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51 (20), 39 (43); HRMS m / z  exact mass calcd for Cld-IleO~ 
230.1307, found 230.1306. 

[ 12-2H&I~ovelleral (24) and [ 12-'HJ-2 (26). A mixture of 
1 (300 mg, 1.29 mmol), D20 (1.11 g, 55.4 mmol), and toluene (9 
mL) was heated at 200 "C for 1 h. The organic phase was sep 
arated, dried over molecular sieves (4A), and concentrated. 
Chromatography @io2, 1:4 EtOAc-heptane) gave 24 (96.3 mg, 
32%) and 25 (82.5 mg, 27%) as white crystals. For 24: mp 95-97 
"C; [aJmD 237" (c 1.0, CCl,); IR (CCl,) as for 1 but with C-D 
absorption at 2220 cm-' (weak), diminished absorption at 2940 
cm-l, and peak at 1080 cm-I shifted to 1100 cm-l; 'H NMR (CDCU 
as for 1 but not peak at 6 1.12 ppm; lSC NMR (CDC13) as for 1 
but very weak multiplet at 6 18.67 ppm and weakened singlets 
at 6 34.17 and 34.59 ppm; MS (EI) m / z  235 (M+, 4.2), 217 (M+ 

133 (12.2), 122 (17.6), 105 (28.0), 91 (42.2), 79 (28.9), 69 (28.4), 
55 (43.6), 41. (100). 

For 25: mp 67-69 "C [aIm~ -88.3" (c 1.0, CCl,); IR (CCQ as 
for 2 but with C-D absorption at 2210 cm-' (weak); 'H NMR 
(CDClJ as for 2 but no peak at 6 1.16 ppm; 18C NMR (CDClJ 
as for 2 but very weak multiplet at 6 19.77 ppm and weakened 
singlets at d 37.30 and 38.37 ppm; MS (EI) m / z  235 (M+, 4.9), 

(9.3), 133 (13.3), 122 (19.0), 106 (27.9),91 (39.4),79 (28.8), 69 (26.1), 
55 (46.9), 41 (100). 

[ l-aH~13-%8]-Merulidial (26). A mixture of 7 (19 mg, 0.077 
mmol), D@ (0.22 g, 122 mmol), and toluene (1.80 mL) waa heated 
at  185 OC for 1.5 h. The organic phase was separated, dried over 
molecular sievea (U), and concentrated. The reaidue was puritied 
by HPLC using LiChroeorb Si 60 (10 pm, mobile phase Et- 
OAc/heptane (25/75), flow rate 1.0 mL/min, detection at 254 nm) 
affording 21 (0.8 mg, 4%; the deuterium content of this fraction 
could not be determined), 26 (2.6 mg), and a 1:2 mixture (3.0 mg) 
of 26 and [1-2H2, 13-q3]-8. Although the mixture in the later 
fraction was not separated further, 'H NMR indimted deuteration 
at  C1 and C13 of 8, since the peaks at  6 2.86,2.60, and 1.28 were 
greatly diminished. 

Relevant data for 26: 'H NMR (CDcg) as for 79 but dimhished 
peaks at 6 2.75,2.66, and 1.17 ppm; 'BC NMR (CDClJ as for 7 
but weakened singlets at 6 164.65,130.73, and 15.86 ppm. Peaks 
absent at 6 44.27 and 34.22 ppm; MS (EI) m / z  254 (M+ + 1,6), 

192 (61), 177 (59), 163 (56), 149 (57), 137 (39), 121 (44), 107 (48), 
93 (60), 79 (43), 69 (23), 55 (25), 41 (31). 

Kinetic Determinations. 0.045 M solutions of 1 and 24 in 
[a8] toluene were introduced in thoroughly cleaned and oven- 
dried NMR tubes. The samples were degassed and sealed under 

- CD3, 0.7), 207 (5.8), 189 (5.6), 175 (9.1), 161 (5.6), 147 (ll.l),  

217 (M+ - CD3, 1.5), 106 (5.8), 189 (4.9), 175 (7.1), 165 (6.6), 147 

253 (M+, 26), 252 (38), 235 (M+ - CD3,31), 223 (88), 205 (loo), 

vacuum. At each of four temperatures duplicate samples were 
immersed in a thermostatic and stirred oil bath. Temperatures 
of the oil bath were measured with a Siebert & KUhn scientific 
mercurythermometmcalibratedwithinfo.2oCandwereconstant 
to +0.5 "C as checked with a Chromel-Alumel thermocouple in 
conjunction with a potentiometer. The samples were withdrawn 
periodically and cooled rapidly, and the progress of the reaction 
was monitored by integration of the well-resolved NMR signals 
from H-5 and H-13. The NMR shifts of the H-5 and H-13 al- 
dehyde shifts in [2H8]-toluene with SiMe, as internal standard 
were, respectively, 6 1 (9.70,9.17); 2 (9.79,9.08); 14 (9.20,9.03); 
15 (9.60, 8.98). 

