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ABs~~~cr.--Three new peroxylactones, plakortolides B 161, C 171, and D 181, and a new 
peroxyester, epiplakinic acid E methyl ester [9], were isolated and characterized from apreviously 
unstudied marine sponge, Plakinastrella onkodes. A mixture of steroidal peroxides was also found 
in this organism. Plakortolides B 167 and D [SI, and epiplakinic acid E methyl ester 191, were 
evaluated for biological activity and found to show cytotoxicity against the A549 human lung 
carcinoma and P388 murine leukemia cell lines, and to effect adhesion in an assay employing the 
EL-4.E-2 cell line, which correlates with signal transduction activity. 

During our ongoing investigation of sessile marine organisms for new cytotoxic 
compounds (1-3), an extract from the marine sponge Plakinustrella o n k h  (family 
Plakinidae) (4)  showed cytotoxicity in whole-cell assays against both A549 non-small 
cell lung carcinoma and P388 murine leukemia cell lines and induced cell adhesion in 
the EL-4.K-2 adherence assay (5). Although the natural products chemistry of 
Plakinustrella has not been studied previously, this genus is taxonomically related to 
representatives in the family Plakinidae that have yielded a wide variety of peroxide- 
containing metabolites (6-20), including steroidal peroxides, such as 1 (2 1,22), and 
polyketide peroxides, inclusive of the cyclic peroxides plakortin 127 from Plakwtis 
balzcbondroih (12) and chondrillin 137 from Plakwtis h a  (16). In several of these 
compounds, the cyclic peroxide is linked to an aromatic ring via an aliphatic chain, as 
in plakinic acid B 147 (1 5) and the peroxylactone plakortolide 157 (20). The latter 
compounds are characterized by two sites ofunsaturation in the aliphaticchain. We wish 
to report herein the isolation and structure elucidation of three new peroxylactones from 
PIakinastreIIa o n k d s ,  plakortolides B 167, C 17,  and D [S], the peroxy ester epiplakinic 
acid E methyl ester 197, and a mixture of steroidal peroxides, inclusive of 1. 

RESULTS AND DISCUSSION 

A specimen of the sponge was collected by trawling in the Gulf of Mexico. A portion 
of the crude EtOH extract from this specimen was partitioned between EtOAc and H,O; 
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the organic phase was then successively partitioned between equal volumes of aqueous 
MeOH (% adjusted to give a biphasic solution) and a solvent series ofhexane and CH,Cl,. 
Assay results against the A549 and P388 cancer cell lines revealed that cytotoxicity was 
concentrated in the hexane partition. Using biological activity as a guide, the hexane 
layer was purified further by vlc (Si gel) and then hplc (both silica and RP C,, columns) 
to yield the pure compounds 6 9  and a mixture including 1. 

The molecular formula of plakortolide B 161 was deduced as CZSH3804 from high- 
resolution lsims (mlz 403.2887 (M+H)+, A 3.9 mmu), which requires seven degrees of 
unsaturation. The proton-decoupled 13C-nmr spectrum clearly exhibited 23 carbon 
resonances, two of which represented the degenerate positions of a monosubstituted 
benzene ring (6 128.2 and 128.4). The 13C-nmr and DEPT (23) spectra of 6 also 
contained signals that were attributed to a carbonyl (6 174.1), three methyl groups (6 
21.0, 24.9, and 25.9), two oxygenated quaternary carbons (6 82.8 and 80.8), one 
oxygenated methine carbon (6 81 .O), one aliphatic methine, and ten methylene carbons. 
The ir spectrum of 6 showed a strong absorbance at 1777 cm-’ suggesting the presence 
of a ?-lactone. These data account for six of the seven degrees of unsaturation, therefore 
6 must possess an additional ring. Correlations present in the COSY (24) and HMQC 
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FIGURE 1. Key HMBC nmr correlations for 
plakortolide B 161 and plakinic acid 
E methyl ester 191. 

