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Abstract

A new manzamine-related alkaloid with unprecedented &-lactone and e-lactam rings called
acantholactone (2), was isolated from the Indonesian sponge Acanthostrongylophora sp. The
relative configuration of the two new ring systems was established through detailed analysis of
NOESY correlations combined with molecular modeling studies. The absolute configuration of 2
was determined as 125, 24R, 25R, 26 R by comparing the computed electronic circular dichroism
(ECD) spectra with experimental values.
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The manzamine alkaloids have proven to be a source of promising biological activities as
well as fascinating and novel chemical structures.! Since the discovery of manzamine A
(1),2 over 80 related structures have been reported? including the novel structures: dimer
kauluamine,* dimer neo-kauluamine,® manadomanzamines A and B,8 and zamamidines A
and B.”

As a part of our lead optimization of 1 against malaria and other targets, a large scale
purification method that enables the isolation of pure 1 and related alkaloids in gram
quantities@ from the Indonesian sponge Acanthostrongylophora sp. was developed. We
investigated the polar fractions and isolated the new manzamine acantholactone. Herein, we
report the isolation and structure elucidation of 2.
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The sponge, Acanthostrongylophora sp., was collected from Indonesia and successively
extracted with acetone. The crude acetone extract was subjected first to an acid-basel?
process to obtain the total alkaloids content. Silica gel fractionation and purification of the
more polar fractions by successive RP-HPLC resulted in the isolation of the new manzamine
acantholactone (2) as well as the known manzamines manzamine A (1),2 8-
hydroxymanzamine A,® manzamine F,’ 12,34-oxamanzamine E,? and 31-keto-12,34-
oxa-32,33-dihydroircinal A.8

manzamine A (1)

manadomanzamine A : 22b-H
manadomanzamine B : 22a-H

neo-kauluamine

Acantholactone (2)10 was obtained as a pale yellow powder from DCM, and it was revealed
to have a molecular formula of C3gH43N404 by HRESIMS (/7/2595.3416 (M+H)*)
combined with 1H and 13C NMR data (Table 1). The 'H NMR resonances at §8.28 (1H, d, J
=5.2),8.04 (1H, d, J=5.2 Hz), 7.73 (1H, d, J= 7.5 Hz), 7.17 (1H, t, J= 8.0 Hz), and 7.09
(1H, d, J= 7.2 Hz) combined with 13C NMR resonances at 136.9, 121.7, 116.5, 113.7, and
113.4 confirmed the presence of an 1,8-disubstituted p-carboline moiety with a hydroxy
group at C-8 (144.4). HMBC correlation of H-11 (&4 6.09, &¢ 121.4) to C-12 (83.6), C-26
(70.9), C-10 (140.2), and C-24 (44.0) confirmed that the B-carboline moiety is coupled with
the typical cyclohexene ring found in many manzamine alkaloids. The presence of the
piperidine ring was confirmed by the HMBC correlations of H-26 (64 3.86, &¢c 70.9) to
C-36 (70.7), C-25 (46.8), and C-24 (44.0). The 13C NMR resonance at 56.6 (5 4.69, 3.97)
was assigned to C-20 which showed HMBC correlations with the other two a-carbons of
N-21 (C-22, 61.0; C-36, 70.7) in the piperidine ring. The presence of the 13-membered ring
in the molecule was confirmed by the 1H-'H-COSY and HMBC correlations of the two
olefinic 'H NMR resonances, H-15 (& 5.47, &c 131.4) and H-16 (&4 5.50, &¢ 131.8). The
unprecedented 6-lactone ring was established based on the HMBC correlations of H-34 (6¢
36.4) methylene resonances at § 3.04 and 2.90 to C-24 (&4 4.07, 44.0), C-25 (46.8), and
C-35 (ester carbonyl) (173.9). The downfield chemical shifts of C-12 (83.6), C-25 (46.8),
C-36 (70.7), and C-26 (70.9) with the HMBC correlations confirmed the &-lactone ring to be
connected between C-12 and C-26. The 13C NMR spectra showed an additional carbonyl
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group which was shown to be the amidic carbonyl at C-28 of the e-lactam ring based on the
HMBC correlations of H-26 (&4 3.86, 6¢ 70.9), H-33 (&4 3.80, 3.58; &¢ 55.8), and H-29
(61 1.92, 1.67; &¢ 29.3) to the C-28 carbonyl (179.6). The relative configuration of
acantholactone (2) was deduced from the detailed analysis of the NOESY spectrum (Table
1, 2Fig. 1). The chair-boat conformation of the piperidine and the cyclohexene rings was
assigned based on the NOESY correlations of H-24, H-26, and H-22. The new &-lactone
ring was assigned as a-orientation relative to the cyclohexene ring based on the NOESY
correlations of H-24/H-36. The NOESY correlation between H-20 and H-33 suggested the
a-conformation of the e-lactam ring as seen in the 3D structure of the most stable conformer
of (Fig. 2).

