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Abstract—The structures of two saponins, thyonosides A and B, isolated from the holothurian Thyone aurea collected in Namibia, were
elucidated by 1D and 2D NMR ('H, '3C, '"H-'H COSY, 'H-"H J-resolved, TOCSY, HMQC, HMBC and NOESY). The two compounds
have the same aglycon but different oligosaccharidic chains. Thyonoside A has a 3-O-methyl--D-xylopyranosyl-(1—3)-6-O-sodium
sulphate-(3-D-glucopyranosyl-(1—4)-B3-D-quinovopyranosyl-(1—2)-4-O-sodium sulphate-f3-D-xylopyranosyl chain, and thyonoside B a
3-0-methyl-B-D-xylopyranosyl-(1—4)-3-D-xylopyranosyl-(1—4)-f-D-quinovopyranosyl-(1—2)-4-O-sodium sulphate-f3-D-xylopyranosyl
chain. The holostane-type aglycon features an endocyclic double bond at position 78, a double bond at position 25-26 and a -acetoxy

group at C16.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

More than 100 saponins found in holothurians have been
described to date. Most of them present a sugar chain of up
to six monosaccharide units [principally D-glucose (Glu),
D-xylose (Xyl), D-fucose (Fuc), D-quinovose (Qui), D-3-O-
methylglucose (3-O-Me-Glu), and D-3-O-methylxylose
(3-0-Me-Xyl)] linked to C-3 of the aglycon, which is
usually represented by a triterpene 18(20)-lactone with a
lanostane skeleton (holostane). Another notable feature of
many of the glycosides from marine organisms is the
sulphatation of the aglycon or the sugar moiety. Tradition-
ally, structural studies of saponins have involved hydrolytic
removal of the sugars, which usually results in the
decomposition of the aglycon to give complex mixtures
including many artifacts. The development of high-
resolution NMR techniques in the last two decades, and
more specifically '*C NMR spectroscopy, now permits the
structural studies on intact saponins and avoids the need for
large quantities of material. The advent of modern high-field
two-dimensional (2D) NMR techniques provides an
extremely useful tool for the characterization of complex
molecules since these techniques often allow unambiguous
assignment of most signals observed in conventional
unidimensional 'H and '3C NMR spectra. This paper
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illustrates the use of these 2D-NMR experiments to
determine the structures of the two saponins isolated from
the holothurian Thyone aurea.

2. Results and discussion

Thyonosides A and B were isolated from an alcoholic
extract of the sea cucumber Thyone aurea collected in
Namibia in December 1995. The extract showed interesting
activity against murine tumor cell line, L1210, and herpes
simplex virus type 1, HSV-1. After subsequent chromato-
graphy, the final isolation was accomplished by reverse
phase HPLC and Counter Current Chromatography (CCC).
The structures were elucidated mainly by 500 MHz NMR
analyses including 1D and 2D (‘H-'H COSY, TOCSY,
'H-'H J-resolved, HMQC, HMBC and NOESY)
spectroscopy.

2.1. Aglycon portion

The assignments for the NMR signals associated with the
aglycon moiety (Table 1) show the same aglycon for both
thyonosides A and B. Since the '3C NMR spectra gave
inadequate results, most of the !'3C assignment were
established by HMQC, HMBC, and by comparison with
those of other saponins (frondoside A,! frondogenin,?
eximisoside A3...).

Signals at 145.5 and 119.9 ppm for thyonoside A (145.5 and
120.0 for thyonoside B) in the downfield region, are
indicative of the presence of an endocyclic double bond at
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Table 1. '*C and '"H NMR data and assignments for the aglycon moieties of thyonosides A (1) and B (2) in CsDsN-D,0 9:1

13C NMR in ppm "H NMR in ppm, mult. (J in Hz)

C @ 2) H ¢)) 2)

1 35.5 35.6 las1B 133 m 1.40 m

2 26.4 2028 1.83 m; 2.05 m 1.86 m; 2.07 m

3 88.5 89.0 3a 3.18 dd (3.7, 11.5) 3.22dd (3.5, 11.7)

4 39.0 39.6

5 473 48.0 5a 0.92 m 0.99 t (7.8)

6 22.7 or 20.8* 233 60,68 1.95m 2.00 m

7 119.9 120.0 7 5.63 m 554 m

8 145.5 1455

9 46.5 47.0 98 3.41 bd (14.5) 3.43 bd (14.4)

