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Abstract

The structural elucidation of glucuronide oleanane-type triterpene carboxylic acid 3,28-O-bisdesmosides (GOTCAB) is quite
complicated compared to that of other saponins. In order to determine their structures, it is common to use chemical, enzymatic and
spectral methods simultaneously. This review will discuss newer chemical, enzymatic and spectral means, compare structural study
strategies in different periods, and summarize main characteristics of NMR spectral data, then propose a systematic method used in
their structural elucidation. A compilation of glucuronide oleanane-type triterpene carboxylic acid 3,28-O-bisdesmosides isolated
during 1962-1997 along with their occurrence, structural data and bioactivity is included. © 1999 Elsevier Science Ltd. All rights

reserved.
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1. Introduction

Triterpenoid saponins are common in plants and to
date there are about 80 families and 231 genera con-
taining this kind of constituent (Zhou, 1988). Glu-
curonide oleanane-type triterpene carboxylic acid 3,28-
O-bisdesmosides (GOTCAB) belong to the pentacyclic
triterpenoid saponins. They are widely distributed in
plants, and so far (1962-1997) 192 saponins of this kind
have been isolated from the following 20 families (49
genera and 80 species, see Table 1): Amaranthaceae,
Aquifoliaceae, Araliaceae, Asteraceae, Basellaceae,
Campanulaceae, Caryophyllaceae, Chenopodiaceae,
Compositae, Cucurbitaceae, Euphorbiaceae, Legumin-
osae, Nyctaginaceae, Olacaceae, Portulacaceae, Rosa-
cecae, Sabiaceae, Sapindaceae, Sapotaceac and
Umbelliferae, including diglycosides to undeca-glyco-
sides. Among them squarroside A (3) isolated from the
roots of Acanthophyllum squarrosum showed a con-
centration dependent immunomodulatory effect in the in
vitro lymphocyte transformation test (Lacaille-Dubois,
Hanquet, Rustaiyan, & Wagner, 1993); achyranthoside

*Corresponding author.

A (5) and B (6) isolated from the roots of Achyranthes
fauriei were found to have cytotoxic activity against
human colon carcinoma and murine melanoma cells (Ida,
Satoh, Katoh, Katsumata, Nagasao, Yamaguchi, Kamei,
& Shoji, 1994); betavulgaroside I1I (52) isolated from the
roots and leaves of Beta vulgaris exhibited hypoglycemic
activity in an oral glucose tolerance test in rats (Y oshi-
kawa, Murakami, Kadoya, Matsuda, Muraoka, Yama-
hara, & Murakami, 1996); lucyoside N (104) and P (105)
isolated from the seeds of Luffa cylindrica showed strong
fibrinolytic activity in an in vitro fibrinolysis system
(Yoshikawa, Arihara, Wang, Narui, & Okuyama, 1991);
olaxoside (125) isolated from the leaves, roots and barks
of Olax andronensis, O. glabriflora and O. psittacorum
had a laxative action when given orally to mice, anti-
inflammatory properties, and decreased oedema induced
by carragenin (Forgacs & Provost, 1981); two saponins
(144-145) isolated from the roots of Silene jenisseensis
exhibited only a weak inhibitory effect in the cyclooxy-
genase inhibition assay (Lacaille-Dubois, Hanquet, Cui,
Lou, & Wagner, 1995); tuberoside B (184) and C (185)
isolated from the tubers of Ullucus tuberosus showed
hypoglucaemic activity (Espada, Jimenez, Dopeso, &
Riguera, 1996); zanhasaponin A (190), B (191) and C
(192) isolated from the root barks of Zanha africana were
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R, R,
1 Bayogenin OH H
2 Bredemolic acid H
3 Echinocystic acid H
4 Gypsogenic acid H
5 Gypsogenin H
6 2f3-OH Gypsogenin OH H
7 Hederagenin H H
8 Illexosapogenin A H
9  Machaerinic acid H H
10 Medicagenic acid OH H
11 Oleanolic acid H H
12 2B-OH Oleanolic acid OH H
13 Protobassic acid OH OH
14 16a-OH Protobassic acid OH OH
15 Quillaic acid H H
16 Siaresinolic acid H H
17 Spathodic acid H H
18 Methyl spergulagenate H
19 Zanhic acid OH H

effective in a model of topical inflammation induced by
phorbol ester (Cuellar, Giner, Carmen Recio, Just,
Manez, Rios, Bilia, Msonthi, & Hostettmann, 1997).
The structural elucidation of GOTCAB is quite com-
plicated compared to that of other saponins because it
contains a glucuronic acid at C-3 of the aglycones, more
sugar units, and sometimes acyl groups at the 28-sugar
chains. The skeleton is shown in Fig. 1. The structural
elucidation successively includes the following steps: (1)
the structure determination of the aglycone; (2) the struc-
ture determination of the 3-sugar chain (G,); (3) the struc-
ture determination of the 28-sugar chain (G,); (4) and the
determination of the positions of the acyl groups. In
order to determine their structures, it is common to use
chemical and enzymatic methods to obtain a series of
aglycones, prosapogenins and oligosaccharides. After
determination of the structures of these aglycones, pro-
sapogenins and oligosaccharides based on chemical and
spectral means, finally GOTCAB structures can be eluci-
dated step by step. Since aralosides A (22) and B (23) were

o= =2
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H
OH

R, Ry R R, R,
H H CHOH  CH, CH,
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Fig. 1. The skeleton of glucuronide oleanane-type triterpene carboxylic
acid 3,28-0O-bisdesmosides (GOTCAB).

obtained from Aralia manschurica in 1962 (Kochetkov,
Khorlin, & Vaskovsky, 1962), the three stages in struc-
tural elucidation strategies of GOTCAB have been as
follows: (1) chemical methods which have been pre-
dominant during the 1960s to 1970s; (2) chemical
methods which have been widely used together with spec-
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tral techniques during the 1980s; (3) spectral means which
are predominant during the 1990s.

