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ABSTRACT

A heterogeneous gold(l)-catalyzed regioselectivdréyon of propargyl acetates
has been developed that proceeds smoothly in bydade at room temperature in the
presence of 1 mol% diphenylphosphine-modified MCMakhchored gold(l) complex
[PhbP-MCM-41-AuSbk] as catalyst and provides an efficient and pracagpgiroach
for the synthesis of a variety afacyloxy methyl ketones with high atom economy,
good to excellent yield, and high functional graoferance. This new immobilized
gold(l) catalyst can readily be obtained by a sangieparative procedure from com-
mercially available reagents, and recovered viitratfon process and reused at least
seven times without apparent loss of activity.
Keywords: Gold; Hydration; Propargyl acetate; Methyl ketondeterogeneous

catalysis

1. Introduction

The hydration of alkynes has provided a stragtérd, atom-economical and
environmentally friendly method for the construatiof diverse ketones and is

considered to be one of the most important C-O Bondation reactions in organic
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synthesis due to the wide availability of startiagynes and the incorporation of
readily modifiable carbonyl functional moiety inethmolecules [1-3]. Traditionally,
hydration of alkynes was conducted in the presafideghly toxic mercury salts or
more than stoichiometric amount of concentrate€ugalacid [4-7]. Although some
Brgnsted acids have also proven to exhibit catabgtivity for this transformation, in
most cases stoichiometric or excess amounts of acate still required to achieve
high conversions [8-10]. To overcome the drawbaifkisaditional alkyne hydration,
a variety of transition-metal complexes such a$lE§ Co [12], Ag [13], Pt [14], Pd
[15], Ir [16], Ru [17], and Au [18-30] have beenpénred as catalysts for the reaction.
Among them, cationic gold catalysts display unigquaalytic efficiency and have
attracted much attention because they exhibit gtedfinity to activate the bonds of
alkynes by nucleophilic attack. Recently, catiogatd(l) complexes have proven to
be one of the most promising catalysts for theasglctive hydration of terminal
alkynes owing to their high activity and regiosélty [21-29]. Cationic gold(l)
catalysts are usually prepared in situ by the reaadf neutral gold(l) complexes
[LAUCI, L = phosphine oiN-heterocyclic carbene] with various silver saltgy(f,
AgNTf,, AgBF,;, AgSbFs, etc], which suffers from some drawbacks suchigis tost
and the light sensitivity of silver salts. In caast, silver salt-free heterogeneous gold
catalysts for the hydration of alkynes have reatiess attention [31-33].

It was reported that the existence of a neigimgogster group in alkynes, e.g.,
propargyl carboxylates, would result in regioselecincorporation of the carbonyl

functional moiety in the product molecules throwgitd-catalyzed hydration [34,35].



Recently, Sahoo and coworkers reported gold(l)kgzed regioselective hydration of
propargyl acetates by usingdPAuCl and AgSbkas catalysts, providing-acyloxy
methyl ketones in good to excellent yields undddroonditions [36]. The hydration
products could be converted intehydroxy methyl ketones in a straightforward
manner, and the latter are important syntheticriméeliates for various bioactive
compounds and are found in many natural productshafmacological importance
[37-39]. Besides, the BRAUCI/AgSbk system has also been applied to regioselective
hydration of terminal halo-substituted propargytbeylates leading t@-acyloxy
a'-halo ketones [40]. Although this homogeneous @pldatalytic system is highly
efficient for the regioselective hydration of proggd carboxylates towards various
valuable functionalized methyl ketones, the noryctability of expensive homo-
geneous PJPAUCI and the decay of cationic gold as well aslitjet sensitivity of
AgSbFs make this method of limited synthetic utility. Tjudevelopment of a
recyclable heterogeneous gold(l) catalyst havinggh catalytic efficiency for the
regioselective hydration of propargyl carboxylaisshighly desirable from both
economical and environmental points of view.

