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Abstract: Two new metabolites, named halipeptins A and B, have been isolated from the marine sponge
Haliclonasp. Their structures were determined by extensive use of one- and two-dimensional NMR experiments,
mass spectrometry, and UV and IR spectroscopy. Halipeptin A is a novel 17-membered cyclic depsipeptide,
consisting of five residues including two alanines (witktereochemistry) and three new residues that appear

to be previously undescribed from natural sources: 1,2-oxazetidine-4-methyl-4-carboxylic acid, 3-hydroxy-
2,2,4-trimethyl-7-methoxydecanoic acid (HTMMD), aNemethyl-0-hydroxyisoleucine. The HTMMD residue

is substituted with 3-hydroxy-2,2,4-trimethyl-7-hydroxydecanoic acid in halipeptin B. Halipeptin A was found
to possess very potent anti-inflammatory activity in vivo, causing about 60% inhibition of edema in mice at

the dose of 30Qug/kg (i.p.).

Introduction

Sponges continue to be a rich source of new bioactive natural
products. Indeed, some of the most interesting natural products,
often characterized by novel molecular architectures, have been

isolated from Porifera. Among them, jaspamideggodi-
amolides? discodermines,swinholides! spongistatir?, callipel-

tines® and theonellamidésepresent unique examples in terms
of their complex structures, potent bioactivities, and biogenesis.

In this paper we report the isolation, structure characterization, ™ *%' ) )
Pap P d intriguing moiety, being an unprecedented four-membere®N

and pharmacological activity of two novel metabolites, name
halipeptins A () and B @), from the marine spongdaliclona

sp. (order Haplosclerida, family Chalinidae) collected in the

waters off the Vanuatu Islands. Halipeptin A showed a very
strong anti-inflammatory activity in vivo, causing a 60%
reduction of edema in mice at the dose of 3@fkg.

Chemically, both halipeptins A and B are mixed-biogenesis
metabolites consisting of a peptidic portion connected to a
polyketide framework and characterized by the presence of
unusual residues along with conventional proteinogenic amino
acid units (Figure 1). In particular, the 1,2-oxazetidine-4-methyl-
4-carboxylic acid (OMCA) residue appears to be a rather

cyclic form of ana-methyl-isoserine. In addition, bothand2
feature anN-methyl-9-hydroxyisoleucine (NMeOHlle), two
L-Ala residues, and a polysubstitutgehydroxydecanoic acid
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in 1 and 3-hydroxy-2,2,4-trimethyl-7-hydroxydecanoic acid
(HTMHD) in 2, see Figure 1) linked to the N-terminal Ala
residue through its carboxyl group on one side and to the
C-terminal Ala through itg-hydroxy group on the other side,
giving rise to a 17-membered macrolactone ring.

Halipeptin A has raised intriguing speculations on the origin
of its potent and, in a way, unexpected anti-inflammatory
activity. In fact, compounds displaying anti-inflammatory activ-
ity typically belong to very different chemical classes, such as
flat aromatic or heteroaromatic molecules, steroids, and terpe-
noids, with only two recent reports of anti-inflammatory
despipeptides, cyclomarifisand salinamide®.In addiction,
geldanamycit? another mixed biogenesis natural product
isolated from a strain ofStreptomyces hygroscopicuar.
geldanus and that has recently attracted the attention of many
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"H-13C HMBC correlations was indicative of the presence of an ester/lactone function, while
m . ’ a characteristic stretching at 1446 chsuggested the presence
of a N—O linkage in the molecul& The combined analysis of
H-5N HMBC correlations

13C and DEPT-135NMR spectra revealed the presence of 10
methyls, 7 methylenes, 7 methines, 2 quaternary carbons, and
5 carbonyls that could be grouped into 4 amide groufs (
— 169.2, 172.4, 173.3, 177.3) and 1 ester carboéiyl1(69.6) on
on the basis of the observed NMR connectivities (see below). In-
depth analysis of DQF-COSY, TOCSY, HMQC, and HMBC
data (see Table 1) allowed us to easily identify spin systems
for two alaninesdy 7.01d (NH), 4.76 quintet (#), 1.40d (Me)
and 7.21d (NH), 4.82 quintet @), 1.49d (Me), respectively].
Moreover, a spin system foréahydroxyisoleucine residue was

T

HyC

R=Me halipeptin A (1) also characterized[; 5.07d (Hx), 2.50m (H3), 0.97d (Meg),

R=H nhalipeptin B (2) 1.28m (Hy1), 1.56m (H), 3.65m (H1), 3.77m (H),)]. An
Figure 1. Structures of halipeptines Al( and B @), along with N-methyl signal ab 2.8s (3H) was assigned to the latter residue
selectedtH—13C and*H—!5N HMBC correlations. Asterisks indicate ~ On the basis of an intense cross-peak in the HMBC spectrum
relative configuration. (0n 2.8 NMeb¢ 64.6 Gv). Further analysis of the NMR spectra

of 1 revealed the presence of a polysubstituted long-chain
researchers for its ability to interfere with heat shock proteins carboxylic acid moiety. The carbonyl &¢ 173.3 was followed
(HSPs), also shows potent anti-inflammatory activty. by a quaternary carbom¢ 45.7) substituted with two methyls

