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Summary — An intensive long-term investigation of marine organisms as sources of new anticancer drugs 
has led to the isolation and structural elucidation (primarily by high-field NMR and mass spectrometry) of 
halistatin 2, 7b, a new polyether macrolide of the halipyran-type, from the Western Indian Ocean sponge 
Axinella cf. carteri (Dendy). Halistatin 2 (1.4 x 1(M% yield) was accompanied by the closely related, and also 
strongly antineoplastic, halistatin 1 (6b, 1.3 x 10-6% yield), halichondrin B (6a, 6.1 x 1(M% yield) and 
homohalichondrin B (7a, 4.3 x 10-6% yield). Halistatin 2, like halichondrin B and homohalichondrin B, caused 
the accumulation of cells arrested in mitosis, inhibited tubulin polymerization, and inhibited the binding of 
radiolabelled vinblastine and GTP to tubulin. 

A great number of ancient marine invertebrate 
species in the Phyla Bryozoa, Mollusca and Porifera 
were well established in the earth's oceans over 
one billion years ago. Certainly such organisms 
explored trillions of biosynthetic reactions in their 
evolutionary chemistry to reach present levels of 
cellular organization, regulation and defense. Marine 
sponges have changed minimally in physical appea- 
rance for nearly 500 million years, suggesting a very 
effective chemical evolution in response to changing 
environmental conditions for at least that time 
period. Some recognition of the potential for utilizing 
biologically potent marine animal constituents was 
recorded in Egypt about 2,700 BC, and by 200 BC 
sea hare extracts were being used in Greece for 
medicinal purposes2. Such considerations, combined 
with the general observation that marine organisms 
(especially invertebrates and sharks) rarely develop 
cancer, led one of us (GRP) in 1965-6 to initiate the 
first systematic investigation of marine animal and 
plant anticancer constituents. 

By 1968^ we had obtained ample evidence, based 
on the U.S. National Cancer Institute's key experi- 
mental cancer systems, that certain marine orga- 
nisms would provide new and structurally novel 
antineoplastic and/or cytotoxic agents. Analogous 
considerations suggested that marine organisms 
could also provide effective new drugs for other 
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severe medical challenges, such as viral diseases. 
Furthermore, marine organisms were expected to 
contain potentially useful drug candidates (and 
biochemical probes) of unprecedented structural 
types, that would have eluded discovery by 
contemporary techniques of medicinal chemistry. 
Fortunately, these expectations have been realized in 
the intervening period37'. Illustrative of these 
successes (cf. 1-5) are our discoveries of the 
bryostatins6-/2/4, dolastatins'5'!6, and cephalostatins'7 

where five members of these series of remarkable 
anticancer drug candidates are either now in human 
clinical trial (e.g., 1) or preclinical development. 

A major component of our vigorous efforts for over 
two decades' has been directed at marine sponge 
antineoplastic and/or cytotoxic biosynthetic pro- 
ducts. A number of unusual polyether macrolides, 
peptides and heterocyclic compounds have been 
uncovered'823. Isolation and structural elucidation 
of a new, strongly cytotoxic macrolide (halistatin 2, 
6b) will now be described. 

As part of our 1987-9 expedition in the Republic of 
the Comoros we evaluated marine sponge species in 
the order Axinellida. Specimens of the cosmopolitan 
Axinella cf. carteri (Dendy) were found to yield 
extracts with potent antineoplastic properties (cures 
observed in the U.S. National Cancer Institute murine 
in vivo P388 lymphocytic leuchaemia, PS system). 
Given the extraordinary level of antineoplastic 
activity, the presence of halichondrin-type consti- 
tuents was suspected, such as we identified in new 
Axinella species collected (1979) in the Western 
Pacific (Palau)'8 and in the Western Indian Ocean24. 

A 1989 recollection (1,080 kg wet wt) of the erect 
orange sponge Axinella carteri25 (in methanol) was 
divided into two (600 kg and 480 kg) amounts. Both 
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portions were extracted with methanol-dichloro- 
methane, and the chlorocarbon fraction was parti- 
tioned in methanol-water (9:1—>3:2) between hex- 
ane—>dichloromethane4. The resulting PS cell line 
active (ED50 0.26 ug/ml) dichloromethane fraction 
was then separated (see the scheme) by a series of gel 
permeation and partition column chromatographic 
steps on Sephadex LH-20, followed by HPLC on RP- 
8 reversed phase silica gel. Investigation of the 600 
kg amount of the orange sponge was first directed at 
fractions that might contain new polyether antineo- 
plastic agents, and the 480 kg amount was used for 
the   further  scale-up  procurement  (for  extensive 

biological   studies)   of  halichondrin  B,   6ae,  and 
homohalichondrin B, 7a. 

