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Abstract: Antiproliferative bioassay-guided fractionation of an aqueous extract of the marine sponge
Chondropsisp. provided two novel macrolides, chondropsinslpgnd B ). The structures were elucidated

by a combination of spectroscopic analysis and chemical modification. HMBC, TOCSY, NOESY, and HSQC-
TOCSY experiments were particularly useful for the structural assignments of these polyketide-derived
metabolites. The chondropsins define an unprecedented class of polyunsaturated, polyhydroxylated, 35-membered
macrocycles which incorporate both lactone and lactam functionalities. An additional unique feature of these
compounds is a complex, amide-linked, polyketide side chain. Testing of chondropsjniritfie NCI 60-

cell screen revealed a mean-graph profile that did not correlate significantly with the profile of any compound
class represented in the NCI standard agents database. The chondropsins therefore represent an interesting
new lead for cancer therapeutics research.

Marine sponges have yielded a wide variety of biologically rolides, chondropsins Alj and B @). Here we describe the
active secondary metabolittsA prominent class of sponge- isolation, structure elucidation, and biological activity of
derived compounds is the polyketide-based macrocyclic lac- compoundsl and 2.
tones. These macrolides typically possess a pattern of oxygen- . .
ation, alkylation, and dehydration along the primary aliphatic Results and Discussion
chain that is indicative of a polyketide biosynthetic origin. Samples of the spongeéhondropsissp., collected off Bass
While it is not unusual for aliphatic sponge macrolides to Island near Wollongong, Australia, were extracted witfOH
incorporate nitrogenous constituents, these often occur asand the concentrated extract was fractionated on wide-pore
oxazole or formamide functionaliti€Macrolides from sponges  reversed-phase ,Cmedia. The fraction which eluted with
exhibit tremendous structural diversity, with a wide range of MeOH—H,0 (2:1) was further separated on an LH-20 column
lactone ring sizes. Additionally, many of these compounds using a MeOH-H,O (7:3) solvent system. The early eluting

reportedly have cellular antiproliferative or cytotoxic activitfes.

material from this column was ultimately purified by reversed-

Our studies were initiated on the basis of a distinctive pattern phase Gg HPLC using a linear MeOHH,0O gradient to give

of differential cellular growth inhibition by an aqueous extract
of an Australian collection of the spongghondropsissp. in
the National Cancer Institute’s 60-cell antitumor screéihe

chondropsins AX) (17 mg) and B 2) (7 mg) as colorless
powders.
Negative-ion FABMS analysis of chondropsin & 6howed

only previously reported investigation of sponges in the genus a strong pseudomolecular ion @tz 1587.0, corresponding to

Chondropsisiad resulted in the isolation of several cerebroside
derivatives’8 Antiproliferative bioassay-guided fractionation of
the Chondropsisextract provided two structurally novel mac-

(4) Takada, N.; Sato, H.; Suenaga, K.; Arimoto, H.; Yamada, K.; Ueda,
K.; Uemura, D.Tetrahedron Lett1999 40, 6309-6312. Lu, Q.; Faulkner,
D. J.J. Nat. Prod.1998 61, 1096-1100. Dumdei, E. J.; Blunt, J. W.;
Munro, M. H. G.; Pannell, L. KJ. Org. Chem.1997, 62, 2636-2639.

* To whom correspondence should be addressed. Phone: 301-846-5391Erickson, K. L.; Beutler, J. A.; Cardellina, J. H., Il.; Boyd, M. R.Org.

Fax: 301-846-6919. E-mail: boyd@dtpax2.ncifcrf.gov.

T National Cancer Institute.

* Laboratory of Bioorganic Chemistry, National Institute of Diabetes and
Digestive and Kidney Diseases, Bethesda, MD 20892-0805.

(1) Faulkner, D. JNat. Prod. Rep200Q 17, 7—55. See also previous
reports in this series.

(2) Rawlings, B. JNat. Prod. Rep1999 16, 425-484.

