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Abstract: (%)-Xestospongin D (2) has been isolated from the Singapore marine sponge Niphates
sp. The natural product was found to be racemic in contrast to earlier isolations of (+)-
xestospongin D from Xestospongia and Haliclona species. The (t)-xestospongin D was found to
inhibit growth of certain human cancer cell lines comprising the NCI panel (e.g., leukemia
subpanel, mean GI;; 3.62 + 2.02 x 107°M; breast subpanel, mean GIs, 4.53 + 1.98 x 107°M) as
well as the murine P388 lymphocytic leukemia (EDso 1.7 pg/mL) and the bacterium Micrococcus
luteus. Copyright © 1996 Elsevier Science Ltd

Marine Porifera species in the genera Niphates and Xestospongia have proven,
respectively, to be useful sources of new pyridine?® and quinolizidine derivatives.’"?
Certain members of the latter group have exhibited significant coronary vasodilative effects,
as well as modest murine leukemia cell growth inhibition (P388 and L1210, EDs;, ~ 0.1 to 2.5
pg/al) and antimicrobial activity.’-n The first four "l-oxa-quinolizidines™ were isolated
from the Australian sponge Xestospongia exigua, designated xestospongins A-D, with the
structure of (—)-Xestospongin C (1) determined by X-ray techniques.’ The structure of (+)-
xestospongin D (2) was deduced by its relationship to (—)-xestospongin C (1). Subsequently,
xestospongin D was isolated from Xestospongia® and Haliclona!® species, but optical rotation
measurements were not reported.

In 1989 using SCUBA (-3 to —15m) we collected Niphates sp. south of the Beting Bemban
Besar reef (Republic of Singapore) and found a methanol extract significantly inhibited the
P388 lymphocytic leukemia cell line. Bioassay directed separation of the methanol extract
from a 1992 recollection (500 kg wet wt) employing a series of solvent partitioning followed

by steric exclusion and partition chromatographic procedures (Sephadex LH-20) led to
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isolation of an optically jpactive l-oxa-quinolizidine (0.19 g, 3.8 x 1073% yield ) with P388
EDsy 1.7 pg/mL: colorless prisms, mp 160-161 °C (ethyl acetate), lit. mp’ 156-157 *C (diethyl
ether); [a]p?* —0.46 (c = 1.08, CHCl;); IR v,, (NaCl) 3389 (OH), 2810 and 2704 cm™' (Bohlmann
Bands);!2"}* HRFAB found 463.3895 [M+1]*, CjaHsoN,05 requires 463.3899 [M+1)*; IH NMR 5, (500
MHz, CDCl,) 4.06 (s, H-10), 3.56 (br t, J = 10.5 Hz, H-2), 3.36 (br t, J = 10.5 Hz, H-2'),
3.13-2.90 (m, H-6'a, H-4, 2XH-4', H-10'), 2.79 (br d, J = 9.5 Hz, H-6a), 2.49 (s, OH), 2.34
(br 4, J = 10 Hz, H-4), 2.21 (br t, J = 10.5 Hz, H-6'B8), 2.01 (br t, J = 10.5 Hz, H-68) and
1.70-1.00 (m, 18XCH, and H-9'); 13C NMR &. (125 MHz, CDCl;) 95.62 (C-10’), 90.49 (C-10), 76.36
(C-2), 75.43 (C-2'), 70.80 (C-9), 54.21 and 54.08 (C-4' and C-6'), 52.53 (C-4), 44.35 (C-6),
40.28 (c-9'), 38.32, 36.03, 35.55, 32.20, 32.14, 32,00, 31.54, 31.48, 31.11, 29.43, 28.92,
28.76, 26.04, 25.35, 24.85, 24.76, 22.60, 20.90.

While these results seemed to agree with the proposed (+)-xestospongin D (2) structure,
the [a], + 18.4 previously reported’ for that substance was difficult to reconcile unless our
specimen was a racemic version of xestospongin D. That interpretation was confirmed by a
subsequent X-ray crystal structure determination. Crystal data: wedge-shaped, colorless
prismatic crystals of this compound grown with difficulty from ethyl acetate solution;
monoclinic space group P2,/c, with a = 9.173(2), b = 30.993(8), ¢ = 10.181(1) A, B -
106.816(13)° at 25 + 1°C, V = 2770.7(10) A?, A (Cu Ka) = 1.54184 A, p, = 1.103 g cm™®, p. =
1.109 g cm™® for Z = 4 and F.W. = 462.70, F(000) = 1024. After Lorentz and polarization
corrections, merging of equivalent reflections and rejection of systematic absences, 4636
unique reflections (R(int) = 0.0624) remained, of which 3700 were considered observed (I, >
20(1,)) and were used in the subsequent absorbtion correction,! structure determination!¢ and
refinement!’. Final refinement after an additional absorbtion correction!® resulted in
standard R values of 0.0504 and 0.0594 for 2354 (I > 20(I,)) and 2712 reflections (all data),
respectively.

