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Abstract - Wembersterol &sulfates A (1) and B (2). two new sulfated tetrahydroxy steroids wnh an 
unprecedented cyclopropane-contammg srde cham, were Isolated from the sponge Petrosra wembergr. Both 
compounds are acove m vitro against felme leukemta vnus. and 1 1s also acme m vitro agamst HIV The 
structures of these two compounds were assigned mamly on the basrs of spectral data. 

Sulfate esters of polyhydroxylated stem1 are uncommon among manne sponges 2-5 In the course of our 

screening program for new btoacnve agents from marme orgamsms, we have isolated two novel annvual 

tetrahydroxylated steroid dtsulfates, designated as wembersterol disulfates A (1) and B (2), from the sponge 

Petrosza wernbergt Van Soest (o&r Haplosclenda, family Petrondae) Both compounds possess an 

unprecedented cyclopropane-contammg nde chsm, showmg one more example for the drverstty m the side 

cham structures of sponge sterols 6-s It was found that wembersterol Qsulfates A and B exhibtted m vttro 

acnvlty (EC50 = 4 0 and 5 2 @ml, respechvely) agamst the feline leukemia vtrus (FeLV)g, and 1 also showed 

acavity agamst the human rmmunodeficiency vtrus (EC50 = 1 0 ug/ml)‘O 

The extract of the sponge Petrosm wembergr collected off Ackhn Island, Bahamas was found to be 

achve m anuviral screening against a panel of viruses Solvent partrnonmg of the extract and cent&gal 

countercurrent chromatography of the acttve parnnon, followed by reversed-phase HPLC yielded 

wembersterol drsulfates A (1) and B (2) l1 The molecular formula of 1 was determmed as C3&aOt&N% on 

the basis of high resolution FAB mass measurement of the molecular ton species at m/z 703 2578 (maJor) and 

6812733 (minor) corresponding to [M+Na]+ and [M+H)+. respecuvely An mtense fragmentanon ion at m/z 

6013141 was mterpreted as loss of NaS03(+H) from [M+Na]+ EIMS faded to show the molecular ion but 

exhibited the tons at m/z 422 and 404 cormspondmg to [M-2NaHS04-H20]+and [M-2NaHSO,-2H20]+, 

respecttvely, suggesting the presence of two sulfoxyl and two hydroxyl groups The IR spectrum exhibited 

strong absorpnons at 1235 and 1215 cm-‘, charactenstrc of sulfates The 13C NMR spectrum and DEPT 

measurement of 1 (Table I) indicated the presence of 30 carbons mcludmg SIX methyls, ten methylenes, ten 

methmes and four quatemary carbons, among whtch three methmes (S 74 4,75 9, 76 3) and one quatemary 

carbon (6 78 1) are oxygen-bearmg Its ‘H NMR spectrum (Table I) supported the exrstence of three 

oxygenated methmes (6 4 52,4 71,4 74) The presence of a methylcyclopropane feature was evrdent from the 

couphngs of a methme proton at 6 0 68 (m) to two gemmal-coupled methylene protons at 6 -0 20 (dd, J=5 5, 

4 2 Hz) and 0 48 (dd, J=8 6.4 2 Hz), and to a methyl at 6 1.10 (d, J=6 7 Hz) Two other methyl doublets at 
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Table I 13C and ‘H NMR Assgnments of Wembersterol Dlsulfates A (1) and B (2)’ 

1 
‘3c ‘H 6 (m. J Hz) ‘3c *H S (m, J Hz) 

39 1 
76 3 
75 9 
304 
401 
290 
329 
35 3 
565 
363 
216 
418 

% 
380 

140,202 
4 74 (br m, W’/2=8 Hz) 
4 71 (br m, Wt/2=8 Hz) 
1 57,177 
1 53 
1 23 
091,167 
150 
0 84 

142 
113,207 

390 
764 
76 1 
305 
403 
29 1 
33 2 
35 6 
569 
36 5 
224 
38 8 
47 5 
55 0 
38 5 