The halichondrins are a series of antineoplastic 
polyether macrolides first isolated (in microgram 
amounts) from the relatively rare marine sponge 
Halichondria okadai26. Halichondrin B, 6a, was 
reported to have potent in vitro activity against the 
mouse B-16 melanoma (IC50 9.3 x 10-6 ng/ml) and in 
vivo activity against the murine B-16, P-388 and L- 
1210 tumors26. Results of our in vitro and in vivo 

(<0 Selected (in March, 1992) by the U.S. National Cancer 
Institute for preclinical development. 



Antineoplastic agents. CCLII. 373 

OH    H 

HO' 

6 a, HRLICHONDRIN B, R - H 

b, HAL I STATIN 1, R - OH 

7a, HOnOHRLICHONDRIN B, R - H 

b, MALI STATIN 2, R • OH 

evaluations against human cancer cell lines'8 and 
xenografts have given further evidence of very strong 
cytotoxic and antineoplastic effects. These polyethers 
have been found to inhibit tubulin assembly'9 and to 
cause the accumulation of cells arrested in mitosis at 
nanomolar concentrations. 

The bioassay (PS cell line) guided separation of 
Axinella cf. carteri afforded (1.4x10~6% yield) the new 
and very active macrolide halistatin 2, 7b. In 
addition, halichondrin B, 6a, homohalichondrin B, 
7a, and halistatin 1, 6b, were isolated in 6.1 x 10-6, 
4.3 x 10-6 and 1.3 x 10-6% yields, respectively. Since 
characterization of halichondrin-type macrolides 
requires in-depth 2D-NMR studies at high field it 
became necessary to further interpret the 'H- and 13C 
NMR spectra of halistatin 1, 6b, and the synopsis that 
now follows further augments our earlier structural 
determination24. 

Further studies of halistatin 1 employing 2D NMR 
techniques confirmed the structure. The 13C signal at 
8 103.73 (C-10) showed correlation with 'H signals at 
8 3.74 (H-9), 4.25 (H-l 1), 4.23 (H-8), and 4.74 (H-12); 
the 13C signals at 8 87.64 (C-ll) showed cross peaks 
at 83.74 (H-9), 2.12 (H-13), 4.74 (H-12); the '3C signal 
at 8 110.83 (C-14) showed cross peaks at 8 4.25 (H- 
11), 4.74 (H-12), 1.97 and 2.12 (H-13), and 8 4.23 (H- 
8). Analysis of NOE results with halistatin 1 
supported assignment of the stereochemistry. When 
the signal for H-7 was irradiated, the signals for H-9 
and H-8 were enhanced. Irradiation of the signal for 
H-9 enhanced the H-7 signals and irradiation of the 
H-12 signal enhanced the H-l 1 and a H-13 signal (8 

1.97). Thus, the asymmetric centres at C-7 to C-14 
were assigned the same configuration as the 
analogous centres of halichondrin B, 6a. Since the 
overall high-field NMR data were also very similar to 
those of halichondrin B, the remaining asymmetric 
centres of halistatin 1 were assumed to be analogous 
to the parent 6a molecule. As noted earlier, the 
hydroxyl group at C-10 was assigned the oc-orienta- 
tion. Dreiding molecular models indicated that a P- 
hydroxyl group was sterically unlikely in such a 
condensed ring system. 

The structure of halistatin 2, 7b, was assigned on 
the basis of 2D NMR and other spectroscopy data. 
The IR spectrum of halistatin 2 indicated absorptions 
corresponding to hydroxyl groups, an ester carbonyl 
and double bonds at respectively 3358,1734 and 1653 
cm'. The FAB-MS of halistatin 2 suggested a 
molecular formula of C61H86O20. using the peak at 
m/z 1145 [M+Li]+ as corresponding to a calculated 
molecular weight of 1138. 

