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Abstract - Asterosterol, a new marine CpB sterol, was isolated from the asteroid, A. amurensis, and its 
structure was characterized as 22-rrans-24-nor-5cr-cholesta-7,22-dien-3/3-o1(1). Episterol(9), 22-trans- 
(24R)-24-methylcholesta-7,22dien-3/3-o1 (stellasterol, 3) and 22-rruns-cholesta-7,22-dien-3/3-ol (7) 
were also isolated and their structures were confirmed. 

The asteroid, Distolasterias sticantha, contains a 
new sterol in 0.6% of the total sterol mixture.* 
Other components characterized by combined 
GLC-mass spectrometry were cholesterol and 
cholestanol (3*5%), cholesta-7,22-dien-3p-ol 
( 11.8%)) cholest-7-en-3p-ol (34.2%)) 24-methyl- 
cholesta-7,22-dien-3P-ol ( 15.6%)) 24-methyl- and 
24-methylene-cholest-7-en-38-01 (28*2%), and 24- 
ethylidene- and 24-ethyl-cholest-7-en-3P-ol(6*1%). 
The new sterol seemed fairly widely distributed in 
asteroids and was named asterosterol(1). From the 
mass spectral data and comparison of the GLC 
retention time with the synthetic mixture from 
ergosterol, 1 was tentatively assigned the structure 
of 24-norcholesta-7,22-dien-3p-01. It was also 
found in trace amounts in Japanese holothurian, 
Stichopus japonicus. Essentially the same sterol 
composition was observed in other asteroids, 
A. amurensis, A. pectinifera, Certonardoa semi- 
regularis, Lysastrosoma anthostictha, and Sol- 
aster paxillatas, except the absence of 1 in S. 
paxillatas.2 C,, sterols such as acanthasteroP were 
not major sterols in the asteroids studied. The pre- 
sent paper describes the isolation and characteriza- 
tion of 1. 

Column chromatography of the acetate of the 
crude sterol obtained from A. amurensis over silver 
nitrate-impregnated silicic acid4 with hexane- 
benzene gave (1) cholestanol and a mixture of A’- 
sterols with a saturated side chain; (2) a mixture of 
asterosterol acetate (2), 24-methylcholesta-7,22- 
dien-3/3-ol acetate (4), and cholesta-7,22-dien-3B_ol 
acetate (8). Further elution gave 24-methylene- 
cholest-7-en-3@ol acetate (episterol acetate5) 
(lo), m.p. 143-145*5”, [(~1~+4*5~, vrnax 1665, 1643, 
889 cm-‘; NMR (8) 466 and 4.71 (each lH, broad 
s, terminal methylene), 5.15 (lH, broad s, 7-H). 
Hydrolysis of 10 gave the free sterol (9), m.p. 
127.5-128.5”, [OL]~+ 5.4”. This sterol has been 
isolated by Fagerlund and Idler from the asteroid, 

