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ABSTRACT: Total synthesis of callipeltins B and M, peptidyl cytotoxic agents isolated from marine sponges, by the
combination of Fmoc solid-phase peptide synthesis and cyclization and global deprotection in the solution phase is described.
Eight amino acids, including several unusual amino acids, were assembled on a solid support, and effective TFA-mediated
deprotection was employed to reach callipeltin M. Callipeltin B was accomplished via the macrolactonization between the side
chain of D-aThr and the C-terminus carboxylic acid of protected callipeltin M.

Callipeltin A (1) has potent cytotoxicity and anti-HIV
activity and is the first marine natural peptide isolated

from the marine sponge Callipelta sp.1 The molecule is
composed of unique amino acids: L-N-methylalanine (MeAla),
(2R,3R)-β-methoxytyrosine (βMeOTyr), L-N-methylglutamine
(MeGln), L-leucine (Leu), D-arginine (D-Arg), D-allothreonine
(D-aThr), (2S,3S,4R)-dimethylglutamine (DMQ), (2R,3R,4S)-
4-amino-7-guanidino-2,3-dihydroxypentanoic acid (AGDHE),
and (2R,3R,4R)-3-hydroxy-2,4,6-trimethylheptanoic acid
(HTAHA). Though the total synthesis of the cyclic depsi-
peptides, namely, papuamide B,2 pipecolidepsin A,3 and
stellatolide A4 isolated from marine sponges, was achieved by
Ma’s,5 Albericio’s,6 and Cuevas’s groups,4 callipeltin A (1) has
never been reported in the literature. Callipeltin B (2), a
truncated analogue cleaved between the AGDHE moiety and
DMQ moiety which was directly transformed to (2S,3S,4R)-
dimethylpyroglutamic acid (pDME) residue, was discovered
with callipeltin A (1) from the same marine sponge by Minale’s
group.7 Callipeltins E (3)8 and M (4),9 truncated linear
peptides of callipeltin B (2), were isolated from the marine
sponge Latrunculia sp. by D’Auria and co-workers. Callipeltins
E (3) and M (4) used the same amino acids as callipeltin B (2).
Since the stereochemistry of βMeOTyr and D-aThr could not
be determined in the isolation and structural analysis of
callipeltin A (1), D’Auria et al. reported the stereochemistry of
βMeOTyr as 2R,3R using chemical degradation of callipeltin A
(1) and derivatization of the resulting amino acids.10 We also
reported the confirmation to be 2R,3R by a comparison of 1H
and 13C NMR spectral data of all four diastereoisomeric
tripeptides, H-L-Gln-βMeOTyr-L-MeAla-OH.11 In contrast, the

stereochemistry of Thr residues in callipeltin A (1) was revised
as a D-aThr by Bifulco and co-workers.12 Based on these
reports, callipeltin E (3) was determined to have the structure
H-D-aThr-D-Arg-L-Leu-L-MeGln-(2R,3R)-βMeOTyr-L-MeAla-
OH. Lipton’s13 and our groups14 reported the solid-phase total
synthesis of callipeltin E (3) starting from the C-terminus and
proof of its structure independently. Callipeltin M (4) was
characterized to elongate two amino acids, D-aThr and pDME
(5) on the N-terminus of callipeltin E (3), namely, acyclic
callipeltin B (2). Synthesis of pDME (5) was reported by
Lipton’s15 and Hamada’s16 groups, and the stereochemistry of
dimethyl groups of 5 was determined as 3S,4R. Recently, we
also confirmed the stereochemistry of the natural 5 form by
comparison of 1H NMR and CD spectral data of four
diastereoisomers and a computational chemical method.17

