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PLANAXOOL: A NOVEL CYTOTOXIC CEMBRANOID FROM THE 
MOLLUSK PLANAXIS SULCATUS 

M. U, li G.E. MARTIN, ' A.S. ZEKTZER,~ A. J. WEINHEIMER, R. SANDUJA,~ and M.A. GHUMAN~ 

Depariment of Mdirinul Cbemirtry and Pharmarognosy, Uniwsi ty  of Houston, Howton, Texar 77204-55 I5 

ABSTRACT.-A novel cytotoxic cembranoid, planaxool[ll, was isolated from the marine 
mollusk Planair sulratru, and its structure determined by 2D n m r  spectroscopy. 

Cembranoid diterpenes constitute been isolated from plants (l), insects 
(1,3), and the mollusk Ovufa m u m  (4). 
Recently, we reported the isolation and 
structure of a cytotoxic epoxysterol ( 5 )  
and two novel cembranoid diterpenes 
from the mollusk Pfanaxis sufcatus Born. 

one of the major classes of lipoidal com- 
pounds found in marine coelenterates 
and are characterized by the presence of a 
14-membered ring system. In addition 
to coelenterates (1,2), cembranoids have 
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1-2 Present Addresses: 'Bumughs Wellcome 
& Q., Research Triangle Park, North h o l i w  
2University of South Florida, Tampa, Florida; 
'Department of Hematology, University of Texas 
Medical School, Houston, Texas. 

leave from the InstituteofChemistry, The 
University of Punjab, Lahore, Pakistan. 

(Family Planaxidae) (6,7). We now re- 
port the isolation and structure of a 
cytotoxic hom&iterpene with a 
ified cembranoid skeleton from rhis mol- 
lusk. 

Repeated chromatography (LH-20, 
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TABLE 1. 

Position 

1 
2 .  

3 
4 
5 

6 
7 . . . . . . . . . . . . . .  
8 
9 . . . . . . . . . . . . . .  

10 

1 1  . . . . . . . . . . . . .  

12 . . . . . . . . . . . . .  
13 . . . . . . . . . . . . .  
14 . . . . . . . . . . . . .  

. . . . . . . . . . . . .  15 

. . . . . . . . . . . . .  16 
17 . . . . . . . . . . . . .  
18 . . . . . . . . . . . . .  
19 
20 . . . . . . . . . . . . .  
21 . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  
. . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

medium pressure and hplc) of the CHCl, 
extract of P. sdcattu resulted in the isola- 
tion of a low-melting solid, mp 58', 
(a)D = 2 19", C21H32O6. The 'H-nmr 
spectrum of 1 showed the presence of a 
vinylic methyl (6 1.71, 3H, s), three 
methine protons on oxygen-bearing car- 
bons(6 3.55, 3.85, 5.39), amethylona 
methine carbon (6 0.94, d , j = 6 . 9  Hz), 
and a methyl on a quaternary carbon (6 
1.25). The '3C-nmr spectrum showed 
the presence of 2 1 carbons, including an 
ester or lactone (6 172.5), eight 
methylenes (6 21.5, 22.8, 25.3, 27.9, 
29.1, 31.6, 39.1, 78.3), two vinylic 
carbons (6 123.9 and 135.1), and six 
oxygen-bearing carbons (6 71.9, 74.6, 

'H and I3C Chemical Shift Assignments of 1 and 2. 

Compound 

1 2' 

6 'H (1 in Hz) 6 "C 6 "  613C 

2.96(dd,8.0,5.3) 41.2(d) 3.36 40.0 
1.68(m) 27.9(t) 1.89 30.3 
2.26(dd, 8.4) 2.36 
3.55 (m) 74.6(d) 3.67 71.9 

80.0 
1.32 (m) 31.6 1.50 32.3 
2.09(m) 1.71 
2.13(m) 22.8 2.08 22.8 
5.47(t,7.1) 123.9(d) 5.53 125.4 