The hexagonally-ordered mesoporous silica MCMd4 been widely employed as
an ideal solid support for anchoring various honmageis metal catalysts because it
possesses ultrahigh surface area, large and ungomna size, big pore volume and
excellent thermal stability [41-43]. To date, sofoactionalized MCM-41-anchored
gold(l) and gold(lll) complexes have been succdlsfutilized in many organic

reactions as green and sustainable gold catal4t5(]. Recently, we have reported



the preparation of a diphenylphosphine-modified M@Manchored gold(l) complex
[PhbP-MCM-41-AuCl] and its successful application tayimspecific hydroamina-
tion of ynamides and propiolic acid derivativeshwénilines [51]. Considering our
continued interest in the development of efficiantd recyclable gold catalysts for
organic transformations [49-51], herein we repottighly efficient, heterogeneous
gold(l)-catalyzed regioselective hydration of praph acetates towarda-acyloxy
methyl ketones by using the diphenylphosphine-niediMCM-41-anchored gold(l)
complex [PBP-MCM-41-AuSbk] as the catalyst, which could be facilely prepared
by treating PEP-MCM-41-AuCl with AgSbk in dichloromethane (DCM) at room
temperature for 0.5 h (Scheme 1). This supported(igocatalyst displays high
catalytic efficiency in this transformation and da@ readily separated and recovered
from the reaction mixtureia a simple filtration process, and its catalyticiatt

remains almost unaltered even after being recyide8 times.

2. Results and discussion

2.1. Heterogeneous gold(l)-catalyzed regioseledtixdration of propargyl acetates.

Four diphenylphosphine-modified MCM-41-anchored dgl complexes [PjP-
MCM-41-AuX, X = OTf, NTf,, Sbk, and BR] were facilely prepared by the reaction
of the known P{P-MCM-41-AuCl complex [51] with various silver sal{AgX =
AgOTf, AgNTf,, AgSbk, and AgBR) in DCM at room temperature for 0.5 h, as
shown in Scheme 2. Their characterization data wgven in the Supporting

Information. They were then used as the catalystsrégioselective hydration of



propargyl acetates. In our initial screening expents, 1-phenylprop-2-ynyl acetate
la was chosen as the model substrate to optimizéiweamonditions, and the results
are summarized in Table 1. At first, the effecvafious heterogeneous gold catalysts
on the model reaction was examined in dioxane amréemperature (entries 1-5).
PhP-MCM-41-AuSbk was found to be the most effective for this reactand the
use of 2 mol% PiP-MCM-41-AuSbk as catalyst afforded the desired prod2ecin
97% isolated yield within 5 h (entry 3), while otheeterogeneous gold complexes
such as Pi#P-MCM-41-AuOTf, PAP-MCM-41-AuNT#h, and PhP-MCM-41-AuBF,
provided relatively lower yields on longer reactibmes (entries 1, 2 and 4) and
PhP-MCM-41-AuCl was ineffective (entry 5). Replacermehdioxane with CHCI,

or MeOH resulted in a decreased yieldaf(entries 6 and 7), whilst the use of DMF
or DMSO as solvents did not produ2a (entries 8 and 9). Finally, the amount of
PhbP-MCM-41-AuSbk was also screened (entries 10 and 11). To oughdeli
reducing the catalyst loading from 2 to 1 mol% dat affect the reaction efficiency
significantly and led to the hydration prod@etin 96% isolated yield (entry 10). But,
further reducing the amount of the gold catalysD® mol% resulted in a slightly
decreased yield and a longer reaction time wasinajuentry 11). When a
homogenous RRAUCI (1 mol%)/AgSbE (1 mol%) catalytic system was used in the
reaction, the desire@la was also isolated in 97% yield, which indicatidmtt the
catalytic efficiency of P#P-MCM-41-AuSbks was comparable to that of homogenous
PhsPAUCI/AgSbl system (entry 12). Therefore, the optimum condgidor this

hydration reaction were the use of ,PAMCM-41-AuSbk (1 mol%) in dioxanas



solvent at room temperature under Ar for 12 h (@dblentry 10).