(3) Matsunaga, S.; Liu, P.; Celatka, C. A.; Panek, J. S.; Fusetadi, N.
Am. Chem. Soc1999 121, 5605-5606. D’Ambrosio, M.; Tato, M.;
Poesfalvi, G.; Debitus, C.; Pietra, Aelv. Chim. Actal999 82, 347—353.
Carbonelli, S.; Zampella, A.; Randazzo, A.; Debitus, C.; Gomez-Paloma,
L. Tetrahedron1999 55, 14665-14674. Matsunaga, S.; Nogata, Y.;
Fusetani, N.J. Nat. Prod.1998 61, 663—-666. Kobayashi, J.; Tsuda, M.;
Fuse, H.; Sasaki, T.; Mikami, Y. Nat. Prod.1997 60, 150-154. Zampella,

A.; D’Auria, M. V.; Minale, L. Tetrahedrorl997, 53, 3243-3248. D’Auria,

M. V.; Paloma, L. G.; Minale, L.; Zampella, A.; Verbist, J.; Roussakis, C.;
Debitus, C.; Patissou, Jetrahedronl994 50, 4829-4834. Kobayashi, J.;
Murata, O.; Shigemori, H.; Sasaki, J. Nat. Prod.1993 56, 787—791.

10.1021/ja0010711 This article not subject to U.S. Copyright.

Chem.1997, 62, 8188-8192. Litaudon, M.; Hickford, S. J. H.; Lill, R. E.;
Lake, R. J.; Blunt, J. W.; Munro, M. H. G.. Org. Chem1997, 62, 1868~
1871. Pettit, G. R.; Cichacz, Z. A.; Gao, F.; Boyd, M. R.; Schmidt, J. M.
J. Chem. Soc., Chem. Commadf894 15, 1111-1112. Pettit, G. R.; Tan,
R.; Gao, F.; Williams, M. D.; Doubek, D. L.; Boyd, M. R.; Schmidt, J. M.;
Chapuis, J.-C.; Hamel, E.; Bai, R.; Hooper, J. N. A.; Tackett, L1.FOrg.
Chem.1993 58, 2538-2543. Pettit, G. R.; Cichacz, Z. A.; Gao, F.; Herald,
C. L.; Boyd, M. R.; Schmidt, J. M.; Hooper, J. N. A. Org. Chem1993
58, 1302-1304. Higa, T.; Tanaka, J.; Komesu, M.; Gravalos, D. G.; Puentes,
J. L. F.; Bernardinelli, G.; Jefford, C. WI. Am. Chem. Sod 992 114
7588-7590.

(5) Boyd, M. R. InCurrent Therapy in OncologyNiederhuber, J. E.,
Ed.; B. C. Decker, Inc.: Philadelphia, 1993; pp-122.

(6) Boyd, M. R.; Paull, K. DDrug Dev. Res.1995 34, 91-109.

(7) Endo, M.; Nakagawa, M.; Hamamoto, Y.; Ishihama, Rlwre Appl.
Chem.1986 58, 387—394.

(8) Honda, M.; Ueda, Y.; Sugiyama, S.; Komori,Chem. Pharm. Bull.
1991, 39, 1385-1391.