However, total synthesis of callipeltin M (4) has never been
reported, and its detailed biological activity is unknown. As a
continuous work, Lipton et al. reported the solid-phase total
synthesis of callipeltin B (2) and complete assignment of its
chemical structure.18 They selected Tentagel-based TG Sieber
amide resin to afford callipeltin B (2) from the resin by mild
acidic conditions and decided to anchor the side chain of
MeGln residue to the resin for peptide amide synthesis. In
addition, benzyl and nitro groups were used for side chain
protections of βMeOTyr and D-Arg because it is commonly
understood that βMeOTyr residue is labile to acidic conditions.
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As mentioned above, Lipton’s group synthesized callipeltin E
(3) starting from MeAla of the C-terminus, and in contrast,
synthesis of callipeltin B (2) was commenced with βMeOTyr
to avoid macrolactonization as much as an inefficient
deprotection process. These approaches were unfavorable to
prepare a variety of callipeltin analogues for structure−activity
relationship studies to research antitumor and/or anti-HIV
agents. Herein, we report the total syntheses of the cyclodepsi-
peptide callipeltin B (2) and the linear octapeptide callipeltin M
(4). Our synthetic strategies are summarized as follows: (a)
conventional Fmoc-SPPS starting from the C-terminus, (b) use
of MEM, Pbf, and t-Bu groups for protection, (c) macro-
lactonization between D-aThr and MeAla residues. Although it
is generally difficult to obtain the cyclic depsipeptide by
macrolactonization of the corresponding linear precursor
peptide, we assumed that the conformation of callipeltin M
(4) in nature would be similar to those of callipeltin B (2), and
therefore, it is likely to directly convert callipeltin M (4) to
callipeltin B (2) (Figure 1).

Prior to the total synthesis of callipeltins B (2) and M (4),
the necessary six unusual amino acids with protecting groups
for the Fmoc-SPPS, Fmoc-MeAla-OH (6), Fmoc-βMeOTyr
(MEM)-OH (7), Fmoc-MeGln-OH (8), Fmoc-D-aThr-OH
(9), Fmoc-D-aThr(tBu)-OH (10), and pDME (5) were
synthesized as in our previous reports.11,14,17,19 Fmoc-Leu-
OH (11) and Fmoc-D-Arg(Pbf)-OH (12) were from
commercially available materials (Figure 2). To use these
building blocks, we attempted the solid-phase synthesis of
callipeltin M (4). As a solid support, 2-chlorotrityl chloride
resin was selected. After loading 6 on the resin, the Fmoc group
of the resulting resin (13) was removed with 20% piperidine/
DMF. The amino acids 7 and 8 were introduced using PyBOP/
HOBt/i-Pr2NEt in DMF for 4 h to give the tripeptide (14).
Because of the difficulty with introducing 11 to usual
conditions, several coupling reagents were attempted. As a
result, we found the optimized condition using COMU/HOAt/
i-Pr2NEt in DMF for 5 h to give the tetrapeptide 15. Fmoc-D-

Arg(Pbf)-OH (12) was coupled with PyBOP/HOBt/i-Pr2NEt
for 3 h to give the pentapeptide 16, and subsequent elongation
of Fmoc-D-aThr(tBu)-OH (10) was successful to give the
hexapeptide 17 with the same conditions for 2 h without any
problems. The coupling of 10 with the resin-bound 17 followed
by the smooth coupling of 5 (1.5 equiv) proceeded to complete
the elongation of the desired peptide chain. Cleavage from the
resin was performed using 20% HFIP/CH2Cl2 for 2.5 h to give
a crude protected octapeptide, which was purified by RP-HPLC
to give pure protected callipeltin M (18) in 4% overall yield (16
steps) from the resin loading. Finally, protected callipeltin M
(18) was treated with 50% TFA/CH2Cl2 to remove the
protecting groups to obtain the desired callipeltin M (4) in a
yield of 29%. The 1H NMR spectrum of synthesized callipeltin
M (4) was identical to those of natural callipeltin M. Therefore,
we briefly achieved the first total synthesis of callipeltin M (4)
(Scheme 1).
Scheme 2 shows the synthesis of callipeltin B (2). For the

macrolactonization between the hydroxy group of the D-aThr
residue adjacent to pDME and carboxylic acid of the MeAla
residue, each hydroxy group of two D-aThr residues was
distinguished using Fmoc-D-aThr-OH (9). Resin-bound 17 was
coupled with 9 and 5 continuously in the presence of PyBOP/
HOBt/i-Pr2NEt in DMF, and subsequently, the resin-cleaving
reaction was performed with 20% HFIP/CH2Cl2 to obtain the
crude material. Despite a single peak on HPLC analysis, its 1H
NMR spectrum showed a few products. Structural analysis by
1H NMR and MS spectra revealed that 5 was introduced on the
hydroxy group of the D-aThr residue. Saponification of the
mixture by 1 M aqueous NaOH for 20 min was guided to
desired linear peptide 19 without epimerization in 7% overall
yield from the resin loading.
Next, the cyclization reaction using protected callipeltin M

