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Gymnocin-A (1) is a polyether toxin isolated by Satake and co-
workers in 2001 from the notorious red tide dinoflagell&arenia

mikimotoi,which is a representative species that causes devastatingons

damage worldwidé.The toxin is a rare polyether natural product
that displays in vitro cytotoxicity against P388 leukemia cells{EC
= 1.3ug mL™1).2 The structure of gymnocin-A, including the rel-

ative and absolute stereochemistry, has been established by a COMejgure 1. Structure of gymnocin-A.

bination of extensive 2D-NMR analyses, FAB collision-induced
dissociation MS/MS experiments, and modified Mosher’'s method
(Figure 1)! Structurally, gymnocin-A is characterized by 14 con-

tiguous and saturated ether rings, including two repeating 6/6/7/
6/6 ring systems, and a 2-methyl-2-butenal side chain. The numberonc
of contiguous ether rings exceeds those of other polyethers hitherto

synthesized:* The structural complexity as well as intriguing bio-
logical activity compelled us to embark on a program aimed at its

total synthesis. Herein, we describe a convergent and efficient total

synthesis of gymnocin-A, which is realized by extensive use of
our developed-alkyl Suzuki-Miyaura coupling-based method-
ology>~7

The retrosynthetic plan is outlined in Scheme 1. Clearly,

construction of the large polyether skeleton constituted the major

challenge in the synthesis &f Simplification of the 2-methyl-2-
butenal side chain ith would lead to tetradecacyclic polyether core
2, which was envisioned to arise from convergent coupling of the
ABCD and FGHIJKLMN ring fragments3f and4,82 respectively)
through theB-alkyl Suzuki-Miyaura coupling-based stratedy.
Following their convergent union, stereoselective introduction of
the C17 hydroxyl group and reductive ring closure of the E ring
would complete the assembly of the polyether skeleton.

Enol triflate 4 required for cross-coupling witB was obtained
from lactone5 through kinetic deprotonation (KHMDS, THF/
HMPA, —78°C) and triflate formation by use of Comins’ reagent
(Scheme 2). SuzukiMiyaura coupling of the alkylborane derived
from exocyclic enol etheB (9-BBN, THF, room temperature) with
4 proceeded smoothly in the presence of aqueoy§€Qsand Pd-
(PPh),in DMF at room temperature to produce the desired cross-
coupled produceé in excellent yield (81%). Subsequent hydrobor-
ation of endocyclic enol ethed with a borane-dimethyl sulfide
complex in THF proceeded stereoselectively (73%)he resulting
secondary alcohai*! was protected as the TES ether, and the PMB
group was oxidatively removed to afford alcot®In 79% yield
for the two steps. For the introduction of the C17 hydroxyl group,
alcohol8 was oxidized with TPAP/NM& to give ketoned in 95%
yield. Conversion to the corresponding silyl enol ether followed
by oxidation with Os@NMO installed the C17 hydroxyl group,

Scheme 1. Retrosynthetic Plan for Gymnocin-A
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yield of 12. After some experiments, it was found that the choice
of solvent was critical for this cyclization. Use of nitromethane as
a solvent produced the desired mixed thiok&and its desilylated
productllin 38 and 40% yield, respectively. The latter compound
was resilylated td2in 71% yield. Finally, reductive desulfurization
of 12 was achieved under radical conditions {&hH, AIBN,
toluene, 110C)!3 to furnish the target polyether co2en excellent
yield.

The last stage of the synthesis involved the incorporation of a
2-methyl-2-butenal side chain. Since attempts to cleave the TBS
and TIPS groups at the ultimate step of our initial total synthesis
effort were fruitless, the TBS and TIPS groups were exchanged
for TES at the stage a2 Subsequent reductive removal of the
benzyl ether with LiDBB* afforded primary alcohol3 in 73%
overall yield from 2. Oxidation with TPAP/NMO followed by
Wittig reaction of the derived aldehyde with methyl 2-(triph-

and subsequent protection of the resultant alcohol delivered the €nYlphosphoranilidene)propionate and subsequent reduction with

desiredo-siloxy ketonel0'! as a single stereoisomer in high overall
yield.

With ketonelOin hand, ring-closure to mixed thiokethP was
next investigated. In contrast to precedent methodotdtzgatment
of 10 with EtSH and Zn(OTf) in CH,ClI, resulted in only a low
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DIBAL-H generated allylic alcohol4in 66% overall yield. Finally,
removal of the TES groups with tris(dimethylamino)sulfonium
difluorotrimethylsilicate (TASFY in THF/DMF was followed by
chemoselective oxidation of the allylic alcohol moiety with MnO
to furnish gymnocin-A {) in 91% yield for the two steps. The

10.1021/ja038547b CCC: $25.00 © 2003 American Chemical Society
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aReagents and conditions: (a) KHMDS, THF/HMPA78 °C, Comins’ reagent;-78 — 0 °C, 80%; (b)3, 9-BBN, THF, rt, then4, 3M CsCO;,
Pd(PPh)s, DMF, rt, 81%; (c) BH-SMe,, THF, 0 °C — rt, then NaOH, HOy, rt, 75%; (d) TESOT{, 2,6-lutidine, C¥Lly, rt; (€) DDQ, CHCly/pH 7
phosphate buffer, 6C, 79% (two steps); (f) TPAP, NMO, 4A MS, GBIy, rt, 95%; (g) LIHMDS, TMSCI, EsN, THF, —78°C; (h) OsQ, NMO, THF/H,0,
rt; (i) TIPSOTT, 2,6-lutidine, CHCI;, rt, 85% (three steps); (j) EtSH, Zn(O:fMeNQ,, 0 °C — rt, 11: 40%;12: 38%; (k) TBSOTT, 2,6-lutidine, CkCly,
1, 71%; (I) PhSnH, AIBN, toluene, 110C, 98%; (m) TBAF, 4A MS, MeCN, 70C; (n) TESOTH, 2,6-lutidine, CLCly, rt; (0) LIDBB, THF, —78°C, 73%
(three steps); (p) TPAP, NMGt A MS, CHCl,, rt; (q) PP=C(Me)CQ:Me, CH,Cly, rt; (r) DIBAL-H, CH,Cl,, —78 °C, 66% (three steps); (s) TASF,

THF/DMF, 0°C — rt; (t) MnO,, CHCls, rt, 91% (two steps).

synthetic gymnocin-A was identical to the natural samplettdy
and *C NMR and MS spectra, thus confirming the structure of
gymnocin-A.

In conclusion, we have accomplished the first total synthesis of
gymnocin-A, a marine polyether with the largest number of
contiguous ether rings. The synthesis heavily relied orBtadkyl
Suzuki-Miyaura coupling-based strategy, which undoubtedly is an
important and general fragment-coupling process in polyether
synthesis. Extension of this chemistry to the synthesis of structural
analogues of gymnocin-A to explore the structtagtivity relation-
ship is currently under way and will be reported in due course.
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