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MARIA IOR1ZZI, LUIGI MINALE,* RAFFAELE RICCIO,

Dipartimento di Chimica delle Sostanze Naturali, Universita di Napoli, via D. Moutesano, 49, 80131 Napoli,
Italy

JONG-SOO LEE, and TAKESHI YASUMOTO

Faculty of Agriculture, Toboku University, Tsutsumidori, Amamiyamachi, Sendai 980, Japan

ABSTRACT.—Eight polyhydroxylated sterols, seven of them novel, have been isolated
from the hepatopancreas of the scallop Patinopecten yessoensis. Compounds 1-7 possessed the same
A7-3B8,5a,6B-triol nucleus but differed in the side chains. One very minor component 8 had an
additional hydroxyl group at C-9a. Their structures were deduced from spectral data and by
comparison with synthetic model compounds.

In connection with a major interest in marine toxins and particularly in “diarrethic
shellfish toxins” (1,2), the hepatopancreas (50 kg) of scallops (Patinapecten yessoensis Jay;
class Bivalvia) was extracted with Me,CO at room temperature. While purifying the
toxins, we also obtained a polar steroid fraction. In this paper we report on seven novel
polyhydroxysteroids 1, 2, 48 along with the known 3 isolated from the digestive
glands of the scallop P. yessoensis.

Purification of the steriods in the Et,O-soluble residue of the extract was achieved
by chromatography on Si gel in CsHg-hexane (9:1), followed by gel permeation
through Sephadex LH-20 in C;Hg-MeOH (1:1) and then chromatography on Si gel in
CHCl;-MeOH-H,0 (85:15:1) to give a major polar sterol fraction (60 mg). The crude
sterol mixture was separated into individual compounds by repeated reversed-phase
hplc using MeCN/H,0 and MeOH/H,,O systems. Because the spectral data indicated
that the major components 1-7 of these polar fractions possessed virtually identical
nuclei but different side chains, it was only necessary to establish the nuclear substitu-
tion pattern for the most abundant sterol 2.

STRUCTURE ELUCIDATION OF 24-METHYLENECHOLEST-7-ENE-3f,50a,68-
TRIOL {2}.—The mass spectrum displayed an ion peak at m/z 412 corresponding to the
loss of a molecule of H,O from the molecule. Successive losses of 18 mass units (m/z 394
and m/z 376) indicated the presence of three hydroxyl groups. DEPT >C-nmr spectrum
in CD;OD confirmed the presence of three hydroxyl groups, two secondary and one ter-
tiary, with signals at 68.4 (CH), 74.4 (CH), and 77.0 (C) ppm. The 250-MHz 'H-nmr
spectrum of 2 in CD;0D indicated the presence of a terminal methylene group (2H,
4.68'and 4.76 ppm) and showed the presence of an additional trisubstituted double
bond (1H, five lines signal with separations of 2 Hz at 5.32 ppm), as well as a terminal
isopropyl group (3H, d, J=6.8 at 1.06 ppm; 3H, d, J=6.8 at 1.07 ppm; and 1H,
quintet, J = 6.8 at 2.27 ppm). Also present were two 3H singlets at 0.67 ppm (18-Me)
and 1.09 (19-Me) ppm and one 3H doublet at 1.02 (21-Me) ppm. Two one-proton sig-
nals at 3.57 and 4.01 ppm were assigned to the hydroxymethine protons.

In a double resonance experiment, irradiation at 5.32 ppm transformed the broad
doublet (] =4 Hz) at 3.58 ppm into a broad singlet, thus indicating that the olefinic
proton is located next to a hydroxyl, the latter being adjacent to a quaternary carbon.
The multiplet centered around 4.01 ppm had a complexity (3) normally seen for a 3a-
carbinol proton, and the unusually high chemical shift suggested the additional tertiary
alcohol was located at C-5. These data were suggestive of a A7-3, 5,6-triol structure or,
alternatively, a A*V_3 5 12-triol structure. Examination of the nmr signals of the C-
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18 and C-19 protons, even if their chemical shifts were in better agreement with those
expected for a A7-3B,5a,6B-triol structure (4,5), did not permit rigorous exclusion of
an alternative structure. Thus, it was decided to synthesize the known Sa-ergosta-
7,22-diene-3B,5,6a (and B)-triols (6—8). Treatment of ergosterol with 1 mol of m-
chloroperbenzoic acid to obtain the A’-3B,5a,6a-triol-6-m-chlorobenzoate followed
by hydrolysis (KOH/MeOH) to the corresponding triol (6,7) and chromatographic
purification on Si gel also gave in very small amounts the isomeric A’-38,5a,6B-triol.

