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A few, powetfdly-bioactive marine metabolites embodying 2,4-dibstituted oxazok (the acetogenins 

hemnoxazolesp kabiramide C,” calyculin~,~ bengazoles, a halicho&amides,t mycaloide A,” and ulapualide A,” 

and the peptides orbiculamide A% and ker amamides B-C”) or dihydrooxazole rings (the peptides ulicyclamide,G 

ulithiacychrmide,” patellamides,” lissoclinamides,~ ascidiacyclamide,” and bistratamidesU) have been recently 

isolated from tunic&es, sponges, and nudibranchs that feed on them. To our knowledge, the only digression from 

this substitution pattern, involving substitution at the 2,5 oxazole positions, was found in the cytotoxic cyclic 

peptides dkxmsmides A and B of an ascidians Even in terr&ria.i taxa, 2,hlisubstituted oxazoles are unusual, rare 

examples being the antibiotic pimprhine of actinobateria& and annulonine of rye gras~.~ 

We have now found the first case of a seaweed that prodkes oxazoles, and just of the most rare, 

25disubstituted type. Thus, work up of an unidentified red seaweed of the family Delesseriaceae from the coasts 

of SenegsI’led to almazole A 1’ and almazole B 2.’ The composition C,H,,N,O, for 1 was revealed by MS data* 

in combination with the NMR data in the Table, which also suggested the presence of an alkyhnonosubstituted and 

an odisubstimted benzene ring. The first one was clarified to be part of a N,N-dimethylphenylalanine moiety from 

d&rence spin decoupling+“’ COSY 120” and HMQC.” Elucidation of the disubstituted benzene portion required 

firet assc&q the origin of doubhng of the aromatic proton signala, which could be attributed to a slow equiliirium 

between two conformers, in 85: 15 ratio, arising from slow rotation around the N-CHO bond. This conclusion was 

confirmed by irradiation at H4’ (7.4 1 br.d) of the minor conformer lb, by this observing cross-saturation transfer 

atH4’ (8.63 dd) of the major con8ormer la.n The position ofthe fbrmyl group (bc= 159.47d, JcH = 18OI-Ja, 6, 

=8.45~J=1.8)~totheC0-group(~,=183.1281oog-raqgecauplzdto~wasestablisbedfiomHMBC.” 

The three signals ho 167.22s, 14894a, and 136.79 d (JoH= hOHz) and the sigd 6,7.68s for 1 (Table) 

8t fix a 2-aIkyL5-acyI-disubstiMed oxazole ring. C2-C 1” bonding rests on heterocorrelation of C2 with both Hl ” 
and H$!” while he&ocorrelation of the oxazole proton with C 1’ is compatible with C 1’ bonding to either C4 or CS. 

Cl%5 bonding is the choice since the oxazole proton in 2-aky~4acykub&tuted oxazoles was always observed 
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to resonate at h8.0-8.2, Iso i.e., at ca. 0.5 ppm lower field than in almazole. Actually, this corresponds to the well 

known A 6,between H4 ahd HS in CZ-monosubstituted oxazoles. Cl’-CS bonding is also in accordance with the 

observed b, 149.94 s for C-5. The corresponding C4 resonance for hypothetical Cl’-C4 bonding would have been 

expected at ca 10 ppm higher field”). 

NHR 
s .st 

WC 
1 R=CHO 

la lb 

2 R=H R=CH( NMe,)CH,Ph 

Table. NMR data (CD& 300 MHz) for almszole A (major conformex la and, in footnotes a-e, de&Stable &n& 

fortheminorwnformerIb) 

Atom la la la 

d c(mult.) a&lult.~in Hz) Long-range ‘3C-‘Hf 

2 167.22 (s) 
4 136.79 (d) 
5 148.94 (s) 
1’ 183.12 (s) 
2 122.77 (s) 
3’ 138.88 (s) 
4’ 122.37 (d) 
5’ 134.87 (d) 
6’ 123.38 (d) 
7 130.94 (d) 
1 II 64.56 (d) 
2” 36.82 (t) 