The activation parameters were obtained by a least-squares 
treatment of the experimental data (36 points). The results are 
given with a 95% confidence interval in Table 11. 

The measurements of 4 and k+ were performed by introducing 
0.045 M solutions of 1 and 2 in [2H81-toluene into washed and 
ovendried NMR tubea N,O-Bis(tdmethylsilyl)knethylsilyI)trinuoroacetamide 
(70 &,0.26 "01) was added to each tube. The solutions were 
degassed, and the tubes were sealed under vacuum. Duplicate 
samples were immersed at 407.8 K in the same oil bath as was 
used for the kinetic experiments described above. The samples 
were withdrawn periodically and cooled rapidly, and the reaction 
was monitored by integration of the well-resolved NMR signals 
from H-5. 
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The0pederi.m A-E (1-5) has been isolated from a marine sponge Theonella sp. and their etructuree established 
mainly by extensive 2D NMR analyses as well as by comparison with spectral data of mycalamides A and B. 
Theopederina A-E are highly cyt~toxic against P388 murine leukemia cells. Theopederins A and B (1 and 2) 
showed promising antitumor activity. 

Marine sponges of the genus Theonella have proved to 
be a rich source of bioactive secondary metabolites pos- 
sessing novel structural features; e.g., cytotoxic macrolidea 
(swinholide A2 and bistheonellide A3), cyclic peptides 

(1) Part 41 of the Bioactive Marine Metahliten Series. Part 40: 
Fuaetani, N.; Wolstenholme, H. J.; Matsunaga, 5.; Hirota, H. Tetrohe- 
dron Lett. 1991,32, 7291. 

0022-3263/92/1957-3828$03.00/0 Q 1992 American Chemical Society 

(theonellamide F,' keramamide A,6 and theonellapepto- 
lides6), and alkenyl pyridines (theonelladins'). 

(2) Kobayaehi, M.; Tanaka, J.; Katori, T.; Matsuura, M.; Yamashita, 

(3) Kato, Y.; Fuaetani, N.; Matsunaga, 5.; Haehimoto, K.; Sakai, R.; 
(4) Matsunaga, 5.; Fusetani, N.; Haehimoto, K.; WBlchili, M. J. Am. 

M.; Kitagawa, I. Chem. Pharm. Bull. 1990,38,2409. 

Higa, T.; Kaehman, Y .  Tetrahedron Lett. 1987,28,6225. 

Chem. SOC. 1989,111,2582. 
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Table I. and lH NMR Data of Theopederin A (1) in CDCl, 
major minor 

no. 1% 'H ' 9c 'H 
2 69.7 d 4.03 dq, 2.8, 6.6 69.8 d 4.01 dq, 2.9, 6.5 
2-Me 18.0 q 1.19 d, 6.6 18.0 q 1.19 d, 6.5 
3 41.3 d 2.25 dq, 2.8, 7.1 41.4 d 2.24 dq, 2.9, 7.1 
3-Me 12.2 q 1.02 d, 7.1 12.1 q 1.01 d, 7.1 
4 145.4 8 146.1 8 
4-CH2 111.0 t 4.86 d, 1.9 110.6 t 4.84 d, 1.9 

4.74 t, 2.0 4.74 t, 2.0 
5 34.1 t 2.36 d, 14.1 33.8 t 2.43 d, 14.3 

2.26 ddd, 14.1, 2.0, 1.9 2.34 ddd, 14.3. 2.0. 1.9 
6 
6-OMe 
7 
7-OH 
8 
9-NH 
10 
IO-OCH2 

11 
12 
13 
13-OMe 
14 
14-Me, 
14-Me, 
15 
16 

17 
18 

19 

20 

21 
21-OH 

99.9 8 
48.6 q 
71.7 d 

172.0 s 

73.7 d 
86.4 t 

70.5 bd 
74.1 d 
79.5 d 
61.7 q 
41.3 s 
23.2 q 
13.5 bq 
76.3 d 
36.2 t 

74.0 d 
30.0 t 

21.8 t 

32.6 t 

96.4 d 

3.30 s 
4.26 8 
3.80 b 

7.52 d, 9.8 
5.80 dd, 9.8, 9.8 
5.12 d, 6.8 
4.84 d, 6.8 
3.78 dd, 9.8, 6.9 
4.19 dd, 10.3, 6.9 
3.40 d, 10.3 
3.53 8 

