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Cyclic heptapeptides known as microcystins! are responsible
for the potent hepatotoxicity of certain blue-green algae (cya-

nobacteria).? Microcystin-LR [cyclo(p-Ala-L-Leu-D-8-Masp-
L-Arg-Adda-p-y-Glu-Mdha), 1],3 for example, is the major he-
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Origin of carbons In microcystin-LR (1)

patotoxin associated with most strains of Microcystis aeruginosa
Kitzing found in the Northern Hemisphere. Recently micro-
cystin-LR has been found to be a highly effective inhibitor of
protein phosphatases 1 and 2A,* and this activity is believed to
be closely associated with its hepatotoxicity.® We report here
some initial findings on the biosynthesis of microcystin-LR in M.
aeruginosa PCC-7820,5 specifically on the origin of the carbons
in the unusual (2S,35,85,95)-3-amino-9-methoxy-2,6,8-tri-
methyl-10-phenyl-4,6-decadiencic acid” (Adda) unit and the
iso-linked (2R,3S)-3-methylaspartic acid (Masp) residue.
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The Me groups on C6 and C8 of Adda are methionine-derived®
as shown by feeding experiments (see supplementary material)
with L-[methyl-1*C]methionine. The Me group on C2 of Adda,
however, appears to arise from two sources, one of which is
methionine. This is indicated from the following two experiments:
In one experiment where L-[methyl-'*C]methionine and unlabeled
acetate were administered simultaneously to the alga, the C2
methyl carbon was enriched to the same extent as the C6 and C8
methyl carbons, suggesting that intact acetate is assimilated into
C1 and C2 prior to methylation by methionine at C2. However,
when L-[methyl-13C]methionine was fed to the alga alone, in-
corporation of label into the C2 methyl carbon was quite small
compared with the !3C-enrichment of the C6 and C8 methyl
carbons, suggesting that the Me on C2 was being derived from
another precursor (possibly propionate®) in the absence of ex-
ogenous acetate.

Further feeding experiments established that the C3-C8 seg-
ment of Adda is acetate-derived, but more importantly that two
pathways to the C1-C2 unit exist, one of which utilizes acetate.
The 13C NMR spectrum of toxin produced from feeding sodium
[1,2-13C)acetate (diluted 3-fold with unlabeled acetate) to the alga
in one portion about 10 days after inoculation and harvesting the
alga 2-4 days later showed that intact acetate was incorporated
essentially equally into C1-C2 (J,,; = 49.9 Hz), C3-C4 (J;, =
47.2 Hz), C5-C6 (Js55 = 54.1 Hz), and C7-C8 (J;3 = 44.4 Hz).
However, when the alga was harvested 2 weeks after inoculation
with acetate, incorporation of intact acetate into C1-C2 was low
compared to uptake into C3-C8, suggesting that a different
precursor (possibly propionate’) was being incorporated into
C1-C2 as the concentration of exogenous acetate diminished. The
remaining carbons in the Adda unit were shown to be phenyl-
alanine-derived on the basis of a feeding experiment with [U-
13CJ-L-phenylalanine. Although a feeding experiment with [1-
13C]phenylacetic acid!® was unsuccessful, probably due to failure
of this precursor to be absorbed into the alga, phenylacetyl-CoA
has been concluded to be the most probable initiator for Adda
biosynthesis.

[1,2-B3C]Acetate was assimilated into C4 and C5 of the y-Glu
(145 = 52.7 Hz) and Arg ('J,5 = 36.1 Hz) units, but not into
C3 and C4 of the 8-Masp unit. Moreover, [1,2-1*C]-L-glutamic
acid labeled C1 and C2 of the y-Glu (/;; = 54.5 Hz) and Arg
(My2 = 53.1 Hz) units, but not C1 and C2 of the 8-Masp unit.
These experiments indicated that Masp was not arising from
rearrangement of glutamic acid.!!

[1,2-13C] Acetate was incorporated into C1 and C2 of Masp
(1J1,2 = 55 Hz), however, and we conclude from this labeling
pattern that Masp is synthesized as follows: Acetyl-CoA and
pyruvic acid condense to 2-hydroxy-2-methylsuccinic acid, which
is then converted to 2-hydroxy-3-methylsuccinic acid in a manner
analogous to the conversion of (25)-2-hydroxy-2-isopropylsuccinic
acid to (2R,3S)-2-hydroxy-3-isopropylsuccinic acid in leucine
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biosynthesis.}? 2-Hydroxy-3-methylsuccinic acid is next oxidized
to 2-oxo0-3-methylsuccinic acid and finally transaminated to Masp.
The incorporation of intact [U-”C]pyruvate into C3, C4, and the
Me on C3 of Masp (/34 = 49.7 Hz and ;4 = 34.1 Hz) supports
the proposed biogenesis.!3
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As the simplest small-ring, spiro-connected cycloalkene,? spi-
ropentadiene (bowtiediene, 1) is of considerable theoretical interest?
since the two 7 systems are held in perpendicular planes by a
common carbon and are predicted to experience significant spi-
roconjugation.* In view of the high energy content® of 1, it is
not surprising that very few attempts to synthesize this molecule
have been reported.® We have demonstrated recently that the
vacuum gas phase elimination of 8-halocyclopropylsilanes by solid
fluoride provides an attractive route to strained cycloalkenes.%’
We now report that this versatile technique can be applied to the

synthesis of 1.
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Spiropentane 2 was envisioned as the immediate precursor to
1. The synthesis of 2 is presented in Scheme 1. The key in-
termediate required for this synthesis is the sterically hindered
allene 3.8 Fortunately, this compound could be prepared readily
via the procedure described by Danheiser and his co-workers to
synthesize (trimethylsilyl)allene.® Thus pure 3 was isolated in
57% yield by treatment of the tosylhydrazone of bis(trimethyl-
silyl)propynone!® (4)!! with sodium cyanoborohydride in a two-
phase solvent system at pH 1. Treatment of the allene 3 with
chlorocarbene, generated from methyllithium and dichloro-
methane,!? yielded compound 5 in 14% yield.!! Conversion of §
to the desired spiropentane 2 was effected by subjecting 5 to the
same reaction conditions, yielding 2 as a viscous oil in 6% yield
after column chromatography.

Introduction of 2 into a “fluoride column”!? using the VGSR
apparatus described previously® yielded a volatile hydrocarbon
which could be condensed into a liquid nitrogen trap as a white
solid. Examination of the hydrocarbon by 'H NMR spectroscopy
at =105 °C in tetrahydrofuran-dg revealed a singlet at 6 7.62
(cyclopropenyl protons) along with several unidentified signals.
The singlet at 6 7.62 was observed to disappear after approximately
20 min at 105 °C in THF-dj; rapid decomposition occurred upon
warming to =90 °C. We were unable to record the 13C NMR
spectrum of 1.

On warming, 1 polymerizes to a sparingly soluble (THF), light
green film. The propensity of spiropentadiene to polymerize is
not unexpected since spiropentene is reported to polymerize in
the condensed phase at -78 °C.14
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