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This communication describes the first examples of tandem endo-regioselective and stereospecific oxacyclizations of 1,5-diepoxides to oxepane
products and a similar tandem oxacyclization of 1,5,9-triepoxides to fused bisoxepane cyclic carbonates. A mechanism for these biomimetic
oxacyclizations is proposed in which the epoxides act as both electrophilic and nucleophilic reaction partners.

Fused polycyclic ether natural products produced by marine oxacyclizations are less common, and the first stereospecific
organisms include structures such as the brevetoxins, ciguatandemendo-selective oxacyclization of a polyepoxide to

toxin, and maitotoxirt.Likely pathways for polycyclic ether
biosynthesis include tandem oxacyclizations of poly-
epoxides, and the formation of adjacent chain (1) vs fused-
ring polycyclic ethers 4, Figure 1) depends on the regio-
selectivity of nucleophilic addition to each epoxide. Although
tandemexaoxacyclizations of polyepoxides to form adjacent
chain polycyclic ethers are well-knowrgnderegioselective
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Scheme 1. endo,endo-Oxacyclizations of 1,5-Diepoxides
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Figure 1. Regiochemical pathways for polycyclic ether formation.
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nylacetone. Upon screening several Lewis acids and reaction

conditions, we found that reaction of diepoxide-ketone 5 12 (46%)
substrate3 with BF;-Et,0 in CH,Cl, at —40 °C promoted

rapid cyclization to provide oxepanedidl as the major Me Me OM—f Me
cyclization product after aqueous workup (Scheme 1). This % (jz(o S 1% HO,, HOAG
product was best purified after acetylation of the crude Me)LO e N, Ve od H
product mixture, which selectively derivatized the secondary

alcohol to afford compountlO. Better results were obtained 6 13 (65%)
with the diepoxide-acetate est&f which was subjected to H Me ye
.. . . . . t+tBuO, O H Me Me = Om
similar reaction conditions to provide a good yield of the Y jio o OUIOAC
oxepanell. The regioselectivity of oxacyclization and o] J: o)\o“‘ H
relative stereochemistry of this product were unambiguously Me H Me
assigned by X-ray crystallographic analyighe ste- 7 14 (60%)
reospecificity of these oxacyclization transformations was Me
demonstrated with the diastereomeric diepoxide-acetate Me ,Me Onz
substrate5.2 which provided the corresponding oxepane )OL )cjgo e On, HOAc
diastereomerl2. Diepoxide-acetaté'® underwent oxa- £Buo” 0o—" "~ H O=< H
cyclization in slightly better yield providing a different 8 © 15 (75%)

substituent pattern in the oxepane prodi8t
When the terminal functional group was changed from
acetate tdert-butyl carbonate as in substratéand8, the
crude oxacyclization product mixtures were significantly
cleaner and the isolated products were the fused and spirg_. _
P P Ob|cycl|c carbonate44'!

Reaction conditions: 1 equiv. BF3-OEt,, CHoClo, -40°C, 10 - 30 min.,
HoO quench; then Ac,O, EtsN, CHuClo.
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Scheme 2. Tandem Oxacyclization of 1,5,9-Triepoxide
diepoxides 3-5, 7 oxepanes 9-12, 14 Carbonate®0 and21
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18 17 22is also consistent with the mechanism depicted in Figure

2. Cyclization via an alternative mechanism, involving Lewis
acid activation of the “left” epoxide and tandem nucleophilic
addition of the “middle” and “right” epoxide oxygens at the
less substituted carbon of each activated epoxonium ion,
would have provideent-22.

In conclusion, our results represent the first tandesmoe
selective oxacyclization approach to the synthesis of oxepane
and fused bisoxepane compounds from polyepoxide precur-

g Sors obtained from acyclic polyenes. The nucleophilic

As a demonstration of this strategy to construct fuse o bonvl | 2l ol
bisoxepane compounds, we explored tandem oxacyclization,term'nat'ng carbonyl group appears to play an essential role

of triepoxide substrate20'® and 214 (Scheme 2), with the in the effective preference fagndo-regioselective oxacy-
tert-butyl carbonate as the nucleophilic terminating functional chzanc_ms. _Prehmmary e>.<per|_ments SuggeSt maniere.gmf
group. Upon reaction with BFE®O, each triepoxide sub- selectivity in these biomimetic polyepoxide oxacyclizations
strate afforded the respective tricyclic bisoxepap@sand is also dependent upon methyl or alkyl substitution at each
23 as the major products. X-ray crystallograghgrovided site of nucleophilic addition, which is reminiscent of similar
unambiguous determination of the atom connectivity of SUPStituent requirements in polyene substratesefuto-

. S 16
product 22 arising from triply endo-regioselective oxacy- selzgtlve, b|r(])m|met|c ta;nggmarbz:yc;:lllzatlonsa Furtlher_
clization, as well as assignment of absolute and relative studies on the scope of this methodology and applications

stereochemistry. The absolute configuration determined for 0 efficient gnd biomimetic syntheses of the brevetoxin family
of polycyclic ether natural products are underway.

Figure 2. Mechanism of bisepoxidendo,endo-oxacyclization.
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