Journal of Natural Products 669
Vol. 53, No. 3, pp. 669-674, May-Jun 1990

TWO NEW BIOACTIVE CYCLIC PEROXIDES FROM THE MARINE
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ABSTRACT.—Two new antifungal and cytotoxic cyclic-peroxide-containing acids, 1 and
3, were isolated from a marine sponge, Plakortis angulospiculatus, which was collected by scuba
off the coast of Venezuela. The structures were elucidated through spectral and chemical analysis
of the corresponding methyl esters, 2 and 4. The acids are potent cytoxic and antifungal agents
although their esters are only cytotoxic.

In addition to the common steroidal peroxides (1), numerous other cyclic peroxides
have been reported from marine organisms (2,3). Most are derived from sponges and are
carboxy-containing products of terpenoid (4-7) or polyketide (8—12) biosynthesis. Ex-
amples are the branched chain esters, plakortin (9) and epiplakortin (11); the free acid,
plakortic acid (12); and the straight-chain metabolites, e.g., chondrillin (5) and the re-
lated compounds from Plzkortis lite (13). These compounds exhibit antimicrobial ac-
tivity (7, 9—12), ichthyotoxicity (5), and cytotoxicity (6, 12). We report here details of
the isolation and structure determination of two related and biologically active metabo-
lites 1 and 3 and their chemically derived methyl esters 2 and 4 from a sponge, Plakortis
angulospiculatus (Carter) of the family Plakinidae.

The frozen sponge was homogenized with MeOH and then with EtOAc. The
MeOH extract was partitioned between H,O and EtOAc. The EtOAc-soluble layers
were combined to yield a crude extract that was subjected to Si gel chromatography. A
portion of a biologically active fraction was purified by reversed-phase hplc (C,g, 10%
H,0/MeCN) to yield two bioactive acids 1 and 3 (Table 1). The remainder of this frac-
tion was treated with excess CH,N, in Et,0 to give the corresponding methyl esters.
The methyl ester fraction was separated by hplc (Si, 1.5% EtOAc-heptane) to give the
corresponding methyl esters 2 and 4.

The ester 2 ({a]D —89°) yielded the molecular formula C,,H;504 by hrfabms. Its
ir spectrum indicated the presence of an ester group (1732 cm ™ ') and the absence of hy-
droxyl groups. The *C-nmr spectrum (Table 2) contained a carbonyl signal observed at
8 171.7 (s), a methoxy methyl signal observed at 8 51.9 (q), two signals for oxygen-
bearing carbon atoms observed at & 83.5 (s) and 76.5 (d), two signals attributed to a
trisubstituted olefin observed at 8 137.5 (s) and 125.1 (d), two signals attributed to a
disubstituted olefin observed at 8 133.2 (d) and 132.1 (d), and four signals for five
methyl groups observed at 8 21.3, 14.3, 11.7 (2 X Me), and 8.2. Three of the four req-

TABLE 1. Biological Activity of Compounds 1—4.

Cytotoxicity Antimicrobial Activity
Compound Murine leukemia Candida albicans
P-388 IC,, (pg/ml) MIC (pg/mb
Acdl . . .. ... .. 0.3 1.6
Acd3 . . .. ... .. 0.2 1.6
Ester2 . . . ... ... 0.9 >50
Esterd . . . . ... .. 0.2 >50
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uisite degrees of unsaturation are accounted for in the *C-nmr data; the compound
must contain one ring. The 'H-nmr spectrum confirmed the presence of a trisubsti-
tuted olefin {8 5.47 (dt, 1H, J = 1.6, 1.4 Hz)} and a methyl ester {8 3.70 (s, 3H)]. The
olefinic proton showed allylic coupling (/= 1.6 Hz) to an oxycarbyl-methine signal
observed at 8 4.57, which in turn was coupled to two geminally coupled signals ob-
served at § 2.51 (1H, dd, J=16.0, 2.8 Hz) and 2.87 (1H, dd, J=16.0, 9.5 Hz).
These signals are assigned to the a-methylene protons of the ester moiety. The same
olefinic proton showed additional allylic couplings (J = 1.4 Hz) to the methylene pro-
tons of an ethyl group {8 1.97 (2H, m)and 1.06 (3H, t)}. Absence of other cross peaks
for the same olefinic proton in the COSY spectrum confirmed that the adjacent carbons
are fully substituted. Thus the only two quaternary carbon atoms in the '>C spectrum
observed at 8 137.5 and 83.5 can be assigned to C-4 and C-6, respectively. The HMBC
experiment (14) of the corresponding acid 1 (Table 2) revealed cross peaks between sig-
nals observed at 8 4.55 and 124.9 and at 8 5.46 and 76.5, which allowed the remaining
oxygen-bearing carbon to be placed at C-3. Absence of any other free hydroxyl groups
in the molecule suggested the partial structure A.

