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Our group and others6 have recently reported a number of
catalytic reactions that involve Pccomplexes as key intermediates.

These transformations are attractive because they can provide access

to novel organic products that are highly complementary to those
obtained in conventional P8-catalyzed processes. For example,
PdY complexes readily undergo reductive elimination reactions to
form C—F, C—I, C—0OAc, and CG-OCH,CF; bonds!245which have
proven challenging to access within'Pdreaction manifolds. In
addition, P& complexes are often resistantddydride elimination
processes (which are facile at 'Pdenters), allowing diverse
functionalization of Pt o-alkyl intermediated-®
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Due to the significant advantages of"®t catalysis, we have
initiated a program to explore the utility of such processes in new
organic transformations. As part of this effort, we became interested

Table 1. Substrate Scope of Oxidative Cyclopropane Formation?

entry substrate product substituents vield®
R,R, R
1 R 2 R! i H, H, Ph 79%°
C
2 s_R ‘ ‘ ‘1\\ H, H, Me 55%
3 0 Me, H, Ph 78%¢
4 0o o Yo Me, H, Me 66%¢
5 oh o H, CO,Et, Ph 79%
‘ ‘ ‘ Ph
6 0 55%
070 °©
p-CeHaX X
7 o P-CaHaX H 48%°
8 ~ CFs 44%
9 0 OMe 44%°
0 (@)
10 \L f fyéo 71%°
N
N
Ts o Ts
Ph
1 \L I &o 47%°
N0 e)
Me Me

aConditions: 5 mol % of Pd(OAg) 1.1—4 equiv of PhI(OAc), 60—80
°C, 1-16 h.PIsolated yields (average of two rung mol % of bipy added.

previously reported Pd" reactions with this oxidarit? Instead, a
variety of analytical techniques definitively established that this

in the cascade cyclization of enyne derivatives of general structure product wass-ketolactone? (eq 2).
A (eq 1). These substrates have been shown by Lu and co-workers The scope of this transformation was next examined with a

to undergo P@d-mediated alkynéransacetoxypalladation followed
by cyclization to afford PHintermediateB.” Under traditional P#°
catalysisB would undergg3-hydride elimination to afford alkene

C (pathi). However, we reasoned that,Bfwere intercepted with

a strong oxidant;® the resulting PY intermediate D/E) might
react with diverse nucleophiles (Nu) to afford novel functionalized
compounds (pathé or iii).® In the course of these studies, we
discovered that the Pd-catalyzed cyclization of endnender such
oxidative conditions affords cyclopropyl ketone products, and this

variety of different enyne substrat®sAs summarized in Table 1,
diverse bicyclo[3.1.0] and [4.1.0] ring systems containing lactones
(entries +6), tetrahydrofurans (entries=B), pyrrolidines (entry
10), and lactams (entry 11) could be constructed using this method.
Importantly, the reactions proceeded efficiently in the presence of
ambient air and under relatively mild conditions (AcOH,-&D

°C, 1-16 h). Aryl and alkyl substitution was well tolerated on the
alkyne component. Furthermore, both 1,1- and 1,2-disubstituted
olefins were effective substrates and led to the stereospecific

communication describes the scope and mechanism of this newassembly of highly substituted cyclopropane products (entriég.3

transformation. We present evidence in support of d\Pdatalytic
cycle, in which a tethered olefin acts as the nucleophile for
functionalization of the key P intermediateD.
>_ﬁom
80°C,5h
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@, 79% (3)
<5% Observed  <5% Observed
Our initial studies focused on Pd-catalyzed reactions of enyne
1. Gratifyingly, treatment ofl. with 5 mol % of Pd(OAc), 6 mol
% of 2,2-bipyridine (bipy)i®and 1.1 equiv of the strong oxidant
PhI(OAc), in AcOH afforded a single major organic product.

5 mol %
Pd(OAc),
6 mol % blpy
1 1 equiv
Phi(OAc),

5 mol % 5 mol % Ph
_Pd(OAc), _ _Pd(OA), _ {
/\[ Phl(OAc)2 Phl(OAc)2 o 3)
0 80°C,2h o o 80°02h o0 Yo

AcOH

(Z-5) (E-5) @)

In order to probe the mechanlsm of these transformations, the
stereochemically pure olefin&)-5 and E)-5 were subjected to

the reaction conditions (eq 3). In each case, cyclopropane formation

proceededvith clean inversion of the starting olefin geomettiye.,

the cis substituents on the alkene endedttgmsto one another in
the cyclopropane product). Notably, this result is opposite to that
observed in the P@-catalyzed formation of bicyclo[3.1.0] ring

However, we were surprised to discover that this was not the OAc systems, which proceeds via syn olefin insertion inte-Bcbonds

reductive elimination produc3, which was anticipated based on
5836 = J. AM. CHEM. SOC. 2007, 129, 5836—5837

(leading to retention of the olefin stereochemical information in
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the cyclopropane product$YOur observations are also in contrast plexIV .14 In contrast, the other side products are presumably formed

to the results of Pt/Au-catalyzed enyne cycloisomerizations, which by 5-hydride elimination from Ptintermediatesl or Il to provide

form bicyclo[3.1.0]hexenes via metallocarbene intermediates. In 9, which can then undergo olefin insertion/oxidatiorlYPahediated

these Pt/Au-catalyzed reactions, the initial olefin geometry is C—OAc coupling at the terminal position to affofd.

maintained in the resulting cyclopropahe. Additional evidence in support of the proposed/®dmechanism
While cyclopropane8 and7 were the major products in reactions came from an examination of alternative oxidants in the reaction

of (2)-5 and €)-5, a variety of lactone side products were also of enynel (Table S2). This study showed that traditional"Pd

formed (Table 2). Separation and characterization of this mixture oxidants, such as air, benzoquinone, or Cu(QAdid not provide

revealed the presence of two isomeric acetoxylated spe®sd any of the cyclopropyl ketone produ@ under our standard

10) as well as alkene produ& As discussed below, we believe  conditions. In contrast, strong oxidants such as Oxone aBgl,

that these side products may offer insights into Pd intermediates which have been shown to mediate'dcatalyzed processés,

on the cyclopropane-forming reaction pathway. afforded2 in 50 and 27% yield, respectively.

Table 2. Distribution of Products from Reactions of (E)-5 and (2)-52 In ponclusion, this repor’F Fjescribes _a new Pd-cata_llyzed oxidation

’ opc Ph on oh reaction for the stereospecific conversion of enynes into cyclopropyl

Ohc  — OAc  aco OAc ketones. Unlike related P8, Au, and Pt-catalyzed cyclopropane-
/i—ﬁ H \/i{ forming reactions, these transformations proceed with net inversion
o] o} o] i i i i i

0 o o) of geometry with respect to the starting olefin. This result is
®) ©) (19 consistent with a PV mechanism in which the key cyclopropane-
yield of yield yield yield forming step involves nucleophilic attack of a tethered olefin onto
substrate 6/7 of 8 of 9 0f 10 the P&—C bond. This unique reactivity and selectivity further
(2)-5 25% () 11% 8% 19% demonstrate the unusual mechanisms and potential applications of
(E)-5 59% (7) 4% 8% 8% Pd"V reaction manifolds.
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