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Abstracl: A new asterosaponin. named santiagoside (1). has been isolated from the Antarctic starfish Neosmilaster 

georgianus and. its suucture elucidated on the basis of extensive spe~~oscopic experiments and chemical correlations. 

Santiagoside is the first asteroqxmin possessing a teuasawharide sugar chain and a 1 &disubstituted glucor unit. 

INTRODUCTION 

Fquinoderm saponins are a well established class of marine metabolites with complex StNCttttW of up to sixty 

carbons, and a wide range of biological activities. Apart from a couple of examples from sponges] and gorgonians? 

the only known sources of saponins ate Asteroideae and Holothuridae 3. Though difticult to isolate and purify, in the 

last few years the use of sophisticated separation procedures and powerful spectroscopic techniques has allowed the 

direct study of the structures on the intact compounds. 

The geographic isolation and climatic characteristics of the Antarctic ocean, with low temperatures and high U. 

V. irradiation levels produce living conditions quite different from those of other seas. The adaptation of marine 

organisms to a habitat with different predators and feeding possibilities may reasonably be expected to have led to 

the synthesis of different or modified secondary metabolites. 

As part of our work marine organisms, we describe in this paper the structure of a tetrasaccharide sulphated 

steroid (1. Figure 1) that we have named santiagoside4. It is the first saponin isolated from an Antarctic starfish. We 

used COSY,TOCSY. HMQC and ROESY (Figures 3 and 5) nmr spectroscopy for complete signal assignment and 

structural analysis. Chemical degradation results corroborated the spectroscopic findings. 

The freeze-dried starfish Neosmilaster georgianus was extracted with acetone and the extracts were successively 

partitioned with hexane, dichloromethane and methanol. The methanol extract was partitioned into a mixture of n- 

butanol and water to afford the n-butanol soluble fraction. Polar material was recovered from the butanolic extract 

on a column of Amberlite XAD-2, which was followed by Sephadex LH-20 column chromatography. 

Final isolation was accomplished by DCCC (7:13:8, CHC13/MeOH/H20, ascending mode) and Cta reverse-phase 
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Fig. 1. Santiagoside, 1. 

HPLC (60:40, MeOH/H20) to give pure santiagoside (1). a glassy material fug = -50 (MeOH, c= 1.45 mg/ml) 

which upon treatment with HCl gave a 1:2:1 ratio of D-glucose, D-quinovose and D-fucose (identified by W-MS in 

the form of the peracetates of the corresponding alditols). 

The FAB mass spectrum (positive-ion mode) of 1 showed the molecular species [W+Wl+ at m/z 1142 and 

[(M-H+2Na)]+ at m/z 1164. where M is the molecular weight of 1119 daltons corresponding to the molecular 

formula C5lHs3Nao23S. The fragment observed at m/z 1022, [@l+Na)-NaHSO4lf indicated that santiagoside has a 

sodium sulphated group. The fragments corresponding to the loss of sugars from [(M+Na)]+ were observed at m/z 

996 [(M+Na)-C&l&t]+, 703 [@i+Na)-C1sH31Ot21+ and 525 [(M+Na)-CzaH410181+. 
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Fig. 2. Positive ion FAB mass spectroscopy results for santiagoside (1). 

The difference between the fragments at m/z 703 [(M+Na)-trisaccharide]+ and 525 [(M+Na)-tetrasaccharidel+ 

is 178 amu (C6HtoO6), showing that glucose is the last sugar to be lost in the sequential cleavage of the glycoside 

chain and must thus be directly bonded to the aglycone (m/z 525, Figure 2). Although little further information 

about the sequence can be deduced from these data because of the identical molecular formulae of the other sugar 

components, fucose and quinovose, the absence of peaks corresponding to the loss of two other sugar 

monosaccharides can be taken as an indication that the chain is not linear but branched. 
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The 13C NIX ad DEPT spectra of 1, recorded in pyridine-d5, showed peaks for 51 carbons. It featured four 

quatemary carbons, ten methylenes, twenty-nine methines and eight methyl groups. There was a ketone peak at 

210.4, signals at & 116.3 and 145.7 indicative of a double bond, and a peak at 78.0 ppm typical of a carbon bonded 

to a sulphate group. 