(19) was optimized. By the primary screening of coupling
reagents and bases, we found efficient conditions, MSNT/
MeIm and DIPCDI/DMAP, to proceed with the macro-
lactonization between the hydroxy group of the D-aThr residue
and the C-terminus carboxylic acid. As depicted in Table 1,
reagents and conditions were optimized in detail. Treatment of
the linear peptide 19 with MSNT/MeIm in DMF reacted
quickly to form a sulfonate intermediate; however, chemical
yields of the cyclized product 20 were unsatisfactory (entries 1
and 2). The linear peptide 19 activated by DIPCDI/DMAP was
formed over a long time (∼10 h), in which it gradually
disappeared, and formation of the desired cyclic depsipeptide
20 was confirmed. The excess reagents, especially 20 equiv of
DMAP, may have accelerated this process (entries 4 and 5).
Macrolactonization of 19 in approximately ∼10 mM substrate
concentrations was enabled efficiently (entries 6 and 7). As a
result, cyclic peptide 20 was provided using DIPCDI (5 equiv)/
DMAP (20 equiv) in DMF (7.5 mM) at 45 °C in 44% yield

Figure 1. Callipeltins A (1), B (2), E (3), and M (4).

Figure 2. Constituent amino acids of callipeltins.
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(entry 5). Though the final deprotection for 2 was carried out
with 25% TFA in CH2Cl2, the Pbf group of the Arg residue of

the 20 remained. We considered that the cyclic structure was
difficult to remove from the protecting group as compared with
the linear peptides. To convert completely, treatment of 20
with 10% TIPS in TFA was successfully accomplished to afford
callipeltin B (2) in 83% yield after purification by preparative
HPLC. The 1H NMR spectrum of synthetic 2 was identical to
those of the natural product from Minale’s group7 and the
synthetic product of Lipton’s group.18 We achieved the total
synthesis of 2 via macrolactonization (Scheme 2). It was noted
that 2 was not labile to acidic conditions in the absence of water
for 2 h, as shown in the HPLC profile. As expected, moist acidic
conditions led to decomposition of the callipeltins.
In summary, we accomplished the total synthesis of

callipeltins B (2) and M (4) by a combination of standard
Fmoc-SPPS and cyclization and deprotection in the solution
phase. The key macrolactonization between MeAla and D-aThr
residues of protected callipeltin M (19) proceeded fortunately
to generate protected callipeltin B 20. Final deprotection by
TFA-mediated conditions was successful to give cyclic
depsipeptide callipeltin B (2). Synthetic and structure−activity
relationship studies of callipeltin A (1) and its derivatives are
now underway.
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Scheme 1. Total Synthesis of Callipeltin M (4)

Scheme 2. Synthesis of Callipeltin B (2) via
Macrolactonization

Table 1. Cyclization Conditions for 20

reagentsa (equiv) concn (mM) time (h) yield (%)

1 MSNT (7), MeIm (12) 11 1 13
2 MSNT (7), MeIm (12) 111 2 25
3 DIPCDI (7), DMAP (0.5) 7.2 11 27
4 DIPCDI (5), DMAP (5) 7.0 19 18
5 DIPCDI (5), DMAP (20) 7.5 18 44
6 DIPCDI (10), DMAP (20) 20 10 41
7 DIPCDI (10), DMAP (20) 111 10 13

aThe reactions were performed at 45 °C.

Organic Letters Letter

dx.doi.org/10.1021/ol5020619 | Org. Lett. 2014, 16, 4324−43274326



■ ACKNOWLEDGMENTS
This work was supported in part by a Grant-in-Aid from the
Japan Society for the Promotion of the Science (25450145) to
H.K. M.K. is grateful to the Japan Society for the Promotion of
Science Fellowships for young scientists (8696). We thank Dr.
Nobuaki Nemoto from JEOL Ltd. for the measurement of
NMR spectra of callipeltin B. We also thank Prof. Angela
Zampella from Universita degli Studi di Napoli Federico II for
the gift of natural callipeltin B and its spectral data.

