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ABSTRACT.-A new sulfated asterosaponin (l), containing the unprecedented (20R,22S)- 
Sa-cholesta-9(1 l), 24(25)-diene-3ß,Ga 20,22-tetraol aglycone, has been isolated from the 
Pacific starfishes Platmastw tiodosus and Pmtawu.ster alceolntm. The sulfate residue is at C-3 and 
the oligosaccharide chain, ß-D-fucopyranosyl(11+2)-ß-D-quinovopyranosyl(l++4) [-ß-D- 
quinovopyranosyl( 11+2)1-ß-D-xylopyranosyl( 1~3)-ß-D-quinovopyranosyl, is at C-6. 

We have reported previously the occurrence of a novel type of steroidal glycoside, 
nodososide, (24S)-24-0-E2-0-methyl-ß-D-xylopyranosyl-( 1~2)-a-L-arabino-furano- 
syl)-5a-cholestane-3ß, 5,6ß,8,15a,24-hexol, along with several polyhydroxylated 
sterols, from the Pacific starfish Protoreaster nodosils L. (order Phanerozonia, family 
Oreasteridae) (1-3). W e  have now examined the more polar components and have iso- 
lated a new sulfated asterosaponin (11, which we named protoreasteroside, along with 
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centrifugation, and passed through a column of Amberlite XAD-2 (1 kg). This column was washed with 
H,O (2 liter) and then hleOH (1.5 liter). The h k O H  eluates were dried on a rotary evaporator to give 2.4 g 
of glassy materia!, which was then chromatognlphed on a column of Sephadex LH-60 (4x80 cm; 100 g) 
using MeOH-H,O (2: 1) as eluent. The flow rate was 30 ml/h. The eluants were collected in 10 ml fractions 
and monitored by tlc on silica precoated glass sheets (hlerck) with n-BuOH-HOAc-H,O ( 12:3:5); detec- 
tion with ceric sulfate/H,S04. 

Fractions 3 1-59 contained the crude saponins (0. 53 g); fractions 60-86 conrained polyhydroxylated 
sterols and nonsulhted steroidal glycosides (1.076 g). Fractionation of the saponins was continued by 
droplet counter-current chromatography (dccc) with z-BuOH-hfe,CO-H,O (3: 1:5) (ascending mode; the 
lower phase was used as stationary phase; the flow rate was 24 mllh; the eluants were collected in 7-ml frac- 
tions and monitored by tlc) to give four main fractions: 80-102 (mg 371, 103-1 12 (mg 18), 113- 125 (mg 
22), and 126- 136 (mg 17). These fractions were then separated by hplc on a C,, p-bondapack column (30 
cmX7.8 m m  i.d.) with MeOH-HZO (9: 11). The flow rate was 5 mlimin. Fractions 80- 102 and 103-1 12 
contained protoreasteroside i l ,  mg 2.71, eluted after 12 min, along with other material with longer reten- 
tion time (ca. 28 min); fractions 113-125 and 126-136 mainly contained thornasteroside A (14.3 mg), 
eluted after 18 min. 

P. nadosus: The saponins were recovered from the MeOH extract of the lyophilized animals (collected 
in March, 198 1, off Noumea, 2 kg dry weight, and identified by the zoologists of Centre ORSTOM where 
a voucher specimen is deposited) from which we also isolated nodososide and polyhydroxylated sterols 
(2,3).  The MeOH extract was washed with 30% MeOH in CHC?,; the CHC13-MeOH extracts were used 
for the isolation of the less polar compounds, and the residue was used for the isolation of the saponins 
through the steps described above to give 19 mg of protoreasteroside (1) along with j 1 mg of thornas- 
teroside A and minor amounts of other materials. 

PHYSICAL DATA OF PROTOREASTEROSIDE (l).-[a)D +3.8" (c 1, hkOH);  Fabms see Figure 2; "c 
nmr see Tables 1 and 3, 'H nmr inCDjOD 6(aglycone) 0.85 (3H, s, 18-H,), 1.02 (3H, s, 19-H,), 1.25 
(3H, s, 21-H,), 1.67 and 1.74 (each 3H,  s, 26- and 27-H,), 4.22 (lH, m, W%=22Hz, 3a-H), 5.28 
( l H ,  t,J=6.5Hz, 25-H),and5.38(1H, broadd,J=5.5 Hz, ll-H);S(sugar) 1.29(6H), 1.32(3H),and 
1.40(3H)(eachd,J=5.2, 6.1, and6.2Hz,  5-CH30fquinovoseandfucose),4.14(1H, dd,J=12and4 
Hz, 5-He ofxylose), 4.42,4.43,4.51, and4.55 (2H)(eachd,J=6.5, 6.3, 7.4, and7.5; anomeric-H's); 
in(2H,)-pyridine80.94(s, 19-H3), 1.10(s, 18-H,), 1.64(s, 2l-H,), 1.45, 1.52, 1.62, and 1.72(eachd, 