Chemical investigations on triterpenoid saponins
began in the 19th century. But their structural eluci-
dations started only from the 30s of the 20th century
on. Since the late 1960s various spectroscopic methods
including IR, UV, NMR, MS, CD, X-ray have been
wildly applied to determine structures of natural prod-
ucts. Especially since the 1980s a lot of structures of
complicated triterpenoid saponins have been published
constantly along with the development of various sep-
aration and purification technologies, and they became a
good model of structural elucidation of natural products,
fully using various chemical, enzymatic and spectral
methods.

With regard to the structural elucidation of GOTCAB
in this review newer chemical, enzymatic and spectral
means are discussed, structural study strategies in differ-
ent periods are compared, and the main characteristics
of NMR spectral data are summarized. A systematic
method used in their structural elucidation is also
proposed. Finally a compilation of GOTCAB during
1962-1997 along with their occurrence, structural data
and bioactivity is included (see Table 1).

2. Structural study strategies in different periods
2.1. The initial period (1960s—1970s)

The structures of GOTCAB which were determined
during this period were quite simple, and the amounts
available were small. They were mostly determined
according to the following steps in which chemical
methods are predominant (Hariharan & Rangaswami,
1970; Kochetkov, Khorlin, & Ovodov, 1963):

(1) Acid hydrolysis afforded aglycones and sugars.
Aglycones were identified with authentic samples by
means of their mp and TLC, and sugars were examined
in PC.

(2) Permethylation and methanolysis gave methylated
monosaccharides, which were identified with authentic
samples by means of their corresponding derivatives in
PC.

(3) Partial acid and basic hydrolysis yielded 3-pro-
sapogenins and 28-oligosaccharides, of which the former
were determined using steps (1) and (2).

(4) Periodate oxidation, LiAlIH, or NaBH, reduction
and partial hydrolysis gave 3, 28-prosapogenins in
reduced aglycones, which were determined using steps (1)
and (2).

(5) Methylation and reduction afforded 3-methylated
prosapogenins in reduced aglycones, 3- and 28-methyl-
ated oligosaccharides which were determined using step
(2).

(6) With regard to the configuration at the anomeric

carbons of sugar units it is a general observation that p-
sugars occur with ff-glycosidic linkages and L-sugars with
a-glycosidic linkages. Compared with observed and
calculated values of molecular rotation on the basis of
Klyne’s rule, configurations of sugars could be deduced.

2.2. The developing period (1980s)

During this period chemical methods have been widely
used together with spectral techniques:

(1) PMR and CMR assignments of GOTCAB were
increasingly reported following the development of vari-
ous NMR techniques. Glycosylation and esterification
shift rules as well as CMR data comparison were widely
used to determine interglycosidic linkages, attached pos-
itions of sugar chains to aglycones and acyl groups to
sugar chains, and compositions of sugars (Higuchi, Tok-
imitsu, & Komori, 1988; Gafner, Msonthi, &
Hostettmann, 1985). Anomeric configurations were
deduced by J values of anomeric proton signals in PMR
(Nie, Morita, Kasai, Zhou, Wu, & Tanaka, 1984).

(2) Various MS techniques (i.e. negative FAB-MS,
positive FAB-MS, FD-MS, SI-MS, EI-MS) were applied
to establish molecular formulas and sugar sequences of
saponins and their derivatives (Okabe, Nagao, Hachi-
yama, & Yamauchi, 1989; Kawamura, Watanabe, &
Oshio, 1988; Higuchi, Tokimitsu, & Komori, 1988).

(3) In order to analyze sugar sequences, methylated
alditol acetates were detected by GC-MS after meth-
ylated monosaccharides were subjected to reduction with
NaBH, followed by acetylation (Nie et al., 1984). Agly-
cones and prosapogenins were elucidated by comparison
with authentic samples (TLC, PMR, CMR, MS) (Shi-
mizu, Ishihara, Umehara, Miyase, & Ueno, 1988; Iwam-
oto, Okabe, Yamauchi, Tanaka, Rokutani, Hara,
Mihashi, & Higuchi, 1985; Gafner et al., 1985).

2.3. The present period (1990s)

During this period various homo- and heteronuclear
2D NMR techniques including COSY, TOCSY, relayed
COSY, 'H-“C COSY, HMQC, HSQC, COLOC,
HMBC, NOEDS, NOESY, ROESY, HOHAHA, DDS
were widely applied to determine sugar residues,
sequences, interglycosidic linkages as well as aglycone
structures, attached positions of sugar chains to agly-
cones as well as acyl groups to sugar chains. Therefore,
complete assignments of carbon signals and partial eluci-
dations of proton coupling networks were continuously
reported in the literatures (Lacaille-Dubois et al., 1993;
Fujioka, Nagao, Okabe, & Mihashi, 1992; Nagao,
Tanaka, Iwase, & Okabe, 1993; Nagao, Tanaka, &
Okabe, 1991; Nagao, Tanaka, Shimokawa, & Okabe,
1991; Frechet, Christ, Sorbier, Fischer, & Vuilhorgne,
1991; Schroder, Schubert-Zsilavecz, Reznicek, Cart, Jur-
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enitsch, & Haslinger, 1993; Amimoto, Yoshikawa, & Ari-
hara, 1993; Shao, Poobrasert, Ho, Chin, & Cordell, 1996;
Nagao, Tanaka, & Okabe, 1991; Lavaud, Massiot,
Becchi, Misra, & Nigan, 1996; Lavaud, Beauviere,
Massiot, Men-Olivier, & Bourdy, 1996; Lacaille-Dubois,
Hanquet, Cui, Lou, & Wagner, 1995; Warashina,
Miyase, & Ueno, 1991; Espada et al., 1996).

