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Marine ladder toxins have gained considerable attention in
recent year3.As exemplified by gambierol1j,? they contain a
uniquetransfused polycyclic ether skeleton, and possess interest-
ing biological activity® The repetitive structure of these molecules
has inspired several iterative synthetic approaétese we report
a novel strategy directed toward these ring systems employing
iterative generation and rearrangement of cyclic oxonium ylides.
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Generation and rearrangement of ylides via catalytic decom-
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position of diazoketones has emerged as a useful strategy in the

construction of functionalized heterocyclic systerisie products
resulting from [2,3]-sigmatropic rearrangements of cyclic oxonium
ylides appeared to be attractive building blocks for the construc-
tion of the polycyclic ether arrays found in the ladder toxins,
particularly the poly(tetrahydropyran) domains. Catalytic decom-
position of diazoketone substrates sucl2agould lead to ylide
intermediate4, whose [2,3]-shift would furnish bicyclic ethér
(Scheme 1). Notably, the ketone and pendant allyl group would
be conveniently placed for elaboration to a new diazoketone
substrates, allowing for an iterative approach.

Competitive C-H insertion by metal carbenoids via five
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of 3 to the pyran oxygen was also a possibility. While its
formation should be straightforwar8, would not have a low-
energy rearrangement pathway available. There is now consider-
able evidence for equilibration between metal carbefdatsree
carbenesand oxonium ylides; this mechanism would allow the
interconversion of unproductive ylid8 with 4, which could

membered transition states into an activated carbon hydrogen bondindergo the desired [2,3]-shift.

(e.g.,3—7) is facile, and this was a conceftiowever, previous
reports by Clark<and by us suggested that copper carbenoids
favor ylide formation over €H insertion. Generation of five-
membered oxonium ylid8 by addition of the carbenoid moiety
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Diazoketone2 was synthesized from known hydroxypyrén
(Scheme 2§.0zonolysis with oxidative workup yielded hydroxy
acid 10, which was followed by allyl ether formation to afford
acid 11. Conversion into the acid chloride and treatment with
diazomethane then furnished

Several copper-based catalysts were examined to effect the
desired ylide generation/[2,3]-shift (Table 1). Earlier work had
identified copper(ll) hexafluoroacetylacetonate (Cu(hfagea3d
the optimal catalyst for oxonium ylide formation in systems with
potentially facile C-H insertion pathway%’ In the event,
treatment of2 with Cu(hfacac) afforded 36% of the desired
productsba andb (1:5) and 5% of the €H insertion produc?
(Table 1, entry 1). The major component of the inseparable
diastereomeric mixture was tlheepimer5b. Addition of diazo-
ketone 2 to copper(ll) trifluoroacetylacetonate (Cu(tfacgc)
provided the desired products in 66% isolated yield, greatly
increased the diastereoselectivity (1:40) and diminished thie C
insertion pathway (entry Z2J.

Surprisingly, the optimal conditions for the desired transforma-
tion were found to be dropwise addition of the diazoketone via
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Table 1. Decomposition of Diazoketon2 Scheme 4
H H
A
conditions © 0 © O H H (\
2 + + 7 o «OH 1y 04: [0] 0 ~0  BuOCOCI;
E| o~ k _ B
H 2) KH, DME, 0 CHsN»
5a 5b ~ H CHp=CHCHBr ~ H = L . (4d%)
12a (67% overall) 13 2

addn raticc  yield (%)
entry catalyst/mol % time* solvent 5abb:7 5ab 7

tfacac)g

1 Cu(hfacacy10 3h CHCl, 151 36 5

2  Cu(tfacacy10 3h CHCl, 1:402 66 — L onolz, reflux LA

3 Cu(tfacacy5 3h CHCIl, 1:30:2 72 - A (80%) A |:|

4 Cu(tfacacy5 5min  CHCl, 1:30:2 80 - 15b

5 Cu(tfacacy10 3h PhCH  1:15:6 - -

6  Rh(OAcC)/3 3h CHCl, 4:1:5 32 27 Phgﬁ:’ oh LiAtH,

a|nverse addition via cannula (entry 4) or syringe pump (all others). > + 15 (94%)
b All reactions were conducted at refluxProduct ratios determined (91%) v °
by GC.4lIsolated yields after chromatography. Prodictvas not '
isolated in entries 25.
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5ab DBU; T, the optimum conditions from Table 15b was isolated as the
a, LiAH, : 2N N only detectable isomer in 80% yield. To confirm the configuration
H FI\ ’HKH\ at the allylated centerl5b was subjected to the epimerization
. . conditions, furnishing a 10:1 mixture @baandb, whose relative
12a (86%) 12b (12/°) stereochemistry was established by 2D NOESY experiments as
TPAP/NMO | described above. This mixture could be reduced as before to give
(88%) 16aand a trace of an isomer.

In summary, we have developed an efficient iterative route to
cannula (5 min addition time) to a decreased amount (5 mol %) polypyran ethers based on an oxonium ylide/[2,3]-shift strategy.
of Cu(tfacac), which gavebab in 80% yield (entry 4). Higher  Copper(ll) trifluoroacetylacetonate provides the desired products
temperature resulted in reduced stereoselectivity and a significantin good yields and with minimal €H insertion side products.
amount of the &H insertion product (entry 5). For purposes of These results are consistent with previous studies by Clark and
comparison, catalysis by RIODAc), was also examined. Not by us: rhodium carbenoid intermediates suffer competirgiC
surprisingly, these conditions led to a substantial amountefiC insertion along with ylide formation, while copper carbenoids
insertion produc¥ along with5a andb (entry 6). Interestingly, favor ylide formation, keeping €H insertion minimal. The
B-isomer5awas the major product, in contrast to all of the copper  origins of the apparent catalyst dependent diastereoselectivity are
catalyzed examples. It is noteworthy that carbenoid dimerization not fully understood, but suggest a metal-associated ylide in the

products were not observed in any of these reactions. product-forming step? Application of this methodology to the
Reduction of the inseparable mixture of epimé&ea and b synthesis of medium-sized ethers and polycyclic ether natural
yielded a separable mixture of alcohdl2aandb (Scheme 3). products will be reported in due course.
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With 12ain hand an additional iteration was attempted (Scheme
4). Ozonolysis and oxidative workup followed by allyl ether JA015872V
formation affordedL3. Activation of the acid and treatment with (12) When5b was subjected to the reaction conditions for the formation

diazomethane generated diazokettdeWhenl4 was subjected of 5a (Rh,OAGs, CH,Cls, reflux) no epimerization was observed. For additional
support for metal associated ylides, see: (a) Johnson, C. R.; Rosekamp, E. J.
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