Published 2000 by the American Chemical Society

Published on Web 08/30/2000



8826 J. Am. Chem. Soc., Vol. 122, No. 37, 2000 Cantrell et al.
Table 1. 'H andC NMR Data for Chondropsin Alj in DMF-d;
pos On mult (3, Hz) dc mult2 HMBCP HSQC-TOCSY pos  Suymult(d, Hz) Scmul HMBCP HSQC-TOCSY
1 171.7s 44 7.55d (9.9) 45 43
2 5.14dd (2.2,9.2) 55.6d 4,35, 36 35 45 176.8 s
3 7.85d(9.2) 2,4 2 46 2.54m 47.2d 45,47,69 47, 69
4 167.4 s a7 3.53m 73.8d 45 46, 48, 49
5 6.29d (15.2) 124.6% 4,7 6,7,8 48 1.48m 33.1t 47 47
6 7.14dd (11.0, 15.2) 140.5d 4,8 57,8 49 1.21m,1.37m 29.6t 47
7 6.29dd (11.0, 15.0) 129.9d 5,6,8,9 50 1.57m 36.2d 48, 49, 51
8 6.10m 1419d 6 56,7 51 3.56d (8.1) 83.1d 49,50,52,53,70
9 2.30m 345% 7,8,10 6,7,8,10, 12 52 137.2s
10 2.15m 329t 9 7,8,9,12,13 53 5.49d (9.5) 129.5d 51,55,71 54,72
11 5.69m 131.2d 13 12,13,14 54 2.68m 35.4d 53,72
12 6.17d (14.9) 131.8d 10 10,11, 13, 14, 15 55 3.76 m 748d 53,73 56
13 6.17d (14.9) 132.2fd 12, 15 10, 11,12, 14, 15,16 56 4.08 m 53.6d 55,58 55
14 5.69m 132.1d 13 11, 12,13, 15,16 57 7.58d (10.3) 58 55, 56
15 2.03m,2.79m 34.6t 16 12,13, 14, 16 58 165.9s
16 4.01m 72.3d 14, 15 59 6.36 d (15.4) 124497 88, 61 60
17 HF127m,Hx148m 38.0t 15,16 60 6.88 d (15.4) 146.7d 58,61,62,77,78 59
18 1.84m 26.0d 17, 19, 20, 37 61 51.3s
19 HF0.80m,Hx1.52m 41.7t 17,20 17,18, 20, 21, 37 62 214.7 s
20 3.69m 65.9d 19,21 63 3.20dq(7.0,10.0) 44.7d 62,64,65,79 64,79
21 1.46m,1.23m 43.0t 19,20, 22 20, 22 64 4.05d (10.0) 77.2d 63,65, 80 63,79
22 425m 66.1d 20,21 65 46.7 s
23 144m 41.9d 24,38 22,24 66 178.0s
24 3.87d(8.8) 80.2d 22,23, 25,2623, 38 67 3.78m 69.2d 68
25 138.2's 68  1.09d (6.2) 21.6q 43,67 43, 67
26 5.13d(2.2) 132.2'd 24,27,39,40 27,28 69 1.14d (6.6) 15.7q 45,47 46, 47
27 251m 36.5d 28,40 26, 28, 40 70 0.95d (5.5) 1599 49,50,51 49, 50, 51
28 3.53d(8.1) 82.4d 26,29,30,41 27,40 71 1.48s 11.9q9g 51,52,53 53
29 138.6s 72 1.01d (6.9) 18.1q 53,54,55 53,54
30 5.25dd (6.6, 6.6) 123.6d 28,31,41 31,32 73 3.61m 75.7d 55,74,76 74,75,76
31 2.05m,2.45m 321t 29,30, 32 30, 32 74 1.48m 31.5d 73 73
32 490m 73.1d 421 30, 31 75 0.87d (6.6) 19.6q 73,74,76 73,74
33 2.03m 38.9d 35,42 34 76 0.94d (6.2) 20.1q 73,75 73,74
34 5.11dd(3.3,9.5) 76.9d 1,32, 33 33, 42 77 121s 28.%4, 61, 62, 78
35 4.83brs 722d 1,2,36 2 78 1.27s 2399 60, 61, 62, 77
36 171.8s 79 0.76 d (6.6) 1549 62,63,64 63, 64
37 0.87d(6.6) 228q 17,18,19 17,19 80 1.11s 17.7q 64,65, 66, 81
38 0.63d(7.0) 9.8q 22,23,24 23,24 81 1.18s 25.3q 64,65, 66,80
39 1.60s 11.2q 24,25,26 26 "1 172.6s
40 0.67d(6.6) 18.1q 26,27,28 26, 27, 28 ' 2 4.53dd4.0,8.4) 68.8d '13,4 3
41 156s 11.3qg 28,29,30 30 "3 2.6; d6d (8.4,15.8) 402t 1,2,4 2
.76 m
42 1.03d(7.0) 9.7q 32,33,34 33,34 "4 172.8s
43 4.15m 53.4d 45 67 OCH3.63s 51.7q 66

2 Multiplicity inferred using the DEPT pulse sequené®©ptimized forJ = 3.5 and 8.5 Hz. Carbons correlated to the proton resonance(s) in the
IH column.¢ Carbons correlated to the proton resonance(s) irtttheolumn. -9 Assignments may be interchanged.