133.5 
1.78 (m) 39.l(t) 1.93 40.4 
2.02 (m) 2.04 
l.ll(m) 25.3(t) 1.27 22.8 
1.85 (m) 1.63 
1.29(m) 29.l(t) 1.14 29.6 
1.45 (m) 1.72 
1.63 41.7(d) 1.86 36.5 
3.85(d,5.6) 71.9(d) 3.18 72.1 
5.39 86.4(d) 4.42 80.0 

137.6 
169.7 

1.55(m),Z.OS(rn) 21.5(t) 5.61(m),6.31(m) 120.0 
1.28(s) 21.5(q) 1.25 19.1 
1.71(s) 16.3(q) 1.58 15.5 
0.94(d,6.9) 15.l(q) 0.92 15.8 
4.58(ddd,8.5,8.5, 78.3(t) - - 

4.83(m, 3.5,9.5, 

- 80.2 (5) - 

- 135.1(s) - 

- 102.1 (s) - 
172.5 (s) - - 

17.9) 

17.9) 

78.3, 80.2,86.4, 102.1). The '3C-nmr 
spectrum of 1 (Table 1) was similar to 
that reported for jeunicin (2) (8), but 
showed no resonance for an exocyclic 
methylene (6 120.0, 137.6). The pres- 
ence of additional resonances at 6 2 1.5, 
78.3, and 102.1 suggested that the 
exocyclic methylene of jeunicin was re- 
placed in 1 by a methylene and two oxy- 
gen-bearing carbons. An APT spectrum 
showed that of the six oxygen-bearing 
carbons in 1, three were methine car- 
bons (6 71.9, 74.6, 86.2), one a 
methylene carbon (6 78.3), and two 
quaternary carbons (6 80.2, 102.1), 
along with eight methylenes and four 
quaternary carbons, suggesting that 1 

'Values for this compound are from Sanduja ct al. (8). 
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has a modified jeunicin structure. A 'H- 
13c COSY spectrum was used to assign 
individual protonated carbons. 

A 'H-'H COSY spectrum showed 
correlations between the vinylic proton 
resonating at 6 5.47 (H-7) and two pro- 
tons resonating at 6 2.28 (H,-6) and 
2.13 (Hb-6) and also to the methyl at 6 
1.7 1 (Me- 19). The protons at 6 2.28 and 
2.13 were coupled to two protons res- 
onating at 6 2.09 (H,-5) and 1.32 (&- 
5), which were also mutually coupled. 
These correlations suggested the pres- 
ence of fragment A in 1. The proton res- 
onating at 6 5.39 (H- 14) was coupled to 
two protons resonating at 6 3.85 (H-13) 
and 2.96 (H-1). The latter was coupled 
to a proton at 6 2.68 (H,-2), which in 
turn was correlated to a proton resonat- 
ing at 6 3.55  (H-3), and connectivity 
stopped there, indicating the pres- 

ence of a quaternary carbon (C-4) next to 
the carbon bearing the 6 3.55  proton. 
These connectivities are compatible with 
fragment B. The presence of a four- 
carbon spin system (fragment C)  was 
discerned by the utilization of a proton 
double quantum coherence EHDQC] spec- 
trum, which showed connectivities with- 
in the highly congested uptield region. 
Thus the methyl at 6 0.94 (Me-20) was 
found to be coupled to a proton at 6 1.63 
(H-12), which in turn was coupled to 
protons resonating at 6 1.29 (Ha- 1 1) and 
1.45 (Hb-ll). The proton at 6 1.29 
was further connected to a proton re- 
sonating at 6 1.85 (H,-lO). Careful in- 
terpretation of the long-range 'H-I3C 
COSY spectrum (Figure 1) linked frag- 
ments A and B together through the 
quaternary carbon C-4 (6 80.4). Both C- 
5 and C-3 were linked to H-18 (three 