(25) nmr spectra of 6 led to the identification of several substructures which were 
connected after analyzing cross-peak connectivities in an HMBC n m r  experiment (26) 
and by comparing our data with previously reported values for plakortolide 151 (20) to 
yield the completed structure 6 (HMBC correlations are shown in Figure 1). 

By analogy to the structure elucidation of plakortolide 157 (19,20), the relative 
stereochemistry of the peroxylactone ring system in 6 was deduced using a combination 
of data from 'H- and protondecoupled 13C-nmr, and nOe difference (27) experiments; 
the relative stereochemistry for 6 is the same as reported for plakortolide E51 (20). 

The 'H- and proton decoupled 13C-nmr spectra of plakortolide C C7l were virtually 
identical to those of plakortolide B 167 with the notable exception of two fewer 
methylene carbons in the l3C-nmr and DEFT spectra of 7. The ir spectra were also 
similar; a strong absorbance at 1777 cm-' was observed in the ir spectrum of 7, 
signifying a y-lactone. These data indicated that plakortolide C 1 7  is a smaller 
homologue of plakortolide B 167. The expected molecular formula of 7, C,,H%O,, was 
confirmed by high-resolution lsims (mlz 375.2442 (M+H)+, A -8.4 mmu). 

The nmr spectra of plakortolide D E87 contained I3C- and 'H-nmr resonances 
characteristic of the bicyclic peroxylactone and aromatic groups of 6 and 7, and much 
of the aliphatic chain of 6 (compare n m r  signals for 6 and 8 associated with C - 1 4 - 7  and 
C-114-22 in Tables 1 and 2). Additional evidence for the y-lactone was obtained from 
the ir spectrum which exhibited a strong absorption at 1781 cm-'. The aliphatic chain 
in 8 differed slightly from the corresponding chain found in plakortolide B 161 by the 
existence ofan additional methyl group, which was substantiated by a molecular formula 
of C,,H,O, from high-resolution lsims (mlz 417.3007 (M+H)+, A 0.1 m u ) .  The 
HMBC nmr spectrum proved especially useful in positioning the additional methyl 
group (Me-24); correlations were observed from Me-23 to C-7, C-8, and C-9, and from 
Me-24 to C-9, C-10, and C-1 1. These correlations were used to place Me-24 on C-10; 
this placement is corroborated by significant downfield 13C-nmr chemical shifts observed 
for C-9 and C-10 relative to the analogous chemical shifts in plakortolide B 167 (Table 
2). The relative stereochemistry of plakortolide C and plakortolide D 187 was 
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Position 

1 . . . . . . . . . . . . .  
2 . . . . . . . . . . . . .  

3 . . . . . . . . . . . . .  
4 . . . . . . . . . . . . .  

5 . . . . . . . . .  

6 . . . . . . . . . . . . .  

7 . . . . . . . . . . . . .  

8 . . . . . . . . . . . . .  
9 . . . . . . . . . . . . .  
10 . . . . . . . . . . . .  
11 . . . . . . . . . . . .  
12 . . . . . . . . . . . .  
13 . . . . . . . . . . . .  
14 . . . . . . . . . . . .  
15 . . . . . . . . . . . .  
16 . . . . . . . . . . . .  
17 . . . . . . . . . . . .  
18 . . . . . . . . . . . .  

20 . . . . . . . . . . . .  
21 . . . . . . . . . . . .  
22 . . . . . . . . . . . .  
23 . . . . . . . . . . . .  
24 . . . . . . . . . . . .  

19 . . . . . . . . . . . . .  

