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Tedanolide C: A Potent New 18-Membered-Ring These include two closely related 18-membered macrolides,

Cytotoxic Macrolide Isolated from the Papua tedanolide 2)* and 13-deoxytedanolid&)¢ from Tedania ignis

New Guinea Marine Spongelrcinia sp and Mycale adhaerensrespectively, laulimalidé, a 20-
) membered ring fronCacospongia mycofijiensislyatellasp.,

Fasciospongiasp., Dactylospongiasp., and also from a chro-
Camille Chevallier, Tim S. Bugni! Xidong Feng;, modorid nudibranch, and peloruside’A, 16-membered ring
Mary Kay Harper, Anita M. 9rendt§ and macrolide fromMycale hentscheliTedanolide C 1) has the
Chris M. Ireland* same macrolide ring size as tedanolide and 13-deoxytedanolide

Department of Medicinal Chemistry, Umirsity of Utah, Salt but a different oxygenation and methylation pattern. Herein, we
Lake City, Utah 84112, Wyeth Research, PeatleRi New York report the isolation, the structure elucidation, the relative
10965, and Center for High Performance Computing, ddnity stereochemistry, cytotoxic evaluation of tedanolidel}; &nd

of Utah, Salt Lake City, Utah 84112 its activity on the cell cycle progression of HCT-116 cells.

The specimen ofrcinia collected from Papua New Guinea
was extracted with MeOH. The crude extract was subjected to
Receied Naember 3, 2005 a solvent partition scheme to yield hexane, C§l@hd aqueous
MeOH extracts. The CH@lextract was subjected to reversed-
phase flash column chromatography using a MeQ¥Yigradi-
ent. The fraction eluting with 50:50 MeOH{B was concen-
trated to provide 145.4 mg of material that was further separated
by HPLC using a reversed-phase semipreparative column to
provide 15.7 mg of tedanolide @)((0.003% wet weight).

Compoundl was obtained as a white amorphous solid. The
HRESIMS gave an [M+ Na]* ion at m/z 621.3242 (calcd
621.3250) corresponding to the formulg;8s50011Na*, which
was consistent with both tH¢l and*C NMR spectra. The IR

Tedanolide C (1) spectrum contained absorption bands for hydroxyl, ester, and

ketone groups (3418, 1736, 1697 th 13C and DEPT

Cytotoxicity-guided fractionation of the crude methanol experiments confirmed the presence of 31 carbons, which were
extract of a marine spongkcinia sp., yielded tedanolide C  distributed as 6 quaternary, 14 methine, 3 methylene, and 8
(1), a new 18-membered macrolide. The structure was solvedmethyl carbon atoms. Additionally, these spectra revealed the
by interpreting NMR and MS data, and the relative stereo- presence of two saturated ketone carbonyls, one ester carbonyl,
chemistry was determined from a combination of homo- and one quaternary olefin carbon, three protonated olefinic carbons,
heteronuclear coupling constants in conjunction with mo- Seven oxymethine carbons, and one quaternary oxygenated
lecular modeling. Compouriiexhibited potent cytotoxicity ~ carbon. This carbon inventory explained five of the seven
against HCT-116 cells in vitro. Cell cycle analysis showed degrees of unsaturation, indicatifigs bicyclic. The'H NMR

that treatment of cells with compouricarrested cells in the ~ SPectrum revealed three downfield olefinic protons, seven
S-phase. downfield oxymethine protons, three methylene groups, four

upfield methine protons attached to carbons bearing methyls,
four corresponding aliphatic secondary methyl groups (doublets),
The promising bioactivity and the structural diversity within  two upfield tertiary methyl groups (singlets) and two vinyl
the marine environment continue to yield new secondary methyls (one singlet, one doublet) (see Table 1). Cross-peaks
metabolites. The encouraging current number of marine natural in the COSY spectrum indicated five continuous spin systems.
products and related compounds in clinical and advanced Thereafter, these data along with HSQC, HSQC-TOCSY, and
preclinical trials is evidence that marine secondary metabolites
are important sources of new drug#s part of our natural (3) Ireland, C. M.; Aalbersberg, W.; Andersen, R. J.; Ayral-Kaloustian,
products screening program for new anticancer lead com-S.; Berlinck, R.; Bernan, V.; Carter, G.; Churchill, A. C. L.; Clardy, J.;
pounds? the extract of the marine spondgsinia sp. collected Concepcion, G. P.; Dilip De Silva, E.; Discafani, C.; Fojo, T.; Frost, P.;
i Milne Bay, Papua New Guinea, was shown to be very active 5°50r D Creerberaer, L. M Creensten, W Herper . K. Mlon
in cytotoxicity assays against an HCT-116 cell line. Cytotox- 2003 supplement 141, 15-38.
icity-guided fractionation of the extract yieldet){a new highly (4) Schmitz, F. J.; Gunasekera, S. P.; Yalamanchili, G.; Bilayet Hossain,
potent 18-membered macrolide. Over the past few years, severaM;(S\;aF”uE;;m?m gué'acvga??f”&aiﬁ%%‘;lg?Jifgtg'%f’;' Chem.
classes of macrolides have been isolated from marine spongesigo1 56, 49714974,
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TABLE 1. NMR Data for Tedanolide C (1) (CDsOD)?2

