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The stereoselective preparation of pyran-containing molecules Table 1. Au(l)-Catalyzed Pyran Synthesis

is a continuing challenge in organic synthés@ascade sequences o OH
) : [(PhgPAU)gO]BF4 (1 mol%)
that afford the pyran framework from an acyclic precursor, with R1J\ H,0 (1 equiv.), dioxane, rt o
the concurrent installation of multiple stereocenters, offer a s Nge 1 6/_ 2
a a-j

particularly attractive approad®.Our recent finding of a gold(l)-
catalyzed propargyl Claisen rearrangerhenbmpted us to consider entry cmpd R! R? yield?

nucleophilic addition to the proposed oxocarbenium intermediate 1 a Ph(CHa), (CHp)40Ts 89%
(A)® as a complimentary method for the stereoselective synthesis 2 b Ph(CHz), (CH2),CN 88%
of dihydropyrans (eq 1). We anticipated that formation of the 3 c Ph(CHa)> oCaHs 2%
B-allenic aldehyde could be competitive with the trappinglof 4 d Ph(CHz)> -CeHis 80%
however,A may be re-formed by subsequentsdotrig hetero- 5 e Ph(CHz)2 tBu 00%
cyclization of the aldehyde onto the allene. To execute this tandem j ! :: (C:zézph zgof’
propargyl Claisen rearrangement/heterocyclization, the Au(l) com- 8 i TBSOCH, Bu 770/:
plex must catalyze two distinct reactions by sequential activation 9 : (Me),CCH(CHa)a Bu 92%
of an alkyne and an allerf¢. Ts

10 ] @v n-Bu 83%

. 3
0/\)3 LAu(l)* o " -LAu(l)* ~ oy H {
RN RV A2 LAu())* \Ins 2|solated as a-11.3:1 mixture of anomers after purification by column
R? A Au(lL R? chromatography.
6—endo-trigi NuH 5—exo-digi "

M o they fail_ed to undergo _the subsequent heterocyclization tq .deliver
j.i):ﬁa R‘vQ\Ra useful yields of the desired pyran p_rodé%ﬂ?he propargyl position
P was also tolerant of substitution, including linear, branched, and
R oxygenated substituents (entries&. Furthermore, an electron-
rich alkene (entry 9) and-tosyl indole (entry 10)-derived substrates
showed high selectivity for the desired pyran formation.

We have previously demonstrated that the gold(l)-catalyzed
propargyl Claisen rearrangement proceeds to afford allenes with
excellent diastereocontrol and chirality transfer from the propargyl
ether stereocenter. On the basis of these results, we hypothesized
that the gold(l)-catalyzed reaction might provide a stereoselective
synthesis of pyrans. GratifyinglyEf-1,2-disubstituted enol ethers
rearranged stereoselectively to give 8yBrsubstituted pyrans as
a 4—6:1 mixture of anomers (eq 3).Moreover, gold(l)-catalyzed
rearrangement of enantioenriched etbémaffords pyran6f with
only a minor decrease in the enantiomeric exééss.

R2 R

A fundamental obstacle to accessing pyrans by this approach is
the tendency of allenes to undergo preferentiakb-dig cycliza-
tions (eq 1).8 Therefore, at the outset of this work, we sought to
define a system wherein cyclization would occur with the opposite
regiochemical outcome. Subjecting propargy! vinyl etBéo our
previously reported conditions for the [(#Au):O]BF, (1)-
catalyzed propargyl Claisen rearrangement led to formation of
expected allenic aldehyd&“2 Gratifyingly resubjecting to the
Au(l) catalyst, but in wet dioxaffeather than methylene chloride,
led to formation of desired 2-hydroxy-3,6-dihydropyrarConfident
that heterocyclization could follow the desire@feotrig pathway,
the Claisen/heterocyclization cascade for the synthesis of pyrans
directly from 2 was examined. To this end, reaction of propargyl

vinyl ether with 1 mol % of Au(l) catalyst in wet dioxane led to o~ OH OR
. ) . . AN
formation of desired pyrad in 86% yield. @ OR [(PhsPAU);0JBF, (1 mol%) o ®
Ph % Ho0 (1 equiv.), dioxane, rt P
oH nBu aR=TBS, 85% yield (>20:1dr) PN m-Bu
o CHO 7 b R = Ac, 88% yield (>20:1 dr) 8
1.(1 mol%) e 1 (1 mol%) o @ =Ac, 56% Y g
Me” N\_ pn  CHChnt j) H;0, dioxane, 1t A en o OH
, B 3 ppths 66% yield Me . e [(PhaPAU)301BF, (1 mol%) o @
l 11 mole) T A 3Ph H,0 (1 equiv.), dioxane, rt APt

H,0, dioxane, rt
86% yield

Having demonstrated the efficient generation of pyrans directly =~ We envisioned that replacing water with a pendant alcohol as
from an enol ether starting material, we set out to define the scope nucleophile might provide a stereoselective entry into spirok@téls.
of this Au(l)-catalyzed reaction (Table 1). Substitution at the alkyne To this end, 5,6- 10a) and 6,6-spiroketalslQb) were generated
terminus was well tolerated, encompassing linear (entries 1, 2, andin good yield and with excellent diastereocontrol from the reaction
6—10), branched (entry 5), and cyclic groups (entries 3 and 4). of alcohols9ab with 1 mol % of Au(l)-oxo catalystl. Further-
Additionally, primary tosylate (entry 1) and nitrile (entry 2) were more, treatment of enantiomerically enriched propargyl vinyl ether
compatible with the Au(l) catalyst. While terminal alkynes are 11 led to the formation of spiroketal2 with complete chirality
viable substrates for the gold(l)-catalyzed Claisen rearrangefhent, transfer. Therefore from a linear precursor, in a single step, the

5f (94%ee) 6f (90%ee)
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