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Abstract: Four new cyclic peroxides (S-8) along with known chon- 
drillin (4) have been isolated as antitumor constrtuents of the 
sponge Plakortis lita. These are methyl-(3S*,6S*)-3,6-epidioxy- 
6-methoxyoctadec-4-enoate (5), methy1(3S*,6S*,16,?)-3,6-epidoxy- 
6-methoxyoctadeca-4,16-dlenoate (61, methy1(3S*,6S*,14E,16E)- 
3,6-epidroxy-6-methoxyoctadeca-4,14,16-trlenoate (7), and 
methy1-~3S*,6S*,16E,18E~-3,6-epidioxy-6-methoxyeicosa-4,16,18- 
trienoate (8). All of them are epimerlc to 4 and exhibit higher 
antitumor potency than 4. 

Other than steroldal peroxides, 
1 

about 25 cyclic peroxides have hitherto 

been reported from marine organisms. With a few exceptions, e.g. rhodophytln (1) 

from Laurencia, 
2 

most are sponge metabolites and carboxylrc acid derivatives of 

terpenoids 
3-6 

as well as non-terpenolds. 7-11 The latter type peroxides are main- 

ly composed of branched chain carboxylic acids such as plakortin (2) 8 and plakl- 

nit acid A (3). 11 Chondrillln (4) 
7 

has been the only known example derived from 

a straight-chain fatty acid. Biological activity of these compounds encompasses 

antimicrobial activity, 6.8-12 lchthyotoxlclty, 4 and cytotoxlclty. 5,ll 

In our screening for blo- 

logically active metabolltes 

from marine organisms from 

Okinawan waters, an extract of 
1 2 the sponge Plakortis lita de 

Laubenfels, 1954, exhibited 

oo+i 
significant antitumor activity 

against P388 mouse leukemia 

cells. Separation of the extract 

MC0 H .-. 

gave five active constituents 

including chondrlllin (4). This 

paper describes the iaolatlon 

and structures of these com- 

263 

pounds. 
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A freeze-dried sample of the sponge P. Iita was extracted with ethyl acetate 

to give an oil. The extract was repeatedly chromatographed on silica gel, and a 

P388 active fraction was subjected to purxficatzon using countercurrent chroma- 

tography which served to separate minor active constituents from the major pro- 

duct, chondrlllin (4). Further purification of these fractions by HPLC gave fxve 

pure cyclic peroxides 4-R. The major product which amounted to more than 95% of 

the total yield of the isolated compounds was identified as the known peroxide 

chondrillin (4) by comparison of spectral data. Chondrlllln (4) was frrst isola- 

ted by Wells from the sponge Chondrllla sp. 
7 

R5 sti - 

5 R = -CH2,,,t!H3 

6 R = -(~“~)c#~3 

7 R = -(~~2),kdH3 

6 R = -(c~~+d~3 

Spectral data indicated that the four minor compounds (5-8) were closely re- 

lated to 4. The presence of a methyl ester function In all of them 1s shown by 

the same IR absorption band at 1735 cm 
-1 

and identical IH NMR signal at 6 3.72 

(3 H, s, 0CH3). As shown In Table 1 all the compounds 5-S exhibited virtually 

Table 1. Selected 
1 
H NMR chemical shifts for Peroxrdes 4-8. 

Proton 4 5 6 7 8 

2-H 2.26 2.52 

2.93 2.62 

3-H 4.70 5.01 

4-H 6.18 6.12 

5-H 5.85 5.86 

C6-0CH3 3.40 3.39 

KOCH3 3.73 3.72 

CH3 0.88 0.87 

2.52 2.51 2.51 

2.62 2.62 2.61 

5.02 5.01 5.00 

6.12 6.12 6.11 

5.05 5.05 5.04 

3.40 3.39 3.30 

3.73 3.72 3.72 

1.64 1.73 1.72 

identical 
1 
H NMR signals for H-2, H-3, H-4, H-5 and the two methoxy groups, sug- 

