NATURAL PRODUCTS CHEMISTRY

Annual Research Highlights

(1) “Brevisulcenal-G, -H, and -I, polycyclic ether
marine toxins from the dinoflagellate Karenia
brevisulcata

In 1998, a wide-spread dinoflagellate bloom occurred
in Wellington Harbour, New Zealand that caused
mortality of many species from diatoms to fish. It also
caused human illness with more than 500 harbor
bystanders reporting respiratory distress with a dry cough,
severe sore throat, skin and eye irritations, severe
headaches, and facial sun-burn sensations. A new
dinoflagellate, Karenia brevisulcata was identified as the
causative species. Dinoflagellates within the Karenia
genus are well known to cause red-tide events and have
been shown to produce marine ladder-frame polyethers
with  unsaturated aldehyde side-chains such as
brevetoxins, and gymnocins. Cell culture extracts of K.
brevisulcata showed mouse lethality, cytotoxicity, and
ichthyotoxicity.
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Fig. 1 Structures of bvrevisulcenal -F (KBT-F, 1), -G (KBT-G,
2), -H (KBT-H, 4), and -1 (KBTI, 4)

A major toxin, brevisulcenal-F (KBT-F, 1) is a giant

planar polycyclic ether compound comprising 24 ether
rings, including a dihydrofuran. KBT-F contains 17
contiguous ether rings A-Q, which are the longest of
known polycyclic ethers. In this study the structures of
three new KBT analogues, brevisulcenals-G (KBT-G, 2),
-H (KBT-H, 3), and -1 (KBT-I, 4) were elucidated by
spectroscopic methods.
Cytotoxicity of KBTs against mouse leukemia P388 cells
were determined to be 0.14-2.7 nM. This shows that the
oxidized olefinic (hydroxymethylene) terminus of 3 and 4
slightly enhanced their cytotoxicity relative to that of 1
and 2. The branched primary alcohols of 3 and 4 were
deduced to be generated by oxidation of olefinic methyls
in the side chains of 1 and 2, respectively. Such oxidation
of branched methyls is very rare among secondary
metabolites from dinoflagellates. The greater cytotoxicity
of 3 and 4 than that of 1 and 2 indicates that this
oxidation of the olefinic methyls enhances their toxicity.
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(2) “Convergent synthesis of the WXYZ ring of

maitotoxin and the HIJK ring of brevisulcenal-F”

A convergent method to  construct the
6/7/6/6-tetracyclic ether system possessing contiguous
angular methyl groups was developed. The key steps of
the synthesis involve coupling of a lithium acetylide and
an aldehyde, cyclodehydration of a hydroxy ketone to
form a dihydropyran, ring expansion of a six-membered
ring ketone into a seven-membered one, and methylation
of a mixed-thioacetal. The NMR spectra of 1b and 1c
were compared with those of KBT-F. The differences in
the chemical shifts between KBT-F, 1b and 1c are shown
in Figure 3: (a) *H NMR (600 MHz, CsDsN), (b) *3C
NMR (150 MHz, CsDsN). For both diastereomers, 'H
NMR chemical shifts at both termini deviated because
the structures are different from the natural product.
However, for other parts, chemical shifts of 1b are
identical with those of KBT-F, while those of 1c at C33
and C38 deviate by 1.03 and 0.68 ppm, respectively.
Analogously, 13C NMR chemical shifts at both termini
deviate for both diastereomers, and chemical shifts of 1b
for other parts are identical with those of KBT-F.
Therefore, the structure of the HIJK ring system of
KBT-F has been confirmed.

Figure 2. Partial structure of the HIJK ring of KBT-F (1a) and
6/7/6/6-tetracyclic ether (1b, 1c).
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Figure 3. Differences in chemical shifts between KBT"F and
the synthetic fragments. (a) *H NMR (600 MHz, CsDsN), (b)
13C NMR (150 MHz, CsDsN)
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—Z7 JLONMR 7 X /L7 b DLk (a) 'H NMR (600 MHz,
CsDsN), (b) *C NMR (150 MHz, CsDsN)
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