J=6.2, 6.3,6.9, and 6.8 Hz, 5-CH, ofquinovose and fucose); sugar analysis: quinovose (3 times), xylose, 
and fucose. 

hfETHANOLYSIS OF GLYCOSIDES 1 AND la, SUGAR ANALYSIs.--hkthanolysis of each glycoside 1 
and la(0.2- 1 mg) and subsequent gc analysis of the silylated sugar compounds was carried out at 140Oon a 
25 mt SE-30 capillary column as previously described (1 1). The identification was based on co-chromatog- 
raphy with standards. 

METHITATION OF (1) FOLLOWED BY METHANOLYSIS, TERM1NALSUGARS.-Protoreasteroside (1) 
( 1 mg) was methylated; the methylated material was methanolgzed and the permethylated sugars analyzed 
by gc as described by Riccio et al. (11). Gc peaks co-eluted with those of methyl 2,3,4-tri-O-methyI 
fucosides and methyl 2,3,4-tri-O-methylquinovosides standards. 

ENZYM~C HYDROLYSIS OF PROTOREASTEROSIDE (l), PROSAPOGENOL (la).-Saponin 1 ( 5  mg) in 
0.5 ml of citrate buffer (pH 4.5) was incubated with 5 mg ofglycosidase mixture of C/h"iir lampas (Sci- 
kagaku Kogyo) at 40" for 3 days. The reaction was followed by tlc on Si gel in N-BUOH-HOAC-H~O 
(12:3:5). After the disappearance of the starting material, the reaction mixture was extracted with t/- 
BuOH. The $2-BUOH layer was evaporated to dryness under reduced pressure to give a residue which was 
purified by hplc C,* p.-bondapack column (30 cmX9 mm i.&), 52% MeOH in H,O, flow rate 6 ml/min, 
refractometer detector, to give the trisaccharide la. 'H nmr 8 (aglycone) 0.85 (s, 18-H,), 1.03 (s, 19-H,), 
1.25 (s, 2 l-H& 1.67 and 1.76 (each s, 26 and 27-H,), 4.20 (m, 3a-H), 5.28 ( t Jz6 .7  Hz, 25-H), and 
5.37 (broad d,J=5.5 Hz, 11-H); 8 (sugar) 1.30 and 1.39 (each d,J=6.2 and 5.9 Hz, 5-CH3 of 
quinovose), 3.92 (dd,J=12 and 4 Hz, 5-He of xylose), 4.42, 4.55, and 4.56 (each d,  Jz7 .5  Hz, 
anomeric-H's); sugar analysis: quinovose (twice) and xylose. 

BIS-ACETONIDE FORMATION FROM 1.-Saponin l ( 2 . 5  mg) in dry h-le,CO (0.5 ml) containing p- 
TsOH ( 3  mg) was stirred at room temperature for 20 h. The mixture w w  neutralized with Baco3,  cen- 
trifuged, and the supernatant evaporated to dryness under reduced pressure to give the corresponding 
20,22 and T-fucosyl-3,4-bis-acetonide, tlc-SiO, in n-BuOH-HOAc-H,O ( 12: j:5) Rf 0.7 ZWJUJ' 0.4 for 
the starting material; 'H nmr in CD,OD, 8 0.78 (s, 18-H,), 1.01 (s, 19-H,;), 1.37 (s, 2 l-H.J, 1.32 and 
1.47 (rach s, O-C(CH,),-O, 20,22-acetonide), and 1.36 and 1.52 (each s, O-C(CH3),-0, T-fucosyl-3,i- 
acetonide); in methyl 3,4-di-O-isopropylidene-D-fucopyranuside, the O-C(CH,),-O singlets are observed 
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23.2 
25.0 
59.6 
12.3 
19.1 
74.1 
26.9 
54.7 

211.9 
53.8 
24.3 
22.5 
22.3 

, 

22.6 
25.3 
55.1 
13.4 
19.2 
76.4 
21.5 
77.8 
29.6 

124.2 
131.8 

17.4 
25.6 

(2). Comparison of these data with the 'H nmr and Fab-ms data for maculatoside (2) 
(10) strongly supported the proposed structure for the new aglycone in 1 as did com- 

in d,-pyridine 

parison of the I3C-nmr spectra (Table 1). 