'H- and '*C-nmr comparison of the natural steroid with the synthetic triols defini-
tively established the A”-3B,5a,6B-triol structure for 2. Major differences in the 'H-
nmr spectra of the synthetic compounds were the chemical shift of C-19, C-6, and C-7
protons (1.02, 3.93, and 5.00 ppm in the spectrum of the 6a-OH isomer and 1.09,
3.57, and 5.30 ppm in the spectrum of the 6B-OH isomer). The 24-methylene side
chain structure in 2 received confirmation from the >C-nmr data (see Experimental);
assignments of carbons C-20 to C-28 were based on analogy to the known values for 24-
methylene steroid derivatives (9—11).

Table 1 shows the 'H-nmr chemical shifts and observed multiplicity of sterols 1-8.
These data show conclusively that they all have the A7-3B,5a,6B-triol structure but
different side chains. The identification of the side chains was achieved mainly on the
basis of '"H nmr (12). The spectral data for 3 were coincident with those of synthetic Sa-
ergosta-7,22-diene-3[3,5,6B-triol; the assignment of 245 configuration to 5 was based
on analogy with 3. The 'H-nmr spectrum of the more polar compound 8 was similar to
that of 6, with differences for Me-18 and Me-19 (i.e., 0.70 and 1.15 ppm in 8 vs. 0.67
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and 1.09 ppm in 6) and H-6 and H-7 [i.e., 3.68(dd, ] =4, 2 Hz)and 5.36 (dd,J =4,
2 Hz) ppm in 8 vs. 3.58 and 5.30 ppm in 6] signals. The H-6 and H-7 appeared as two
sharp double doublets indicating the presence of only one proton in the allylic position
relative to H-7 and in homoallylic position relative to H-6, respectively, and thus
suggesting one zert hydroxyl group at C-9 or C-14. The presence of one extra hydroxyl
group in 8 was in agreement with its polarity and mass spectral data. In the ei mass
spectrum of 8, an ion peak was observed at m/z 442, corresponding to a dehydroderiva-
tive of 6, and assignable to [M — H,0}". The introduction of the extra er-hydroxyl
group also affected significantly the chemical shift of C-19 methyl protons, which dis-
played a downfield shift of 0.06 ppm relative to 6, in agreement with the location of a
hydroxyl group at C-9 (4,13). Thus, the structure of 8 was deduced to be 24 (£)-ethyl-
cholesta-7,22-diene-38,5a,68,9a-tetraol.

Sa-Ergosta-7,22-diene-31,5,6B-triol {3} (cerevisterol) has been described as a
minor yeast and ergot sterol (14); it has been recently isolated from the wood-rotting
fungus Polyporus versicolor (13), which also yielded in smaller amounts the Sa-ergosta-
7,22-diene-38,5,68,9a-tetraol along with other A”,9a-OH oxygenated derivatives of
ergosterol.

The A7-3B,5a,6B-trihydroxysteroids seem quite obviously to originate from A**7-
3B-hydroxysterols, and the fact that the presently described Patinopecten polyhydroxy-
sterols all possess the same nucleus and different side chains seems to indicate that the
organism possesses the enzyme system to convert dietary A>7-3B-hydroxysterols into
the same polyhydroxylated system. In this connection it is surprising to note that A>T
3B-hydroxysterols have only occasionally been detected in scallops (15) and have never
been described among sterols of P. yessoensis (16,17).

