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The importance of cyclopentenones as building blocks for organic Table 1. Au(l)-Catalyzed Cyclopentenone Synthesis

synthesis continues to inspire the development of general methods e e 2.5% PhaPAUOTS o R
for their stereoselective preparatibri. In 1984, Rautenstrauch Rs/[ﬂ4 T’ :_,,Q\/F‘4
reported that palladium(ll) complexes catalyzed the isomerization — e ot —— o
of 1-ethynyl-2-propenyl acetateg)(to cyclopentenones (eq 1). .
This reaction and related rearrangem@ate proposed to proceed 1 /\WHBU . <Y "'8”7 8h 80%
through a metal carbene intermediate, suct?,aarising from a oPiv
1,2-acetate migration. While the Rautenstrauch rearrangement  2» /K’rn.sus Oﬁ/"ﬁ‘; 20h 73%
provided an efficient route to cyclopentenones, it was limited to Ph PH

OPiv

the preparation of achiral cyclopentenones substituted at the 2 and o

3 positions (eq 1). On the basis of recent examples of gold(l)- y

catalyzed cyclizations of enynéswe hypothesized that these

catalysts might afford an increase in the scope of this reaction and 4 nBu 0\?7/"'5” 20h 81%
/

allow the preparation of chiral cyclopentenones.

2 R? 0.
R2 OAc cat. PdClo(MeCN), R 5 _ 14 15 8h 68%
/QU/RS b N DY NG NS o R Z
Z HOACc, CH3CN, 60-80 °C Ph Ph
2 Spd

1 3

(o) o
_ _ . . 6 m/Ts ﬁCN’TS 14h 45%
In light of our previous success employing sPAUOTf in 16 17

methylene chloride for carbercarbon bond formatioff;” we chose

O.
this catalyst system in preliminary studies of the rearrangement (eq 7 Z [ Q. 19 10h 48%

3° n-Bu 20h 85%

2). To develop catalysts that would permit the synthesis of chiral
cyclopentenones, we initiated our investigation with a substéate (
containing a trisubstituted olefin. We were pleased to find that  ajsplated yield after column chromatographywith 5 mol % PPBAUOTY
rearrangement ¢f, catalyzed by 5 mol % RRAuUOTf in methylene employed.

chloride, did afford desired cyclopentenoBghowever, in only

30% yield. Examination of the effect of solvent on the reaction tenonesl5and19 as a result of olefin isomerization into conjugation
revealed that acetonitrile produced the desired adduct with a markedwith the aryl group. _ _
improvement in yield. The yield was further improved by changing A 1:1 diastereomeric mixture &0, derived from §)-(—)-perill-

the ester from acetate to pivalodte. aldehyde, underwent Au-catalyzed isomerization to produce bicyclic
enone2l as a 1:1 mixture of diastereomers (eq 3). We envisioned
R___solvent ontime yield? two scenarios to account for this diastereoselectivity: the stereo-
0 e M oan chemistry of the starting ester is lost in generating a carbene-like
w0 o e ProPAOT! °ﬁ“° Mo THE  Mn o a7% intermediate (such & that undergoes subsequent cyclization with
2 OMeoentn o e cc:fé% P no selectivity, or the stereochemistry of the starting pivaloate influ-
ve ’ :;ﬂ g:zg: o ences that of the product. To probe this question, diastereoenriched
T —— TV YS— 20 was subjected to the reaction condition furnishitigas a 7:1
intomal standard (1,2,3-trimethoxybenzene) mixture of diastereomers, strongly suggesting that stereochemistry

With optimized reaction conditions in hand, we set out to define of the starting ester influences that of the product cyclopentenone.

the scope of the cyclopentenone synthesis. The reaction is highly OPiv o

tolerant of substitution at the acetylenic position of the 1-ethynyl- /\O L m @
2-propenyl pivaloates (Table 1). In addition to unsubstituted alkynes, 2~ ORI ety W 20

the gold(l)-catalyzed reaction proceeded smoothly with substrates (12:1 dr) 82%(7:1 d)

containing aryl- (entry 2), alkyl- (entry 3), and vinyl-substituted

alkynes (entry 4). Cyclization of the latter produaddmethylene On the basis of this observation, a series of enantioenriched

cyclopentenond3 after isomerization of théso-propenyl group propargyl pivaloatésvere prepared in order to examine the chirality
into conjugation with the ketone. The reaction also showed excellent transfer in the cyclization. Rearrangement of enantioenriced
scope with respect to substitution on the olefin. Specifically, 1,1- (93% ee) under the standard conditions;@xuOTf, CHCN, rt)
disubstituted (entries-14), 1,2-disubstituted (entry 5), and cyclic  cleanly afforded25, however, with only 68% ee. Switching the
(entries 6 and 7) alkenes participated in the cyclization. Rearrange-counterion from triflate to hexafluoroantimonate and lowering the
ment of styrenyl substratdst and18 afforded 3-phenylcyclopen-  temperature t6-20 °C allowed for isolation o25 in 86% yield
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Table 2. Enantioselective Cyclopentenone Synthesis
OPiv 5
~_R? 5% PhgPAUSbFg o R
///\[ ,
R CH3CN, -20 °C, 12h H “R*
entry substrate (%ee) product yield(%ee)?
OPiv
< 0. Me
1 _ Me 4 5 84%(82%66)
Z 88%ee y
Me H Me
OPiv
2 : 22 o) 23 80%(77%ee)
/\E>< 79%ee
H
OPiv
3 . 24 o 25 86%(91%ee)
/\O 93%ee m o )
H
OPiv
: o
Z
4 26 ~ 27 88%(96%e¢)
98%ee H
OPiv
: o
5 Z 28 y 29 82%(83%e6)
92%ee I

a|solated yield after column chromatography; % ee determined using
chiral HPLC or GC (see Supporting Information for details).

Scheme 1. Proposed Mechanism for the Au(l)-Catalyzed

Cyclopentenone Synthesis
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and with 91% ee (Table 2, entry 3). Under these conditions, Au(l)-
catalyzed rearrangement of enantioenriched propargyl pivaloates
delivered cyclopentenones with excellent chirality transfer (Table
2)'10

A mechanistic hypothesis that accounts for the stereochemical
course of the Au(l)-catalyzed rearrangement is shown in Scheme
1. Intramolecular 1,2-addition of the ester onto the alkyne, induced
by coordination of the alkyne to a cationic gold(l) complex, affords
vinyl gold specie80. The stereoselectivity of the gold(l)-catalyzed
cyclization can be accounted for by an intramolecular cyclization
that proceeds through a transition steé)(in which the leaving
group occupies a position orthogonal to the plane of the oléfin.
This cyclization produces cationic intermedi&®2 which upon
elimination of cationic gold(l), affords dien&3.12 Finally, cyclo-
pentadiene33 is hydrolyzed to cyclopentenorie

In conclusion, we have developed a Au(l) catalyst for the re-
arrangement of 1-ethynyl-2-propenyl pivaloates to cyclopentenones.
The gold(l)-catalyzed reactions are tolerant of substitution at the
acetylenic and olefinic positions (except olefins), thus provid-

ing access to a wide range of cyclopentenones under exceptionally

mild conditions. Additionally, enantioenriched cyclopentenones can
be prepared by the gold(l)-catalyzed cyclization of enantioenriched
propargyl alcohols. The high degree of chirality transfer in these

rearrangements suggests that, in this case, a mechanism involving

C—C bond formation prior to scission of the stereogenie@bond
is operative. Efforts aimed at utilizing Au(l) complexes as catalysts
for other rearrangements are ongoing in our laboratories.
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