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Abstract - Weinbersterol disulfates A (1) and B (2), two new sulfated tetrahydroxy steroids with an
unprecedented cyclopropane-contaiming side chain, were 1solated from the sponge Petrosia weinbergi. Both
compounds are active 1n vitro against fehne leukemia virus, and 1 1s also active 1n vitro agamnst HIV The
structures of these two compounds were assigned mainly on the basis of spectral data.

Sulfate esters of polyhydroxylated sterol are uncommon among marme sponges 25 In the course of our
screemng program for new bioactive agents from manne organisms, we have 1solated two novel antiviral
tetrahydroxylated steroid disulfates, designated as weinbersterol disulfates A (1) and B (2), from the sponge
Petrosia weinbergi Van Soest (order Haplosclerida, family Petrosidag) Both compounds possess an
unprecedented cyclopropane-containing side chain, showing one more example for the diversity 1n the side
cham structures of sponge sterols % Tt was found that weinbersterol disulfates A and B exhibited 1n vitro
activity (ECsg = 40 and 5 2 pg/ml, respectively) against the feline leukema virus (FeLV)?, and 1 also showed
activity aganst the human immunodeficiency virus (ECsg = 1 0 pg/ml)°

The extract of the sponge Petrosia weinbergt collected off Ackhin Island, Bahamas was found to be
active 1n antiviral screening against a panel of viruses Solvent partitoning of the extract and centrifugal
countercurrent chromatography of the active partition, followed by reversed-phase HPLC yielded
weinbersterol disulfates A (1) and B (2)!1 The molecular formula of 1 was determined as C3gHsq0;05;Na, on
the basis of high resolution FAB mass measurement of the molecular 1on species at m/z 703 2578 (major) and
681 2733 (munor) corresponding to [M+Na]* and [M+H}*, respectively An 1ntense fragmentation 10n at m/z
601 3141 was nterpreted as loss of NaSO;(+H) from [M+Na]* EIMS failed to show the molecular 10n but
exhbited the 1ons at m/z 422 and 404 corresponding to [M-2NaHSO,-H,0Ol*and [M-2NaHSO,-2H,01*,
respectively, suggesung the presence of two sulfoxyl and two hydroxyl groups The IR spectrum exhibited
strong absorptions at 1235 and 1215 cm, charactenstic of sulfates The !3C NMR spectrum and DEPT
measurement of 1 (Table I) indicated the presence of 30 carbons including six methyls, ten methylenes, ten
methines and four quaternary carbons, among which three methines (8 74 4, 759, 76 3) and one guatemary
carbon (8 78 1) are oxygen-bearing Its 'H NMR spectrum (Table I) supported the existence of three
oxygenated methines (5 4 52,4 71,4 74) The presence of a methylcyclopropane feature was evident from the
couplings of a methine proton at & 0 68 (m) to two geminal-coupled methylene protons at § -0 20 (dd, J=5 5,
42 Hz) and 048 (dd, J=8 6, 4 2 Hz), and t0 a methyl at 8 1.10 (d, J=67 Hz) Two other methyl doublets at
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Table I 13C and 'H NMR Assignments of Weinbersterol Disulfates A (1) and B (2)?

1 2
C#t 1BCs 'H § (m, J Hz) Beg 1H & (m, ] Hz)
1 391 140,202 390 137,205
2 763 474 (br m, W1/2=8 Hz) 764 471 (br m, Wl/2=8 Hz)
3 759 471 (brm, W'/2=8 Hz) 76 1 4.69 (br m, W/2=8 Hz)
4 304 157,177 305 156,177
5 401 153 403 152
6 290 123 291 125
7 329 091,167 332 095,171
8 353 150 356 165
9 565 084 569 076
10 363 - 365 -
11 216 142 224 146
12 418 113,207 388 106,196
13 442 - 475 -
14 556 069 550 110
15 380 127,218 385 129,215
(ddd, 129,7878) (ddd, 129,7 8,7 8)
16 74 4 452 728 422
(brddd,78,78,45) (brddd, 78,78,45)
17 609 115 621 114
18 154 109 (s) 627 355(d, 115),394(, 115)
19 142 099 (s) 141 096 (s)
20 781 - 323 177
21 263 118 (s) 191 095, 65)
22 425 152,172 339 103,151
23 285 126,137 301 115,145
24 287 - 288 -
25 330 130 331 126
26 209 100(d,70) 208 095(d,70)
27 208 103(d,70) 207 102(d,70)
28 191 0 68 (m) 187 0 69 (m)
29 206 -020(dd, 5 2,42), 203 -024(dd, 55,42),
048(dd, 86,42) 046 (dd, 86,4 2)
30 141 110, 67) 143 108(d,67)

