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AbstractÐAmong the hapalosin derivatives synthesized, the compounds carrying methyl (5a), methylthioethyl (5d) and phenyl-
methyl (5e) groups at the C12 position possess only the cis-peptide structure, in contrast to the cases of 5b and 5c. In addition to
their conformational stability, the biological activities of the compounds were determined in relation of the P-glycoprotein-mediated
MDR-reversing activity and induction of apoptosis. # 2000 Elsevier Science Ltd. All rights reserved.

Hapalosin 1, a cyclic depsipeptide isolated from the
blue-green alga, Hapalosiphon welwitschii W. & G. S.
West,1 is of interest in view of its reversing activity
against MDR (multidrug resistance) derived from P-
glycoprotein which some cancers acquire during chemo-
therapeutic treatment (Fig. 1).2±5 In addition to the
comparable biological activity with that of verapamil,6

this molecule possesses the characteristic feature of the
peptide bond existing as a trans/cismixture (1:3). Among
a number of related investigations,7±17 we reported a
total synthesis of 1 and its N-demethyl analogue,18,19

from which it was proposed the cis-peptide might be
essential to express the MDR-reversing activity, since
N-demethylhapalosin carrying only the trans-peptide
exhibited no activities. During several structure±activity
relationship studies, a proline-containing congener was
reported to exhibit a more potent activity against MCF-7/
ADR cells than 1.11,12 Against such background, we have
attempted to produce hapalosin derivatives possessing a
high ratio of cis-peptides.20 Consequently, it was found
that the alkyl substituents (the C12 position) of the valic
acid part a�ects the peptide geometry. We disclose
herein the synthesis and stereochemistry of the hapalosin
derivatives, as well as their biological activities.

Synthesis of the Hapalosin Derivatives

As previously reported,18,19 our synthesis of 1 was
accomplished by the cyclization producing the peptide

bond at the ®nal stage, for its ready feasibility of amide
bond formation compared to that of esters (Scheme 1).
According to this synthetic strategy, the syntheses of the
hapalosin derivatives (5a±5e) were commenced by cata-
lytic hydrogenation of the benzyl ester 2, obtained by the
previously reported procedure.18,19 The generated car-
boxylic acid was coupled with the appropriate allyl a-
hydroxylate 321±24 under the DCC conditions, leading to
allyl ester 4 carrying the fully equipped carbon skeletons of
the target molecule. After sequential deprotection of the
TBS, allyl and Boc groups, cyclization under the DPPA
conditions produced the desired cyclic products 5.

Stereochemistry

In the previous investigation,18,19 the peptide geometry
was determined by spectroscopic means: the NOE cor-
relation between H9 and H12 was observed in the cis-
peptides, contrary to the trans cases. Based on this
®nding, it was determined that 5a, 5d and 5e have the
cis-peptides as single isomers, whereas 5b and 5c existed
as 5:1 (cis:trans) and 1:1 (cis:trans) isomeric mixtures,
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Figure 1. Hapalosin 1 (cis-amide:trans-amide=ca. 3:1).
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respectively. The spectroscopic observation was sup-
ported by Monte Carlo Conformation search (3000
steps/structure) with MM2� calculations employing GB/
SA by taking the solvation e�ect of H2O into account.
Consequently, the energy di�erences (transÿcis: kcal/mol)
were calculated to be+1.8 (5a),ÿ0.1 (5b),ÿ0.1 (5c),+1.6
(5d), and +3.3 (5e). Although the calculated relative
energies do not exactly agree with the NMR ratio, it
reproduces the qualitative preference for the trans isomers
with 5b and 5c compared to 5a, 5d and 5e (Fig. 2).25

Biological Activity

As can be seen in Table 1, the MDR-reversing activities
of the synthesized hapalosin derivatives (5a±5e) were
examined.26 The C12-methyl derivative 5a27 showed
high vincristine accumulation, which was superior to
that of the reference, verapamil, along with hapalosin 1.
No remarkable participation of the peptide geometry
was observed, since mixtures of the cis/trans isomers (5b
and 5c) exhibited rather better results than those of 5d

Figure 2. Lowest energy conformations of hapalosin derivatives. MM2� with GB/SA solvation model calculations.

Scheme 1. i. Refs 18 and 19. ii. (1) H2, Pd(OH)2; (2) 3, DCC, DMAP, a: 70%, b: 91%, c: 87%, d: 82%, e: 91%. iii. (1) HF-pyr., a: 85%, b: 94%,
c: 85%, d: 86%, e: 75%; (2) (Ph3P)4Pd, morpholine, then TFA, quantitative yields in all entries; (3) DPPA, EtNiPr2, a: 31%, b: 35%, c: 25%,
d: 27%, e: 20%.
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and 5e possessing only the cis-peptides. These observa-
tions suggested that exhibition of the signi®cant activity
requires additional factors, such as hydrophobic inter-
action of the C12-substituent with the receptor site. In
contrast to the MDR-reversing activities, hapalosin 1
and its derivatives (5a±5e) showed no induction of
apoptosis in human ®brosarcoma HT1080 cell line at
the 10 mg/mL concentration.

Further investigation related to this structure±activity
relationship is in progress.
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Table 1. Comparison of vincristine accumulation in the multidrug

resistant 2780AD cells, a subline of A 2780 ovarian carcinoma cells by

hapalosin (1) and its derivatives (5a±5e)a,b

Additives

5a 5b 5c 5d 5e 1 Verapamil

% of control

441 288 308 269 254 267 350

aConcentration of the additives: 10 mg/mL.
bControl: absence of the additives.
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