The tH mnr spectrum in the same solvent contained singlet signals for two quatemary methyl groups (0.52 and 

0.85 ppm). two secondary methyls at SH 0.90 and another at 0.98 (J= 7.0 Hz). one olefinic proton at 5.75 ppm and a 

broad muhiplet at 4.85 ppm. The chemical shii of all the signals due to the aglycone coincided with those repotted 

by Minale et al. for the steroidal part of the saponins from Marthasterias glacialis5. As for the signals due to the 

oligosaccharide chain, the tH nmr spectrum clearly shows the presence of five B-anomeric protons appearing as 

doublets (J= 7-8 Hz) in the 4.7-5.2 ppm region. Other significant signals were the tbree doublets at SH 1.45 (d. J= 

6.0 Hz), 1.60 (d. J= 5.7 I-Ix) and 1.82 (d. J= 6.1 I-Ix) due to the methyl groups of D-fucose and D-quinovose, and two 

signals at 4.30 ppm (dd) and 4.46 ppm (dd) corresponding to the 0-methylene protons of D-glucose. The presence 

of these sugars is confii by the 1% nmr spectrum, which has four signals for the anomeric carbons in the 106- 

103 ppm region and a peak at 8~ 62.1 for the CH20H of D-glucose. 

Fig. 3. Interpretation of ROESY data for the aglycone. 

To deduce the sequence of the sugars, the location and stereochemistry of the interglycoside liiges and the 

stereochemistry of the aglycone, we used a combination of COSY, TOCSY. HMQC and ROESY experiments. COSY 

and TOCSY were used first to study the spin systems of the. molecule. Starting from the easily distinguished 

anomeric proton of a particular sugar unit, COSY showed the correlations between successive vicinal spin systems 

until completion of that sugar unit. TOCSYe, is one of the most powerful tools for the structural elucidation of 

glycosides in which the magnetization of one H is transferred sequentially to the next, since it allows the immediate 

determination of networks of mutually coupled protons. In our case, each sugar unit, as shown in Figure 4. 

Having identified all the spin systems of 1, we proceeded to use the results of a direct C-H correlated spectrum 

(HMQC) for the unambiguous assignment of all carbon and proton resonances. This showed the presence in 1 of one 

D-fucose and one D-quinovose unit as unsubstituted glycosides. one D-glucose as a monosubstituted glycoside, and 

another Dquinovose unit as a disubstituted glycoside. The aglycone signals wete studied similarly. All assignments 
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areshowninTable 1. 

The exact sequence of the sugars, their points of attachment and the stereochemistry of the compound were 

solved by mans of RORSY experiments (Figures 3 and 5). The nOe’s between H6 of the. aglycone and HZ’ of 

glucose confirms that ~-D-glucose is bound to C6 of the aglycone. That C4’ of glucose is bound to the anomeric 

carbon of B-Dquinovose 1 may be deduced ftom the &e’s observed between H2” and H4’ and between H2” and 

H2’. Finally, the existence of t&k’s between H3” and Hl”” and between H3” and Hl”’ leads to the conclusion that 

quinovose 1 is bonded to p-Dquinovose 2 and to f&D-fucose. On the basis of the above results, and of an analogous 

analysis of the signals for the aglyco&. the structure of santiagoside is established as 3&O-sulphated&-[B-D- 

fucopyranosyl (14) &D-quinovopyranosyl ((2 --cl) p-D-quinovopyranosyl) (14) fi-D-glucopyranosyl]-Sa- 

cholest-9( 1 l)-en-23-one. 

To confirm the spectroscopic results, and in particular to corroborate the presence of an unusual C4 

substituted glucose, we subjected 1 to the Hakomcni procedure for ohgosaccharidesa, which as expected gave 1,4, 

5-tri-O-acetyl-2. 3. 6-tri-0-methylglucitoh 1. 2, 4, 5-tetra-0-acetyl-3-0-methylquinovitoh 1, 5-di-0-acetyl-2, 3, 4- 

tri-0-methylikcitol and 1, 5-di-0-acetyl-2, 3,4-tri-0-methylquinovitol (identified by GC-MS). Santiagoside is the 

first of the 60-odd known asteror.aponins to have been isolated from a starfish that has a 1-A bond between D- 

glucose and the branching sugar Dquinovose. 

Fig. 4. Selected TOCSY assignments for santiagoside (1). 
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Table 1. IH and 1% nnu Chemical Shifts of santiagoside in CsDjN (298 K). 

