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Gold(l) complexes have emerged as efficient and mild catalysts Table 1. Optimization of the Catalytic System

for the activation of alkynes toward addition by a variety of OAc catalyst 1% Ph OAc ghe
nucleophiles. The potential of such catalysts has been highlighted Ph\J —— /5/ Ph
by numerous studies related to the conversion of various enynes 4a 5a GaH
into cycloisomerized products. — - - 2
In this respect and by analogy with the isomerization of 1,5- Mty catalyst conditions time_yield (4a/5a/6a)
enynes to bicyclo[3.1.0]hexenes (eq?d)ve surmised that 5-en- 1 PhzAuNTf, CHCly, rt 6h 0% /41%/49%
2-yn-1-yl acetates such dsmight be valuable precursors for the 2 Ph3AuNTf, CH,Cly, reflux 6h 0% /37%/48%
synthesis of acetoxy bicyclo[3.1.0]hexene (e3).,after a gold 3 PhzAuNTf, 1,2-DCE, 60C 2h 0%/ 4% /82%
catalyzed sequence of allene (e2).formatior? and cycloisomer- 4 (pCF3Ph)sPAUNTf,  CHyCly, rt 6h 0% /53%/32%
ization (eq 2). This approach would be advantageous since the 5 Ad,n-BuPAuNTf, CH,Cly, 1t 6h 0% /21%/78%
presence of the acetoxy functionality at the ring junction might g Ad,n-BuPAUNTY, 1,2-DCE, 60C 05h 0%/ 0%/94%
allow the synthesis of more elaborate structures such as 2-cyclo- ; 5 CH,Cly, rt th 0%/ 0% /98%
hexen-1-ones. 8 8 CHoCly, 1t 5h 0%/ 0%/96%
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2 H3 Table 2. Gold(l) CatalyzedFormation of Bicyclo[3.1.0]hexenes

entry  substrate product time yield °

Following our recent success in using the air stable crystalline oA
C

PhPAUNTH, 4 catalyst for the formation of €C or C-O bonds, QAc
we chose this catalytic system to validate this approach (Table 1). 1 Ph)\/u\ /&
Treatment of propargylic acetada with 1% of PRPAUNTT in OAc
CH.CI, at room temperature furnished the desired bicyclo[3.1.0]- OAc 4c /@
(E:Z=85:15)

6b 5min 97%

6¢c 5h 93%

Ww 6d 30min 98%
(dr—1 1) Ph (exo:endo =1:2.8)

hexene6a in 49% vyield along with 41% of the postulated 2 pn < |
intermediate allen&a (entry 1). Heating the reaction mixture at
40 °C did not improve the yield (entry 2). At 60C, the reaction
was faster and afforde@a in good yield (entry 3). Changing the
electronic properties of the phosphine had a significant effect on
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the course of the transformation (entries 4 and 5). While the electron 4 | de DV 6e 2h  99%
deficient p-CRPhkPAUNTTY, catalystc gave6ain a modest 32% S PhO O H
yield, the bulkier and more electron rich AGBUPAUNTH, ¢ PhO OAc
furnished6a in 78% yield. The yield could even be improved to 5 C ¢ Qe 4 C 1% X e 2h 38°CA>
94% by using 1% of Agh-BUPAUNTH, and heating the reaction U O H
mixture at 60°C for 0.5 h (entry 6). We next turned our attention OAc OAc

on the use of biphenylphosphine based catalysts (entries 7 &nd 8).
Remarkably, the use of and 8 provided6a in excellent yields
(98% and 96%) in CkCl, at room temperature Furthermore, OAc OAc

6g 20 min  99%
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reacting allenesa’ with 1% of 7 in CH.Cl, at room temperature 7 )\/U\,OAC 4h R 6h  25h 72%

cleanly furnishedba in 98% vyield, thus proving the intermediacy Ohe

of allene5ain this transformation. It is worth notice that the use Qhe )

of Au(lll), Pt(ll), or Ag(l) catalysts did not furnish the desired )\JQCOZE‘ 4 CoczgtEt 6l 15min  96%

bicyclo[3.1.0]hexenéa? In light of these results, catalyStwas COEt :

retained in the study of the scope of this transformation. 9 Qhe 4 6 15min  92%
The reaction proved to be quite general and various substituted Cshii™ 09% ee  CsH11 90% ee

5-en-2-yn-1-yl acetateéb—j reacted using 1% of as the catalyst

to furnish the corresponding bicyclo[3.1.0]hexelbs-j in gener- aReaction conditions: 0.25 M substrate in &Hb, 1% of 7, rt. P Isolated

ally good yields (38%99%) (Table 2). Substitution at the alkene yields. ¢ A total of 44% of the corresponding allene were also isolated.

