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Abstraq: Four new chlorinated phenylpyrrolyloxazolea, pbo&zoles A-D (h-4) have been 
isolated from the sponge Phorbus c@ clurhrufu. The structure of phorbazole A was 
muunbiguously dekrmined by X-ray diffm&m studies of its dimethyl derivative (lb). The 
struc~ofcompou&2-4wemde&rminedbyextensiveuseof lDand2DNMRtechniques. 
-lees A-D represent a new class of marine alkaloids embodying the previously 
unpfe&e&d, chlonnated pyrrole moiety, from marine sources. 

In the course of fractionating and purifying W-active compounds from the ethyl acetate extract 

of the Indo-Pacific sponge phorbqg j& &&glg (Levi) (Class Demoqongiae, order Poecilosclti~ 

family Anchinoidae) collected in Sodwana Bay, South Africa we isolated what proved to be four novel 

oxazole derivatives designated pho&azoles A-D (h-4). 

The four compounds (la4) were seprati by vacuum flash clkromatograpby and Seplladex LH-20 

cohum~~’ to yield pure phorbazole A (la, 2.5%. dry wt.), phorbamle B (2, 0.25%) phorbazole C (3, 

0.025%) and phorbazole D(4, 0.01%). 

Pborbazole A (la) was obtained as optically inactive white powder? m provided m/z 328 @, 

with a characteristic cluster for C13, 85951 for a molecular fommla of C13H7C13N202. While the proton 

NMR spectrum, of la, exhibited only three sp2 proton signals (9 699d, 7&d, 7.32s in inteamities of 

2:2:1, respectively) the 13C spectrum was more informative, i.e. it demonstrated 11 carbon signals in 

the range of 1112-158.3 (Table 1). Out of the eleven carbon resonances two doublets were double in 

intensity suggest&, in agreement with the proton spectrum, a 4-hydroxyphenyl moiety. The latter 

1,4-disubstituted benzene ring was unequivocally conkned byaHMl3C expeknent (Table 1). The 

charactexoftberemaGlg proton (aH 7.32) (SC 122.5d), however, could not be assigned due to its 

single CH-correMon. Prom the ten degrees of unsaturation, of la, the sp2 nature of all the 

C-atoms, the 8c-values and the oxygen and nitrogen heteroatoms, of the. molecule, it was suggested that 

phorbaz& A incorporates, in addition to the benzene ring. two heterocycles. However, mainly because 

oftheonly~H-atoms,nounequivocalstructurecouldhavebeendetermiraed. 

Methylation of la (CH.$, acetone. K,co, anhy.) afforded a dimethyl derivative (lb) (6 3.80 (OMc), 

8 3.70 (NMz))~ which was crystallized from acetone (mp 15ooc) and was found to be suitable for a X-my 

diffktion analysis? 
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The structure of lb was solvedby 

direct methods (SHRLx8 86)4. snd 

refined by fulLmatrix least-squares 

(SHELX-7f$, Wuding the po&ioMl 

and anisotropic thermal pammetem of 

the non-hydrogen atoms. The final 

refimment, minimizing w(AFq2, where 

w = l/&Fo), converged at R=O.O53 and 

wR=O.O54 for 1297 observations having 

I>30(I). All hydrogen atoms were 

introduced in calculated positions_ the ORTEPdrawiqof 

methyls being ueated as rigid groups. At convergence, the peaks and troughs of the difference density 
map did not exceed 0.35 and -0.32 e.A3, respectively. 

Phorbamle A represents a novel class of matine alkaloids with an unpmcedented akeleton. 

Phorbazole B (2)6, anisomeroflawiththesamemolecularformula, exhibitedinthe’HNMR 

spectrum (Table 1) the same 4-hydroxyphenyl resonan cm as la.’ However, the single singlet proton 

shifted to lower field (8 7.608) and its tJa vahreof 1MHxsuggestedittobelocatedonanoxazole 

ring. A CH-Correlation from the latter proton (H-9) to C6 (SC 151.6) and suitable coupling constants 

with C6 and C8’ confinned unequivocsJly the oxazole ring. In addition, a CH-comWion from H-9 to 

Cl1 established the attachment of the 4-hydroxyphenyl group to C8 as in la. Carbon-6 therefore has to 

be affiied to a hicttloro pyrmle ring. ThealmustsamechemicalshiftofC5in2andlasuggested 

the C5-C6 linkage between the two heterocycles, as in la. 

Phorbazole C (3). the third isolated compound* carries two chlorine atoms only, n&z 294 (I&, 

C,,H,C!l,N,O, with the proper chtster for C!$, 62%). From the NMR data (Table 1) it was clear that 3 

possesses the same three rings as phorbazoks A and B (la, 2). FMhemmm, CH-correWons from H-9 

to C6 and from H-2 to C3. C4 and C5 established a non-chlotinamd oxazole and a 3,4dichloropyrrole 

ring in this molecule (see Table 1). 