CARBON 8C DEPT 8H, mult, J (Hz) CARBON 8C DEPT 8R, mult., J (Hz) 

1 36.7 

2 29.8 

3 78.0 

4 31.0 

5 50.0 

6 80.2 

1 42.0 

8 35.4 

9 145.7 

10 38.2 

11 116.3 

12 41.7 

13 41.2 

14 53.6 

15 25.1 

16 28.5 

17 56.1 

18 11.5 

19 19.1 

20 32.3 

21 19.5 

22 50.7 

23 210.4 

24 52.3 

25 24.4 

26 22.5 

27 22.4 

CH2 ad.40, p1.65 1’ 

CH2 a=2.75, j3=1.90 2’ 

CH 4.85, bm 3’ 

CH2 a=3.40, &1.75 4’ 

CH 1.58 5’ 

CH 3.90 6’ 

CH2 a=1.25. k2.68 

CH 2.00, m 1” 

C 2” 

C 3” 

CH 5.75 4” 

CH2 a=1.88. b2.05. dd 5 ‘* 

C 6” 

CH 2.15 

CH2 a=l.OO, j3=1.65 l”’ 

CH2 a=1.60. B=l.lS 2”’ 

CH2 1.13 3,,, 

CH3 0.56. s 4”’ 

CH3 0.95, s 5”’ 

CH2 2.13 6”’ 

CH3 0.98. d, 7 
CH2 2.05, 2.40, dd 1”” 

C 2”” 

CH2 1.15, 1.60 3”” 

CH 2.15, m 4”” 

CH3 0.90. d 5”” 

cH3 0.90, d 6”” 

105.3 CM 4.71, d, 7.6 

71.7 CH 4.32, &i 

69.3 CH 4.06 

91.0 CH 3.89 

71.8 CH 3.85 

62.1 m2 4.30, dd; 4.46, dd 

103.5 CH 4.93. Q 7.9 

83.3 CH 4.02 

75.3 CH 4.02 

85.0 CH 3.58 

71.4 CH 3.65 

17.5 m3 1.60, d, 5.7 

104.4 CH 4.92, d, 7.9 

73.8 CH 4.02 

74.9 CH 4.08 

72.2 CH 4.02 

77.5 CH 3.87 

16.7 m3 1.45, d. 6.0 

105.8 CH 5.18. d 

76.4 CH 3.95 

77.0 CH 4.05 

75.7 CH 3.89 

73.8 CH 3.70 

18.1 m3 1.82, d, 6.1 

Fig. 5. Interpretation of ROESY data for the oligosaccharide. 
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The asterosaponins are known to play an important role in the defensive mechanism and toxicity of 

equinoderms. It remains to be seen whether other Antarctic starfish saponins present the same structural 

characteristics as 1. and whether they have any precise biological significance. 

EXPERIMENTAL 

General. 

Optical rotation was measured in MeOH in a Perkin-Elmer 141 polaritmter using a sodium lamp operating at 

589 nm. One-dimensional 1H and t3C nmr spectra were recorded in C5DgN at 298 K on a Baker WM-250 

spectrometer at 250 and 60.13 MHZ. HPLC was performed wlth a Waters Model 6000A apparatus equipped with an 

R401 differential refractometer. DCCC was carried out with an Eyela Model 300-S apparatus equipped with 300 

tubes. Fast atom bombardment mass (FAB MS) spectra were obtained on a Kratos MS50 mass spectrometer with a 

Kratos FAB source by dissolving the samples in a 1:l glycerol/thioglycerol matrix with NaCl and KC1 as additives 

and bombarding with Xe atoms of 2-8 kV energy. GC-MS analyses were carried out with a Hewlett-Packard 5890 

mass spectrometer and a Supelco SPTM-2330 capillary column (15m, i. d. 0.25 mm, fii thickness 0.20 pm, carrier 

gas He 1 ml/mitt, 240 “C) using the following experimental conditions: 

a) alditol acetates: Tt= 240 “C maintained for 10 mim b) partially methylated alditol acetates: Tt =80 “C 

maintained for 2 minutes, then 2 “Cumin up to 100 “C. 30 “CAnin up to 170 “C and 4 “C/min up to 240 “C, 

maintained for 10 minutes. 

Two-dimensional nmr experiments. 

All two-dimensional mm measurements were. performed on a Bruker AMX-400 spectrometer with a Bruker 

X-32 computer running the UXNMR software package. Two-dimensional tH-1H COSY spectra (348 x 1K) were 

obtained accumulating 8 scans per tt, with a relaxation delay of 1.5 s; the data were zero-filled to 1024 in Ft and 

subjected to a QSINE transformation and symmetrixed. The t H-1H TOCSY experiments were performed in the 

phase sensitive mode (tppi) using the MELV-17 sequence for mixing; the spectral width (tr) was 5050.50 Hz. 512 

experiments of 8 scans each (relaxation delay 1.5 s, mixing time 23.8 ms) were adquired in 2 K data points and 

subjected to QSINE transformation. The IH-tH ROESY spectra was obtained accumulating 32 scans per tl, with a 

relaxation delay of 1.5 s. and a the mixing time (tm of 1-2 s); the data were zero filled to 512 in Ft, subjected to 

QSINE transformation and symmetrixed. The two-dimensional t H-13C heteronuclear shift correlation (HMQC) 

spectra (512 x 1 K) for directly bonded protons and carbons were obtained by accumulating 8 scans per tl, with a 

relaxation delay of 1.5 s and Jm= 130 Hz. 