[M — H]~. Subsequent positive-ion HRFABMS analysis of a
Csl-doped sample df detected an adduct containing two Cs
atoms [M— H + Cs)]*, m/z 1852.7305 (calcd for £H1340N3026
Cs, 1852.7208 A + 9.7 mmu). The facile incorporation of
two Cs ions suggested thatcontained two carboxylic acid
functionalities. Treatment df with diazomethane provided the
bis methylated derivative3 (HRFABMS, Csl-doped,m/z
1748.8524 [M+ CsJ"), confirming the two carboxylic acid
groups inl. The molecular formula of, which was assigned
as GaHi133N30,6 0N the basis of the HRFABMS measurements,
was consistent with a detailed analysis of theandC NMR

TOCSY? HSQC19 and HMBC! pulse sequences, resulted in
the elucidation of five §—e€) structural fragments (Figure 1).
Partial structurea was established as a linear, four-carbon
fragment which consisted of a carboxylic acid, an ester carbonyl,
a nitrogen-substituted methin& $5.6, C-2), and an oxymethine
group ¢ 72.2, C-35). The H-2 resonancé 6.14) showed
COSY caorrelations both to H-39 @.83) and to a well-resolved
amide proton at 7.85 (H-3). HMBC correlations from H-2
and H-3 to a carbonyl at 167.4 (C-4) confirmed the attachment
of a to substructurd via an amide bond at N-3. At this point,
it was not possible to distinguish which carbonyl in fragment

data (Table 1). Despite the relatively large number of protons existed as a free carboxylic acid and which was part of an ester

and carbons irl, the NMR spectra it provided were generally
well-resolved and rich in structural information. However,

link. Three-bond heteronuclear correlations from either H-3 or
the hydroxyl proton on C-35 might have facilitated assignment

ambiguities that did arise due to overlapping resonances requiredof these two carbonyls; however, no definitive HMBC correla-
the analysis of complete NMR data sets in different solvents, tions were observed, even when a variety of different NMR

including DMF-d;, DMSO-ds, and CQROH. NMR spectral
analyses revealed 19 methyl groups in comprising one
downfield methyl ester, three downfield vinyl methyls, 11

parameters and experimental conditions were explored. Simi-
larly, no diagnostic NOE interactions were observed.

(9) Bax, A.; Davis, D. G.J. Magn. Reson.l1985 65 355-360.

aliphatic methyl doublets, and four methyl singlets. Fifteen Braunschweiler, L.; Ernst, R. R. Magn. Resonl983 53, 521-528.

oxymethine groups, eight olefins, one ketone, and eight ester,
amide, or carboxylic acid carbonyls were also defined. Extensive

2-D NMR analysis ofl, particularly based on data from COSY,

(10) Brthwiler, D.; Wagner, GJ. Magn. Reson1986 69, 546-551.
Bodenhausen, G.; Ruben, D.Ghem. Phys. Lettl98Q 69, 185-189.

(11) Bax, A.; Summers, M. FJ. Am. Chem. Sod 986 108 2093~
2094.
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Figure 1. Chondropsins AX) and B @) and methylated derivativé
Dotted lines delineate partial structures elucidated for compdund

The structure of fragmerti could be inferred largely from
COSY and TOCSY correlation data. A proton-spin system

Figure 2. Key NOESY correlations in chondropsin A)(

methyl and hydroxyl substituents. Data from COSY and TOCSY
experiments established the connectivities of the two major
proton-spin systems ia Proton resonances associated with the
adjacent C-48C-49 methylene pair were in a heavily over-
lapped region of the NMR spectrum, and thus, difficult to
interpret. However, HMBC and HSQETOCSY correlations
unambiguously defined the location of these methylene groups.
The position of theA5? olefin was established by HMBC
correlations from H-51 to the C-52 and C-53 olefinic carbons

which contained two pairs of conjugated dienes separated by ;g by coupling between H-53 and H-54. The presence of a

two allylic methylenes was apparent, and its proximity to partial
structurea was defined by HMBC correlations from H-5 (
6.29) and H-6 § 7.14) to the C-4 amide carbonyl. It was also
possible to establish i the presence of a trisubstituted
tetrahydropyran ring in which one oxymethin& 4.01, H-16)
was coupled to the C-15 allylic methylene protons. The other
oxygenated methine)(3.69, H-20) was coupled to the C-21

aliphatic methylene group, and a methyl group was substituted

at C-18. Extension of the proton-spin system through the highly
overlapped C-17, C-19, and C-21 methylene protons to H-22
(0 4.26) was aided by a combination of HMBC and HSQC-
TOCSY!2 correlations (Table 1).