TABLE 1. Comparison of 'jC-nmr Data for A, 

20,22-acetonidesA 

c - 1  . . . . .  
c-2  . . . . .  
c-3 . . . . .  
c-4 . . . . .  
c-5 . . . . .  
C-6 . . . _ .  
c-7 . . . . .  
c-8 . . . . .  
c-9 . . . . .  
c-10 . . . . . 
c-11 . . . . . 
c-12 . . . . . 
C-13 . . . . . 
C-14 . . . . . 

Saponin 1 . . . . . . . . . . . . . . . . . . 
Cholestane 3ß,20R,22S-triol . . . . . . . . . . 
Cholestane 3ß,20R,22R-triol . . . . . . . . . 
Cholestane 3ß,20S,22S-triol . . . . . . . . . . 
Cholestane 3ß,20S,22R-triol . . . . . . . . . . 

2 

1.64 1.37 (CD,OD) 
1.60 1.34 (CDCI,) 
1.51 1.12 (CDCI,) 
1.32 1.08 (CDCI,) 
1.44 1.32 (CDCI,) 

35.9 
29.3 
78.3 
30.6 
49.2 
SO. 5 
41.3 
35.3 

145.5 
38.2 

116.5 
42.4 
41.5 
53.9 

3 

35.9 
29.2 
78.3 
30.6 
49.2 
80.0 
41.2 
35.4 

145.6 
38.2 

116.6 
42.6 
41.6 
54.0 

ycone Carbons of Maculatoside (2)  (10) and l a s b  

c-15 . . . . 
C-16 . . . . 
c-17 . . . . 
c-18 . . . . 
C-19 . . . . 
c-20 . . . . 
c-21 . . . . 
c-22 . . . . 
C-23 . . . . 
C-24 . . . . 
C-25 . . . . 
C-26 . . . . 
C-27 . . . . 

"The spectrum of 1 was run for solution in +pyridine in the presence offew drops of D,O to improve 

bAssignments of the side chain carbons in 1 were based upon comparison with published spectra of 
the solubility. The spectrum of maculacoside (2) was run in d5-pyridine. 

5a-Cholestane-3ß,20,22-triols (13) and published data on the isooctene side-chain resonances (14). 

The sulfate group is clearly assigned to C-3 by consideration of chemical shift and 
coupling patterns in comparison with 'H-nmr data for related sulfated asterosaponins 
(12), and confirmed by 13C-nmr data (Table 1). 13C nmr similarly established the 
oligosaccharide moiety to be located at C-6. The stereochemistry of the hydroxyl 
groups at C-20 and C-22 was defined by comparison of spectral data of 1 with those Qf 
the four stereoisomers of 5~t-cholestane-3ß,20,22-triol with respect to C-20 and C-22, 
synthesized by Hikino et d. (13). The 13C-nmr spectra of the four stereoisomers are very 
similar, but the carbon-21 occurs at higher field in the spectra of (20R,22R) and 
(20R,22S) triols (2 1.1 and 2 1.9 ppm, respectively) than in the spectra ofthe (20S,22S) 
and (20S,22R) triols (23.S and 24.2 ppm, respectively). Our value of 21.5 ppm com- 
pared well with those of (2OR)-isomers and indicated that the configuration at C-20 is R 
in 1. The configuration 22s was then assigned on the basis of 'H-nmr data (Table 2). 
The C-21 methyl hydrogen signal is displayed at 1.60 ppm in the spectrum (in d5- 
pyridine) of (20R,22S)-triol ( e y t h o  isomer) and at 1.51 ppm in that of (20R,22R)- 
triol, (tbreo isomer). Our value of 1.64 ppm suggested that the configuration at C-22 is 
S in 1. 

This assignment was corroborated by the chemical shift of the C-2 1 methyl hydro- 
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gen signal of the corresponding 20.22-acctcmide. Ow v d u e  of I .i' ppm compared 
well to rhat oft2OR,22Sbtriol (t.i:y/hr.o-isomer methyl tv'rtu r n  the ,ìdj,ìcent alkyl chain), 
6 1.3-1 ppm. which occurs :it lou.er field by 0.22 ppm relative ru that afthe correspond- 
inp tlw~-isnmer t2OR,22R) ( T h l e  21. 