The 'H NMR spectrum of halistatin 2 was very 
similar to that of homohalichondrin B, 7a, reported 
previously26, especially the four methyl doublet 
signals at 8 1.08 (7=6.4 Hz), 1.04 (7=7.1 Hz), 0.94 
(7=7.0 Hz) and 0.93 (7=6.8 Hz)26 (see table 1). 
However, detailed analyses revealed significant dif- 
ferences from 8 3.4-4.8 ppm. The 'H NMR and 'H-'H 
COSY data suggested that a free hydroxyl group was 
attached to C-10. The chemical shifts, coupling 
patterns and coupling constants of the H-8 to H-13 
signals were basically the same as those of halistatin 
1, 6b. For example, the signal at 8 4.73 (triplet, 7=4.6 
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TABLE 1 - HALISTAT1N 2, 7b , NMR ASSIGNMENTS (CD3OD SOLUTION 
WITH TETRAMETHYLSILANE AS INTERNAL STANDARD)" 

1. lC(100MHz) XHCorr. (400 MHz) HMBC (500 MHz) 

1 172.86p H-2, H-30 
2 41.19p 2.55dd(10,18); 

2.46brd(18) 
3 75.00n 3.91 H-2 
4 31.61p 
6 71.20n 4.45 H-7, H-8 
7 78.84n 3.05 dd(l.8,9.7) H-8 
8 75.16n 4.24 H-7, H-9 
9 79.77n 3.74 brd(4.4) H-8, H-ll.H-12 

10 103.75p H-8, H-9, H-11, H-12 
11 87.64n 4.25 H-9, H-12, H-13 
12 82.29n 4.73 t(4.6) H-9, H-ll, H-13 
13 49.00p 2.13; 1.96dd(5,13) 
14 110.83p H-8, HI 1, H-12, H-13 
16 29.37p 2.17; 1.40 H-18 
17 77.18n 4.07 H-18 
18 39.75p 2.80 brm; 2.32 H-19a 
19 153.16p H-18, H-17, H-19a 
19a 105.65p 5.05 brs; 5.00 brs H-18 
20 76.07 n 4.45 HI 9a 
23 75.45n 3.69brt(10) 
24 44.96p 1.72; 1.02 H-25a 
25 37.22n 2.32 H-25a, H-24, H-26a 
25a 18.41n 1.08d(6.4) H-24 
26 153.32p H-27, H-25, H-25a, 

H-24, H-26a 
26a 104.79p 4.86 brs; 4.80 brs H-27, H-25 
27 75.07n 3.60 H-29, H-26a 
28 37.90p 2.25; 1.80 H-29, H-30 
29 73.78n 4.23 H-27, H-28 
30 77.56n 4.62 dd(4.7,7.6) H-29, H-31a 
31 37.50n 2.05 H-29, H-31a 
31a 15.76n 1.04d(7.1) H-30, H-31.H-32 
32 78.20n 3.20dd(4.9,6.7) H-30, H-31a, H-33 
33 65.95n 3.88 H-29, H-32 
34 30.85p 2.04; 1.80 H-33, H-36 
35 76.34n 4.10 H-36 
36 78.01n 4.10 H-35 
37 45.5 lp 2.39; 2.00 
38 114.78p H-36,H-37,H-39,H-40 
39 44.84p 2.30; 2.30 
40 72.3 In 3.94 brs H-39, H-41 
41 81.06n 3.65 brt(2.8) H-42a, H-39 
42 27.15n 2.36 H-42a, H-43 
42a 18.18n 0.94 d(7.0) H-43 
43 38.09p 1.43; 1.33 H-42a, H-41 
44 98.14p H-43 
45 38.17p H-46a, H-47 
46 30.14n 2.18 H-46a, H-47 
46a 17.65n 0.93 d(6.8) H-47 
47 74.57n 3.11brd(2.2) H-46a 
48 65.3.M 3.57 H-47 
49 32.03p 2.10; 1.92 H-48 
50 75.81n 3.86 H-48, H-51 
51 78.44n 4.01 brs H-47, H-50 
52 37.29p 2.02; 
53 79.87n 4.24 H-55, H-51 
54 75.16n 3.49brdd(5.5,10) H-55 
55 65.18p 3.56 brs; 3.56 brs 

(a) Chemical shifts, 8, are expressed in ppm, coupling constants 
(in parentheses) in Hz. Both n and p indicate APT results. The l3C 
NMR signal for the C-13 was overlapped with solvent signals. Some 
of the coupling patterns and/or coupling constants were not 
measured due to overlapping. The other four unassigned 13C NMR 
signals were at 8 30.09; 31.47; 33.06 and 35.92 for C-5; C-15; C-21 
and C-22. 

