anomeric proton), 526 (1H, d, J =8 Hz, anomenc pro-

ton). (Found: C, 58 90, H, 8 23. C3H4s0;s 3H,0 requires: C,
58.75, H, 8.49%)

Preparation of compound 8 and 8-*H, from compound 7 A soln
of 7 (42 mg) and NaBH, (39 mg) in EtOH (3 ml) was stirred for
20 mun at room temp. After decomposition of the excess of the
reagent with Me,CO (2 ml), the reaction mixture was delonized
with Amberlite MB-3 and concd in vacuo to give compound 8
(29 mg) as a white powder, [«J3' +32.0° (¢ 1.10), IR v_,, cm ~*
3250 (OH), 1680 (COOH), *H NMR (100 MHz) § 500 (1H,d, J
=6 Hz, anomeric proton), 524 (1H, d, J =8 Hz, anomeric pro-
ton) (Found: C, 6084, H, 866 C,,H30,, 2H,0 requires C,
60 55, H, 8 71%). The deuterated compound, 8-°H, was pre-
pared with NaB?H, 1n the same way The methylation analysis
of 8-2H, ndicated the presence of a 2-linked 6-dideuterogluco-
pyranosyl and a terminal galactopyranosyl residue.

Enzymatic hydrolysis with §-glucuromdase of compound 1 A
soln of compound 1 (500 mg) and §-glucuronidase (3 ml, Sigma
Co, from Helix pomatia) m H,O (30 mi) was mcubated for 44 hr
at 37°, After cooling, the reaction mixture was chromatographed
on DIAION HP-20(H,O and MeOH, successively) The MeOH
cluate (294 mg) was chromatographed on silica gel
(CHCI;-MeOH-H,0, 40-10 1 and then 30 10 1) to give com-
pounds 9 (73 mg), 10 (40 mg) and 11 (4! mg) together with a
muxture of 10 and 11 (70 mg).

Compound 9 A white powder, [«]32 +10.3° (c 0.80) IR v,,,
cm ™! 3300 (OH), 1750, 1720 (ester), '"H NMR (100 MHz) 6175
(3H, d, J=6 Hz, H-6 of Rha), 6 12 (1H, d, J =8 Hz, anomeric
proton of Xyl ester), 6 50 (1H, s, anomeric proton of Rha), 9 60
(1H, 5, -CHO), (Found C, 6282; H, 866. C,;H,0,,-2H,0
requires C, 6273; H, 8 73%

Compound 10 A white powder, [aJ3? +109° (c 065). IR
VmaxCm ~ ' 3300 (OH), 1750, 1720 (ester), 'H NMR (100 MHz).
6 183 (3H, d, J =5 Hz, H-6 of Rha), 506 (1H, virtual coupling,
anomeric proton of terminal Xyl), 6 16 (1H, 4, J =6 Hz, anomenc
proton of Xyl ester), 6 38 (1H, s. anomeric proton of Rha), 9.60
(1H, s, ~CHO). (Found C, 6044, H, 8.33 C,H.,0,, 2H,0
requires C, 60.24, H, 8 35%)

Compound 11 A white powder, [«]3? —4.89° (¢ 0.47). IR
¥ max €M~ 3300 (OH), 1750, 1720 (ester), 'H NMR (100 MHz) &
1.83 (3H, d, J =5 Hz, H-6 of Rha), 506 (1H, virtual coupling,
anomeric proton of terminal Xyl), 5 21 (1H, d, J = 6 Hz, anomeric
proton of inner Xyl), 6 16 (1H, d, J =6 Hz, anomeric proton of
Xyl ester), 6.35 (1H, s, H-1 of Rha), 9.70 (1H, s, -CHO). (Found
C, 58.13, H, 818 C,,H;,0,, 2H,0 requires C, 58 38, H,
8.07%).

Selective cleavage of the ester glycoside linkage of compound 10,
A soln of compound 10 (75 mg), dry Lil (102 mg) and dry 2,6-
Tutidine (3 ml) 1n dry MeOH (3 ml) was refluxed for 18 hr under
Ar atmosphere. After cooling, the reaction mixture was diluted
with 50% aq MeOH (2 ml), deionized with Amberlite MB-3
(H*, OH" form) and evapn to dryness The restdue was chro-
matographed on silica gel (CHCl,-MeOH-H,0 30 10 1) to
give 11 (16 mg) as a white powder, which was subjected to
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methylation analysis (2-linked and terminal xylopyranose units
and 4-linked rhamnopyranose unit).

Solubilizing effect of compound 1 on satkosaponin-a, Yellow OB
and saponin A. The effects were determined by the same pro-
cedure reported previously [11, 12]
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