3Recorded 1n CD;0D, where 'H multphicity not specified, 'H 8 deduced from crosspeaks in
HETCOR spectrum
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8 1.00, 1 03 and three methyl singlets at § 0.99, 1 09 and 1 18 were also observed 1n the H NMR spectrum A
2D INADEQUATE NMR experiment performed on a 150 mg sample of 1 and 1n conjunction with 1ts HMBC,
HETCOR, COLOC and COSY data (Table II) established the complete connectivity for the molecule This led
us to propose for 1, a 2,3,16,20-tetraoxygenated steroidal structure with an unusual methylisopropyl
cyclopropane group at the terminus of the side chain.

Treatment of compound 1 with acetic anhydnde/pynidine afforded the monoacetate 3, and analysis of the
IH NMR chemical shifts for the C-16 methine suggested esterificanon at C-16. Solvolysis of 1 1n
pyridine/dioxane at 140°C for 18 hours!? yielded the desulfated denvative 4 The 'H and 3C NMR spectra of
4 revealed the desulfunization occurring at the C-2 and C-3 oxygens, dehydroxylation at C-20 and C-22
occurred as well Therefore, the positions of sulfoxyl groups at C-2 and C-3, and hydroxyl groups at C-16 and
C-20 were established.

Table I 2D INADEQUATE, HMBC, and COLOC NMR Data of Wembersterol Disuifate A (1)

INADEQUATE HMBC COLOC INADEQUATE HMBC COLOC
C# Coupled Ci#t Coupled H# Coupled H# C#  Coupled C# Coupled H#  Coupled H#

1 10 3,19 19 16 17 15

2 1,3 1,4 17 13,16,20 15,18,21 18,21
3 4 1,2 1,4 18 13

4 35 19 10

5 4,6,10 1,3,7,19 1,7,19 20 17 21,22 21,22
6 57 5 21

7 6,8 22 23 21

8§ 7914 23 22 22,28,29

9  8,10,11 19 7,12,19 24 29 22,28,29

10 1,59,19 1,2 1,4,19 25 26,27 29 26

1 9 26 25 27

12 13 11,18 18 27 25 26

13 12,14,17,18 15,18 18 28 29 29,30
14 813,15 12,18 12,18 29 24 30

15 1 30 29 29
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Companson of the 13C NMR shifts of 1 with those pubhished for hahstanol sulfate? and
5o-cholestane-28,3a,26-triylsulfate!® suggested the existence of trans diaxial disulfate (2B,3a) and trans AB
ning juncture (50-H) Furthermore, the 13C shufts for each carbon on ring A in the desulfated derivative 4 was
also 1n agreement with that published for 5a-spirostane-28,3a-diol'4, and differed from those reported for the
corresponding 20,30~ and 2a,3B-diols!4-16. 'H NMR data for 1 revealed a typical a-H,q at § 4 52 (br ddd)
1313 which was coupled t0 Hy7q- Hisq- and Hysg with couplings of 7.8, 7 8 and 4.5 Hz, respectively The
stereochemistry of the remaimng 3 chiral centers, C-20, C-24 and C-28, was not assigned We have not
attempted to establish the stereochemustry of C-20 and were unable to establish the relatnve stereochemnstry of
C-24 and C-28 of the cyclopropyl nng by performing a series of difference NOE expenments. Irradiation of
CH,;-26, CH,-27, CH;-30, CH-28, CH,-29 gave no detectable NOEs on the adjacent protons

High resoluion FABMS measurement and 13 C NMR data established the formula of C3gHsO,05,Na,
for wembersterol disulfate B (2) By 'H and *3C NMR analyses (Table I), including COSY, HETCOR, HMBC
data, 2 appeared to have the 2B,3c,16B-tniol, 2f,3a-disulfate structure 1n a Sa-H steroid, and to possess the
terminal methyhsopropyl cyclopropane group in the side chain, analogous to 1. However, the position of the
fourth hydroxyl group 1s different from that in 1 In the 'H NMR spectrum of 2, the C-18 and C-21 methyl
singlets which were present 1n 1, had disappeared, while a methyl doublet at & 095 (J=65 Hz) and two
geminal-coupled hydroxymethylene doublets at & 355 (J=115 Hz) and 394 (J=115 Hz) were observed
mstead Each of these protons were found to have cross peaks with C-17 at § 62 1 in the HMBC spectrum
Correlations were also observed from the two hydroxymethylene protons to C-13 (3 47 5) and C-14 (5 550)
We thus placed the fourth hydroxy at C-18 and established the structure of weinbersterol disulfate as 2

