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Table I. Magnetic Susceptibility, XM. of Cp2Co2(M-NO)2
1 

7-(K) 

9 
9 

281 
281 

XM (emu mol"') 

12.9 X Kr4 

8.45 x lfr4 

-2.35 X lfr6 

3.32 X lfr6 

Mcff (in M B ) 0 

0.30 
0.26 

0.085 

H0 (kG) 

5 
40 

5 
40 

"This value is calculated by using the equation, Mtff = 2.823 

The conclusion is inescapable, Cp2Co2(M-NO)2 has a diamag-
netic ground state. 
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Many sponge metabolites with in vitro biological activities have 
been identified,1 but very few have been reported with in vivo 
antitumor or antiviral activity.2'3 We now report the bioactiv-
ity-directed isolation and structure determination of mycalamide 
A (1), from a sponge extract with in vivo antiviral properties. 

In our screening of New Zealand marine invertebrates, an 
extract of a sponge of the genus Mycale4 from the Otago Harbour 
showed promising in vitro antiviral activity.5 Reverse phase flash 
chromatography6 on a larger scale extract (11.0 g from 200 g of 
sponge) concentrated the bioactivity into a brown oil (307 mg) 
with significant in vivo antiviral activity.7 Gel permeation and 
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Figure 1. Connectivities from NMR experiments with long-range 
HETCOR linkages and selected proton-proton coupling constants (in 
Hz) shown. 

Figure 2. Configuration of the central region of mycalamide A (1) 
showing NOE interactions. 

silica gel chromatography on a subsample of this material (140 
mg) gave mycalamide A (1,1.7 mg),8 a new compound with strong 
in vitro antiviral activity.9 

H3CO 

H3C1 

(1) Faulkner, D. J. Nat. Prod. Rep. 1984, /, 551-598. Faulkner, D. J. Nat. 
Prod. Rep. 1986, 3, 1-33. Faulkner, D. J. Nat. Prod. Rep. 1987, 4, 539-576. 

(2) Munro, M. H. G.; Luibrand, R. T.; Blunt, J. W. In Bioorganic Marine 
Chemistry; Scheuer, P. J., Ed.; Springer-Verlag: Berlin, 1987; Vol. 1, pp 
93-176. 

(3) Halichondrins: Hirata, Y.; Uemura, D. Pure Appl. Chem. 1986, 58, 
701-710. Girolline: Fr. Demande FR 2585020 Al 1987; Chem. Abstr. 1987, 
/07(19):168795q. 

(4) This Mycale sp. (type specimen PML1-9, Chemistry Department, 
University of Canterbury) family Mycalidae Lundbeck, order Poecilosclerida, 
is undescribed and is not included in a recent review: Bergquist, P. R.; 
Fromont, J. The Marine Fauna of New Zealand: Porifera, Demospongiae: 
Part 4 (Poecilosclerida); D.S.I.R.; Wellington, in press. The sponge is 
distinctive in that it is nearly always host to tube worm colonies giving the 
surface a stippled appearance. Individuals are yellow to brown, often with 
a purple tinge over the surface and may be massive or encrusting. Spiculation 
distinguishes this species from other Mycalidae as it only has one size class 
of subtylostyles, and microscleres (two size classes of anisochelae and one of 
sigmas) are always of a very delicate structure (<0.5 Mm thick). Other Mycale 
chemistry; Kato, Y.; Fusetani, N.; Matsunaga, S.; Hashimoto, K. Tetrahe
dron Lett. 198S, 26, 3483-3486. Capon, R. J.; MacLeod, J. K. Tetrahedron 
1985, 41, 3391-3404. Capon, R. J.; MacLeod, J. K. J. Nat. Prod. 1987, 50, 
225-229. 

(5) Herpes simplex Type I and Polio Type I viruses. See ref 2 and the 
following; Schroeder, A. C; Hughes, R. G. Jr.; Blocfc, A. J. Med. Chem. 
1981, 24, 1078-1083. 

(6) Blunt, J. W.; Calder, V. L.; Fenwick, G. D.; Lake, R. J.; McCombs, 
J. D.; Munro, M. H. G.; Perry, N. B. J. Nat. Prod. 1987, 50, 290-292. 