3. Newer chemical and enzymatic degradation reactions
3.1. Chemical reactions

Since the middle 1970s more efforts have been made
to introduce new chemical methods to obtain genuine
aglycones, 3- and 28-prosapogenins, 3- and 28-oligo-
saccharides. The following methods have successively
been used: (1) selective cleavages of 3-glucuronides to
afford aglycones and 3-oligosaccharides as well as 28-
prosapogenins including photolysis (Kitagawa, Y oshi-
kawa, Imakura, & Yosioka, 1974), lead tetraacetate oxi-
dation followed by alkali treatment (Kitagawa,
Yoshikawa, Im, & Ikenishi, 1977; Kitagawa, Yoshikawa,
& Kadota, 1978; Kitagawa, Kamigauchi, Ikeda, &
Yoshikawa, 1984), acetic anhydride and pyridine treat-
ment (Kitagawa, Ikenishi, Yoshikawa, & Im, 1977),
acetic anhydride and triethylamine (Iwamoto et al.,
1985), anodic oxidation (Kitagawa, Kamigauchi,
Ohmori, & Yoshikawa, 1980), diazomethane—ecther treat-
ment in methanol (Higuchi, Tokimitsu, Hamada,
Komori, & Kawasaki, 1985; Higuchi, Tokimitsu, &
Komori, 1988), thermal degradation (Huguchi, Kita-
mura, & Komori, 1986); (2) selective cleavages of 28-
ester glycosidic linkages to give 3-prosapogenins and 28-
oligosaccharides including treatment with anhydrous Lil,
2,6-lutidine and anhydrous methanol (Ohtami, Mizutani,
Kasai, & Tanaka, 1984), and hydrothermolysis with
water or water/1,4-dioxane (Kim, Higuchi, & Komori,
1992). Especially treatment with anhydrous Lil, 2,6-luti-
dine and anhydrous methanol has widely been used; hyd-
rothermolysis with water or water/1,4-dioxane, a newer
method, will be discussed in more detail.

Kim et al. (1992) found that heating of water-soluble
and water-insoluble glycosides including triterpenoid and
steroid glycosides with water and water/1,4-dioxane,
respectively, at 100° to 140° causes cleavage of the gly-
cosidic linkages to give the corresponding aglycones and
prosapogenins. For example, DS-2 (193), which is a desa-
cylsaponin isolated from Quillaja saponaria (Higuchi,
Tokimitsu, Fujioka, Komori, Kawasaki, & Oakenful,
1987), has been heated with H,O at 100° for 17h and
afforded its 3-prosapogenin (194) and reduced 28-oli-
gosaccharide (195) in good yield (Fig. 2). Therefore, they
thought that hydrothermolysis of triterpenoid 3,28-O-
bisdesmosides leads to selective cleavage of their ester
glycosidic linkages to give their 3-prosapogenins and
reduced 28-sugar moieties.

3.2. Enzymatic hydrolysis

Since 1985 six enzymes have been used in enzymatic
hydrolysis of GOTCAB. Using cellulase followed by
methylation with CH,N,, aster saponin Hc methyl ester
(50) liberated its 3-prosapogenins and 28-prosapogenins
(Tanaka, Nagao, Okabe, & Yamauchi, 1990); with the
same cellulase lucyoside N (104) provided its 3,28-pro-
sapogenins after cleavage of the terminal sugars (gal and
glc) (Yoshikawa et al., 1991); and 28-methyl protrioside
of momordica saponin I (122) and II (123) yielded mono-
saccharide moieties following cellulase hydrolysis (Iwa-
moto et al., 1985). f-D-Glucuronidase eliminated 3-sugar
chain and/or 28-terminal xyl from foetidissimoside A (62)
and thladioside-H1 (163), to obtain 28-prosapogenins
(Dubois, Bauer, Cagiotti, & Wagner, 1988; Nie, Tanaka,
Miyakoshi, Kasai, Morita, Zhou, & Tanaka, 1989). f-
Glucosidase and f-glucuronidase were applied to suc-
cessively hydrolyze saponin C (132) and polysciasaponin
P, (133) to produce aglycones (Paphassarang, Raymaud,
Lussignol, & Becchi, 1989; Paphassarang, Raymaud,
Lussignol, & Cabalion, 1990). On enzymatic hydrolysis
with crude hesperidinase talinumoside I (156) and thal-
dioside-H1 (163) liberated their aglycones (Kohda,
Yamaoka, Morinaga, Ishak, & Darise, 1992; Nie et al.,
1989). On treatment with crude pectinase achyranthoside
A (5) and tarasaponin IV (15) liberated its glucose ester
to afford its 3-prosapogenins (Ida et al., 1994; Satoh,
Sakai, Katsumata, Nagasao, Miyakoshi, Ida, & Shoji,
1994).

