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ABSTRACT

A hypothesis concerning the biosynthesis of the marine natural product family the obtusallenes is proposed. Multiple electrophilic bromination
events are invoked.

Obtusallene I (1) (Figure 1) was reported in 1982 after
isolation from the red algaeLaurencia obtusacollected at
Gökceada in the Aegean sea, and the structure was elucidated
by NMR and by X-ray crystallographic methods.1 Subse-
quently, 10-bromoobtusallene (1a),2 obtusallenes II (2) and
III (3),3 obtusallene IV (4),4,5 and obtusallenes V-IX (5-9)
have all been reported.6 The obtusallenes belong to a wider
family of halogenated C15-acetogenins isolated from red algae
and seaweeds of the speciesLaurencia. Members of the
wider family typically display a five- to nine-membered
central acetogenic ring, with one bromine atomâ to the
acetogenic oxygen and an enyne or bromoallene unit.7,8 In a
series of experiments, Murai has shown that selected

compounds can be derived from the straight-chain C15-fatty
acid derived laurediol (10) via electrophilic bromoetherifi-
cation.9 Murai has also shown that the electrophilic bromine
is generated enzymatically by the action of bromoperoxidase
on bromide anion. Selected bromocyclizations in these
systems have also been realized chemically.10

The obtusallenes are a subset of the family of metabolites
isolated fromLaurenciaspecies, in that they are the only
members of the family to be oxygenated at C14 and they
contain a macrocyclic ring (we propose that these two facts
are intimately related). With the exception of obtusallene IV,
they all display a bromoallene unit with anR configuration
(obtusallene IV isS) and theS C4-configuration (Rfor
obtusallene IV). The contiguous C15 chain of laurediol10
can be clearly identified in all of the obtusallenes as shown
by the numbering on the structures. From the work of Murai,
it seems reasonable to suggest that these compounds derive
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from laurediol 10 (or a closely related precursor) and
electrophilic bromination events. To date, however, no
synthesis (or partial synthesis) of any obtusallene has been
reported, and no biosynthetic hypotheses for the obtusallenes
has been suggested.

Murai has concisely summarized the possible biosynthetic
origins of laurediol supported by the isolation of various
acyclic polyunsaturated compounds, ultimately leading back
to Z,Z,Z-hexadeca-4,7,10-trienoic acid.9 A key intermediate
en route to laurediol has been suggested to be (Z)-6,7-epoxide
11. Laurediol10 can then be obtained by ring-opening of
the epoxide with water. Our hypothesis commences with
nucleophilic ring-opening of the epoxide11 with chloride
anion instead to providethreo-hydroxychloride12 (Scheme
1). Subsequent bromonium ion formation at the C9-C10

olefin followed by a 5-exocyclization creates the tetrahy-
drofuran ring of13. A secondbromonium ion formation at
C12-C13 with an intramolecular attack of the nucleophilic
oxygen of the tetrahydrofuran ring gives intermediate oxo-
nium ion14, which can fragment to give the allylic bromide
15. SN2′ displacement with water gives the C14-alcohol16.11

A subsequent delivery of athird electrophilic bromine to

the enyne at C1 allows for a macrobromoetherification with
the newly created hydroxy group at C14 acting as the
nucleophile attacking C4. This step is particularly attractive
since it simultaneously creates both the macrocycle and the
bromoallene motif. We propose that this macrocyclisation
is controlled by a gauche conformation of the bromo ether
motif at C9-C10 to preorganize the allylic alcohol side-chain
for nucleophilic attack at C4. Moreover, attack on one face
of the enyne would lead to obtusallene IV (4), attack on the
other would give obtusallene II (2).12 The hypothetical overall
transformation of epoxide11 into obtusallenes II and IV
therefore requires only chloride anion, electrophilic bromine,
a nominal base, and water. Further, we herein propose that
obtusallene II (2) is the biosynthetic precursor of all the
remaining obtusallenes and they all derive from a common
fourth bromination event (vide infra).

Inspection of the known X-ray crystal structure for
obtusallene II (2) shows that the closest transannular contact

(11) One reviewer suggested that this process may occur with participa-
tion of the tetrahydrofuran oxygen atom.
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could ariseeither by synaddition to anE-enyne or byanti adddition to a
Z-enyne. Since laurediol has been isolated with bothE and Z enyne
configurations (see: Kurosawa, E.; Fukuzawa, A.; Irie, T.Tetrahedron Lett.
1972, 13, 2121-2124), this is an issue that will require experimental
determination.

Figure 1. Obtusallene family.