Having established the optimized reaction cood#j we started to investigate the
generality of this heterogeneous gold(l)-catalyagdration of the terminal alkynes of
propargyl acetates, and the results are summaiiZeable 2. At first, the effect of the
electronic nature of substituents on the aryl nyodétl-arylprop-2-ynyl acetatedlf-I)
on the hydration reaction was examined. 1-ArylpPoynyl acetateslp-e) bearing
various electron-donating groups, such as metkylityl, benzyloxy, and methoxy at
the 4- or 3-positions on the benzene ring, showsithdar reactivity with the electro-
nically neutral 1-phenylprop-2-ynyl acetatia and underwent hydration smoothly to
give the corresponding hydrated produltse in 89-94% yields. Besides, more
electron-rich substratgf provided the target produlf in 90% vyield. Furthermore,
electron-neutral substraleg having a rigid biphenyl group also reacted welatimrd
2gin 90% yield. Electron-withdrawing substituentsiswas halo and trifluoromethyl
groups on the benzene ring did not affect the Hiairaeaction, and halo groups are
inert to the optimized conditions. The hydratioraatons of electron-deficient
substrated h-I proceeded effectively to afford the desired prosl@tt-I in excellent
yields. These halo groups in prodults-k are expected to be converted into other
useful functional groups through the cross-couplieactions catalyzed by transition
metals. It is well known that protecting groupgtu hydroxyl moiety are sensitive to
the mild acidic and basic conditions. To examirer#iative stability of the protecting
groups under the optimized conditions, the hydratieaction of the substratan

with a silyl ether unit was performed. To our dbtig-butyldimethylsilyl (TBS) as the



bulkier silyl protecting group was tolerated well the reaction and the expected
product2m was obtained in 81% vyield.

We next examined the effect oftho-substitution on the aryl moiety to hydration
reaction, and the results are also shown in Tablen2ortho-allyloxy group did not
partake in the hydration reaction and the expepteduct2n was produced in 95%
yield; the allyl functionality could undergo furtherganic transformations. Electron-
donating methoxy or acetyloxy groups at the 2-pasitid not inhibit the hydration
and provided the desired produgtsqin excellent yields. The hydration of propargyl
acetatedr-u bearing various electron-withdrawiogtho substituents, such as chloro,
bromo, and nitro groups, proceeded smoothly unteistandard conditions to afford
the corresponding keton@s-u in 88-94% vyields. Gratifyingly, bulky 1-(naphthagen
1-yl)prop-2-ynyl acetatév also reacted quite well, furnishing the targetdoici 2v in
93% yield. The above results indicated that eledtrand steric effects of substituents
on the aromatic ring did not impart the significaffect to hydration of terminal triple
bond of propargyl acetates. Notably, thienyl-2-silned propargyl acetatew could
undergo hydration effectively, affording 76% vyietd 2w, but furyl-2-substituted
propargyl acetate did not deliver the desired nidtkyone. In addition to aryl- and
heteroaryl-substituted propargyl acetates, thedtiar of alkyl-, vinyl-, dialkyl-, and
aryl/alkyl-substituted propargyl acetates was ats@stigated. As shown in Table 2,
alkyl-, benzyl- and cycloalkyl-substituted propdrgcetatesix-b' underwent the
regioselective hydration reaction smoothly to dilve corresponding methyl ketones

2x-b' in 84-93% yields. Interestingly, vinyl-substitutptbpargyl acetatesc' and1d'



were compatible with the standard conditions aridrééd the desired-acetyloxy-
B,y-unsaturated methyl keton&x' and 2d', respectively in high yields. Besides,
sterically hindered substrafie@' having a quaternary-carbon center with two alkyl
groups also reacted well, thus furnishing the etqubdketone2e' in 93% vyield.
Similarly, both aryl- and methyl-substituted progpdracetateslf and 1g' did not
influence the reaction efficiency and gave the réelsproduct2f' and2g' in 90-92%
yields. Notably, sterically hindered 1-ethynylcyioéxyl acetatelh' also underwent

the hydration effectively to produce the targetduat2h' in 86% yield.

2.2. Leaching test for BR-MCM-41-AuSbk

To confirm that the observed hydration reactiosmsvdue to the BR-MCM-41-
AuSDbF; catalyst and not to a soluble gold species leadtawd this heterogeneous
catalyst, we focused on the hydration of 1-phempg2-ynyl acetatdla. After the
reaction was carried out for 4 h, the catalyst veasoved from the reaction mixture
by filtration and the catalyst-free filtrate wagretd at room temperature under Ar for
another 10 h. It was found that no increase in emign of 1-phenylprop-2-ynyl
acetatela was observed in the filtrate, indicating that sikséuble gold species leached
from the catalyst (if any) are not related to thserved reaction. In addition, no gold
species could be detected in the filtrate baselCERAES analysis. The above results
indicated that the BR-MCM-41-AuSbk complex was stable during the hydration

and is actually functioning in a heterogeneous reann

2.3. Possible mechanism for the heterogeneous Ijalai@lyzed regioselective



hydration reaction.