Glycyrrhizinic acid hydrolase produced by Aspergillus
niger selectively hydrolyzes the 3-O-f-D-glucuronide link-
ages of GOTCAB with free 4-OH and 6-COOH in the
glucuronide moiety to give 3-oligosaccharides and 28-
prosapogenins (Muro, Kuramoto, Imoto, & Okada,
1986; Sasaki, Morita, Kuramoto, Mizutani, Ikeda, &
Tanaka, 1988; Ohtani, Ogawa, Kasai, Yang, Yamasaki,
Zhou, & Tanaka, 1992). For example, saponins (196—
200) afforded the common 28-prosapogenin (201) and
different 3-oligosaccharides (202-206) (Fig. 3). In the
structural elucidation of rubicunoside A (207) isolated
from Silene rubicunda we successfully utilized gly-
cyrrhizinic acid hydrolase to obtain its aglycone quillaic
acid (208), 3-oligosaccharides (209-210) and three 28-
prosapogenins (211-213). The last two 28-prosapogenins
(212-213) indicated that the enzyme selectively elim-
inated the terminal xylose and acetyl group, which was a
new characteristic of the hydrolase (Tan, Zhao, Zhou, &
Chen, 1995) (Fig. 3).

4. Newer spectral techniques and characteristics of
NMR data

4.1. MS

Mass spectra were used to establish molecular formulas
and sugar sequences of saponins and their derivatives.
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2
193  glcUA----gal
3
xyl
2
194 glcUA----gal
|3
xyl

195*

R,
2 4 3
fuc----rha----xyl----api(f)
13
gle
H
2 4 3
(o and B ) fuc----rha----xyl----api(f)
13
glc

H,0

(193)

(100 mg)

>(194) + (195)

100°C, 17 hrs

(54mg) (40mg)

Fig. 2. Hydrothermolysis of DS-2 (193) by mere heating with water solution (*indicates 28-oligosaccharides).



182 N. Tan et al. | Phytochemistry 52 (1999) 153-192

R, R, R,
196  glcUA glc CH,
2
197  glcUA----glc gle CH;
) ;
198  glcUA----xyl glc CH;
3
199  glcUA----ara gle CH,
2
200  glcUA---—glc glc CH;
|3
ara
201 H gle CH;
202*  glcUA
2
203*  glcUA----glc
2
204* glcUA----xyl
3
205* glcUA----ara
2
206* glcUA----glc
|3
ara

Fig. 3. Structures of compounds (196-213) (*indicates 3-oligosaccharides).
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2
glcUA----gal
|3
xyl

(B-OH)glcUA----gal

13
xyl

2

2

4 4 3
fuc----rha----xyl----xyl
1213
qui COCH;
|2
COCH,
H

(a-OH)glcUA----gal

|3
xyl

4 4 3
fuc----rha----xyl----xyl
1213
qui COCH;,
12
COCH;,
4 4 3
fuc----rha----xyl----xyl
1213
qui COCH;
4 4
fuc----rha----xyl
1213

qui COCH;
Fig. 3. Continued.

CHO

CHO

CHO

CHO

CHO

183

OH

OH

OH

OH

OH



184 N. Tan et al. | Phytochemistry 52 (1999) 153-192

Usually molecular weights and formulas of this kind of
saponins were taken by fast atom bombardment mass
spectrometry (FAB-MS, negative- or positive-ion mode)
together with some important fragment ions relative to
sequences of sugar chains; they were also measured by
FD-MS; but molecular weights and formulas of their
aglycones were often recorded by EI-MS (Okabe et al.,
1989; Higuchi et al., 1988; Tan et al., 1995; Tan, Zhou,
Zhao, & Chen, 1996). Sometimes their trimethylsilyl ether
(TMSi) derivatives exhibited fragment ions of terminal
sugars (Nie et al., 1984).

4.2. NMR

During the 1990s various 1D- and 2D-NMR tech-
niques have been utilized to determine structures of GOT-
CAB:

(1) Structures of aglycones were elucidated with PMR,
CMR, distortionless enhancement by polarization trans-
fer (DEPT), '"H-'H shift correlation spectroscopy (‘H-
"H COSY or COSY), total correlation spectroscopy
(TOCSY), 'H-detected heteronuclear multiple bond
coherence spectrum (HMBC), 'H nuclear Overhauser
enhancement and exchange spectroscopy (NOESY),
rotating frame nuclear Overhauser enhancement and
exchange spectroscopy (ROESY) (Schroder et al., 1993).

(2) Proton coupling networks of sugar moieties were
indicated with PMR, COSY, TOCSY, one-dimensional
homonuclear ~ Hartmann-Hahn  spectrum  (1D-
HOHAHA), decoupling difference spectrum (DDS); and
their assignments of carbon signals were deduced with
CMR, DEPT, 'H-"“C COSY, 'H-"*C relayed COSY,
'H-detected heteronuclear multiple-Quantum coherence
spectrum (HMQC), DEPT-HMQC, heteronuclear single
quantum coherence spectrum (HSQC) (Lacaille-Dubois
et al., 1993; Fujioka et al., 1992; Miyase, Sutoh, Zhang,
& Ueno, 1996; Nagao et al., 1991; Frechet et al., 1991;
Schroder et al., 1993; Shao et al., 1996).