Hz, H-12) was coupled with a signal at 8 4.25 (H-l 1) 
and two upfield signals at 8 2.13 and 1.96 (H-13). A 
signal at 8 4.24 (H-8) was coupled with a broadened 
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doublet signal at 8 3.74 (H-9), which showed long 
range coupling with the signal at 8 4.25 (H-l 1). 

In the I3C NMR spectrum, sixty-one carbon signals 
from halistatin 2 were observed. Among these signals, 
four were hemiacetal at 8 103.75 (C-10), 110.83 (C- 
14), 114.78 (C-38) and 98.14 ppm(C-44), as elucidated 
by the 'H-I3C correlation and APT spectra. While the 
C-l to C-14 signals of halistatin 2 were very similar 
to the C-l to C-14 signals of halistatin 1, 6b, the C-25 
to C-55 signals were close to those of the relevant 
signals of homohalichondrin B, 7a. In agreement 
with the assigned structure 7b, 18 methylene group 
signals were observed arising from halistatin 2 in the 
8 50 to 28 ppm region of the 13C NMR spectrum. 
Moreover, interpretation of an HMBC spectrum 
strongly supported the assigned structure. The 
hemiacetal signal at 8 103.75 (C-10) showed cross 
peaks with the H-8, H-9, H-l 1 and H-l2 signals and 
the C-l4 carbon signal at 8 110.83 showed cross peaks 
with the H-8, H-l 1, H-l2 and H-l3 signals. The C-10 
hydroxyl group was again assigned the a-orientation 
on the basis of optical rotation ([CX]D

5
 - 59) and the 

NOE difference spectroscopy results (see table 2). 

TABLE 2 - THE NOE DIFFERENCE SPECTROSCOPY INTERPRETATION FOR 
HALISTATINS 1, 6b, and 2,7b. THE SPECTRA WERE RECORDED IN CD3OD 

Signals irradiated 
Signals enhanced 

H-7 
H-9 
H-12 
H-18 
H-25a 
H-27 
H-30 
H-31a 
H-32 

Halistatin 1, 6b Halistatin 2, 7b 

H-9, H-8 H-9, H-8 
H-7 H-7 
H-ll.H-13 H-ll.H-13 

H-17 
H-26a 

H-30 
H-27, H-31a H-31a, H-28 
H-30 H-26a 

H-31a 

Like halistatin 1, the C-10a hydroxyl-substituted 
homohalichondrin B (halistatin 2) was of comparable 
cytotoxic potency {e.g., GI50 ~ 7x1 CH0 M) to the parent 
halichondrins 6a and 7a when evaluated in the NCI 
in vitro primary screen272*. Moreover, computerized 
pattern-recognition analyses29 of the mean graph 
profiles28-29 confirmed the visually apparent (figure) 
similarities of the screening profiles of the halistatins 
with halichondrin B. These analyses further 
demonstrated that the screening profiles of the 
halistatins/halichondrins were characteristic of a 
general mechanistic class of tubulin-interactive 
antimitotics. The latter class includes such diverse 
agents as the known clinically active antitumor drugs, 
vincristine, vinblastine and taxol, as well as new 
investigational drugs such as dolastatin 10. 

Since halichondrin B and homohalichondrin B 
were found to be antimitotic agents interfering with 
the polymerization of purified tubulin and micro- 
tubule assembly dependent on microtubule-associa- 
ted proteins'9, halistatin 2 was evaluated for these 
activities, and it was compared to halichondrin B 
isolated from a Palau Axinella sp./s. 