0.98 8 
0.84 s 
3.40 m 
1.61 m 
1.53 m 
3.33 m 
1.64 m 
0.95 m 
1.80 m 
1.41 m 
1.80 m 
1.22 m 
4.56 dd, 9.6, 2.0 
3.18 b 

A sponge of the genus Theonella with yellowish interior, 
collected off Hachijo-jima Island, 300 km southeast of 
Tokyo, contained a variety of bioactive metabolites with 
unusual structural features: antithrombin-active cyclic 
peptides cyclotheonamides A and B? a cytotoxic cyclic 
peptide orbiculamide A? an antithrombin-active linear 
peptide nazumamide Atlo and cytotoxic orange pigments 
auranbides A and B.ll The same sponge also contained 
potent cytotoxic metabolites closely related to the myca- 
lamides12 and onnamide A.13 In this paper, we describe 
the isolation and structure elucidation of these substancea. 

The lipophilic portion of EtOH extracts of the frozen 
specimens (16 kg) was partitioned between hexane and 
MeOH/H20 (91) and subsequently between CCl, and 
MeOH/H20 (82). The CCll layer was fractionated by 
ODS flash chromatography. The active fraction eluted 
~~ 

(5) Kobayashi, J.; Sato, M.; Ishibashi, M.; Shigemori, H.; Nakamura, 
T.; Ohizumi, Y. J. Chem. SOC., Perkin TTOns. 1 1991, 2609. 

(6) Kitagawa, I.; Lee, N. K.; Kobayashi, M.; Shibuya, H. Tetrahedron 
1991,47, 2169. 

(7) Kobayashi, J.; Murayama, T.; Ohizumi, Y.; Sasaki, T.; Ohta, T.; 
Nozoe, S. Tetrahedron Lett. 1989, 30, 4833. 

(8) Fusetani, N.; Mataunaga, S.; Mateumoto, H.; Takebayashi, H. J. 
Am. Chem. SOC. 1990,112,7053. 

(9) Fusetani, N.; Sugawara, T.; Mataunaga, S.; Hirota, H. J. Am. 
Chem. SOC. 1991,113,7811. 

(10) Fusetani, N.; Nakao, Y.; Mataunaga, S. Tetrahedron Lett. 1991, 
32, 7073. 

(11) Mataunaga, S.; Fusetani, N.; Kato, Y.; Hirota, H. J. Am. Chem. 
Soc. 1991,113,9690. 

(12) (a) Perry, N. B.; Blunt, J. W.; Munro, M. H. G.; Pannell, L. K. 
J. Am. Chem. Soc. 1988,110,4850. (b) Perry, N. B.; Blunt, J. W.; Munro, 
M. H. C.; Thompson, A. M. J. Org. Chem. 1990,55, 223. (c) Hong, C. 
Y.; Kishi, Y. J. Org. Chem. 1990,55,4242. 

(13) Sakemi, S.; Ichiba, T.; Kohmoto, S.; Saucy, G.; Higa, T. J. Am. 
Chem. SOC. 1988,110,4851. 

99.9 8 
48.8 q 
72.3 d 

171.6 8 

73.5 d 
86.4 t 

70.5 bd 
74.4 d 
79.6 d 
61.8 q 
41.4 8 
23.4 q 
13.5 bq 
77.0 d 
36.4 t 

67.3 d 
31.0 t 

17.3 t 

29.6 t 

91.7 d 

3.29 8 
4.27 8 
3.75 bs 

7.57 d, 10.0 
5.82 dd, 10.0, 10.0 
5.11 d, 7.0 
4.83 d, 7.0 
3.80 dd, 10.0, 6.5 
4.18 dd, 10.4, 6.5 
3.42 d, 10.4 
3.54 8 

0.96 s 
0.83 B 
3.37 dd, 6.9, 3.4 
1.53 m 
1.43 m 
3.82 m 
1.67 m 
1.09 m 
1.80 m 
1.53 m 
1.61 m 
1.53 m 
5.16 bs 
2.92 b 

with MeOH/H20 (7:3) was purified by gel filtration on 
Toyopearl HW40, followed by repeated reversed-phase 
HPLC to yield theopederins A-E14 (1,3.2 X lo6%; 2,1.4 
X 10%; 3, 3.3 X lo*%; 4, 5.3 X lo*%; 5,4.0 X lo-"% 
based on wet weight). 