10 36.1

11 22.6 o118 147 m; 1.72 m 1.51m; 1.76 m

12 31.6 125128 2.07 m; 1.96 m 1.94 m; 2.15 m

13 59.0 59.3

14 47.0 475

15 43.0 432 150 2.56 dd (7.3, 12.5) 2.60 dd (7.3, 12.0)
158 1.67 m 1.74 m

16 74.8 74.8 16 5.88 ddd (7.3, 8.9, 9.0) 5.91 ddd (7.3, 8.7, 9.3)

17 54.2 54.5 17 2.63 d (9.0) 2.61d (9.3)

18 180.0 179.6

19 23.6 24.1 19 1.12s 1.19s

20 85.0 85.0

21 27.8 28.2 21 147 s 1.46 s

22 38.0 38.4 22; 22 232m; 1.82 m 236 m; 1.88 m

23 23; 23 1.45m; 1.35 m 1.50 m

24 37.8 384 24; 24/ 1.93 m 1.96 m

25 145.6 145.8

26 110.6 110.0 26; 26/ 474 b 477b

27 21.7 222 27 1.64's 1.66 s

28 31.8 322 28 1.15s 1.09 s

29 16.7 17.3 29 0.97 s 1.12s

30 28.2 28.7 30 1.16 s 1.25s

31 170.0 170.4 31

32 22.7 or 20.8* 21.5 32 1.99 s 201s

* Assignments may be reversed.

the 7, 8-position (9, 8-double bond feature chemical shifts
around 140 and 130 ppm, whereas 9, 11-double bond
resonate around 150 and 110 ppm). Signals at 145.6 and
110.6 ppm for thyonoside A (145.8 and 110.0 for thyono-
side B) show an another double bond consistent with a
terminal isoprenyl function.*> Two low field resonances at
180.0 and 170.0 ppm for thyonoside A (179.6 and
170.4 ppm for thyonoside B) are assigned to the y-lactone
and acetoxy carbonyl carbons, respectively.

The high field region of the '"H NMR spectrum shows a
pattern characteristic of most holothurins, featuring many
overlapping signals. In this instance, the use of the COSY
experiment allowed the establishment of the connectivities
within the framework and thus permitted the assignment of
the chemical shifts for the overlapping proton signals.

Assignments were confirmed by TOCSY and completed
using 2D-NOESY experiments. Of particular interest, the
presence of two double bonds in the aglycon was confirmed
by: (1) the 1H multiplet at 5.63 ppm (5.54 ppm for
thyonoside B), correlated to H-6 at 1.95 ppm (2.00 ppm
for thyonoside B), which can be attributed to the H-7 vinylic
proton, (2) the strong broad 2H singlet at 4.74 ppm
(4.77 ppm for thyonoside B) correlated to Hj3-27 and
H-24, which can be attributed to exo H-26 methylenic
proton. The presence of an acetoxy group at C-16 was
deduced from the chemical shift of the H-16 signal which
shows coupling signals with H-17, Ha-15 and HB-15 in the
2D-COSY spectrum.

The relative stereochemistry of the aglycon was deduced
using 2D-NOESY experiments (mixing time of 250 ms) for

Figure 1. NOE correlations for the aglycon of thyonoside A (1).
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Table 2. Experimental and calculated vicinal proton coupling constants for
the D-ring protons of thyonosides A and B

Thyonoside A Thyonoside B Frondoside A*

H-H Jexp. Jexp. Jexp. Jeare”  Dihedral angle
(deg.)

150 16a 7.32 7.33 74 8.0 32

15 16a 8.92 8.75 86 9.0 155

16a 17a 9.03 9.28 90 9.2 345

16B 17a L5 110

158 16 6.0 32

150 16 1.2 270

4 Ref. 1.

® Calculated assuming a distorted envelope conformation.

NOEs and 2D-'H-'H J-resolved experiments for coupling
constants (Fig. 1 and Table 2). The orientation of the
hydroxyl function at C-3 proved to be B-equatorial from the
large coupling constant (J=11.5 Hz for thyonoside A and
J=11.7 Hz for thyonoside B) due to H-3« (axial) and H-23
(axial). Strong NOEs between H-3a and H3-30, and
between H-3a and H-5a (even between Hs-30 and H-5a
for thyonoside B) indicate the a position of the C-30 methyl
group and H-5. Strong NOEs between H-23 and H3-29,
H-2p and H3-19, and between H3-29 and Hs-19, indicate the
1,3-axial orientation of these methyl groups. These suggest
that the A/B ring has a trans junction. The H-9B
configuration was confirmed by: (1) the presence of a
broad doublet at 3.41 ppm for thyonoside A and 3.43 ppm
for thyonoside B, the downfield shift of which have been
previously attributed to the anisotropic effect of the
~y-lactone carbonyl® and (2) a strong NOE between H-98
and H3-19. NOEs observed between H-98 and H-123 and
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between H-12a and H3-28 indicate the a-position of the
C-28 methyl group. This methyl group is also correlated via
NOEs with H-7, H-15a, H-16«, H-17«. These data show
that the C/D-ring has a frans junction and the D/E-ring a cis
junction. The « configuration of the Hs-21 group was
determined by the observation of a NOE between the H3-21
singlet and H-17a. The 3 configuration of the C-16 acetoxy
group was deduced from the NOE mentioned between
H;-28 and H-16¢, and from coupling constants for the four-
proton system 2H-15/H-16/H-17. Comparisons between our
values and the calculated coupling constants for the D-ring
protons of frondoside A!, support the B configuration for the
C-16 acetoxy group (Table 2).