Detailed pharmacological investigations on halipeptin Awill (5, 1.12spc 26.1 anddy 1.19sbc 22.3), as revealed by the
be needed to determine its biomolecular target and thereforekey HMBC correlations:oy 1.12s (Mé-2)/dc 173.3 (C1), 45.7
its mechanism of action at the molecular level. However, the (C2), 22.3 (M&-2) anddy 1.19s (M&-2)/o¢c 173.3 (C1), 45.7
occurrence of novel molecules with strong anti-inflammatory (C2), 26.1 (M&-2). The latter fragment was in turn linked with
properties and peptidic chemical nature, including the present a well-defined CH(O} CH(CHs)—(CHsz),—CH(OCH)—(CHy)o—
work, seems to indicate that new kinds of interference (at least CH; spin system (DQF-COSY and TOCSY), as indicated by
from a chemical viewpoint) can be exerted in the complex the HMBC long-range connectivitiegiy 1.19s (M&-2)/dc 82.5
signaling network of inflammation. Furthermore, although the (C3), 6y 1.12s (Mé&-2)/ dc 82.5 (C3). Therefore, this moiety
intact halipeptin A appears to be a rather complicated synthetic was a 3-hydroxy-2,2,4-trimethyl-7-methoxydecanoic acid resi-
target, its oligomeric nature may open the possibility to due that, to the best of our knowledge, has never been described
investigate new simplified pharmacophores that, in principle, pefore in natural products. Four (Alal, Ala2, NRe&llle, and
may prove useful in the identification of new leads for HTMMD) out of the five constituents comprising halipeptin A
developing a new generation of anti-inflammatory drugs. were characterized up to this point. Subtraction of the formula
that accounts for the sum of all residues so far described
(Co7H49N307) from the molecular formula of (Cs1HsaN4Og)

A specimen of theHaliclona sp. (0.7 kg of lyophilized  gave the formula @gHsNO; for the fifth residue (OMCA). The
powder) was extracted three times with MeOH at room cyclic nature of this unit was evident from its molecular formula
temperature, and the methanol-soluble material was partitionedCsHsNO>, which requires two degrees of formal unsaturation,
according to a modified Kupchan procedirgsee Experimental ~ of which only one could be accounted for by the presence of
Section), affording four extracts of increasing polarityhexane ~ an amide carbonyfH and**C NMR spectra contained signals
(5.7 g), CCl (13.2 g), CHC} (67.5 g), anch-BuOH (110.0 g). for an isolated, highly diasterotopic methylene adjacent to a
The CHC} fraction was selected for the isolation work. This nitrogen ¢c 44.464 3.29d and 4.14d, AB system), a methyl
extract was first subjected to medium-pressure silica gel flash singlet §c 23.16 1.46s), an oxygen-bearing quaternary carbon
chromatography (MPLC), eluting with CHEtMeOH mixtures (¢ 83.8), and an amide carbonyl{ 172.4). These functional
with increasing amounts of MeOH. Fractions which contained groups were interconnected by several key HMBC correlations
up to 3% MeOH in CHQ were further purified by reverse-  via 23Jcy (Figure 1 and Table 1):*C and®*N chemical shift
phase HPLC on a-Bondapack C-18 column eluting with a  arguments, and signal multiplicity analysis, thus assembling a
linear gradient, HO/CH;OH, 75:25-0:100 in 30 min, to yield 1,2-oxazetidine-4-methyl-4-carboxylic structure. The presence

Isolation and Structure Elucidation

pure halipeptins A%, 30.9 mg) and BZ, 3.9 mg). of a N—O linkage was inferred from a characteristic IR band
Halipeptin A showed a pseudomolecular ion peakmét at 1446 gml (stretching§ in this range have already been

627.4073 [(M + H)'] in the HRFABMS (positive ions)  observed in 1,2-oxazetidine systéfs'H—'*N HMBC spec-

spectrum, consistent with a molecular formulaiHssN4Og trum analysis immediately revealed a strongly downfield-shifted

(calculated 627.3969 for£HssN4Oo), requiring seven degrees  Nitrogen resonating at89.3 ppm (Mé&NO; as reference). In

of formal unsaturation. The peptidic nature of the compound particular, correlations aiy 1.49 CHz;—Ala2)/0n —262.4 (-
was suggested by the molecular formula and from the presencefla2), on 4.82 Ho-Ala2)/on —262.4 (N-Ala2), oy 2.80 (NMe)/

of two exchangeable amide NH signals at 7.01 and 7.21 ppm On —265.5 N-NMeOHlle), anddy 1.40 CHs;—Alal)/don —260.9
and anN-methyl signal at 2.8 ppm in thtH NMR spectrum (N-Alal) involved regular amide nitrogens (Figure 1), whereas
(CDCls, 500 MHz). Moreover, characteristic IR bands at 3421 correlations aty 4.82 Ha-Ala2)/ony —89.3 (N-OMCA), dn
and 1635 cm! (NHCO and NHCO stretching) gave further  3.29 CH,—OMCA)/6n —89.3 (N-OMCA), anddy 1.46 CHs—
support to this hypothesis. An additional IR band at 175t%cm OMCA)/éy —89.3 (N-OMCA) were indicative of the presence