3” 
4”_8” 
y-7” 

6” 
CHO 
NH 

NM+ 

137.52 (s) 
128.50 (d) 
129.02(d) 
126.66 (d) 
159.47 (d) 
__ 

41.70 (q) 

__ 
7.68 (s) 
__ 
__ 
__ 
__ 
8.63 (dd,8.6;1.1)= 
7.61 (ddd,8.6;7.0;1.7p 
7.20 (ddd,8.0;7.0;1.1) 
7.77 (dd,8.0;1.7)c 
4.15 (dd,9.6;5.8) 
3.35 (dd,13.4;9.6) 
3.22 (dd,13.4;5.8) 
__ 

7.15-7.20 (m) 
7.15-7.20 (m) 
7.15-7.20 (m) 
8.45 (d,1.8)d 

10.42( br.s)= 
2.39 (s) 

7.68;4.15;3,35;3.22;2.39 

4.15 
7.68 
7.77 
8.63 
8.45;7.77;7.61 
7.20 
7.77 
8.63 
7.61 
7.68;3.35;3.22;2.39 
7.15;4.15;2.39 

7.20;4.15;3.35;3.22 
3.35;3.22 
7.15-7.20 
7.15 
__ 
_- 

4.15;3.35;3.22 

7.41(br.d,8.6)forlb. b7.59(br.t,7.5)forlb. 07.73(br.d, 8.0)forlb. %82(d,11.6)forlb. 9.92@r.d,11.6) for lb. ‘coupling 
behveentheC-atomintbefirstcolumnimdtbevariousH-atoms. 

The three partial stnztures could then be assembled as in structure 1. The coupling constant values Jw = 1.8 

and 11.6Hz in the msjor la and minor conformer 1 b, respectively, pointed to Z conformation in the former and E 

conformation in the latter. This was confirmed by a lO?h NOE enhancement between CHO and NH in la. 

Wah respect to ahnszole A 1, the NMR spectra for almazole B 2’ (Table) showed the absence of the formyl 
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group, but otherwise supported the same connectivity pattern. The EIMS fragmentation9 pointed to the same 

conclusions, which were confirmed by acid hydrolysis of almazole A 1 to alma&e B 2 I6 

The cxmformational equilibrium for abnazole A 

was investigated in (CD&SO, where chemical shifts 

differ from CDCl, solution but the la/lb confotmex 

population ratio at r.t. (85:15) and the proton 

coupling pattern are the same.” The two conformers 

were monitored through their CHO d and the H4’ dd 

ku r.t. to 391 “K (Fig., I&), i.e. in the whole range 

from slow to f&t exchange. Coalescrstce for the CHO 

signals 8.20 d of la and 8.64 d of lb was clearly 

observed at 348 “K, while the H4’ signal for lb was 

superhposed to other signals, so that only the trend 

for the 7.92 dd of la is shown hme (Fig., left). The 

best-~ DNMR5’*+hmhtcd spema, and first- 

order rate coe&zients, are also &own in the Figure 

(right). Eyring anatysis gave a kinetic barrier for 

rotation around the N-CHO bond AG’(298 @K) = 

16.1M.2 Kcal mol-‘. This is 3-5 Kcal mol-’ lower 

than for N,N-disubstituted amides, while there are 

scanty data for N-monosubstituted formmu ‘des” to 

compare. 

Biogenesis of almawle A 1 can be conceived 

Tom tryptophan and N,N-dimetbyIphenylalanine, with 

oxidative pyrrole ring opening. 

316°K 
h 306 “K 

k T=293’Kj 

s-~U 420 

250 s-p&-i 

14 s-1, 

k k=7s-’ 

8.5 8 PPm 8.5 8 

Figure. Experimental (left) and simulated (right) line 

shapes for H4’ and formyl proton signals of aimazole A 1 

Screening for biological activities and synthesis of almszoles are under way and will be reported in due 

course. We thank Mr. A Sterni for recording the mass spectra and MURST (Progetti 40%) and CNR, Roma, for 

fktsncial support. 
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