EXPERIMENTAL

ISOLATION OF WEINBERSTEROL DISULFATES A (1) AND B (2) - The sponge Petrosia
weinbergi Van Soest!? (943 g) was collected on June 17, 1985 at a depth of 100 feet off the Southwestern tip of
Acklin Island, Bahamas and stored frozen A taxonomic voucher specimen was deposited at Harbor Branch
Oceanographic Institution, Inc , Indian River Coastal Zone Museum, catalog number 003 00044 (DBMR No
17-VI-85-1-14) A small porton (1g) of the sponge was homogenized with methanol, and the resulting extract
was found to be active against FeLV Isolauon of the active components was performed by following FeLV
actuvity The sponge was (870 g) extracted with 1 1 methanol-chloroform After evaporation of the organic
solvents under reduced pressure, the aqueous suspension was sequennally extracted with ethyl acetate, 11
ethyl acetate-n-butanol, and n-butanol The latter two active extracts (2.5 and 6 3 g, respectively) were pooled
and a portion (20 g) of the combined extract was fracuonated on an Ito high speed countercurrent
chromatograph (CHCl;-1-PrOH-MeOH-H,0, 9 2 12 10, lower phase stationary) to yield 60 fracuons Of these,
three successive active fractions were rechromatographed on a reversed-phase C-18 HPLC column
(MeOH-H,0-CHCl5, 60 40 5) to yield two active components, wemnbersterol disulfates A (1) and B (2) After
repeating the chromatographic procedures described above three more times, 170 mg of 1 and 50 mg of 2 were
obtained Both compounds were recrystallized as white opaque needles (unsutable for X-ray analysis) from
MeOH-H,0-CHCl, (60 40 5)
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1 [a]p=+20° (c=175, MecOH), mp. 182°C; HRFABMS: [M+Na]* 703.2578 (calcd for
CoHsoO105,Nay+Na, A - 39 mmu), [MH]* 681.2733 (calcd for CyHs500105;:Nay+H, A - 14 mmu),
[M+Na-NaSO;+H]*  601.3141 (calcd for CyoHsiO;SNa+Na, A 1.0 mmu);, LREIMS (rel %)
[M-2NaHSO,-H,0]* 422(4), 407(3), 404(2), 379(5), 360(3), 295(6), 271(20), 253(16), 211 6), 193(6),
161(13), 157(15), 147(17), 133(16), 119(20), 105(28), 91(30), 81(23), and 64(100); IR (KBr): 3425, 2930,
1620, 1440, 1375, 1235, 1215, 1060, 970, 940, 880, and 785 cm™’; 'H & *C NMR. Table I

2 [o]p=+32° (c=0.10, MeOH); m.p. 191°C; HRFABMS: [M+Na]* 7032570 (calcd for
CaoHsq019S;Nay+Na, A 4.0 mmu); LREIMS (rel. %) 441(4), 422(55), 410(62), 404(36), 392(21), 379(16),
310(48), 297(100), 285(71), 269(47), 257(29), 187(28), 173(28), 157(42), 145(42), 145(51), 133(56), 119(58),
105(90), and 91 (82), IR (KBr): 3450, 2930, 2860, 1630, 1450, 1380, 1240, 1220, 1065, 975, 935, 880, 790, and
745 cm’l, 'H & 3C NMR' Table L