(7) This material, ca. 2% mycalamide A (1), was tested in mice infected 
with A59 coronavirus: four mice dosed with virus, and the extract at 0.1 
mg/kg survived 14 days; eight mice dosed with virus only all died within 8 
days. 

H3CO OH 

H3C 

(8) Mycalamide A (1), an oil, [a]365 +110° (c 0.2, CHCl3): IR (film) 
3700-3100, 2960, 1740, 1700, 1540, 1470, 1390, 1100, 1080, 1040 cm"1; 1H 
NMR (CDCl3) 5 7.49 (NH9, d, 9.8), 5.87 (HlO, t, 9.8), 5.13 (10-O-CH2, d, 
6.9), 4.87 (10-0-CH2, d, 6.9), 4.84 (4=CH2, m), 4.73 (4=CH2, m), 4.30 
(H7, s), 4.22 (H12, dd, 6.7, 10.3), 3.98 (H2, dq, 2.7, 6.6), 3.86 (Hl 1, dd, 6.7, 
9.8), 3.74 (H17, m), 3.60 (H15, dd, 4.0, 5.5), 3.55 (13-0-CH3, s), 3.55 (H18, 
m, hidden), 3.46 (H13, d, 10.3), 3.38 (H18, dd, 6.2, 11.2), 3.29 (6-0-CH3, 
s), 2.36 (H25, m), 2.24 (H3, dq, 2.7, 7.0), 1.54 (H.16, m), 1.19 (2-CH3, d, 
6.6), 0.99 (3-CH3, d, 7.0), 0.98 (14-CH3(eq), s), 0.87 (14-CH3(ax), s) ppm 
(couplings in Hz); 13C NMR (CDCl3) S 171.52 (C8), 145.40 (C4), 110.41 
(4=CH2), 99.66 (C6), 86.71 (10-0-CH2), 79.01 (C13), 78.91 (C15), 74.30 
(C12), 73.62 (ClO), 72.77 (C7), 71.51 (C17), 71.16 (CU), 69.70 (C2), 66.41 
(C18), 61.75 (13-0-CH3), 48.88 (6-0-CH3), 41.61 (C14), 41.31 (C3), 33.70 
(C5), 31.95 (C16), 23.10 (14-CH3(eq)), 17.89 (2-CH3), 13.51 (14-CH3(ax)), 
12.03 (3-CH3). 

(9) The minimum dose of mycalamide A (1) that inhibited the cytopathic 
effect of either test virus5 over a whole (17 mm) well was 5 ng/disk. No in 
vivo antiviral results on pure mycalamide A (1) have yet been obtained, but 
in vitro assays showed that it was responsible for the in vitro activity of the 
crude extract and thus probably the in vivo activity as well.7 

0002-7863/88/1510-4850501.50/0 © 1988 American Chemical Society 
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HREIMS on mycalamide A (1) showed a weak molecular ion 
at 503.27220 daltons corresponding to a molecular formula of 
C24H41NOi0 (calculated 503.27305, -1.7 ppm), consistent with 
the 1H and 13C NMR data.8 A DEPT NMR experiment showed 
37 protons attached to carbon atoms, while CIMS using ND3 as 
the reagent gas10 confirmed the presence of four exchangeable 
protons. A one-proton doublet at 8H 7.49 ppm, which exchanged 
slowly with D2O, together with an IR absorption at 1700 cm"' 
and a quaternary carbon at <5C 171.52 ppm, indicated a secondary 
amide. The other three exchangeable protons were therefore 
present in hydroxyl groups. The NMR spectra showed only one 
other double bond, a 1 ,l'-disubstituted carbon-carbon double bond 
(5C 110.41, 145.40 ppm). The remaining unsaturation required 
by the molecular formula had to be satisfied by three rings. 