137,205 
4 7 1 (br m, WI/z=8 Hz) 
4.69 (br m, WI/z=8 Hz) 
156,177 
152 
125 
095,171 
1 65 
076 

; 46 
106,196 

1 10 

74 4 72 8 

609 
154 
142 
78 1 
26 3 
42 5 
28 5 
28 7 
330 
209 
208 
19 1 
206 

069 
127,2 18 
@k&129,7878) 
4 52 
(brddd,78,78,45) 
1 15 
1 09 (s) 
0 99 (s) 

62 1 
62 7 
14 1 
32 3 
19 1 
33 9 
30 1 
28 8 

1 29,2 15 
@k&129,78,78) 
4 22 
(brddd.78.78.45) 
ii4 
355(d,115),394(d,115) 
0 96 (s) 
177 . 

1 18(s) 
1 52.172 
1 26; 1 37 

1 30 
lOO(d,70) 
103 (d, 7 0) 
0 68 (m) 
-0 20 (dd, 5 2,4 2), 
048(dd,86,42) 
1 lO(d,67) 

33 1 
20 8 

y;;(f5;5) 

1 15: 145 

; 26 

207 
187 
20 3 

14 1 14 3 

0 95 (d, 7 0) 
1 02 (d, 7 0) 
0 69 (m) 
-0 24 (dd, 5 5,4 2), 
046&k&86,42) 
108(d,67) 

*Recorded m CD,OD, where ‘H muluphclty not spec&d, ‘H 6 deduced from crosspeaks m 
KETCOR spectrum 
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6 1.00.103 and three methyl singlets at 6 0.99,109 and 1 18 were also observed m the ‘H NMR spectrum A 

2D INADEQUATE NMR expenment performed on a 150 mg sample of 1 and m conpnction wth as HMEiC, 

HETCOR, COLOC and COSY data (Table Il) estabhshed the complete conntctlvlty for the molecule This led 

us to propose for 1. a 2,3,16,2Metraoxygenated stero~dal struchae vvlth an unusual methyhsopmpyl 

cyclopropane group at the termmus of the side cham. 

Treatment of compound 1 with ace~~c anhydndeipyndme afforded the monoacetate 3, and analysts of the 

‘H NMR chemical shtfts for the C-16 methme suggested esterdkaaon at C-16. Solvolys~s of 1 m 

pyrtdme/dtoxane at 144PC for 18 hourst2 ytelded the &sulfated denvahve 4 The ‘H and 13C NMR specna of 

4 revealed the desulfimzatlon occmnng at the C-2 and C-3 oxygens, dehydroxylahon at G20 and C-22 

occurred as well Therefore, the posittons of sulfoxyl groups at C-2 and C-3, and hydroxyl groups at C-16 and 

C-20 were estabhshed. 

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

INADEQUATE HMBC COLOC INADEQUATE 
C# CoupledC# Coupled H# Coupled H# C# Coupled C# 

: 
10 3.19 

133 
4 192 
3.5 
416.10 1,3.7,19 
2;: 5 

7:9,14 
8,lOJl 
1,5,9,19 :; 
9 
13 11,18 
12,14.17,18 15.18 
8.13,15 12,18 
14 

:94 
114 

1.7,19 

7.12.19 
1.4.19 

:88 
12,18 

:76 17 
13J6.20 

:: :i 
;: 17 

22 23 

z ;; 

z 26.27 25 
ii 25 

29 24 
30 

COLOC 
tizgH#I Coupled H# 

15 
15.18.21 18.21 

21,22 21.22 

21 
22,28,29 
22.28.29 
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Comparison of the 13C NMR shifts of 1 with those pubhshed for hahstanol sulfate2 and 