The mass spectrum gave the base peak at m/z 197 (C,,H,,0;), which corresponds
to a fragment ion that contains the carbonyl terminus. Absence of any deshielded
methyl singlets and the presence of deshielded methylene protons (H-17a and H-17b),
which are vicinally coupled to a methyl group, argued for the attachment of an ethyl
group to C-6. This suggested the partial structure B for the mass fragment m/z 197.

The remaining méthyl groups appeared in the 'H-nmr spectrum as one doublet and
two triplets. Biosynthetically, the branching could be on C-8 or C-10 (11). The 'H-

R
1 R=H
2 R=Me
3 R=H, 11,12 dihydro
4 R=Me, 11,12 dihydro




671

Cyclic Peroxides

S.P. Gunasekeraet a/.

May-Jun 1990}

-a>uanbas aspnd 149 s 1nIg,
wawnadxs HJOWH Aq PaAIasqo 21am SUOKIE[R1I00 HD) PUoq-3uQ,
(zY w1 { “Kapdrdipnu) jusajos woly wdd ‘ayrys jedrwayd are s313Ud 3|qe ],

® 61¢ ®)oL'€ &4
® 11 W LD6LO ® 911 W LMV6LO 12
@ L¢9bP)EL"T HI1 ‘H6 (W) €11
G vy W L°¢9°bp)8T 1 @ <y () 8z°1 0z
® ¢z (L'9D€80 H6‘HL | () €12 (L'9P)E80 61
® 78 (€°L‘D98 0 Hi1 | (B) 18 (€°L')98°0 81
(€°L0°S1*bp)L¢1 HS81 ‘HL ($°£°0°¢1 ‘bp)gS 1
@) 6o0¢ (€'L0°S1*bPYOL1 ) 60¢ (§°L'0°S1°bp)69°1 Ll
® L1 W L'D90°1 HST | ® 11 HL)90°1 91
@ 6% (w) [6°1 H91 ‘HST ‘HE | ) 8%z (un 86’1 <1
®) ¢yt (€LVE6D HeL ‘HZ | (B) T91 (€ LDY6°0 ¥l
M LT (w) /6'1 Hp1 ‘HTI ‘“HI1T @ LT (w)86'1 €1
P 17781 @9 V<1 WP)CES H¥1 ‘He1 | (P) 1°C¢l &9y SLWP)CES 4
P) Teel’| @UT6YSLWPPIS6Y HOTZ ‘H¢1 P) Tee1| @1T6V ST WPPIS6'Y 14
® ¢ (w181 HIZ ‘HOZ ‘HZ1 ‘HI1 | (P) ¢'T¥ (u)08°1 o1
(u)¢r1 H61 ‘HI1 ()11
3 6'8¢ (w)8¢'1 ® 68¢ (w)6e°1 6
P 6¢ (un)zg1 H61 ‘H6 | (P) 6T (W) 0g°1 8
M ¢y ®<'P8el HII‘HS | @ ¢¢p @< PIBEL L
() ¢'¢8 HS81 ‘H/1‘H8 ‘HL‘HS | ® 9'¢8 9
P) 1621 G19TWLYS HS8I ‘HLI ‘HSI ‘HL‘HE | P) 6'vT1 G191 WP)IW¢ <
() < L€l H9T ‘HST ‘HS ‘HE | (®) ¢ L€l 4
® <9L O 1°8C'S6PPP) LS HST‘HS | () ¢9L O1‘8°T°C6PPPISSY €
(87091 ‘PP 1T HE¢ (8'T°0°91 ‘PPIEST
@ 1€ (€°6'0°91 ‘PP)L8°'T ™M ¢¢e (€°6°0°91 ‘PP)98°Z z
{8 oL TL1 +8) 49°9L1 1
e He (H,) DIWH e H¢
Zz 1 uonIsoq
punodwo?n)