Extraction and isolation. 

Neosmilaster georgianus was collected by divers, from a rocky bottom at a depth of 35 m off Greenwich 

island, in the proximity of the Chilean Antarctic base Arturo hat, and was immediately extracted with acetone. 

Specimens have been deposited at the Museo de Historia Natural, Santiago, Chile. The extract was evaporated to 

dryness under reduced pressure. The dry extract (72.5 g) was dissolved in MeOH/HzO (9O:lO). defatted with 

hexane (2 x 200 ml), CC4 (2 x 200 ml) and CHzC12 (2 x 200 ml), and partitioned between n-BuOH and HzO. The 
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n-BuOH extract was concentrated and passed through a column of Amberlite XAD-2 which was then washed with 

water (3 1) and eluted with MeOH (4 1). The methanol eluates were dried under reduced pressure at room 

temperature to give 2.6 g of a glassy material whiih was chromatogmphcd on Sephadex LH-20 (flow rate 60 ml/h) 

using methanol as eluant and TLC monitoring (silica gel,. 12~35. n-BuOH/AcOH/H80) giving five fractions. The 

second fraction contained 0.87 g of glycosides, which were techromatographed by DCCC (ascending mode, 7:13:8, 

CHCl$MeOH&O. flow rate 12 ml/h) intc five fractions. The second fraction (0.23 8) was subjected to repetitive 

reverse phase HPLC cm a 30 cm x 19 mm i d. Cl8 p-Bondapack column, eluting with 6040 MeOH/H80, atfording 

17 mg of santiagoside (1) (retention time 20 min). 

Santiagoside (1): C5&8NaO&. [# = -50 (MeOH, c= 1.45 mg/ml). 1H and 18C nmr see Table 1. FAB-MS 

(positive ion mode; m/z %I): 1164 ([(M-H+2Na)1+,30), 1142 ([(M+Na)]+, lOO), 1022 ([(M+Na)-NaHSO@, 90). 996 

U(M+W-CtimW+. 40). 731 (W+Na)-CWf8oNaO18Sl+. 40), 703 (KM+Na)-C18H3tOt81+, 4% 685 (KM+Na)- 

Ci8H330131+. 38) and 525 ([(M+Na)-C%GL%lOl81+, 22). 

Acid hydrolysis of santiagoside (I). 

Compound 1 (2.9 mg) was refluxed in 2N HCl (1 ml) containing MeOH (1 ml) for 2h. The solution was 

neutralized with Ag&!08, filtered, dried under reduced pressure at room temperature, and partitioned between 

CH2Cl2 and HzO. The sugar fraction was dissolved in MeOH (2 ml), NaBH4 (1 mg) was added, and the mixture was 

stirred at room temperature for 2 h. After addition of AcOH to eliminate excess NaBIQ, the mixture was 

concentrated to dryness under reduced pressure and the resulting alditols were acetylated with Ac80-pyridine (1:1, 

2 ml) by refluxing overnight. The solution was washed with satd. aqueous CuSO4 solution and extracted with 

CH2Cl2, and the alditol acetates were then identified as those of fucosc, glucose and quinovose by GC-MS. 

Permethylation of saponins and preparation of the partially methylated alditol acetates of 

santiagoside (I). 

A solution of 1 (2.3 mg) in anhydrous dimethyl sulphoxide (DMSO) (1 ml) was stirred with dimsyl catbanion 

at 60 “C for 2 h under an Ar atmosphere. The mixture was treated with CH3I (0.25 ml) under ice-cooling and 

stirred at mom temperature for a further 1.5 h in the dark. The reaction mixture was then poured into ice-water 

and extracted with CHC13 (3 x 2 ml). The CHCl3 was washed with satd. aqueous NH&l solution, and then dried 

over Na2SO.q and evaporated under reduced pressure to give the permethylated compounds as an oily residue. A 

solution of the permethylated compounds in MeOH (1 ml) and 2N HCl(1 ml) was stirred at 60 “C for 2 h. After 

cooling, it was neutralized with Ag2C03 and filtered, the solvent was evaporated in vacua, and the resulting residue 

was reduced with NaBH4 at room temperature for 4 h. The reaction was terminated by adding a few drops of acetic 

acid, and the resulting alditols were acetylated and analysed by CC-MS. 
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