16 (R 

Theopederin A (1) had a molecular formula of C2,HG- 
NOlo, established by high-resolution FAB mass and NMR 

(14) The name theopederin was coined after the enus Theonella and 
pederin, the prototype of this claes of 

(15) (a) Cardani, C.; Ghiriihelli, D.; Mondelli, R.; Quilico, A. Tetra- 
hedron Lett. 1966,2637. (b) Mataumoto, T.; Yanagiya, M.; Maeno, s.; 
Yasuda, S. Tetrahedron Lett. 1968,6297. (c) Furueaki, A,; Watanabe, 
T.; Mataumoto, T.; Yanagiya, M. Tetrahedron Lett. 1968,6301. 
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spectral data, indicating six degrees of unsaturation. Both 
'H and 13C NMR spectra exhibited many doubled signals 
in a ratio of 43, indicating the existence of two inseparable 
conformers or isomers. The 13C NMR spectrum showed 
two seta of exomethylene signals at 6 146.1 8,145.4 8,110.6 
t, and 111.0 t and a pair of a carbonyl signal at S 171.6 s 
and 172.0 8. The NMR spectra, including a COSY spec- 
trum, also displayed doubled signals which indicated the 
presence of an -OCH(CH3)CH(CH3)- unit, a methylene 
located between an exomethylene and a ketal carbon, an 
isolated oxymethhe, four contiguous oxygenated methines, 
a dioxymethylene, a geminal dimethyl, two 0-methyls, and 
an amide. These spectral features were reminiscent of the 
mycalamides A (6) and B (7) and onnamide A (B), antiviral 

Fusetani et al. 