Pisaster ochruceus.5u Column chromatography of 
above diunsaturated sterol fraction over silver 
nitrate-silicic acid gave 4, m.p. 181-182”, [arIo 
+6-4”, v,,, 1663, 967 cm-’ (trans-disubstituted 
double bond6); NMR (6) O-540 (18-Me), 0.805 
(19-Me), 0.815 (3H, d, J = 6.7 Hz, 28-Me), 0.995 
(3H, d, J = 6.7 Hz, 21-Me), 2.00 (OAc), 440-4-84 
(lH,m, acetoxy methine), 496-5.24 (3H, m, 7- 
and 22,23-H). Hydrolysis of 4 gave the free sterol 
(3), m.p. 159*5-161”, [orl,+7~8”. This sterol corre- 
sponds to the stellasterol designated by Bergmann 
et al. as the one of unresolved sterol components 
from A. forbesi.? The weak but distinct dextro- 
rotatory specific rotations differ considerably from 
those of authentic 22-truns-(24S)-24-methylchol- 
esta-7,22-dien-38-01 (5, m.p. 173.5-174”, [aID 
-22.8”; acetate (6), m.p. 183.5-184”, [CX]~ -23.4”) 
prepared from ergosterol, though the IR and NMR 
spectra, and the GLC retention time were almost 
indistinguishable. Since GLC resolves the epimers 
at C-20 but hardly those at C-24 in the condition 
employed,* the discrepancy indicates that the con- 
figuration at C-24 of our sample is R or, it is at least 
a mixture of epimers in which 24R epimer predomi- 
nates. It also supports Bergmann’s conclusion that 
the configuration at C-24 in stellasterol is R from 
the ozonization experiment of the mixture of stella- 
sterol and stellastenol, the C-22,23 dihydro deriva- 
tive of stellasterol.7 Further elution gave cholesta- 
7,22-dien-3p-ol acetate (8), m.p. 140-142”, [aID 
-5*8”, v,,, 1663, %7 cm-‘; NMR (8) 0.537 (18- 
Me), O-805 (19-Me), O-853 (6H, d, J = 6.7 Hz, 
26,27-Me), 1XIOl (3H, d, J = 6.7 Hz, 21-Me), 2.00 
(OAc), 448-4.84 (acetoxy methine), 4.96540 
(3H, m, 7- and 22,23-H). Hydrolysis of 8 gave 
the free sterol (7), m.p. 129-130.5”, [& -4.2”. 
Synthesized 7 was reported to melt at 123-124 
and to show a rotation of -13-3°.9 Although 
the occurrence of 7 in asteroids has been 
known,2~3a*10 the isolation and characterization from 
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asteroids or other living organisms has not been (M+-side chain), 255 (M+-side chain and H,O), 
recorded in literature. Further elution gave a mix- 231 (M+-side chain and ring D cleavage), 213 
ture containing ca 60% of 2. Two separations on a (M+-side chain and H20, and ring D cleavage), 
column of silver nitrate-silicic acid, followed by 2 13 (M+-side chain and HzO, and ring D cleavage), 
fractional recrystallization gave 2, m.p. 134-1365”, 246 (M+-side chain and C-16 to C-17), and 229 
[alo -2.8”. Hydrolysis of 2 gave the free sterol (l), (M+-side chain and C-16 to C-17 and HO).“” The 
m.p. 129-130”, [aln *O“, C28H420, from the ele- presence of an unsaturated C,H1, side chain was 
mental analysis and mass spectrum. supported by its intense fragment ion at m/e 9712 

1: R=H 3: R=H,24R 
2: R=Ac 4: R AC, 24R = 

5: R=H,24S 
6: R=Ac,24S 

9: R=H 
10: R = AC 
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Fig 1. 

Compound 1 showed a deep green color in the 
Liebermann-But-chard test. Its mass spectrum 
showed molecular ion (M+) at m/e 370 and other 
prominent ions at m/e 355 (M+-Me), 352 (M+-H,O), 
and 337 (M+-Me and HzO) indicating that 1 is a 
Cza sterol and diunsaturated. The monounsaturated 
steroid ring was established by the ions at m/e 273 

7: R=H 
8: R=Ac 

HO 

11 

and by the ion at m/e 271 (base peak, M+-side 
chain, and 2H), characteristic of sterols with an 
unsaturated side chainllb The ion at m/e 300, 
derived from the allylic cleavage with one hydrogen 
transfer, is characteristic of C-22 unsaturated 
sterols with a nuclear double bond. The ions at m/e 
246 and 271 were far more intense than those ob- 
served for A5~2P-sterols.1 The absence of ions at m/e 
129 and M+-129 in the mass spectrum of TMS ether 
excludes the possibility of A5-unsaturation.11a The 
NMR spectrum of 2 showed signals of 18-Me 
(S 0.539, 3H, s), 19-Me (O-811, 3H, s), terminal 
dimethyl (O-941, 6H, d, J = 6.7 Hz), 21-Me parti- 
ally enveloped by dimethyl signal (0997,3H, d, J = 
6.7 Hz), acetyl (2*02), acetoxy methine (4-45-4-85, 
lH, m), and three olefinic protons at S 5.15 (IH, 

broad s, >C=CH-) and 5.20 (2H, ill-defined m). 