(3) Sequences and interglycosidic linkages of sugar
moieties, and attached positions of sugar chains to agly-
cones as well as acyl groups to sugar chains were deter-
mined with nuclear Overhauser effect difference spectrum
(NOEDS), rotating-frame Overhauser effect difference
spectrum (ROEDS), NOESY, ROESY, seclective 1D
ROESY, selective 1D NOESY, DDS, HMBC (Lacaille-
Dubois et al., 1993; Fujioka et al., 1992; Nagao et al.,
1991; Nagao et al., 1991; Schroder et al., 1993; Amimoto,
Yoshikawa, & Arihara, 1992; Shao et al., 1996).

4.2.1. ®C NMR characteristics of GOTCAB aglycones
In comparison with data in the references, we selected

the typical data of 18 aglycones and their derivatives

including aglycones of 3-prosapogenins and 28-pro-

sapogenins as well as 3,28-saponins shown in Table 2.
From Table 2 we summarized some CMR characteristics
of GOTCAB aglycones as follows:

(1) Values of 3-glycosylation shifts are about 8.8—
12.8 ppm, i.e. C; 6 values downshift from 71.6-78.4 to
81.8-90.5 ppm. Meantime C, and C, upshift about 0.0—
2.0 ppm, and C,;, C,, downshift about 0.4-3.1 ppm only
when C,—CH; was replaced by CHO, respectively
(Kohda, Tanaka, Yamaoka, & Ohhara, 1991; Shimizu et
al., 1988; Nie et al., 1984; Amimoto et al., 1993; Li, Liu,
Wang, Yang, Nigam, & Misra, 1994; Abe, Yamauchi,
Shibuya, & Kitagawa, 1996; Iwamoto et al., 1985; Tan
et al., 1995; Kohda et al., 1992; Nie et al., 1989; War-
ashima et al., 1991).

(2) Values of 28-glycosylation shifts are about 2.9—
43 ppm, i.e. Cy 6 values upshift from 179.9-181.0 to
175.6-177.6ppm (Kohda et al., 1991; Shimizu et al.,
1988; Nie et al., 1984; Amimoto et al., 1993; Li et al.,
1994; Abe et al., 1996; Iwamoto et al., 1985; Tan et al.,
1995; Kohda et al., 1992; Nie et al., 1989; Warashima et
al., 1991).

(3) When C,;—aCH; was replaced with CHO, C,; and
C, o0 values downshift from 28.0-28.7 to 207.0-210.1,
39.3-39.4 to 54.9-56.3 ppm, respectively. C,, C;, Cs, and
C,, 0 values upshift about 1.1-7.9 ppm; but C, downshift
about 2.0-2.4 ppm (Nie et al., 1984; Iwamoto et al., 1985;
Nie et al., 1989).

(4) When C,;—2CHj; was replaced with COOH, C,; and
C, 0 values downshift from 29.9 to 182.2, 38.8 to 53.6 ppm,
respectively. C;, Cs, and C,, J values upshift about 2.9—
4.3 ppm; but C, downshift about 3.4 ppm (Nie et al., 1984;
Schroder et al., 1993). And when C;,—fCH; was replaced
with COOCH;, C;; and C,, 6 values downshift from 23.6—
23.8 to 176.1-179.5, 30.7-31.0 to 44.0 ppm, respectively.
Cy, C,; and Cy 0 values upshift about 3.0-4.9 ppm, but
C,s and C,, downshift about 0.7-1.6 ppm (Nie et al., 1984;
Kohda et al., 1992).

(5) When C,—fH was replaced with OH, C, ¢ values
downshift from 26.3-28.2 to 69.6-71.5 ppm; and C,, C,;,
C,, and C,; 0 values downshift about 1.2-6.5 ppm (Kohda
et al., 1991; Nie et al., 1984). When C—fH was replaced
with OH, C, 6 values downshift from 17.9-18.0 to 67.6—
67.7ppm; and C,, C,, Cs, C;, C,,, C,5 and C,, 0 values
downshift about 1.0-8.4ppm (Li et al., 1994; Abe et al.,
1996). When C,—aH was replaced with OH, C,, d values
downshift from 23.6-23.8 to 73.9-74.8 ppm; and C,5, C,,,
and C,, J values downshift about 1.7-8.4 ppm (Nie et al.,
1984; Warashina et al., 1991). When C,,—oH was replaced
with OH, C,, ¢ values downshift from 46.2 to 81.2 ppm;
and C,q, Ci5, Cyy and Cs 0 values downshift about 1.5~
5.0 ppm, but C,, and C,, upshift about 4.1-4.4 ppm (Nie
et al., 1984; Amimoto et al., 1993). When C,—fH was
replaced with OH, C,, ¢ values downshift from 33.7-34.2
to 72.2-72.4 ppm; and C,,, C,y, and C,, ¢ values downshift
about 2.2-8.6 ppm, but C,, and Cs, upshift about 3.3—
5.9 ppm (Shimizu et al., 1988; Nie et al., 1984). When
C,;—aCH; was replaced with CH,OH, C,; ¢ values down-
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Table 2
BC-NMR chemical shifts of GOTCAB aglycone moieties in CsDsN
1 b 1 d 2d 3;\ 3b 3c 3d §ae Sbc 5¢ Sd 6d 7b 7d 8;\ 8b 8(1 9af 9b 9d 1 Odg

