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STARFISH SAPONINS. 
XXVI". STEROIDAL GLYCOSIDES 
FROM THE STARFISH Poraster superbus (*) 

RAFFAELE RICCIO, MARIA IORIZZI, OLINDA SQUILLACE-GRECO, and LUIGI MINALE ( O )  

DOMINIQUE LAURENT and YVES BARBIN 

Dipartimento di Chimica delle Sostanze Naturali, Università di Napoli, via L Rodinò 22, I-80138 Napoli 

Centre ORSTOM, BP A.5, Not~nzéa (New Caledonia) 

S u m m a v  - Three novel steroidal 2-O-methyl~ylosides, 2, 4, and 5, have been isolated from the 
starfish Poraster superbits. They Co-occur with major amounts of nodososide, 8, a common steroidal 
glycoside from starfishes, the known xyloside 6, two known polyhydroxysteroids, 1 and 3, and one 
new sulphated polyhydrosysteroid, 7. The structures of the new metabolites have been determined 
from spectral data. 

In connection with our investigations of biologi- 
' cally active metabolites from starfishes we have 
examined the polar extracts of the Pacific starfish 
Poraster superbus, collected at North of New 
Caledonia. 

Recently, we described the structures of a 
number of polyhydroxysteroids and glycosidated 
polyhydroxysteroids from starfishes'. In particu- 
lar, we reported the structures of (25S)-5a-chole- 
stane-3P,6a,8,15a,16P,26-hexol, 1, and (25S)-5a-cho- 
lestane-3~,6~~,7a,8,15a,16~,26-heptol, 3, from the 
starfish Protoreaster nodosus2. In this paper we 
report the structures of the corresponding 3-0-2'- 

OH 

1 , R=R'=H 
2,  R = 2 - O - m e t h y l - ~ - D - x y l o p y r a n o s y l  i R'=H 

3 , R = H  ; R'=OH 

41 R.2-0- methyl-0-0-xylopyranosyl  ; R'=OH 

O-methyl-fl-D-xylopyranosides, 2 and 4, along with 
those of the new xyloside 5 and the sulphated 
steroid 7, which were isolated as minor consti- 
tuents of Poraster superbus. These compounds co- 
occur with the genins l and 3 and major amounts 
of nodososide 8, which was firstly isolated from 
Protoreaster nodosus3. The polar extracts of 
Poraster superbus also contain the xyloside 6,  
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which was isolated as 15-sulphated derivative from 
Ecliinaster sepositus4. 

EXPERIMENTAL 

EXTRACTION AND ISOLATION 
The fresh animals (7 kg) collected at North of New Caledonia 

in September 1984, were chopped and soaked in water for 4 
h. The aqueous extracts were centrifuged and passed through 
a column of Amberlite XAD-2 (1 kg). This column was washed 
with water and then with methanol. The methanol extract was 
taken to dryness to give 1.5 g of glassy material, which was 
chromatograplied on a column of Sephadex LH-20 (2.5 X 90 cm) 
using MeOH as eluant. Fractions of 4 ml were collected and 
checked by TLC on Si02 with 80:18:2 CHCldMeOHM20. Frac- 
tions 37-54 (768 mg) contained the mixture of polyhydrox- 
ysteroids and glycosides, which was submitted to droplet 
counter-current chromatography (DCCC; 7: 13:8 CHC1,IMeOHl 
H20 in the ascending mode at a flow of 10 mllh); fractions of 
3.5 ml were collected to give the following fractions: 

Fractions, No. Amounts, mg Compounds 

7-22 90 sulphated material 
2340 115 nodososide 
41-50 33 1 and 3 
51-58 35 2 
59-66 30 2 and 4 
86-96 13 5 
97-120 20 6 

Each of the above groups of fractions was then submitted to 
HPLC on a C18 p-bondpak column (30 cm x 7.8 mm i.d.) with 
7:3 MeOH/H20 (5545 MeOH/H20 for the more polar fractions 
7-22) (flow rate 5 mllmin) to give single compounds. The results 
are summarized in table 1. 

Rotations were taken for solutions in methanol (c ranging 
from 0.3 to 1.0). 

