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STARFISH SAPONINS, XXXI. NOVEL POLYHYDROXYSTEROIDS 
AND STEROIDAL GLYCOSIDES FROM THE STARFISH 
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ABSTRACT.-Three novel steroidal glycosides 16, 7, 101 together with three novel poly- 
hydroxysteroids 12, 3, and 41 have been isolated from the Mediterranean starfish Sphaerodit~~~ 
placenta. These compounds co-occur with three known glycosides and one known polyhydroxy- 
steroid. The stmctures of the new metabolites were determined from spectral data and simple 
chemical transformations. 

The red-yellow starfish, Sphaerodiscus placenta Muller-Troshel, was collected in the 
Gulf of Policastro near Palinuro. Extraction and fractionation of the aqueous extracts 
followed the steps described previously (1). In this paper we propose structures for new 
metabolites, the polyhydroxysteroids 2, 3, and 4, and the glycosides 22-dehyd- 
rohalityloside E 161, 22-dehydrohalityloside D 171, and placentoside A [lo}. The ex- 
tracts also contained glycoside constituents, halitylosides A @}, B 181, and E [5 ] ,  re- 
cently reported from the starfish Hafityfe regularis (2), and one polyhydroxysteroid con- 
stituent, previously isolated from the starfish Hacefia attenuata (3). 

POLYHYDROXYSTEROIDS.-~he two major components are the 24-methylene- 
steroids 3 and 4, accompanied by minor amounts of their C,, analogs, 1 and 2. 

In the eims of 3 ([a}~= 4-28.1') the highest peak (m/z 449) corresponded to loss of 
a methyl from the molecular formula C28H4805, which was determined by l3C-nmr 
and DEPT measurements. The comparison of the 'H- and l3C-nmr spectra (Experi- 
mental Table 1) of 3 with those of the known 1 (3) immediately suggested that 3 is re- 
lated to 1 by introduction of an exomethylene at C-24.  

The 'H-nmr spectrum included two 1H olefinic signals at 6 4.78 (broad s) and 4.85 
(broad s), and the signals for 25-H, 26-H2, and 27-H3 shifted downfield to 6 2.33 (m), 
3.60 (dd,J= 12, 5 Hz), 3.55 (dd,J= 12,6.5 Hz), and l.lO(d,J=7 Ht), respectively. 
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'For Part XXX, see Riccio et J. (9). 
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Irradiation of the multiplet at 6 2.33 (25-H) caused collapse of the doublet at 6 1.10 
(27-H,) to a singlet, simplified the hydroxymethylene signals into two doublets (J= 12 
Hz), and also sharpened the exomethylene broad singlets at 6 4.78 and 4.85 ppm. 

The ',C-nrnr signals (Table 1) for the side chain carbons were assigned based on the 
data that have been published for cycloeucalenol (30-nor-24-methylenecycloartenol) 
(4) and the expected effects upon introduction of an hydroxyl group at C-26. The com- 
mon 20R configuration proposed for 3 is based on the chemical shift of the C-2 1 methyl 
protons (5). The 25R configuration is based on the cd data of the derived 24-keto-pen- 
taacetate 3a. The positive Cotton effect of the cd curve of 3a ( A ~ ~ ~ ~ = + 0 . 0 7 7 )  
suggested S configuration at C-25 (6,7) and, accordingly, R configuration for the natu- 
ral 3 (Note: The specification of the configuration changes on going from 3a to 3 ac- 
cording to Chan, Ingold, and Prelog). We note that the 25s configuration was assigned 
to the non-alkylated, at C-24, 26-hydroxysteroids isolated from the starfish Protmtmter 
nodosus (8), Luidia maculata,2 and Coscznasterias tenuispina (9). The same 25s configura- 
tion has been also established for the new steroid 2 (see below). 

TABLE 1 .  13C-nmr Data for the Steroiol Carbons of Compounds 3,  4 ,  10 (in ppm) 

3 

39.9 
32.3 
72 .5  
36.4 

7 2 . 6  
40.8 
3 1 . 3  
5 5 . 9  
36.7 
21.9 
4 2 . 0  
44 .8  
61 .4  

Carbon 

39.7 
26.2 
73 .7  
69.1 
57.4 
64 .8  

7 7 . 4  
58.5 
38.2 
19.2 
43.3 
44.4 
63 .0  

a 

I Compounds 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

85.1 
83.1 
59.9 
1 5 . 1  
16.2 
30.9 
18.6 
35.9 
32.9 

154.0 
43.6 
67 .6  
17.2 

109.2 

4 

81.0 
83 .1  
60 .6  
16.8 
15.8 
30.6 
18.4 
35.6 
32.9 

154.0 
43.5 
67.6 
17.2 

109.2 

41.4 
31.7 
72 .5  
36.4 

7 4 . 2  
45 .5  
7 6 . 9  
57.3 
36.7 
19.7 
43.3 
45.4 
64.0 

a 

Compounds 

3 1 4  10 

7 1 . 1  
43.4 
57 .8  
16.6 
16.9 
40.8 
21.2 

137.1 
134.5 
34.5 
38.2 
68 .8  

"Signals under solvent signals: (ca. 50 pprn). 