T ~ L E  1. 'H-Nrnr Chemical Shifts of Cornpounds 6-9?b 

6 

Attached 'H 6' 

2.90 (dd, 
J=18.6,6.1) 

2.60 (d,J=18.6) 
4.45 (d,J=6.1) 

2.22 (d,J= 14.9) 
1.70 (d,J= 14.8) 

1.72 (dd, 

1.46 (dd, 

1.60 (rn) 
1.25 (rn) 
1.56 (rn) 
1.30 (rn) 
1.30 (rn) 
1.56 (rn) 
1.56 (rn) 
1.61 (rn) 
2.60 (t,J=8.0) 

J=14.3, 8.3) 

J=14.4, 3.1) 

7.17 (d, J=7.3) 
7.27 (m) 
7.17 (rn) 
1.37 (s) 
1.25 (s) 
0.91 (d,J=6.6) 

7 

Attached 'H 6 

2.90 (dd, 
J= 18.6,6.1) 

2.60 (d,J=18.6) 
4.45 (d,J=6.1) 

2.22 (d, J= 14.9) 
1.70 (d,J= 14.8) 

1.72 (dd, 

1.46 (dd, 

1.60 (rn) 
1.25 (rn) 
1.56 (m) 
1.30 (rn) 
1.56 (rn) 
1.61 (rn) 
2.61 (t,J=7.9) 

J=14.3,8.3) 

J= 14.4, 3.1) 

7.17 (d, J=7.3) 
7.27 (rn) 
7.17 (m) 
1.37 (s) 
1.25 (s) 
0.91 (d,J=6.6) 

8 

Attached 'H 6 

2.89 (dd, 
J= 18.8,6.2) 

2.60 (dJ= 18.8) 
4.46 (d,J=5.9) 

2.21 (d,J=15.0) 
1.71 (d,J=14.9) 

1.71 (dd, 

1.42 (dd, 

1.61 (rn) 
1.20 (rn) 
1.37 (rn) 
1.30 (m) 
1.30 (rn) 
1.53 (rn) 
1.56 (rn) 
1.61 (rn) 
2.60 (t,J=8.1) 

J= 14.8, 3.3) 

J= 14.8, 2.3) 

7.17 (d, J=7.5) 
7.27 (rn) 
7.17 (rn) 
1.37 (s) 
1.27 (s) 
0.91 (d,J=6.1) 
0.83 (d,J=6.6) 

9 

Attached 'H 6 

2.75 (d, J=14.4) 

2.50 (d,J=14.4) 

2.50 (d,J=12.5) 
2.22 (d,J=12.5) 

1.76 (dd, 
J= 14.0, 5.3) 

1.36 (dd, 
J= 14.0, 5.9) 

1.57 (rn) 

1.33 (m) 
1.35 (rn) 
1.59 (rn) 
1.28 (rn) 
1.61 (rn) 
2.60 (t,J=8.1) 

7.17 (d,J=7.0) 
7.27 (m) 
7.17 (rn) 
1.43 (s) 
1.31 (s) 
0.91 (d,J=6.7) 
3.69 (s) 

'Spectra recorded at 360 MHt in CDCI,, referenced to residual CHC1, (7.26 pprn). 
bCoupling constants in HZ. 
'H-% connectivities assigned by HMQC nmr. 

assigned based on similarities in 'H- and 13C-nmr chemical shifts with plakortolide B 

The molecular formula of epiplakinic acid E methyl ester {9} was determined to be 
C23H3604 by high-resolution lsims (mlz 377.2696 (M+H)+, A 1.4 mmu), and this 
formula requires six degrees of unsaturation. The proton decoupled 13C-nmr and DEPT 
spectra of 9 contained 2 1 distinct carbon resonances (Table 2); based on the relative size 
of the signals, two of the methine resonances (6 128.2 and 128.4) represent two carbons 
each, suggesting a monosubstituted benzene ring. Although many similarities were 
observed between the n m r  spectra of 9 and 6-8, especially in the aromatic region, a 
strong absorption of 1740 cm-' in the ir spectrum suggested that the carbonyl is an 
aliphatic ester and not a y-lactone; further, nmr and DEPT data [6 171.0 (s), 3.69 (s)/ 
5 1.7 (q)] indicated that the ester is a methyl ester. The ester functionality along with a 