gesting the same stereostructure for the epidioxy ring portion. The signals for 

H-2, H-3, and H-4 were slightly but dlstinguishably different from those of 4, 

indicating a stereochemical difference in the ring between 4 and 5-S. Thxs was 

further substantiated by 
13 

C NMR data for the ring carbons which were identical 

for 6-8 [(6 73.5 (c-3), 127.0 (c-4 or C-51, 130.4 (C-5 or C-4). 101.1 C-611 and 

slightly different for 4 (6 73.7, 126.4, 129.2, 100.5). The difference among the 

compounds 5-8 lies in the side chain structures. All of them contain a straight 
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chain as revealed by the presence of only one terminal methyl group (5: 6 0.87t; 

6: 6 1.64d; 7: 6 1.73d; 8: 6 1.72d) and a broad signal at 6 1.25 for methylene 

protons. Like chondrillin (4) EIMS of all the new compounds (5-8) showed a 

characteristic M - O2 peak as the first fragment ion. Compound 5 exhibited this 

ion at m/z 324 (C20H3603). Thus, the molecular formula of 5 is C20H3605, and 5 

contarns a saturated side chain (C12H25 ). The M - O2 peak of 6 was observed at 

m/z 322 (C20H3403), indicating the presence of an additional unsaturation site. 

This together with the olefinic signals in the 
1 
H 16 5.42 (2 H, m)l and 13C NMR 

spectra (6 124.6d, 131.7d) revealed the presence of a double bond in the side 

chain. The double bond waa located next to the terminal carbon which was obser- 

ved as a vinyl methyl doublet (6 1.64). The E-configuration was assigned for the 

double bond owing to a strong IR absorption band at 958 cm 
-1 

and a quartet at 6 

17.9 in the l3 C NHR spectrum. 
13 

The EIMS of 7 had the M-O2 peak at m/z 320 (C20H3203), suggesting the 

presence of two sites of unsaturation in the aide chain. The 'H 16 5.56 (2H. m), 

6.00 (2 H, ml1 and 13C NMR data (6 126.7d, 130.3d, 131.7d, 132.ld) confirmed 

them to be due to two double bonda. The first double bond wa8 placed on the 

carbon next to the terminal methyl group which appeared as a vinyl doublet at 6 

1.73. The fact that this slgnal 1s slightly deahielded comparing to that of 6 

and the absence of no more than one allyllc methylene signal lb 2.03 (2 H, m)l 

are the evidence for the second double bond to be in conjugation with the first 

double bond. A shift of IR absorption band to 981 cm 
-1 

from 958 cm-l of 6 

suggested the E,E-configuration for both double bonds in 7. 

The 
1 
H NMR spectrum of 8 was almost identical with that of 7, except for the 

intensity of the methylene signal of 8, suggesting that 8 is a higher homologue 

of 7. The M - O2 peak at m/z 348 in the EIMS indicated that the aide chain of 8 

had an additlonal two methylene units compared to 7. 

Figure 1. 

Wells reported that the absolute configuration of chondrillin (4) at C-3 as 

S based on CD and ORD studies on a 3-hydroxy derivative prepared by hydrogena- 

tion of 4. The configuration at C-6 has remained unknown, however. In order to 

establish the relative configurations of these compounds, we carried out NOE 

studies on 4. 5, and 6. In the NOE difference spectrum of 4. irradiation of the 

signal at 6 4.78 (H-3) caused the disappearance of the signals for H-5 (6 5.85) 
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and H-7 (6 1.63) and enhancement of the signals for H-4 (6 6.18, 9.2%). H-2 (6 

2.62 and 2.93, 4.7%), C6-OMe (6 3.40, 0.6%). and -CH2- (6 1.25, 4.7%) (Figure 

1). Although the effect is not large, the result suggested that the proton on C- 

3 and the methoxy group on C-6 are oriented cis in 4. As shown 1n Figure 1, the 

results with 5 and 6 are consistent with the conclusion that they have conflgu- 

rations epimeric to 4. These stereochemical aesignments are 1n agreement with 

the result of Crews 
14 

who assigned the relative configurations of homologous 

cyclic peroxides on the basis of conformational analysis and NMR coupling 

constant arguments. 