SOLVOLYSIS OF 7 GIVING 7a 
A solution of 7 (3 mg) in dioxane (0.15 ml) and pyridine (0.15 

ml) was heated in a stoppered reaction vial at 120 OC for 4 
h. The residue, which was obtained by evaporation of the 
solvents to dryness under reduced pressure, was purified by 
HPLC on a C18 p-bondpak column (30 cm x 3.8 mm, i.d.1 with 
7:3 MeOH/HzO, to give the desulphated 7a (Rf, TLC on Si02 

ndz 519 @+Na). 
in 60:15:25 ~PBuOHIACOHM~O, 0.87; 7 had l+ 0.65), FAB-MS: 

fjz$TQ&; Fends ~~~~~~~~~~~~~~ 



TI\BLE 1 - POLAR s-rmoivs mohi P. s icpcrbiu (7 kg fresh niaterial) 

FAB-AIS Reterit inri 

(mg) in HPLC' 
Amount timc 

(m in1 
""" hí + H, AI +Na Compound 

1 8 7.2 
2 (nei\)  6 8.8 
3 30 s.0 
4 ineu I h 13.6 
5 (ne14) 9 15.1 
6 3.9 18.8 
7 (new-) 8.7 10.0' 
Nodosobide, 8 88 6.i 

+ 14.0 
+ 10.4 
f 32.0 
+ 3.4 
- 67.1 
- 

+ 4.9 
- 70.0 

61 5 637 

h3 I 653 
617 649 

625 647 
599 62 I 
- 'i@ 

Elunnt 7:3 hleOHIH-O unless otherivisc noted. l h j  E- 
lu;il7t 55:45 htI~OH/H:O. 

MFTHILVOLTSIS OF GLYCOSIDES: SUGAR ANALYSIS 

A solution of each glycosides 2, 4, and 5 (ca. 0.5 mgi in 
anh)-drous methanolic 1 U HCI (0.1 ml) \vas heated at 80 "C 
in a rtoppered reaction \-ia1 for 8 h. After being cooled, the 

Ho-a &OH ' O H  

OH 
HO 

OCH, 
5 

RESULTS AND DISCUSSION 

Fractionation of the aqueous extracts from Porn- 
srer sriper.brr.9 was carried out by using the usual 
procedure (E.rper.iweuraI) to gil e three nelv 
glycosides, 2, 4, and 5 ,  the new sulphated polyhy- 
droxq steroid 7, the known polyhpdrosysteroids 1 
and 3', and the glycosides, nodososide, $', and 
15-desulphated echinasteroside A, 64. Nodososide 
was the major component of the mixture. The 
known compounds were identified by comparison 
with authentic samples. 

An esamination of the spectral data ('H and I3C 
NhlIR) of 2, 4, and 5 indicated that they contained 

mon sugar component among the steroidal 
gljcosides isolated from starfishes' (tables 3 and 

the sanie 2-0-methq-l-~-sylopyr-anosyi unit, a com- s i  

. 
? ?  

T4ALE 2 - F,AB-hlS D4TA OF COMPOUNDS 2, 4, 4ND 5" 

2 4 5 Species 

837 (31 053 (10) 649 (51 [!tf+N3] 
615 (11 631 i81 6.27 1211 [RlfHl  

h " 
( ' i  Relative iiiten5itp in hmchrrs. The 140 m:ì>> unit corre- 

sparid\ t n  the 2-O-rnetli\-lsylose fragment. reaction mixture \vas neutralized with A g C O ; ,  centrifuged 
and the supernatant evaporated to dryness under N:. The 
residue was cdissolv-cd in TRISIL Z (0.03 ml: IV-trimethdsilvl- 
imidazole in p?ridine. Pierce Cheniical CO h left at room 4). Acid methanojjsis of 2, 4, and 5 afforded tile 

sanie methyl 2-0-methqlxqlosides. The results of 
the FAB-mass spectroscop? (FAB-&IS) are show1 in 
table 2. All spectra contained molecular ion species 
in the foi-ni of (ìvl+H) and (M+Na) and major 
fragments corresponding to the loss of the sugar 
residue (146 1n.u.) from Mi-H and sequential loss 
of [vater. Further analysis of the 'H NMR spectra 
of 2 and 4 indicated that the structures of their 
steroid aglqcones were 1 and 3, respectisel?. Final- 
l j ,  the comparison of the "C NMR spectra of 2 
and 4 with those ot their corresponding aglycones 
1 and 3, identified the site of glycosidation to be 
at C(3)  in both conipounds. C(3) is deshielded b\ 
7.3 ppm in both 2 alid 4 relative to 1 alld 3, respec- 
ti\elj, and C(2)  and C(4) are shielded (1.5-1.4 and 

I: 

H o e o  &o 0 

HO OCH, 
p" 

'"Y 
&;; /- 

HO HO I 

* 

- OH 

OH Ho OH i 

7,  R - S O f  Na' 