161. 
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Position 

1 . . .  
L . . . . . . . . . . . . .  
3 . . . . . . . . . . . . .  
4 . . . . . . . . . . . . .  
5 . . . . . . . . . . . . .  
6 . . . . . . . . . . . . .  
7 . . . . . . . . . . . . .  
8 . . . . . . . . . . . . .  
9 . . . . . . . . . . . . .  
10 . . . . . . . . . . . .  
11 . . . . . . . . . . . .  
12 . . . . . . . . . . . .  
13 . . . . . . . . . . . .  
14 . . . . . . . . . . . .  
15 . . . . . . . . . . . .  
16 . . . . . . . . . . . .  
17 . . . . . . . . . . . .  
18 . . . . . . . . . . . .  
19 . . . . . . . . . . . .  
20 . . . . . . . . . . . .  
21 . . . . . . . . . . . .  
22 . . . . . . . . . . . .  
23 . . . . . . . . . . . .  
24 . . . . . . . . . . . .  
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TABLE 2. 

Compound 

6 

174.1 (s) 
34.2 (t) 
81.0 (d) 
82.8 (s) 
42.1 (t) 
80.8 (s) 
44.5 (t) 
28.9 (d) 
38.9 (t) 
27.0 (t) 
29.8 (t) 
29.6 (t) 
29.5 (t) 
29.3 (t) 
31.5 (t) 
36.0 (t) 

143.0 (s) 
128.4 (d)' 
128.2 (d)' 
125.5 (d) 
25.9 (9) 
24.9 (9) 
21.0 (q) 

7 

174.0 (s) 
34.2 (t) 
81.0 (d) 
82.7 (s) 
42.0 (t) 
80.8 (s) 
44.4 (t) 
28.9 (d) 
38.9 (t) 
27.0 (t) 
29.7 (t) 
29.3 (t) 
31.5 (t) 
36.0 (t) 

142.9 (s) 
128.4 (d)' 
128.2 (d)' 
125.5 (d) 
25.9 (9) 
24.9 (q) 
2 1 .o (9) 

8 

174.1 (s) 
34.2 (t) 
81.1 (d) 
82.8 (s) 
42.3 (t) 
80.9 (s) 
44.4 (t) 
26.3 (d) 
46.9 (t) 
36.8 (d) 
30.0 (t) 
29.9 (t) 
29.6 (t) 
29.4 (t) 
31.5 (t) 
36.0 (t) 

143.0 (s) 
128.4 (d)' 
128.2 (d)' 
125.5 (d) 
25.9 (q) 
24.9 (9) 
21.6 (9) 
20.1 (9) 

9 

171.0 (s) 
43.9 (t) 
83.8 (s) 
56.5 (t) 
86.8 (s) 
46.3 (t) 
29.4 (d) 
37.9 (t) 
26.8 (t) 

29.7 (t) 
29.4 (t) 
31.5 (t) 
36.0 (t) 

142.9 (s) 
128.2 (d)' 
128.4 (d)' 
125.5 (d) 
24.4 (9) 
23.9 (9) 
21.3 (9) 
5 1.7 (q) 

C-Nmr chemical shifts are reported as 6 values in ppm relative to CIXI, (77.0 ppm). a13 

!Multiplicities were determined by DEFT sequence. 
'Signals represent two degenerate carbons. 

monosubstituted benzene ring accounted for five of the six degrees of unsaturation 
suggesting that 9 contains an additional ring. 

The remaining oxygens in 9 must be linked via a peroxide because an absorption in 
the ir spectrum for a hydroxyl functionality was not observed and only two oxygenated 
carbon signals remained in the proton-decoupled 13C-nmr and DEFT spectra of 9 16 83.8 
(s) and 86.8 (s)}. Correlations observed in the COSY and HMQC n m r  spectra coupled 
with signals observed in 'H- and 13C-nmr spectra allowed for the generation of several 
substructures, which could then be connected through interpretation of HMBC nmr 
correlations (Figure 1) to produce the complete structure ofplakinic acid E methyl ester 
191, which, in contrast to 6-8, contains a five-membered rather than a six-membered 
peroxide ring. 

