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The first biosynthetic in vitro evidence for marine

natural bromo-ethers by using lactoperoxidase is reported.

More than fifty compounds of small and medium sized cyclic halo-ethers
having straight Cls—chained skeletons have been isolated from marine ori-

1)

gins such as red algae, Laurencia species and sea hare, Aplysia spe-

cies.?) Highly labile trans- and cis-laurediols (1 and 3)3) isolated from
L. nipponica have been assumed to be the common biogenetic precursors of
the bromo-ethers and to be generated from laurencenynes §4) (Scheme 1).
However, any attempts to establish 1 and 2 as the real precursors have not
yet been reported.s)

ments that the olefin diols (4, 5, and 6) were internally cyclized by

In this paper we describe as the preliminary experi-

lactoperoxidase (LPO) in the presence of hydrogen peroxide (H202) and bro-
mide ion (Br ) to yield cyclic bromo-ethers. The results would provide in
vitro model studies for clarifying the biosynthetic role of 1 and 2.
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Scheme 1. Plausible biogenesis for cyclic bromo-ether compounds.
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Although we could detect the activity of bromoperoxidase6’7)

fractions extracted from L. nipponica, it has been found to be rather dif-
ficult to purify the enzyme at the present stage. Accordingly, we employed
commercially available LP08) for our biosynthetic studies, because of its

in crude

known enzymatic properties as well as its character corresponding to bromo-
peroxidase.

(65,75,9E) -9-Pentadecene-6,7-diol 39) (18 mg, 74 nmol, 3.7 mM) as the
substrate was dissolved in dimethyl sulfoxide (0.2 ml) and the solution was
injected into phosphate buffer (pH 5.5, 50 mM, 20 ml) containing sodium
bromide (60 nmol, 3 mM). To the mixture was added an aliquot of each so-
lution of H202 (16 nmol, 0.80 mM)lO) and LPO (32 nM) dividing into twelve
portions during 2 h. The mixture was stirred in the dark at 23 °C for 24 h
and extracted twice with ethyl acetate. The extracts were washed with dis-
tilled water, dried, and concentrated. The residue was then chromatograph-
ed over silica gel and purified by HPLC to give the bromo-ether _}l) (2.1
ng, 8.8%, 40.6%*),10) the recovered starting material (13 mg, 72%), and a
mixture of bromohydrins (3.1 mg, 12.3%, 56.9%*%), which was not further
characterized (Scheme 2). The bromohydrins, when repeatedly subjected to
the same reaction conditions, gave no bromo-ethers. The results eliminate
the possibility of bromo-ether cyclization via a bromohydrin pathway.lz)

On the other hand, when the (9Z)-isomer _?) (17.0 mg, 35 nmol, 3.5 mM) was
treated under the same conditions, two bromo-ethers, §}3) (0.53 mg, 2.35%,
10.3%*) and 9 (0.27 mg, 1.2%, 5.25%*), were obtained along with bromo-
hydrins (4.5 mg, 18.6%, 81.2%*) and the recovered starting material (11.0
mg, 64.7%). The structures of three bromo-ethers 7, 8, and 9 were estab-
lished by lH NMR spectra combined with homo spin decoupling measurements.
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Scheme 2. Bromo-ether cyclization of olefin alcohols (4, 5, and 6).
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Fig. 1. The NOE measurement of the cyclized products (7 and 8).

Absolute configurations at C-9 and C-10 were determined based on the NOE
experiments depicted in Fig. 1. The whole structures of 7 and 8 are thus
represented as (6S,78,95,10R)- and (6S,75,9R,10S)-9-bromo-7,10-epoxy-6-hy-
droxypentadecanes, respectively. The compound 9 was identical with the
known oxolane derived from isolaureatin.l)
Finally, the substrate 6, (65,75,122)—l2—pentadecene-6,7—diol, (16.1
mg) was subjected to enzymatic reaction under the same conditions as men-
tioned above to afford the desired eight-membered bromo-ether 10 (0.3 mg,
1.4%, 5.8%*) and bromohydrins (3.9 mg, 17.5%, 72.2%*) as major products
with the recovered starting material (8.7 mg, 54.0%). Compound 10 was
identical in all respects with deacetyloctahydrolaurencin prepared from

9)

natural laurencin.

In view of the chemical reaction mechanisms, bromo-cationic etherifi-
cation of the substrates, 4 and 5, via the corresponding bridged bromonium
intermediates would possibly give rise to four cyclic bromo-ether products,
respectively. However, the enzymatic reactions produced only endocyclic

bromo-oxolanes from these olefin diols, respectively. It is to be noted
that (E)-olefin alcohol cyclizes exclusively in an anti-addition manner,
while the (Z)-isomer both in anti- and syn-addition manners. The results
indicate that LPO has a high regio-~ but a low stereo-selectivity for these
enzymatic reactions. Conversion of 6 into the eight-membered bromo-ether
10 reveals that there should be a conformationally implicit role of LPO on
the enzymatic reaction, since the internal bromo-cyclization of 6 never
proceeded so far with any chemical reagents generating positive bromine
(i.e., N-bromosuccinimide or 2,4,4,6-tetrabromocyclohexane-2,5~-dien~1-one).
Consequently, we conclude that LPO clearly recognized the olefin alco-
hols 4, 5, and 6 as analogues of laurediols, and that laurediols 1 and 2
would be strongly suggested to be the real biosynthetic precursors of vari-
ous cyclic bromo-ether metabolites in marine origins. The corresponding
enzymatic reactions with highly unstable laurediols 1 and 2 as the ultimate

goals are now in progress.
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