Compound 4 ([a]~= + 1 1.7') is related to 3 by introduction of an extra hydroxyl 
group at C-8, which is a common feature among polyhydroxysteroids from starfish. in 
the eims the highest peak was seen at m/z 465 (M+-Me). In the 'H-nmr spectrum the 
signals for the C- 18 and C- 19 angular methyl protons and the hydroxymethine proton 
at C-15) were seen shifted downfield by 0.19 ppm to 6 1.15,O. 12 ppm to 6 1.20, and 
by 0.37 ppm to 6 4.17, respectively. The 'H-nmr spectrum of 4 also contained 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 6 a-proton which were assigned 
to H2-7. The lack of additional coupling to the protons with 6 1.62 and 2.46 (C-7) con- 
firmed an adjacent quaternary center (C-8). 

The most significant features of the 13C-nmr spectrum (Table 1) of 4 ,  which 
suggested the location of the tert-hydroxyl group at C-8 (76.9 ppm, -C-),  were the up- 
field shifts (y-effect) exhibited by C- 11 (2.2 ppm) and C- 15 (4.1 ppm) and the down- 
field shifts (p-effect) experienced by C-7 (4.7 ppm), C-9 (1.4 pprn), and C-14 (3.6 

'Unpublished results 
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Xylose . . . . . . 
2-0-Me-xylose . . 

c- 1 c - 2  c-3 C-4 c-5 OCH3 

- 103.6 81.4 76.9 71.1 66.4 - 
104.4 84.8 71.8 71.4 66.5 60.8 

EXPERIMENTAL 
INSTRUMENTAL-~H- and '3C-nmr spectra were recorded on a Bruker WM-250 instrument. The 
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10 