6 R=H 
7 RzMe 

8 

and cytotoxic heterocyclic compounds from marine 
sponges. Comparison of the NMR data (Table I) with 
those reported in the literature readily revealed that 
theopederin A had the 0 1 4 1 6  portion of the mycalamide 
skeleton. The remaining portion consisted of three me- 
thylenes, one oxymethine, and an acetal for both isomers. 
Due to heavily overlapping lH NMR signals in the ali- 
phatic region arising from two seta of four nonequivalent 
methylenes, it was impossible to interpret the COSY 
spectrum. Therefore, we decided to try simultaneous 
analyses of HOHAHA,16 HMQC," and HMQC-HOH- 
AHA18 spectra. Particularly, the HMQC-HOHAHA ex- 
periment was helpful to assign methylene protons in signal 
cluster; H21 correlated with Cl8, C19, C20, and C21 in 
both isomers, thereby constructing the structure of the 
remaining portion. Thus, unambiguous assignments for 
all 'H and 13C NMR signals were made, defining a 6-sub- 
stituted 2-hydroxytetrahydropyran in both isomers; the 
two isomers differed only in the stereochemistry of the 
acetal. Coupling constanta of the acetal proton indicated 
that the major isomer had an equatorial while the minor 
had an axial hydroxyl group. This was supported both by 
a NOESY cross peak between H17 and H21 in the major 
isomer and by an HMBClg cross peak between C17 and 
H21 in the minor one. 

~~~ 

(16) Edwards, M. W.; Bax, A. J. Am. Chem. SOC. 1986,108, 918. 
(17) Summers, M. F.; Manilli, L. e.; Bar, A. J. Am. Chem. SOC. 1986, 

108.  428.5. 
---I 

(18) Cronenbom, A. M.; Bax, A.; Wingfield, P. T.; Clore, C. M. FEBS 

(19) Bax, A.; Azoloe, A.; Dinya, Z.; Sudo, K. J.  Am. Chem. Soc. 1986, 
Lett. 1989, 243, 93. 

108,8056. 

Scheme I 
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Table 11. *C NMR Data of Theopederine B-E (2-6) in 
CDCll 

no. 2 3 4 6 
2 
2-Me 
3 
3-Me 
4 
-HZ 
5 
6 
6-OMe 
7 
8 
10 
10-OCHz 
11 
12 
13 
13-OMe 
14 
14-Me, 
14-Me, 
15 
16 
17 
18 
19 
20 
21 
21-OMe 

69.6 d 
17.9 q 
41.3 d 
12.1 q 

145.5 s 
110.6 t 
33.7 t 
99.8 s 
48.9 q 
72.7 d 

171.8 s 
73.8 d 
86.9 t 
71.3 d 
74.4 d 
79.1 d 
61.8 q 
41.7 s 
23.1 q 
13.6 q 
80.3 d 
35.5 t 
71.0 d 
36.6 t 
20.8 t 
33.8 t 

174.2 s 
51.5 q 

~ 

69.6 d 
18.0 q 
41.2 d 
12.0 q 

144.5 8 
111.1 t 
33.6 t 
99.3 8 
48.8 q 
71.6 d 

172.0 s 
73.7 d 
86.3 t 
70.3 d 
74.0 d 
79.3 d 
61.6 q 
40.8 8 
23.5 q 
14.0 q 
75.7 d 
35.8 t 
78.3 d 
27.2 t 
18.2 t 
29.2 t 

171.9 s 

69.4 d 
17.4 q 
41.1 d 
11.5 q 

144.6 8 
111.0 t 
32.9 t 
99.7 8 
48.2 q 
71.5 d 

171.7 8 
73.4 d 
86.4 t 
70.0 d 
73.9 d 
79.2 d 
61.4 q 
41.1 s 
23.0 q 
13.5 q 
75.8 d 
34.6 t 
79.1 d 
27.6 t 
28.1 t 

176.7 s 

69.3 d 
18.3 q 
41.2 d 
12.3 q 

144.8 s 
110.9 d 
33.0 t 
99.7 s 
48.8 q 
71.0 d 

171.7 s 
74.6 d 
86.7 t 
71.0 d 
74.2 d 
79.4 d 
61.3 q 
39.6 s 
23.4 q 
14.6 q 
80.2 d 
61.5 t 

The NOESY spectrum of theopederin A revealed cross 
peaks which secured the relative stereochemistry of the 
0 1 4 1 6  portion to be identical with that of the mycal- 
amides. A NOESY cross peak between H5 and H17 in 
both isomers indicated that rings A and D in theopederin 
A were spatially proximate to each other. Chemical shifts 
of the C5 methylene protons were also affected by the 
orientation of the hydroxyl group on C21. Among the 
negative cross peaks in the NOESY spectrum, mostly due 
to the exchange of hydroxy protons, exchange peaks were 
observed between H21 of the major and minor isomers,2o 
thereby revealing that the two isomers interconverted as 
fast as the exchange of hydroxyl with water protons; the 
amide proton signals did not give exchange cross peaks. 
In sharp contrast to other theopederins, 1 gave a very 
broad HPLC peak, 10 times wider than those of other 
congeners, probably due to a fast conversion between two 
isomers. 

The structure of theopederin A (1) was further con- 
firmed by chemical transformation to the second com- 
pound of this series, theopederin B (2). Upon oxidation 
with NaC102, followed by esterification, 1 afforded 2 
