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Abstract: Since the late 1980s, a large number of depsipeptides that contain a new
topography, r ddselecrhead ntoo caysc | foldeegps i pept i des,
characterized. These peptides present a unique structural arrangement that comprises a
macrocyclc region closed through an ester bond betweethee r mi n u-bydrexgld a b
group, and terminated with a polyketide moiety or a more simple branched aliphatic acid.
This structural pattern, the presence of unique and complex residues, and relevant
bioactvity are the main features shared by all the members of this new class of
depsipepties, which are reviewed herein.
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1. Introduction

Since ancient times, humans have used napuoalucts to treat nearly every ailment known [1].
Furthermore, for the last few decades, natural products have also served as biochemical tools to bette
understand the targets and pathways involved in disease. Their structural complexity, chemical
diversty, and biological specificity are matchless. Thus, the chemical space that these products
represent differs to that of synthetic compounds and cannot be easily replaced [2].
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However, the use of natural products as the main source for drug discovergalambmber of
severe intrinsic drawbacks:irstly, laborintensive and time&onsuming procedures are needed to
obtain the amounts required for poknical studies. Secondly, these products have an extremely high
structural complexity, thus representingsgnthetic challenge and a considerable obstacle for the
development of analogs. Thirdly, the use of natural sources may lead todiseaeery of already
known compounds. Finally, the tintieme for the development of drugs from natural products exceeds
the standards set by pharmaceutical companies [3].

In the early 1990s, the development of Highoughput screening (HTS), together with the
introduction of combinatorial chemistry, pushed natural product research programs into the
background [4]. The higdr capacity to produce large libraries of new synthetic compounds in a short
time by means of combinatorial chemistry and the dramatic increase in the speed of the biological
evaluation thanks to HT&finement were unbeatable improvements with respdbetdisadvantaged
screening of natural products. As a result, pharmaceutical companies significantly reduced their drug
discovery programs based on natural products [5].

However, to date, only orgee novocombinatorial NCE (New Chemical Entity) has beepraped
by the FDA, namely the kinase inhibitor sorafenib for renal carcinoma [6,7]. Thus, the failure of large
synthetic libraries in the race to find fiisi-class drugs combined with several improvements in the
screening of natural products have enaldedmall revival of natural products in drug digery
programs in recent years.

Simultaneously, the scalled chemistry of natural products has been transformed by new
methodologies and technological advanaosbjch have facilitated the +establishment fonatural
products as the main pipeline for drug developm@ihius, the combination of HPLC and SPE
(solid phase extraction) techniqgues with NMR and MS technologies and the implementation of
bioassayguided fractionation have substantially decreased time required for dereplication,
isolation and structure elucidation. As a result, the screening process for natural products has becom
moreefficient and straightforward.

Furthermore, several breakthroughs have been made in synthetic organic methedolthgadast
few years: the development of the seythetic approach, consisting of the generation of analogs by
synthetically modifying natural products [8,9]; the introduction of the chemoenzymatic approach,
which uses not only chemical tools, butcalenzymes to transform natural products [10,11]; the
application of diverted total synthesis [12]; the use of combinatorial chemistry tools to build libraries
based on natural product scaffolds [2,13,14]; and combinatorial biosynthesis, which uses genetic
engineering to create libraries based on natural products [15,16]. All these achievements have enable
the chemist to access increasingly more complex structures [3].

Moreover, advances in microbial genomics may bring about a revolution in the disconatyrad
products [17]. This new technology has enabled the rapid identification of genes encoding novel
secondary metabolites (most of which would have probably gone unnoticed by traditional screening
methods) and the computational prediction of chenstraictures on the basis of genomic sequences.
Furthermore and more importantly, it is now possible to establish specific fermentation conditions to
express genes encoding a particular natural product [18,19].
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In this new drug discovery panorama, the usenafine actinomycetes, fungi and myxobacteria as
sources of natural products could represent a more prolific approach for the development of drugs
based on natural structures, thus limiting the chances of finding known compouiiii] [20

In this regard,lte mari ne ecosystem occupies 70% of
biodiversity, which is subjected to higher evolutionary pressure and a smaller impact of humans than
the terrestrial ecosystem. Thus, hosting unprecedented, highly diverse and lgxitemplex
structures with a range of biological activities, the marine ecosystem is a potent reservoir of natural
compounds [23]. And until only 30 years ago, it was still unexplored. Technological improvements in
scuba diving and harvesting proceduregether with the development of more accurate and precise
chromatographic techniques, that enable the identification and biological evaluation of new natural
compounds using smaller amounts of products, have facilitated a more exhaustive exploration of the
marine environment for drug candidates. Thus, since the 1970s, more than 15,000 natural products
with distinct bioactivities have been isolated from marine microbes, algae and invertebrates [24].

