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Skroidal glycoskk (saponbu} am common constituents of many ternstrial plants.4 l&y an 

also characteristic secondary metabolites of sea stars.5 Conversely, pregnane derivatives and their 

glycasides are relatively Tart constituents of marine invertebrates. Some years ago we6 and others7-t t 

qorted a few simple pqnanes from a3elenterates and sponges. More recently, Kashmau f3 al. 12 isolated 

a C-4 glycosidic pqnane from a Medim gorgonian. An underivatixed pnqnane with an aromatic 

ring A was &scribed by Blackman et al.13 fnm Tasmanian soft corals, CqWIt!Ilu spp. In this paper we 

report the structure of hapaioside,t4 which is a C-3 glycosidc of a 6-oxonorpregnane with an aromatic ring 

A, isolated from a FMnpei sponge, Cribmchaha oZediz.l5 The sugar is 6’-deoxy-L/hdtmpymnoseropyranose-4’- 

acetate. 
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Hapaioside (1) has a molecular formula of CzsHfi by HRFABMS (M+H m/z 501.2503 

Da, A -1.5 mmu). It was not immediately apparent that the compound was steroidal because of the high 

degree of unsaturation (u=ll) and tbe aromaticlty of ring A, which ellmbuued many obvious clues. A 

mom thorough examinadon of the NMR data revealed features that Suggested an atom&c prtgnane. Two 

ortho protons at 6.8 (H-1, dd, J&4. 1.3 Hz) and 7.3 ppm (H-2, d, J=8.4 Hz) were characteristic of a 

tetrasubstituted benzene ring. The 1.3 Hz coupling of H-l is attributed to benzylic coupling with H-9. 

Another diagnostic feature of the Ixoton spectrum was a signal at 5.74 ppm (H-20, ddd), characteristic of a 

terminal vinyl group, confirmed by COSY data. The WXMR spectrum showed carbonyl resonances at 

172.4 (C-7’) and 206.5 ppm (C-6). ‘Ihe carbonyl at 172.4 ppm was characteristic of an acetyl group while 

the 206.5 ppm carbonyl was indicative of a ketone. 

The IH-*H COSY, HMQC, and HMBC data allowed expansion of the presumed steroidal 

protons Hz-7 (2.72.2.36 ppm). Methylene protons at C-7 and H-8 show two- and three-bond HMBC 

correlations to the carbonyl carbon at 206.5 ppm. Since the signal at 2.45 ppm (H-9) does not show 

conelation to the carbonyl, it must be farther away than three bonds. Hence the carbonyl had to be at C-6. 

These NMR correlations place the carbonyl in conjugation with the aromatic ring, however, chemical shift, 

IR, and UV data do not readily support this. The carbonyl resonates at 206.5 ppm, which is about 5-10 

ppm farther downiield than expected.16 The IR spectrum has two carbonyl bands at 1735 and 1634 cm-l. 

The band at 1735 cm-l can be attributed to an acetate carbonyl but the ketone would be expected to absorb 

at higher frequency than the observed 1634 cm-I.16 

More complex analogs, scytalone (2)*7 and gmndlnol(3)t8 contain similar substructures and 

chromophores. The t3C carbonyl chemical shifts (202 and 207 ppm). IR absorptions of the ketone (1637 

and 1630 cm-l) and UV data (hruu @OH) 284nm W2882) 322nm (~=676O), and Lmax @OH) 

278nm (~=277OO). 345nm (&=38OO)) of 2 and 3 respectively, support the proposed structure of 1. 

2 3 

‘Ihe truns-w&runs fusion of the B-C-D rings and the stereochemistry of the C- 17 substituent 

wete determined from a ROESY experiment. The H-9 (2.45 ppm) showed correlations between H-14 

(1.39) and H-12~s (1.39 ppm). Since H-14 (1.39 ppm) and H-17 (2.05 ppm) show similar con&dons, 

H-17 must also have u-contiguratlon. The ROESY spectrum also showed con&dons between the CH3-18 

protons (0.63 ppm) and H-8 (1.91 ppm). Therefore both B/C and c/D must be rruns and the C-17 vinyl 

substituent is j3-oriented. 
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Table I. NMR Data far 1(500 MHz, CDCleD 1: 1) 

1 116.2 

2 125.1 

3 144.1 

4 154.3 

5 118.0 

6 206.5 

I 45.1 

a 40.6 

9 44.0 

10 143.2 

11 25.9 

12 37.5 

13 44.2 

14 55.2 

I5 24.7 

16 27.8 

17 55.9 

ia 13.0 

20 139.7 

21 115.5 

1’ loo.5 

2 69.8 

3’ 69.1 

4’ 74.7 

5’ 67.1 

6 16.5 

7 172.4 

a 20.8 

684 (H. 8.4.1.3. dd) 