Analysis of correlations observed in a NOESY n m r  spectrum (28) led to an 
assignment of the relative stereochemistry of the peroxide ring in compound 9. Cross- 
peak connectivities could be seen from H-2 and H-2' to Me-18, from Me-18 to H 4 ' ,  
and from H 4 '  to H-6 and H-6' (diastereotopic hydrogen resonances assigned H' were 
high-field relative to H in the 'H-nmr spectrum). This must mean that Me-18, H-4' and 
C-6 share a cis-relative orientation. This geometry was further confirmed by the NOESY 
n m r  correlation observed between H 4  and Me-19. Also significant was the lack of an 
observed cross-peak connectivity from Me-18 to H-6 or H-6'. Based upon examination 
ofa Dreiding model, these data suggest that Me-18 and C-6 are pseudo-equatorial, while 
HA' adopts a pseudo-axial orientation. This trans orientation is consistent with that 
reported for epiplakinic acids C and D (19). 



October 19941 Horton et al.: Peroxylactones from Plakinastrella 1379 

During the chromatography that yielded 6-9, avlc Si gel fraction was obtained that 
appeared homogeneous by Si gel hplc; however, it yielded greater than ten components 
by reversed-phase hplc. The major component was identified as 1 by characteristic n m r  
and mass spectral data, i.e., 'H-nmr signals at 6 3.9 (heptet), 6.0 (doublet), and 6.4 
(doublet), "C-nmr signals at 6 67,79,82,130,13 1,135, and 138, and lreims fragments 
at mlz 442 (M') and 410 (M+-0,),  which are identical to published values (21,22). 

Plakortolides B 167 and D 187, and epiplakinic acid methyl ester 197, were evaluated 
for biological activity and all three were found to show cytotoxicity against the A549 
human lung carcinoma and P388 murine leukemia cell lines. For purposes of compari- 
son, the biological activity of chondrillin 131 (5) is also provided in Table 3. 

TABLE 3. Observed Biological Activities for Compounds 3,6,8, and 9. 

Cell Line 

3 . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . .  

0.3 
1.3 
3.8 
2.0 

2.4 
0.4 
0.8 
2.5 

0.4 (induction) 
4.4 (induction) 

15.8 (inhibition) 
4.6 (inhibition) 

Plakortolide B 161 induced cell adhesion in the EL-4.E-2 cell line, which corre- 
sponded to very modest agonistic activity against a suite of protein kinase C isoenzymes 
(29,30) (activity at 50 pg/ml: alpha - 19%, beta I - 13%, beta I1 -27%, delta -9%, 
epsilon - 38%, and gamma -9%). In contrast, chondrillin 131 induced cell adhesion in 
the EL-4.E-2 cell line but expressed modest antagonistic activity against the PKC 
isoenzymes(IC,,values(pg/ml): alpha +36, beta1 +49, beta11 +49,delta +23,epsilon 
+ 30, gamma > 150, and zeta +43). Neither plakortolide D 187 nor epiplakinic acid E 
methyl ester 191 was tested in the PKC assays. 

EXPERIMENTAL 

GENERAL EXPERIMENTAL PROCEDLIRES.-AII 1D nmr [including nuclear Overhauser enhancement 
(27)1 and COSY (24)spectraweremeasured onaBruker AM-360 at 360.1 3 MHz for 'H nmrand 90.56MHz 
for I3C nmr. Inverse 2D n m r  spectra, including HMQC (25), HMBC (26), and NOESY (27), were measured 
non-spinning on a Bruker AMX-500 at 500.13 MHz for 'H and 125.76 MHz for I3C. Ir spectra were 
recorded on a Midac M Series Ftir spectrometer. Optical rotations were measured on a Jasco DIP-360 Digital 
Polarimeter. Ms were obtained by Dr. David Powell (University of Florida, Gainesville) using liquid 
secondary ion mass spectrometry (Isims) on a Finnigan MAT95Q with 3-nitrobenzyl alcohol as the matrix. 