Marine life has adapted to and survived the most extremditaans, such as fierce interspecies
competition over limited resources, sedro temperatures, and almost a complete lack of oxygen and
light. Moreover, most marine organisms are not provided with physical defense systems to protect
themselves against gatators, to feed and to safeguard their own space. Hence, they have developed

highly efficient and sophisticated chemical tc
chemicals into the environment, they protect themselves from externalsaggdreo n . The A
effecto, which occurs when these secondary met

survival of only the most effective chemicals, turning them into the most attractive natural compounds
for consideration in biomedat programs.

Natural marine compounds have interesting and diverse biological profiles, including bioactive
properties, such as atimor, anticancer, antmicrotubule, antproliferative, antihypertensive,
antrinflammatory, antivirus, antifungal, g/totoxic, and antibiotic etivity [25].

The efforts channeled into drug development from marine sources have started to bear fruits. Thus,
in December 2004Ziconotide (known under the trade name of Prialt and developed by Elan
Pharmaceuticaldp6] was tte first drug derived from a natural marine product approved in the US for
the treat ment of p ai nconotoxin MVI#A, atliear 2&amyino tadidepéptide f o
isolated from the venom of a tropical marine cone snail. This peptide shows |-defustd
threedimensional structure stabilized by the presence of three disulphide bridges. Moreover, in
October 2007, Trabectedin (known under the trade name Yondelis and developed by PharntgMar) [2
became the first marine amt@ncer drug to receivapproval in the EU. This drug is an alkaloid
isolated in extremely poor yields from extracts of the Caribbean turticaégnascidia turbinatand
accessed by means of a sawymthetic approach from the mukilogram scale antibiotic
cyanosafracin B. Filg, Brentuximab vedotin (known under the trade name Adcetris and developed
by Seattle Genetics) 8 was approved by the FDA in August
lymphoma and systemic anaplastic large cell lymphoma (ALCL). From a structurabgersp it
consists of three components: a specific antibody for human CD30 (chimeric immunoglobulin G1
mAb cAC10) covalently linked to a synthetic analog of the natural marine product dolastatin 10 (the
microtubuledisrupting agent MMAE) through a proteadeavaltke linker (Figure 1).
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Figure 1. Chemical structures dfa) Ziconotide;(b) Trabectedin; andc) Brentuximab
vedotin (the box contains the moiety of marine origin), which illustrate the chemical
diversity found in the sea.
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The role and potentiabf natural products in drug discovery programs are reaffirmed by the
following recently published figures. Data from 1981 to 2010 show that, of all the drugs approved,
60% were either natural products or based on natural structures. Moreover, whenadlyeeifarred
to anticancer drugs, this percentage increased to 7@} These data, together with the significant
number of drugs derived from natural products and currently undergoing evaluation in clinical
trials [30], illustrate the importance of aal sources for the development of new drugs, even when many
research programs in natural product discovery run by pharmaceutical companies have been terminated.

Natural marine products are of highly diverse chemical nature: phenols, alkaloids, tespenoid
polyesters, peptides, and other secondary metabolites produced by marine organisms, such as sponge
bacteria, dinoflagellate and seaweed. Several reviews about marine peptides and depsipeptide
have been published so farl[34]. However, the presentview focuses on a particular class of
marine pepti-tdawdec hatimed fchyecdd depsi pepti des, mo s
therapeutic activity.

2. i tbeSmledChaind Cycl odepsi pepti des

A peptide is an oligomer formed by up to 60 amino scithen at least one of the amide bonds of
a peptide is replaced by an ester bond, we refer to depsipeptides. These structures have proven to |
highly promising candidates for pharmaceutical agents because they show huge structural diversity
and displaya broad spectrum of biological properties: goiéismodial, antviral, antimicrobial,
insecticidal, cytotoxic, arfproliferative and artcancer activities. Furthermore, they can also show
ionophoric and anthelmintic properties. Most bioactive peptliege been extracted mainly from
tunicates, bacteria, sponges and mollusis [3
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The presence of several unique residues and the complex structural features shown by marine
depsipeptides makes the structural elucidation of these compounds a chalemgeer, their
interesting therapeutic profiles have boosted research in this field, resulting in several depsipeptides
now undergoing evaluation in clinical trials.

