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Abstract: pOke.pols ester (1). a phosphate diester of mixed biogenetic origin was isolated from a Maui sponge, &o&a oceania. It 
showed mild anti HIV activity. 

Phosphate esters are essential elements of nucleotides, which are primary metabolites. They have only 

rarely been encountemd as building blocks of secondary metabolites. Recent examples of phosphate esters as 

moieties of marine natural products have been the sponge - derived calyculins3 and some polyhydroxysterols from 

a sea star.4 

We now report isolation and structural elucidation of another example of a phosphorus-containing marine 

natural product. Pokcpolas ester (1) is a diester of phosphoric acid; the alcohols are 5-methylhexanol and 

homoserine. The amine of homoserine. in turn, forms an amide with a Ct2 carboxylic acid, which terminates in a 

P_substituted furan and appears to be a truncated sesquiterpene. 

The sponge was collected at a depth of -12 to 14 m on the south share of Maui, Hawaii in July, 1993. The 

sponge was identified as Spongia oceani (SpongiidaeDictyoceratida)yoceratida).6;1 The freeze-dried specimen (350 g) was 

extracted with ethanol (2 x 4L), and the solvent was removed in vucuo. The resulting residue (9 g) was partitioned 

between water and n-butanol to furnish 5.0 g of nonpolar extract (upper layer). This extract was again partitioned 

with hexanc/methanol/water (5:&l) which gave 3 g of polar residw (bottom layer). The polar residue was 

subjected to high-speed countercurrent chromatography with CH$l2/MeoHiH20 (13:7:8) using the nonpolar 

layer as stationary phase and separated into 25 fractions. Two fractions (fractions 5 and 6) were combined (190 

mg) and subjected to gel permeation chromatography with Sephadex LH-20 ( methanol). Fractions 10 and 11 

were combined and repeated RP C-18 HPLC (CH3CN/H2O, 35365. YMC - Pack ODS-A ,250x10 mm column) 

was performed to give 10 mg of compound 1.8 

Compound 1 was obtained as an oil; its molecular formula, C!23H3flO$. was deduced by a series of high 

mass ion peaks in the FAB mass spectrum at m/z 494 (M+Li), 510 (M+Na), 602 (M+Na+glycerol). It was also 

confvmed by HR FAB MS (M+Na 5 10.2120 Da, A 11.4 mmu). The proton NMR spectrum of the compound 

showed three aromatic signals at 6 7.35 (IH, bs), 7.24 (lH, bs). and 6.29 (1H. bs), characteristic of a p- 
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substituted furan. IR absorptions at 3600-3400 and 1640 cm-1 indicated the presence of an ami& group. In the 
HMBC spectrum of the compound, a signal at 6 4.35 (lH, t, 5=6.3 Hz) showed correlations to two carbonyl 

carbons at 6 175.5 and 179.0 and two mcthylene carbons at 6 34.5 and 63.0. A two-proton signal at 6 2.01 (m. 

Hz-3”) exhibited correlations to carbons that resonated at 6 63.0,53.5 and 179.0. 

Based on these data, the presence of a homoserine moiety was suggested and partial structure (a) represents this 

portion of the molecule. 

HMBC and COSY correlations of proton and carbon resonances of the single olefin (6 5.23 and 125.7, 

135.6) and the vinyl methyl (6 1.61 and 16.1) together with the adjacent methylene protons and carbons revealed 

a Cl2 carboxylic acid terminating in a furtut ring at one end and a carboxyl function at the other, which formed an 

amide with the amino group of homoserine . 

The tH NMR spectrum of 1 showed the presence of a methyl doublet at 6 0.87 (6H, d, J = 6.8 HZ) and a 

one proton multiplet at.6 1.52 (W. m) characteristic of an isopropyl group. HMBC and COSY correlations 

starting fkotn the isopropyl group revealed the presence of an ester&d 2-methylbexanol. 

The t3C NMR spectrum (DMSO-d6) at 50°C showed signals at 6 66.7, 63.0, 34.5 and 32.0 which 

appeared as doublets due to t3C-3tP coupling through two and three bonds, thus indicating the presence of a 

phosphate group. This was confirmed by a 3tP NMB spectrum in which phosphorus resonated at -1.13 ppm, 

when the sptxmnn was record& in CD@D with phoshoric acid as the external standtud 

The 1H and 1% NMR spectral data of pokepola ester (1) are presented in Table I. The three exchangeable 

protons present in the molecule were not observed in tH NMR spectrum, because the spectrum was recorded in 

CDSOD. Tbe geometry of the double bond was ascmtained by NOE experiment. An NOE was shown between H- 

3’ and Hz-5’ ‘and also between H2-2’ and Me-g’. No NOE was observed for H-3’ and Me-g’. which establishes E 

geometry for the double bond 
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Table I. NMR Data for l(500 MHz, CD3OD) 

2 

3 

140.1 

126.1 

4 112.0 

5 143.8 

1’ 25.8 

2’ 29.6 

3’ 125.7 

4’ 135.6 

5’ 36.6 

6’ 36.0 

7’ 175.6 

8’ 16.1 

1 ,* 179.0 

2 
,. 