Compound 4 showed IC50 5 Pg/ml 1n in vitro antitumor assay against P388 

cells, while the epimers 5-8 exhibited IC50 0.05-0.1 Kg/ml. These results demon- 

strated the importance of the epidioxy ring stereochemistry for enhancement of 

the activity. 

It is curious that chondrlllin (4) is a major metabolite ln Plakortls llta 

de Laubenfels 
15,16 

of order Homosclerophorida, family Plak1n1dae as well as 

Chondrilla sp. 
7 

of order Hadromerida, family Chondros11dae since these two 

sponges are not at all related. Furthermore another plak1n1d sponge, Plakortls 

halichondroides (Wilson) yielded plakort1n derived from a branched chain Cl7 

precursor' while a chondrosiid sponge, Chondrosla collectrlx have branched chain 

cyclic peroxides. 
9 

Two epimeric peroxides, xestin A and B, homologous to 7 and 8 

were isolated from Xestospongia sp. 
14 

of at111 another order and family (Nephe- 

liospongia, Nepheliospongiidael. Apparently the type of peroxide has no taxono- 

mic significance. As to the biogenesis of these compounds nothing is known at 

present, however, some sponges e.g. Iotrochota birotulata have peroxldases. 
17,18 

EXPERIUENTAL 

Infrared spectra were measured on a Perkin Elmer 1310 Infrared spectrophoto- 

meter and optical rotations on an Optical Activity AA-5 digital polarimeter. lH 

and l3 C NMR spectra were taken on a Bruker AM 360 and NOE difference spectra on 

a Bruker AM 500 spectrometer. Mass spectra were recorded at Mass Spectrometry 

Center, University of Illinois at Urbana-Champaign. 

Extraction and Isolation 

A sample of the sponge Plakortis lita (416 g dry weight), collected at Onna, 

Okinawa, was freeze-dried and extracted with ethyl acetate to give 20 g of 011. 

The oil was separated on a silica gel column by eluting with 5:l heptane-ethyl 

acetate into four fractions. The second fraction (3.8 gl was again loaded on the 

same column and eluted with the same solvent system to furnish four subfract- 

ions. The most active subfraction on the P388 assay was subjected to the separa- 

tion by countercurrent chromatography 
19 

using 5:1:4 heptane-methylene chloride- 

acetonitrile as solvent (mobile phase: upper layer). Each of the active mobile 

phase fractions was repeatedly separated by HPLC on Altex ODS (CH3CN-H20) and/or 

LiChrosorb S1-60 column (heptane-EtOAc) to yield the peroxides 4 (800 mg), 5 (14 

mg), 6 (7 mg), 7 (10 mgl, and 8 (4 mg). 

Chondrillin (4) 
20 

Compound 4 was obtained as a white solid, mp 31.5OC; IolD +40.0° (c 4.5, 

MeOH); IR (KBrl 2942, 2908, 2840, 1735, 1462, 1434, 1247, 1160, 1142, 1126, and 

1055 cm-l; lH NMH (CDC131 6 0.88 (3 H, t, J = 6.7 Hz), 1.25 (br 8). 1.63 (2 H, 
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ml. 2.62 (1 H, dd, J = 5.2, 16.1 Hz), 2.93 (1 H, dd, J = 8.1, 16.1 Hx), 3.40 (3 

H, s), 3.73 (3 H, s), 4.78 (1 H, ml, 5.85 (1 H, dd, J = 1.8, 10.3 Hz), and 6.18 

(1 H, dd, J = 4.3, 10.2 Hz); 13C NMR (CDC131 6 14.07 (q), 22.65 (t), 23.45 (t), 

2g,34 (t), 29.52 (t), 29.65 (t, 9 C), 31.90 (t), 34.29 (t), 37.18 (t). 50.96 

(q), 51.90 (q), 73.66 (d), 100.45 (a), 126.43 (d). 129.20 (d), and 170.83 (8); 

HR EIMS m/x 380.3292 (C24H4403 requires 380.3291); LR EIMS m/x 380 (M - 02, 69). 