(11) Bucci, M.; Roviezzo, F.; Cicala C.; Sessa, W. C.; CirinoB&.J. (13) Schwan, A. L.; Warkentin, J. Four Membered Rings with One
Pharmacol.200Q 131, 13—-16. Oxygen and One Nitrogen Atom. fbomprehense Heterocyclic Chemistry
(12) Kupchan, S. M.; Britton, R. W.; Ziegler, M. F.; Siegel, C. W. Katritzsky, A. R., Rees, C. W., Eds.; Pergamon Press: Oxford, 1984; Vol.

Org. Chem.1973 38, 178-179. 1, p 975.
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Table 1. !H, 13C, and®>N NMR Data of of Halipeptin A(1) (CDCl;, 500 MHz)

Randazzo et al.

residue Ou,2 mult, Jin Hz 02 On? H-13C HMBC 1H—1N HMBC ROESY {max400 ms)
Alal
CO 169.6
o 4.76, quintet, 7.7 49.5 Mg CO, NH,31-OMCA,
NMe-NMeCOHlle
B 1.40,d,7.7 18.0 a N-Alal
N 7.01,d,7.7 —260.9 Gy, CO, CO-HTMMD Ho, Ho-NMeOHlle
NMeOHlle
CcO 169.2
o 5.07,d, 10.5 64.6 CO, MB; CB, N-NMeOHlle NH-Alal, NH-Ala2,
NMe, CO-OMCA Meé2-HTMMD,
Mea-OMCA
B 2,50, m 28.1 CO, @, Me-f3, Cy, Co Ha
Me-3 0.97,d, 6.01 18.4 €, C3, Cy,
y 1.28, m; 1.56, m 35.1 &, Cp, Me3, Co NMe
o) 3.65, m;3.77, m 60.8 Cy
NMe 2.80, s 30.7 —265.5 Gyx, CO-OMCA N-NMeOHlle Hx-Alal, Ho, Hy,
p2-OMCA
OMCA
CcO 172.4
o 83.8
Me-o 1.46,s 23.1 @, CO N-OMCA S1-OMCA,
Ha-NMeOHlle
pl 3.29,d,12.0 44.2 & CO-Ala2, Mee. N-OMCA Me-o, NH—Ala2,
Ha-Alal
B2 4.14,d,12.0 @, CO, Mea. NMe-NMeCOHlle
N —89.3
Ala2
CcO 177.3
o 4.82, quintet, 7.6 48.5 Mg CO, CO-HTMMD N-Ala2, N-OMCA NH, M¢, f1-OMCA
B 1.49,d,7.6 22.0 @, CO N-Ala2
N 7.21,d,7.6 —262.4 Gy, CO, CO-HTMMD Ho, Ho-NMeOHlle,
S1-OMCA
HTMMD
1 173.3
2 45.7
Me'-2 1.12,s 26.1 Mé-2, C1, C2,C3 H3, [d-NMeOHlle
Me'"'-2 1.19,s 22.3 Me2, C1, C2,C3 H3, H4
3 4.69,d,2.5 82.5 C1, C2, Mg, C4, Me-2, M€e’-2, H4
Me-4,C5, CO-Alal
4 1.90, m 34.1 C2, Me-4, C5 H3, Me
Me-4 0.79,d,6.4 14.2 C3,C4,C5
5 1.30, m 31.9 C3,C4,C6
1.34,m C3
6 1.45, m 31.2 C5
1.50, m
7 3.07, quintet, 5.5 80.5 OMe-7, C8
OMe-7 3.28,s 56.4 Cc7
8 1.32,m145m 35.6 C7,C9C7,C9
9 1.30 18.4
10 0.89,t,6.0 14.4 C8,C9

aChemical shift values are referred to CH@y = 7.26),3CHCI; (6c = 77.0), and M&NO, (ox = 0) as internal standards.

of an electron-poor nitrogen connected to the C-terminus of the were found in the—190 — —170 ppm range, therefore

Ala2 residue. This'®N chemical shift value, well away from
amide resonances that are typically observed in the ra23®

downfield shifted in comparison with amides, yet at higher fields
than those found for the OMCA nitrogen. On the other hand,

— —260 ppm, lies at the edge of the expected range for an the effect of ring strain on theséN shifts still remained to be

oxygen-bearing Spnitrogen. A meaningful comparison of the

taken into account. In this context, oxaziridine derivatives have

latter 1N chemical shift with literature values of suitable been reported to resonate up €90 ppm4 surprisingly
reference compounds proved a rather difficult task due to both downfield shifted in comparison with regular hydroxylamine
the unusual structure of the OMCA residue and the scarcity of derivatives. Thus, the unusually low-field chemical shift of

nitrogen shifts reported for natural and synthetic products. In. OMCA nitrogert® could be explained in terms of a similar effect

particular,!>N shifts for hydroxamic acid derivatives obtained
from literature dat¥ and from a direct measurement of olrs