;a,R:H 

8 

temperature tor 15 min and anal)~.ed hy GLC (15 111 capill,ir\ 
~c~luntrt  SE-30, 1 - l ~  'C ,  h1droft.n carrier, f l o t 4  cjt Iuml/mji; 
Carlo Erba Fractoiap 1Q110) The GLC peahs cn-eluted itith th(j\e 
of A \il}lated standard of meth>l '-C)-nieth\l\iln~ide 

3.1-3.3 ppm), as expected upon glycosidation at 
C(3j5. All the remaining I7C signals are virtuall) 
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identical in the pairs 1-3 and 2-4. 
Continuing now the analysis of the data for 5, 

the FAB-mass spectrum and the DEPT (Distortless 
Enhancement by Polarization Transfer) 13C NMR 
spectrum establish'ed the molecular foimula 
C34H58010. The sugar residue accounts for 
GH1104, leaving C28H4706 for the aglycone moiety. 
13C NMR showed the presence of one carbon- 
carbon double bond (exo-methylene; one quater- 
nary carbon signal at 154.0 and one CH2 signal at ' 
109.2 ppm), confirmed by 'H NMR olefinic signals 
at 6 4.78 bs and 4.87 bs. A 24-methylenecholestane 
with six hydroxyl groups (one primary, four secon- 
daiy and one tertiary; DEPT I3C NMR) was thus 
a reasonable candidate for a structural assign- 
ment. The 'H NMR included two methyl singlets 
at 6 1.15 and 1.20 and only two methyl doublets 
at 6 0.99 (H3-21) and 1.09 (H3-27). The absence of 
the resonance of one methyl group, together with 
the presence of a 2 H AB system at 6 3.65 (dd, 

suggested the presence of a primary hydroxy group 
at C(26). The proton at C(25) in an allylic position 
appeared shifted to 6 2.32 (m). Irradiation of this 
multiplet did indeed collapse the doublet at 6 1.09 
(H3-27) to a singlet and transformed the signals at 
6 3.65 and 3.58 in two doublets. Thus, the 
24-methylene-26-hydroxy side chain structure was 

J , = 1 2  Hz, J ~ , y = 5  Hz) and 3.58 (dd, Js.yz6.5 Hz), 

established. The spectrum displayed four isolated 
signals for the hydroxymethiiie protons of the 
aglycone: a multiplet at 6 3.70 with the complexity 
normally seen for a 30-hydroxy group, an apparent 
quartet at 6 3.91 with J=3 Hz, characteristic for 
an equatorial proton coupled with three other pro- 
tons (60- or 110-hydroxy group), and two doublets 
of doublets at 6 4.02 (J=8 and 2.5 Hz) and 4.17 
(J=11.0 and 2.5 Hz), already seen in the spectra 
of 1-4 and assigned to 16a, 156-dihydroxymethine 
protons. The signal at 19.6 ppm (CH2 by DEPT 
pulse sequence) in the I3C NMR spectrum was 
assigned to C(11), ruling out the possibility of an 
hydroxy group located there. The tertiary hydroxy 
group has been placed at C(8), which is a common 
element in starfish hydroxylated steroids. Two 
doublets of doublets at 6 1.62 (J=15 and 2.5 Hz) 
and 2.46 (J= 15 and 2.5 Hz) coupled to each other 
by 15 Hz and coupled by 2.5 Hz with the 6a-proton 
were assigned to H2-7. The lack of additional 
coupling to the protons with 6 1.62 and 2.46 [C(7)] 
suggested an adjacent quaternary centre [C(8)]. The 
3/3,60,8-trihydroxy pattern has been already found 
in 5-deoxyisonodoso side, (24s )-3 -O-@-O-methyl-P-~- 
xylopyranosyl)-24-O-a-~-arabinofuranosyl-5-a-cho- 
lestane-3/3,6/3,8,15a,24-pentol, minor constituents 
of Aclzanthaster pZunci6, in halityloside F from 
HuZityZe reguluris7 and in attenuatoside S-I from 

TABLE 3 - 'H NMR DATA (CHEMICAL SHIFT, MULTIPLICITY, COUPLING CONSTANTS IN Hz) IN CDsOD 

H at C 1 2" 3 4" 5"  7 7a 

3 3.51, m 3.63, m 3.51, m 3.62, m 3.70, m 3.51, m 3.51, m 

-1 1 11 11 11 

13.5 13.5 15, 1.62, dd, 13.5 13.5 

15 4.08, dd, 2.5, 4.08, dd, 2.5, 4.17, dd, 2.5, 4.17, dd, 2.5, 4.17, dd, 2.5, 4.06", m 4.08, dd, 2.5, 

