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In their recent study of the nature of high energy bonds, 
George et al." concluded that solvation effects contributed 
very importantly, perhaps more than intramolecular effects, 
to the large negative enthalpy (and free energy)12 of hydrol
ysis of "high energy" P-O-P bonds. The similarity in our 
calculated AE for reactions 1 and 2 would imply that the 
known high-energy nature of the former reaction is not en
tirely due to intramolecular electronic effects. Unfortunate
ly, our minimal basis set calculations are probably not suffi
ciently accurate to allow one to place great confidence in 
differences of just a few kilocalories per mole.13 

A comparison of the calculated hydrolysis energy of 
-HO3POPO3H- with H2O3POPO3H2 indicates that, in 
the gas phase, electrostatic repulsions are important in de
termining the "high energy" nature of the former molecule. 
However, the similarity of the experimental enthalpies of 
hydrolysis of H2O3POPO3H2 and -HO3POPO3H- in 
aqueous solution (—7.6 and —6.8 kcal/mol)11 would imply 
that these electrostatic effects are diminished either by as
sociation with counterions or by the large dielectric con
stant of water. Our calculated gas phase energy of hydroly
sis of -HO3POPO3H- indicates that its solvation energy 
should be 209 rather than 134 kcal/mol as estimated by 
George et al.14 

In contrast to the probable important contribution of sol
vation to high energy phosphate bonds, the "high energy" 
nature of carboxylic acid anhydrides is more clearly a result 
of intramolecular effects (described by George et al. as "op
posing resonance" l 5). The precise role of solvation in other 
biologically important molecules with high group-transfer 
potentials and a further characterization of their electronic 
structure will be subjects of further studies. In addition, we 
hope that examination of reactions 1-6 with more extended 
basis sets16 will yield a more precise measure of their hy
drolysis energies. 
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9-Isocyanopupukeanane, a Marine Invertebrate Allomone 
with a New Sesquiterpene Skeleton1 

Sir: 

An observation by Johannes,2 that the nudibranch Phyl-
lidia varicosa Lamarck, 1801 secretes a strong and unusu
ally smelling, heat-stable, volatile substance, lethal to fish 
and crustaceans, has led us to the isolation of this metabo
lite from P. varicosa and also from its prey, a sponge, Hy-
meniacidon sp. This secretion, which protects the delicate, 
shell-less, brightly colored opisthobranch mollusk from its 
predators, and which at the same time is the allomone of 
the browser-prey relationship, has the structure of a tricy
clic sesquiterpene isocyanide with a new, rearranged isopre-
noid skeleton (1). 

Locating and netting the relatively rare P. varicosa by 
SCUBA and maintaining the mollusks in aquaria proved to 
be difficult. By gently squeezing and rinsing 20 animals 
with sea water we gradually accumulated sufficient mucus 
for purification by vacuum distillation of the wet salty se
cretion, followed by extraction of the distillate with methy
lene chloride, TLC on alumina (methylene chloride-hex-
ane, 15:85, Rf 0.6), thus yielding 20 mg of a mobile oil with 
the typical odor of the animal and lethal to fish. We charac
terized this metabolite as an isocyanide {vmd% 2120 cm -1; 
thermal isomerization to nitrile, cmax 2250 cm -1; acid hy
drolysis to formamide, Kmax 1685 cm -1) possessing a sesqui-
terpenoid (C|6H2sN; highest m/e 205, prominent losses of 
Me2CH, Me; isopropyl doublet of doublets and tertiary 
methyls in NMR) skeleton, which clearly differed from a 
sponge-derived bicyclic isocyanosesquiterpene which we 
were studying.3 

Luckily one of us (B.J.B.), while diving off Pupukea on 
the north shore of Oahu, observed P. varicosa feeding on an 
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Figure 1. A computer generated drawing of the phenylthiourea deriva
tive of 9-isocyanopupukeanane. Both molecules in the asymmetric unit 
are identical within experimental error, and only one is shown. Hydro
gens are omitted for clarity, and no absolute configuration is implied. 

off-white sponge, Hymeniacidon sp. Ethanol extraction of 
240 g (dry) of sponge yielded 6 g of an oily mixture, from 
which we isolated 2 g of isocyanide by TLC (silica gel, hex-
ane, short wavelength uv detection, R/ 0.3), identical with 
the Phyllidia isocyanide (ir, NMR, small negative rotation 
[a]D - 5 ° or - 9 ° (c 3.0, 3.7 CCl4)). We confirmed the tri
cyclic nature of the isocyanide by converting it (Li, 
EtNH2)4 to its parent hydrocarbon (2), [ « ] D - 1 7 ° (c 3.6, 
CCl4) which exhibited 15 13C N M R signals between 18.6 
and 54.0 ppm (TMS = 0) and which resisted Pd-C or Se 
dehydrogenation. 

I R = NC 
2 R = H 
3,R = NH, 
4,R = O 
5,R = N(CH11)C(S)NHC11H, 

We attempted to relate the isocyanide to a known sesqui-
terpenoid by successive transformation (6 TV HCl, 4 hr re
flux, N2) to amine 3 (m/e 221, 100%); hence without purifi
cation of intermediates to the chloramine (iV-chlorosuccini-
mide in CeH6, 1 hr reflux), to the imine (0.9 M NaOEt in 
EtOH), and finally (10% H2SO4 , reflux 1 hr) to the ketone 
4, which was purified by TLC (silica gel, hexane-benzene, 
9:1, uv, R1 0.3) to an oil, [a]D - 4 8 ° (c 0.54, CCl4), «»max 

1720 c m - 1 . We had hoped that this ketone might be identi
cal with a known tricyclic sesquiterpene ketone, either copa-
camphor,5 [a]D +98.7°, emax 1738 cm"1 ,6 or ylangocam-
phor,7 [a]D -51.1°, vmax 1733 c m - ' , but ir and rotation 
data, reinforced by direct spectral comparison8 with both 
compounds, proved that our isocyanide was unrelated to 
any known sesquiterpene. 

We therefore converted the isocyanide to its formamide 
(HOAc), hence by LAH to the methylamine (m/e 235 (63), 
204 (100%)), which reacted with phenylisothiocyanate to 
yield a crystalline phenylthiourea, 5, mp 149-151°, from 
EtOH, the structure of which was secured by X-ray diffrac
tion. The phenylthiourea derivative (5) crystallizes as very 
thin plates in the uniquely determined space group P2i with 
a = 13.837 (3) A, b = 9.989 (2) A, c = 16.803 (3) A and /S 
= 110.27 (1)°. A calculated (for Z = 4) and measured den
sity of 1.13 g/cm3 indicated two molecules per asymmetric 
unit. 

All unique data were collected using an oj-scan technique 
and graphite monochromated Cu Ka (1.5418 A) radiation. 
Only 1709 of the 3487 reflections with 0 < 114° were 
judged observed (F0 > 3<r(F0)) after correction for Lorentz, 
polarization, and background effects. The structure was 
solved routinely using a weighted tangent formula ap
proach.9 Full-matrix least-squares refinement with aniso
tropic temperature factors for all non-hydrogen atoms and 
fixed temperature factors for hydrogens has reduced the 
conventional discrepancy index to its present value of 
8.99. ,0 

A computer generated drawing of the X-ray model is 
presented in Figure 1. Both molecules in the asymmetric 
unit are identical within experimental error. We propose to 
name this new, rearranged sesquiterpene ring system pu-
pukeanane (l,3-dimethyI-5-isopropyl[4.3.1.03'7]decane) 
after the place where the mollusk and sponge were collect
ed. See paragraph at end of paper regarding supplementary 
material. 
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