A possible mechanism for the heterogeneous Jetdfhlyzed regioselective
hydration of propargyl acetatesdeacyloxy methyl ketones is illustrated in Scheme 3
[36]. Firstly, coordination of the BR-MCM-41-AuSbk complex to alkyne moiety in
propargyl acetatel produces an MCM-41-bound gold(l)—alkyme—complex
intermediateA. Then reactive intermedia undergoes an intramolecularexe-dig
attack of carbonyl oxygen on the acetylenic cartmgenerate an MCM-41-bound
5-membered vinylgold cation intermediaBe Subsequent nucleophilic addition of
H,0 to intermediatd8 forms another MCM-41-bound vinylgold cation intenirete
C. The latter undergoes the protodeauration to geintermediat® and regenerate
the gold(l) catalyst. Finally, the isomerization iofermediateD occurs to furnish

a-acyloxy methyl ketone.

2.4. Recycling of the gold(l) catalyst

For practical application of a supported precimetal catalyst, its ease of separa-
tion, stability and reusability are important fastdo be examined. FR-MCM-41-
AuSDbF; can be readily separated and recovered from dwioe product via a simple
filtration process. We next examined the recycigbof the PRP-MCM-41-AuSbk
catalyst in the hydration reaction of 1-phenylp&gnyl acetatdda. Upon completion
of the first reaction cycle, the Au(l) catalyst wasovered by filtration of the reaction
solution and washed with dioxane and acetone. Afeeng air-dried, the recovered

gold(l) catalyst was employed in the next cyclengsihe same substrate under the



identical conditions, and the results are listedrable 3. As shown in Table 3, the
target producRa was produced in almost consistent yield for ewtsecutive cycles,
which indicating that this heterogeneous gold(tabet can be recycled at least eight
times without any significant decrease in catalgfiiciency. In order to determine if
the supported phosphine ligand was oxidized to ghesphine oxide during the
hydration reaction, both the recovered catalysiradight consecutive cycles and the
fresh catalyst were subjected to hydrolysis undasid conditions and the silyl
attachments obtained were subjected’®NMR determination®'P NMR spectrum
of the fresh catalyst (Fig. 1a) showed a strongaigts 33.2 ppm, which corres-
ponding to the phosphine in the diphenylphosphiold(@ complex [52], whilst'P
NMR spectrum of the recovered catalyst (Fig. 1bpalisplayed only one signal ét
32.5 ppm, which indicating that the oxidation ofe tiphosphine ligand to the
phosphine oxide did not occur under the optimizeatction conditions. In addition,
the Au content of the recovered gold(l) catalyderakight consecutive runs was
measured to be 0.36 mmol/g by ICP-AES analysischvinevealing negligible gold

leaching.

3. Conclusions

In summary, heterogenized homogeneous gold(l) ysitfPhP-MCM-41-AuSbk]
has been successfully developed for the regioseteleydration reaction of propargyl
acetates. It is demonstrated that such a hetemsgerdiphenylphosphine-gold(l)

complex is a highly efficient and recyclable hetgnoeous catalyst for the synthesis
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of a variety ofa-acyloxy methyl ketones. The reaction was appliedbla wide range
of propargyl acetates with broad functional groupmpatibility and tolerance to
acid-labile protecting groups. This heterogeneald()-catalyzed hydration reaction
has some attractive features such as readily lmitdarting materials, mild reaction
conditions, the absence of acidic promoter, goo@xcellent yields, and excellent
recyclability of the gold(l) catalyst, offering @&ple, highly efficient, economic and
practical route tar-acyloxy methyl ketones, which would transform jmthetically

versatilea-hydroxy methyl ketones in a straightforward manner

4. Experimental

4.1. General remarks

All starting chemicals were purchased from différeommercial sources and
utilized as received without further purificatioll solvents were purified by drying
and distillation before use. The products wereaisal by using column chromato-
graphy on 230-400 mesh silica gel. A mixture of drex and EtOAc was generally
used as eluentH NMR (400 MHz) and*C NMR (100 MHz) spectra were recorded
on a Bruker Avance 400 NMR spectrometer in CP& solvent*’P NMR spectra
(121 MHz) were recorded on a Bruker Avance 400 Migectrometer in CDglas
solvent. Melting points are uncorrected. The cantérgold was determined with a
Jarrell-Ash 1100 ICP. HRMS spectra were recordedroAGILENT 6520 Accurate-
Mass QTOF LC/MS spectrometer using the electrospnage (ES). Mesoporous

MCM-41 material [41] and propargyl acetateqd36] were prepared according to
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literature methods.