80- 100 
101-110 
11 1-150 
151-176 
177-225 
226-27 1 

31 
19 
40 
27 
42 
23 

l0+8+9 
8+9 

2 
1, 4 
3, 4 ,  7 
3, 5, 6 
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Each of the above fractions were then submitted to hplc on a C,, p-bondapack column (30 cm X 7.8 
mm i.d.) with MeOH-H,O (7:3) (flow rate 5 ml/min-') to give single compounds: 5 a-Cholerfane- 
38,68,15a,168,26-pentol [l],  1.6 mg, retention time (rt) in hplc 18 min, spectral data in Minale et ai. 
(3). (25S)-5a-Cbolertanc-3~,6~,8,15a,I6~,26-hexol[2], 2.7 mg, rt 13.5, min; eims m/z 450 (80% M- 
H,O), 432 (loo), 414 (w), 396 (40); 'H nmr 6 0.94 and 0.96 (each 3H d, 6.5, 6.5, H3-21, 27), 1.15 
(3H, S, H,-18), 1.20(3H,s, H,-19), 2.46(1H,dd, 15, 2.5,H-7), 3.43(1H,m,H-3a), 3.49(1H,dd, 
12, 7.5, H-26; the signal for the remaining H-26 hidden by the solvent), 3.89 ( lH ,  broads, H-ba), 4.02 
( l H , d d , 7 . 5 ,  2 .5 ,H- lba) ,4 .17(1H,dd ,  11.2, 7.5,H-lS~).Compound2(lmg)wastreatedwith 
freshly distilled (+)-methoxytrifluoromethylphenylacetate (MPTA) chloride (3 liters) in 0.1 ml dry 
pyridine at mom temperature for 3 h. After solvent removal, the product was eluted through a Pasteur 
pipet filled with a slurry of Si gel in CHCI, to give (+)-MPTA triester; 'H nmr, 6 4.16 (2H, d, 6 Hz, H,- 
26). (25R)-24-Mctbyl-5a-cholest-24(28)-en-3~,6~, 15a, 16B,26-pentol [3], 14.5 mg, rt 14 min; 
[a)D+28.lo (c= 1, MeOH); eims d z  449 (44%, M+-CH3), 446 (30, M+-H,O), 431 (loo), 413 (90). 
395 (100); 'H nmr 6 0.96 (3H, s, H3-18), 1.02 (3H, d, 7, H3-2 l), 1.08 (3H, S, H3- 1 9 ,  1.10 (3H, d, 7, 
H3-27), 2.33 ( lH,  m, H-25), 3.60 (3H, m, H-3a and H2-26), 3.79 ( lH ,  brads ,  H-6a), 4.02 (IH,  dd, 
7.5, 2.5, H-lba), 4.78 and 4.85 (each 1 H broad s, H,-28); I3C nmr in Table 1. (2SR)-24-Methyl-Sa- 
cholest-24(28)-en-3~,6~,8,I5a.16~,26-hexol(4], 25.7 mg, IT 14.5 min; ( a ) ~ +  11.7"(~=0.5,  MeOH); 
e imsdz465 (12%, M+-CH,), 447(30), 429(50), 411 (100); 'H nmr60.99(3H, d, 7, H3-21), 1.09 
(3H, d, 7, H3-27). 1.15 (3H, s, H3-18), 1.20 (3H, s, H3-19), 2.33 (1H, m, H-25), 2.46 (1H, dd, 15, 
2.5, H-7), 3.62 (3H, m, H-3a and H2-26), 3.89 (1H broad s, H-ba), 4.02 ( lH,  dd, 7.5,2.5,  H- Iba), 
4.17(1H,dd, 11.2, 2.5,H-15@,4.78and4.85(each 1Hbroads,H2-28). HulitylosideE[51,6.4mg,rt 
20 min (a]D- 19"; spectral data in Iorizzi etul. (2). 22-Dehydrohalityloside E 1 6 ~ 0 . 9  mg, rt 23 min; fabms 
(+veion)m/z765 (M+Na)+, 743 (M+H)+; 'Hnmr6(aglycone)0.90and0.96(each 3H, d, 6.5, 6.5, 
H,-26,27), 1.02(3H, s,H3-19), 1.05(3H,d,6.3,  H3-21), 1.32(3H,s,H3-18), 2.40(2H,onedd, 15, 
2.5, overlapped with a m, H-7, H-16), 3.55 ( lH ,  m, H-3a), 3.74 ( lH ,  td, 10.5, 5,  H-bp), 4.45 ( IH,  
m, H-15a), 5.35(1H,dd, 15,7.5H-23), 5.46(1H,dd, 15,7.5,H-22);6(sugar)2.90(1H,dd,9,7.5, 
H-27, 3.14 ( lH ,  t, 10.6, H-5"a), 3.20 ( lH,  m, H-4"), 3.42 ( lH ,  t, 9.0, H-3"). 3.50 (3H, s, OCH,), 
3.60(s,0CH3), 3.65(1H,dd, 12.5, 5, H-5'), 3.79(1H,dd, 12.5, 3,H-5'), 3.98(1H,m, H - 4 l 4 . 0 2  
(2H, one dd, 10.6, 4.0, overlapped with a m, H-S"e, H-3'), 4.08 ( lH ,  d, 4.0, H-2'), 4.46 ( lH ,  d, 7.5, 
H-1"), 5,11(1H, broads, H-1'). 22-Dehydro~ulitylosideD[~, 1.5mg, rt 16.5 min;fabms(+veion)m/z 
781 (M+Na)+, 759 (M+H)+; 'H nmr 6 (aglycone) 0.93 and 0.94 (each 3H, d, 6.5, 6.5, H,-26,27), 
1.05 (3H, d, 6.3, H3-21), 1.19(3H, s, H3-19), 1.30(3H, s, H,-18), 2.40(2Honedd, 15, 2.5, overlap 
pedwitham,H-7, H-16). 3.65(1H,m,H-3a),4.29(1H, broads,H-4a),4.46(1H,m,H-lSa), 5.35 
(dd, 15,7.5, H-23), 5.46(1H, dd, 15, 7.5, H-22);6(sugar)identicalwith thoseof6. HulifylosideB(81, 
3.9 mg, rt 23 min, (a]D-5.0° ( ~ 0 . 3 ,  MeOH); spectral data in Iorizzi eta!. (2). HulitylosideA (91, 6.9 
mg, rt 20 min; [a]D-3" (c=0.3, MeOH); spectral data in Iorizzi et a/ .  (2). Plaentoside (101, 3.8 mg, rt 
9.5 min; fabms (-ve ion) m/z 743 (M-H); 597 (M-2-OMe-xyl), 465 (M-2-OMe-xyl-xyl); 'H nmr 6 (ag- 
lycone) 0.99 (3H, d, 6.5, H3-28), 1.03 (3H, d, 6.5, H3-2 11, 1.19 (3H, S, H3- 1% 1.3 1 (3H, S,  H3- l8), 
1.45and 1,64(detectedbydecoupling, m, H2-25), 2.20(1H,m, H-20), 2.28(1H,m, H-16), 2.35(1H, 
m, H-24), 2.47 ( lH ,  dd, 12, 4, H-7p), 3.28 ( lH,  m, H-26), 3.87 (IH,  m, H-26), 4.19 ( lH ,  td, 10.5, 
4,H-6p),4.29(1H, broads,H-4a),4.43(1H,m,H-l5a), 5.17(1H,dd, 15,7.6, H-23), 5.30(1H, 
dd, 15,7.5,H-22);6(sugar)2.95(1H,dd,9,7,H-2),3.20(1H,dd, 12 ,9 .5 ,H-5a) ,3 .38 (1H, t ,9 ,H-  
3), 3.65 (3H, s, OCH,), 3.87 (2H, two overlapped dd, 2H-5e), 4.35 ( IH,  d, 7.5, H-I), 4.74 (1H, d, 
7.1, H-l), the remaining sugar protons gave complex overlapping signals in the region 6 3.4-3.6; I3C nmr 
in Table 1. 