16 4.01, dd, 2.5, 4.01, dd, 2.5, 4.03, dd, 2.5, 4.03, dd, 2.5, 4.02, dd, 2.5, 4.06", m 4.02, dd, 2.5, 

18 1.15, s 1.15, s 1.15, s 1.15, s 1.15, s 1.14, s 1.15, s 

. 19 1.05, s 1.05, s 1.04, s 1.04, s 1.20, s 1.05, s 1.05, s 

6 3.66, dt, 4.5, 3.66, dt, 4.5, 3.82, m 3.82, m 3.91, q, 3 3.66, dt, 4.5, 3.66, dt, 4.5, 

7 2.43b, dd, 4.2, 2.44', dd, 4.2, 3.82, m 3.82, m 2.46, dd, 2.5, 2.44', dd, 4.2 2.44', dd, 4.2, 

2.5, 15 

11 11 11 11 11 11 

8 8 8 8 8 8 

21 0.96, d, 6.3 0.96, d, 6.3 0.96, d, 6.3 0.96, d, 6.3 0.99, d, 7 0.96, d, 6.7 0.96, d, 6.7 

26 3.46, dd, 6, 3.46, dd, 6, 3.46, dd, 6, 3.46, dd, 6, 3.65, dd, 5, 12 

T 

10.5 10.5 10.5 1.0.5 
3.32, dd, 5, 3.32, dd, 5, 3.32, dd, 5, 3.32, dd, 5, 3.58, dd, 6.5, 0.89, d, 6.2 0.89, d, 6.2 
10.5 10.5 10.5 10.5 12 

27 0.94, d, 6.3 0.94, d, 6.3 0.94, d, 6.3 0.94, d, 6.3 1.09, d, 7, 0.92, d, 6.2 0.92, d, 6.2 

4.78 bs - 4.87 
bs 

29 - - 4.06", m 3.60, m 

C) Sugar proton signals; H-1: 4.44, d, J=7.5 Hz; H-2: 2.84, dd, J=9, 7.5 Hz; H-3: 3.35, t, J=9 Hz; H-4: 3.5 m; Hz-5: 3.16, 
dd, J= 11, 12 Hz - 3.83, dd, J= 12,5 Hz; in the spectrum of 4 the Hr-5 overlaps with the multiplet for H-6. (") The remaining 
7-proton signal is confused in the 6 2.0-1.5 region. c) Overlapping signals. 



TARLE 4 - "C NhlK DATA FOR ('OXIPC)IINIF 1-5  AN^ 7 (AT 62.9 blHz, blppni) in  CDtQD.'. The glucosidation shifts are shown in brackets: 
2 1'5 1 AXD 4 I'S 3 

I 3 :  4 5 -  7 1 !. , !. C 

I 39.6 34.6 39.h 39.4 41.4 39.6 

- 31.5 30.1 I -  1.4) 31.5 311.0 ( -  1.5) 30.3 31.5 
3 72.2 80.1 l t 7 . 9 )  72.3 80.2 (+ï.q 80.4 72.2 
4 32.4 29.3 (-3.1) 32.3 29.1 ( -  3.2, 33.3 32.4 
5 53.7 53.0 44.5 44.5 53.7 
0 67.6 ti7.6 65.9 08.9 74.2 67.7 
i 50.2 76.5 7h.3 45.5 50.1 
8 75.Q 70.0 i l . /  76.') 76.0 
4 57.4 57.4 51.2 51.3 57.3 57.4 

I O  37.8 37.Q 37.8 37.9 30.i; 37.9 
11 19.4 19.4 19.3 19.2 19.6 I Q.4 
I' 43.3 43.3 43.3 43.1 43.2 43.' 
13 45.3 45.4 45.5 45.5 45.4 45.3 
14 h4.5 h4.5 59.6 59.6 @4.0 b4.5 

1 .Y 80.7 Mi.$ 79.3 79.P PI  .u 803 
16 83.n 83. I 52.7 82.7 63.1 82.9 
17 bfl.4 00.7 bl.4 01.4 60.6 6O.h 

18 16,s t0.Q 16.9 1 b.8 1 b.8 16.9 
19 14.2 14.1 13.9 13.8 15.7 14.2 

21 15.4 18.4 16.4 18.3 18.4 18.4 
-- 7 7  37.2 37.' 37.1 37.1 35.6 35.1 
3 24.0 24. i; 24.C) 24.8 32.Q 28.9 
24 35.0 35.0 35.0 35.n 154.0 42.4 