Since the latd980s, a number of depsipeptides have been reported that belong to a nevofamily
peptides, -tosideehgygi mdheaycl|l odepsi pepti des. These
arrangement: a macrocyclic region closed through an ester bond betwe@ntettminus and a
b-hydroxyl group, terminated with a polyketide moiety anare simple branched aliphatic acid. This
structural pattern, the presence of unique and complex residues and interesting bioactivity are the mait
features shared by all the members of this new class of depsipeptides.

3. F a miHead®<SideeChaind  Codepsipetides

With a wide range of structures and biological profiles, marine cyanobacteria are an extremely
prolific source of natural compounds. Among all the secondary metabolites produced by these
organisms, we wish to highlight tf8amino6-hydroxypiperidone (Ahp)xontaining cyclodepsipeptides
micropeptins [3,36], oscillapeptins [3,38], nostopeptins [3,40], aeruginopeptins [442],
largamides [8], and lyngbyastatins f#45]. These are all cyclodepsipeptides with serine protease
inhibitory activity, and they -tedidec leaitnhde nsaacnreo
region, mostly comprising six residues, closed through an ester bond with the hydroxyl group of a
L-Thr, and terminated with a more mutable linear fragment, often blocked by hydrophobic acids.
Micropeptin EI964 [4] exemplifies this family otyclodepsipeptides (Figure 2).

Figure 2. Chemical structure of micropeptin E1964.

Micropeptin EI964

Commonly, aais L-lle, L-Val or L-Leu (all hydrophobic residues); zis NMe-L-Tyr, which can
present a number of substitution patterns (halogendbte-L-T y r ( O Me )N&1¢-L-Pber aa
accepts a higher variability and can be a hydrophobic residue sudheas-Phe,L-Val andL-Leu or
a polar uncharged amino acid such.ahr; aa is always Ahp or its methylated version Amp; angl aa
is the residue showing the highest diversity, and it can-beu, Abu, L-Arg, L-Tyr, L-HomoTyr,
L-Lys, L-GIn, L-HCcAla, orL-Trp. The macrolactone framework represents a potent inhibitor prototype
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in which ag binds the S1 specificity pocket of the enzymes, thus blocking the interaction of proteases
with their substrates [448]. Thus, the nature of this residue is crucial ennis of selectivity and
explains its variability. Trypsin shows preference for basic residues (Arg and Lys) while chymotrypsin
has preference for large hydrophobic residues (Tyr, Phe, TFgR[42]. Abu enhances selectivity for
elastase [4]. The O from the hydroxyl group of Ahp/Amp participates in an intramolecular hydrogen
bond with the NH of agand theNMe-Tyr or NMe-Phe facilitates the formation ofcés peptide bond.
These structural features make the cycle rigid7,9@d51], thus protecting this cts of
cyclodepsipeptides from protease activity and providing a clei@fiped 3D structure. The presence

of unnatural amino acids in their structures also confers resistance to enzymatic hydrolysis.

TheL-Thr residue at the branching position plays &iedwstructural role and has been described to
occupy the subsite S2 of the protease. Only a few nostopeptins present a different amino acid at thi:
position, a ghydroxy-4-methylproline residue, whose stereochemistry has not been assigned t8]date [5

The linear arm is postulated to interact with more distal regions of the proteases (S3 and S4
subsites) through hydrogen bondg][3Hence, selectivities and potencies can also be influenced by the
highly diverse length and nature of the exocyclic fragmExperimental data showed the requirement
of at least a two unibng exocyclic arm for strong activity 4h

From a synthetic point of view, only a few members of this huge-dmpaining depsipeptides
family have been synthesized. Thus, somamide 9 s fully synthesized in solution while a full
solid phase strategy was developed for symplocamide6&1p The key step of symplocamide A
synthesis is the spontaneous formation of the Ahp moiety from a glutamic aldehyde generated once the
linear precursors totally assembled. The ester bond is formed after incorporation of the two exocyclic
moieties using DIPCBDMAP (10:1). The peptidic chain is elongated through the ester bond using
Boc chemistry to prevent DKP formation at the ester level and the lactanmization &tp is
performed on solid phase.