JOCNote

pos  dcmultiplicity on multiplicity (Hz) COosy HMBC NOESY HETLOC, HSQMBC (H?)
1 172.6s
2 39.3t 2.17dd, 14.6,11.2 2a, 3 1,3 3 -36(0)
2.26dd, 14.6,2.8 2b, 3 3 3@.0)
3 73.1d 4.14dd, 11.2,2.8 2a, 2b 2,4,24,25 2a, 2b, 14, 24
4 53.2s
5 220.5s
6 46.9d 3.21dq,9.2,7.2 7,26 5,7,8,26 7,24,27 —2.6)
7 81.3d 4.06d,9.2 6 6, 26, 27 6 6 (3.3), 26 (3.3)
8 136.0s
9 134.1d 5.18d,9.2 10 7,10, 11, 27 11, 12a, 28 11 (3.3)
10 40.4d 2.20ddq, 9.2,6.9,1.0 9, 11,28 8,9,11, 28 28 11 (5.5)
11 73.8d 3.53dd, 10.3,2.9 10, 12b 10, 13, 28 9, 12a, 28 13(3.6), 28 (3.2)
12 415t 1.15ddd, 15.3,10.3,3.6  11,12a 12a, 14 -19.5), 13 (1.2), 14 (5.5),
1.40ddd, 15.3,9.9,2.9  12b,13 9,11, 12b, 13, 14 41.1), 13 (-5.8), 14 (0)
13 70.2d 4.05ddd, 9.9, 3.6, 3.3 12a 12a 11 (3.3),29(3.3)
14 48.9d 3.31dq,7.2,3.3 29 12, 13, 15, 29, 30 3, 12a, 12b, 29 —23], 15 (4.0)
15 219.7s
16 84.5s
17 75.1d 3.51d,7.4 18 15, 16, 18, 19 18, 19, 30a, 30b 15(1.7), 16 (2.0), 18 (4.0)
18 59.1d 2.99dd, 7.4,2.0 17,19 17,19, 20 17, 19, 20, 23, 304, 31 17 (4.5),19 (1.3)
19 62.3d 2.74dd, 6.9, 2.0 18, 20 17,18, 20, 21, 23, 31 17, 18, 20, 21, 30a, 30b, 31 17 (2.0), 18 (1.3), 20 (6.3),
21(1.3),31(2.6)
20 35.3d 2.41 ddqg, 10.3,6.9, 6.9 19, 21,31 18, 19, 21, 22, 23, 31 18, 19, 23, 31 =709 (
21 131.6d 5.27 ddq, 10.8, 10.3, 1.6 20, 22, 23 19, 20, 23, 31 19, 22,31
22 127.1d 5.54dq, 10.8, 6.8 21,23 20, 23 21,23
23 13.5¢q 1.61dd, 6.8,1.6 21,22 19, 20, 21, 22 18, 20, 22
24 25.0q 1.16s 3,4,5,25 3,6
25 18.7q 1.22s 3,4,24
26 17.6q 1.21d,7.2 6 5,6,7
27 11.3q 1.54s 7,8,9 6, 28
28 17.7q 0.97d,6.8 10 9,10, 11 9, 10, 11, 27
29 12.6q 1.21d,7.2 14 14, 15 14
30 70.3t 4.02d,11.0 30a 1, 15,16 17, 19, 30a 15 (1.5)
4.18d,11.0 30b 17, 18, 19, 30b 15 (5.5), 16 (5.0)
31 18.0q 1.06d, 6.9 20 19, 20, 21 18, 19, 20, 21

aData obtained on a 400 MHz instrumehData obtained on a 500 MHz instrument. Signs forahg coupling constants measured from the HSQMBC

experiments are not mentioned.
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FIGURE 1. Partial structures AE determined for tedanolide @)(

HMBC data allowed assignments of the five partial structures
shown in Figure 1.