The presence of a terminal dimethyl and a second- 
ary Me groups establishes the 24-norcholestane 
skeleton and the side chain double bond at C-22. 
The position of angular Me groups indicates the 
trisubstituted nuclear double bond at C-7 and rules 
out the AmIt) unsaturation which would cause 
downfield shift of 18- and 19-Me signals by ca0.06 
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and 0.16 ppm, respectively.13 The broad nature of 
acetoxy methine signal shows the truns juncture of 
A and B rings. The IR spectrum of 2 (Fig 1) is 
superimposable with that of 8 including the finger 
print region. It showed absorptions at 967 cm-’ 
@runs-disubstituted side chain double bond) and 
at 797,827 and 843 cm-’ (A?).‘” From these results, 
it was concluded that asterosterol is 22-trans-24- 
nor-So-cholesta-7,22-dien-3p-01, the second CZ6 
sterol whose structure has been fully characterized. 
The first C,, sterol, 22-truns-24-norcholesta-5,22- 
dien-3/3-ol (11) was isolated by Idler ef al.‘* from 
the scallop, Placopecten magellanicus, and was 
subsequentlyfoundinmanymarine invertebrates.1*15 
GLC of 1 on 1.5% SE-30 column at 250” showed 
retention time relative to cholestane of 1.30 com- 
pared with 1.79 for 7, 2.18 for 3, and 1.20 for 11 
which we isolated from the annelida of the class 
polychaeta, Pseudopotamilla occelata.’ GLC of 
the asteroid sterols showed a very small peak 
which corresponds to 11 or its C-5 saturated analog. 
The biotransformation of A5-sterol into A’-sterol 
through the C-5 saturated sterol was demonstrated 
to occur in asteroids.lO From the biogenetic point 
of view, it is suggested that asterosterol may be the 
sterol modified by asteroids from digested A5,22-C26 
sterol (11) whose origin and biogenesis remain 
unsettled. 

EXPERIMENTAL 

M.ps were determined on a Kofler hot stage and are 
uncorrected. Optical rotations were measured in CHC& 
soln. NMR spectra were determined on a JEOL PSlOO 
spectrometer operating at 100 MHz, in CDC& soln with 
TMS as internal standard. Mass spectra were determined 
on a Hitachi RMU-7 mass spectrometer. IR spectra were 
taken in Nujol mull on a Hitachi 215 spectrometer. GLC 
was carried out on a Shimadzu CG4BPF gas chromato- 
graph using a glass column (1.8 m x 3 mm i.d.) packed 
with 1.5% SE-30 on 60-80 mesh Chromosorb-W at 2503 
with N, carrier gas flow-rate of 60ml/min. Column 

chromatography was carried out on a 100 mesh silicic 
acid (Mallinckrodt) unless otherwise specified. 

Isolation of crude srerol. The whole body of the star- 
fish, A. amurensis, collected at the coast of Tokoro, 
Hokkaido, in July 1970 was used as the material. The 
minced starfIsh (35 kg) was extracted exhaustively with 
hexane and ether. The combined extract was con&.ntra- 
ted, susuended in CHCl,, and washed thoroughly with 
water. The organic layer was evaporated and the residue 
was refluxed with 5% KOH in MeOH for 3 hr. The non- 
saponifiable matter was extracted with ether, the extract 
was washed with HzO, and sat NaCl aq, and evaporated. 
The oily residue (250 g) was chromatographed over 1 kg 
of silica gel, eluted with benzene and CHCl,, and the 
sterol fraction was combined and crystallized from MeOH 
to give 7 g of needles, m.p. 128-133”. Sterol acetate was 
obtained in a usual manner with AczO in pyridine. 

Column chromatography of sterol acetate. A sohr of 
sterol acetate (6.5 g) in hexane was applied to a column of 
AaNO,-impregnated silicic acid (20%. 750 a) and eluted 
with a-m&u& of benzene and’ hexane. The fractions 
(50 ml) were collected automatically and monitored by 
GLC and combined accordingly (Table 1). 

