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SUMMARY: cis-5-Hydroxy-4-(4’-hydroxy-3’-methoxyphenyI)-4-(2”-imidazolyI)-1 ,2,3-trithiane 
1 was isolated from the New Zealand ascidian Aplidium sp. D. In neutral or slightly basic solution 
1 interconverts to the trans isomer 3. These isomers are the precursors to 2-vanilloyl imidarole 
2, previously reported from an extract of an Australian species of Aplidium. Both trithiane isomers 
are active against P388 leukemia cells in vitro. 

As part of the search for biologically active compounds from New Zealand marine organisms, studies have 
been conducted on a previously undescribed compound.ascidian, Aplidium sp. D.’ The methanol-toluene 
extract of this species exhibited in vitro antimicrobial, antileukemic and cytotoxic properties. We report 
here the isolation of an unusual 1,2,3-trithiane derivative 1, a major component present in the extract. This 
compound is shown to be the precursor for 2-vanilloyl imidarole 2, previously reported as a natural 
product from an Australian ascidian, Aplicfium pliciferum. 4 Only two other naturally occurring 1,2,3- 
trithiane derivatives, both unrelated to 1, have been reported.s,s 
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Bioassay directed fractionation of a freshly prepared methanol-water extract of the ascidian using reverse 
phase chromatography7 yielded 1 as a yellow gum (48 mg, 0.05% wet weight). In contrast, similar 
separations on an equivalent extract that had been allowed to stand in neutral solution at room temperature 
for one month failed to yield 1. Rather, the major component was shown to be 2 by a single crystal X-ray 
diffraction study,8 and subsequently by comparison with the data recently reported for this compound.4 
Re-examination of the freshly prepared ascidian extract failed to indicate the presence of 2, suggesting it is 
not a naturally occuning metabolite of Aplidium sp. D. No evidence for the occurrence of thiazole- 
containing compounds was found in either extract, in contrast to the previous report on the co-occurrence 
of these compounds with 2 in Aplidium plicilerum.4 

High resolution El and negative ion DCI mass spectroscopy9 of 1 indicated a molecular formula of 
C1$-f14N2CaS3, supported by the appropriate isotope pattern, while the ‘H and ‘SC NMR spectragT’0 of 1 
were consistent with the presence of 3-methoxy-4-hydroxyphenyl and 2-substituted imidazole rings as in 
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2. In addition, proton resonances at 2.94, 3.69 and 5.25 ppm indicated the presence of a -CHz-CH(X)- 
system, confirmed by a COSY NMR experiment. t3C NMR resonances associated with this system were 
observed at 40.13 and 84.35 ppm, together with a quaternary carbon resonance at 68.09 ppm. All 
protonated carbons were assigned by a HETCOR NMR experiment, while the long range lH-18C 
correlations shown in Figure 1 were established by an HMBC NMR experiment (optimised for 8.3 Hz 
couplings).1 1 

The presence of a 1,2,3_trithiane ring in 1 was suggested by the observation of three sequential losses of 
82.S in the low and high resolution El mass spectrum i.e. 342 (M+), 310 (Mf-S), 278 (M+-Sz), 246 (Mf-Ss) 
while chemical shift considerations required an hydroxyl group on the methine carbon (C-5, 84.35; H-5, 
5.25 ppm) and sulfur substitution on the methylene carbon (C-6, 40.13; 2H-6, 3.69, 2.94 ppm). The 
chemical shift of C-4 (68.09 ppm) was consistent with sulfur substitution, leading to the structure of 1 as 
shown. 

An acidic (4% TFA) CDsOD solution of 1 was stable with no decompositon detectable by IH NMR after 
one month. However, slightly alkaline (0.02% w/v NaOH) or even neutral CDaOD solutions of 1 were 
observed to change over several weeks to give a mixture of 1 and two new, major components. One of 
these components, 3, was closely related to 1. This new compound possessed the same alkyl and 

t aromatic functionalities, long range H- 13C correlations (as determined by an HMBC experiment) and low 
and high resolution mass spectroscopic data as observed for 1, indicating that they were isomers. 
Comparison of the AH and 18C NMR data of 1 with those of 3 l2 indicated that they were related by 
stereochemical inversion at C-4. 
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3 Connectivities found for 1 and 3 from HMBC ( - ) 
and difference NOE ( - - - +) NMR experiments. 

The preferred solution state conformations of 1 and 3 were investigated by use of 1H NMR difference NOE 
experiments18 and application of the modified Karplus equation .14 The vicinal coupling constants 
observed for 3 (8JH5,He 3.8 and 10.2 Hz) were satisfied by the -CH2-CH(OH)- dihedral angles of about 
67O and 169O. These inferred dihedral angles and the observed NOE’s (all >4%, see Figure 1) are best 
satisfied by the structure as shown in 3 (arbitrarily assigned as (4S, 5s)). 

In the natural trithiane 1, the vicinal coupling constants for the -CHz-CH(OH)- system were equivalent 
(3JH5,He 7.2 Hz), which corresponds only with dihedral angles of about 400 and 1440. Alternative 
arrangements with equivalent 3JHH values require H-5 to bisect the C-6 hydrogens, but such 
arrangements would have J values much smaller than the observed values. l5 In addition to these angular 
requirements, the observation of a significant (5%) NOE between H-5 and only one of the C-6 hydrogens 
(3.69 ppm) and to each of the two oftho protons (H-2’ (5%), H-6’ (4%)) required the solution conrc:nlation of 
1 to be a skew boat, shown arbitrarily as (4R, 5s) in 1. The skew boat conformation of the 1,2,,1 L ithiane 
ring has previously been shown to be an accessible local energy minimum.16 To determine if he -CH2- 
CH(OH)- coupling constants observed for 1 were due to an averaging caused by the rapid interconversion 
of two or more conformations, variable temperature 1H and ‘SC NMR experiments were run. As no signal 
splitting or broadening was observed over the temperature range of 213 to 353 K. one conformation, 1, 
must have been predominant.17 
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The other main component present in the mixture formed on the treatment of 1 under basic conditions 
possessed very similar 1H and 1% NMR data’8 to those observed for 2-vanifloyl imidazole 2, implying the 
presence of a conjugative electron withdrawing group at C-l. Upon acidification of the CDsOD solution to 
stop further decompositon of 1, the lH and 1% NMR signals due to this new compound diminished and 
signals assignable to the ketone 2 appeared. The transformation to 2 was complete after 2 days at room 
temperature. The structure of this transient intermediate is proposed as being the thione 4. All attempts to 
isolate the thione 4 by HPLC resulted in the isolation of the ketone 2, consistent with the low stability of 4 to 
aqueous acidic solutions,1g as employed in the HPLC separations. 

The natural trithiane 1 showed modest activity against the P388 murine leukemia in vitro (IC50 13fi pg/ml), 
was cytotoxic against the slow growing BSC cells used in the antiviral screen, but showed no antiviral 
efficacy. The trithiane was also inhibitory against the gram positive bacterium Bacillus subtilis and the 
fungus Candida albicans (MIC values -2OFg/disc), but inactive against the gram negative bacteria 
Escherichia coliand Pseudomonas aeruginosa. The trithiane 3 was active against P388 in vitro with IC50 
12 pglml, was cytotoxic to BSC cells with no antiviral efficacy, and inhibited Bacillus subtilis and Candida 
albicans. P-Vanilloyl imidazole had no detectable biological activities in our assay system. 
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Crystal data: C11HtoN203, crystal dimensions 0.76x0.23x0.30 mm, a = 10.407(l), b = 9.661(l). c = 
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