4.2. Preparation of PiP-MCM-41-AuSbgcomplex [51].

A mixture of 2-(diphenylphosphino)ethyltriethoxyaile (0.566 g, 1.5 mmol) and
the MCM-41 (2.0 g) in dry toluene (130 mL) wasrgth at 100°C for 24 h under an
argon atmosphere. The product was collected atfitin, washed with chloroform
(25 mL), and driedn vacuoat 130 °C for 6 h. The resulting white powdersevéren
added to a solution of M8ICl (3.0 g) in dry toluene (110 mL) and the migwras
stirred at room temperature under argon for 24He 3olid product was isolated by
filtration, followed by washing with acetone (2 % 2ZnL), and dryingin vacuo at
110 °C for 5 h to provide 2.412 g of modified makePhP-MCM-41. The content of
phosphorus was determined to be 0.42 mriidygelemental analysis.

A mixture of PhP-MCM-41 (1.00 g) and MSAUCI (115 mg, 0.39 mmol) in dry
CH.CI, (30 mL) was stirred at room temperature for 8 darran argon atmosphere.
The product was filtered off, washed with &H, and then treated with AgSbEL34
mg, 0.39 mmol) in CKCIl, (30 mL) at room temperature for 0.5 h. The resglti
product was collected by filtration, washed with @86 of NHz-H,O (2 x 20 mL),
distilled water (2 x 20 mL) and EtOH (2 x 20 mLhdadriedin vacuoto afford 1.053
g of a gray gold complex (FR-MCM-41-AuSbk). The content of gold was found to
be 0.37 mmol § based on ICP-AES.

The PhP-MCM-41-AuOTf, PAP-MCM-41-AuNTfh, and PhP-MCM-41-AuBR

were also prepared by using,PEMCM-41 (1.00 g), MgSAuCl (115 mg, 0.39 mmol),
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and AgX (X = OTf, SbNTfand BR, 0.39 mmol) as the starting materials in the same
manner, the contents of gold were determined t6.88 mmol ¢, 0.35 mmol ¢ and

0.36 mmol ¢, respectively based on ICP-AES analysis.

4.3. General procedure for the heterogeneous gptdlalyzed regioselective
hydration of propargyl acetates.

A Schlenk tube was charged with ,PEIMCM-41-AuSbk (28 mg, 0.01 mmol),
propargyl acetate (1.0 mmol), deionized water (8r@ol) and 1,4-dioxane (1.5 mL)
under an argon atmosphere. The reaction mixturestiasd at room temperature for
12 h. Upon completion of the reaction, the mixtweaes diluted with EtOAc (10 mL)
and filtered. The gold(l) catalyst was washed wilithxane (2 x 3 mL) and acetone (2
x 3 mL), and reused in the next run. The filtrataswconcentrated under reduced
pressure and the residue was purified by usingnwolahromatography on silica gel

(eluent: hexane/ethyl acetate) to afford the ddgwreduct2.

4.3.1. 2-Oxo-1-phenylpropyl acetat2a) [36]. Colorless oil."H NMR (400 MHz,
CDCly): 67.43-7.39 (m, 5H), 5.98 (s, 1H), 2.18 (s, 3H), 2A413H).*C NMR (100
MHz, CDCk): 6 201.7, 170.2, 133.2, 129.4, 129.1, 128.1, 80.9,,28.7.

4.3.2. 2-Oxo-1-(p-tolyl)propyl acetat@h [36]. Colorless oil'H NMR (400 MHz,
CDCl): 6 7.21 (d,J = 8.0 Hz, 2H), 7.13 (d] = 8.0 Hz, 2H), 5.86 (s, 1H), 2.28 (s, 3H),
2.09 (s, 3H), 2.01 (s, 3HYC NMR (100 MHz, CDCJ): 6 201.8, 170.3, 139.4, 130.2,
129.8, 128.1, 80.8, 26.1, 21.2, 20.7.