321 (28). 293 (lo), 267 (lo), 211 (9), 183 (6). 170 (lo), 155 (91, 123 (27), 113 

(88). 111 (29), 109 (21), 97 (451, 95 (22), 85 (23), 83 (27), 81 (19)s 71 (42). 

69 (371, 57 (89). 55 (61). 43 (100). 31 (25), and 30 (35 rel.%). 

Methyl (3S*,6S*)-3,6-epidioxy-6-methoxyoctadec-4-enoate (5) 

White solid, mp 49OC; [aID 20 +38.1° (c 5.3, MeOH); IR (film) 2950, 2918, 

2848, 1735, 1457, 1437, 1395, 1375, 1275, 1193, 1180, 1160, 1145, and 1068 cm-'; 

'H NMR (CDC13) 6 0.87 (3 H, t, J = 6.7 Hz), 1.25 (br s), 1.66 (2 H, ml. 2.52 (1 

H, dd, J = 6.5, 16.1 Hz), 2.62 (1 H, dd, J = 7.5, 16.1 Hz), 3.39 (3 H, s), 3.72 

(3 H, 81, 5.01 (1 H, ml, 5.86 (1 H, dd, J = 1.9, 10.0 Hz), and 6.12 (1 H. br d, 

J = 10.3 Hz); LR EIMS m/z 324 (M - 02, 661, 265 (29), 237 (7), 211 (51, 183 

(9.5). 170 (5), 155 (6), 153 (51, 123 (261, 113 (90). 111 (21). 109 (20), 97 

(28), 95 (26). 83 (161, 81 (17), 71 (18), 69 (271, 67 (18), 59 (30), 57 (56), 55 

(62), 43 (100). and 41 (82 rel.%). 

Methyl (3S*,6S~,16E)-3,6-epIdioxy-6-methoxyoctadeca-4,16-dienoate (6) 

White solid, mp 37.5OC; IalD 20 +41.4O (c 2.9, MeOH); IR (film) 2950, 2910, 

2880. 2845, 1735, 1458, 1435, 1390, 1375, 1275, 1225, 1190, 1067, 985, and 958 
-1 1 

cm : H NMR (cycle) 6 1.26 (br 81, 1.32 (4 H, ml, 1.64 (3 H, d. J = 6.4 Hz), 

1.96 (2 H, m), 2.52 (1 H, dd, J = 6.6, 16.0 Hz), 2.62 (1 H, dd. J = 7.5, 16.0 

Hz), 3.40 (3 H, s), 3.73 (3 H, e), 5.02 (1 H, m). 5.42 (2 H. ml. 5.85 (1 H. dd, 

J = 2.2, 10.2 Hz), 13 and 6.12 (1 H, dd, J = 1.4, 10.2 Hz); C NMR (CDC13) 6 17.90 

(q), 23.29 (t), 29.18 (t), 29.43 (t, 3 c). 29.63 (t), 29.76 (t), 32.61 (t). 

34.84 (t), 36.38 (t), 51.30 (q). 52.06 (q). 73.51 (d), 101.11 (a), 124.55 (d), 

126.97 (d), 130.40 (d), 131.69 (d), and 170.00 (81; LR EIMS m/z 322 (M - 02, 31) 

263 (13). 235 (5), 183 (E), 153 (4), 123 (13), 113 (481, 111 (15), 109 (17). 97 

(23), 95 (201, 83 (131, 81 (22), 79 (ll), 69 (341, 67 (25). 59 (22). 55 (loo), 

43 (241, and 41 (70 rel.%l. 