Recrystallization offraction 2 several times from MeOH 
gave cholestanol acetate as plates, m.p. 114-l 15”. Mass 
spectrum: m/e 430 (M+). Recrystallization of fraction 7 
from MeOH gave 10 (450 mg), shown to be pure by GLC, 
as plates, m.p. 143-145.50, [o]n +4.5” (c, lT5) (lit:,5o m.p. 
140”. laln +6.0”). NMR (8): 0.535 (3H. s. 18-Me). 0805 _ -- 
(3H, s, 19-Me),’ 1.02 (9H; d, J = 6.7 Hz, 21, 26, ii-Me), 
199 (OAc), 4.45-4.84 (lH, m, 3o-H), 466 and 4.71 
(each 1H. broad s, terminal methvlene). 5.15 (1H. broad s, 
j-H); IR: 1735, 1665, 1643, 899,-889,843, 828, 797 cm-l: 
Hydrolysis of 10 gave 9 as needles, m.p. 127*5-128.5”from 
MeOH, [&+4+ (c. 2.28) (lit.,50 m.p. 131”, [&+6*4“). 
(Found: C, 84.24; H, 11.53. Calc. for C,,H,O: C, 84.35; 
H, 11.63%); IR: 3300, 1665, 1645, 890, 847, 828, 797 
cm-‘. 

Column chromatography offraction 6. Fraction 6 was 
applied to a column of AgNOrsilicic acid (20%, 400 g) 
and eluted with benzene-hexane (1: 5). Elution with 9 1 
of solvent gave at first a mixture of cholest-7-en-3&ol 
acetate and 4 (75 mg), then 111 mg of 4 shown to be pure 
by GLC, as plates from MeOH, m.p. 181-182”, [(~]a 
+6+ (c, 2.38). (Found: C, 82.02; H, 1086. &H,,O* 

Table 1. 

Solvent 
Fraction (benzene : hexane) Amount (g) and composition of material 

1 1:5(51) 
2 1 : 5 (0 5 1) 0.0083 
3 1 : 5 (5 1) 3.29 

4 1: 5 (2.5 1) and 1.33 
3 : 10 (2.5 I) 

5 3 : 10 (0.5 I) 0.182 

6 3 : 10 (3 1) 0.70 
7 3:10(21)and 0.72 

Cholestanol acetate (88%) 
Cholest-7-en-38-01 acetate (47%). 24- 
methylcholest-?-en-3/3-ol acetate (19%), 
24-ethylcholest-7-en-3p-ol acetate (23%) 
and acetate of A7.**-CZ,, CZ8, CZs sterols 
(11%). 
4 (41%), 8 (1 l%), 24_ethyIcholesta- 
7,22-dien-38-01 acetate (5%) and acetate 
of A’-C,,, CpB, C, sterols (43%). 
4 (al%), 8 (21%) and cholest-7-en-3B-ol 
acetate (8%) 
2 (5%), 4 (40%) and 8 (43%) 
mainly 10 

1 : 1 (2 1) 
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requires: C, 81.76; H, 10.98%). NMR and IR: see 
Discussion. Hydrolysis of 4 gave 3 as needles from 
MeOH, m.p. 1595-161”, [c& +78’ (c, 1.30); IR: 3300- 
3400, 970, 850. 830, 8OOcm-‘: Mass spectrum: m/e 398 
(M+), 383 (M+-Me), 365 (M+-Me and H;O), 300 (M+-C-22 
to C-28 and 1 H), 27 1 (base ueak, M+-side chain and 2H). 
255 (M+-side chain and H;O), 246 (M+-side chain and 
C-16 to C-17). Further elution with 71 of benzene- 
hexane (3 : 5) gave a mixture of 4 and 8 (253 mg), then 
115 mg of pure 8 as plates from MeOH, m.p. MO-142.5”, 
[alo -5.8” (c, 3.26). (Found: C, 81.73; H, 10.75. C,,H,,O, 
requires: C, 81.63; H, 10.87%); IR and NMR: see Dis- 
cussion. Hydrolysis of 8 gave 7 as needles from MeOH, 
m.p. 129-130.5”. l& -4.2” (c. 2.89): IR: 3300.970.847. 
832, 800 cm-‘;. 6~s spectrum: ‘m/e 384 (M+); 369 
(M+-Me), 35 1 (M+-Me-H,O), 300 (M+-C-22 to C-27 and 
lH), 271 (base peak, M+-side chain and 2H), 255 (M+-side 
chain and HoO), 246 (M+-side chain and C-16 to C-17). 
Further elution with the same solvent gave a mixture 
(75 mg) containing 60% of 2. This fraction was purified 
twice over a column of 100 g of AgNO,-silicic acid which 
was eluted with benzene-hexane ( 1 a5 : lo), and ca 30 mg of 
a mixture containing 82% of 2 was obtained. It was frac- 
tionally recrystallized several times from CHCI,-MeOH 
to give pure sample of 2 (8 mg) as plates, m.p. 134-136.5”, 
[alo -2.8” (c, 0.71). (Found: C, 8090; H, 10.67. C,,H,,O, 
requires: C, 81.56; H, 10.75%); IR and NMR: see Dis- 
cussion; Mass spectrum: m/e 412 (M+), 397 (M+-Me), 
352 (M+-AcOH), 342 (M+-C-22 to C-26), 337 (M+-AcOH 
and Me), 313 (M+-side chain and 2H, base peak), 288 
(M+-side chain and C-16 to C-17), 255 (M+-side chain 
and AcOH). Hydrolysis of 2 gave 1 as needles from 
MeOH, m.p. 129-130”, [aID +-0” (c, 0.65). (Found: C, 
81.15; H, 11.07. CpsHl10 3/4 Hz0 requires: C, 81.29; H, 
11.42%); IR: 3300, 967, 843, 827, 794cm-I; NMR and 
Mass spectrum: see Discussion. 