Assignment of the remainder of partial structbremployed

COSY and TOCSY data to establish the proton-spin systems,

HSQC correlations to confirm the sites of oxygenation or
nitrogen substitution, and HMBC data to define the locations
of the nonprotonated olefinic carbons (C-25 and C-29). An
HMBC correlation from the C-42 methyl protons to C-34 helped
to establish the C-33C-34 connectivity, because no vicinal
coupling was observed between H-33 and H-34. An HMBC
correlation between H-34 and a carbonyl resonadct7@Q.6)

in substructure revealed that chondropsin A)(incorporated

a macrocyclic ring which resulted from esterification between
a carbonyl in fragmera. and the C-34 oxygen substituent. The
downfield chemical shift of H-34  5.26) supported the

nitrogen attached to C-56 was revealed by t#@ chemical
shift (0 53.6), and coupling between H-56 @.08) and the
amide proton H-57{ 7.58).

Characteristic’H and 13C NMR signals indicated that
fragmentd contained aro,S-unsaturated amide, a ketone, a
methyl ester, and two gem dimethyl groups. The structural
assignment ofl was facilitated by analysis of protetproton
couplings and heteronuclear correlation data. HMBC correlations
from H-56, H-57, H-59, and H-60 to the C-58 carbonytl65.9)
established that was joined to substructucevia an unsaturated
amide linkage. Placement of a gem dimethyl substituent at C-61
followed from HMBC correlations between the two methyl
groups and C-60 and the C-62 ketone resonanc@l4.7).
Additional HMBC correlations from both H-63 and the C-79
methyl protons to C-62 established that the C-63 methine was
also situatedr to the ketone. The position of the second gem
dimethyl group was defined by HMBC correlations from the
C-80 and C-81 methyl protons to C-64 77.2), C-65 ¢ 46.7),
and C-66 ¢ 178.0), but the methyl ester was defined by a
correlation from the singlet methyl proton$ 3.63) to the C-66
ester carbonyl.

The only remaining unassigned NMR resonances, which
consisted of a methylene, an oxymethine group, an ester
carbonyl, and a carboxylic acid moiety, were assigned to a malic
acid residue (substructue®; however, it was not possible to

assignment of an ester linkage at this position. The substitution define the relative position of the ester and carboxylic acid

of a nitrogen atom on C-43 was indicated by ¥ NMR
chemical shift § 53.7) and by protorproton coupling between
H-43 (0 4.15) and an amide NHJ(7.55, H-44). HMBC
correlations from H-43 and H-44 to the C-45 carborylL{76.8)

confirmed the presence of an amide at this position. Thus, partial

structureb was joined by amide bonds to fragmemtsandc,
and it formed a macrocycle via esterification to a carbonyl in
a

Partial structurec consisted of a 15-carbon chain that

moieties withine on the basis of HMBC or NOE correlation
data. While the orientation of attachment ef remained
ambiguous, its position within chondropsin A)(was clearly
established. An HMBC correlation between H-324(90) and
the ester carbonyld(172.8) ine revealed that the malic acid
residue was esterified to the C-32 oxygen substituent in
substructure.

The geometries of the olefinic bonds Inwvere assigned, as
all which are trans-based, on a combination of proton coupling

contained one olefin, one nitrogen substituent, and numerous.gnstant analyses and observed NOE interactions (Figure 2).

(12) Cavanagh, J.; Palmer, A. G., Ill; Wright, P. E.; Rance JMMagn.
Reson.1991, 91, 429-436.

The Js 6, J7.8, J11,12 J13,14 andJsg eo Vicinal coupling constants
of 15.2, 15.0, 14.9, 14.9, and 15.4 Hz, respectively, were
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indicative ofE double bonds. A trans configuration f&?> was Table 2. 'H and*C NMR Data for Chondropsin B2j in DMF-d;
established by an NOE observed between H-26 and H-24, andpos 6, mult (J, Hz) dcmultt position oy mult (3, Hz) dc multe
one between the C-39 vinyl methyl protons and the H-27 allylic