For partial structure AIH and’3C chemical shifts indicated
the presence of ong double bond {122 = 10.8 Hz) between
C-21 [0y 5.27;6¢c 131.6] and C-22dy 5.54;0¢c 127.1]. C-17
was oxygenated as judged by chemical shifts3.51;0c 75.1].
The methine proton H-20 showed an HMBC correlation with
the methyl carbon C-316[18.0]. On the basis ofH and13C
chemical shift data, C-19[; 2.74;6c 62.3] and C-18¢y 2.99;

Oc 59.1] was part of arans (Jis19= 2.0 Hz) epoxide and was
confirmed by comparison with data from tedanofided 13-
deoxytedanolidé.An HMBC correlation between the methine
proton H-17 p 3.51] and the oxygenated carbon C-5684.5]

by interpretation of COSY and HMBC spectra. The contiguous
nature of C-9 through C-14 in partial structure D was easily
assigned from the COSY spectrum. C-11 and C-13 were
oxygenated, based on thé¥C chemical shifts) 73.8 and 70.2,
respectively. ThéH and!3C chemical shifts of C-9dy 5.18;

Oc 134.1] indicated it was part of a trisubstituted double bond.
NOE correlations between the methyl group-2¥ and the
proton H-10 showed that the C-8-C-9 double bond was in the
E configuration. Partial structure E shared a characteristic COSY
pattern for the sequence CH(@BH(OH). This piece was
connected to C-8 by an HMBC correlation with H-6 and to
C-5 by an HMBC correlation from H-6.

Partial structure C was deduced by a combination of COSY
and HMBC data. The COSY spectrum revealed the C-2-C-3
unit. A quaternary carbon @t53.2 showing HMBC correlations
with H-3, Hs-24, and H-25 could be assigned as C-4.

The H shifts for H-30 (0 4.02, 4.18) indicated that these
protons were an oxymethylene that displayed clear HMBC
correlations to the ester carbonyl C-@ 172.6) and to the
guaternary oxygenated carbon C-D834.5). Long-range proton
coupling correlations from the oxymethine proton H-17 to
carbons C-15, and C-16 and from methylenic proter3H to
ketone C-15 revealed the attachment points between C-15-C-
16-C-30. The attachment point provided supportive evidence
for the connection of partial structures A, B and D. Cross-peaks

established the last connection for the remaining portion of the in the HMBC spectrum from K24 to C-5, H-6 to C-5 and
partial structure A. Partial structures D and E were established from Hz-26 to C-5 allowed connection of partial structures C
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and E. Proton K2 showed an HMBC correlation to C-1, linking
partial structures B and C.

Initially, we planned to establish the relative stereochemistry
using theJ-based configuration analy8isnd DPFGSE 1D
NOE® experiments in conjunction with molecular modeling.
Several limitations regarding compourddmade it clear that
we had to take an iterative approach that combined extensive
molecular modeling studies with an extensfbof J-based
method followed by repetitive adjustments to the structure and
finally DFT calculations on the intact molecule. Measurement
of homonuclear coupling data was achieved utilizlirgand
DQF-COSY experiments. Heteronuclear couplings were mea-
sured using a GHETLO® and a G-BIRR-HSQMBC12 A
lowest energy conformer was first identified by molecular
dynamics using AMBER? Subsequently, GAUSSIANG3was
used for geometry optimization (d95** basis set, B3LYP density
functional) of the system and computation bfalues on the
intact molecule (EPRII basis set, B3LYP density functiofal).
The complete approach we used to help elucidate the relative

stereochemistry, as well as a detailed account of the Gaussian
calculations and evaluation of basis sets using model compounds

will be presented elsewhere.

The epoxide was the starting point for the assignment of the
relative stereochemistry. THéyy for H-18 and H-19, 2.0 Hz,
is typical of atrans-substituted epoxid¥. The coupling constant
between H-19 and H-20 was large i (6.9 Hz) and in
tedanolide (9.4 HZj but the stereochemistry of C-20 could still
be different between the two compounds. This large homo-
nuclear coupling suggested an anti relationshid ibetween
these two protons. Measurement?d¢y coupling constant of
—7.0 Hz between H-20 and C-19 indicated that H-20 was
gauche to the electronegative oxygen substituent at C-19. Two
8Jch of 1.3 and 2.6 Hz between H-19 and C-21, and H-19 and

(8) Matsumori, N.; Kaneno, D.; Murata, M.; Nakamura, H.; Tachibana,
K. J. Org. Chem1999 64, 866—876.