53.5 

3 ,. 34.S’ 

4” 63.ob 

1 *** 

2 S,, 

3 .,, 

4 **, 

5 . . . 

6 
__I 

7”’ 

66.7b 

32.ob 

24.7 

39.8 1.19 (2I-I. m) 

29.1 1.52 (1W m) 

23.0 0.87 OH. d. 6.8) 

23.0 0.87 (3H. d. 6.8) H 4”’ . H -5”’ H-5”’ 

7.H (1H. bs) 

6.29 (IH. bs) 

7.35 (WI, as) 

2.43 (W. bt, 7.0) 

2.23 (2H. bt. 7.4) 

5.23 (1H. td, 6.8, 1.1) 

2.29 (ZH. m) 

2.33 (2H, m) 

lb1 (3H. bs) 

4.35 (IH. t, 6.2) 

2.01(2H. m) 

4.02 (IH, m) 

3.90 (1H. m) 

3.85 (2H. m) 

1.55 (2H. m) 

1.38 (2H. m) 

H4. H-5. H-I’ 

H-2, H4. H-5. 

Hz-l’. Hz-2” 

H-2, H-5, Hz-l’ 

H-2, H46 

H-4. H2-2’. H-3 

Hz-l’, H-3 

Hz-l’. H2-2’. Hz-5’. H3-8 

H2-2’. H2-5’. H2-6’. H3-8’ 

H-3’. H2-6’. H3-8 

Hz-5 

Hz-5’. H2-6’. H-2” 

H-3’. Hz-5 

H-2”. Hz-3” 

H2-3”. H2-4” 

H-2”. H24” 

H-2”. Hz-3” 

Hz-2’“. Hz-3”’ 

Hz-l’“. Hz-3” . 2 H 4’” 

Hz-1”‘. Hz-2” 

H24”‘, H2-5” 

H2-2’“. HZ-~“‘. H2-5’” 

H3-6’” and H3-7’” 

H24’“, H3-6’” and Hj-7”’ 

H24”‘. Hz-5”’ 

H-S 

H4 

H2-2 

Hz-l’.H-3 

H2-T,H3-8 

Hz-6 

Hz-5 

H-3 

H2-3” 

H-2”,H24” 

Hz-3” 

Hz-2”’ 

Hz-l’“. Hz-3” 

HZ-~‘“. H2-4”’ 

Hz-3’“. H-5” 

H2-4”‘. H3-6”‘, H3-7”’ 

H-5”’ 

The absolute configuration of homoserine was &mined to be D ([RI-2-aminc+4-hydroxybutyric acid) by 

Mazfey’s method9 To a 1 mL vial containing 25 p.g of pure amino acid standard ( D and L homoserine ) in 50 pL, 

Hz0 was added 1 mg of FDAA (l-fluoro-2,4-dinitrophenyl-5-L-alanine amide) in 100 @., of acetone, followed 

by 20 j.tL of 1N NaHm. The mixture was heated for 1 h at 40°C. After cooling to mom temperature, 10 pL of 
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2N HCl was added. The resulting solution was concentrated under reduced pressure. The residue was dissolved 
in 500 pL of DMSO and stored in the dark until HPLC analysis. To prepare the FDAA derivative of the amino 

acid of 1, it was dissolved in 150 @ of methanol-water (1: 1) and 150 pL of 6N constant boiling HCl was added. 

The mixtum was heated fix 12 h at lO@‘C and cooled to room temperature; the solvent was removed in vacza The 

hydrolyzate was dissolved in 50 &tL of water and added 1 mg of FDAA in 100 pL of acetone, followed by 20 pL 

of 1N NaHa. The mixtuxe was heated for 1 h at WC and after cooling to mom temperature. 10 )LL of 2N HCl 

was addedThe residue was dissolved in 500 pL DMSO. A 20 pL aliquot of the resulting mixture of FDAA 

derivatives was analyzed by HPLC by eluting with 30% CH3CN in 50 mM - TEAP (triethylammine phosphate 
buffer), pH 3.0. A YhK pack RP C-l 8A column was used with a flow rate of 2 mL/min. UV detector at h max 

340 nm. Fnrm the HPLC trace of the product obtained after Marfey’s derivatization of 1, it was observed that 

both D- and L- isomers are present in a 4:l ratio. Apparently partial epimerlzation had occurred. Hence 1 and 

authentic samples of D- and L homoscrinc wert independently subjected to the same hydrolysis conditions and 

then FDAA derivatlzation was performed. In all cases the epimerized product was obtained as a minor component 

(< 20% of the original ). 
Pokepola ester (1) showed mild anti HIV activity at a concentration of 0.2 @nL without showing any 

cytoroxicity. The Cl2 carboxyllc acid appears to be a trisnorscsquiterpene. The presence of a D amino acid in the 

molecule suggests a microbial origin.10 
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