ACETYLATION OF 1 A solution of 1 (7 mg) in pyndine (1 ml) and acetic anhydnde (0.5 ml) was
stirred at room temperature overmght. After addition of H,0, the solution was evaporated to dryness under
reduced pressure  The residue was chromatographed by HPLC with an ODS column (60405
MeOH H,0 CHCly) to yield the acetylated product 3 (5 mg). HRFABMS. [M+Na]* 745 2665 (calcd for
C3Hs,0,,5;Nay+Na, A - 2 1 mmu), [M+H]* 723 2850 (calcd for C33Hsy044S,Nay+H, A - 2 5 mmu); LREIMS
(el %). 482(5), 464(3), 439(2), 422(16), 404(15), 379(21), 361(12), 337(3), 323(6), 297(13), 271(20), 253(22),
191(18), 147(50), 133(39), 119(52), 105(67), 91(63), 81(47), 64(100), 55(53); 3C NMR (CD;0D) & 14.0
(C-30), 14 3 (C-19), 15 7 (C-18), 19 4 (C-28), 20 8 (C-27), 20.9 (C-29), 21 0 (C-26), 21.6 (OAc), 217 (C-11),
26 4 (C-21), 28 3 (C-23 and C-24), 29 0 (C-6), 30.4 (C-4), 32 8 (C-7), 33.1 (C-25), 35.3 (C-8), 35.7 (C-15),
36 5 (C-10), 39 0 (C-1), 40.1 (C-5), 41 6 (C-12), 42 6 (C-22), 44 5 (C-13), 55.7 (C-14), 56 4 (C-9), 62 9 (C-17),
76 1 (C-16), 76 4 (C-3), 76 7 (C-2), 78.4 (C-20) and 171 7 (OAc), 'H NMR (CD;0D): 5 -0 20 (1H, dd, J=5 2,
42 Hz, H-29), 045 (1H, dd, J=8 6, 4.2 Hz, H-29), 0.64 (1H, m, H-28), 0.74 (1H, m), 097 (3H, d, =7 0 Hz,
CH;-26), 1 00 (3H, s, CH;3-19), 101 (3H, d, J=7.0 Hz, CH;3-27), 1 08 (3H, s, CH;-18), 1 09 (3H, d, J=64 Hz,
CH,-30), 1 23 (3H, s, CH5-21), 1 2-1 8 (m), 2.05 (3H, s, 16-OAc), 2 08 (m), 2 35 (1H, m, Ha-15), 4 72 (1H, m,
H-3),4 76 (1H, m, H-2), and 5 34 (1H, ddd, J=7 8, 7.8, 5 4 Hz, H-16).

SOLVOLYSIS OF 1 A solution of 1 (10 mg) 1 pyndine (0 5 ml) and dioxane (0 5 ml) was heated at
140°C for 18 h 1n a stoppered reaction vial After the solution cooled, H,O (1 mi) was added, and the solution
was extracted with n-BuOH (2x2 ml). The extract was evaporated to dryness under reduced pressure, and then
chromatographed by HPLC with an ODS column (90 10 1 MeOH.H,0 CHCly) to yield the desulfated product
4 (0.5 mg). HRFABMS: [M+Na]* 481.3692 (calcd for CyHsqO3+Na, A 3.3 mmu), LRFABMS (rel %)
[M+Na]* 481 (13), [M+H]* 459 (15), 441 (51), 391 (18), 342 (20), 317 (21), 307 (100), 289 (78), 273 (18), 220
(18), 186 (22) and 176 (44), 13C NMR (CDClL). 5 14.4 (C-19 and C-30), 15 3 (C-18), 19.2 (C-28), 19 8 (C-29),
20 0 (C-27), 20.1 (C-26), 21 5 (C-11), 279, 293 (C-6), 301 (C-4), 314,315,317, 341, 354 (C-8), 357
(C-10), 387, 389 (C-1), 40 4(C-5), 427 (C-12), 445 (C-13), 54 6 (C-14), 554 (C-9), 648 (C-12), 706
(C-3), 71 8 (C-2), 72 2 (C-16), 127 7 (C-22), and 132 4 (C-20), 'H NMR (CDCl;) & -025 (1H, dd, =53, 4 2
Hz, H-29), 0 42 (1H, dd, J=8 7, 4 2 Hz, H-29), 0 63 (1H, m, H-28), 0 7-0 9 (m), 091 (3H, s, CH;-19), 0 94 (3H,
d, J=6 8 Hz, CH;-26), 0 97 (3H, s, CH3-18), 097 (3H, d, J=6 7 Hz, CH3-27), 105 (3H, d, J=6 3 Hz, CH;-30),
11-19 (m), 163 (3H, s, CH;-21), 2 10 (1H, d, J=7 0 Hz, H-17), 2 19 (1H, ddd, J=12 8, 8 0, 7.2 Hz, Ho-15),
384 (1H, m, H-3), 3 86 (1H, m, H-2), 425 (1H, br ddd, J=8 0, 70, 5 3 Hz, H-16), and 5 31 (1H, t, J=5 5 Hz,
H-22)
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