(9) (a) Stott, K.; Stonehouse, J.; Keeler, J.; Hwang T. L.; Shaka, A. J.
Am. Chem. Sod 995 117, 4199-4200. (b) Stott, K.; Keeler, J.; N. Van,
Q.; Shaka, A. JJ. Magn. Resonl997, 125 302-324.

(10) Williamson, R. T.; Marquez, B. L.; Barrios Sosa, A. C.; Koehn, F.
E. Magn. Reson. Chen2003 41, 379-385.

(11) Uhrin, D.; Batta, G.; Hruby, V. J.; Barlow, P. N.; Kover, K. E.
Magn. Reson1998 130 155-161.

(12) (a) Williamson, R. T.; Marquez, B. L.; Gerwick, W. H.; Kover, K.
E. Magn. Reson. Cher200Q 38, 265-273. (b) Marquez, B. L.; Gerwick,
W. H.; Williamson, R. T.Magn. Reson. Chen2001 39, 499-530. (c)
Williamson, R. T.; Boulanger, A.; Vulpanovici, A.; Roberts, M. A.; Gerwick,
W. H. J. Org. Chem2001, 39, 499-530.

(13) Case D. A.; Darden, T. A.; Cheatham, T. E., Ill; Simmerling, C.
L.; Wang, J.; Duke, R. E.; Luo, R.; Merz, K. M.; Wang, B.; Pearlman, D.
A.; Crowley, M.; Brozell, S.; Tsui, V.; Gohlke, H.; Mongan, J.; Hornak,
V.; Cui, G.; Beroza, P.; Schafmeister, C.; Caldwell, J. W.; Ross, W. S.;
Kollman, P. A. AMBER

(14) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb
M. A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K.
N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone, V.;
Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A.;
Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.;
Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li,
X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken, V.; Adamo, C.;
Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J,;
Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.;
Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich,
S.; Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A.
D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A.
G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A;
Piskorz, P.; Komaromi, I.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham,
M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.;
Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, Hdussian
03, revision C.02; Gaussian, Inc.: Wallingford, CT, 2004.
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FIGURE 2. Energies, Newman projections, and comparison of
experimental and calculateblvalues for the C-19C-20 bond ofl.
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FIGURE 3. Diagram of the rotamers determined for the-C bonds

of tedanolide CJ).

C-31 respectively indicated that this proton was gauche to these
two groups. A NOESY correlation was observed between H-20
and H-23. Only one rotamer (see Figure 3) fits all these data
and thus represents the relative configuration of these two
centersJ coupling values have been computed for each rotamer
about the C-19-C-20 bond (see Figure 2). The calculated values
(—7.7 and 6.1 Hz) for the erythro-) gauche rotamer{C-at-
tached oxygen relative to the proton) showed the best correlation
to the experimental data-(7.0 and 6.3 Hz respectively) for the
C-19-C-20 bond ofl, providing additional support for the
assigned stereochemistry. Measured and calciiagegl 1o are
large, positive values with no angular dependence. Based on
the energies (Figure 2), the Boltzmann distribution indicates
that the threo system should be mostly in the anti conformation.
This result clearly does not agree with our experimental data,
especially the”‘JngkHzo and ZJC]_%Hzo.

For the C-17C-18 bond, a large vicinal coupling constant
between H-17 and H-18 (7.4 Hz) suggested that H-17 and H-18
were anti. A large two-bond €H coupling constant measured
for C-18/H-17 (4.0 Hz) suggested that H-17 was gauche to 18-
OR. At this point the number of possible rotamers that would
allow a large coupling constant between H-17 and H-18 is still
two. From the calculated and measured vicital coupling,
there is no evidence of conformational averaging. A NOESY
correlation was observed between H-17 and H-19. Thus, the
relation between 17-OH and 18-OR was assigned as anti on
the basis of these data.

(15) (a) Dunning, T. H.; Hay, P. J., Jr. Methods of Electronic Structure
Theory Schaefer, H. F., Ill, Ed.; Plenum Press: New York, 1976; Vol. 3.
(b) Becke, A. D.J. Chem. Physl993 98, 5648-5652. (c) Lee, C.; Yang,
W.; Parr, R. GPhys. Re. B 1988 37, 785-789. (d) Stevens, P. J.; Devlin,
F. J.; Chabalovwski, C. F.; Frisch, M. J.Phys. Chenil994 98, 11623~
11627. (e) Barone, V. IRecent Adances in Density Functional Methads
Chong, D. P., Ed.; World Scientific Publ. Co.: Singapore, 1996; Part I.