A closely +dosilexthad ndihaad angement was al so f
cyclodepsipeptideKahalalides [58i 62] were isolated from the herbivorous marine molluBkgsia
rufescensE. ornateor E. grandifolia and their algal dieBryopsis pennatar B. plumosa These
compounds make up a large family of marine peptides with highly variable traits. Its members range
from tripeptides t o tridecapeptides dtanhdi |ion
cyclodepsi peptiosdecsh,ai aad cfibkeadepsi pepti des, al
N-terminus.

Among the 24 natural members of this family described to date, only 7 show therapeutic profiles of
interest p8,59,63i 67]. These exhibithighly diverse biological properties, including cytotoxic and
antirtumor, antimicrobial, antileishmanial and immunosuppressive activities. Of note, all the
active members of this small group are cyclodepsipeptides and 6 out of the 7 exhibit the amcomm
i hetagidec hai nd st r uct ur arobughaan esteembgne (Riguret3). c | osed t h
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Figure 3. St ruct ur etosidecfthafime@eadkahal al i des pl us k
kahalalides displaying biological activity of interest are underlined.
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Kahalalide S;: R = OH Kahalalide S;: Ry = CH;NH, R; = CH;
Fromastuctur al perspective, -togidechanner gsashalfakud

kahalalide A, B, C, F, O, RR,, S, $, norkahalalide A, isokahalalide F andD¥lkahalalide F. The
macrocyclic region of these compounds comprises 6 amino acidspmétlexception, kahalalide C,
which bears afesidue ring. Most of the amino acids found on kahalalides have hydrophobic or polar
uncharged side chains with an abundance @ihdb-configurations. This feature differs greatly from

the Ahpcontaining deppeptide family. Other differences between the two large families are as
follows: the presence of other residues suchb&®er orp-allo-Thr, and not onlyL-Thr, at the
branching position of the kahalalides; the commercial availability of all their residuéh the
exception of Abu; the absence MMe amino acids; the occurrence of a much longer exocyclic arm
(up to seven residues); and the presence of a much silgksminal acid, which is generally
completely aliphatic and opin some cases a hydroagid.
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However, as reported for the AMltpont ai ni ng deps-opidephiades, st he
arrangement also seems to be essential to preserve the biological activity of thadeshaldh
therapeutic interest.

Kahalalide F shows the most comf@ biological activity profile of all the natural kahalalides
described so farsB,59,65i1 67]. It shows selectivity against solid tumor cell lines with@ the low
e M r an g-#49, HT-20, LAVO, R388, KB and CV1 cells); antiviral activity against $V Il
using mink lung cells; anfungal activity with IGov al ues bel ow Cahdida allgicshs a g a i
C. neoformansand Aspergillus fumigatusimmunosuppressive activity; and algishmanial activity
with good to moderate g values againsteishmaim donovaniand L. pifanoi (promastigotes and
amastigotes). Thus, exhaustive structural, synthetic, biological, clinical and mechanistic studies have
been caducted over the last 20 years.

A complete analogs program has provided valuable data on stractiviéy relationships
(SARSs) bB6,67]. Kahalalide F holds three domains: domain A contains the macrocyclic region; domain
B comprises the linear exocyclic arm; and domain C is formed by-tkeminal acid. Several changes
were made in all the domains ¢onstruct 143 analogs. It was concluded that the ring is crucial to
preserve the biological properties, as the linear precursor of KF, kahalalide G, did not display any
activity; the presence of the-IZhb residue and severa-aa increase resistance to enzymatic
hydrolysis and provides rigidity, which is essential to conserve the activity; the position occupied by
L-Phe must host a highly hydrophobic residue; the stereochemical information of all the amino acids is
critical, meaning that the peptide is highly thv@enensionally structured; and, finally, an increase in
the sterical hindrance and/or the hydrophobic nature cfitleechains increases activity.

To further support the experimental data collected for kahalaliderigre reduced analogsogram
conducted for kahalalide AG68] provided similar C 0 HAaesldacshiad mso
arrangement. The synthesis and biological evaluation of 5 analogs, including its linear version, was
performed to determine thenportance of the macrolactone framework and the presence of free Ser
and Thr residues to conserve its activity agdiigtobacterium tuberculosis

From a synthetic point of view, only total synthesis of kahalalidé&8), B [69], and F [fGi 72]
have been phlished. Kahalalide A was accessed by means of total synthesis on solid phase. The
Kenner sulfonamide safetatch linker was used to cyclize the linear precursor. The ester bond over
the L-Thr residue was built once the two moieties of the exocyclic aath been assembled. The
FmocL-Ser{Bu)-OH was incorporated following a double treatment with DIPCDI and DMAP
(4:4:0.4) in THF (2 h + o/n).

