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Summary- Halitunal(l), a novel diterpene aldehyde possesing a unique cyclopentadieno{c]pyran ring system,
has been isolated from the marine alga Halimeda tuna. The structure of 1 was elucidated by spectroscopic
techniques. Halitunal shows antiviral activity against murine coronavirus A59 in-vitro,

Calcareous algae of the genus Halimeda have been the subject of a number of in-depth chemical
investigations, due mainly to the fact that these organisms elaborate an array of biologically active terpenoid
metabolites.!> These studies have mainly focussed on the role played by these compounds in the chemical
defense mechanisms of both the alga and its associated herbivores. 1 As part of our ongoing program to
isolate new antiviral compounds from marine organisms we collected a sample of Halimeda tuna, the crude
extract of which showed significant in-vitro activity against murine coronavirus strain A59.5 We report here the
isolation and structure elucidation of halitunal(1), the major antiviral constituent of this extract.

The sample of Halimeda tuna was collected by scuba near Chub Point in the Bahamas at a depth of 80 feet,
and quickly frozen for transport. A 54 gram sample of thawed wet alga was extracted twice with 3:1
methanol:toluene and the extracts combined to give 131 mg of crude material afier solvent removal. The crude
solids were partitioned between water and n-butanol. The butanol fraction, which contained the antiviral
activity, was chromatographed by reversed phase vacumn liquid chromatography (Cyg, step gradient of 30%-
100% CH;CN:H,0O in 10% steps). Antiviral fractions were subsequently chromatographed by HPLC on silica
gel in 25%-50% FiOAchexane or 5% isopropanol:hexane to give 5.6 mg of 1.5 (0.01% wet weight of alga,
4.3% of crude extract).
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Halitunal was assigned a molecular formula of Cy,HycQ4 by HREIMS. The 13C NMR spectrum showed 22
resonances which, together with a DEPT’ experiment, showed seven sp? singlets, seven sp? doublets, of which
one at & 184.9 was assigned to the carbonyl of an «, B unsaturated aldehyde, one sp® doublet, three methylenes
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and four methyl carbons. The 'H NMR spectrum featured signals for an aldehyde proton at 8 9.96, six olefinic
protons at 5 9.04 (s), 7.41 (d, J= 3.3 Hz), 6.68 (dd, J= 3.3, 0.8 Hz), 6.89 (s, 5.12 (dq, J= 9.1, 1.2 Hz),and 5.02
(m), benzylic protons at 2.88 (ddd, J= 13.7, 5.6, 0.6) and 2.43 (dd, J= 13.7, 7.7 Hz), a deshielded methine at
6.03 (ddd, J= 9.1, 7.7, 5.6 Hz), a pair of 2-proton methylene signals at & 1.87 and 1.83, and four deshielded
methyl groups. The results of a DQF-COSY experiment®, a long range COSY experiment?, an HMQC!
experiment and an inspection of literature values previously reported for a Halimeda bis-nor diterpene acetate?
clearly estabished the presence of partial structure A (Figure 1)in 1.

1.45 164
17.8 H 183

Figure 1. Partial structures and 'H, 13C NMR chemical shift values for 1.

Aside from partial structure A, a total of seven degrees of unsaturation remain to be accounted for in the
molecule, of which 5 are required by the remaining 8 olefinic carbon atoms and aldehyde group. Thus the
remaining portion of the molecule must contain two rings. Due to the numerous remaining quaternary centers
and limited amount of pure compound, we utilized an HMBC experiment!! to establish the remaining
connectivities, HMBC cross peaks were observed from H17 to C1, C6, C7, and from HI to C17, C6 and C3.
Carbons C1 and C17 must be attached to the remaining oxygen due to their chemical shifts and large one-bond
heteronuclear J values (Jog= 198 and 200 Hz for C1 and C17 respectively), and must both be adjacent to
quaternary carbons since H1 and H17 are both singlets. Two and three-bond HMBC correlations allow
placement of C7 adjacent to C17 and C6 adjacent to C7. A long range COSY experiment® showed a W-type
H1-H17 coupling. These data are fully consistent with partial structure B in Figure 1.

The C16 aldehyde group was placed on C3 by virtue of a large HMBC correlation to H16, with an apparent
two-bond CH coupling of ca. 24 Hz'>13, and C2 was attached to C3 due to an HMBC correlation to C2 from
the H16 aldehyde proton. HMBC correlations from H4 to C3, C16 , C5 and C6 along with correlations from HS
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to C3, C4, C6, and C2 establish the cyclopentadiene partial structure C in Figure 1. A 3-bond HMBC
correlation from H1 to C3 necessitates attachment of C1 to C2. A C7-C6 bond is indicated by a 3-bond HMBC
correlation from H17 to C6, thus completing the fusion of partial structures B and C. The attachment of partial
structure A at C7 can be made due to HMBC correlations from HS8 to C7 (two bond), C17 and C6 (both
three-bond). This completes the overall connectivity assignment, which is shown in Figure 2 with all HMBC

correlations observed.

Figure 2. HMBC Correlations for 1.

A straightforward biosynthetic pathway giving rise to 1 can be envisioned starting from the known
diterpenoid tetra-acetate 2 , previously reported as a major metabolite of Halimeda tuna? As shown in Figure
3, cyclization of enol acetate 2 results in an intermediate 3, which, after loss of two molecules of acetic acid,

rearrangement and hydrolysis, yields 1.

0  oAc

CHO

OAc

Figure 3. Proposed biosynthetic scheme for 1.
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