1, R=H (-)-Xestospongin C
2, R=0OH (+)-Xestospongin D

The structure of one of the enantiomers present in the asymmetric unit of the crystal

cell of (i)-xestospongin D has been displayed in Figure 1! and corresponds to the absolute
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structure previously proposed’ for xestospongin D (i.e., the (+)-enantiomer). The absolute
stereochemistry at the six chiral centers for this enantiomer were assigned as follows: 2§,
9s, 10R, 2’'s, 9'S, 10'R. The crystal structure of this enantiomer closely resembles the X-
ray crystal structure of the previously reported (-)-xestospongin C (1).7 As in the case of
xestospongin C, the central macrocyclic ring of (+)-xestospongin D (2) adopts a nearly
perfect rectangular [4646] conformation (Figure 1) with approximate dimensions of 7.99 A
(0-1 - 0-1') and 4.52 A (C-13 - C-19). An additional rather striking conformational feature
exhibited by both xestospongin C (1) and xestospongin D (2) is the mirror symmetry displayed
for the opposing staggered methylene chains which make up the longer sides of the rectangle.
The nearly perfect overlap of the corresponding methylene atoms of opposing sides can readily
be seen for (+)-xestospongin D (2) when the molecule is viewed from the side (Figure 2). As
in the case of (-)-xestospongin C (1), the A,B-rings of (+)-xestospongin D (2) adopt the cis-
fused conformation and the C,D-rings, a trans-decalin fused systenm.

When (1)-xestospongin D was tested?® in the U. S. National Cancer Institute’s human
tumor cell line screen, modest growth-inhibitory activity was observed against a number of
the lines. For example, a leukemia cell line subpanel (comprising tested lines CCRF-CEM, HL-
60TB, K-562, MOLT-4 and SR) was relatively sensitive, showing a triplicate-test averaged GIs,
(see ref. 21 for definition) of 3.62 £ 2.02 x 10™*M. A breast tumor subpanel was similarly
sensitive; for example, the triplicate-test averaged GIs, for the group comprising the MCF7,
HS 578T, MDA-MB-435, and MDA-N lines was 4.53 + 1.98 x 107¢M.

Potential antimicrobial activity of xestospongin D was investigated using disk
diffusion assays. Antimicrobial disk susceptibility tests were performed according to the
method established by the National Committee for Clinical Laboratory Standards.?? Immediately
prior to the assay, xestospongin D was reconstituted in sterile methanol, and two fold
dilutions applied to sterile 6 mm disks. Susceptibility testing was performed with the
bacteria Staphylococcus aureus, Enterococcus faecalis, Micrococcus luteus, Escherichia coli,
and Neisseria gonorrhoeae, and the fungl Candida albicans and Cryptococcus neoformans.
Xestospongin D inhibited growth of the Gram-positive opportunist M. luteus, with a minimum
inhibitory concentration between 12.5-25 ug/disk. M. luteus present in normal skin flora of
humans has been shown to cause prosthetic valve endocarditis in immunocompromised patients.??
At up to 100 pg/disk, xestospongin D exhibited no antimicrobial activity against the other
six bacteria and fungi tested.

The results of this study emphasize that the occurrence of optical activity in a
natural product with chiral atoms cannot be taken for granted.?* While assignment of absolute
stereochemistry to a new compound via correlation to a closely related, parent structure of
established absolute stereochemistry is a commonly accepted technique, it is not without its
pitfalls. In this respect we have shown that both enantiomers of xestospongin D can occur
naturally (albeit, in this case, as a dl-pair). Indeed, the possibility arises that the
absolute stereochemistry for (+)-xestospongin D could actually be the mirror image of that
proposed in the original publication (as shown in Figure 1). This possibility, although

presumably remote, does illustrate that it is best to rely on additional chemical and
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physicochemical evidence, such as X-ray methods (anomalous dispersion), optical rotation
relationships (e.g., Hudson rule), and absolute structure assignments based on differential
enantiomeric reactivity (Horeau and Mosher methods), in order to rule out any ambiguities.
The occurrence of racemic xestospongin D prompts speculation as to its mode of origin.
Presumably a C-10 aldehyde biosynthetic precursor of (i)-xestospongin D (2) was hydroxylated
and then underwent tautomerisation prior to ring closure. Alternatively the amino-acetal
system might be more labile than expected and the loss of asymmetry could occur during a ring
opening/ring closure sequence.
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Figure 1. Perspective view of (+)-xestospongin D.
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Figure 2. Side view of (+)-xestospongin D (less hydrogens) .
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