Kahalalide B was synthesized following two synthetic strategies: complete elongation of the linear
precursor on soligghase and cyclization througf) the peptidic bond Th&ly; or (ii) the ester bond
D-SerGly. The first approach has some advantages: a faster cyclization reaction; a cleaner and bette
yielding cleavage step; and the avoidance of a last deprotettjprinssolution. Cyclization through
the ester bond has not been attempted for any other related cyclodepsipeptide. Only the presence of tt
| e ast -hpdwoxyklgminb acid at the branching positiam$er) allows such a synthetic approach.

Much efforthas been channeled into the synthesis of the more complex kahalalide F. Thus, not only
a linear solid phase synthesis but also convergent strategies have been successfully developed. Tt
synthesis of linear kahalalide F was started by anchoring ¥&m\éad-OH onto 2CTC resin. The ester
bond was formed before complete assembly of the exocyclic arm by means of EDRAAP. The
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Z-Dhb residue was generated on solid phase or in solution and incorporated as a dipeptide. The fina
cyclization step was carried obetween the residuesVal-Phe. The convergent strategies comprise

the solid phase syntheses of branched peptides usiagdrietraorthogonal protection schemes; their
cyclization and deprotection of tiéterminal in solution; the synthesis on sgfidase of the linear
components; and the final condensation of the two fragments in solution using F3IEAPThe best
approach condenses the fragments through the peptidiccsBnalOrn to prevent epimerization. No

DKP formation athe ester level was teted.

Didemning[73i 75] andtamandarin$75,76] are complex cyclodepsipeptides isolated from Caribbean
and Brazilian tunicates respectively. These compounds show relevatitinaotj antiviral and
immunosuppressive activities at low nammd femtemolar range. Several clinical trials of some of
the most valuable didemnins are still underwayi 79]. Theyh a v e  ato-sidécehaadiika 0
structural arrangement closely related to those described previbusbgmprising two ester bonds.

From a structural perspective, tamandarins are simplified versions of didemnins (Figure 4). They
contain as-amino acida n d -hydroXy acid §hydroxyisovaleric acid, Hiv). The Hiv moiety forms
the second ester bond in the macrocyclic region and, in didemnins, it is replaced with the more
c o mp |-(elydrdxdyisovaleryl)propionyl (HIP) unit. Both types of cyclodepsipeptinsain.- and
D- andNMe amino acids and, importantly, as occurs in the-étytaining cyclodepsipeptide family,

L-Thr always occupies the branching position.

Figure 4. Structures of natural didemnins and tamandarins.
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Aplidine: R=Me, Ry = ﬁ/lk Didemnin M: R = Me, Ry = 47 Y\ g
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J\A)LL Jko?*

Tamandarin A: R= CH;
TamandarinB: R=H
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Several total syntheses fdidemnins A 80i 82], B [80i 82] and C B0,82] and dehydrodidemnin
B [83] and nordidemnin Bg4] have been developed. These were all synthetic approaches in solution,
differing mainly in the site of cyclization and the coupling reagents &&gdHurthermeoe, a number
of total syntheses in solution of tamandarin8g,87], tamandarin B§7,88] and analogsd9i 91] have
also been described. Significantly, once again, structctigity relationships of didemnins indicate
that the macrolactone framework is ruaal structural arrangement regarding the bioactivity of the
natural peptides, especially cytotoxicity and -asal properties 92].

