Tetrahedron Leiters, Yol. 35, No. 50, pp. 9435-9438, 1994
@ Pergamon Elsevier Science Ltd

Printed in Great Britain
0040-403004 £7.0040,00

LRt et ) B e ity

0040-4039(94)02039-6

Isohomohalichondrin B, a New Antitumour Polyether Macrolide from the
New Zealand Deep-Water Sponge Lissodendoryx sp.

Marc Litaudon, Joanne B Hart, John W Blunt,* Robin J Lake & Murray H G Munro.*
Department of Chemistry, University of Canterbury, Chrisichurch, NEW ZEALAND.

Abstract: Isochomohalichondrin B, a new structural type in the halichondrin group, has been isolated from the deep-water New
Zealand sponge Lissodendoryx sp. Like some other members of the balichondrin family isohomobalichondrin B exhibited remarkable
cytotoxicity against the P388 (murine leukaemia) cell line and selective cytotoxicity in the NCI's primary screen.

During our investigation of the biclogical potential of the New Zealand marine biota,! attention was drawn
to a bright yellow sponge Lissodendoryx sp. (family Myxillidae, order Poecilosclerida) collected by dredging
from deep water (100 m) off the Kaikoura Peninsula. Trial extracts from this sponge were strongly inhibitory
against the murine lenkemia cell line P388, a DNA virus (Herpes simplex Type I) and an RNA virus (Palio
vaccine virus). Initial studies on the sponge established that the active components were stable, and furthermore,
crude extracts of this sponge offered significant extensions of life-span in an in vivo murine P388 model (T/C
~250%). Extraction of the sponge (5 kg) with CH30H/CH2Clz (3:1) was followed by partitioning of the crude
extract between CH,Cl; and water, Further pattitioning of the organic soluble portion between aqueous CH30H
(80%) and hexane yielded a crude organic extract (3.8 g). This was subjected to bioassay-directed C-18 reverse
phase flash chromatography, 1.H-20 gel permeation chromatography (2x) using CH30H/CH2Cl (6:4) as eluent,
and preparative C-18 reverse phase high pressure liquid chromatography with CH3CN/H,0 (1:1) as eluent to
yield three biologically active components 1 (2 mg; 4x10-3%), 2 (3.5 mg; 7x10-5%) and 3 (4.5 mg; 9x10-5%)
and several {>6) minor components. Based on HRFAB mass spectroscopy and extensive 1-D and 2-D nmr
analysis 1 and 2 were identified as halichondrin B and homohalichondrin B respectively, while 3 was
recognised as a new class of halichondrin.2
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The halichondrins are a series of polyether macrolides originally isolated from the sponge Halichondria
okadai Kadota.? Some of these, in particular halichondrin B, have shown potent in vitro and in vivo antitumor
activity.3-5 Subsequently, halichondrin B 1 and homohalichondrin B 2 have been isolated from two other
Southern Hemisphere sponges, 4.3 along with halistatin 1 4, (10a-hydroxyhalichondrin B).5 Halichondrin B 1
and halistatin 1 4 have been determined to be noncompetitive inhibitors of the binding of vincristine to tubulin
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and to inhibit nucleotide exchange on tubulin.5:5 In 1992 halichondrin B 1 was selected by the NCI Decision
Network Decision Committee for development as an anticancer drug,’ indicating the importance of this family of
compounds as potential anticancer agents. The finding of a new halichondrin therefore is of significance for
structure-activity relationghips.

HRFABMS on 3 (as MK*} corresponded to Ce1HggO19, isobaric with homohalichondrin B.
Consequently, the new halichondrin was named isochomohalichondrin B. The structure of 3 was established
using 'H-1H COSY (two different solvents, CD30D and CDCla/pyridine-ds {1 drop)), 1D and 2D TOCSY,
HMQC and HMBC experiments. Proton connectivities from Cl to C48 were identical with those already
defined for halichondrin B 1 and homohalichondrin B 2.2.3-3 This region constitutes the unchanged section of
the halichondrin system found through the norhalichondrin,3 halichondrin 1 and homohalichondrin 2 series of
compounds and their associated A, B and C families. 38 This unifying aspect of the halichondrin structure has
been annunciated as the halipyran system by Pettit ez al.3> For isohomohalichondrin B 3 the "unique” region
encompassing H48 to HS5 was identified as three additional proton spin systems.? In the 13C NMR spectrum at
125 MHz all 61 carbons were observed, but the ketone resonance for C53 was absent from a spectrum obtained
at 75 MHz. The HMGQC experiment confirmed the presence of 4 methines and 4 methylenes in the unigue "left
hand" end (from C47 to C55), while HMBC supported the unique sequence C51 to C55 by the observation of
long-range comrelations between the protons at positions 51, 52, 54 and 55 and the carbon at 209.5 ppm as
shown in Figure 1. The sequence from H46 through to HS! was established by COSY and TOCSY
correlations.
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Figure 2 NOESY Conneclivities