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—The following instruments were used: nmr, Bruker
WM-250; ms, Kratos MS 30 mass spectrometer; optical rotations, taken in MeOH, Perkin-Elmer model
141 polarimeter; hplc, Waters Model 6000 A pump equipped with a U6K injector and a Model 401 differ-
ential refractometer detector; C,g p-Bondapak columns (30 cm X 7.8 mm i.d. and 30 cm X 3.9 mm i.d.).

EXTRACTION OF THE DIGESTIVE GLANDS OF P. YESSOENSIS.—The digestive glands (50 kg) of the
scallop P. yessoensis collected in 1985 at Mutsu Bay, Japan (a reference specimen is deposited at the Faculty
of Agriculture, Tohoku University), were extracted with Me,CO at room temperature. After removal of the
organic solvent, the aqueous suspension was extracted with Et,O. The Et,O-soluble material was
chromatographed on a Si gel column (Wakogel C-100) eluted with CgHg-hexane (1:1), C¢Hg, and CgHg-
MeOH (9:1). The combined C;H¢-MeOH (9: 1) eluate was chromatographed on a column of Sephadex LH-
20 (2.8 X 120 cm) washed with CqH¢-MeOH (1:1). The fractions eluted between 280 and 320 m! were
combined and dissolved in MeOH and successively purified on a column of Si gel (Kiesel gel 60, Merck,
230400 mesh, 0.5 X 100 cm) eluted with CHCI,-MeOH-H,O (85:15:1) to give three fractions (uv de-
tector). Fraction 3 contained 60 mg of a mixture of complex polar steroids.

SEPARATION OF THE POLYHYDROXYLATED STEROL MIXTURE.—The polar fraction of the
polyhydroxysterols was dissolved in MeCN and subjected to preparative reversed-phase hplc ona C g -
Bondapak column with 73% aqueous MeCN as the mobile phase to give five major peaks: peak 1 contained
2 mixture of 8, 1, and 2; peak 2 contained a mixture of 3 and 4; peaks 3, 4, and 5 contained single com-
pounds, 5, 6, and 7, respectively. Further purification of the sterol mixture was achieved by hplc on an
analytical C g p-Bondapak column eluted with 83% aqueous MeOH to give pure 1, 2, 3, 4, and 8. All
sterols were obtained in milligram amounts, the most abundant being 2 (3.5 mg) and the least abundant
being 8 (0.8 mg).

Cholesta-7,22E-diene-3P, 5o, 6B-triol [1).—{a}D —25.0° eims m/z (rel. int.) (M — H,01"* 398 (40),
380 (80), 362 (100%), 347 (30); 'H nmt see Table 1.

24-Methylenecholest-7-ene-3B, 5o, 6B-triol [2}1.—{a}D —26°; eims m/z (rel. int.) M —H,0}" 412
(50), 394 (80), 379 (100%), 376 (70); 13C nmt (62.9 MHz, CD;0OD) 531.8(C-1), 34.0 (C-2), 68.4 (C-
3), 40.9 (C-4), 77.0(C-5), 74.4 (C-6), 119.2 (C-7), 143.8 (C-8), 44.5 (C-9), 38.2 (C-10), 23.0(C-11),
40.6(C-12), 44.9(C-13), 55.9(C-14), 24.0(C-15), 28.7 (C-16), 57.6(C-17), 12.4(C-18), 18.8(C-19),
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37.2(C-20), 19.3 (C-21), 36.0 (C-22), 32.1(C-23), 158.0 (C-24), 35.0 (C-25), 23.3 (C-26), 22.4 (C-
27), 106.9 (C-28); 'H nmr see Table 1.

(24R )-24-Methylcholesta-7,22E-diene-3B, 5a,6B-triol {3].—a}D —16.5°% eims (rel. int.) m/z
[M — H,01" 412 (55), 394 (65), 379 (100%), 376 (70); 'H nmr see Table 1.

Cholest-7-ene-3B, 5a,6B-1riof {4).—{a}D —20.8° {lic. (6) —60° in pyridinel; eims m/z (M — H,0}1*
400 (30), 382 (75), 367 (100%), 364 (50).