Permethylation nf protoressteroside and methanolysis of the methylxed materi'ì1 
gave permethylated methyl quinovosides and permethylated methyl Cucosides. These 
dat'ì placed one fiicose m d  one quinnvose ,is tlie termincil mnnuscìcch;ìrides and indi- 
c'ìted that the carhohydrate moiety cont ins  one hranching point. The fragmentLiticin 
pittern observed in the Fabms tFigure 2 )  is closely reminiscent of those observed in  
spectr'i of previously isolated astems'iponins ( 6 .  I(.). 15.161 and the triplet &it )II/: -163. 
-&i-. and -43 1 suggests rhc branched s u p r  (sylose) to  Ise Itic,ited cm the s e c i d  nicinos.ic- 
charide starring from the aglycone. 

On enzymiitic hydrolysis with Clwro~~Li  / L ~ ~ u ~ c 7 . f  glycosidase mixture. 1 gave one 
major compound. prosapogeno1 ( la) .  Acid hydrnlysis of l a  yielded quinovose and 
sylcise in che ration '7: I .  The 'H-nnir spectrum conrained mcimeric proton doublets :it 
6 i.5h (3H.J=-.5 Hz) m d  -i.-12 (IH.J='.5 Hz; xylose unit). two 3H doublets 'it 6 
1 ._i0 ~]=f1.0 Hz) and 1 ._i9 ( ]=h Hzj for the methyl protons ofthe quinovose units and 
;idnubledoublet \I= 11.5 and -1.5 H z i x  6 3.92due to 5-Henfsyloseunit. Thcchemi- 
c d  shifts and coupling cnnstmts of these signnls. which nppex ilutside the bulk ofover- 
Iqp ing  res(-in;tnces, are virtucilly superimposable with the correspondins sign,ìls at ha- 
rl-{P-D-quinuvopliranosvl ( 1-7 ~-ß-D-s~.I~ipyr.in',s!-l ( 1-3 j-p-n-quinornp).rnno- 
syl]-3)-hydrosy-2 i-oso-5cu-cholest-9í 1 1 )-en-3P-yl sodium sulhte. pros.tpopeno1 ob- 
t'iincd h i m  maculstoside (21 ( IO). and pre\-iously isol,ited saponins í 151, hy using t h e  
wme glpsid.ise misture. The Icicaricin of the linkage i 1-31 tri tlie quinovose is con- 
firmed hy the :ippe;ir.ince in  the ' Y;-nmr spectruni dl í#'i glycosidated carhon signal 
shifted downfield to 89.8 ppm. The scime sign'il n'lis observed in previc.iusly isol'tted 
rnponins tb, 10,  1 5 )  anJ ,ìssigned to C-3 c-lfquinovose directly att,iched to  the aglycone. 
The remining mvnosacchnrides in  1 ,tre atrxhed 'it C-i  ofthe brmched xylc:,se. .is indi- 
cated h y  the dtswnfield signal 'it 6 i. 16 ~dd,-]= 1 1.0 m d  -1 Hz) 63r the equati)ri.il proton 
at  C-5 c;f'.i +(.)-substituted ~ylopp-cinose ( 15 i "I conf in"  by the signids 'it -8. j  m d  
6-1.2 ppm for C--t m d  C;-5 (-if'ì -M-substiruted sylopyr,incisc í 1 - 1 .  

Furthcr. rhe cippe"ance in the . 'C-nmr spectrum ijf 1 of m e  'ìnomeric carbon S i g -  
níì1 ofrel:ititcly highfield i 8  C IOl.21~~1icl~ineglyc~:isid~itedc,ìrbon s igndat  bC s i . 0  in- 
diintcci the ( 1-21 link'ìge T-fui~iisc-iluinor.cisc. T ~ L I S ,  rhe s.icih~ìride c h i n  ot'thc nc-lvel 
'1steros:ipnnin c m  he defined ,is fi-D-fucripyranosyl t 1 ~ 2 ~ - ß - ~ - c ~ i 1 i n c - i v t . , ~ ~ r , i n o s ) ' l  
( 1-4 i-{ß-D-quinl:is.c-)~?~r.in,~s~l 1-2 i']-P-D-x~lop!-raii(j~~l í 1-3 ,-ß-D-quinovn- 
pyrancssyl. which is identic.tl to that assigned to m.icul"de (9. 1 0 )  .ind 'icantha- 
glyct-)side A [ti). Ctimp;irison of the ' "C-nnir d.ìt.1 fir 1 iind mLtciilmiside (2 )  has con- 
f i r m d  th;ir the s.iccharide ch'tin is idenrial in both compound5 (T'ihlt. 31. In 1 rhe con- 
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figurations of the sugars have not been proved. We prefer the common D-configuration 
'by analogy with the previous saponins. 
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