7 The relative stereochemistry of isohomohalichondrin 3

H G2 was established by NOESY experiments (see Figure 2). This

o~ confirmed the cis fusion of the M/N ring junction (H47 and

H48 cis) as in all other halichondrins isolated to date. A

strong correlation between H50 and H51, which was also

correlated with H47, established the cis relationship of all 3

hydrogens. These NOESY results, supported by the derived

coupling constants for the spin systems, are best interpreted

in terms of a chair/chair conformation for this 1,5-
bisoxadecalin system (Figure 3).

The absolute stereochemistry of isshomohalichondrin B, as depicted in 3 and Figure 3, is based on the
defined stereochemistry of a norhalichondrin derivative by X-ray crystallography3? and the similarity in sign and
magnitude of the optical rotation of 32 with that of homohalichondrin B 2, and other members of the
halichondrin family of compounds.3
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The side-chain (C52-C55) of 3 has more degrees of motional freedom than the central core. This is shown
by the low intensity resonance for C53 (5¢ 209.5 ppm), which can be attributed to a longer relaxation time in
comparison to the other carbons present and supported by the measurement of the relaxation times for the C54
and C55 protons which were 2x the average of the Ty values of the other methylene protons.

Testing of the halichondrins from Lissodendoryx sp. in our in-house murine leukaemia (P388 cell line)
assay confirmed the exceedingly potent nature of this group of compounds. [Isohomohalichondrin B 3,
halichondrin B 1 and homohalichondrin B 2 (ICso 0.18, 0.78 and 0.22 ng/mL respectively)]. These results
were confirmed when the New Zealand samples of the halichondrins (1, 2 and 3) were tested against the >60
cell lines in the US NCTI's human tumour cell line ix vitro screen.? The pattern of inhibition demonstrated by the
ischomohalichondrin B 3 was highly characteristic and use of the COMPARE algorithm1® showed that it was
highly correlated with the other known halichondrins (see Table below). As noted previously for halichondrin B
1 and homohalichondrin B 2,11 isohomohalichondrin B 3 was also highly correlated with tubulin-binding agents
such as vincristine, maytansine and taxol. When tested in a tubulin binding assay!! isohomohalichondrin B 3
was found to be an effective inhibitor of tubulin polymerisation.

Compound?® Mean Panel Glsg (x10-1°M)®» COMPARE Correlation Coefl.¢
Halichondrin B 1 1.38 1.00
Homohalichondrin B 2 1.58 0.91
Isohomohalichondrin B 3 1.15 0.80

a Compounds 1, 2, 3 were tested in quadruplicate at each of 3 different concentration ranges.

b Standard emors averaged < 15% of the respective means.

e Coefficients were calculated using the TGI-centered mean graph profiles from the highest test concentration. The
TG mean graph profile of halichondrin B 1 was used as the "seed” for all compasisons.

The halichondrins have now been isclated from three quite diverse sponge sources and detected in a fourth,
The first reported isolation was from a Halichondrid sponge, Halichondria okadai Kadota, found on the Pacific
coast of Japan.3 The next reported findings were from the Axinellid sponges, Axinella sp and Phakeliia carteri,
found in the Western Pacific Island of Palau# and in the Republic of Comoros in the Eastern Indian Ocean,’
respectively. This most recent finding has been from the New Zealand Poecilosclerid sponge Lissadendoryx sp,
We have also detected the halichondrins in yet another New Zealand sponge, the black shallow-water Axinellid,
Raspalia agminata. 12 The finding of the same compounds in such geographically and biologically diverse sexies
strongly suggests that these compounds are less likely to be biosynthesised de novo by the sponge cells and
more likely to originate from a sponge symbiont. Considerable attention has been focused recently on sponge
symbionts and the role they play in the production of many of the so-called sponge metabolites.13 We are
currently examining samples of the Lissodendoryx sp. for symbionts and have undertaken a series of cellular
dissociation experiments in an attempt to determine the possible origin of the halichondrins. 14

One notable difference between the other halichondrin-containing spenges and the Lissodendoryx sp. is the
relative yield of the halichondrins. The yield from the New Zealand sponge is >10x more than that noted for the
other sponges. Notwithstanding, the halichondrins are another example of a rare resource with potential as an
anticancer agent, Despite the successful synthesis!3 and partial syntheses!6 of the halichondrin skeieton the
most obvious source of the compound in the near future is from natural sources. Lissodendoryx sp. is found in
a challenging environment at only one site in New Zealand. To protect this resource and establish an alternative
source of supply, intensive studies on the aquaculture of this sponge have been initiated, 17
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