methine proton. Similar analyse_s of NOE interactions about the % 5.03m 17525'32 123 (4)1'.91% crin(8.0) 52';3
A?° and A% double bonds (Figure 2) also revealed trans 3 7.99m 44 761m
geometries. The relative stereochemistry of the tetrahydropyran 4 167.0s 45 176.9s
ring substituents il was also deduced from NOE data. One 5 6.27d(14.5) 124.1d 46 2.58m 46.9d
of the H-15 protonsd 2.79) exhibited strong NOE interactions 6 7-1‘151‘1‘; 145 141.2d 47 3.52m 73.9d
with both H-18 and H-20. This indicated that C-15, H-18, and 7 ¢3odq > 1209d 48  147m ssat
H-20 shared a common 1,3-diaxial orientation about the (11.5, 14.5)
tetrahydropyran ring. All other NOE interactions detected among 8 6.15m 142.3d 49 1.21m 29.9t
the ring substituents, including a correlation between H-18 and 9 2.31m 34.4% 50 1.55m 36.3d
H-20, supported this assignment. 10 2-%8 m gz-md 512 3.54m §3-§ d
Our efforts to defin.e thg .rela.tive position of the ester and g 2:17 ?(14_9) 11311"% d 553 5.50d (9.5) lléé.gd
carboxylic acid functionalities in substructur@sand e in 13 6.17m(14.9) 132.1d 54 2.68m 35.4d
chondropsin A {) were inconclusive. Thus, extensive spectral 14 569 m 132.1d 55 3.77m 74.7d
characterization and the complete assignment of NMR reso- 15 2.01m,2.79m 343t 56 4.09m 53.8d
nances for the bis methylated derivatBere undertaken. The ~ 16 4.00m 72.3d 57 7.61m
specific HMBC correlations that were required for assignment 1 %Hldzfg’m s8ot 58 165.9s
of the carbonyls in substructuresande were still lacking in 18 1.86m. 26.0d 59 6.38d (155 124.6d
3; however, NOE data proved somewhat helpful. TH&NMR 19 H30.80m, 417t 60 6.88d(15.5) 146.7d
spectrum of compound provided two new O-methyl singlets Ho 1.51m
(6 3.71 and 3.67) in addition to the C-66 methyl esteB(63). 20 3.69m 659d 61 513s
The methyl resonance ab 3.71 showed a strong NOE g% i'gg m 146m 431t 62 214.7s
. - . . . . .26 m 66.0d 63 3.22m 44.7d
interaction with the H-35 oxymethine proton i@ which 23 1.46m 418d 64 4.05m 77.2d
indicated that this new ©Me group was attached to C-36. Thus, 24 3.87d(9.0) 80.2d 65 46.7 s
in chondropsin A 1), C-36 exists as a free carboxylic acid and 25 138.4s 66 178.0s
C-1 is the ester carbonyl linked to the oxygen on C-34. Similar gg gég m 1:22'23 257; fzgm g?-g d
Rlaoglfnj:]ligles failed to differentiate the carbonyl groups in 28 3E5m 828d 69 114d (7.0) 15_7%
€ i _ 29 137.4s 70 0.95d (7.0) 16.0 q
The orientation of substructusawas ultimately assigned by 30 534m 1265d 71 1.48s 11.8q
comparing the NMR spectral data of this residuelimwith 31 223m,2.30m 324t 72 1.01d (6.5) 18.1q
spectral data from synthetic monomethyl estens-wfalic acid3 32 352m 69.2d 73 3.61m 75.7d
The NMR data forl showed significantly closer correspondence 33 1.80m 389d 74 1.48m 31.5d
to the C-4 methyl ester derivative ofmalic acid than to the gg i'éggq 7r6d 75 0.87d (6.0) 1969
- i X ; 87brs 721d 76 0.94 d (7.0) 20.2 q
C-1 derivative. In particular, the chem|cal ShlftS. of H-2|§l ( 36 171.8s 77 121s 238
4.53) and H-3N § 2.60 and 2.76) irl were consistent with 37 0.87d(6.0) 22.8q 78 1.27s 239¢q
those of the oxymethined(4.52) and methylenej(2.63 and 38 0.62d(7.0) 9.7q 79 0.77d (6.5) 15.4q
2.77) protons of the C-4 monomethyl ester derivative-ofalic 39 162s 112q 80 Llls 17.7q
acid. Resonances recorded for the oxymethine and methylenej(l) (1):;% 2 (7.0) 111.'23 g%DH 3%'312 s 512.3'3 q

protons of the C-1 methyl ester derivative weré.49 ando I : :
2.65 and 2.83, respectively. Thus, attachment of the malic acid Multiplicity inferred using the DEPT pulse sequeneéAssign-
residuee was assigned as ih ments may be interchanged.

