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Summary: Five novel benzenoids. polycarpamines A-E (l-5), with rare, sulfur-containing functional groups, have 
been isolated from the solitary marine ascidian Polycutpa auzata. The structmes of these compounds were determined 
primarily through interpretation of their NMR characteristics and mass spectral fragmentation patterns. Polycarpamine 
B (2) exhibited significant antifungal activity in vitro against Sacchar~myc~ cerevisiae and Candida albicuns. 

Prior chemical studies have shown marine ascidians (Urochordata) are a rich source of unique and extremely 

bioIogicaIly active secondary metabolites. 1 In our recent chemical and biological studieszd, we have proposed and 

demonstrated that ascidian metabolites deter a variety of potential fish predators. As part of our continuing studies on 

the chemical adaptations of taxonomically diverse ascidians, our interest was directed to PO&XJ~U uzmztu. a common 

solitary ascidian and conspicuous member of the benthic invertebrate fauna on many coral reefs in the IndoPacific. 

Although P. uuzuzu has been collected on numerous occasions from locations throughout the Philippines and Indonesia, 

only our initial collection at Siquijor Island, Philippines, in May 1986, yielded the compounds described in this paper. 

Solvent partitioning and silica gel flash chromatography were used to fractionate the lipid soluble material from P. 

uuzutu. Final purification of polycarpamines A-E (1-S) was achieved by silica HPLC (92:8 CH$Zlz:MeOH) and by 

preparative TLC. 

Polycarpamine A (l), an oil, analyzed for C~~HBNO$Q by HRFABMS in conjunction with 1H and t3C 

NMR data (Table 1, ref. 5). The high percentage of sulfur in 1 was revealed by the intense M++2 ion (20% bp) in the 

HRFAB mass spectrum. A prominent feature of 1 was the six singlet methyl resonances in the IH NMR spectrnm and 

the downfield shifts of their corresponding 13C NMR bands. In addition to the methyl groups, DEFT sequence 
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experiments also showed one methine carbon (ClO) and two methylenes (C7 and C8) accounting for all 23 protons 

present in this metabolite. The presence of two aromatic methyl ethers, an aliphatic methyl ether and N,N-dimethyl- 

amine was apparent from NMR data. A methyl disuhide was indicated by the upfield shift of the 13C band for Cl 16 

and the difference of 48 mass units between the parent ion (M++H, HRFABMS) and first fragment ion &I+-SCH3, 

HRDEIMS) of 1. Considering the methylated functional groups as hydrogen equivalents, five units of unsatnration 

were indicated for the molecular nucleus. The six quaternary aromatic carbons in the 13C NMR spectnmr of 1 were 

indicative of a fully substituted benzene ring and accounted for four degrees of unsaturation leaving an additional ring in 

1. The W absorption at 277 nm was also appropriate for a highly substituted benzene ring lacking extended 

conjugation. A 1,2disubstituted ethyl group and an acetal functionality were indicated by their *H and 13C NMR 

resonances (for ClO, 6 6.88 and 6 91.6). 

Table 1. W and 13C NMR assignments for polycarpamines A-E (l-5) and derivative 6.0 
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a rH and t3C NMR spectra were recorded at 360 and 50 MHz, respectively. NMB spectra for l-4 were recorded in CDCls 
and for 5-6 in methanold+ Chemical shifts are reported in S units (downfield of Me&i). Assignments for polycarpamine A were 
aided by DEFT sequence experiments and JC-H and s3JC_H correlation experiments. Assignments for polycarpamines B-E (2-S) 
were based on DEBT sequence experiments and comparison with the assignments for 1. b No resonances were observed for these 
carbons due to limited sample quantities. c-h Assignments within a c&mm may be exchanged. 
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The N, N-dimethylamine was unambiguously placed at C5 by the long range 1H -13C NMB corrections from 

the N-Me protons, and from the C7 protons, to C5. The thio acetal center at Cl0 was confirmed by correlations fmm 

the Cl5 methyl protons to Cl0 and from the methine proton at Cl0 to Cl5 The Cl0 acetal proton correlated to the 

carbon resonances assigned to C2 and C6, while the C7 protons correlated to Cl and C6. This pattern of correlations 

placed the methyl disulfide at C2. The two remaining methoxy groups could thus be placed at C3 and C4 completing 

the structural assignment of polycarpamine A. The lack of optical activity for 1 revealed that Cl0 was racemic, thus 

raising the question of solvent incorporation during preservation, extraction and/or isolation procedures. 