A recollection of this active Mycale species allowed the isolation 
of enough mycalamide A (1, 10 mg) to solve its structure by a 
combination of HETCOR, COSY, long-range HETCOR (Figure 
1) and difference NOE experiments.11 These results, and con
sideration of chemical shifts,8 led to the connectivities shown in 
Figure 1, with only a methoxyl group and a dioxymethylene group 
remaining unconnected. A search12 on the substructure IA (Figure 
1) retrieved pederin (2)13 and related compounds. The 'H NMR 
shifts of the region of pederin (2) from C2 to C7'4 matched closely 
those for the corresponding protons in mycalamide A (I),8 thus 
establishing the structure and relative stereochemistry of this 
region.15 Comparison of the rest of the substructure in Figure 
1 with pederin (2) showed that the same length carbon chain was 
present but with a different substitution pattern. The different 
vicinal substituents at Cl7 and Cl8 (methoxyl groups in pederin 
(2), hydroxyl groups in mycalamide A (I)) were shown by the 
sharpening of the Hl 7 and H18 NMR signals on D20-exchange 
and confirmed by the chemical shifts of C17 and C18.16 

The central section of mycalamide A ( I ) had to contain two 
rings, a methoxyl, a dioxymethylene group in a six-membered or 
larger ring,17 and no hydroxyls. These constraints allowed a 
number of trial structures, but only that shown in Figure 2 satisfied 
the geometric requirements of the coupling constants (Figure 1) 
and the NOE results. This structure contained CIl to Cl5 in 
a tetrahydropyran ring as in pederin (2), with the dioxymethylene 
group attached to C12 and ClO forming an unusual 2,4,7-triox-
adecalin.18 Further work is under way to establish the absolute 
stereochemistries of C2 to C7, ClO to C15, and C17 (drawn as 
for pederin (2)13 for convenience). 

It is quite remarkable that pederin (2) and related compounds, 
isolated from the terrestrial beetle Paederus fuscipes,ni9 are the 
only previously known compounds with structures similar to 
mycalamide A (1), isolated from a marine sponge. However, 
within weeks of the structural assignment described here, the 

(10) Daly, J. W.; Spande, T. F.; Whittaker, N.; Highet, R. J.; Feigl, D.; 
Nishimori, N.; Tokuyama, T.; Meyers, C. W. /. Nat. Prod. 1986, 49, 265-280. 

(11) Kinns, M.; Sanders, J. K. M. J. Magn. Resort. 1984, 56, 518-520. 
(12) Registry file, CAS ONLINE. 
(13) Cardani, C; Ghiringhelli, D.; Mondelli, R.; Quilico, A. Tetrahedron 

Lett. 1965, 2537-2545. Bonamartini Corradi, A.; Mangia, A.; Nardelli, M.; 
Pelizzi, G. Gazz. Chim. UaI. 1971, 101, 591-605. Matsumoto, T.; Yanagiya, 
M.; Maeno, S.; Yasuda, S. Tetrahedron Lett. 1968, 6297-6300. Furusaki, 
A.; Watanabe, T.; Matsumoto, T.; Yanagiya, M. Tetrahedron Lett. 1968, 
6301-6304. 

(14) Willson, T.; Kocienski, P.; Faller, A.; Campbell, S. J. Chem. Soc, 
Chem. Commun. 1987, 106-108. 

(15) Unassigned 13C NMR data on pederin (2)14 contain signals closely 
matching those of the region C2 to C8 of mycalamide A (1). 

(16) Butane-1,2-diol: Cl, 66.3 ppm; C2, 73.8 ppm. l-Methoxybutan-2-ol: 
Cl, 77.3 ppm; C2, 71.5 ppm. 2-Methoxybutan-l-ol: Cl, 63.5 ppm; C2, 83.4 
ppm. From Bremser, W.; Ernst, L.; Franke, B.; Gerhards, R.; Hardt, A. 
Carbon-13 NMR Spectral Data (Microfiche collection); Verlag Chemie: 
Basel, 1981. See also the vicinal diol side chain in halichondrin B.3 

(17) Geminal coupling 6.9 Hz, see: Burden, I. J.; Stoddart, J. F. J. Chem. 
Soc. Perkin Trans. 1 1975, 666-674. 