The aglycon appears to be the same as that in neothyonidio-
side C7 from Neothyone magnum, in cucumarioside Ag-28
from Cucumaria japonica, in lefevreioside D° from
Cucumaria lefevrei and in cucumarioside G;'° from
Eupenctata fraudatrix.

2.2. Oligosaccharide chain

The nature of the sugar units, the oligosaccharide sequence,
and the position of interglycosidic linkages were determined
using a combination of 'H-'H COSY, TOCSY, 'H-'H
J-resolved, '3C—'H correlations and NOESY experiments.
The carbon and proton chemical shift assignments, and
coupling constant values are summarized in Table 3.

Firstly, the proton and carbon resonances corresponding to
the sugar part of the molecule suggested the presence of four
monosaccharide units for both saponins. This conclusion is
clearly indicated by signals for four anomeric carbons at

Table 3. '>C and 'H NMR data and assignments for the oligosaccharide subunits of thyonosides A (1) and B (2) in CsDsN-D,0 9:1

Sugars

13C NMR in ppm

(€]

@

"H NMR in ppm, mult. (J in Hz)

1) )

104.6
82.0
74.3
753
64.0

Xyl-4-OSO3;Na

[ S S

104.3
753
743
87.0
71.0
17.4

104.2
74.6"
85.7
69.2
74.6

Qui

Glu-6-OSO3Na or Xyl

N WD~ AW —

=)}

67.3

3-0O-Me-Xyl 105.4
73.6"
87.0
69.3
66.4

[ SO S

OMe 60.3

105.0
84.0
75.5
75.0
64.2

105.5
73.8
68.8
86.1
71.8
17.9

105.5
75.5
75.5
86.6
66.5

106.0
74.5
87.8
70.2
67.1

60.7

4.65d (7.1) 4.69d (7.3)

3.83dd (7.1, 8.7)
4.23 dd (8.7, 8.7)
5.07 ddd (5.5, 8.7, 9.6)
4.68 m

3.68 dd (9.6, 11.8)
4.79d (7.8)

3.89 dd (7.8, 9.9)
3.98 dd (8.4, 9.9)
3.37 dd (8.4, 9.5)
3.55dd (5.9, 9.5)
1.57d (5.9)

4.73d (7.8)

3.86 dd (7.8, 10.4)
4.13 dd (10.4, 10.4)
3.73 dd (8.7, 10.4)
4.15 m

5.10 m

470 m

5.19d (7.8)

3.85dd (7.8,9.2)
3.55dd (8.8,9.2)

4.02 ddd (5.6, 8.8, 10.6)
4.15dd (5.6, 11.2)
3.55dd (10.6, 11.2)
381s

3.98 dd (7.3, 9.0)
4.32 dd (9.0, 9.0)
5.12m

4.82 dd (5.1, 11.5)
3.72dd (9.7, 11.5)
5.09d (7.6)

3.99 dd (7.6, 9.5)
4.02 dd (9.5, 8.9)
3.63 dd (8.9, 8.9)
3.74 dd (5.9, 8.9)
1.71 d (5.9)
4.85d(7.6)

3.98 dd (7.6, 9.0)
4.12 dd (9.0, 9.0)
4.04 ddd (5.6, 9.0, 10.6)
4.19 dd (5.6, 11.5)
3.65 dd (10.6, 11.5)

5.25d (8.0)

3.94 dd (8.0, 8.9)

3.60 dd (8.9, 8.9)

4.08 ddd (5.7, 8.9, 10.4)
4.20dd (5.7, 11.6)

