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Members of the furan family can be found in thousands of natural Table 1. Copper-Catalyzed Vinyl Oxirane Rearrangement?
products, bulk commodity chemicals, and a number of pharma- CeHiz 0
) ; . o cuL _ u
ceutical agentsDespite a host of creative approaches, there is still Ceij%o n /\_j + 2 Coblra
o)
6 7

a need for simple and scalable synthetic methods for making toluene, 150°C
dihydro- and tetrahydrofurarisWe envisioned that a practical
method to form 2,5-dihydrofurans would also serve as an excellent

entry catalyst? mol % time (h) 6:7¢
platform to access tetrahydrofurans. Here we report progress toward
the development of catalytic conditions for the rearrangement of % gﬂ(%ox\ger igo 1}14 ngor)z(]n
vinyl oxiranes to 2,5-dihydrofurans. 3 CuCh 10 14 >1:20
Vinyl oxiranes are versatile synthons that can be readily accessed 4 CuSQ-5H,0 10 14 >1:20
by either oxidation of dienes or nucleophilic addition of activated 5 Cu(TFAR 10 15 18
allyl or methyl groups to aldehydes or ketorieshree types of g gﬂgg‘z‘?@ g 1; 13%
vinyl oxirane () rearrangements are most relevant to our pursuit 8 Cu(hfacacy 5 0.25 131
(Scheme 1). First, it is well documented that a number of different 9 Cu(hfacag) 1 2 17:1
Lewis acids can be used to activate vinyl oxiranes and induce a 10 Cu(hfacac)(BTMSA) 5 4 15:1
hydride shift to formg,y-unsaturated aldehydeg)¢* Second, it 1 Cu(dbmy 5 24 41
. . 12 Cu(ptfm} 5 4 7:1
has been shown that, when vinyl oxiranes are heated above 73 Cu(accy) 5 20 51
300 °C, the oxirane ring opens to an oxonium ylide, which then 14 Cu(tfaccy) 5 4 8:1
rapidly rearranges to a 2,3-dihydrofura8).2 Third, studies on the 15 Cu(fod) 5 2 11:1

ring expansion of vinyl oxiranes to a 2,5-dihydrofura) pave
been performed almost exclusively by industry and have predomi- __ > Reactions are performed in a sealed tube in toluene atd3ath the

. . . specified catalyst loading.See ref 9¢ Based on molar ratios as determined
nantly focused on butadiene monoxide. Despite decades of effort, oy NMR integration.
suitable process conditions for this rearrangement have still not been
identified® and the full scope of this transformation as a synthetic material® In accordance with our hypothesis, a series of copper
method for organic chemistry remains relatively unexplored. catalysts were examined (Table 1), and from these studies, the
acetylacetonate ligand framework emerged as being superior to all

Scheme 1. Vinyl Oxirane Rearrangements other catalysts examined thus far. As a result, efforts focused

BN o Vinyl ~Lewisacid I:/NO primarily on Cu(acag) Cu(tfacac), and Cu(hfacaey All of these

\ Oxirane ) catalysts successfully rearranged vinyl oxir&rte form only 2,5-

0 Rl X .M o A R{‘) dihydrofuran6 and a mixture of aldehyde&)((Table 1, entries
H” > H X=SRq, BR; R\/\‘/<I N @ 6—9). Product ratios varied according to the electronics of the

; — | ligand. The least electrophilic of these catalysts, Cu(aca@s
our>! M @R 5 slow and exhibited only moderate product selectivity, while
focus © o Wi switching to Cu(tfacae)led to significant improvement in both the
reaction rate and product ratio. The rearrangement proceeded even
Our objective was to conduct a full study of the rearrangement more rapidly, while maintaining excellent selectivity, when the more
of vinyl oxiranes to 2,5-dihydrofurans using a catalyst without any electrophilic Cu(hfacag)was used as the catalyst. Further improve-
additives. We hypothesized that an electrophilic metal catalyst ments to selectivity were achieved through the use of a lower
capable of coordinating simultaneously to the olefin and the oxirane catalyst loading (entry 9). In a comparison of copper(ll) and cop-
oxygen atom could facilitate the rearrangement by bringing the two per(l) catalysts (entries-8L0), copper(ll) was significantly faster
ends into closer proximity. To make the method most practical, at obtaining similar product ratios.
only simple and air-stable catalysts were considered, and specifi- In an effort to develop new catalysts for the rearrangement with
cally, electrophilic copper(ll) catalysts substituted with non- more steric and electronic tuning opportunities, dibenzoylmethane
nucleophilic ligands were selected. This choice is in part based on and 2-acetylcyclohexanone were explored as acac surrogates. Each
the great number of synthetically useful organic transformations parent and fluorinated catalyst was successful in rearranging vinyl
that copper seems best suited to facilitate, many of which are oxirane5 to 2,5-dihydrofuran6 (entries 1+14). Additionally, a
believed to involve olefin coordinatioh. more functionalized version of Cu(tfacag)as shown to be equally
Vinyl oxirane 5 was chosen as a test substrate for our initial successful in rearrangirig(entry 15). In agreement with our earlier
studies. In addition to copper catalysts, a number of other metals observations, the more electrophilic catalysts (entries 12 and 14)
were also surveyed, and these experiments led to the recovery ofwere both faster and more selective than the parent catalyst (entries
epoxide5, aldehyde formation7), or decomposition of the starting 11 and 13).
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Table 2. 2,5-Dihydrofuran Synthesis? Scheme 2. Neat Copper-Catalyzed Vinyl Oxirane
T a DHF- Rearrangements!2
entry substrate product mol  time © yield 0
%  (h) Ald/Ket o} 1 mol% CeH13 CeH13 CeH13
Cu(hfacac), —
CeHis --
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a CeHras? ‘ 5 96% yield s °
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3 OHeISo Oyt g o 161 86% 1m0M>
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4 SN, CrO™ 1 200 31 60% 1530 min. 150°C" 1500.3 Crhhs Crths CrHis
10 87% vyield
5 pmecroo Y1 1 101 88%
A Ca can be done in the absence of solvent. Further studies on the scope
6 Ny o 548 >20:11 9% S ) : pe,
CiHo o = limitations, and mechanism of this rearrangement are currently
C4H,
T AOA e s 025 200 95% underway.
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Supporting Information Available: Full experimental details and
physical data for all new compounds. This material is available free of
charge via the Internet at http://pubs.acs.org.

aReactions are performed in a sealed tube in toluene at’C5@ith
Cu(hfacac) at the specified loading. Cu(tfacac) is the catalyst¢ Volatile
compound; yield based on molar ratios from NMR integration.
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