(14) (a) Thorn, K. A.; Folan, D. W.; Aterburn, J. B.; Mikita, M. A.;
MacCarthy, PSci. Total Emiron. 1989,81, 209-218. (b) Grant, D. M.,
Harris, R. K., EdsEncyclopedia of Nucleic Magnetic Resonandéley:
New York, 1995; Vol. 5, pp 32323235. (c) Hesse, M.; Meier, H.; Zeeh,
B. Spektroskopische Methoden in der Organischen Chéarreelition; Georg

Thieme Verlag: Stuttgart/New York, 1997.

exerted by ring strain on the oxazetidine system. Further support
for the presence of this uncommon four-membered ring system
came fromtJcy measurements at the OMCA methylene obtained

500 MHz).

(15) The derivative we used fd®N chemical shift measurement (by
means of alH—1N HMBC experiment) wasN-benzoyl-1-oxa-2-aza-
bicyclo[2.2.1]hept-4-ene. The measured shift was= —192 ppm (CDG,
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OMCA 385 M+H" OMTPA »~»
Ala2 315 M+H* CH, 207 M¥Na” ’ 0.04 H
CHy 337 tenia” 20 0.07 0.1 0.01
"IN, A HSCWMH
HN NA—CHs CH;3
o7 who L e
OH Figure 3. Ad (ds — Or) values in ppm obtained at 500 MHz for MTPA
HN_\/’ ;  NMeOHIle esters of2.
nH HsCO o 0 CH3 ) . .
e HTMMD oo ey As a result, the HTMMD moiety was substituted with a
CH, g H=e HTMHD in 2.
Ala1
Figure 2. Acyclic methyl ester §) with FABMS fragmentations. Stereochemical Studies on Halipeptins A (1) and B (2)

through & 'H,13C} coupled HSQC experiment. Indeed, the large Studies to determine the stereochemistry of these metabolites
ey values of 147.4 and 149 4 Hz observed for the two OMCA commenced with determination of the absolute configuration

: : : t C-7 of the HTMHD residue of halipeptin B through the
methylene protons are in excellent agreement with couplings at &-f X
reported for these ring systems, taking into account the m(_)dmed Mosher's methoé: T_he R)- and §-2-methoxy-2-
electronegativity of the substituert. (trifluoromethyl)-2-phenylacetic (MTPA) esters & were

The plain structure of could be obtained by linking all the prepared, ando values §s — dg) were determined at 500 MHz.

residues on the basis of long-range HMBC correlations. Cross- Po:_;mveAé yaIues were found for protons on the €36 side,
peaks in the HMBC spectrum &t 7.21 NH-Ala2)/ oc 173.3 while negativeAd values were found for protons on the €8
(CO-HTMMD), &1, 4.82 Ho-Ala2)/ 5c 1733 CO—HTI(\:/IMD). C10 side (Figure 3), which allowed us to assconfiguration
o q-|3-HT,MMD.)/ ki CO_AIal). andon 7.01 G\IH,- to C-7 in 2. On the basis of biogenetic considerations, we
Alai)/éc 169 2 CO-NMeOHIIe) (Figuré 1) prO\}ided the Propose thall possesses the same configuration at the C-7 in
sequence for the fragment Ala2-HTMMD-Alal-NMeOHlle, HTMMD. . .

where HTMMD and Alal were linked to each other through The gbsolute stereochem!stry of the.two Ala.re5|dues was
an ester bond. The following HMBC correlations provided the determmeq by_ HF.)LC a_naIyS|s of the acid hydrolisatd aind
complete sequence af oy 2.8 (NMe)bc 172.4 CO-OMCA) 2_a_fter derivatization _W|th _the Marfey reagéﬁ(l—fl_uoro-Z_A-

O11 2.8 (NMe)be 83.8 Ca-OMCA), on 5.07 (Ca-NMeOHIIe)’/ dinitrophenyl-5t-alaninamide, FDAA). Both alanine residues
62 172 4 COSMCA) andoy 3 éQHﬁ[Iﬂ-OMCA)Iéc 1773 were found to possess anabsolute configuration at«Cin 1

(CO-Ala2) (Figure 1). The structure of was definitively angzll(:t?;e?é%%mczlﬂl?r!c? elztéor:a)bf the molecule also required
confirmed by its treatment with sodium methoxide in dry u ! wiedg u qut

methanol. This reaction furnished the acyclic methyl eS8ter study of the spatial relationships at the NMeOHlle and HTMMD