3.61 dd (10.4, 11.6)
3.84s

# Assignment may be reversed in the vertical column.
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105.4, 104.6, 104.3, 104.2 ppm for thyonoside A (106.0,
105.5, 105.5, 105.0 ppm for thyonoside B) and four
anomeric protons at 5.19, 4.79, 4.73, 4.65 ppm for thyono-
side A (5.25, 5.09, 4.85, 4.69 ppm for thyonoside B). All
anomeric protons resonate as doublets with coupling
constants between 7 and 8 Hz, indicating a 3 stereochem-
istry of the glycoside bond. Furthermore, the 104—106 ppm
range of the anomeric carbon signals is indicative of a 3
configuration.!"!2 A doublet at 1.57 ppm (J=5.9 Hz, 3H)
for thyonoside A (1.71 ppm, J=5.9 Hz, 3H for thyonoside
B), and a singlet at 3.81 ppm (s, 3H) for thyonoside A
(3.84 ppm, s, 3H for thyonoside B) in both 'H spectra are
ascribable to a 6-deoxy sugar and an O-methyl sugar,
respectively. The '"H-'"H COSY and TOCSY-NMR spectra
allowed the identification of the separate carbohydrate ring
spin systems. NOESY-NMR spectra (f,,;x=250 ms) were
used to define completely the relative stereochemistry of
each carbohydrate unit with 'H—"H J-resolved for coupling
constants. Coupling constants in the 8—9 Hz range are
indicative of axial—axial coupling'3!# for proton 23, 3—4,
4-5. For xylose units, a coupling constant of 5—6 Hz can be
observed between H-4 axial and H-5 equatorial protons.'34
The four sugars for thyonoside A appear to be xylose-4-
sulphate, quinovose, glucose-6-sulphate and 3-O-methyl-
xylose; the sugars in thyonoside B are xylose-4-sulphate,
quinovose, xylose and 3-O-methylxylose.

The sequence of the oligosaccharide chains was deduced
from the NOESY and HMBC experiments (Fig. 2). The
position of the interglycosidic linkages was determined by
comparing the carbon chemical shifts observed with those
of the corresponding methyl glycopyranoside!>'® and
taking into account the downfield shift resulting from
glycosidation. The Xyl-4-OSO3;Na subunit of thyonoside A
must be linked to the aglycon at C-3 due to the strong NOE
and the HMBC correlation observed between H-1 of Xyl-4-
OSO;Na and the H-3a proton or C-3 carbon of the aglycon.
The interglycosidic position of attachment of Xyl-4-
OSO;Na is assigned to C-2 based on the significant
downfield shift (A6=82.0—74.6=7.4 ppm difference from

0]

NaO,;SO 0
Xy+4-OSOzNa HO
w SV

OH

the corresponding methyl glycopyranoside).'® This residue
appears to be linked to Qui, according to the NOE observed
between H-1 of Qui and H-2 of Xyl-4-OSOs;Na. Another
important downfield shift (A§=75.3—70.9=4.4 ppm),
observed at C-4 of Xyl-4-OSO3Na is attributed to the
presence of a sulphate group at that position. This shift
cannot be the consequence of a glycosidic linkage since
no inter-residue NOE involving H-4 of Xyl-4-OSO;Na
is observed. The presence of an inter-residue NOE
between H-1 of Glu-6-OSOs;Na and H-4 of Qui, as well
as a large glycosidation shift on C-4 of Qui
(A6=87.0—73.8=13.2 ppm) suggest that Glu-6-OSO;Na
is B1-4 linked to Qui. A distinctive downfield shift for the
C-6 of Glu-6-OSO3Na (67.0 instead of 60—62 ppm),
indicates the C-6 attachment of the sulphate group.'>!?
The absence of any !3C glycosidation shift for 3-O-Me-Xyl
(except the one due to the methylation on C-3 hydroxyl
function and identified by HMBC and NOESY), suggests
that this residue must be the terminal unit. A NOE
between H-1 of 3-O-Me-Xyl and H-3 of Glu-6-OSO3Na,
and the downfield shift of C-3 of Glu-6-OSO3;Na
(A6=85.7—78.3=7.4 ppm) confirmed that 3-O-Me-Xyl is
B1-3 linked to Glu-6-OSOs;Na. The glycoside sequence is
supported by the following HMBC correlations: H-1 of Qui
with C-2 of Xyl-4-OSO3;Na, H-1 of Glu-6-OSO3;Na with
C-4 of Qui, H-1 of 3-O-Me-Xyl with C-3 of Glu-6-OSO;Na.