■ REFERENCES
(1) Zampella, A.; D’Auria, M. V.; Paloma, L. G.; Casapullo, A.;
Minale, L.; Debitus, C.; Henin, Y. J. Am. Chem. Soc. 1996, 118, 6202−
6209.
(2) Ford, P. W.; Gustafson, K. R.; McKee, T. C.; Shigematsu, N.;
Maurizi, L. K.; Pannell, L. K.; Williams, D. E.; de Silva, E. D.; Lassota,
P.; Allen, T. M.; Van Soest, R.; Andersen, R. J.; Boyd, M. R. J. Am.
Chem. Soc. 1999, 121, 5899−5909.
(3) Coello, L.; Reyes, F.; Martin, M. J.; Cuevas, C.; Fernandez, R. J.
Nat. Prod. 2014, 77, 298−303.
(4) Martin, M. J.; Rodriguez-Acebes, R.; Garcia-Ramos, Y.; Martinez,
V.; Murcia, C.; Digon, I.; Pelay-Gimeno, M.; Fernandez, R.; Reyes, F.;
Francesch, A. M.; Munt, S.; Tulla-Puche, J.; Albericio, F.; Cuevas, C. J.
Am. Chem. Soc. 2014, 136, 6754−6762.
(5) Xie, W.; Ding, D.; Zi, W.; Li, G.; Ma, D. Angew. Chem., Int. Ed.
2008, 47, 2844−2848.
(6) Pelay-Gimeno, M.; Garcia-Ramos, Y.; Martin, M. J.; Spengler, J.;
Molina-Guijarro, J. M.; Munt, S.; Francesch, A. M.; Cuevas, C.; Tulla-
Puche, J.; Albericio, F. Nat. Commun. 2013, 4, 2352.
(7) D’Auria, M. V.; Zampella, A.; Paloma, L. G.; Minale, L.
Tetrahedron 1996, 52, 9589−9596.
(8) Zampella, A.; Randazzo, A.; Borbone, N.; Luciani, S.; Trevisi, L.;
Debitus, C.; D’Auria, M. V. Tetrahedron Lett. 2002, 43, 6163−6166.
(9) D’Auria, M. V.; Sepe, V.; D’Orsi, R.; Bellotta, F.; Debitus, C.;
Zampella, A. Tetrahedron 2007, 63, 131−140.
(10) Zampella, A.; D’Orsi, R.; Sepe, V.; Casapullo, A.; Monti, M. C.;
D’Auria, M. V. Org. Lett. 2005, 7, 3585−3589.
(11) Konno, H.; Aoyama, S.; Nosaka, K.; Akaji, K. Synthesis 2007, 23,
3666−3672.
(12) Bassarello, C.; Zampella, A.; Monti, M. C.; Gomez-Paloma, L.;
D’Auria, M. V.; Riccio, R.; Bifulco, G. Eur. J. Org. Chem. 2006, 604−
609.
(13) Calimsiz, S.; Romos, I. M.; Lipton, M. A. J. Org. Chem. 2006, 71,
6351−6356.
(14) Kikuchi, M.; Nosaka, K.; Akaji, K.; Konno, H. Tetrahedron Lett.
2011, 52, 3872−3875.
(15) Acevedo, C. M.; Kogut, E. F.; Lipton, M. A. Tetrahedron 2001,
57, 6353−6359.
(16) Okamoto, N.; Hara, O.; Makino, K.; Hamada, Y. Tetrahedron:
Asymmetry 2001, 12, 1353−1358.
(17) Kikuchi, M.; Konno, H. Heterocycles 2014, 89, 1620−1631.
(18) Krishnamoorthy, R.; Vazquez-Serrano, L. D.; Turk, J. A.;
Kowalski, J. A.; Benson, A. G.; Breaux, N. T.; Lipton, M. A. J. Am.
Chem. Soc. 2006, 128, 15392−15393.
(19) Kikuchi, M.; Konno, H. Tetrahedron 2013, 69, 7098−7101.

Organic Letters Letter

dx.doi.org/10.1021/ol5020619 | Org. Lett. 2014, 16, 4324−43274327