(Scheme I), whom spectral data and HPLC retention time 

(20) hother exchange crom peak between H17 of the two isomera wae 
also observed in the NOESY spectrum. 
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Table 111. 'H NMR Data of Theopederinr B-E (2-6) in CDC1, 
no. 2 3 4 6 

4.01 dq, 2.8, 6.6 4.03 dq, 2.8, 6.6 4.03 dq, 2.7,6.5 4.06 dq, 2.9, 6.6 
1.21 d, 6.6 1.19 d, 6.6 1.20 d, 6.5 1.21 d, 6.6 
2.25 da. 2.8. 7.1 2.27 da. 2.9. 7.1 2.25 da. 2.8, 6.5 2.26 da, 2.7, 7.1 

2 
2-Me 
3 
3-Me 
W H Z  

5 

6-OMe 
7 
7-OH 
9-NH 
10 
10-OCHz 

11 
12 
13 
13-OMe 
14-Meq 
IdMe, 
15 
16 

16-OH 
17 
18 

19 

20 

21-OMe 

1.01 d,-7.1 . 
4.85 b 
4.75 b 
2.41 d, 14.4 
2.38 bd, 14.4 
3.31 8 
4.30 d, 2.3 
3.93 d, 2.3 
7.46 d, 9.7 
5.89 dd, 9.7,9.7 
5.15 d, 6.9 
4.88 d, 6.9 
3.86 dd, 9.7, 6.7 
4.23 dd, 10.3, 6.7 
3.47 d, 10.3 
3.57 8 
0.98 8 
0.88 8 
3.65 dd, 9.3, 2.6 
1.54 dt, 14.7, 2.6 
1.46 dt, 14.7, 9.3 

3.65 ddt, 9.3, 2.6, 7.6 
1.40 m 
1.40 m 
1.73 dtt, 14.1, 7.6, 7.5 
1.63 dtt, 14.1, 7.6, 7.5 
2.32 t, 7.5 

0.99 d,'6.5 
4.86 be 
4.73 b 
2.32 d, 13.8 
2.17 bd, 13.8 
3.30 s 
4.24 d, 2.9 
3.96 d, 2.9 
7.52 d, 9.5 
5.77 dd, 9.5, 9.5 
5.10 d, 7.1 
4.85 d, 7.1 
3.78 dd, 9.5, 6.6 
4.19 dd, 9.4, 6.6 
3.40 d, 9.4 
3.54 8 
1.00 s 
0.86 8 
3.40 d, 9.4 
1.88 m 
1.59 m 

1.01 d,-7.1 . 
4.86 be 
4.74 be 
2.35 d, 14.0 
2.21 bd, 14.0 
3.30 8 
4.27 d, 3.1 
4.08 d, 3.1 
7.52 d, 9.4 
5.81 dd, 9.4, 9.4 
5.13 d, 7.0 
4.87 d, 7.0 
3.82 dd, 9.4, 6.4 
4.21 dd, 10.2, 6.4 
3.44 d, 10.2 
3.56 s 
1.02 s 
0.88 s 
3.42 d, 10.2 
1.94 m 
1.59 dd, 14.2, 8.3 

4.22 m 
2.04 m 2.40 m 
1.35 m 1.75 m 
1.86 m 
1.78 m 
2.48 ddd, 17.5, 7.3, 5.9 
2.40 ddt. 17.5. 0.9, 7.8 

4.45 ddd, 14.2, 8.4, 6.0 

2.51 ddd, 17.6, 10.0, 3.8 
2.45 dd, 17.6, 11.1 

. .  
3.66 8 

on an ODS column were identical to the corresponding 
natural product. 

The least polar compound, theopederin B (21, had a 
molecular formula of C28H17NOll, which was established 
by high-resolution FAB mass and 'SC NMR data (Tables 
I1 and 111). The 'H and 13C NMR spectra were very 
similar to those of 1 except for the presence of a third 
methoxyl group (ac 51.5 and bH 3.66) and an ester carbon 
(6 174.2), which was supported by an IR absorption at 1730 
cm-'. In spite of obscure 'H NMR signala of H15 and H17, 
the connectivities from H15 to H20 were established by 
analysis of the COSY spectrum. The HMBC spectrum 
showed peaks between the C21 carbon at 6 174.2 and 
H220 (6 2.32) and O-methyl protons (6 3.66), which revealed 
the presence of a methyl ester terminus in 2. 

Theopederin C (3), CnHuNOlo, showed NMR spectra 
(Tables I1 and 111) very similar to those of 2, except for 
the chemical shift of H17 and for the absence of the 0- 
methyl signal on C21. A downfield shift of H17 (6 3.65 in 
2 to 6 4.45 in 3) indicated that C17 was esterified. An 
HMBC correlation between H17 and C21 revealed the 
preaence of a &ladone in 3, in accordance with an IR band 
at 1730 cm-'. 

Theopederin D (4), CBHI1NOlo, also had the 0 1 x 1 6  
substructure in common with theopederins A-C, secured 
by COSY, HMQC, and HMBC spectra (Tablea 11 and III). 
The comectivitiea from H16 to H219 were straightforward 
by the COSY spectnun. The HMBC crw peaks between 
C19 methylene protons (6 2.61 and 2.45) and an ester 
carbon at 6 176.7 (C20), together with a C17 oxymethine 
proton signal at 6 4.45, indicated the presence of a y-lac- 
tone, which was also supported by an IR ahrption at 1765 
cm-'. 

Theopederin E (51, the most polar of all, had a molecular 
formula of C,H,NO, as revealed by high-resolution FAB 
mass and NMR spectral data. The 'H NMR spectrum did 
not have signals for aliphatic protons in the 6 1.25-1.80 

1.03 d,-7.1 . 
4.86 dd, 2.0, 2.0 
4.76 dd, 2.0, 2.0 
2.37 d, 14.1 
2.21 ddd, 14.1, 2.0, 2.0 
3.33 B 
4.28 d, 2.8 
3.77 d, 2.8 
7.44 d, 9.1 
5.82 dd, 9.1, 9.1 
5.13 d, 6.9 
4.91 d, 6.9 
3.86 dd, 9.1, 6.5 
4.21 dd, 9.8, 6.5 
3.42 d, 9.8 
3.57 8 
1.09 8 
0.87 8 
3.59 dd, 7.7, 2.4 
3.64 ddd, 11.6, 7.4 2.4 