Therefore, based on the above results and the HRFAB data
(see Section 3), thyonoside A possesses structure 1; that is,
163-acetoxy-3p-0-{3-0O-methyl-B-D-xylopyranosyl-
(1—3)-6-0-sodium sulphate-[3-D-glucopyranosyl-(1—4)-3-
D-quinovopyranosyl-(1—2)-4-0-sodium sulphate-3-D-
xylopyranosyl}-holosta-7(8),25(26)-diene, assuming that
each monosaccharide belongs to the D series.

The difference between thyonosides A and B resides not
only in one glycosidic residue, Xyl instead of Glu-6-
OSO;Na, but also in the linkage between 3-O-Me-Xyl and
Xyl which is 31-4 according to the downfield shift of C-4
of Xyl. The absence of a strong NOE between these two

NaO,SO

HO Q

(1)R= HsCO OH

OH
3-O-Me-Xyl Glu-6-OSO3Na

o)

HO Q
@)R= chmgmo

OH OH

3-O-Me-Xyl Xyl
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3 HMBC

- n0e

Figure 2. NOE and HMBC correlations for the oligosaccharide chain of thyonoside A (1).

residues and a HMBC correlation between H-1 of 3-O-Me-
Xyl and C-4 of Xyl establishes the linkage position.
Otherwise, similar correlations and glycosidation shifts are
observed for this saponin. Hence, thyonoside B possesses
structure 2; that is, 16B-acetoxy-3p-0-{3-O-methyl-B-D-
xylopyranosyl-(1—4)-B-D-xylopyranosyl-(1—4)-3-D-
quinovopyranosyl-(1—2)-4-O-sodium sulphate-f3-D-xylo-
pyranosyl }-holosta-7(8), 25(26)-diene.

The extensive use of 'H and '3C NMR techniques led us to
the structure determination of two new saponins, thyono-
sides A and B, isolated from Thyone aurea. They possess a
classical holostane-type aglycon which has been found
previously in neothyonidioside C,” cucumarioside Ay-2,
lefevreioside D,” and in cucumarioside G,.!° Differences
between thyonosides A and B and these known saponins
appear in the oligosaccharide chain, principally due to the
combination of the two final sugars: glucose-6-sulphate and
3-O-methylxylose, or xylose and 3-O-methylxylose.

3. Experimental
3.1. General methods

High resolution FAB mass experiments were recorded on a
VG 70-4SE mass spectrometer. NMR spectra were obtained
on a Varian 5S00NB spectrometer at 300 K using 5 mg of
thyonoside A and 7 mg of thyonoside B in 0.75 mL of
pyridine-ds plus one drop of D,O. '3C Experiments were
run on a Varian 500 MHz. HPLC was carried out on a
Econosil Cg (10 pwm) column (10X250 mm) at 1 mL/min,
UV detection at 210 nm. CCC separations were performed
under 150 psi at 12 mL/min.

3.2. Extraction and purification

The specimen of the sea cucumber Thyone aurea was
collected in Namibia. Extraction of 70 g of material with a
mixture of methanol—acetone 5:5 gave 3.43 g of dry extract.
This crude extract was partitioned between hexane, then
chloroform, and a mixture of methanol—water, then
between butanol and water. The alcoholic fraction
(590 mg) showed interesting activities against 11210 cells
and HSV-1. This part of the extract was submitted to silica

gel chromatographies (eluent CH,Cl, to MeOH) to give
115 mg of a glycoside mixture. After a first purification on
HPLC reversed-phase (eluent CH;CN-H,O 5:5), a final
purification was performed using CCC with CHCl;-
MeOH-H,0-iPrOH-EtOH (9:6:8:1:8) as solvent, upper
phase as mobile phase. Pure thyonoside A (6.2 mg) and pure
thyonoside B (8.0 mg) were collected as white amorphous
powders. The molecular formula of thyonoside A was
determined as CssHg40,3S,Na; by pseudo-molecular ion at
m/z 1325.4260 [M+Na]™ in the HRFABMS (positive ion
mode), calcd for Cs5HgyO,5S,Naz 1325.428366. Fragment
ion peaks at m/z 1223.5 [M—SO3;Na+Na+H]*, and 1121.6
[M—2SO3;Na+Na+2H]" indicate the presence of two
sulphate groups in the glycoside. The molecular formula
of thyonoside B was determined as Cs4Hg30,4SNa by
pseudo-molecular ion at m/z 1193.4766 [M+Na]* in the
HRFABMS (positive ion mode), calcd for Cs4Hg30,4SNa,
1193.479041. Fragment ion peaks at m/z 1091.6 [M—SO;-
Na+Na-+H]* indicate the presence of one sulphate group in
the glycoside.
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