7.31 @J 8.4. d) 

236 fi, 17.3.133. dd); 

2.72 (Hp.17.3.3.6, dd) 

1.91 @qw) 

245 &, 4.5, 11.6, dt) 

1.61 (Hp. m); 2.30 (I&. m) 

1.37 (Ho, m); La5 (Hp. m) 

1.39 warn) 

1.27 (Hp, m); 

1.77 (fEl, 6.8.2.4, Wquint) 

1.62 (Hp. m); 1.83 (Har. m) 

2.05 (l&, m) 

0.63 04. s) 

5.74 (II, 17.12.9.6. ddd) 

4.98 (Hz. 12.9. bd) 

5.45 (H. 3.7, d) 

3.86 @I. 10.2.3.7, dd) 

4.18 (H. 10.2.3.5, da) 

5.22 (H, 3.5. dd*) 

4.32 @I, 6.6, dq*, 

1.06 (H3.6.6. d) 

2.1 (H3.s) 

k-9 

G-1’. H-1. H-2 

H-l, H-2 

Hp-7, H-l, H-2 

Ha-7, He-7 

h-9 

Q-15. b-15. h-9. 

Ha-7, He-7 

H-11. G-7. Ha-7, H-1. 

h-12, Hg-12 

H-2, -9 

h-12. Ha-9 

H3-18, H-11. G-17 

h-17. HP-16. G-16. H3-18 

H3-18. Hf$-15, Ha-7 

He-a 

HP-15, b-17. H-20 

b-16, H-20. W-21 

h-12, h-14. H-13 

h-17. Hz-21 

Ha-17 

He-s, h-3’. G-2 

h-3’. Hc-4: He-l’ 

H,+‘. b-1’. Ha-2 

Ha-3’. &-5’. H3-6 

He-l: HeA’. H3-6 

He--s 

HeA’. H3-a 

H-2 

H-l 

Hz-7. h-9, H-12 

%-a. Hz-11 

G-9.9. Hz-12 

H-11 

Q-8, H2-15 

h-14. Hz-16 

H2-15. b-17 

Hz-16, H-20 

h-17. Hz-21 

H-XI 

h-2 

He-l’, Hg-3 

b-2’. H-S 

Ha-3 

K-4’. H3-6’ 

He-5 

*Second coupling constant too small to measux accurately. 
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Five methine carbon resonances with chemical shifts between 67 to 100 ppm plus a high 

oxygen conteot suggested the presence of a sugar, which was sqported by a mcthine catlxm msonadng at 

74.7 (C-4’. acetyl) and one at 100.5 (C-l’, acetal) ppm. lbe lH-tH WY, HMQC, and HMBC data 

provided the other three methine coooectivitics leading to a monoacetylated pyranose, which was 

compatible with the chemical shifts of the other methine carbons, (67.1(C-5’). 69.l(C-3’). and 69.8 (C-2’) 

ppm). 
Relative stereochemistry of the saccharide was determined by NOE experiments and coupling 

constants (Fig. 1.). H-2’ (3.86 ppm) was split into a doublet of doublets 5=10.2 and 3.6 Hz, which 

indicated one axial and one equatorial vicinal hydrogen. H-3’ showed the same coupling constants (J=10.2 

and 3.6 Hz). From this we concluded that H-2’ was frun.r uxiui to H-3’ and equatorial, (ck) to H-l’ 

(J=3.6 Hz); furthermore, H-4’ (J=3.6 Ha) had to be equatorial. (cis) to H-3’. H-4’ also showed a very 

small vicinal coupling (cl Ha) to H-5’ and could not be measumd accurately. The small J value is a result 

of the dihedral angle between H-4’ and H-5’ being nearly 900. If one builds a Dteiding model of tbe sugar, 

the 1.3 diaxial interactions between the anomeric oxygen and the CH3-6’ group can flatten the pyran ring 

and as a result, cause the dihedral between H-4-H-S to be nearly 900. A ROESY correlation from H3-6 

to H-3’ confirmed the axial conformation of the CH3-3-a: as was suggested by the coupling constants. 

Since the anomeric oxygen is cis to CH3-6, the monosaccharide heloogs to the ~-series. 