The fourth compound (4) of this group was obtained in minute amounts only.’ EIMS provided m/z 260 

for a molecular formula of C,,H9ClN202. The proton NMR spectrum of 4 was more informative as those of 

la, 2 and 3. as it showed five different aromatic proton signals (8 6.23-7.58) (Table 1) in ratio of 

2,1,1,2,1 respectively. From the NMR data (Table 1) it was evident that phorbazole D contains the same 

substituted oxazole and Chydroxybenzene rings as 2 but differs in the pyrrole moiety, namely, the 

latter being a mono-chloropyrrole. The vicinity of two protons on this mono-chbnu pylrole ring was 

suggested on the grounds of a 2.7 Hz coupling constantbehveenthetwoprotons anditwasfurther 

canfinnedbyaNOEbetweenthetw0. Furthenmore, the H-2,3 position of the two protons was co&rmed 

by a NOB between H-2 (6 6.98) and the NH-signal (6 12.06). As with 2 on the basis of the ac values of 

thevariouscsrbonatoms,ofthepyrmle. assignedbyaHMBCe xpeknent (Table 1). the same C5-C6 

linkage of the heterocycles was sqgeskd. 

Oxaxoles that are assumed to be amino acid derivatives, were aheady encountemd from spongeP 

and a chlorooxaxole was reporkd from an ascidian”. Chloropyrroles, however, to the IxWt of our 

knowledge, are unprecedented. Only pyrroles and bromopyrroles’2 have so far been reported from marine 
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organisms. me inmrunomodulatory activity of the new compmdsislmdcrin~ationandwilll.!e 

l%qmsented 8lsewilem. 

%I and % NMR Data ol Phwbamk A-D (la-4)’ 

A B C D 

Atom s<“C)b iTi LRCW’ s(13C) 6(k) LRCH” 6(13C) 6(9x) LRCW 8(13C) s(‘H) LRCH! 

2 122Sd 7.32s 

3 111.28’ 

4 111.48’ 2 

5 115.98 

6 150.8s 

8 142.7s 12 

9 116.95= 

11 116.18 13 

1216 126.4d 7.66dd 13 

13,15 115.ld 6.94dd 12 

115.08 118.7d 7.21s 

108.6S’ 111.7s 2 

mm* 111.1s 2 

115.85 115.2s 2 

151.6s 9 151.8s 9 

150.38 12 15O.OS 12 

12l.ld 7.608 120.7d 7.52s 

118.3s 9,12,13 118.3s 13 

125.7d 7.636’ 13 125.5d 7.62dd 13 

115.w 6.88dd 12 115&l 6.85dd 12 

121.5d 6.98t’ 3 

110.2d 6.23t“ 2 

111.9s 2 

118.6s 3 

153.2a 9 

149.6s 12 

120&l 7.50s 

118.95 13 

125Sd 758dd 13 

115.9d 6.85dd 12 

14 158.3s 12.13 158.0s 1213 157.8s 12,13 157.7s l&l3 

a. The spectra were taken on a Bruker ARX 500 spectmphotmneter in d,-DMSO. b. The r~Atipli&y WBS 

detumined by a DEPT experiment. c. Long-range CH-correlations to proton #, as d&mined by a HMBC! 

experiment. d. k8.OHz; e. J=2.7Hz f.g. remnamm within a column may be interchanged. 

la R=H, lb R=Me 

phcn%amles A-D(la-4) 
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R&rences und Notes 
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order of polarity compound8 A, B, C, and D; 500, 50, 5 end 2 mg, Rf (silica gel, EtOAc:Hexane 

1:1)=0.6, 0.5, 0.4, 0.4. respectively. 

2. Compound la, white powder, mp WC, ci 3260, 1611, 1509, 1445, 1405, 1280, 1175. 830 cm-‘. 

Compound lb, mp 150°C (acetone), cz 1610, 1509, 1445 cm-‘. 

3. The X-ray diffraction measurements were car&d out at room temperature (ca. 298K) on an automated 

CAD4 diffractometer equipped with a graphite monochmmator. using MoKu (m.7107 A) radiation. 

IntensitydaEawereco~~outto28=50abythe~28 scanmodewithaconstantscanspeed 

of 4 de&in. possible deterioration of the analyzed crystal was tested by detecting periodically 

the intensities of three stas&rd refItions from different zmws of the reciprod space, and 

was found negligible during the e xperiment. A total of 2349 unique reflections with positive 

intensities were recorded. No corrections for absorption or secondary extinction effcrcts wore 

applied. 
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&=16.221(4), c=22.565(3) A, &92.49(l)‘, V=3001.5 A3, 2=8, D&=1.583 g.cni3. F(ooO) = 1456, 

~(MoKct)=6.18 cm-‘. 
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7. 2JHeCll = 18 Hz, ‘J_ = 11 Hz, see Ref. 10. 
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