(248 )-24-Methylcholest-7-ene-3B, S, 6B-triol {5).—{a]D —~ 10°; eims (rel. int.) m/z [M — H,01" 414
(65), 396 (90), 381 (100%), 378 (80).

24-Ethylcholesta-7,22E~diene-3B, 50, 6B-triol {6).—[a]D —4.6°% eims (rel. int.) m/z M — I-IZO]+
426 (60), 408 (90), 393 (100%), 390 (75).

24-Ethylcholest-7 -ene-3B, 50, 6B-triol 7). —{a}D — 12.7°; eims (rel. int.) m/z [M — HZO]+ 428 (50),
410 (90), 395 (100%), 392 (75).

24-Ethylcholest-7-ene-3B, 5at, 6B, 9at-tetraol {8).—a}D —66.5°% eims (cel. int.) m/z M —H,01" 442
(30), 424 (100%), 406 (90).

Sa-Ergosta-7,22-diene-3B, 5,6a-triol and 5a-Ergosta-7,22-diene-3B, 5o, 6B-triol.—We have followed
the procedure of Windhaus and Luttringhaus (6) to obtain Sa-ergosta-7,22-diene-38,5,6a-triol-6-m-
chlorobenzoate (18) from ergosterol (2 g). The product, without further purification, was hydrolyzed by
treatment with 10% methanolic KOH at reflux temperature for 2 h. Normal workup and Si gel cc in
CHCl, and CHCI;-MeOH (from 98:2 t0 95:5) gave the major Sa-ergosta-7,22-diene-3,5,6a-triol (0.87
8), mp 246°; eims m/z (M — H,01% 412 (60), 394 (70), 379 (100%); 'H nmr (250 MHz, CD;0D)$85.25
(2H, m, H-22,23), 5.00 (1H, broad signal, WYz = 5 Hz, H-7), 3.93 (2H, m, H-3a,68), 1.07 (3H, d,
J=6Hz, H;-21), 1.02 (3H, s, H;-19), 0.97 (3H, d, J = 7.0 Hz, H,-28), 0.87 and 0.89 (each 3H, d,
J=6.5 Hz, H;-26,27), 0.63 3H, s, H;-18); ’C nmr (62.9 MHz, CD,0D) § 31.6 (C-1), 32.8 (C-2),
68.1(C-3), 40.0 (C-4), 76.8 (C-5), 71.4(C-6), 120.6(C-7), 142.9(C-8), 44.6(C-9), 39.7(C-10), 22.3
(C-11), 40.7 (C-12), 44.8(C-13), 55.9(C-14), 23.8(C-15), 29.1(C-16), 57.4(C-17), 12.7(C-18), 18.2
(C-19), 41.5 (C-20), 21.6 (C-21), 136.9 (C-22), 133.4 (C-23), 44.3 (C-24), 34.3 (C-25), 20.0(C-26),
20.4 (C-27), 18.1(C-28). Also obtained was a minor amount (9 mg after hplc purification ona C,g p-Bon-
dapak column, 75% aqueous MeOH) of the isomer Sa-ergosta-7,22-diene-3,5,6B-triol, mp 253-255°
{lit. (14) 252-255); eims m/z [M — H20]+ 412(55), 394 (65), 379 (100%); "H nmr (250 MHz) see Table
1; 1*C nmr (62.9 MHz, CD,0D) 8 31.8 (C-1), 34.0(C-2), 68.5 (C-3), 40.7 (C-4), 77.0 (C-5), 74.4 (C-
6), 119.2(C-7), 143.8 (C-8), 44.5 (C-9), 38.3 (C-10), 23.1(C-11), 40.6 (C-12), 44.8 (C-13), 56.0 (C-
14), 24.0 (C-15), 28.9 (C-16), 57.6 (C-17), 12.8 (C-18), 18.8(C-19), 41.5 (C-20), 21.6(C-21), 137.0
(C-22), 133.4 (C-23), 44.3 (C-24), 34.4 (C-25), 20.0 (C-26), 20.3 (C-27), 18.0 (C-28).
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