Discodermin A 93], a tetradecapeptide displaying antimicrobial activity and inhibiting the development
of starfish embyos, was firstly isolated from the marine spomscodermia kiiensisn 1984. A large
number +ofideéihaiano cyclodepsipeptides wihavbbeenxt r e
isolated since then from different marine sponges. Thus, discoderiiih§9Ai 97] from Discodermia
kilensis marine sponge; polydiscamides A8 also from aDiscodermiasponge found in the
Caribbean and polydiscamide$ B [99] from a spongércinia sp.; halicylindramides RPE [100101]
from Halichondria cylindrata microspinosamidell02] from Sidonops microspinosand corticiamide
A [103] from the spongeCorticium sp. were isolated and then elucidated and described in the
literature. They are dier tetradecapeptides comprising a-mi@®mbered macrolactone, or
tridecapeptides containing a-béembered macrolactone, with tNeterminus formylated in all cases
(Figure 5). The branching position of all these peptides is occupied hyTan moiety, whid is
always acylated by the uncommorcysteic acid. Furthermore, they compriseand b-residues and
oneNMe amino acid, and share a number of rare moieties sucip-8-Phe,L-t-Leu, L-b-Melle and
Sar.Their arrangement combining a small cyclic region with a long exocyclic arm, evokes kahalalide
F. From a biological perspective, they display mostly cytotoxic and antimicrobial activities. However,
polydiscamides BD have been described to act as SNSR (sensauyonspecific G protein couple
receptor) agonists and microspinosamide has been reported to inhibit the cytopathogenic effect exertes
by the HIV-1 virus. Corticiamide A has not been biologically tested and the stereochemical
information of its constitutie moieties has not been determined yet. Finally, halicylindramide E,
which is a truncated and linear version of halicylindramide B amidated @ttésminus, loses the
cytotoxicity and shows only a moderate antifungal activity, significantly lower th&n ane
exhibited by the cyclic halicylindramides. This experimental data reinforces the hypothesis of the
ihetagidec hai nd arrangement being cruci al for th
synthesis of halicylindramide A has been pulddlby Seo and Lim104]. They describe a fully
solid-phase approach starting by the sith@in incorporation of a-Asp moiety onto the Rink amide
resin. The linear precursor is assembled until the cysteine amino acid before performing the
macrolactamizabn step through the-Asn-Sar linkage. Then, the exocyclic arm is elongated, the
cysteine oxidized to cysteic acid and NMerminus blocked with a formyl moiety.
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Figure 5. Structures of discodermins, polydiscamides, halicylindramides, microspinosamide
and corticiamide.
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Finally, there is a huge and varied family of cyclodepsipeptides, all produced by marine sponges,
t hat al so have -to-didec hdaiisntoi nsttri weetvididmeased dond. Alhaf e me
them contain a 22or a 25memberedna cr ol a c t o n e-hydrdxyakamiip eacidr vith the b
D-allo configuration at the branching position. Furthermore, they share a number of uncommon
residues described for the first time after the isolation of these natural peptides. Of note, tre@esame r
residue (diMeGIn) acylates the branching position of all the isolated members. The exocyclic arm is
either composed of three amino acids, one beimgani n o a c i -a@mino acids. lidNeterminud)
i s al ways a ehydlosytacdd BotlLt &ndhp- rasidues, as well 8dMe amino acids, are
found in the structures of these peptides. Finally, all the cyclodepsipeptides show therapeutic profiles
of interest, displaying mostly cytoprotective activity against HIwfection.

In 1996, Zampella ando-workers described the first member of ttalipeltinsfamily. Callipeltin

A [105] i s -sideblkeaidno cyclic depsidecapeptide i sol
from a collection of marine sponges of the ge@adlipelta, in the orderLithistida Its isolation
all owed t he description of t hr e e -mpeteowytyrasined CC

(3S4R)-3,4-dimethytL-glutamine, and &,3R,49-4-amina7-guanidine2,3-dihydroxyheptanoic acid.
From the same marine sponge, a truncatedoseis callipeltin A named callipeltin B, and the linear
peptides callipeltins TM were also isolated1p6i 109]. Callipeltins A and B (Figure 6) contain a
D-allo-Thr at the branching position of a-B&mbered macrolactone (6 residues) and display relevant
cytotoxicity against several cancer cell lines. Additionally, callipeltin A was found to be active against
HIV virus.

Figure 6. Chemical structures of callipeltins A and B. The stereochemistry of all chiral
centers has been checked and corrected.