The absolute configuration of acantholactone (2) was established by comparing the
computed electronic circular dichroism (ECD) spectra with experiment (Fig. 3). As a result
of conformational analysis, six low-energy conformations were generated using the Merck
Molecular Force Field (MMFF) calculations followed by the PM6 semi-empirical
optimizations. The optimized structures were then used for the hybrid density-functional
theory (DFT) calculation at the B3LYP/6-31G(d,p) level for the gas phase and for
acetonitrile (using the Polarizable Continuum Model (PCM)).11 The DFT optimized
structures were subsequently used for the TDDFT excited-state calculations at the
BHANDHLYP/TZVP level for the gas phase and for acetonitrile (PCM). The obtained
rotational strengths were Boltzmann averaged and fitted to Gaussian functions with the
calculated excitation energies to simulate ECD curves of 2 which were then overlaid with
the experimental ECD spectrum for comparison. Based on the relative configuration
elucidated by the NMR experiments, the absolute configuration of acantholactone (2) was
thus assigned as 125, 24R, 25R, 26R.

Acantholactone (2) is the first manzamine-related alkaloid with a unique e-lactam as well as
&-lactone rings. The fact that the manzamine family showed a diverse range of biological
activities makes acantholactone a good candidate for evaluation against malaria,
neuroprotection, and TB. However, the low isolated yield of 2 from the sponge extract
limited its biological evaluation. This will encourage the synthetic community to develop
efficient synthetic routes that will enable the biological evaluation of 2.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Selected 2D correlations of acantholactone (2).
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Figure 2.
3D structure of the most stable conformer of acantholactone (2) in acetonitrile with the key
NOESY correlations and the distance between the hydrogen atoms.
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Figure 3.

Computed ECD curve (in acetonitrile) overlaid with the experimental ECD spectrum of 2.

Tetrahedron Lett. Author manuscript; available in PMC 2013 November 01.



Page 8

Wahba et al.

NIH-PA Author Manuscript

- - - s g9y T4
TT ST ‘9T '¥€ € 9z'sz'ze'er TY'PLOY POy Ve
e 'ee 44 WIST ‘W /LTe 15°0¢€ €
€ 02 '€Z ‘9¢ W /G€ WSSy 1079 44
- - - - 114
6T 80T 8T ‘6T W /6'€ ‘T 'P 69y 1995 0z
Wy, T'WIET 10€2 6T
wogz Wiy 15e 81
GT'OT  ®BLT'OT 91 WGYT 'W/LT 1562 LT
GT'LT'v2'9C LT'ST W 0g's p8TET 91
9T LT'¥v2'9Z 9T '¥T 9T '¥1 8% 'G'6 PP LG P ¥'TET Gt
GT'€T WIgT 'WIET 12,82 1
T 9 W /ST ‘Wy6g 1T6E €1
- - sg'es 4"
9're'L'9's'v'e - 92 'vZ 'zT'0T $60'9 P 12T 1
- - - STOvT o1
- - - SCTET a6
- - - S6TCT eg
- - - S Yyl 8
9T'ST'TT'S 9 6'8'G 7L'P60L P LETT L
9T'ST'TT'S S ag ‘eg 081.TL p LTt 9
TT'L'9 9 L'9'ay gLpELL P Y'ETT g
- - - SOTET ay
- - - STTET ey
TT'L'9'E € ey ‘e 2S'PY08 pGoTT 14
9T 'ST'TT'L'9'Y 4 0T ey '€ zs'pees P 6'9ET €
- - - SGLYT T
ASION  ASOD J9ANH HIAN H;  HIAN Og
() BUOIBIOYIEIY 013504

T alqel

NIH-PA Author Manuscript

#(ZH U1/ ‘wdd ur @) z 10 e1ep Az pue "HIAIN ¢ ‘Hy

NIH-PA Author Manuscript

Tetrahedron Lett. Author manuscript; available in PMC 2013 November 01.



Page 9

Wahba et al.

"3u0339e-90 Ul paurelqo JINN

q

THO =1'HO =P 0 = $ "SIUBWILIAIXa GET1d3A 4G PaulLIa1ap 21am SaNINAIINW UOGIED "IN Dg 404 ZHIA 00T PUE Hy 10} ZHINI 00,

9¢  ve'9z 'Sz ‘ze ‘et W 6p'e ‘W LL'E 1.0 9e

- - - S6ELT It

vz ‘9¢ - GE'9C'v¢ 8T ‘P06 'S8T PIOE 17°9€ ve

43 2€ ‘82 ‘9 wgs'e ‘¢T'P 08'E 18'9S €€

Wy, T'WIET 19°€¢ 43

WwzoT‘woLT 1T°9¢ 1€

W y9'T ‘W /8T 10v¢ 0e

8¢ w/9T‘WZET 1€6¢ 6¢

- - - S9'6.T 8¢

[44 - 9g'ee'veeT'eT $98°¢ p60L 9
ASIFON  ASOD J8NH HIAN Hy  dIAN Ogg

nﬁmvocoﬁm_oﬁcau,q uo13S0d

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Tetrahedron Lett. Author manuscript; available in PMC 2013 November 01.