EXTRACTION AND ISOLATION OF COMPOUNDS 1 AND 6-9.-The sponge, Plakinastrella onkodes (4),  was 
collected in July 1992 by trawling at 240 ft in the Gulf of Mexico on the Florida Shelf approximately 84 
nauticalmiles westofSanibelIsland(1atitude 26" 15.72' N, longitude83'41.99' W). A taxonomicvoucher 
is deposited at the Harbor Branch Oceanographic Museum (catalog number 003:00880). A sample of the 
sponge (102 g wet wt, HBOI sample no. 17-VII-92-2-28) was blended with EtOH (500 ml). The ground 
sponge material was then extracted twice more with 500-ml portions of EtOH. The EtOH extracts were 
combined and concentrated to dryness (2.76 g). A portion (2.41 g) of the EtOH extract was partitioned 
between EtOAc and H,O. The EtOAcpartition was concentrated to dryness (0.32 g)and further partitioned 
between hexane and 10% aqueous MeOH. The hexane partition was then concentrated to dryness (0.26 g). 
Sufficient H,O was added to the aqueous portion to bring the total H,O to 40%. This was then partitioned 
with CH,CI,. The CH,CI, was then concentrated to dryness (0.05 g). 

The hexane-soluble material was purified on Si gel using a step gradient beginning with EtOAc- 
heptane (19) and increasing the percentage of EtOAc until 100% EtOAc was reached. Fractions obtained 
with 10% to 30% EtOAc were further purified by hplc on a Si gel hplc column (Hibar Lichrosorb, 7 pm, 
10mmX25 cm)with 10% EtOAcin heptanetoyieldamixtureofcompounds6and7andpure8(1.6mg, 
0.07% crude extract), and with 25% EtOAc to yield a mixture containing 1. The mixtures were separated 
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using reversed-phase hplc Wydac Protein and Peptide C,, column, 10 mmX25 cm, MeOH-H,O (9:l) 
eluting solvent] to yield 6 (5.8 mg, 0.24%), 7 (4.9 mg, 0.20%), and 1 (3.7 mg, 0.15%). 

The CH,CI, partition was purified using reversed-phase hplc Wydac Protein and Peptide C,, column, 
10 mmX25 cm, MeOH-H,O (9:l) eluting solvent] yielding pure 9 (6.9 mg, 0.29%). 

PkzkwtoIiA B [6].-Clear, colorless oil; [a] D-4.7" ( ~ 0 . 0 9 ,  CDCI,); ir v max (neat) 2925, 2853, 
1777, 1450, 1367, 1253, 1165 cm-'; "C- and 'H-nmr data, see Tables 1 and 2; hrlsims mlz [M+H]+ 
403.2887 (requires 403.2848, A 3.9 mmu). 

PIakwtoIiA C c;rl.-Clear, colorless oil; [a] D-5.3" (c=0.05, CDCI,); ir v max (neat) 2927, 2853, 
1777, 1451, 1367, 1253, 1169 cm-l; %- and 'H-nmr data, see Tables 1 and 2; hrlsims m/z [MfH]' 
375.2442 (requires 375.2526, A -8.4 mmu). 

Pkzkwtolide D [S].-Clear, colorless oil; [a) ~+61 .1 '  (~0.04, CDCI,); ir v max (neat) 2925, 2853, 
1781, 1376, 1254, 1162 cm-l; "C- and 'H-nmr data, see Tables 1 and 2; hrlsims mlz [M+H]+ 417.007 
(requires 417.006, A 0.1 m u ) .  

Epipkzkiniracid E methyl ester [91.-Clear, colorless oil; [a1 D+7.5" ( ~ 0 . 5 7 ,  CDCI,); ir v rnax (neat) 
2928,2854, 1740, 1453, 1207 cm-'; ',C- and 'H-nmr data, see Tables 1 and 2; hrlsims m/z [M+H]+ 
377.2696 (requires 377.2682, A 1.4 mmu). 
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