4.3.3. 1-(4-(tert-Butyl)phenyl)-2-oxopropyl acetgfe). Colorless oil*H NMR (400

MHz, CDCk): & 7.42 (d,J = 8.0 Hz, 2H), 7.33 (d] = 8.4 Hz, 2H), 5.96 (s, 1H), 2.17
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(s, 3H), 2.11 (s, 3H), 1.32 (s, 9HIC NMR (100 MHz, CDGJ): ¢ 201.8, 170.3, 152.6,
130.1, 127.9, 126.1, 80.8, 34.7, 31.2, 26.2, 2ARMS calcd for GsHo00s" [M™]:
248.1412, found 248.1419.

4.3.4. 1-(4-(Benzyloxy)phenyl)-2-oxopropyl acet#gel). Pale yellow solid. Mp
84.2-84.5°C. 'H NMR (400 MHz, CDCY): §7.34-7.27 (m, 4H), 7.26-7.20 (m, 3H),
6.91 (d,J = 8.8 Hz, 2H), 5.84 (s, 1H), 4.97 (s, 2H), 2.0738l), 2.00 (s, 3H):*C
NMR (100 MHz, CDC}): ¢ 201.9, 170.4, 159.7, 136.6, 129.7, 128.7, 128.%7,5.2
125.4, 115.5, 80.5, 70.1, 26.2, 20.7. HRMS calad GgH1504" [M*]: 298.1205,
found 298.1203.

4.3.5. 1-(3-Methoxyphenyl)-2-oxopropyl aceté2e)[36]. Pale yellow oil*H NMR
(400 MHz, CDC}): 6 7.31 (t,J = 7.8 Hz, 1H), 7.00 (d] = 7.6 Hz, 1H), 6.96-6.90 (m,
2H), 5.95 (s, 1H), 3.80 (s, 3H), 2.18 (s, 3H), 2(1 3H).**C NMR (100 MHz,
CDCl): ¢ 201.5, 170.1, 160.0, 134.6, 130.1, 120.3, 11413.41 80.8, 55.3, 26.0,
20.6.

4.3.6. 1-(3,5-Dimethoxyphenyl)-2-oxopropyl acetéd). Pale yellow oil.*H NMR
(400 MHz, CDC}): d 6.55 (d,J = 2.0 Hz, 2H), 6.47 (] = 2.2 Hz, 1H), 5.89 (s, 1H),
3.79 (s, 6H), 2.19 (s, 3H), 2.12 (s, 3HC NMR (100 MHz, CDGJ): § 201.5, 170.1,
161.2, 135.2, 106.0, 101.2, 80.9, 55.4, 26.0, 20RMS calcd for GH1¢0s' [M]:
252.0998, found 252.0995.

4.3.7. 1-([1,1'-Biphenyl]-4-yl)-2-oxopropyl acetat€2g). Pale yellow solid. Mp
94.8-95.2 °C*H NMR (400 MHz, CDCJ): ¢ 7.53 (d,J = 8.0 Hz, 2H), 7.48 (d] = 7.2

Hz, 2H), 7.40-7.32 (m, 4H), 7.28-7.25 (m, 1H), 5(831H), 2.10 (s, 3H), 2.05 (s, 3H).
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¥C NMR (100 MHz, CD{): ¢ 201.7, 170.3, 142.4, 140.2, 132.1, 128.9, 128.%,812
127.7, 127.2, 80.7, 26.2, 20.7. HRMS calcd fasHzs0s" [M™]: 268.1099, found
268.1091.

4.3.8. 1-(4-Fluorophenyl)-2-oxopropyl acetd@h) [36]. Colorless oil'H NMR (400
MHz, CDCk): 6 7.40 (dd,J = 8.8, 5.2 Hz, 2H), 7.10 (8,= 8.6 Hz, 2H), 5.96 (s, 1H),
2.19 (s, 3H), 2.12 (s, 3HY*C NMR (100 MHz, CDG): $201.6, 170.1, 163.3 (d,=
247.4 Hz), 129.9 (dJ = 8.4 Hz), 129.2 (dj = 3.1 Hz), 116.1 (dJ = 21.6 Hz), 80.1,
26.1, 20.6.

4.3.9. 1-(4-Chlorophenyl)-2-oxopropyl acet#®3) [36]. Colorless oil*H NMR (400
MHz, CDCh): 6 7.54 (d,J = 8.4 Hz, 2H), 7.30 (d] = 8.8 Hz, 2H), 5.93 (s, 1H), 2.19
(s, 3H), 2.12 (s, 3H)}C NMR (100 MHz, CDGJ): § 201.3, 170.1, 132.3, 129.6,
123.6, 80.2, 26.1, 20.7.