(Figure 2). In addition to the pseudomolecular ionsnéz 659 residues. A method of configurational analysis for flexible
M + H] .and 681 [M-+ Na*], corresponding to the introduc- structures, relying on the use of carbgoroton spin-coupling

tion of 32 mass units in the molecule, the FAB mass spectrum constants, has recently been proposed by Murata et al. for the

showed several fragment ion peaks, which were consistent Withfge,r\legg_'sgggl tdeifr:imhn;snoiz ?/{/r:iLurifllisprogi&iglec?;t(r)%ssterve
the structure and the sequence of halipeptin A (Figure 2). A ques, P

similar pattern of ion fragments was also obtained by ESMS/ large NOE contributions from minor conformers, the carbon
MS experiments. proton and the protoaproton coupling constants are detected

Along with halipeptin A, a closely related minor metabolite, as weighted averages of thvalues produced from each

named halipentin B. was isolated from the same extract (Figure conformer. The combined use of thk values allows the
halipeptin b, was | © ex (Figu identification of the predominant rotamer between six main
1). Halipeptin B showed a pseudomolecular ion peaknéat

o L conformers, three for each relative configuration of a two
61.3 [M+ H™in the FABMS (positive ions) spectrum, 14 mass stereogenic carbon systems. Halipeptins A and B are character-
units less than that fod. Structure elucidation oR was

- . . 1 ized by 17-membered rings, and they show a predominance of
a;:;orﬂp\lllvshgdi|nnalst:ﬁlgthvt\l‘o:walrrimatmner. mand E)cl:'\\:\'/\i/tlr?th staggered conformers for both the HTMMD (HTMHD &)
of 2Showed signais that were aimost Superimposable "NOS€,nd the NMeOHille centers which makes them suitable for this
of 1, except in the C6C8 fragment of thgg-hydroxydecanoic

; ’ - kind of analysis. The protonproton coupling constants were
SCI% r;ggsld[ﬁg EJHIk'\a/IIdHEz{ifltngftehdé t:; Ia::_g;g:ﬁ]oz/l;&rr‘gﬁt 8t obtained from théH NMR spectrum, while accurate measure-
72 9.@ ,80 5 inpl) and the downfielscggshift of thegproton of@the ments of3)c 4y have been carried out by 2D gradient-enhanced

. C . , r ~ i,
same methine aby 3.53 u 3.07 in 1) suggested with no hetero half-filtered TOCSY (HETLO&)and 2D phase-sensitive

oo ! g S HMBC (PS-HMBC)?22 Carbons belonging to the HTMMD and
ambiguity that halipeptin B is the-demethyl derivative of. HTMHD systems have a pattern of substitution particularly

(16) In principle, there could be another structural hypothesis for the appropriate for this analysis. In particular, C-3 in both the
OMCA residue which also contains an electron-poor nitrogen and which HTMMD and HTMHD fragments bears an alkoxy substituent,
would be fairly consistent with NMR connectivities. In this alternative
hypothesis, the OMCA residue would be a 2-substituted 5-methyl-2- (18) (a) Dale, J. A.; Mosher, H. S. Am. Chem. Sod 973 95, 512—
oxazoline-5-carboxylic acitl-oxide, with its C-2 being the Ala2 C-terminus ~ 519. (b) Ohtani, I.; Kusumi, T.; Kashman, Y.; Kakisawa,JHAm. Chem.
and the C-5 carboxyl group linked to the NM&H-Ile N-terminus. This Soc 1991, 113 4092-4096. (c) Kusumi, T.; Fukushima, T.; Ohtani, I.;
hypothesis was ruled out on the basis of the C-2 chemical shift (expected Kakisawa, H.Tetrahedron1991, 32, 2939-2942.
at higher fields around 120 ppm) and chemical considerations. In fact,  (19) Marfey, P.Carlsberg Res. Commui984 49, 591-596.
halipeptin A did not display any of the chemical properties required for an (20) Matsumori, B.; Daisuke, K.; Murata, M.; Nakamura, H.; Tachibana,
N-oxide. For instancel remained intact after treatement with Znin 0.2 M K. J. Org. Chem1999 64, 866—876.

HCI at room temperature, whereas the reduction product was readily  (21) Uhfn, D.; Batta, G.; Hruby, V. J.; Barlow, P. N.; Keér, K. E. J.
observed in the same conditions on a commercially avail&bteide Magn. Reson1998 130, 155-161.
compound, namely 5,5-dimethyl-1-pyrrolifeoxide. (22) (a) Boyd, J.; Soffe, N.; John, B.; Plant, D.; Hurd JRMagn. Resan

(17) Pretsch, E.; Seibl, J.; Simon, VWspectral Data for Structure 1992 98, 660-664. (b) Davis, A. L.; Keeler, J.; Laue, E. D.; Moskau, D.