A 

9 

20 

B 

FIGURE 1. Three-bond (A) and two- and four-bond (B) long- 
range 'H-I'C connectivities for 1. In all cases, the 
arrows denote correlation pathways which origi- 
nate from the carbon exhibiting the response and 
are directed to the location of the proton to which 
the carbon is coupled. 
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bonds), which placed the Me- 18 on C-4. 
C-4 itself showed connectivities to Ha-2 
(three bonds), and to H- 18 and H-5 (two 
bonds). Fragment C was added by the 
observation in the long-range 'H-13C 
spectrum of two- and three-bond 'H- 
13C correlations linking C- 1 1  to H-20, 
C- 13 to H-20 and Ha- 11 ,  C-20 to H- 12, 
and C- 12 to Ha- 1 1.  Complementary 
utilization of the long-range 'H-13C 
COSY and HDQC spectra completed 
the closure of the fourteen-membered 
cembranoid ring as follows: Connec- 
tivities were observed in the long-range 
'H-13C COSY spectrum, which linked 
C-9 (6 39.1) to the Me- 19 protons whose 
identity had been confirmed by an H-7: 
H- 19 offdiagonal response in the COSY 
spectrum; similarly connectivities be- 
tween H-7 and C- 19, H- 19 and C-7, H- 
19 and C-8, and C-7 and Ha-9 were also 
observed in the long-range 'H-I3C 
COSY spectrum. The C-94-11  
methylene bridge connectivities, as de- 
termined by the HDQC spectrum in 
which the proton at 6 1.85 (Ha-10) was 
coupled to Ha-9 (6 2.02), were also con- 
firmed by the long-range 'H-13C COSY 
spectrum. In the long-range 'H-13C 
COSY, both carbons C-10 and C-11 
showed transfer of magnetization to H- 
1 1.  This spectrum also showed a connec- 
tivity between C-4 (6 80.2) and C-13 (6 
7 1.9), thereby establishing an ether link- 
age between these atoms. Allocation of 
the non-protonated oxycarbon (6 102.1) 
to C-15 in the lactone ring completed 
the assignment of all carbon atoms of 
composite D. Only that atom and two 
methylenes (6 4.58, 4.83 and 1 . 5 5 ,  
2.05) remained unassigned, and the 
methylenes were excluded by the double 
doublet multiplicity of H-1, which has 
already been accounted for. 

The two remaining methylenes 
formed an isolated ethylene bridge, con- 
sisting of the anisochronous oxymethylene 
protons [64 .58(J= 17.9,8.5,8.5 Hz) 
and 6 4.83 ( J =  17.9, 9.5,  3 .5  Hz)} 
which were coupled to only two protons 
(6 1 . 5  5 and 2.05) of a methylene carbon. 

The long-range 'H-13C COSY spectrum 
showed connectivities between Ha-2 1 
and Hb-2 1 and C- 17 (6 2 1 .5 )  and also 
showed correlations of the Ha-17 and 
Hb-17 resonances with c-16 and c-1. 
One of the H- 17 resonances also showed 
correlations to C- 15.  This evidence per- 
mitted incorporation of the two methy- 
lenes between 0-3  and C- 15 as the balance 
of an ether ring, which accounted for the 
last unsaturation equivalent required by 
the molecular formula C21H32O6 as 
determined by elemental analysis ot 
C21H3205 suggested by the 13C and 
APT spectra. However, the simple hy- 
droxyl group at C-15 included in the 
second formula fails to account for the 
unusually high chemical shift (6 102.1) 
of that carbon atom {carbons bearing hy- 
droxyl groups are known to resonate be- 
tween 6 50 and 80 (911. 

Since the largest ion observed in the 
mass spectra of 1 [hrms C21H32O4 (calcd 
348.2300, found 348.2281), cims, 
fabms] contained only four oxygen 
atoms, it was evident that the true 
molecular ion was not observed. Never- 
theless, the mass spectral composition 
required the same number of unsatura- 
tion equivalents as the composition 
based on n m r  spectra. Thus the loss of 
the missing oxygen could not have oc- 
curred via an elimination process, typi- 
cal of alcohols, but must have occurred 
via a rearrangement process. A hydro- 
peroxy group at C- 15 would be compati- 
ble with the mass spectral behavior, as 
observed with cumene hydroperoxide 
[m/z  (rel. int.) 152 (30%), 136 (34%), 
120 (60%), 118 (88%), 105 (40%), and 
91 (loo%)), which undergoes a similar 
type of rearrangment to yield a major 
ion at mlz 120 EM - 32)+. This assign- 
ment is supported by the ir absorbance at 
3560 cm- ' [hydroperoxide absorption 
ranges between 3560 and 3530 cm-' 
(lo)], the presence of an exchangeable 
proton resonance at 6 8.4 in the 'H-nmr 
spectrum when recorded in DMSO, and 
a positive starch iodide test for 
peroxides. Repeated attempts, under 
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various conditions, to reduce the hydro- 
peroxide functionality in 1 with NaBH4 
failed to give a product(s) which could be 
separated and identified. Natural hydro- 
peroxides have been reported to be both 
non-amenable ( 11) and amenable ( 12) to 
NaBH4 reduction. On the basis of 2D 
n m r  spectroscopy, structure 1 was as- 
signed to plaxanool. 