With LI210 murine leuchaemia cells halistatin 2 

and halichondrin B had similar cytotoxicity (IC50 

values of 0.4 and 0.2 nM, respectively), and both 
agents caused a significant rise in the mitotic index 
at cytotoxic concentrations, reaching values as high 
as 20% for halistatin 2. In the glutamate-induced 
polymerization of purified tubulin, performed as 
described previously79, the two compounds had 
identical IC50 values of 4.9 ± 0.5 |iM. Halichondrin B 
has been shown to be a noncompetitive inhibitor of 
the binding of radiolabelled vinblastine to tubulin 
and to inhibit nucleotide exchange on tubulin'9. A 
comparison of halistatin 2 with halichondrin B in 
these two assays indicated that halistatin 2 had 
activity comparable to halichondrin B as an inhibitor 
of vinblastine binding, but that halistatin 2 was 
superior as an inhibitor of nucleotide exchange. 
Comparing the two drugs at 5 and 10 uM, halistatin 
2 inhibited the binding of radiolabelled vinblastine to 
tubulin by 51% and 75% at the two concentrations, 
as compared with 51% and 73% with halichondrin B. 
For radiolabelled GTP binding to tubulin, the same 
drug concentrations inhibited the reaction by 17% 
and 51% with halistatin 2, and by 14% and 18% with 
halichondrin B. Comparable values obtained 
previously'9 with halichondrin B did not differ 
significantly from those obtained in the current 
studies. 

EXPERIMENTAL 

GENERAL PROCEDURES 

Solvents used for column chromatography were redistilled. 
Sephadex LH-20, particle size 25-100 urn, used in column 
chromatographic separation was obtained from Pharmacia Fine 
Chemicals AB, Uppsala, Sweden. The TLC plates were from 
Analtech, Inc. The TLC plates were viewed under short-wave (250 
nm) UV-light first and then sprayed with eerie sulphate in 3 N 
sulphuric acid followed by heating at approximately 150 °C. For 
HPLC separations, the following conditions were used: 
Phenomenex Prepex RP-8 Reverse Phase semipreparative column 
(10.0 x 250 mm, particle size 5-20 |i); acetonitrile-methanol-water 
(5:5:6) as eluting solvent; Altex 110A pump controlled by Axxiom 
micro-computer; Rainin RI-1 detector, range 32, and time constant 
0.25. The flow rate (0.8 or 1.0 ml/min) and sample (1.0 to 4.0 mg) 
injection varied as noted. The 'H NMR, APT, 'H-'H COSY, >H-13C 
COSY, NOE and l3C NMR experiments were carried out using a 
Bruker AM-400 NMR spectrometer equipped with cryomagnet and 
ASPECT-300 computer. The HMBC spectra were recorded with a 
Varian 500 NMR spectrometer. The optical rotations were 
measured with a Perkin-Elmer 241 polarimeter. 

Axinella cf. carteri (Dendy) 

The orange sponge25 (1080 kg, wet wt.) was recollected in 
September, 1989 at -27 to -50 m in the Chindini and Foumbouni 
areas of Grande Comore Island (Republic of Comoros). The sponge 
was preserved in methanol. 

SPONGE EXTRACTION AND SOLVENT PARTITION 

Part A - The methanol shipping solution from approximately 
600 kg (wet wt.) of Axinella carteri was decanted and to the solution 
was added an equal volume of dichloromethane (-600 1) and 
enough (10-20% by volume) water to provide two phases. The 
dichloromethane layer was separated and solvent evaporated in 
vacuo to yield the first extract (1.43 kg). To the sponge was added 
1:1 dichloromethane-methanol (550 1). After 28 days, water (15% 
by volume) was added to produce a chlorocarbon phase which was 
separated and concentrated (in vacuo) to obtain the second extract 
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GI50 mean graphs from screening of halistatin 1 (left), halistatin 2 
(center) and halichondrin B (right). Each graph is constructed 
from the averaged GI50s calculated for each cell line from four 
separate screenings of each compound. The horizontal scaling bars 
(bottom of each graph) are marked in increments of ±1 log|0. The 
reference centrelines for each graph are located at negative log)0 

values of 9.15, 9.17 and 9.64 for the left, centre and right graphs, 
respectively. In each graph the bars projecting to the right of 
centreline reflect proportionately more sensitive lines; bars 
projecting to the left of centreline reflect the less sensitive lines. 