Polycarpamines B and C (Z-3) shared many of the spectral features of 1. Conspicuously absent were tH and 

1% NMR resonances for the thio acetal. The presence of a methyl disulfide in 2 and 3 was established by interpretation 

of their mass spectral fragmentation patterns and by t3C NMR data. HBPABMS established a molecular formula of 

C14HlgNO& for 2 (6 units of unsaturation). The W spectrum of 2 exhibited a h max of 305 nm indicating further 

conjugation of the aromatic ring. A strong absorption at 1665 cm-t in the FTIB spectrum was appropriate for 

assignment of a thioester7 at Cl0 completing the structural assignment of polycarpamine B. 

Polycarpamine C (3) analyzed for Ct&gNO$Lt (six units of unsaturation) which related it to 2 by the 

replacement of an oxygen atom with sulfur. The W spectrum of 3 had a 1 max at 375 nm indicative of the expected 

absorption of a substituted benzyldithio &tone. 8 However, perhaps because of long relaxation times and small sample 

sizes, no carbonyl absorptions were observed in the 1% NMB spectrum of this compound. Based on these data and a 

comparison of the spectral data for 1-3, Cl0 in 3 was formulated as the dithiolactone. IB absorptions for dithioesters 

are weak and commonly occur between 1200 and 1250 cm-t. An absorption at 1280 cm-l was noted in the FTIlI 

spectrum of 3. Dithiolactones and dithioesters have apparently not heen reported in secondary metabolites from marine 

or terrestrial sources. 

Polycarpamine D (4), which analyzed for Ct7H25NO& (6 units of unsaturation), was similar to l-3, 

however, it had additional NMR resonances not previously seen in the other metabolites. The W spectrum of 4 was 

virtually identical to that of 1 indicating no extended conjugation of the aromatic ring. However, a strong absorption at 

1733 cm-t in the FIIB spectrum of 4 and a quaternary carbon at 6 196.5 in its l3C NMB spectrum indicated the 

presence of a ketone. Proton and t3C NMB resonances for an additional methyl group at 6 2.37 and 25.8, respectively, 

established the compound as a methyl ketone. Since the Cl0 carbon appeared at 6 110.6 with no attached protons. and 

with the reappearance of the aliphatic methyl ether, the methyl ketone was assigned to the thio ketal at Cl0 in 4. As in 

1, compound 4 displayed no optical activity (Na D line) indicating it could have been formed by methanol addition to an 

unknown reactive precursor. 

Polycarpamine E (S), which analyzed for Ct3HtgNO&, had some structural similarities to 1, but lacked both 

methyl ethers and the methyl disulfiie. The bathochromic shift observed in the W spectrum of 5, upon the addition of 

base, was indicative of a free phenol. In addition to the Cl0 acetal proton in the tH NMB spectrum of 5, the 

appearance of an aromatic proton denoted the replacement of an aromatic methyl ether with hydrogen. A thio acetal was 

assigned at Cl0 in 5 by comparison with the tH and t3C NMB resonances of 1. The aromatic proton was assigned to 

C3 by the relative downfield shift noted for the C2 carbon resonance. In NOEDS experiments, irradiation of the C3 

proton produced a 12% enhancement of the Cl 1 methyl protons, while this irradiation produced no effect on the N,N- 

dimethyl amine methyl protons. This NOE enhancement pmvided umoborating evidence for the substituent 

assignments for 5, which were based primarily on 13C NMB chemical shift considerations. Acetylation of 5 yielded 

the monoacetate 6 (‘H NMB, 6 2.27,3H, s). The acetate carbonyl absorption observed at 1770 cm-l was assigned to a 

phenolic acetate. The parent ion (M++H) at m/z 344.1005 in the HBPABMS of 6 confidently analyzed for 
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Cl5H~NO4S2, indicating no tendency for cleavage of the S-O bond. The spectral and chemical data for polycarpamine 

E established a plausible structum as 5, a molecule possessing an unusual estetified sultinic acid at C2. 

Only the initial collection of P. uuzuta yielded polycarpammes suggesting that the ascidian may not be the true 

source of these unique compounds. All ascidians am filter feeders. straining planktonic organisms and suspended 

organic matter from seawater. The polycarpamines may thus have been derived from some planktonic organisms or 

microorganism ingested by P. uuzuru . Polycarpamines A, D and E am quite plausably produced by methanol 

incorporation into an unknown precursor. Studies are now in progress to find the true origin of these compounds and 

to probe their reactivities. Polycarpamine B (2) was found to be a significant inhibitor in v&o of the fungi 

Saccharomyces cerevisiae and Candiaia albicans. No significant antifungal activities were found for polycarpamines A 

and C-E. 
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