The stereochemistry of 1 was assigned 
on the basis of an nOe difference spec- 
trum [4K data points and 2.5 Hz line 
broadening]. Cis orientation of the H-3 
and H- 13 pair was based upon a large 
nOe of 15.2%. Similarly H-1 was cis- 
oriented toH-14(8.4% nOe),andH-12 
had a cis orientation in relation to H- 13 
(7.9% nOe). Irradiation of €4-3, in addi- 
tion to affording the large nOe observed 
at H- 13, also gave a smaller (5.7 % nOe) 
at one of the H- 17 protons, suggesting a 
f3 orientation of the ethylene bridge. 
This smaller nOe is in agreement with a 
spatial distance of about 3.08 A (be- 
tween H-3a and one of the methylene 
protons) in a molecular model as com- 
pared to a distance of 2.15 A between H- 
3 a  and H- 13. A molecular model of 1 
with ethylene bridge in a orientation 
places the closest H- 17 proton at a 4.6 A 
distance, thereby eliminating the possi- 
bility of observing any nOe enhance- 
ment (13). A trans orientation for H-14 
and H-13 is based on a relatively small 
(1.7%) nOe. Similarly, absence of an 
nOe at H-18, when H-3 was irradiated, 
suggested an a orientation of Me-18. 
The possibility of 1 being an artifact was 
eliminated because extracts of six differ- 
ent samples, collected at various times 
and stored in different freezers, were 
found to contain 1 when analyzed by 
hplc. Planaxool showed cytotoxicity 
(IClm) against L1210 (mouse murine 
leukemia) cell line at a level of 2.4 pg/ 
ml. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES- 

Mp was recorded on a Fisher-Johns apparatus, 
and ir was recorded on a Perkin-Elmer Model 283 

spectrometer. Rotation was recorded on a Perkin- 
Elmer Model 141 polarimeter. Both cims (CH4 as 
carrier) and eims were recorded on a Finnigan 
model 1020 spectrometer equipped with an 
INCOS data system. All nmr spectra were re- 
corded in CDCI, (unless otherwise specified) at 
observation frequencies of 300.068 and 75 MHz 
for 'H and I3C, respectively. The 'H-'H COSY 
spectrum (14) was recorded using phase cycling 
to give quadrature detection in both frequency 
domains (15); the HDQC spectrum was recorded 
using the pulse sequence and phase cycling previ- 
ously described (15).  1H-'3C COSY spectrum 
was recorded using the pulse sequence described 
by Bax and Morris (16), while the long-range 'H- 
13C COSY was recorded according to the pulse 
sequence as described by Salazar et af. (17). 