(18) All other examples12 of this ring system were pyranose derivatives. 
(19) Pederin (2) shows "...several particularly dramatic biological 

activities": Meinwald, J. Pure Appl. Chem. 1977, 49, 1275-1290. For 
syntheses, see: Adams, M. A.; Duggan, A. J.; Smolanoff, J.; Meinwald, J. 
J. Am. Chem. Soc. 1979, 101, 5364-5370. Nakata, T.; Nagao, S.; Oishi, T. 
Tetrahedron Lett. 1985, 26, 6465-6468. Matsumoto, T.; Matsuda, F.; Ha-
segawa, K.; Yanagiya, M. Tetrahedron 1984, 40, 2337-2343. 

closely related structure of a Japanese sponge component onnamide 
A was established independently.20 It is not yet known whether 
mycalamide A (1) is a sponge metabolite, produced by a symbiotic 
organism or accumulated from a dietary source.21 Experiments 
to explore this point are under way. 
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(20) Sakemi, S.; lchiba, T.; Kohmoto, S.; Saucy, G.; Higa, T. / . Am. 
Chem. Soc. 1988, following paper in this issue. The 1H and 13C NMR spectra 
of mycalamide A (1) and onnamide A in CD3OD show similar shifts and 
couplings for C2 to C14. We thank Drs. Sakemi and Higa for the data on 
onnamide A. 

(21) Halichondrin B is believed to be produced by symbiotic bacteria.3 

Okadaic acid, originally isolated from a sponge, has since been obtained from 
a dinoflagellate: Murakami, Y.; Oshima, Y.; Yasumoto, T. Bull. Jpn. Soc. 
Sci. Fish. 1982, 48, 69-72. 
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Marine sponges of the genus Theonella have been shown to 
elaborate diverse chemical structures with interesting biological 
activities.1 We have recently described the isolation of misak-
inolide A, a dimeric 40-membered lactone having antitumor ac
tivity from a species of Theonella)* In our screening for bioactivity 
in marine organisms occurring in Okinawan waters, another species 
of Theonella gave an extract showing antiviral activity. Bioas-
say-guided separation led to the isolation of an active constituent, 
onnamide A (I)2 which belonged to a class of metabolites new 
to Theonella species. We herein report the isolation and structure 
elucidation of onnamide A ( I ) . 

A sample (7.5 kg) of Theonella sp.3 was extracted by steeping 
in methanol. Evaporation gave an aqueous suspension which was 

(1) (a) Sakai, R.; Higa, T.; Kashman, Y. Chem. Lett. 1986, 1499-1502. 
Kato, Y.; Fusetani, N.; Matsunaga, S.; Hashimoto, K.; Sakai, R.; Higa, T.; 
Kashman, Y. Tetrahedron Lett. 1987, 28, 6225-6228. (b) Carmely, S.; 
Kashman, Y. Tetrahedron Lett. 1985, 26, 511-514. (c) Kitagawa, I.; Ko-
bayashi, M.; Lee, N. K.; Shibuva, H.; Kawata, Y.; Sakiyama, F. Chem. 
Pharm. Bull. 1986, 34, 2664-2667. Kitagawa, I.; Lee, N. K.; Kobayashi, M.; 
Shibuya, H. Chem. Pharm. Bull. 1987, 35, 2129-2132. Nakamura, H.; 
Kobayashi, J.; Nakamura, Y.; Ohizumi, Y.; Kondo, T.; Hirata, Y. Tetrahe
dron Lett. 1986, 27, 4319-4322. (d) Kitagawa, L; Yoshioka, N.; Kamba, C; 
Yoshikawa, M.; Hamamoto, Y. Chem. Pharm. Bull. 1987, 35, 928-931. 
Nakamura, H.; Kobayashi, J.; Ohizumi, Y.; Hirata, Y. Tetrahedron Lett. 
1984, 25, 5401-5404. 

(2) Potent antiviral activity (in vitro) was observed against herpes simplex 
virus type-1, vesicular stomatitis virus, and coronavirus A-59. 

(3) Collected at a coral reef of Kerama, Okinawa in May 1986. A small 
collection was initially made at the coast of Onna from which the name of 
the compound was derived. Taxonomic identification of the sponge was 
carried out by Dr. Takaharu Hoshino of Hiroshima University. 
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