Acknowledgement- We are grateful to Mr. Y. Tsuji of 
Hokkaido Fisheries Experimental Station for the collec- 
tion of asteroids. 

REFERENCES 

‘Part-I. M. Kobayashi, M. Nishizawa, K. Todo and H. 
Mitsuhashi, Chem. Pharm. Bull. Tokyo, 21,323 (1973) 

eM. Kobayashi, R. Tsuru, K. Todo and H. Mitsuhashi, 
Tetrahedron Lerters 2935 (1972) 

saK. C. Gupta and P. J. Scheuer, Tetrahedron 24,583 1 
(1968); bY. M. Sheikh. C. Dierassi and B. M. Tursch. 
Che&..Commun. 217 (1971) ” 

4H. E. Vroman and C. F. Cohen, J. Lipid Res. 8, 150 
(1962) 

5aU. H. M. Fagerlund and D. R. Idler, J. Am. Chem. 
Sot., 81,401 (1959); *D. H. R. Barton, U. M. Kempe 
and D. A. Widdowson, .I. Chem. Sot. Perkin I, 513 
(1972) 

BL. F. Fieser and M. Fieser, Steroids p. 172. Reinhold, 
New York, (1959) 

‘W. Bergmann and H. A. Stansbury, .I. Org. Chem. 9, 
281(1944) 

BN. Ikekawa, R. Watanuki, K. Tsuda and K. Sakai, 
Analyt. Chem. 40, 1139 (1968); K. Tsuda, K. Sakai 
and N. Ikekawa, Chem. Pharm. Bull. Tokyo, 9, 835 
(1961) 

‘K. Sakai and K. Tsuda, Ibid. 11,529 (1963) 
IaL. J. Goad, I. Rubinstein and A. G. Smith, Proc. Roy. 

Sot., Ser. B 180,223 (1972) 
IlaB. A. Knights, J. Gas Chromatogr. 5, 273 (1967); 

%. G. Wyllie and C. Djerassi, J. Org. Chem. 33, 305 
(1968) 

I*D. R. Idler, P. M. Wiseman and L. M. Safe, Steroids 16, 
451(1970) 

r3R. F. Zilrcher, Helv Chim. Acta 46,2054 (1963) 
‘*P. Bladon, J. M. Fabian, H. B. Henbest, H. P. Koch, 

and G. W. Wood, J. Chem. Sot. 2402 (1951); T. J. 
Scallen and W. Kruger, J. Lipid Res. 9,120 (1968) 

IsA. Kanazawa, S. Teshima and T. Ando, Comp. Bio- 
them Physiol. 41B, 121 (1972); A. Alcaide, J. Viala, 
F. Pinte, M. Itoh, T. Nomura and M. Barbier C.R. Acad 
SC& Paris,273, 1386(1971) 