1 443 443 385 39.0 38.7 39.0 389 384 380 386 38.0 450 388 388 386 385 385 385 388 389 451
2 703 71.0 26.8 28.0 26.7 282 269 27.0 252 27.0 251 679 258 261 277 26.1 261 272 267 268 704
3 834 82.8 89.0 781 892 781 895 71.6 842 71.6 820 84.6 823 &l.&8 733 821 821 79.0 893 893 87.0
4 428 429 444 394 39.6 394 398 562 549 563 549 544 423 436 429 436 43.6 38.7 39.6 39.6 53.6
S 478 476 56.1 559 559 559 56.1 479 487 48.0 48.6 49.6 482 476 48.6 484 484 553 559 56.0 53.1
6 180 179 189 188 185 18.6 185 21.0 204 212 20.6 20.1 182 183 187 184 184 183 185 18.6 219
7 33.0 328 326 328 335 332 332 331 333 325 325 324 329 327 33.0 33.0 329 327 332 334 337
8 399 40.0 399 399 399 40.0 40.2 40.0 399 402 40.1 402 39.8 40.1 40.0 40.1 403 393 397 40.0 4l1.1
9 48.5 485 479 473 472 472 473 476 478 480 478 484 478 482 484 477 477 47.6 48.0 481 495
10 37.0 369 36.7 374 370 375 372 36.1 362 362 362 364 370 370 374 37.1 37.1 371 368 368 374
11 240 239 234 239 238 238 240 238 238 23.6 23.6 233 238 235 242 242 242 234 238 239 229
12 122.8 123.0 1229 122.5 1224 123.1 123.1 122.1 122.1 122.5 122.5 122.8 122.6 123.0 123.4 123.4 1234 123.0 123.3 1233 1234
13 144.7 144.1 144.1 145.1 1452 1444 1445 1448 1447 144.1 144.0 144.1 1448 1443 1449 1449 1444 1424 1435 1435 1447
14 423 422 422 421 421 421 423 422 421 424 422 423 423 423 4211 422 421 417 421 423 431
15 28.2 282 283 362 362 364 364 282 282 285 284 28.1 285 284 284 284 28.0 27.7 283 285 29.0
16 237 233 240 746 748 739 740 238 238 232 23.6 240 239 240 292 292 29.1 244 250 250 242
17 46.6 469 47.0 489 489 49.1 493 465 465 472 472 469 468 471 46.1 46.1 46.5 484 489 490 479
18 42.0 417 41.8 41.5 415 41.0 412 419 42,1 419 419 417 423 418 448 448 446 409 416 416 428
19 46.3 46.1 462 473 473 472 473 464 465 463 46.7 46.1 468 463 812 812 8l1.0 464 47.1 472 473
20 309 30.7 30.8 31.0 31.1 308 31.1 309 309 308 307 307 310 309 357 358 356 361 370 37.1 314
21 342 340 34.0 36.0 362 359 362 342 342 340 341 339 343 341 292 292 290 734 722 724 348
22 324 325 334 336 329 323 32,6 325 325 327 325 325 333 329 33,6 337 331 400 414 41.1 330
23 654 0645 234 28.8 282 288 284 207.0 210.1 207.8 210.0 2062 64.5 644 67.8 0645 0645 281 28.0 28.0 182.2
24 149 149 633 166 170 166 172 9.6 11.1 9.7 100 11.3 137 13.8 130 13.6 13.6 153 155 157 142
25 17.3 172 154 157 156 157 159 157 155 158 157 17.1 16.1 163 158 16.0 16.1 155 165 165 174
26 175 175 174 17.5 17.5 17.1 173 173 172 174 173 176 176 177 175 17.6 17.7 168 172 17.6 18.1
27 262 261 261 272 273 27.0 273 261 261 259 258 26.1 263 263 248 249 247 257 26.1 261 263
28 180.1 176.3 176.5 179.9 180.0 175.6 1759 180.0 180.0 176.4 176.4 176.4 180.2 176.7 181.0 180.9 177.3 176.7 177.2 175.7 177.6
29 332 33.0 332 333 334 332 334 333 333 331 331 331 333 333 289 289 288 289 298 298 335
30 237 23.6 237 247 248 244 247 238 238 23.6 23.6 23.6 239 238 248 249 250 17.0 17.8 17.7 242
OM¢ 51.6  51.7
Ref‘ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

