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Gold-catalyzed reactions have emerged as important synthetic Table 2. Intermolecular Addition of Phenols and Carboxylic Acids
methods: Cationic gold(l) and gold(lll) show exceptional activities 0 Olefins”
to activate alkynes toward addition by a variety of functional groups Entry  Nucleophile  Olefin Product Yield®

both intra- and intermolecularly. This chemistry is also very valuable
. . . . R—< >—OH R—< >—o
in constructing complex moleculéd.Despite the successes with _O

alkynes, reactions involving nucleophilic addition to olefins cata- 1 1aR=MeO O 3aR =MeO 78%
lyzed by gold are very limite&* Recently, an interesting gold- 2 1bR=tert-Butyl 3b R = fert-Butyl 70%°
(l)-mediated addition ofs-diketone to alkenes was shown, but 3 16R=COMe 3¢ R =CO5Me 68%
. . : 4 1dR=NO 3dR=NO 71%°
the role of gold(lll) was thought to mainly activate the nucleophile 2 ° 2 0
and the alkene scope is limited to styrene and norbornyldie. Q ‘(\©\
this date, there has not been a report of gold-catalyzed formation =
of carbon-heteroatom bonds through activation of inert olefins. Z :: Meo O Z:E: gggMe gg;:
Sut_:h _react_ions have been _traditionally mediated by_acids or - 44 2b 3g R = NO, 81%¢
stoichiometic amounts of toxic reageft®latinum® ruthenium?’
; . R R
and palladiurhhave been shown to catalyze some of these reactions, o@ O,Q’
but efficient intermolecular addition of various nucleophiles to PR~ Ph A
inactivated olefins under mild conditions has yet to be achieved. 8 1a N 3hR=MeO 3h' 71%9
In the case of palladium-catalyzed reactigiydride elimination 9 1eR=Br 2 3iR=Br 3 85% (7:1)°
often occurs to afford unsaturated produfcts. 10 1fR=H JjR=H 3 80% (15:1)°
We report here that simple olefins can be activated by COOH .
PhPAUOTI? Intermolecular additions of phenols and carboxylic @ 2a 3k O_OOCB" 84%
acids to alkenes can be catalyzed by this catalyst under relatively 19 BnCOCH BnCOQ
mild conditions. A reaction betwegmmethoxyphenol (1 mmol) 12 19 2b 3l HzCOo 95%°
and 4-allylanisole (4 mmol) was used to investigate activity of
. - . OOCBn  oocBn 789%
different cata!ysts (eq 1). Triflic gud, ZnOQ,’ngOTf, an_d AuCl 13 1g 2c PhSAN ph\/\/ 10:1)6°
3AgOTTf all failed to give the desired product in good yields (Table 3m
1). A combination of 2 mol % of PfAuCl and AgOTf gave a A~~~ 00CBN 00CBN 79
14 19 )\/\/\ \/\/\/ (5 5: 1)0
Table 1. Effect of Catalysts on an Intermolecular Addition 2d n an o

Reaction

(@] o OMe
15 W)LOH 2b j)k J\/Ej 46%°
0"' O—@—OMe N
catalyst 15h ) 1h 30
toluene, 85°C 16 MeO@ Lb MeO 05%69
> s
OMe OMe N“COOH °© ’
1i 2e

3 o H
entry catalyst yield?
1 15% HOTf 0% aThe isolated yields are reportétNMR yield with an internal standard.
2 5% ZnOTh 0% cWith 5 mol % of the catalyst! Isolated yield for3h.¢5 mol %
3 5% AgOTf trace PhPAUSDF; was used! Conversion is 55% based on the alkef#:1 ratio
4 5% AuChH/15% AgOTf <5% of acid and nobornylene were usédReactions were conducted with 1 mmol
5 2% PhPAUCI/2% AgOTf 84% of nucleophiles, 4 mmol of olefins, and 2 mol % (for phenols) or 5 mol %
6 2% PRPAUOTY 78% (for carboxylic acids) of P¥PAUCI/AgOTf in 2 mL of toluene at 85C.

work well in this reaction. Good yields can be obtained for all cases
reported. Although excess amounts of olefins were used (4 equiv),
usually 2 equiv of olefins could be recovered after the reaction.
good yield of the Markovnikov product (entry 5, Table 1). If AQCl  Carboxylic acids can also be added to alkenes to give esters under
precipitates were filtered after mixing the same equivalents of the same reaction conditions (Table 2), but a higher catalyst loading
PhPAUCI and AgOTT, the filtrate still exhibited the same catalytic (5 mol %) is required for the completion of the reactions. A
activity (entry 6, Table 1). Different solvents were screened, and sterically bulky acid was employed, which still afforded a reasonable
toluene was found to be the best solvent for this reaction. yield of the product (entry 15, Table 2).

Both electron-rich and electron-deficient phenols serve as good We are exploring the scope of this gold(l)-based activity. Our
substrates (Table 2). Different olefins including inactivated ones data indicate that an intramolecular cyclization of-#nydroxyl

aYield based on the phenol and determined by cAtI&IMR using an
internal standard.
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This study may open a new direction for alkene functionalization. JA050392F
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