Determination of Organic CompoundSpringer-Verlag: Berlin, 1989. J. Magn. Reson1992 98, 207-216.
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Figure 5. Dose-dependent inhibition on first (A) and second (B) phase
of carrageenan-induced paw edema by halipeptii)A (

15 satisfy the experimentdlvalues (but not the ROESY effect).
Moreover, theerythrostereochemistry found for the NMeOHlle
residue is in agreement with that usually observed for the
conventional lle amino acid, giving additional support to our
assignment. Presently, we lack any stereochemical information

methodology (see text). Solid and dashed lines refer to observed andpon the OMCA residue.

violated homonuclear and heteronucléér values, respectively. Key
ROESY correlations are also reported.

while C-4 has a methyl substitution. As we observed in other
casess the best results for thd-based analysis of HTMMD
were obtained at low temperature (268 K), where it is very likely
to observe a dominant conformer. The H34 coupling
constant is (in botil and2) 2.5 Hz, suggesting their gauche
orientation and ruling out the two anti conformé&rand9 (see
Figure 4). Concerning the protertarbon coupling constants,
H-4 has &J coupling constant with C-3 of-2.2 Hz (small in
absolute value), indicating its anti orientation with regard to
the oxygen bound to C-3. H-3 has a lafjecoupling constant
with the Me-4, indicating their relative anti orientation. Fur-
thermore, H-4 shows a small coupling constant with C-2,
and H-3 has a smafJ with C-5, suggesting for both couples

Pharmacological Activity

Halipeptin A was tested for cytotoxic activity (SK-OV3 and
L1210 cell lines) and for antifungal, antiviral (HSV1 and HIV1),
and antimicrobial activities with no significant results over a
wide range of concentrations. However, it is of particular interest
that halipeptin A showed a dose-dependent inhibition of mouse
paw edema (Figure 5) and that the inhibitory effect was already
very significant at a very low systemic dose, i.e., 30§kg.
Indeed, a comparison of this value with those displayed in the
same assay by indomethacin and naproxens¢Bb12 and 40
mg/kg, respectiveRf) indicates that halipeptin A (at least in
these experimental conditions) is 40 and 130 times more potent
than these standard anti-inflammatory drugs.

of substituents a gauche relationship. ROESY spectra containedConclusion
very strong cross-peaks between H3 and H5a/H5b and further

supported the assignments inferred frérwouplings. All these
data are in agreement with conformérand are violated, to
different extents, for conformegs-9, establishing for residues
HTMMD and HTMHD athreo relative stereochemistry. The
analysis of theJ values describing ther and 5 centers of
N-methyl--hydroxyisoleucine (NMeOHlle) also indicated a

Two new metabolites, named halipeptins B @nd B @),
have been isolated from a CHGxtract of the marine sponge
Haliclona sp. collected in the waters off the Vanuatu Islands.
Halipeptins A and B resulted to be novel 17-membered cyclic
depsipeptides, consisting of 5 residues. Halipeptin A contains,
along with two common alanines, three new residues: 1,2-

predominant staggered arrangement for the main conformer. Theoxazetidine-4-methyl-4-carboxylic acid (OMCA), 3-hydroxy-

proton—proton and the protoacarbond] values are sufficient
to discard conformerd0, 11, 13, and 14 (Figure 4). The

2,2 4-trimethyl-7-methoxydecanoic acid (HTMMD), aNemeth-
yl-6-hydroxyisoleucine (NMeOHlle). The HTMMD residue is

observation of a strong ROESY effect between NMe protons Substituted with 3-hydroxy-2,2,4-trimethyl-7-hydroxydecanoic

at oy 2.80 andd protons aty 1.50 and 1.26 was indicative of
an erythro relative stereochemistry (conformdr) of this
residue, though it is noteworthy that both conformg&gsand

acid (HTMHD) in 2. Above all, our attention focused on the
OMCA residue. This was characterized by a particularly unusual
ring system. A related, but not identical, system has been

(23) Bassarello, C.; Bifulco, G.; Zampella, A.; D’Auria M. V.; Riccio,
R.; Gomez-Paloma, LEur. J.Org. Chem2001 2001, 34.

(24) Calhoun, W.; Chang, J.; Carlson, R.Agents Actiond 987, 21,
306—309.



Two Potent Anti-inflammatory Cyclic Depsipeptides

described only in a series of metabolites isolated from fungal
coltures ofStreptomycesp. and named neopeptitfs.

While a more exhaustive pharmacological investigation on
halipeptin A is needed to characterize the exact target(s) of the
drug, it is clear that halipeptin A displays a potent anti-
inflammatory effect in vivo. In addition, even though halipeptin
A itself cannot be considered an attractive lead compound for
the complexity of its molecular framework, its oligomeric nature
may open the possibility to delineate new simplified leads for
the design and synthesis of new anti-inflammatory drugs.

Experimental Section

General Experimental ProceduresNMR spectra: Bruker AMX-
500 ¢H at 500 MHz,*3C at 125 MHz*N at 50 MHz),d (ppm),Jin
hertz, spectra referred to CHQby = 7.26),3CHCl; (0c = 77), and
Me™NO; (6n = 0) as internal standards. Standard pulse sequences wer
employed for DQF-COSY, TOCSY, HMQC, HMBC, and ROESY.
Phase-sensitive ROESY spectra were measured with a mixing time of
400 ms, while HMQC andH—*3C HMBC were optimized fotJc—n
= 135 Hz and?3Jc-y = 10 Hz, respectively!H—N HMBC was
optimized for'Jy-p = 90 Hz and*3Jy-y = 10 Hz.