CONVERSION OF 3 TO THE KETONE %.--A mixture of 3 (9 mg) and excess of Ac,O in 0.3 ml of 
pyridine was kept at room temperature overnight. After removal of the excess reagents in vacuo, the re- 
sidue was purified by Si gel chromatography (a Pasteur pipet filled with a slurry of Si gel) with CHCI, to 
give the pentwetate, eims mlz 614 (22%, M+-CH3C02H), 494 (10096, M+-3CH3C02H); 'H nmr 

2.02and2.05(15H,s,CH3CO), 2.40(1H,m,H-25), 3.88(1H,dd, 10,7.5, H-26),4.08(1H,dd, 10, 
7.5, H-26). 4.70 (IH, m, H-3a), 4.75 (2H, s, H,-28), 4.98 (2H, m, H-158, H-6a), 5.28 (1H. dd, 7.5, 
2.5, H- lba). A mixture of the above pentacetate (10 mg) and Os04 (3.8 mg in dry pyridine 0.5 ml) was 
stirred at room temperature for 3 h. An aqueous solution of NaHSO, was then added, and the mixture, 
after 1 h stirring, was extracted with CH2C12. 

Evaporation of the solvent gave a residue, which without further purification was dissolved in MeOH 
(1 ml). To the solution an excess of lead tetraacetate was added, and the mixture was stirred for 1 h at room 
temperature. Evaporation of the solvent gave a residue, which was purified by Si gel chromatography 
(CHCI, as solvent) to give 4.5 mg of 38,68,15a, 16~,26-penta(aetyloxytJu-rho(ertan-24-one, eims mlz 
616 (13%, M+-CH3C02H), 5 14 (9), 496 (43), 473 (24), 454 (15), 436 (35L 394 (15), 376 (32), 353 
(100); 'Hnmr(CDC13)60.93(3H,d,6.5,H3-21),0.98(3H,s, H3-18), 1.01(3H,s,H3-19), 1.l0(3H7 

(CDCI,) 60.97 (3H, d, 7, H3-21). 0.98 (3H, S,  H,-18). 1.01 (3H, S, H3-19), 1.04 (3H, d,  7, H,-27), 
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d, 6.5, H,-27), 2.02 and 2.10 (15H, s, CH,CO), 2.43 (2H, m, H2-23), 2.86 ( l H ,  m, H-25), 4.09 ( l H ,  
dd, 11, 5,H-26),4.20(1H,dd, 11,5, H-26),4.70(1H,m,H-3~t),4.98(2H,m,H-15B,H-6a), 5.25 
( l H ,  dd, 7.5, 2.5, H-16a); ir Y max (CHCI,), 1710 cm-’; cd (MeOH) AE2,=+O.O77. 

HYDROGENATION OF 6 AND 7.-Hydrogenation was carried out at room temperature and atmos- 
pheric pressure in MeOH with 10% P d C  for 10 h. Usual work up atlorded the saturated analogs which 
were identified by direct comparison with the authentic samples ofhalitylosides E [SI and D, respectively, 
isolated from Halityk repfuris (2). 
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