5a-cholestane-2&3a,26-tnylsulfate13 suggested the existence of trans &ax& bulfate (2/3,3a) and trans AB 

rmg puncture (Sa-H) Furthermore, the 13C shfts for each carbon on rmg A in the &sulfated denvauve 4 was 

also m agreement wth that pubhshed for 5a-spirostane-2~,3a~o114, and dtffered from those reported for the 

correspondmg 2a,3a- and 2u,3B&ols 14-16. ‘H NMR data for 1 revealed a typ~al a-Ht6 at 6 4 52 (br ddd) 

15-18, which WAS COUpkd t0 Hi,,* H 15~ and Ht,b urlth couplmgs of 7.8, 7 8 and 4.5 Hz, respectively The 

stereochemistry of the remammg 3 chual centers, C-20, C-24 and C-28, was not assigned We have not 

attempted to estabhsh the stereochemistry of C-20 and were unable to estabhsh the retive stereochemistry of 

C-24 and C-28 of the cyclopropyl rmg by performmg a senes of tiference NOE expenments. Irradtatton of 

CH3-26, CH3-27. CH3-30. (X-28. CH2-29 gave no detectable NOES on the adIacent protons 

High resoluaon FABMS measurement and l3 C NMR data estabhshed the formula of C&l~0,cS2Na2 

for wemberstetol drsulfate B (2) By ‘H and 13C NMR analyses (Table I), mcludmg COSY, HBTCOR. HMBC 

data, 2 appeared to have the 2B.3a.168-mo1, 2g,3adtsulfate structure m a 5a-H stetotd, and to possess the 

termmal methyhsoptopyl cyclopropane group m the side chant. analogous to 1. However, the position of the 

fourth hydroxyl group 1s different from that m 1 In the ‘H NMR spectrum of 2, the C-18 and C-21 methyl 

singlets whtch were present m 1, had hsappeared, whde a methyl doublet at 6 0 95 (J=6 5 Hz) and two 

gemmal-coupled hydroxymethylene doublets at 6 3 55 (J=115 Hz) and 3 94 (J=ll 5 Hz) were observed 

instead Each of these protons were found to have cross peaks wrtb C-17 at 8 62 1 m the HMBC spectrum 

Correlauons were also observed from the two hydroxymethylene protons to C-13 (8 47 5) and C-14 (8 55 0) 

We thus placed the fourth hydroxy at C- 18 and established the structure of wembersterol drsulfate as 2 

EXPERIMENTAL 

ISOLATION OF WEINBERSTEROL DISULFATES A (1) AND B (2) - The sponge Perrosra 

wernbergl Van Soest19 (943 g) was collected on June 17,1985 at a depth of 100 feet off the Southwestern tip of 

Acklm Island, Bahamas and stored frozen A taxonomlc voucher specimen was deposned at Harbor Branch 

Oceanographic Instttutton. Inc. Indtan River Coastal Zone Museum, catalog number 003 00044 (DBMR No 

17-VI-85-1-14) A small portion (lg) of the sponge was homogenized wth methanol, and the resulhng extract 

was found to be acuve against FeLV Isolation of the acuve components was performed by following FeLV 

acuvlty The sponge was (870 g) extracted wtth 1 1 methanol-chloroform After evaporation of the orgamc 

solvents under reduced pressure, the aqueous suspensron was sequentrally extracted with ethyl acetate, 1 1 

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 combmed extract was fracuonated on an Ito high speed countercurrent 

chromatograph (CHC13-I-PIOH-MeOH-H20, 9 2 12 10, lower phase stattonary) to yteld 60 fracuons Of these, 

three successive active fracuons were rechromatographed on a reversed-phase C-18 HPLC column 

(MeOH-H,O-CHCl,, 60 40 5) to yield two achve components, wembersterol &sulfates A (1) and B (2) After 

repeating the chromatographtc procedures described above three more umes, 170 mg of 1 and 50 mg of 2 were 

obtained Both compounds were recrystalhred as whtte opaque needles (unsuuable for X-ray analysis) from 

MeOH-H20-CHC13 (60 40 5) 
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