The C-l’ substituent, 4’-acetoxyl and CH3-6’ are all axial, while the 2’ and 3’ hydroxyls are 

equatorial, from this we wem able to initially identify the sugar as altrose. This was confii by acid 

hydrolysis of 1 and subsequent deacetylation of the C-acetoxyl group of the sugar. Comparison of the 

chemical shifts of the glycoside to the liberated sugar coofvmed the isolation of the fme 6deoxyaltrose. 

The optical rotatioo of the hydrolyzed sugar was determined to be -190, which correspoods to the reported 

[a]D of -18” for L-6-deoxyaltrose.t9 This sugar was reported as a constituent of a lipopolysaccharide 

isolated from mammalian intestinal mkmoqaksms. 

IH Ji (ln. 10.2.3.7) 

AC0 (ds. s.6. und) 

Fig. 1. Coupling constants of 6’-deoxy-L-B-altropyranosyl-4’-acetate. 

An HMBC correlatioo between the anomeric proton at 5.45 ppm (H-l’) to a carbon at 

144.1 ppm (C-3) connected the mooosaccharide to the aromatic ring system (Eg. 2) and yielded the final 

smlctute, 1. 
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Fig. 2. HMBC and ROESY correlations. 

Experimental Sectioo 

Generd Remarks. The IR specwum was obtsiucd,usiq a f+kin-l%r 1600 series FJ’-JB 

?T 
trometer. Optical rotations wcn mcasnrcd with a JASCO DIP-370 digital polarimeter. lJ-L-NMB and 

1 C NMR spectra wem tmasmd on a General Electric GN-Omega-500 qkttometer. FABI!lS spectra was 
measmd with a VG-70SE mass spectrometer. W was obtained fmm an Hewlett Packani 8452A diode 

arrayTm ponge CoRdon and Taxomqmy. The @ngc, collected in FMnpci, Federated States 
of Micronesia, August 1992. from a de@ of 40 m, is C&RI&ZZM almdri,(Niphtttidaei Haplos~ierida). 
A voucher specimen has been deposited at the Harbor Branch Oceanographk Musekh, Port Pierce, Piorida 
(Catalog No. 003-891). 

‘Isalation. The 387 g sample of fmexedried sponge was extracted with 4x 2 L of ethanol 
followed by two successive 2 L extractions with acetone. The combmed exnacts were evaporated in vaciw 
to yield 54;8 ;g of a,tan colored solii The entire residue was sub’ ted to reversed-phase silka gel Cl8 
flash chromatography using a gradient of water to methanol, fol owed by EtOAc. The fractions were r 
monitored by tH-NMB. The spectrum ofthefmction eluted with I&OH&O (J&20 eontained sigirals in 
the aromtitic region. The &OH&O (f&MO) fkaction (4.36 g) was subjected to LPL C using a semi- 
preparative reveu&-phase Ct8 (Phenomenex Ultra& 10 tlm ODS 30,250 X 22.5mm) column. The 
solvent sym was a gradient of MeGH/water from 75:25 to 85: 15 with addidon of 0.1% ‘trifiuotoacetic 
acid: The tktion containing hap&ride was ehrted last. Jt was further ~nuified by M-phase HPLC 
(CH$!N&O. 955. Phacnnehex ‘ultracarb 5 pm ODS 30,250 X to-mm) to affkrrd 7 mg of i. 

HydroIy&s and Absolute stereochemistry ot 6’-deoxy-k-&altropyratMse. 
acid&O(2:l,3mL)hymfhuingfor&ehourat 
methylerie chloride each to ‘eid 2 ‘mg of 6’- 
catriedoutbyadding10mL SbJNH4OHtothe 2 
ihe solvent was removed under vacuum. Optical 

rotation of the sugar was [al&r = -190 (c = 1.3, H@, 2oOC ). This matched the reported value of [a]~ = - 
18’ for 6deoxyahrose.l~ The sugar theiefote is 6-deoxy-&Laltrose. 
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Hapaioside (1): white amorphous solid, [a]D = - 34.8’ (c = 0.028, MeOH. 2O’C); IR 
(neat): Vmm 3416, 2941, 1735, 1634, 1446, 1245, 1087, 1026 cm-t; UV (MeOH): &az 218 nm 
(3321). 268 nm (1894). 346 nm (793): FABMS: m/z 501 (M+I-B+; HRFABMS: m/z 501.2503 
(M+I-ij+, CaH& (A’l1.5 mm& LI&ABMS m!z 189.1 (M+--C&&G3,90%). 1H and ty: NMR 
(CD3OD/CDCl3 l:l), see Table 1. 
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