4.3.10. 1-(4-Bromophenyl)-2-oxopropy! aceté®) [36]. Pale yellow oil.'H NMR
(400 MHz, CDC}): 6 7.54 (d,J = 8.4 Hz, 2H), 7.30 (d] = 8.8 Hz, 2H), 5.93 (s, 1H),
2.19 (s, 3H), 2.12 (s, 3HY’C NMR (100 MHz, CDCJ): 6 201.4, 170.0, 135.4, 131.8,
129.3, 129.2, 80.1, 26.0, 20.6.

4.3.11. 1-(3,4-Dichlorophenyl)-2-oxopropyl acetd@k) [36]. Pale yellow oil.*H
NMR (400 MHz, CDCY): 6 7.53 (d,J = 2.0 Hz, 1H), 7.49 (d] = 8.4 Hz, 1H), 7.27
(dd,J = 8.2, 1.8 Hz, 1H), 5.92 (s, 1H), 2.21 (s, 3HLR(s, 3H)*C NMR (100 MHz,
CDCl): 6 201.1, 169.9, 133.7, 133.4, 133.3, 131.0, 1227,11, 79.4, 26.1, 20.6.
4.3.12. 2-Oxo-1-(3-(trifluoromethyl)phenyl)propykcetate (2I). Colorless oil. *H

NMR (400 MHz, CDCY): 6 7.61 (s, 1H), 7.58-7.53 (m, 2H), 7.46Jt= 7.8 Hz, 1H),

15



5.94 (s, 1H), 2.13 (s, 3H), 2.06 (s, 3HC NMR (100 MHz, CDGJ): 6 201.3, 170.0,
134.4, 131.5 (qJ = 32.5 Hz), 131.2, 129.6, 126.1 (= 3.6 Hz), 124.6 (¢) = 3.8
Hz), 123.7 (gJ = 270.8 Hz), 80.1, 26.0, 20.5. HRMS calcd fopHG1F:05" [M™]:
260.0660, found 260.0665.

4.3.13. 1-(3-(tert-Butyldimethylsilyloxy)phenylsRepropyl acetatg2m) [36]. Pale
brown oil.*H NMR (400 MHz, CDCY): § 7.28-7.23 (m, 1H), 7.00 (d,= 7.6 Hz, 1H),
6.89-6.84 (m, 2H), 5.91 (s, 1H), 2.19 (s, 3H), 2403H), 0.99 (s, 9H), 0.20 (s, 6H).
¥C NMR (100 MHz, CDd): 0 201.4, 170.2, 156.2, 134.5, 130.1, 121.0, 1209,711
80.7, 26.0, 25.6, 20.7, 18.2, -4.4.

4.3.14. 1-(2-(Allyloxy)phenyl)-2-oxopropy! aceté#m) [36]. Colorless oil*H NMR
(400 MHz, CDC}): 6 7.35-7.31 (m, 2H), 6.99 (d,= 7.6 Hz, 1H), 6.95 (dd] = 8.6,
4.6 Hz, 1H), 6.51 (s, 1H), 6.09-6.00 (m, 1H), 5(d8,J = 17.4, 1.2 Hz, 1H), 5.31 (dd,
J =10.6, 1.0 Hz, 1H), 4.67-4.56 (m, 2H), 2.16 (d),32.12 (s, 3H)**C NMR (100
MHz, CDCk): ¢ 201.9, 170.3, 155.9, 132.7, 130.6, 129.5, 122.3,31217.8, 112.4,
75.0, 69.2, 26.3, 20.7.

4.3.15. 1-(2-Methoxyphenyl)-2-oxopropyl acetie). Pale yellow oil*H NMR (400
MHz, CDCL): § 7.28-7.18 (m, 2H), 6.91-6.83 (m, 2H), 6.37 (s, 18{),7 (s, 3H), 2.04
(s, 3H), 1.99 (s, 3H):C NMR (100 MHz, CDGJ): § 201.8, 170.2, 156.9, 130.7,
129.4, 122.0, 121.0, 111.2, 74.9, 55.6, 26.1, 26RMS calcd for GH140," [M™]:
222.0892, found 222.0883.