Methyl (3s*,6S*,14E,16E~-3,6-epidioxv-6-methoxvoctadeca-4,14,16-trienoate (71 

White solid, mp 38-39OC; [al:' +40.E" (c 4.9, CHC13); IR (film) 3015, 2923, 

2850, 1738, 1433, 1355, 1270, 1188, 1164, 1132, 1062, and 981 cm-', 1H NMR 

(CDC13) 6 1.26 (6 H, br s), 1.34 (4 H, m), 1.65 (2 H. ml, 1.73 (3 H, d, J = 6.5 

Hz), 2.03 (2 H, m), 2.51 (1 H, dd, J = 6.5, 16.1 Hz), 2.62 (1 H, dd, J = 7.5, 

16.2 Hz). 3.39 (3 H, s), 3.72 (3 H, 8). 5.01 (1 H, dddd, J = 1.5, 2.2, 6.5, 7.5 

Hz), 5.56 (2 H, m), 5.85 (1 H, dd, J = 2.2, 10.2 Hz), 6.00 (2 H, ml, and 6.12 (1 

H, dd, J = 1.5, 10.2 Hz); 13C NMR (CDC13) 6 17.96 (q), 23.23 (t), 29.02 (t), 

29.36 (t), 29.66 (t), 32.49 (t). 34.81 (t). 36.34 (t), 51.29 (q), 50.03 (q), 

73.48 (dl, 101.08 (81, 126.67 (d), 126.93 cd), 130.25 (d), 130.39 (dl, 131.71 

(d), 132.08 (d), and 170.00 (s); HR EIMS m/z 320.2352 (C20H3203 requires 

320.2351); LR EIMS m/x 320 (M - 02, 4) 304 (41, 270 (3). 201 (2.5). 193 (2.5), 

187 (31, 183 (2.51, 179 (4), 166 (4.5). 156 (5), 153 (lo), 147 (61. 135 (8). 133 

(81, 125 (12). 124 (9.5), 123 (9.5), 121 (12.5). 113 (16), 107 (22), 96 (34). 95 

(30), 94 (26). 93 (26), 91 (17), 83 (48). 81 (100). 79 (64), 77 (181, 68 (43). 

67.(44), 59 (171, 55 (43), 53 (29). 43 (25). 41 (67). and 39 (25 rel.%). 
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Methvl (3s*,6S*,16~,18E~-3,6-ePidioxv-6-methoxv-6-methoxyeicosa-4,16,18-trienoate (81 
20 White aolid, mp 47.5OC; [OID +36.4O (c 1.1, MeOH); II? (film) 3020, 2952, 

2915, 2880, 2847, 1736, 1464, 1436, 1393, 1376, 1278, 1226, 1194, 1176, 1163, 
-1 1 1144, 1069, 978, and 955 cm ; H NMR (CDC13) 6 1.25 (br 61, 1.33 (ml. 1.64 (ml. 

1.72 (3 H, d, J = 6.4 Hz), 2.03 (2 H, m), 2.51 (1 H, dd, J = 6.6, 16.0 Hz), 2.61 

(1 H, dd, J = 7.5, 16.0 Hz), 3.38 (3 H, a), 3.72 (3 H, 61. 5.00 (1 H, dddd, J = 

1.5, 2.1, 6.6, 7.5 Hz), 5.55 (2 H, ml, 5.84 (1 H, dd J = 2.1, 10.3 Hz), 5.99 (2 

H. ml, and 6.11 (1 H, dd, J = 1.5, 10.3 Hz); 13C NMR (CDC13) 6 17.95 (ql, 23.24 

(tl. 29.14 (tl, 29.42 (t, 4 Cl, 29.71 (tl, 32.52 (tl 

51.28 (q), 52.02 (q), 73.47 (dl, 101.08 (s)r 126.61 

, 34.84 (tl, 36.35 (t). 

(d), 126.95 (d), 130.21 

169.98 (a); LR EIMS 348 (M - 02, 91 

(31, 135 (4.51, 123 (101, 121 (81, 

(131, 95 (351, 93 (16), 81 (1001, 79 

), 53 (231, and 41 (58 rel.%). 

(d), 

, 289 

113 

130.37 (d), 131.73 (d), 132.18 (d), and 

(21, 261 (1.51, 183 (41, 155 (3.51, 153 

(351, 111 (101, 109 (151, 107 (111, 97 

(341, 68 (381, 67 (471, 59 (271, 55 (54 
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