3.51 ddd, 11.6, 7.7, 4.5 
1.84 dd, 7.4,4.5 

region; the other signals were very similar to those of 
compounds 1-4. In the COSY spectrum, H15 (6 3.59) was 
coupled to oxygenated methylene protons on C16 (6 3.64 
and 3.51), which were in turn coupled to a hydroxyl proton 
at 6 1.84. Therefore, theopederin E was a simple derivative 
of the other congeners truncated at the bond between C16 
and C17. 

Theopederins A-E were markedly cytotoxic against 
P388 murine leukemia cells with ICm's of 0.05,0.1,0.7,1.0, 
and 9.0 ng/mL, respectively. Theopederins A and B also 
showed promising antitumor activity against P388 (i.p.): 
T/C = 205% (0.1 mg/kg/day, treated on days 1,2,  and 
4-6, i.p.1 and T/C = 173% (0.4 mg/kg/day, treated on 
day 1,2, and 4-6, i.pJ, respectively. It ia noteworthy that 
the structure of the moiety linked to C16 methylene affects 
cytotoxicity. 

Theopederins A, B, and C might be generated by oxi- 
dative cleavage of a double bond of onnamide A, the most 
abundant cytotoxic component of the water-soluble portion 
of the EtOH extract of the same sponge?' 

Experimental Section 
NMR spectra were recorded on a Bruker AM600 NMR spec- 

trometer operating at 600 MHz for 'H and 1M) MHz for ISC. 'H 
and 'gc NMR chemical ahifta are referenced to solvent  peak^: a, 
7.24 (residual CHCld and bc 77.0 for CDCl,. Optical rotations 
were determined by a JASCO DIP-371 digital polarimeter. FAB 
mass spectra were measured by using glycerol as a matrix on a 
JEOL SX102 maas spectrometer. Infrared spectra were recorded 
on a JASCO IR-G infrared spectrometer. 

Collection and Isolation. Specimens of the sponge were 
collected wing SCUBA off Hachijo-jima Island (-16 to -20 m). 
The frozen samples (15 kg) were extracted with EtOH, concen- 
trated, and partitioned between EbO and HzO. The EX&oluble 
portion waa partitioned between n-hexane and MeOH/H20 (91); 

(21) Isolation and structure elucidation of congenere of onnamide A 
will be reported elsewhere. 
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the latter was subsequently partitioned between CCb and 

aaeh chromatography with increashg amounts of MeOH in water. 
The fraction eluted with MeOH/H20 (73) was successively 
chromatographed on Toyopearl HW40 with CHC13/MeOH (1:l) 
and then with n-heurne/CHC13/MeOH (871) to yield two active 
fractions The less polar hction was puriiied by HPLC on Capcell 
Pak Cle with MeOH/H20 (64) to give 2 (2.1 mg). The other 
fraction was purified by HPLC on Senshupak ODS-H-4251 with 
MeOH/H20 (73) to afford 1 (4.8 mg) along with three active 
psaks. The frat and second peaks were further purified by HPLC 
on Capcell Pak Cle with MeOH/H20 (64) to yield 5 (0.6 mg) and 
4 (0.8 me). The third peak was separated on silica gel with 
CHC13/MeOH (2CQ1), followed by HPLC on Capcell Pak ClS with 
MeOH/H20 (64) to yield 3 (0.5 mg). 

Caution! Theopedem-rich samples cause adverse reactions. 

1455,1435,1375,1345,1320,1295,1265,1220,1185,1165,1100, 
1065, 1025, 1005, 960, 915, 890, 870, 840, 795, 755, 660 cm-'; 
HRFABMS m/z 494.2764 (M+ - CH30 - H,O; C.J&JVOe, A 1.0 
mmu); 'H and 13C NMR, Bee Table I. 

1510, 1110, 1080, 1030 cm-'; HRFABMS m / z  542.2982 (M+ - 
CH30; CnH4NOlo, A 1.6 mmu); 'H and 13C NMR, see Tables 
I1 and 111. 

1520,1460,1375,1240,1185,1120,1100,1070,1030,1010,920, 
875,755 cm-'; HRFABMS m / z  542.2963 (MH+; C27HuNOlo, A 
-0.3 mmu); 'H and 13C NMR, see Tables I1 and 111. 

1515,1175,1100,1065,1025,910,870,750 cm-'; HRFABMS m / z  

MeOH/H20 (8:2). The CCb leyer (2.1 g) WBB fractionated by ODs 

1: [ a ] ~  +88.1' (C 0.14, CHCl,); IR (film) 3350,2960,1680,1520, 

2 ["ID +49.1° (C 0.06, CHClJ; IR (fh) 3400,2975,1730,1680, 

3: [ a ] ~  +172.0' (C 0.03, CHCl& m (fh) 3360,2960, 1730,1685, 

4 [ a ] ~  +80.0° (C 0.04, CHClJ; (fb) 3300,2900,1765,1675, 

496.2652 (M+ - CH30; C&I&O,, A 0.6 m u ) ;  'H and '9C NMR, 

6 [a]D +136.7' (C 0.03, CHCl,q); IR (fh) 33M),B5O, 1680,1526, 
see Tables I1 and 111. 