“£1DQD Ul eaeq WL (ZHW €°06) -Dg, PU¥ (ZHW 09€) -H, ‘T TV,



672 Journal of Natural Products [Vol. 53, No. 3

nmr spectrum indicated a trans disubstituted double bond {8 4.95 (J = 15.4, 9.2, 1.2
Hz), 5.35 (J = 15.4, 6.4 Hz)} and three allylic protons {8 1.81 (1H) and 1.97 (2H)},
implying branching at one of the allylic positions. A 'H-"H COSY spectrum indicated
coupling between the two allylic protons at & 1.97 with a methyl group at 8 0.93. This
argued for the attachment of one of the two remaining ethyl groups at C-12. This also
established the double bond at C-11 and C-12. The E configuration was assigned to the
double bond based on the large coupling constant between the two olefinic protons
(J = 15.4 Hz). A difference double resonance experiment indicated that the remaining
allylic proton observed at & 1.81 is coupled to a CH, group {8 1.28 (H), 1.13 (H)],
which in turn was vicinally coupled to an Me group (8 0.79). Thus, the remaining ethyl
group must be attached to C-10. Irradiation of the remaining methyl doublet in a dif-
ference double resonance experiment simplified the multiplet for the proton at C-8,
which is observed at 8 1.50 in the free acid 1, to a triplet of triplet. These data argue for
the attachment of the remaining methyl group at C-8. This deduction was confirmed
by correlations observed in the HMBC experiment (Table 2). Accordingly, the struc-
ture for the methyl ester was assigned as 2.

Methylation of the purified acid 1 with excess CH,N, in Et,O furnished the methyl
ester, which was identical in all respects to 2 and thus confirmed the structure of 1.

The ester 4 ({[a]JD —90°) had the molecular formula C,,H,0y, suggesting the
monosaturated analogue of 2. The ir spectrum indicated the presence of an ester group
(1727 cm™ ') and absence of any hydroxyl groups. Observed in the low-field region of
the 'H-nmr specttum were two signals at 8 4.58 (1H, ddd, J=9.5, 2.8, 1.6 Hz) and
5.47 (1H, dt, J = 1.6, 1.4 Hz) for the protons at C-3 and C-5, respectively. In contrast
to 2, the absence of any other low-field signals established that the side chain is satu-
rated. The "’C-nmr spectrum suggested two olefinic signals, which, by comparison
with the spectrum of 2, led to the assignment of these two olefinic carbons at C-4 and C-
5. The 'H-nmr spectrum of 4 indicated four methyl triplets and one methyl doublet,
similar to the spectrum of compound 2. These data suggested that 4 is a dihydro
analogue of 2. Hydrogenation of 1 and 3 separately in the presence of 10% Pd/C as a
catalyst followed by purification gave a mixcure of C-4 epimers of the acid 5 as the major
product. Comparison of the "H- and '>C-nmr dataand the mass spectral data confirmed
the structural relationship between 1 and 3. Methylation of purified dihydro free acid 3
with CH,N, in Et,O furnished a methyl ester whose 'H- and '*C-nmr spectra were
identical to those of 4 and thus established the structure 3 for the dihydro free acid. Dif-
ference nOe experiments on 2 did not give conclusive evidence for the relative
stereochemistry of the substituents attached to the ring containing the peroxide moi-
ety.
Acids 1 and 3 both showed activity against Candida albicans (Table 1). Activity was
also observed against Aspergillus nidulans and Bacillus subtilis when assayed by the disc
diffusion method. No activity was seen against Escherichia coli. The esters 2 and 4 were
inactive against all of the microorganisms tested. Cytotoxicity against P-388 murine
leukemia was observed at similar levels for compounds 1-4 (Table 1).