(1.66 kg). Recovered dichloromethane was combined with the 
upper layer (methanolAvater) to form a dichloromethane- 
methanol-water solvent mixture (approximately 2:3.8:1.2) that was 
returned to the sponge to obtain the third dichloromethane extract 
fraction (607 g) in an analogous manner (18-32 day extraction 
periods). The combined dichloromethane extract (3.7 kg) was 
dissolved in a mixture (201 each) of hexane and 9:1 methanol-water 
and extracted (six times) with hexane in a 55 1 steel container. The 
hexane fraction was concentrated at 30 °C and then the 
temperature was raised to 50 °C to remove water. The dark oily 
residue weighed 1.65 kg. The 9:1 methanol-water solution was 
filtered (filter paper) and the tan precipitate collected (385 g, ED50 

17 ug/ml). The solution was diluted to 3:2 by adding 12 1 of water 
and extracted with dichloromethane (20 1, 3x). Concentration in 
vacuo gave a 181 g fraction from the chlorocarbon extract and a 
493 g fraction from the methanol-water one. Bioassay results (PS 
ED50 0.30 ug/ml) pointed to the dichloromethane residue as the 
repository of the antineoplastic constituents. The PS cell line active 
fraction (181 g) was subjected to separation by gel permeation 
through a Sephadex LH-20 column (15 x 120 cm) packed in 
methanol. The column was eluted with methanol (25 1) and 
fractions were monitored by the P388 cell line bioassay. The active 
fractions (3) were added to the top of another Sephadex LH-20 
column (9 x 92 cm) in methanol-dichloromethane (3:2) and eluted 
with the same solvent. Active fractions were further separated by 
Sephadex LH-20 column (4.5 x 80 cm) partition chromatography 
using 95:5 dichloromethane-methanol as eluant. The resulting 
active fraction was next separated on a Sephadex LH-20 column 
(2.5 x 40 cm) using the solvent system 8:1:1 cyclohexane- 
isopropanol-methanol. Final isolation and purification procedures 
utilized HPLC to provide 7.5 mg (1.3 x 10"*% vield) of halistatin 
1, 6b, and 8.5 mg (1.4 x 10-6% yield) of halistatin 2, 7b. The 
retention times of halistatin 1 and halistatin 2 were 9.6 and 10.8 
min, respectively, at a flow rate of 1.0 ml/min. Halistatin 1, 6b, 
corresponded to: [oft5 -58 (c = 0.57, CH3OH); FAB-MS, m/z: 1127 
[M + H]+; IR (NaCl film): 3356 (OH), 1734 (COOR), 1653 (C=C), 
1184, 1080, 1018 cm-'; and halistatin 2, 7b, to an amorphorous 

solid melting at 194-8 °C (Kofler-tvpe hot stage): [a]D
5 -59 (c = 0.48, 

CH,OH); FAB-MS, m/z: 1139 [M+H]* (C61H86O20 = 1138), 1121 
[M-H20+H]*; HRFAB-MS, m/z: 1145.5871 [M+Li]+, calc for 
C61H86O20Li 1145.5872; and IR (NaCl film): 3358 (OH), 1734 
(COOR), 1653 (C=C), 1186, 1132, 1078, 1022 cm'. Tables 1 and 2 
show the 'H- and l3C NMR analyses leading to the structural 
assignment for halistatin 2. 

PartB- The sponge (approximately 480 kg) collected at the same 
location as discussed above was treated as follows. The methanol 
shipping solution (140 1) from 120 kg was removed and placed in 
four 55 1 stainless steel containers. Dichloromethane (20 1) was 
added to each, followed by enough water (approximately 15% by 
volume) to yield two layers. The lower (dichloromethane) layer 
was separated and evaporated in vacuo, then air-dried to yield 82.1 
g of active extract (ED50 0.26 ug/ml). This material was dissolved 
in methanol-water (9:1) and hexane, and partitioned with hexane 
(yielding 24.5 g, with ED50 1.64 ug/ml). Water was added to the 
methanol-water layer to make a ratio of approximately 3:2, then 
the solution was filtered to remove the insoluble material (4.4 g, 
ED50 0.18 |ig/ml). The solution was partitioned with 
dichloromethane (three times) to yield 21.7 g of active material 
(ED50 0.35 ug/ml). The inactive methanol-water layer (35 g, ED50 

20 ug/ml) was discarded. 
The active dichloromethane extract (21.7 g) was fractionated 

on a Sephadex LH-20 column using methanol as solvent. The 
eluant was monitored by TLC and combined into 7 fractions. The 
P388 results (ED50 0.011 and 0.035, respectively) suggested that 
the most active compounds were concentrated in the third and the 
fourth fractions. Thus, these two fractions were combined (7.7 g) 
and separated on a Sephadex LH-20 column (9 x 92 cm) using 
dichloromethane-methanol (3:2) as eluting solvent. Fractions (22 
ml each) were collected (200 total) and combined on the basis of 
TLC results into six fractions. The first fraction was the most active 
(ED50 0.017 ug/ml). 

