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Recent years have witnessed tremendous growth in the numberTable 1. AuCl- and AuCls-Catalyzed Cycloisomerization of
of gold-catalyzed reactions for carbeparbon and carbon Bis-homopropargylic Diols in Methanol at Room Temperature

heteroatom bond formatioACyclizations ofa-hydroxyallene® HO—\ R Aug'g;ﬁ;: G o Ne
and hydroxyl-functionalized 1,5-enyn&sgycloisomerization of Ho)&ﬁ TMeOH Tt \@
enynes, and novel enyne rearrangeméntlowed ideal and n=1,2 ’ ©
selective reactions in the presence of!Aand Ad catalysts. In 1b-i 2a-i
pursuit of the investigation on atom-economical metal-catalyzed _ . -

. . . . . . entry  diol R catalyst time (min)  yield (%)?
cycloisomerization reactiorlswe envisaged that bis-homopro-
pargylic diols might undergo clean Au-catalyzed cyclization under ; i(t:) EE ﬁﬂ%‘l gtcj gg gg
extremely mild conditions. Bis-homopropargylic alcohols areindeed 5 14 By AuCl  2d 30 80
simple starting materials that have shown interesting cyclization 4  1e cinnamyln=2 AUCl  2e 30 82
behaviors in the presence of Pdly, Ru, and Rh catalysfsThe 5 1f alyln=2 AuCl  2f 30 91
cycloisomerization of bis-homopropargylic diols has though been 6 1a  cinnamyln=1 AuCly  2a 45 82
scarcely studied on very specific substrates in the presence of Pd g 12 EE %CC:IE 32 gg gg
catalysts Having no precedent for such gold performance, wewish g 15 apyl AuCl;  2g 50 74
therefore to describe herein our preliminary results concerning a 10 1h cyclohex-2-enyl Aud 2h 30 94
general room temperature Auand Au'-catalyzed cycloiso- 11 1i  3-methylout-2-enyl AuG@ 2i 30 7

merization of bis-homopropargylic diols leading to strained diox-

abicyclo[2.2.1], -[2.2.2], or -[3.2.1] ketals.
Initial experiments were performed using bis-homopropargylic

alcohollaas a model substrate, easily prepared by malonic addition
of the corresponding halides and reduction of the diester. The oy cellent 86-9

cyclization was attempted in the presence of 2 mol % of com-
mercially available AuCl catalyst in various solvents and was found
to occur very smoothly in MeOH at room temperature, in a very
short time (eq 15.After an easy work up that consisted of a filtration
of the reaction mixture on a Celite pad, the corresponding
functionalized ketaawas isolated in high purity and in 99% yield.

It is noteworthy to mention that no addition of methdfain the

alkyne was observed.
/—Ph A
2 molY 0]
HO mol% Ph/\/\@ )
__ MeOH, 1t
HO o

30 min, 99%

1a 2a

Having in mind that the AuCl catalyst presumably interacts with
the alkyne motif through its Lewis acidic charactérwe also

a|solated yield.

such as benzyl (entry 1), phenyl (entry 2), mbutyl (entry 3)
groups. The corresponding bicyclic ket2ls—d were obtained in
9% yield and very short reaction tirde.

The cycloisomerization process was not limited to the synthesis
of functionalized 2,6-dioxabicyclo[2.2.1] ketals, as the reaction of
diols 1e and 1f afforded cleanly the [2.2.2] bicyclic ketafe and
2fin 82 and 91% yield (entries 4 and 5), respectively. Anticipating
that other gold catalysts may also be efficient for this process, we
envisaged to test the catalytic properties of a higher valent gold
precursor, such as Aug)Table 1)1 Excellent results were indeed
observed for cinnamyl (entry 6), benzyl (entry 7), and phenyl (entry
8) functionalized diols as the strained ketals were obtained in
82—99% yields.

Other allylic substituted diols, such &g—i, were also attractive
precursors, and their cyclizations led to original structures that may
be further functionalized on the remaining allylic side chain. The
allylic ketals 2g—i were obtained in good to excellent yields
(74—94%, entries 911). It has to be noted that such substrates

conducted the reaction without metal in the presence of Amberlyst underwent a different and highly specific reactivity compared to

157211t room temperature to highlight the catalyst efficiency, and
no traces oRa were detected after 30 min reaction time. Further

that of their diester-functionalized analogues, which are usually
cyclized under another mode via<€ and C-O bond formations,

investigations on the generality of the cyclization process were then leading to methoxycyclopentyl derivativétterestingly, under our

pursued. The structural motif of strained 2,6-dioxabicyclo[2.2.1]
ketal 2a was particularly intriguing as it is present in natural
products, such as frontalin, brevicomin, and other polycyclic

reaction conditions, no addition of the alcohol moieties was
observed on the alkene, as recently described by the Kozmin’'s
group?® and no reactivity of the allylic side chain was detecte#.

ethers'? Such a process would offer an easy and general access toTo examine the formation of unsymmetrical strained bicyclic ketals,
these derivatives and some analogues. To extend the scope of theve envisaged to prepare tridlj starting from commercially

method, we prepared functionalized didts—i via malonic addition
and reduction of diester functions and studied their cyclization in
the presence of 2 mol % of AuCl in MeOH. As illustrated in Table

1, the reaction conditions were compatible with various side chains,
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available 2-acetyl succinic acid dimethyl esgefScheme 1). The
regioselective alkylation of diest&followed by reduction of the
esters and ketone moieties afforded tfiplin good overall yield.
The cyclization reaction occurred very smoothly and chemoselec-

10.1021/ja0530671 CCC: $30.25 © 2005 American Chemical Society
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tively as both primary alcohols reacted with the alkyne moiety.
The dioxabicyclo[3.2.1] ketal was isolated in 74% vyield.

A plausible mechanism of the Auor Au''-catalyzed cyclo-
isomerization of bis-homopropargylic diols is shown in Scheme 2.
The reaction may be initiated by the formation of thealkynyl
complexA through the complexation of the unsaturated triple bond
to the Au catalyst. The coordination of the triple bond, therefore,
enhances the electrophilicity of the alkyne as usually advocated
for metal-catalyzed reactions of alkyrfedhe addition of one
alcohol may be favored by an intramolecular complexation of the
OH group to the gold catalyst, as already envisaged by Teles and
co-workerg? for the addition of methanol to alkynes. The enol
vinylgold intermediateB may then be protonolyzed leading to an
enol ether, which then undergoes another intramolecular addition
of the remaining alcohol leading to the cyclic ke2al This latter
step may also be catalyzed by gold, considering the proposed
mechanism for the Au(l)-catalyzed cyclizationcohydroxyalleneg?2

In conclusion, we have found that either 'far Au'" catalysts
promote a highly efficient cycloisomerization of bis-homopro-
pargylic diols under very mild conditions and in very short time.
This process, starting from easily accessible materials, was shown
to be general and atom-economical, leading to functionalized
strained bicyclic ketals. The reaction conditions were compatible
with various functional groups and allowed the formation of
dioxabicyclo[2.2.1], -[2.2.2], and [3.2.1] ketals. The mechanism was
proposed and presumably involves a Lewis acid-type activation,
followed by two intramolecular cyclizations. The high catalyst
activity of gold catalysts associated with very mild reaction
conditions would allow further applications toward the synthesis
of natural products and other structurally original polycyclic
heterocycles.
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