Gradient-enhanced hetero half-filtered TOCSY (HETL&GNd
phase-sensitive gradient-enhanced (PS-HMB€}ectra were recorded
on a Bruker DRX600 at 300 and 268 Kl 4 values were measured
from 1D *H NMR, while 23]c 4y values were obtained from HETLOC
and PS-HMBC. A total of 16 scans pgrvalue were acquired for the
HETLOC spectrum, with a spin-lock of 35 ms andjaax of 50 ms.

For the HMBC experiment, 64 scans geralue were acquired, with
a timax Of 5 ms.

HRFABMS (in glycerol; C$ ions bombardment) were obtained with
a VG AUTOSPEC mass spectrometer; optical rotations were measured
with a Perkin-Elmer 141 polarimeter; reverse-phase HPLC, column
uBondapack C-18 (30& 7.8 mm i.d.; flow rate 5 mL min'), Waters
Model 6000 A or 512 pump equipped with a U6K injector and an UV
detector.

Isolation. The organism (lyophilized material, 700 g) was extracted
with MeOH (3 x 2.5 L) at room temperature. The methanolic extracts

were filtered and concentrated under reduced pressure and successivel

extracted using a modified Kupchan partition as follows: the methanolic
extract was dissolvechil L of a mixture of MeOH/HO containing
10% HO and partitioned agaih4 L of n-hexane. The water content
(% v/v) of the methanolic fraction was adjusted to 20% and 40% an
partitioned agairtsl L of CCl, and 1 L of CHCls, respectively. The
aqueous phase was concentrated to remove MeOH and then extracte
with n-BuOH. The crude chloroformic (67.5 g) extract was subjected
to MPLC on a silica gel column (150 g) using a solvent gradient from
CHCl; to CHCE/MeOH 80:20. MPLC fractions were further purified

by HPLC on a semipreparative (7-8 300 mm)uBondapack C-18
column, eluting with CHOH:H,O mixtures to afford pure compounds

1 and2. The purity of each compound was judged to be greater than
90% by HPLC andH NMR.

Halipeptin A (1): white amorphous solidp]p = —16.6° (¢ = 0.029
g/mL in CHCL); IR (KBr) vmax 3421, 2931, 1751, 1635, 1616, 1539,
1512, 1446 cm; HRFABMS nvz 627.4073 (M+ H*; calculated for
Cs1Hs5N40g, 627.396905,Ammu = 10.4); tr = 22.68 min, linear
gradient elution, HO/CH;OH, 75:25-0:100 in 30 min. FortH, 13C,
and >N NMR data, see text and Table 1. Heteronuclear coupling
constant for HTMMD/HTMHD residues?Jca g = —2.2 Hz,3Jcs Hs
=40 HZ,3JMe4YH3= 4.0 HZ,3\](;2,H4 < 2.0Hz (300 K),ZJ(;3VH4= —2.2
HZ, 3JCS,H3 =28 HZ,3JMe4,H3 =55 HZ,BJCZIHA < 2.0 Hz (268 K)
Heteronuclear coupling constant for NMeOHlle residé&;q, s = 6.2
Hz, 3Jc) e = 0.9 HZz,3Jve, Ha = 3.2 Hz,3Jco s = 3.5 Hz. ROESY
data: NMedbH, (strong) for NMeOHlle residue; H3/H5a (very strong)
and H3/H5b (very strong), H3-Me-4 (very weak). According to the
Murata’s method: heteronuclear coupling8 Hz < 2J < +1 Hz and
0 Hz < 3J < 3 Hz have to be considered small and are indicative of

d

(25) (a) Ubukata, M.; Uramoto, M.; Isono, Retrahedron. Lett1984
25, 423-426. (b) Ubukata, M.; Uramoto, M.; Uzawa, J.; Isono,Agric.
Biol. Chem 1986 50, 357—365.
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anti 2J) and gauche?®() relative orientation, respectively; heteronuclear
couplings—7 Hz < 2J < =5 and 5 Hz< 3] < 8 Hz have to be
considered large and are indicative of gauckigdnd anti §J) relative
orientation, respectively.

Halipeptin B (2): white amorphous solidpf]lp = —22.7 (c = 0.002
g/mL in CHCE); IR (KBr) vmax 3410, 2940, 1755, 1645, 1440 cin
FABMS m/z 613 (MH"; consistent with a molecular formula
CsoHs2N4Oo); tr = 34.7 min, linear gradient elution,8/CH;OH, 75:
25-0:100 in 30 min.