P .  sulcutus was collected and identified by Dr. 
R.E. Schroeder from Heron Island offthe coast of 
Queensland, Australia in 1974. A voucher speci- 
men of P .  sukatru is deposited in the specimen 
collection of the Department of Medicinal 
Chemistry, University of Houston. The iPrOH 
extract of the mollusk was concentrated and 
stored in a freezer until processed. The residue 
from the iPrOH extract (9.7 g) was defatted with 
hexane and partitioned between CHCI, and 10% 
aqueous MeOH. The CHCI, extract was 
chromatographed on an LH 20 ( 1 . 5  X 60 cm) col- 
umn using CHC1,-MeOH (95:5) as the eluting 
solvent. Fractions 49-79 (8 ml each) were com- 
bined, on the basis of tlc (Si gel 60, CHC1,- 
MeOH (95:5)], to give a residue (185.7 mg), 
which was rechromatographed on a Si gel column 
( 1 . 5  X 60 cm). A linear gradient of MeOH in 
CHCI, (0.5 to 5%, 400 ml total volume) was 
used as eluting solvent. Fractions of 5 ml were 
collected and combined on the basis of tlc [Si gel 
60, solvent CHC1,-MeOH (95:5)]. Fractions 19- 
29 contained one major compound along with a 
small amount of impurity.Hplc (Si gel cartridge 
in a radial compression module (Waters As- 
sociates), 2% MeOH in CHCI, as the mobile 
phase] of the residue from the combined fractions 
19-29 gave 1 as a low melting solid (29.15 mg): 
mp 58", (U]D=-219 (c=O.621, CHCI,); ir 
(CC14) Y max 3560 (hydroperoxide), 3050 
(C=C), 1765 (y lactone), 1125 (C-0-C); 'H and 
13C nmr see Table 1. Found C 65.95, H 8.52; 
calcdforC21H3206, C66.31 ,  H8.42 .  

ACKNOWLEDGMENTS 

This work was supported in part by a grant 
from the University of Houston Coastal Center. 

LITERATURE CITED 

1. A.J. Weinheimer, C.W.J. Chang, and 
J.A. Mastson, in: "Fortschritte der Chemie 
Organischer Naturstoffe." Ed. by W.  
Hen,  H. Grisebach, and G.W. Kirby, 



May 19337 Alam et al.: Cytotoxic Cembranoid 779 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Springer-Verlag, New York, 1979, Vol. 
36, pp. 285-387. 
D.J. Faulkner, Natf. Prod. Rep., 8, 97 
(lwl), and previous papea in that series. 
J.P. Edwards and J. Chambers, J .  C h .  
Erof., 10, 1731 (1984). 
D.E. Wiemer, J. Meinwald, G.D. Prest- 
wich, and I. Miura, J .  Org. C h . ,  44, 
3950 (1979). 
M. Alam, R. Sanduja, and A.J. Wein- 
heimer, Stnoid, 52, 45 (1988). 
G.S. Linz, R. Sanduja, A.J. Weinheimer, 
M. Alam, and G.E. Martin, Tetrahcdnm 
Lctr., 27,4383 (1986) 
R. Sanduja, S.K. Sanduja, A.J. Wein- 
heimer, and M. Alam, J .  Nat. Prod.,  49, 
7 18 (1986). 
R. Sanduja, G.S. Linz, E.L. Ezell, M. 
Alam, A.J. Weinheimer, and G.E. Mar- 
tin, J .  Hetemyclc c h . ,  23, 529 (1986). 
F.W. Wehrli and T. Wirthlin, “Interpre- 
tation of Carbon-13 NMR Spectra,” 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

K. Nakanishi and P.H. Solomon, “Infrared 
Spectroscopy,” Holden-Day, San Fran- 
cisco, 1977, p. 25. 
B.M. Howard, W .  Fenical, J. Finar, K. 
Hirotsu, and J. Clardy, J .  Am. C h .  SW., 
99,6440 (1977). 
C.A. Harris, M.T. Burch, and W .  Fenical, 
Tetrabedm L t t . ,  29, 4361 (1988). 
R. Schirmer, R. J. Noggle, J. P. Davis, and 
P A .  Hart, J .  Am. C h .  Sor., 92, 3266 
(1970). 
A. Bax and R. Freeman, J. Magn. Ruon., 
44, 542 (198 1). 
G.E. Marcin, R. Sanduja, and M. Alam, J .  
Org. C h . ,  50, 2383 (1985), and refer- 
ences cited therein. 
A. Bax and G.A. Morris, J .  Magn. Ruon., 
42, 501 (1981). 
M. Salazar, A.S. Zektzer, and G.E. Mar- 
tin, Magn. Ruon. c h . ,  25, 753 (1987), 
and references cited therein. 

Heyden, Philadelphia, 1978, pp. 36-37. Rereid 20 July 1992 