Callipeltin A

The totl synthesis of callipeltin B on solid phase was published by Lipton ameibdeers[110].
They chose to start the linear peptide elongation by incorporating the cyclic anhydride of
FmocN-methylglutamic acid onto the Sieber resin, and to carry out tleeolaatamization step at the
b-MeO-Tyr-NMe-Ala linkage. The ester bond was formed once the DiMePyroGlu was alreaphed
and using AlloeNMe-Ala-OH and MSNT in conjunction with-methylimidazole. Desmethoxycallipeltin
B and other analogs have also begmttsesized and biologically evaluatetll],112]. Syntheses for the
linear callipeltins D 113] and E [L14,115] have been published too. No bioactivity reported for the
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described linear callipeltins and the loss of &l activity for the truncated callipeltin B, strongly

point out t hdotsidégcthe i mhbo lag rfamegaednent i s crucial t
The same new and bizarre three residueseviound in other cyclodepsipeptides isolated from the

marine spong&eamphius huxleyin Papua New Guinedeamphamide A116,117], B [118,119],

C[119] andD [119] (Figure 7) are depsipeptides with a &5 a 22membered macrolactonepaallo-Thr

resdue at the branching point and the same terminating polyketide moiety of callipeltin A.

Neamphamide A displays a strong cytoprotective effect againstiHiWection, while neamphamide

B exhibits potent antmycobacterial activity againdflycobacterium snggmatisand bovis BCG, and

neamphamides i® are cytostatic against several human cancer cell lines. An outstanding structural

feature and an important difference between neamphamides and callipeltin A is that the former hold

the rareL.-homoproline in theimacrocyclic region. No syntheses have been described so far.

Figure 7. Chemical structures of neamphamidd<DA

Neamphamide B (R = NH,; Rz = CH3)
Neamphamide C (R4 = OH; R; = CH,)
Neamphamide D (R4 = NHy; R; = CoHs)

Neamphamide A

OH

L-Ho mo p r orhethoxgtyrosife and @4R)-3,4-dimethytL-glutamine are also contained in the
papuamidesin 1999, papuamidesi® were Bolated in Papua New Guinea from two sponges,
Theonella mirabilisand T. swinhoei[120]. The reisolation of papuamides C and D along with two
new peptides, papuamides E and F, from a marine spdalggphlussp. was described in 201141].

In addition, pauamides contain other strange amino acids suclb-8amethoxyalanine and
(2R,3R)-3-hydroxyleucine at the branching position, as well as two previously undescribed terminating
moieties: 2,&ihydroxy-2,6,8trimethyldeca(4Z,6E)-dienoic acid and-hydroxy-2,6,8trimethyldeca(4Z,
6E)-dienoic acid (Figure 8). Papuamides A and B inhibit the -B{Y infection of human
T-lymphoblastoid cellsn vitro. Papuamide A also displays cytotoxic activity against a number of
human cancer cell lines. The syrglsein solution of papuamide B was published by Ma and
co-workers in 2008 122]. After complete assembly of the macrolactone, it was first coupled to a
dipeptide, and the resulting intermediate was then condensate with the last fragment of papuamide B
which comprises the residuesallo-T h r , Gl'y and t-dihgdroxy mddabtockingathee d |
N-terminus.
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Figure 8. Chemical structures of papuamides FA Stereochemical assignment of
papuamide E and F has not been published to date. The stereochehastnyis the one
reported after isolation. Differences in the literature are found.
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Papuamide B (R =H) Papuamide D (R; = OH; R, = H)

Papuamide E (Ry = H; R, = CH;)
Papuamide F (R; = H; R, = H)

From the sameT. swinhoei sponge in Papua New Guinea, another member of the
ihetagidechai ndo cycl odepsi pheopapuachideshl2B],avasiidolgted. Thisisne | y
a cyclic depsiundecapeptide bearingpallo-Thr at the branching position of a -Bfembered
macr ol actone, and two unpr ecede Amethakyaspardagineoanda c i
4-amino5-methyt2,3,5trihydroxyhexana acid. The shydroxy-2,4,6trimethyloctanoic acid acylates
the N-terminus. Theopapuamidesi B [124] were isolated from theSiliquariaspongia mirabilis
sponge. They also contain a rare3-acetamide2-aminopropanoic acid and theS§3S)-4-amino-2,
3-dihydroxy-5-methylhexanoic acid (Figure 9). Theopapuamidé< Aare cytotoxic against human
colon carcinoma (HCL16) cells and show potent afitngal activity against wildype C. albicans
and also against amphotecirin-r8sistant strains. Furthermore, theopmpide A also exhibits
cytotoxicity against the CEMART cell line. No syntheses have been described so far.

Figure 9. Chemical structures of theopapuamideSDA No stereochemistry has been
described for the residues diMeGIn, Amtha and Htoa of theopapudmide