e o1toe oo 124 13t 13 14 144 st st s st et 16t 174 18t 18 184 19
1 389 384 39.0 38.6 450 451 465 464 468 40.8 38.7 382 388 39.0 38.8 38.7 389 387 387 387 444
2 282 264 281 263 715 69.6 712 712 71.0 712 272 252 272 260 281 268 268 28.1 263 263 709
3 78.0 89.1 78.1 89.1 784 905 828 830 830 832 71.8 845 71.7 846 782 89.6 89.1 781 893 893 86.7
4 394 394 393 393 388 388 44.1 440 441 441 564 552 564 552 393 398 444 395 395 395 533
5 558 55.6 558 556 56.0 560 492 492 49.0 49.0 480 48.6 48.0 489 56.0 56.1 562 559 559 559 530
6 18.8 184 188 183 187 185 67.6 67.7 677 679 212 206 21.3 205 189 189 19.1 188 185 185 21.2
7 333 332 332 331 334 331 412 412 414 414 330 329 330 332 332 333 33.6 332 332 332 338
8 398 39.6 399 39.7 400 40.1 393 395 395 39.7 403 403 405 403 40.0 404 402 399 399 399 423
9 48.1 479 48.1 479 48.6 484 488 488 483 484 473 47.1 472 470 473 484 48.1 48.0 48.0 48.0 49.0
10 374 369 374 36.8 374 371 370 369 37.1 370 363 364 363 363 375 372 36.8 370 370 37.0 363
11 238 237 237 23.6 238 234 241 242 242 243 239 239 239 240 241 243 243 238 238 238 246
12 122.5 1227 1229 122.5 123.0 123.3 1233 123.3 123.1 123.5 1222 1222 1223 1223 123.3 123.4 1243 123.5 123.5 1235 1234
13 144.8 144.7 144.1 144.0 1449 144.0 144.2 143.8 144.5 143.9 1453 1453 1445 144.5 1443 144.5 144.7 143.8 1438 143.8 1443
14 42.0 42,0 42,1 419 424 423 429 429 429 429 423 422 423 422 4211 423 4211 420 420 420 423
15 28.3 281 28.1 28.0 283 28.1 283 283 363 363 362 362 360 360 290 29.1 289 288 284 284 36.2
16 23.8 237 237 23.6 240 240 238 234 749 742 747 748 745 744 281 281 29.1 23.6 23.6 236 766
17 46.7 46.6 47.0 46.8 46.7 47.0 467 47.5 49.0 499 49.0 49.0 493 493 46.4 467 46.5 465 465 46.5 498"
18 42.0 42.0 41.7 41.6 42.1 41.7 421 419 416 41.6 41.6 41.6 41.7 417 446 448 446 432 432 432 428
19 46.7 46.6 463 462 46.5 462 468 467 473 472 474 474 475 470 81.0 81.2 81.0 42.5 432 425 477
20 31.0 309 30.8 30.7 31.0 307 31.0 31.0 31.1 31.0 31.1 3.1 308 308 356 357 356 440 440 440 31.1
21 343 342 341 337 343 340 343 343 362 36.1 363 364 363 363 290 293 292 306 312 306 373
22 333 332 325 325 333 326 333 332 329 333 300 300 319 330 332 334 331 340 348 340 314
23 28.7 281 287 28.0 303 299 652 654 653 655 207.3 210.0 207.6 2104 282 284 234 284 284 284 1822
24 16.5 169 165 168 182 185 168 168 168 168 97 11.1 9.8 112 165 168 632 17.1 17.1 17.1 13.6
25 155 153 156 154 167 16.8 19.0 19.1 19.1 192 159 158 160 159 155 157 152 156 156 156 167
26 175 174 175 173 17.5 17.7 185 187 187 189 175 17.6 17.6 17.5 174 178 174 17.5 17.5 17.5 18.0
27 262 26.1 26.1 260 263 261 265 263 275 275 273 273 272 271 247 249 247 262 262 262 273

continued
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Table 2 Continued

332
25.3

28 180.2 180.2 176.3 176.3 180.2 176.4 180.2 176.3 180.1 176.2 180.0 180.2 176.1 176.0 178.7 177.6 177.2 179.9 180.0 177.0 175.8
29 333 332 332 331 333 331 333 332 334 333 334 334 332 332 288 29.0 28.8 284 29.1 284
30 23.8 237 237 236 238 23.6 238 238 249 251 248 249 246 246 249 251 249 1772 179.5 176.1
OMe! 51.7 SL.7™ S1.7™
Ref. 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41

42

Free aglycones. "Aglycones of 3-prosapogenins.
the literature. 'Data measured in CDCl;.

COOH.

and now we changed these data to three digits for being identical.

‘Aglycones of 28-prosapogenins.
£Data measured in CD;0D:C;DsN(3:2).
Tt was 23.3 in the literature (Li et al., 1994), but we corrected it as 33.3 compared with relative data in the literature.
literature (Cuellar et al., 1997), but we added it as 49.8 compared with relative data in the literature (M’Bark et al., 1996).
"t showed C-30 COOMe.

dAglycones of 3,28-saponins.
"Data measured in CD;0D:AcOD.

“The solvent was not indicated in
Tt linked in C-28 or C-30
It was not observed in the
'Original data were four digits,

"Abeetal., 1996. 2>Abeetal., 1996. *Amimotoetal., 1993. *Warashinaetal.,1991. °Warashinaetal.,1991. °Warashinaetal.,1991. 7Warashina
etal., 1991. ®Iwamotoetal., 1985. °Iwamotoetal., 1985. '“Niecetal., 1989. 'Nieetal.,1989. “Kohdaetal., 1991. "“Nicetal., 1989. *Amimoto
et al., 1993. " Amimoto et al., 1993. '® Amimoto et al., 1993. 7 Amimoto et al., 1993. '®Shimizu et al., 1988. ' Shimizu et al., 1988. ?°Shimizu et
al., 1988. ?'Schroder et al., 1993. *Nicet al., 1984. >*Nieetal., 1984. *Nicet al., 1984. *Nieet al., 1984. **Kohda et al., 1991. ?’Kohda et al.,
1991. *Lietal, 1994. *Lietal, 1994. **Lietal, 1994. 3'Lietal., 1994. **Tanetal., 1995. *Tanetal, 1995. **Tanetal, 1995. *Tanetal.,
1995. ** Amimoto et al., 1993. * Amimoto et al., 1993. * Amimoto et al., 1993. *Kohda et al., 1992. “*Kohda et al., 1992. * Kohda et al.,
1992. “*Cuellar et al., 1997.

shift from 28.0-28.1 to 64.4-64.5ppm; and C, o values
downshift about 2.9-4.3 ppm and C;, Cs, C,4 upshift about
3.0-8.0ppm (Nie et al., 1984; Amimoto et al., 1993).
When C,,—fCH; was replaced with CH,OH, C,, J values
downshift from 16.8 to 63.3 ppm; and C, ¢ values down-
shift about 5.1 ppm and C,; upshift about 4.6 ppm (Nie
et al., 1984; Amimoto et al., 1993).

