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Gold-based chemoselective alkyne activation is emerging as an Table 1. Gold-Catalyzed Synthesis of Heterobicyclic Alkenes
attractive strategy for the development of an arsenal of new catalytic Entry  Alkyne Product Catalyst  Yield, %°
processed.Due to the exceptional alkynophilicity of gold, such

Me
reactions generally proceed under exceedingly mild conditions Ph“/\‘/\

enabling the formation of new carbegarbon and carben 1 Il AuCls® %0
heteroatom bonds with high turnover efficiericyIn this com- L
munication, we describe an efficient gold-catalyzed synthesis of

OMe AuCl3” 92

C—0 or C—N bonds. The most notable aspect of this process is a
mild and chemoselective metal-based alkyne activation, which Il
enables rapid assembly of a range of heterobicyclic products with Ph

high efficiency and excellent diastereoselectivity. Me TOH Mo S n
In the course of our investigation of gold-catalyzed cycloisomer- 8 ll \©'3 Au(PPh3)CP g9

MeO.
heterobicyclic alkenes as a result of B¥endo-digcarbocyclizations
of 1,5-enynes with a concomitant intramolecular formation of either 2 Me

ization of 1,5-enyne$,we discovered that treatment of enyhe 8 9 AgCI0s
with either a Au(l) or Au(lll) catalytic promoter afforded a new Fh L
product that was identified as 6-oxabicyclo[3.2.1]oct2ii€cheme Me Me NHTe Mo N Ve
1)577 The optimized protocol entailed a brief exposure of alcohol 4 ° Aucl?
” uCl3 82
Scheme 1 L 10 L 1
AuCl; (5mol%) e S we Merte o Me,
/" 20°C, MeCN \Q/ 5 on | Au(PPhy)CP 86
Me e 89% 2 12 13 AgCIO4
OH i Ph Ph Ph
Me ~Ts
|| ve. 2 Me Me N MeMe
g M \. HCI (50 mol%) ME 6 Au(PPhyCP 87
| | NHTs | | 15 AgCIO4
20 °C, MeGN 3 oy Ph
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1to a catalytic amount of Augin MeCN, which furnished alkene . Au(PPh3)CP g6
2in 89% yield. The use of Au(PR)CI in combination with AgCIQ o It 1 17 AgCIO,
proved to be equally effective. To rule out a possible involvement Ph Ph
of the conjugate Brgnsted acid in the alkyne activatiafcoholl aMethod A: Enyne (0.1 mmol) was dissolved in MeCN (2 mL) and

was treated with a substoichiometric amount of HCl in the absence treated with AuC} (5 umol). The resulting solution was stirred at 20

of AuCls. The observed reaction was significantly slower and for 1 h and treated with BN (S0 uL). The solvent was removed under

. . reduced pressure, and the crude product was purified by flash chromatog-
afforded exclusively tetrahydrofuraB. The outcome of this raphy on silica gel® Method B: Enyne (0.1 mmol) was dissolved in &3

experiment demonstrated unambiguously that gold-based catalysig2' mL) and treated with [Au(PRJCIOs (5 umol) generated from
was uniquely responsible for chemoselective alkyne activation. Au(PPR)Cl and AgCIQ. The resulting solution was stirred at 20 for 1

; — ; : . ic h. The product was obtained similarly as described abfoRefers to isolated
Our Invest!gatlon of the g.ene?rallty and scope of the reaction is yields of spectroscopically pure products that were fully characterized by
summarized in Table 1. Subjection of enydesnd6 to the general NMR, IR, and MS.

protocol utilizing AuC} efficiently afforded the expected bicyclic

products5 and 7, respectively, indicating that aryl substitution of  (entry 5) was treated with [Au(PBIICIO,, oxaspiro[5.4]decen&3

the enyne was well tolerated (entries 1 and 2). To probe the was obtained in 86% yield. Cyclization of the corresponding
requirement of the quaternary center at the C(3), we subjected sulfonamidel4 efficiently afforded azaspiro[5.4]deceid® (entry
alcohol 8 to the standard protocol (entry 3). While the efficiency 6). Finally, enynel6 armed with a chain-extended alcohol ef-
of the reaction utilizing AuGlwas moderate, the use of Au(Pjrh ficiently furnished the spirocyclic ethdr7 (entry 7).

Cl and AgCIQ afforded the oxabicyclic alken® in 89% yield. To examine the formation of fused heterobicycloalkenes, alcohol
Treatment of sulfonamidd0 with AuCls resulted in efficient 18, containing trisubstitute&-alkene, was treated with 10 mol %
assembly of azabicyclo[3.2.1]octeté (entry 4). This finding is of AuCl; to successfully afford a strainéhns-oxabicyclo[4.3.0]-
particularly noteworthy as it provides the first example of efficient nonenel9' with excellent diastereoselectivity (eqt)Additional
interception of a cationic intermediate formed in a gold-catalyzed studies demonstrated the diastereospecific nature of this double
process by a sulfonamide-based nucleophNghen alcohol12 cyclization allowing to access either the cis- or trans-fused bicyclic
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ethers!? Double cyclization of one-carbon extended trisubstituted Me Me e A (10 mol Q e
Z-alkene20 (eq 2) afforded exclusivelgis-oxabicyclo[4.4.0]decene | M Me (4)
I MeCN, 20 °C Vo

21(dr > 97:3). Finally, subjection of sulfonami@?2 to [Au(PPh)]- -
ClO, furnishedtrans-oxabicyclo[4.3.0]nonen@3 with excellent O L4 Pn 98% 25

efficiency and diastereoselectivity (eq 3). In summary, we have developed an efficient gold-catalyzed

Me double cyclization of simple 1,5-enynes armed with either oxygen-

M M Me Me ) | . ) A X
° | ° AuCs (10 mol%) o Me or nitrogen-based nucleophiles. This mild catalytic process provides
If MeCN, 20 °C + M an efficient access to oxa- and azabicyclic alkenes containing
HO Ph 18 90% Ph 19 bridged, fused, and spirocyclic architectures. Furthermore, the
Ve assembly of fused oxabicycloalkenes proceeds diastereospecifically,
Me | |-Me AUCly (10 moi%) oMe Me strongly suggesting a concerted nature of this double cyclization.
uCls 0,
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nucleophilic opening of the cyclopropyl gold carbene intermediate

B (Scheme 2). Release of the proton frod followed by
Scheme 2
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protodemetalation of the alkenyl gold complé&x affords the
observed bicyclic ether. While gold carbenes of t{fokave been
implicated as reactive intermediates ie%e-dig? 6-exo-dig® and
6-endo-digcyclizations?<'4 our results strongly indicate that the
double cyclization is a highly concerted process, which results in

anti addition of the alkyne and the nucleophile to the alkene. Indeed,

successful cyclization of sulfonamidé (Table 1, entry 4) indicates
significant carbocationic character at the C(5), which is more

consistent with a concerted reaction manifold. Furthermore, the

cyclization of alcoholB (Table 1, entry 3) proceeded without any
observed formation of an alternative [3.1.0] bicyclic alk&has a
result of hydride migration and elimination from the gold carbene
intermediate of typeB.

Interestingly, subjection of trisubstitutdttalkene24 (eq 4) to
10 mol % of AuC}k afforded unexpectedly tetrahydrofur2s as
an exclusive anti-Markovnikov reaction product ¢97:3)13 The
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outcome of this experiment can be rationalized by a strained nature (13) The structure a25was verified by X-ray crystallography. See Supporting

of the alternativérans-oxabicyclo[4.4.0]decene product, changing
the reaction course to theéndo-digcyclization.

Information for details.
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