7 

- 
-- 
i /.x -- - 

20 30.6 30.0 3 . b  30.0 30.6 31.1 

25 37.1 37.0 37. I 37.0 43.5 31.1 
26 OH. 5 hS.0 hS.5 65.5 67.6 lY.3 
27 l Ï .4  17.2 17.4 17.3 17.2 19.9 
2s - - - - 109.2 31.8 
29 - - - - - 08.3 

Hmcl in  t ~ ~ ~ c i z ~ ~ ~ r ~  '. In tlie spectrum of 5 the shift 
values for carbons 1-12 and C(l3)  were within k0.1 
ppni \si th thobe reported for 5-deoxyisonodososi- 
de". This established the location of the q los] 1 
residue at C(3)  in 5. Axsignnients of the remaining 
"C NMR signals in 5 ha\e been made by using 
the DEPT technique and the assignnien ts reported 
for compounds 1-4. The common ZOR configuration 
proposed is based on the chemical shift of 32-me- 
thy1 protons'. The stereochemistry at C ( 3 )  in 5 
remains to be established. The absolute confi, wra-  
tion of the sy1os;vl units in 2, 4, 5,  and 6 has not 
been proved. We prefer the common D configura- 
tion, because of the many D ylo4ides isolated h n i  
starfishes '. 

Considering noxv the data for 7, the FAB-mass 
spectrum, :\hich gave molecular ion :,pecies at f i z  z 

621 (IZlfNa) and 599 (&ï+H) and one major frag- 
nient at 11)  : 519 corresponding to loss of  SO? 
from M+H, suggested it to be a sulphated mo- 
lecule. M is the molecular \\eight of the sodium 
salt. The presence of a sulphate group was also 
indicated h j  its polarity and confirmed by solio- 

derivative 7a, FAB-MS, HI;: 519 (Ril+Na). "C NMR 
of 7 sho\ved the absence of carbon-carbon double 
bonds and indicated six carbons bonded to 0x3 gen. 
Thus the MW 496 determined for 7a corresponded 
to a saturated CY sterol \vith six hydrovl groups 
(one primary, four secondar) and one tertiary; 
DEPT ' 'C  Nh4R). Comparison ob 'H- and "C NhlR 
spectral data of 7a (table 3 and 4) with those of 
1 established tlie presence of a 3 $ , 6 a , S , L h  Z6@- 
pentahydroq Tetrac? clic nucleus in the nexi ste- 

- 
lysis in dioxan-p? ridine, affording tlie desulphated "* 

I 

I 
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roid. A 24-&?-hydroxyethyl)side chain, already 
found in several steroidal glycosides from Halityle 
regzt1al.i~~ and Echinaster sepositus4 accounts for 
the remaining data. The 13C NMR spectrum of 7 
and comparison with those of synthetic (24R)- and 
(24S)-24-ethyl-5a-cholest-7-ene-3/3,29-di01'~ esta- 
blished the location of the sulphate residue at C(29) 
and suggested the 24R configuration. In the spectra 
of model 29-hydroxy compounds, C(28) and C(29) 
appeared at 34.3 and 62.1 ppm, respectively. The 
location of the sulphate group at C(29) received 
confirniation froin the comparison of the 'H 
NMR spectra of native 7 and its desulphated 
derivative ?a (table 3). Further, in the spectrum 
of the 24s model compound the 26- and 27-carbons 
appear as very close signals at 19.2 and 19.3 ppm, 
while in the 24R isomer they are split by ca. 1 ppm 
(18.6-19.7 ppm). Our values (19.3 and 19.9 ppm) 
coinpared better with those of the 24R isomer. The 
proton shifts for the C(26)/C(27) methyl groups are 
also sensible to the stereochemistry at C(24); in the 
220 MHz spectrum (CDCl3) of 29-hydroxycliona- 
sterol (i.e. 24R) the 26- and 27-methyl protons ap- 
pear as a triplet because of the coincidental 
overlap of the low-field arm of one doublet (6 0.83) 
with the high field arm of the other (6 0.86), while 
they appear as overlapping doublets at 6 0.84 and 
0.85 in the spectrum of 29-hydroxysitosterol (i.e. 
24s)". In our samples, 7 and 7a, the 26- and 
27-methyl protons appear as doublets separated by 
0.03 ppin as do the 26- and 27-methyl signals in 
the 24R model compound. 
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