4.2.2. ®C NMR characteristics of GOTCAB
monosaccharide moieties and their derivatives with
different glycosidic and acyl linkages

Up to date monosaccharide moieties in GOTCAB are
different from two to eleven ones including linear and
branched sugar chains, mono- and di- as well as tri-
glycosidic or acyl sugar residues. Common mono-
saccharides include glucuronic acid (glcUA), glucose
(glc), galactose (gal), fucose (fuc), rhamnose (rha), qui-
novose (qui), arabinose (ara), xylose (xyl), and apiose
(api) in structures of this kind of saponins. Comparison
with data in the references we selected the typical data
of monosaccharide moieties mentioned above and their
derivatives with different glycosidic and acyl linkages
shown in Table 3. From Table 3 we summarized their
some CMR characteristics as follows (Lacaille-Dubois et
al., 1993; Fujioka et al., 1992; Fang, Zhou, & Zeng, 1992;
Satoh et al., 1994; Yu, Yu, & Liang, 1994; Nagao et al.,
1993; Nagao et al., 1991; Nagao et al., 1991; Nagao &
Okabe, 1992; Sati, Bahuguna, Uniyal, Sakakibara,
Kaiya, & Nakamura, 1990; Liu, Li, Owen, Grant, Cates,
& Jia, 1995; Frechet et al., 1991; Morita, Nie, Fujino,
Ito, Matsufuji, Kasai, Zhou, Wu, Yata, & Tanaka, 1986;
Nie et al., 1984; Shao et al., 1996; Okabe et al., 1989; Abe
et al., 1996; Lavaud et al., 1996; Paphassarang et al.,
1990; Higuchi et al., 1988; Lacaille-Dubois et al., 1995;
Tan et al., 1995; Tan et al., 1996; Warashina et al., 1991;
Miyase, Kohsaka, & Ueno, 1992; Cuellar et al., 1997):

(1) Glycosylation shift values are approximate 7.2—

9.7 and 3.7-8.5 ppm in mono- and diglycosidic linkages,
respectively.

(2) Esterification shift values are smaller than gly-
cosylation shift values, and about 2.2-3.0 ppm.

(3) After monosaccharides were linked by glycosidic
bonds and acyl groups their § position carbons usually
upshift about 0.2-3.4 ppm.

5. Conclusion

In the structural elucidation of GOTCAB two different
strategies can be applied:

(1) The degradation and integration way: using chemi-
cal and enzymatic methods GOTCAB afford a series
of aglycones, prosapogenins and oligosaccharides. After
determination of these derivative structures by means of
chemical and spectral methods, GOTCAB structures are
finally deduced step by step. Therefore, we have empha-
sises the methodology to obtain genuine aglycones, pro-
sapogenins and oligosaccharides. The following steps are
proposed for the GOTCAB structural elucidation: (1)
Using acid hydrolysis and mild hydrolysis (especially gly-
cyrrhizinic acid hydrolase) genuine aglycones and sugars
are obtained in which aglycones are determined by means
of TLC, NMR, MS. The sugar compositions and
sequences are deduced by PC, GC-MS. (2) By means of
selective cleavages (especially treatment with anhydrous
Lil and 2,6-Lutidine as well as anhydrous methanol, gly-
cyrrhizinic acid hydrolase, partial acid hydrolysis, basic
hydrolysis) 3- and 28-prosapogenins and their oligo-
saccharides are obtained and their structures are eluci-
dated using NMR, MS, methylation-methanolysis. (3)
Finally GOTCAB structures are established after sum-
marizing information obtained as discussed above.

(2) The NMR complete interpretation way: After
identifying sugar moieties, their anomeric configurations,
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2-osidic-f-OMe 3-osidic 2,3-osidic-a-OMe 2,3-osidic-fi-OMe

2-osidic-a-OMe

2-osidic

free

xyl

103.8
79.1

100.0
82.5

106.0
74.8

104.3
78.7

100.5
81.4

101.9
84.3

104.9
75.2

86.0

79.9

87.4

79.0

74.1

77.2

78.5

69.8

69.8

69.2

71.2

71.5

71.0

70.8

66.5

62.7

66.9

67.0

62.7

66.6

67.3

56.1

54.8

56.2

54.9

OMe
Ref.

Nagao et al., 1993¢

Nagao et al., 1991° Nagao et al., 1991° Tan et al., 1995 Nagao et al., 1993°

Lavaud et al., 1996*

Tan et al., 1995°

free

api

111.2

77.7

80.1

N. Tan et al. | Phytochemistry 52 (1999) 153-192

75.0

65.6

Higuchi et al., 1988

Ref.

'Original

°The solvent was not indicated in the literature.

9Data measured in CsDsN-D,0.

‘Data measured in DMSO-d,.

®Data measured in CD;0OD-AcOD.

data were four digits, and now we changed these data to three digits for being identical.

“Data measured in CD;0OD.

sequences, interglycosidic linkages and sites of appended
acyl groups as well as aglycones and attached positions
of glycosidic linkages with 1D- and 2D-NMR techniques,
GOTCAB structures are finally determined non-
destructively. The key of this way is to assign all proton
and carbon signals unambiguously.

Although both strategies are useful to elucidate the
complex structures of GOTCAB, we prefer to assign
unambiguously 'H and '*C NMR chemical shifts of
GOTCAB and their derivatives. We hope that various
homo- and heteronuclear 2D NMR techniques will be
more widely used to the structural elucidation of not only
GOTCAB, but also of other natural products.
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