Parallel treatment and separation of the dichloromethane 
extract of the shipping solution from 360 kg yielded a similar active 
fraction (ED50 < 0.01 ug/ml). These two fractions were combined 
(2.8 g) and separated on a Sephadex LH-20 column (4.5 x 80 cm) 
using the solvent system dichloromethane-methanol (95:5). Again, 
22 ml fractions were collected (80 total) and combined on the basis 
of TLC results yielding four fractions. The third fraction was the 
most active (ED50 0.00035 ug/ml) among the four. Therefore, this 
fraction was subjected to another Sephadex LH-20 column (1.5 x 
25 cm) separation (cyclohexane-2-propanol-methanol, 8:1:1). A 
total of 80 fractions (7 ml each) were collected and combined into 
six fractions, halichondrin B and homohalichondrin B were con- 
centrated in fractions 2 to 4. The final separation of the hali- 
chondrins"1 was achieved by semi-preparative HPLC using the 
conditions outlined at the beginning of the experimental section. 
Halichondrin B (6a, 29.5 mg, 6.1 x 10"6% yield) and homohali- 
chondrin B (7a, 20.5 mg , 4.3 x 10_6% yield) were obtained. 

In a related study, we also isolated (using similar isolation 
procedures) 1.0 mg of halistatin 2, 7b, from an Axinella sp.'* 
collected (in 1979) in Palau. By comparison of the high field (400 
MHz) IH NMR spectra, the two samples were found to be identical. 

BIOLOGICAL TESTING; DATA DISPLAY AND ANALYSIS; SCREENING DATA SUM- 

MARY 

Freshly isolated halistatin 1, halistatin 2 and halichondrin B 
were tested in the NCI's human tumor, disease-oriented in vitro 
primary screen, and data calculations performed as described 
elsewhere2730. The figure is a composite prepared from mean 
graphs constructed from the averaged GI50 values from 
quadruplicate screenings of each compound. The overall panel 
mean GI50 values were 7.1 x 10-'° M, 6.8 x 10"10 M and 2.3 x 10-'o 
M for halistatin 1, halistatin 2 and halichondrin B, respectively; 
standard errors averaged less than 10% of the respective means. 
Prior comparative testing of homohalichondrin B in the NCI screen 
had demonstrated approximately equal potency with halichondrin 
B (data not shown). 

The averaged negative log10 GI50 values obtained for each cell 
line with halistatin 2 in the present study are provided as follows, 
along with the individual cell line identifiers: CCRF-CEM (9.70), 
HL-60TB (9.80), K-562 (9.64), MOLT-4 (9.39), RPMI-8226 (9.39), 
SR (9.67); A549/ATCC (8.74), EKVK (8.39), HOP-18 (8.55), HOP- 
62 (9.16), HOP-92 (8.92), NCI-H226 (9.14), NCI-H23 (9.18), NCI- 
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H322M (8.52), NCI-H460 (9.42), NCI-H522 (9.70), LXFL 529 
(9.35); DMS 114 (9.47), DMS 273 (9.89); COLO 205 (9.66), DLD-1 
(8.92), HCC-2998 (8.89), HCT-116 (9.26), HCT-15 (8.26), HT29 
(9.34), KM 12 (9.27), KM20L2 (9.37), SW-620 (9.40); SF-268 (8.74), 
SF-295 (9.74), SF-539 (9.49); SNB-19 (8.68), SNB-75 (9.57), SNB- 
78 (9.92), U251 (9.32), XF 498 (9.37); LOX IMVI (9.30), MALME- 
3M (9.64), M14 (9.17), M19-MEL (9.51), SK-MEL-2 (9.51), SK- 
MEL-28 (9.00), SK-MEL-5 (9.74), UACC-257 (8.64), UACC-62 
(9.47); IGROV1 (9.05), OVCAR-3 (9.55), OVCAR-4 (8.11), OVCAR- 
5 (8.74), OVCAR-8 (8.89), SK-OV-3 (9.17); 786-0 (9.41), A498 (8.74), 
ACHN (8.36), CAKI-1 (8.89). RXF-393 (9.32), SN12C (8.74), TK- 
10(8.26), UO-31 (8.22). 
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