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PLOCAMENONE, A UNIQUE HALOGENATED MONOTERPENE FROM THE RED ALGA, PLOCAMIUM

Donald B. Stierle*
Department of Chemistry and Geochemistry
Montana College of Mineral Science and Technology
Butte, MT 59701

James J. Sims
Departments of Plant Pathology and Chemistry
University of California
Riverside, CA 92521

Abstract

The unique halogenated monoterpene, 7-bromo-2,6-dimethyl-4,4,8-trichloro-1,5(z)-octadiene-
3-one, was isolated from the marine red alga Plocamium.

Polyhalogenated monoterpenes have been reported from several species of the genus
Plocamium!»?. Qur examination of a Plocamium species, collected off the coast of New South
Wales, Australia, has revealed a new polyhalogenated monoterpene ketone, 1. Ketone 1 was iso-
Tated as the major constituent from the alga by extraction with hexane followed by silica gel
chromatography.

Ketone 1_[a]d = -17.3 (CHC13), (1.6% dry weight) was shown to have the formula CyoH,,BrCl50
by high resolution mass spectrometry. The presence of an unsaturated ketone was shown by the
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carbonyl band at 5.95u in the IR spectrum and the absorption, A(max )
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in the UV spectrum. The pmr spectrum (220 MHz, CCl,) contained a sharp olefinic singlet at
6.186 and a broadened, two-proton olefinic multiplet, at 6.068 that was coupled to an olefinic
methyl at 1.958. This indicated the partial structures
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The pmr spectrum also contained three mutually coupled doublet of doublets at 3.70 (J = 12.5,
9.4 Hz), 4.21 (J = 12.5, 3.1 Hz) and 4.35s (J = 9.4, 2.1 Hz) indicative of the partial structure
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In addition, the pmr spectrum contained a methyl singlet at 1.74%.

The cmr spectrum of ketone 1 showed four olefinic carbon atoms (141.6, s; 133.0, s; 130.9,
t; 129.8 ppm, d)} a quaternary carbon (68.8, s) and four additional carbons at 61.9 (d), 46.1
(t), 26.7 (q) and 16.2 {q). The ketone carbon appeared at 191.2 ppm (s) which was shifted about
10 ppm upfield from a simple unsaturated ketone. The presence of two chlorine atoms alpha to
the carbonyl can explain this high field shift3.

The placement of the single bromine atom in 1 was accomplished by consideration of the mass
spectral fragmentation pattern and calculation of cmr chemical shifts. The isotopic cluster
pattern at 191, 193, 195 in the low resolution EI! spectrum displayed a Cl, pattern and indicated
the loss of a C,H3CI1Br fragment. Assuming the position of the bromine at C; or Cg and using a
modified Lindeman and Adams approach* to calculate carbon chemical shifts, the best fit was
obtained by placing the bromine at C;.

The stereochemistry of the internal double bond was deduced by consideration of the cmr
chemical shifts of the methyl carbons. The upfield methyl carbon (16.2 ppm) was assigned to the
enone methyl by comparison to the vinyl methyl in 3-methyl-3-butene-2-one (17.0 ppm)>. The
downfield shift of the other methyl (26.7 ppm) indicates the Z stereochemistry for the double
bond®.

Treatment of 1 with O3 in methanol at -78°C followed by reduction of thc ozonide by cataly-
tic hydrogenation gave selective cleavage of the disubstituted double bond to yield diketone 2.
Yhen diketone 2 was treated with o-phenylenediamine at 100°C it gave the quinoxaline 37.
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When 1 was treated with sodium methoxide in methanol for two hours an interesting rear-
rangement occurred. The product had a molecular formula of C;,H;5C1,03 and showed Tosses of C1
and CyH30, in the EI mass spectrum. The IR (5.75u), pmr® and cmr?® spectra indicated the pres-
ence of a methyl ester, three carbons attached to oxygen and a conjugated diene (uv, ATESE.)
248 nm). The structure of this rearranged product was assigned that of 4. The ketone 1 is

believed to have undergone a modified Favorskii rearrangement as in the Figure.
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Plocamenone is unique in several respects to halogenated monoterpenes isolated from other
Plocamium species. It contains a dichloromethylene group and a ketone, both of which are unigue
to plocamenone. The proximity of these two groups gives this molecule some of its interesting
chemical reactivity. This may be why plocamenone has been shown to be a potent mutagen in the
Ames reversion assay, much more potent than other Plocamium metabolites!O.
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