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—Ir spectra were recorded on a Perkin-Elmer 1310 spec-
trophotometer. Nmr spectra were recorded on a Bruker instrument operating at 360 MHz for 'H and 90.5
MH:z for '*C. The high resolution mass spectra were obtained on a VG ZAB-2SE mass spectrometer at
University of Illinois at Urbana-Champaign. Optical rotations were measured with a Jasco DIP 360 digital
polarimeter.

COLLECTION AND EXTRACTION.—The sponge P. angulospiculatus was collected off the coast of Ven-
ezuela ata depth of 30 m in January 1988, and immediately frozen. A voucher specimen is deposited in the
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Indian River Coastal Museum of the Harbor Branch Oceanographic Institution. The freshly thawed
sponge (103 g wet wt) was extracted with MeOH and then exhaustively with EtOAc. The MeOH extract
was concentrated in vacuo on an H,O bath maintained at 35°. The resulting extract was partitioned be-
tween EtOAc and H,0. The EtOAc-partitioned fraction was combined with the other EtOAc extracts,
and the solvent was removed in vacuo on an H,O bath to obtain a brown gum (0.53 g, 0.5% wet wt). The
EtOAc-soluble fraction (0.50 g) was chromatographed on Si gel (Kieselgel 60H) using CH,Cl, and
CH,Cl,/MeOH step gradient and monitored by antifungal assay. Further chromatography using hplc (ab-
sorbosphere C .3, 5 um, 250 X 10 mm, 10% H,0/MeCN) of a portion of the antifungal active fraction fur-
nished the acid 1 (0.01% yield wet wt) and acid 3 (0.002%). The remainder of the active fraction was
treated with excess CH,N, and purified by hplc (absorbosphere Si, 5 wm, 250 X 10 mm, 1.5% EtQAc/
heptane) to yield esters 2 and 4.

Acid 1.—a}D —34.6° (¢= 0.2, CHCly); ir (CHCl;) 3650, 3510, 2980, 2920, 1710, 1450, 1380,
1290, 972 cm™ '; Ireims m/z (tel. int.) [M — CH,COOHYI" 293 (0.4%), 277 (0.5), 263 (0.7), 249 (2),
233 (3), 221 (1), 207 (2), 199 (5), 195 (10), 193 (2), 167 (12), 151 (12).

Ester 2.—{a}D —89° (¢=0.1, CHCl;); ir (CHCl;) 2920, 1732, 1351, 1160,974cm™ ' hefabms m/z
367.2847, A 0.1 mmu for C;,H;50, {M + 117; lefabms m/z (rel. int.) 367 (10), 349 (22), 321(51), 309
(12), 291 (3), 279 (22), 209 (23), 197 (100).

Acid 3.—{alD —36.0° (¢ = 0.16, CHCl,); ir (CHCl;) 3500, 2978, 2960, 1705, 1580, 1432, 1378,
1285 cm™'; 'H nmr (CDCl; + 1 drop CD,0D) 8 0.78 (3H, t, J =7.1 Hz), 0.85 (9H, m), 1.03 (3H, ¢,
J=7.3Hz), 1.97 2H, m), 2.65 (1H, m), 2.79(1H, m), 4.56 (1H, m), 5.47 (1H, 5); *C nmr (CDCl;)
176.6 (s), 138.5 (s), 124.1(d), 83.7 (s), 77.3 (d), 43.4 (1), 42.9 (v), 36.2 (t), 36.2 (d), 32.6 (1), 31.1 (1),
28.6 (1), 26.3 (1), 25.9(d), 24.8(r), 23.2(v), 22.4(q), 14.1(q), 11.6(2q), 10.8(q); Lreims m/z (rel. int.)
[M—C,H;1" 325 (10), 292 (3), 263 (12), 247 (10), 199 (8), 195 (6), 151 (11), 139 (48), 137 (62), 125
(26), 109 (22), 83 (35), 71 (35), 56 (100).