(16) (a) Tsuda, M.; Sasaki, T.; Kobayashi,JJ.Org. Chem1994 59,
3734-3737. (b) Shigemori, H.; Tanaka, Y.; Yazawa, K.; Mikami, Y.;
Kobayashi, JTetrahedron1996 52, 9031-9034.
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The relative stereochemistry at position C-16 was establishedof 9.53 x 1078 M and caused a strong S-phase arrest. A recent
through theJ-based analysis for C-16C-17 and C-16-C-30 study of SARs of 13-deoxytedanolfieported that the southern
bonds. Measurement of a smalkis-n17 (2.0 Hz) and small hemisphere comprised the pharmacophore, while the epoxide-
3Jc1s5-H17 (1.7 Hz) coupling constants indicated that H-17 was bearing side chain was essential for the actilftjt has also
anti to 16-OH and gauche to C-15. At this point, two rotamers been shown that 13-deoxytedanctitialso a potent protein syn-
satisfied these data. Molecular modeling was used to predictthesis inhibitor and the first macrolide to inhibit the eukaryotic
NOE patterns for each rotamer. One rotamer could be eliminatedribosomel’” The study of the mechanism of action of compound
due to an observed NOE correlation between H-30a/H-18 which 1, as an S-phase arrest agent, is currently under investigation.
suggested a gauche orientation between these two protons. Fo
the C-16-C-30 bond, a largeJcis-n3oa (5.0 Hz), a large

3Jc15-H30a (5.5 Hz) and a smafllcis-nzon (1.5 Hz) heteronuclear . : .

couplings were measured, indicating that H-30a was gauche tog/glgle BAa\yO(uScr?gr if)'ezczrignl(\r’P%g%fé)é%e}g%aeIlc\le\;vtSewl_rJ]ﬁia\l/’elrnsity

16-OH, anti to C-15 and that H-30b was gauche to C-15. NOE ¢ \jiah.

correlations between H-30a/H-17 and H-30b/H-17 finally  Exiraction and Isolation. Frozen sponge material (480 g) was

established the relative stereochemistry depicted in Figure 3.extracted with MeOH (1 L) three times. The MeOH extracts were
The relative orientation of H-9 and H-10 was demonstrated by combined, filtered, and evaporated to dryness in vacuo to give a

a large homonucle&dpge-10 (9.2 Hz) coupling constant, which ~ dark brown residue (16.5 g). This residue was dissolved in 10%

suggested that these two protons should have an anti relationshipvater in MeOH (500 mL) and partitioned against hexane (300

and created confusion. However, a careful analysis of the best™L)- The water content of the MeOH phase was adjusted to 30%

minimized molecular model revealed that the two protons were PY 2dding 143 mL of water before partitioning against Ci(3

. . . x 500 mL). This solvent partition scheme yielded hexane (1.1 g),
.eclllpsed. The two protons, H-9 and.H-lo, cqn5|dered as ecllpsed,CHC|3 (1_§ g), and 30% gq MeOH (13.3 g)g extracts. The (Cﬁcglj)
indicated the relative stereochemistry depicted in Figure 3. gyyact was fractionated by C18 flash column chromatography using

The rest of the stereocenters were also established usingvieOH gradients in K. The last fraction eluted with (50:50)
J-based analysis (see Figure 3). The relations between fragment$1eOH/HO (145.4 mg) was further purified by phenyl hexyl HPLC
were established through NOESY correlations analysis. NOESY using a CHCN/H.O gradient (30:70 to 85:15 over 30 min) to afford
correlations were observed for H-3/H-24, H-24/H-6, suggesting tedanolide C, 15.7 mg). _
that H-3, H-6 and H-24 had gauche orientations. Similarly, frag- _ Tedanolide C (1): white amorphous solid;of]* + 21.4 €
ments D and E (Figure 1) were related through an NOE cor- 0:215; MeOH); UV (MeOH)kmax (¢) 208 (8031) 264 (1096) nm;

. e P A . IR (film) vmax 3418, 2972, 2933, 1736, 1697, 1457, 1372, 1294,
relation for H-6/H-27, H-27/H-28, and H-14/H-3. As explained 1253, 1169 1076, 984, 903, 822, 756 ¢ntH and’3C NMR data

above, for the determination of the relative stereochemistry at; 1 o 1 ¢)-LRESIMS mz [M + NaJ* 621.3; HRESIMSm/z

position C-16, fragments A, B and D (Figure 1) were related go1 32423 (calcd for GHsOuNat, 621.32508A —0.85 mmu).
through theJ-based analysis for C-16C-17 and C-16C-30

Experimental Section
Animal Material. The specimen ofrcinia sp. was collected in
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