Scheme 1. Proposed Biosynthesis of Obtusallenes II and IV
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is between the THF ether oxygen and C12 at 2.79(2) Å. It
seems reasonable to suggest that further bromonium ion
formation could occur on theexoface of C12-C13 transolefin
of obtusallene II (2) followed by transannular attack of the
THF ether oxygen. Exploring this postulate and allowing the
THF oxygen to attack at either end of the C12-C13 bromo-
nium ion17 via a6-endo(C13) or 5-exo(C12) process gives
rise to two different tricyclic oxonium ions (Scheme 2). For
the 6-endo process, stereospecific bromonium ion ring-
opening generates oxonium ion18 with three contiguous
chiral centers at C12-C14 with the same relative and absolute
configurations reported (and confirmed by X-ray crystal-
lography) for the C12-C14 fragment of obtusallene I (1).
Fragmentation (blue pathway) can occur byanti-periplanar
elimination of the pseudo-equatorial proton at C5 to give
pyran19 with a newE-double bond at C5-C6. Subsequent
facileanti-periplanar elimination of HBr across C9-C10 gives
rise to obtusallene I (1)1 where all the stereochemistry is
correctly set;anti-periplanar elimination of equatorial bro-
mide from C12 cannot occur. 10-Bromoobtusallene (1a)2 can
be generated by further bromination of the reactive newly
formed C9-C10 enol ether of1 at C10 followed by loss of a
proton and regeneration of the (bromo)enol. Alternatively,
from 18 (red pathway) fragmentation can occur by the
participation of theanti-periplanar bromide at C10, to form
a new bromonium ion20. The newly formed ether oxygen

can reattack at C9 (to regenerate18) or attack at C10 to invert
the stereochemistry at this position and stereospecifically
relocate the bromine at C9 giving 21. Anti-periplanar
fragmentation reveals newtrans olefin 22 and a new
tetrahydrofuran spanning C10 to C13. Transannular attack of
the new tetrahydrofuran oxygen on the allylic chloride
generates new tricyclic oxonium ion23: attack by water,
and invoking the principle of microscopic reversibility,
generates theR-alcohol at C7 and atrans olefin at C5-C6.
Double SN2 displacement of the two bromides at C9 and C12

of with water with inversion of configuration gives obtus-
allene III (3), where the relative and absolute stereochem-
istries have been secured by X-ray crystallography.3 It is clear
that this mechanistic scheme successfully rationalizes the
formation of obtusallene I (1), 10-bromoobtusallene (1a), and
obtusallene III (3) using a common bromination event and
subsequent rearrangement and correctly predicts the known
stereochemistry.

For the5-exoprocess, attack of the THF ether oxygen at
C12 in 17 gives rise to tricyclic intermediate24. In this case,
molecular modeling reveals that there are noanti-periplanar
groups available to initiate a fragmentation. Instead, SN2
attack by water with inversion of configuration at C6 (an S
configuration at C6 for obtusallenes is a signature for this)
leads directly to bicyclo[8.2.1]tridecane25. This has the same
carbon framework and identical absolute and relative stere-

Scheme 2. Proposed Biosynthetic Conversion of Obtusallene II into the Other Obtusallenes
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ochemistries for all eight stereocenters as reported for
obtusallene VII (7)6 (structure deduced by1H NMR).
However, the relative position of the chlorine and bromine
atoms at C7 and C13, respectively, are interchanged.Anti-
periplanar elimination of HBr from25 across C9-C10 (anti-
periplanar elimination of bromide from C13 cannot occur),
followed by electrophilic bromination or protonation (E)
H, Br) of the resulting enol ether gives rise to intermediate
26. This is subject to intramolecular attack by the new
hydroxyl group at C6 generating spiroketal27. The two
possible products (E) H, Br) correspond to the correct
carbon framework and identical absolute and relative con-
figuration for all eight stereocentres reported for obtusallene
V (E ) Br) (5) and VI (E) H) (6).6 However, once again,
the C7 and C13 chlorine and bromine are seen to be
interchanged. Finally, collapse of the spiroketal in the
opposite sense with liberation of the alcohol at C12 generates
intermediate28. Capture by water and elimination of HCl
gives29 with the carbon framework as reported for obtus-
allene VIII (8).6 In this case, the predicted constitution is

correct but the stereochemistry at C13 is inverted. Acetylation
of the free secondary alcohol gives obtusallene IX (9).

In conclusion, we have proposed an internally self-
consistent hypothesis for the biosynthesis of the obtusallene
family. Multiple electrophilic bromination events are in-
voked. The hypothesis correctly predicts the stereochemistries
of obtusallenes I-IV whose structures have been unambigu-
ously solved by X-ray crystallography. Interestingly, while
the published structures of obtusallenes V-VIIsas solved
by NMR spectroscopysshow a bromine atom at C7 and a
chlorine atom at C13, the hypothesis predicts that the
obtusallenes V-VII should bear the bromine atom at C13

and the chlorine atom at C7. Therefore, there is a need to
investigate these bromonium ion-driven interconversions
experimentally in order to confirm or correct the reported
structures and to elucidate the biosynthetic pathway.
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