was first examined. The reaction was exceptionally fast with

methallyl derivativedb furnishing bicyclo[3.1.0]hexen&b in 97% mixture of substrate was used (entry 2). Introduction of a methyl
yield (entry 1). Crotyl derivativelc reacted more slowly and gave  group at the allylic position was also tolerated, producing bicyclo-
6c as the sole product in 93% yield despite the fact that a cis/trans [3.1.0]hexenéd as a 1:2.8 mixture of diastereocisomers (entr§}13).
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Table 3. Formation of 2-cycloalken-1-ones
10% K2CO3, MeOH

6a-6d 7a-7d
Entry Substrate Product Yield ¢
OAc 0
N 6a ij 7a 94%
H Ph
OAc O
2 ’& 6b bé 7b 89%
Ph Ph
OAc o
0,
3 Ph% 6c . J¢ 7c 96%
OAc 0
4 W 6d 7d 98%
Ph -
a|solated yields.
Scheme 1. Proposed Mechanism
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The aromatic ring could be substituted, but with a decrease in
efficiency when the 2,3-dichlorophenyl derivati4é was used as

of methanol onto the same activated allene. Subsequent basic
treatment of13 afforded 2-cyclohexen-1-on&4 in 99% yield.
Furthermore, treatment of enantioenriched propargylic acéfate
furnished15in 72% vyield as a 1:1.5 mixture of epimers under the
same experimental conditions (eq 4). A one-pot cycloisomerization
deprotection sequence was also attempted and led to the formation
of the corresponding 2-cyclohexen-1-odé with a complete
retention of the chiral information. Note that the cyclohexenones
obtained by that route (e.gl6) are regioisomeric with those
generated by opening the cyclopropane as in Table 3.

OA (e}
b 17 © KeCOs
— . — Jj\ (eq3)
’ Ph Me : Ph
0 14 99%
Ohc 13 81% (112) . o
ou 1% 7 1-1% 7, MeOH a4
e > eq
CsH MeOH, rt -
5111 eOH, 2- K,CO3 CsHq4

15 72% (1/1.5) 16 79% 99% ee
In summary, we have developed an efficient gold(l) catalyzed

cycloisomerization of 5-en-2-yn-1-yl acetates that provides an
efficient access to acetoxy bicyclo[3.1.0]lhexenes which can be
further transformed into 2-cycloalken-1-ones. Cyclohexenones are
key building blocks in numerous total syntheses. Further studies
related to this new gold(l)-catalyzed process as well as its
application to the synthesis of natural products are underway.
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the substrate (entries 4 and 5). The rearrangement proceeded asharge via the Internet at http://pubs.acs.org.

well when the propargylic position of the enyne was substituted
with an alkyl chain (entries-69). Various substituted bicyclo[3.1.0]-
hexenesbg—j possessing two adjacent quaternary centers at the
ring junction were thus obtained in yields ranging from 72% to
99%. Finally, the cycloisomerization of enantioenriched substrate
4j was attempted. We were pleased to observe the rapid formation
of bicyclo[3.1.0]hexene6j which was isolated in 92% yield.
Interestingly, the stereochemical information of the substrate was
nearly completely transferred to the final proditt.

The functionalized acetoxy bicyclo[3.1.0]hexene products lend

themselves to a number of useful transformations. For example they

can be efficiently converted into 2-cycloalken-1-ones by simple
treatment with KCOs in methanol thus highlighting the general
utility of this transformation (Table 3). The cleavage of the
cyclopropane ring seems to be directed by the substitution pattern
of the cylopropyl ring. Bicyclo[3.1.0]hexene8a, 6¢, and 6d
afforded the corresponding 2-cyclohexen-1-ofas7c, and 7d,
while bicyclo[3.1.0]hexen&b bearing a methyl group at the ring
junction gave 2-cyclopenten-1-oiTé.

To account for these observations, a mechanistic manifold for
the formation of the bicyclo[3.1.0]hexenes is proposed in Scheme
1. Gold(l) activation of the triple bond in alkyr# promotes the
formation of allened through a [3,3]-sigmatropic rearrangement.
A further gold(l) activation of the allene induces the nucleophilic
attack of the pendant alkene resulting in the formation of the cationic
vinyl-gold speciesl0.1* Subsequent formation of the cyclopropyl
ring assisted by electron donation from gold(l) affords gold(l)
carbenell A final 1,2-hydride shift regenerates the gold(l) catalyst
and produces bicyclo[3.1.0]hexef&.

The proposed mechanism suggests that intermedould
be trapped by a nucleophile. In agreement with this hypothesis,
cyclohexenel3 was formed in 81% vyield as a 1:2 mixture of
diastereoisomers when the rearrangemeniofvas performed in
MeOH (eq 3). Interestingly, the nucleophilic addition of the alkene

onto the gold(l) activated allene seems to be faster than the addition
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