Hydrolysis and Derivatization of 1 and 2 (Marfey’s Procedure)*®
Two 100ug samples ofl and2 were dissolvedri 6 N HCI (0.5 mL)
under a nitrogen atmosphere in two sealed tubes at’C3for 16 h.
After evaporation, the two residual hydrolysates were suspended in
100uL of water, treated with 25@L of a solution of FDAA (1%) in
acetone and 300L of a 1 M NaHCG; solution, and then heated at 50
°C for 1 h. HPLC analysis (Vydac C18, analytical column; linear

egradient elution, KO (0.1% TFA)/MeCN (0.01% TFA), from 9:1 to

1:1 in 45 min; UV detection at 340 nm) of FDAA derivatives in
comparison with similarly derivatized amino acid standards established
the stereochemistry of the two alanines that were found to. leis
noteworthy that we observed a 15% racemization of alanine residues
under the experimental conditions typically used for acidic hydrolysis.
Therefore, for unambiguous results it is advisable to treat the amino
acid standards in the same conditions used for the hydrolysis of the
peptide before reaction with FDAA in order to take into appropriate
account the extent of racemization produced by the strong acidic
conditions.

Methanolysis of Halipeptin A (1). A solution of 1 mg of halipeptin
A was treated with 1.2 mg of NaOMe in dry methanol (0.2 mL) at
room temperature for 3 h. The reaction mixture was neutralized with
0.1 N HCI, poured into ice/water, and then extracted witBuOH.

The n-BuOH phase was evaporated under reduced pressure, and the
crude product (0.7 mg) was directly subjected to FABMS analysis.

R (+) and S (—) Mosher'® Esters of 2.0ne milligram of halipeptin
B (2) was dissolved in 10@L of dry pyridine. Freshly distilled<)-
2-methoxy-2-(trifluoromethyl)phenylacetic (MTPA) chlorideib) was
added, and this solution was allowed to stand at room temperature for
12 h under argon atmosphere. The residue obtained after evaporation

f the solvent was subjected to reverse-phase HPLC using a linear

radient from water to MeOH (100%), UV detector 260 nm, to obtain
0.6 mg of R)-(+)-MTPA ester of2. The same procedure was used to
obtain the same amount ofS{(—)-MTPA ester of 2. In these
experimental conditions both the primary alchool function of NMeOHlle
and the C-7 secondary alchool function of HTMHD reacted.
g Pharmacological Assays. (a) Mouse Paw Edemixlale Swiss mice
(8—10 weeks of age) were divided in groups € 7) and lightly
anesthetized with enflurane. Each group of animals received subplantar
injection of 50uL of A carrageenan 1% w/v in J.X° Paw volume
was measured using a hydroplethismometer specially modified for small
volumes (Ugo Basile, Comerio, Italy) immediately before the subplantar
injection and 2, 4, 6, 24, 48, and 72 h thereafter. The increase in paw
volume was evaluated as the difference between the paw volume at
each time point and the basal paw volume. Animals were divided into
four groups: the control group was treated with vehicle (PEG), and
the other three groups were treated with 0.3, 1, and 3 mg/kg of
halipeptin A, respectively. All the administrations were intraperitoneal
(i.p.), and the final volume injected was always 100 Poly(ethylene
glycol)400 andl carrageenan were purchased from Sigma Chemical
Co. (Milano, ltaly).

(b) Statistical Analysis.All data are expressed as mearsem and
analyzed by using ANOVA for handling multiple data comparison
followed by Dunnett's test. Statistical significance is sePat 0.05
(n=7-8).

Acknowledgment. This contribution is part of the Marine
Science and Technology (MAST-III) European project named
“Bioactive Marine Natural Products in the Field of Antitumoral,
Antiviral and Immunomodulant Activity”. Therefore we thank
the European Community for financial support (contract MAS3-
CT95-0032). Additional financial support came from Universi-



10876 J. Am. Chem. Soc., Vol. 123, No. 44, 2001 Randazzo et al.

ties of Napoli and Salerno, MURST and CNR (Roma, Italy). allowing the collection of biological material. This paper is
NMR and FAB-MS spectra were recorded at C.R.1.LA.S. “Centro dedicated to the memory of Prof. Giacomino Randazzo.
Interdipartimentale di Analisi Strumentale”, Faculty of Phar-

macy, University of Naples “Federico II”. We thank Dr. Supporting Information Available: FABMS, IH NMR, 13C
Quadrelli (University of Pavia) for providing us with an NMR, DEPT-135, DQF-COSY, TOCSY, HMQC H—13C
authentic sample df--benzoyl-1-oxa-2-aza-bicyclo[2.2.1]hept- |, BC 1H—15N HMBC. PS-HMBC. HETLOC. and ROESY
4-ene for'>N NMR measurements. We also thank the diving spectrz; forl: FABMS, 1|1| NMR, HM(,QC, anle'_lgc HMBC

:ﬁ:@oﬁfelc?gn (;X ;S;Sglosgle)c?%e’?:n;?(?gml CHilgsgrnEaB)rigobrane spectra foR; and FABMS for3 (PDF). This material is available
Queensland) for the identification of the sponge, and the free of charge via the Intemet at hitp://pubs.acs.org.
Vanuatu government through the Fisheries Department for JA010015C