Ester 4.—{a]D —90.7° (¢ = 0.04, MeOH); ir (CHCIl;) 2955, 2920, 1727, 1425, 1235, 1170, 922,
em™'; "H nmr (C¢Dg) 8 0.85 3H, t, J= 7.4 Hz), 0.88 3H, t, J=7.2 Hz), 0.89 (3H, t, ] = 7.2 Hz),
0.95(3H,t,J=7.4Hz), 1.03(3H,d, ] = 6.3 Hz), 1.99(2H, m), 2.42 (1H, dd, J = 16.0, 2.8 Hz), 3.02
(1H, dd, J=16.0, 9.5 H2), 3.32(3H, ), 4.76 (1H, ddd, J = 9.5, 2.8, 1.6 Hz), 5.35 (1H, dt, J = 1.6,
1.4 Hz); *C nmr (CD;0D) 8 172.8 (s), 139.5 (s), 126.1(d), 85.0(s), 77.9(d), 52.4(q), 44.4 (v), 44.3
(1), 38.2(1), 37.6(d), 33.7 (¢), 32.0 (1), 29.6(v), 27.5 (v), 27.0 (d), 25.8 (1), 24.2 (v}, 22.8(q), 14.4(q),
12.1(q), 11.2(q), 8.4 (q); hefabms m/z 323.2598, A 1.2 mmu for C,,H;50; {M — C,H; — O} "; Irfabms
miz(rel. int.) {M + Na}* 391(5), IM+ 11" 369(6), 351 (36), 335 (15), 323 (42), 295 (28), 279 (17), 263
(7), 329 (5), 205 (22), 197 (100}, 152 (90).

CATALYTIC HYDROGENATION OF THE ACIDS 1 AND 3.—Acid 1 (3.0 mg) in absolute EtOH (5.0
ml) was treated in a Parr apparatus for 12 h at room temperature with a catalytic amount of 10% Pd on
charcoal, under 2 pressure of 20 atm H,. After filtration and evaporation, the crude product was purified by
Si Sep-Pak using 2% MeOH/CH,Cl, to give the C-4 epimeric mixture of acid 5 as the major product (1.0
mg, colorless oil): 'H nmr (CDCl3) 8 0.81 (3H, v, J=7.3 Hz), 0.83 (3H, t, J=7.3 Hz), 0.85 3H, t,
J=7.2Hz), 0.86 3H, d, J=6.7 Hz), 0.93 3H, t, J=7.3 Hz), 2.35 (1H, dt, ] = 16.0, 9.5 Hz), 2.45
(1H, dt, J = 16.0, 9.5 Hz); "*C nmr (CDCl;) 8 176.5 (s), 47.5 (d), 46.7 (d), 43.4 (d), 42.6(d), 36.5 (1),
33.5(t), 32.5 (v), 30.8 (1), 29.4 (1), 28.6 (1), 27.3 (1), 26.6 (1), 25.9 (1), 23.2(v), 22.2 (1), 14.2(q), 10.9
(@), 10.6 (q), 8.4 (9), 8.3 (q); hrcims (isobutane) m/z 325.3084, A 0.8 mmu for C,;H4,0, (M + 1t;
lecims (isobutane) m/z (gel. int.) M + 117 325 (100), 311 (51), 227 (24), 213 (61), 199 (48), 185 (32),
169 (83), 139 (48).

Acid 3 (3.0 mg) was hydrogenated under the same conditions and purified to give the C-4 epimeric
acid as the major product (1.2 mg, colorless oil). It was shown to be identical to acid § by comparison of 'H
and >C nmr and mass spectral fragmentation patterns.

BIOLOGICAL ASSAYS.—Cytotoxic activity against the P-388 murine leukemia cell line was deter-
mined by the method of Alley ez /. (15). MICs wete determined for C. @/bicans (ATCC 44506) by a stan-
dard microdilution broth method (16) using Sabouraud dextrose broth as growth medium. Activities
against other microorganisms were determined by the disc diffusion method (17). Zones of growth inhibi-
tion were determined from paper discs containing 20 pg of the test compound.
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