Negative-ion FABMS analysis of chondropsin B provided structural fragmentsb(—d) apparently originate from polyketide
a pseudomolecular ion az 1471.0 which corresponded to  biosynthesis. A fourth fragmena), possibly derived from an
[M — H]~. Positive-ion HRFABMS of a Csl-doped sample aminated malic acid residue, is incorporated as a bridge between
showed an adduct [M- Cs]" which contained one Cs atom  the two ends of fragmertt to generate a combined lactone/
(m/z1604.8199), accountable tadEl120N302.Cs. The molecular  Jactam macrocyclic ring. This 35-membered macrocycle, which
formula of 2 thus differed from that of chondropsin A)(by a incorporates both amide and ester linkages to effect cyclization,
lack of C4H404. The NMR data fo2 were very similar to those  is unprecedented. The acyclic portion of the chondropsins
of 1, with a few notable exceptions. Resonances assigned toconsists of two structurally novel fragmentsand d, which
the H-2N oxymethine and H-3N methylene protonsliwere are attached through amide linkages. Formation of complex
absent in théH NMR spectra of2. In addition, the signal for  polyketides via amide coupling of multiple polyketide fragments
H-32 appeared upfield ab 3.52 for 2, in contrast to the  has only rarely been described befété® The locations of all
corresponding) 4.90 for 1. In the 3C NMR spectrum of2, of the olefins, oxygenated carbons, and methyl substituents
signals previously assigned to C-HC-4N of the malic acid within chondropsins A 1) and B @) are consistent with
residue were also missing. An independent assignment of thepolyketide biosynthesis. The only apparent exception to this is
NMR spectral data (Table 2) and a complete structural elucida- the methyl substituent (C-37) within the tetrahydropyran ring.
tion confirmed that chondropsin E)is identical tol, except Careful reexamination of the NMR spectral data confirmed the
for the lack of the malic acid side chain at C-321in location of this substituent; thus, it is likely the C-37 methyl

Chondropsins A1) and B @) are unique metabolites having  group was added after the primary polyketide biosynthesis. The
a number of uncommon structural features. The three principal

(14) Kobayashi, J.; Kondo, K.; Ishibashi, M.; Walchli, M. R.; Nakamura,
(13) Santaniello, E.; Ferraboschi, P.; Grisenti, P.; Aragozzini, F.; Maconi, T.J. Am. Chem. S0d.993 115 6661-6665.

E.J. Chem. Soc., Perkin Trans1991, 601-605. Thomas, E. J.; Williams, (15) Kondo, K.; Ishibashi, M.; Kobayashi, Jetrahedron1994 50,

A. C.J. Chem. Soc., Chem. Commua®87, 992—-994. 8355-8362.
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gem dimethyl groups that occur in the chondropsins could arise eluted with MeOH-H,O (7:3). The early eluting fractions from the
from a branched polyketide precursor or a subsequent methy-LH-ZO column were concentrated to provide 29 mg of residue that was

lation of the polyketide product. Although the chondropsins

subsequently dissolved in 2 mL of MeGHH,O (1:1) for HPLC.

share some general structural features with an array of cyclic Reversed-phase HPLC separation (Dynamax ODSx 50 mm, 8

and acyclic polyhydroxy polyenes produced by symbiotic marine
dinoflagellates® the actual biosynthetic source of these novel
macrolides has not been defined.

Chondropsin A {) was tested in the U.S. National Cancer
Institute (NCI)’s 60-cell antitumor screen as describéd.he
compound showed potent, differential growth inhibition of the
60 tumor cell lines, yielding a mean-panelsgValue of 2.4x
108 M and a range of>1(® in relative sensitivities of the
individual cell lines. Compare-algorithm analyses of the mean-
graph profilé of 1 revealed no significant correlation to any
mean-graph profiles contained in the NCI's “standard agents

um; flow rate, 4 mL/min) was performed using a linear Me©H,O
gradient (65:3585:15 over 40 min.) which provided 2 mg &fand

0.8 mg of2. The remainder of the extract was processed in a manner
similar this to provide a total of 17 mg df (0.005% wet weight) and

7 mg of 2 (0.002% wet weight).

Chondropsin A (1): Colorless powder; d]?> +7.1° (c 0.28,
MeOH); UV [MeOH] Amax 229 € 15372), 259 € 16229) nm; |Rvmax
(KBr) 3418, 3298, 1689, 1610, 1533, 1207 ¢m'H and 3C NMR
see Table 1; FABMS (negative-ion; glycerol matnrjz 1587.0 [M—
H]~, HRFABMS (positive-ion; magic bullet matrix; Csl-dopedyz
1852.7305 [M— H + Cs] ™, caled for GsHi13N30,6Cs, 1852.7208,
A+9.7 mmu.

