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Terrestrial actinomycetes or filamentous bacteria produce a 
large number of antibiotic and associated compounds. For the 
past years, we have explored the biosynthetic potential of diverse 
classes of marine bacteria to determine whether they produce 
secondary metabolites that extend the molecular diversity of their 
terrestrial counterparts. Uniquely adapted actinomycetes exist 
in marine habitats,' and these habitats include the surfaces of 
animals and plants2 as well as shallow water sediments.3 Previous 
reports have documented the production of new antibiotics4 and 
antitumor agents5 from this source. In this Communication, we 
augment these earlier observations by reporting the structures of 
the salinamides 1 and 2, anti-inflammatory cyclic depsipeptides 
with unusual structures. 
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The salinamide-producing actinomycete was isolated from the 
surface of the jellyfish Cassiopeia xamachana collected in the 
Florida Keys. Fermentation in seawater-based media, followed 
by double EtOAc extraction of the whole-broth suspension, 
vacuum-flash chromatography, and reversed-phase HPLC, yield
ed only salinamide A (1) as approximately 9% of the dry extract. 
Salinamide A (1), a pale yellow noncrystalline solid, analyzed 
for C5IH69N7Oi5 by high-resolution FABMS. A variety of NMR 
spectral techniques revealed a great deal about the components 
of 1, but they did not conclusively lead to a structural formulation. 
Analyses by both 1H and 13C NMR showed that 1 contained 
seven known amino acids and two non-amino acid pieces. Six of 
the amino acids could be linked into larger fragments: GIy/ 
Ser/Thr and JV-methyl-Phe/a-(hydroxyphenyl)-Gly/Ile. In 
addition, the GIy residue formed an amide link to a non-amino 
acid fragment containing an olefin and an epoxide, and another 
nine-atom, non-amino acid fragment, C50-C58, was identified. 

A major breakthrough in the structural elucidation came when 
a subsequent fermentation yielded roughly equal portions of 
salinamide A(I) and a new crystalline compound, salinamide B 
(2), C51H70N7O15CI, mp 239-241 0C. Salinamides A and B are 
related as epoxide and chlorohydrin. The structure of 2 was 
established by single crystal X-ray diffraction analysis, and a 
computer-generated stereo drawing is given in Figure 1.6 Since 
the X-ray analysis determined only the relative stereostructure, 
chiral GC analysis of the hydrolytic fragments (2/?,3S)- (d-) Thr 
and (2S,3S)- (1-allo-) Thr was used to set the absolute stereo
chemistry shown.7 

The core of salinamide B (2) is a bicyclic hexadepsipeptide 
with two ester Hnks involving serine (GIy to Ser at C1-028 and 
Ser to Thr at C25-024) as well as an aromatic ether link [C8-
09], The connectivity of 2 severely limits the flexibility of the 
central core—a feature that complicates the NMR analysis by 
increasing relaxation times—and a CPK model shows a tightly 
packed molecular interior. Hydrophobic interactions dominate 
the left-hand side of 2 (Figure 1). The aromatic ring of the 
a-(hydroxyphenyl)glycine participates in two important 
interactions: a ir-ir stacking with the C5-C6 double bond and 
a face-to-edge aromatic stack with Phe. The tight turn in this 
region prevents rotation of the (hydroxyphenyl)glycine ring about 
the 09-Cl 6 axis. These aromatic protons are barely visible as 
broad humps in the room temperature 1H NMR spectrum, but 
at -30 0C they become broad doublets with a coupling of 8 Hz. 
Distinct 13C shifts are seen for this ring, and the lack of flexibility 
can be further appreciated by noting that in a ROESY experiment 
the proton on C8 correlates only to the Cl 1 proton and not the 
C15 proton. Intramolecular hydrogen bonds—12 of the 16 
total—organize the right-hand side of 2. A relatively open cleft 
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Figure 1. Computer-generated stereo drawing of the final X-ray model of salinamide B (2). Hydrogens are omitted for clarity. 

runs between the a-(hydroxyphenyl)glycine ring and the adjacent 
glycine loop. Computer modeling studies show that this cleft 
could accommodate two residues of a peptide such as D-AIa-D-
AIa, and this raises the interesting possibility that salinamide's 
selectivity as a Gram-positive antibiotic is related to vancomycin's 
well studied mode of action.8 A fragment bound in this cleft 
would also be in close proximity to a potential alkylating group. 

With the structure of salinamide B (2) firmly in hand, we 
turned to salinamide A(I) . Upon treatment with HCl, salinamide 
A (1) converts to a halohydrin that is identical in all respects to 
salinamide B (2), indicating that 1 and 2 are related as shown. 
The salinamides represent a new class of bicyclic depsipeptides, 
and no related structures have been reported from terrestrial 
actinomycetes. The salinamides possess structural components, 
the a-phenylglycine residue and the non-peptide portions, which 
are either unknown or of limited distribution in other naturally-
occurring compounds. 

Salinamides A and B exhibit moderate antibiotic activity 
against Gram-positive bacteria. The most potent in vitro activity 
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is against Streptococcus pneumoniae and Staphylococcus py-
rogenes with MIC values of 4 /ig/mL for salinamide A and 4 and 
2 Mg/mL for B. More importantly, salinamides A and B show 
potent topical anti-inflammatory activity using the phorbol ester-
induced mouse ear edema assay. Salinamide A shows 84% 
inhibition of edema and salinamide B shows 83% inhibition at the 
standard testing dose of 50 fig/ear. 
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