1460,1380,1220,1190,1170,1130,1110,1070,1035,910,875,845, 
795,760 cm-l; HRFABMS m / z  428.2306 (M+ - CH& &1HuNOe, 
A 2.1 mmu); for 'H and 13C NMR, see Tables I1 and 111. 

Preparation of 2 from 1. To a mixture of 1 (2 mg), 2- 
methyl-2-butene (0.1 d), NaH2P04 (25 mg) in tBuOH (1.5 d), 
and H20 (0.4 mL) was added NaC102 (65 mg) and the mixture 
stirred at  room temperature for 1 h. The reaction mixture was 
treated with ex- CH2N2 and extracted with EhO, whose extract 
was separated by HPLC on Capcell Pak Cle with MeOH/H20 

1730, 1680 cm-'; FABMS m / z  542 (M+ - CH30). 
(64) to 2 (1.1 mg); [ a ] ~  +61.2' (C 0.05, CHClJ; m (fh) 3400, 

Acknowledgment. We are grateful to Professor Paul 
J. Scheuer, University of Hawaii, for reading this manu- 
script. Thanks are also due to Ms. C. Nohara of the 
Central Research Laboratories of Yamanouchi Pharma- 
ceutical Co., Ltd. for cytotoxicity testa. This work was 
partly supported by a Granbin-Aid for Scientific Research 
from the Ministry of Education, Science and Culture of 
Japan. 

Supplementary Material Available: 'H NMR spectra of 
1-5, HMBC spectra of 1-5, 13C NMR spectra of 1 and 2, and a 
NOESY spectrum of 1 (13 pages). This material is contained in 
many libraries on microfiche, immediately follows this article in 
the microfilm version of the journal, and can be ordered from the 
ACS; see any current masthead page for ordering information. 

Phloeodictines A and B: New Antibacterial and Cytotoxic Bicyclic 
Amidinium Salts from the New Caledonian Sponge, Phloeodictyon sp.' 

E. Kourany-Lefoll, M. Pds,* T. SBvenet, E. Guittet, A. Montagnac, C. Fontaine, D. GuBnard, 
and M. T. Adeline 

Znstitut de Chimie des Substances Naturelles, CNRS, 91198 Cif-sur- Yvette Cbdex, France 

C .  Debitus 

Centre Orstom, BP A5, Noumea, New Caledonia 

Received January 24,1992 (Revised Manuscript Received April 10,1992) 

Two new alkaloids, phloeodictine A (1) and phloeodictine B (2), poseeasing an unprecedented 6-hydroxy- 
1,2,3,4-tetrahydropylo[ 1,2-a]pyrimidinium skeleton have been isolated from an undescribed species of the 
deep sponge Phloeodictyon. The structures were determined by extensive spectroscopic analysis particularly 
two-dimensional NMR experiments. Both compounds exhibited in vitro antibacterial activiw against Gram-positive 
and Gram-negative bacteria and were moderately cytotoxic against KB cells. 

As an outgrowth of our search for biologically active 
compounds from marine organisms, we report here that 
extracts from an undescribed species of the deep water 
sponge PhZoeodictyon2 (family Nepheliospongia, order 
Nepheliospongidae), collected in the south of the New 
Caledonian lagoon, strongly inhibit the growth of bacteria 
and are moderately cytotoxic. Bioassay-guided purification 
of the crude extract resulted in the purification of two 

(1) Presented in part at the Third Pacific-Asia Symposium on Bio- 
loaically Active Natural Products, Noumea, New Caledonia, 26-30 Aug 
1m. - 

(2) The sponge wan identified by Prof. C. Levi, Museum National 
dHietoire Naturelle, 75006 Paris. To our knowledge, specimens of this 
genua have not been chemically studied previously. 
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novel bicyclic amidinium salta with a unique 6-hydroxy- 
1,2,3,4-tetrahydropyrolo[l,2-a]pyrimidinium skeleton 
which we have named phloeodictine A (1) and phloeo- 
dictine B (2). This paper describes the isolation and 
structure elucidation of 1 and 2. 

Phloeodictyon sp. was kept frozen until workup. The 
lyophilized sponge was homogenized and consecutively 
extracted with heptane and methanol. The antimicrobial 
methanolic extract was desalted over Amberlite XAD-7 
and subsequently subjected t o  medium-pressure re- 
versed-phase liquid chromatography (H20-MeOH step 
gradient). Final purification of 1 and 2 was accomplished 
by repetitive preparative and semipreparative RP-HPLC 
[Delta-Pak Cl8, MeOH-NaCl(O.2 M)-THF (56:43:1 for 
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