Chondropsin B (2): Colorless powder; d]?’s +30.6° (c 0.36,

database”. Thus, it appears that the mechanism of tumor growthMeOH); UV [MeOH] Amax 227 € 14792), 260 ¢ 13124) nM: IRvmax

inhibition by the chondropsins is different from that of
conventional antitumor agents. This possibility, in addition to
the very high potency df (e.g., low nanomolar G}'s) against
certain tumor cell lines (melanoma, colon, leukemia) indicates

that the chondropsins will be an interesting new structural class

for cancer therapeutics research.

Experimental Section

Animal Material. Samples ofChondropsissp. were collected
approximately 100 m from the shore of Bass Island off the coast of
Wollongong, Australia. Samples were kept frozen prior to extraction.

(KBr) 3422, 2957, 1695, 1635, 1207 ci'H and*3C NMR see Table
2; FABMS (negative-ion; glycerol matrixjvz 1471.0 [M — H]-,
HRFABMS (positive-ion; magic bullet matrix; Csl-dopeautjz 1604.8199
[M + Cs]Jt, calcd for GoH12dN3022Cs, 1604.8122A+7.7 mmu.
Methylation of 1. A 5.5-mg solution of chondropsin AL} in 2.8
mL of MeOH was treated at room temperature with a solution of\GH
in diethyl ether (3 mL). Removal of the solvent under a streamof N
and HPLC purification of the residue as described abové,fprovided
3.5 mg of the methylated derivati& colorless powder;d]?’p +14.7
(c 0.34, MeOH); UV [MeOH]Amax 228 € 20762), 2614 20317) nm;
IR vmax (KBr) 3420, 3304, 1684, 1534, 1205, 1140 ¢imHRFABMS
(positive-ion; magic bullet matrix, Csl-dopedyz 1748.8524 [M+

A voucher specimen (# Q66C1004) has been deposited with the CsI", calcd for GsHisN:OzCs, 1748.8545)—2.0 mmu. NMR spectral

Smithsonian Institution, Washington, D.C.
Isolation. The frozen sponge samples (357 g, wet weight) were
ground in dry ice to a fine powder and extracted withOHat 4 °C.

data for3 are provided in the Supporting Information section.
Antiproliferative Bioassay. DMSO solutions of the chromatography
fractions and aliquots of the purified chondropsins were assayed for

The aqueous extract was removed by centrifugation and subsequenty@ntiproliferative properties using LOX (melanoma) and OVCAR-3
lyophilized to give 44.0 g of extract. A 5-g aliquot of the aqueous extract (0varian) human tumor cell lines. Experimental details of this 2-day,

was dissolved in 50 mL of distilled water and applied to a chroma-
tography column (9 cm i.d.) containing 62 g of eversed-phase media
(J. T. Baker, Wide-Pore Butyl). The column was eluted using increasing
concentrations of MeOH in #D. The fraction eluting with MeOH

H,O (2:1) was concentrated to provide 90 mg of material, which was
further separated on a Sephadex LH-20 column (2.95 cm) and

(16) Kobayashi, J.; Kubota, T.; Takahashi, M.; Ishibashi, M.; Tsuda, M.;
Naoki, H.J. Org. Chem1999 64, 1478-1482. Hu, T.; Curtis, J. M.; Walter,
J. A.; Wright, J. L. C.Tetrahedron Lett1999 40, 3977-3980. Tsuda, M.;
Endo, T.; Kobayashi, Jetrahedronl999 55, 14565-14570. Murata, M.;
Matsuoka, S.; Matsumori, N.; Paul, G. K.; Tachibana,JKAm. Chem.
Soc.1999 121, 870-871. Doi, Y.; Ishibashi, M.; Nakamichi, H.; Kosaka,
T.; Ishikawa, T.; Kobayashi, JJ. Org. Chem.1997 62, 3820-3823.
Nakamura, H.; Asari, T.; Murai, A.; Kan, Y.; Kondo, T.; Yoshida, K;
Ohizumi, Y.J. Am. Chem. Socl995 117, 550-551. Nakamura, H.; Asari,
T.; Fujimaki, K.; Maruyama, K.; Murai, A.; Ohizumi, Y.; Kan, Y.
Tetrahedron Lett1995 36, 7255-7258.

in vitro assay have been described previodsly.
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