4.3.16. 1-(2,5-Dimethoxyphenyl)-2-oxopropy! ace(@m). Pale yellow oil.*H NMR

(400 MHz, CDCY): § 6.81-6.77 (m, 3H), 6.36 (s, 1H), 3.75 (s, 3H) 638, 3H), 2.08
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(s, 3H), 2.02 (s, 3H)C NMR (100 MHz, CDGJ): § 201.7, 170.2, 153.8, 151.0,
122.7, 115.6, 114.6, 112.4, 74.7, 56.2, 55.7, 2B017. HRMS calcd for GH1¢Os"
[M™]: 252.0998, found 252.0992.

4.3.17. 2-(1-Acetoxy-2-oxopropyl)phenyl acei@m). Pale yellow oil*H NMR (400
MHz, CDCk): 6 7.39-7.35 (m, 2H), 7.25-7.19 (m, 1H), 7.09 & 8.0 Hz, 1H), 6.09
(s, 1H), 2.26 (s, 3H), 2.07 (s, 3H), 2.01 (s, 3f0.NMR (100 MHz, CDGJ): 6 200.6,
170.0, 169.2, 149.0, 130.7, 130.4, 126.7, 126.8,71.26.1, 26.2, 20.8, 20.6. HRMS
calcd for GsH140s" [M™]: 250.0841, found 250.0844.

4.3.18. 1-(2-Chlorophenyl)-2-oxopropyl acetdg) [36]. Pale yellow oil.'H NMR
(400 MHz, CDC}): §7.46 (dd,J = 7.6, 1.6 Hz, 1H), 7.40 (dd,= 7.2, 2.4 Hz, 1H),
7.37-7.29 (m, 2H), 6.52 (s, 1H), 2.19 (s, 3H), 2(87 3H).2*C NMR (100 MHz,
CDCl): 6 200.8, 170.0, 134.0, 131.5, 130.6, 130.1, 1228,5l 76.9, 26.7, 20.6.
4.3.19. 1-(2-Bromophenyl)-2-oxopropyl aceté2s)[36]. Colorless oil*H NMR (400
MHz, CDCk): 6 7.65 (d,J = 8.0 Hz, 1H), 7.40-7.33 (m, 2H), 7.28-7.23 (m) 16151
(s, 1H), 2.19 (s, 3H), 2.18 (s, 3HJC NMR (100 MHz, CDGJ): 5200.9, 170.0, 133.4,
133.2, 130.9, 129.9, 128.1, 124.4, 79.2, 26.9,.20.6

4.3.20. 1-(2,4-Dichlorophenyl)-2-oxopropy! acetdt) [36]. Pale yellow oil.*H
NMR (400 MHz, CDCY): §7.48 (d,J = 2.0 Hz, 1H), 7.35 (d] = 8.4 Hz, 1H), 7.30
(dd,J = 8.4, 2.0 Hz, 1H), 6.45 (s, 1H), 2.19 (s, 3HL&(s, 3H)*C NMR (100 MHz,
CDCl): 6200.5, 169.8, 136.0, 134.6, 130.6, 130.2, 129.9,9,.276.3, 26.7, 20.5.
4.3.21. 1-(2-Nitrophenyl)-2-oxopropyl acetaf2u). Pale yellow oil.'"H NMR (400

MHz, CDCE): 6 8.07 (d,J = 8.0 Hz, 1H), 7.67 (t = 7.6 Hz, 1H), 7.58-7.52 (m, 2H),
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6.74 (s, 1H), 2.32 (s, 3H), 2.20 (s, 3R NMR (100 MHz, CDGJ): 6 200.7, 169.5,
148.1, 133.8, 130.1, 129.9, 129.7, 125.2, 75.71,220.6. HRMS calcd for
C11H11NOs™ [M™]: 237.0637, found 237.0632.

4.3.22. 1-(Naphthalen-1-yl)-2-oxopropy! aceté®)[36]. Pale yellow oil.*H NMR
(400 MHz, CDC}): 6 8.02 (d,J = 8.4 Hz, 1H), 7.77-7.73 (m, 2H), 7.48-7.32 (m,)4H
6.56 (s, 1H), 2.06 (s, 3H), 1.91 (s, 3tRC NMR (100 MHz, CDGJ): 6 201.8, 170.2,
134.2, 131.3, 130.4, 129.6, 129.0, 128.3, 127.8,3124125.4, 123.9, 79.5, 26.3, 20.8.
4.3.23. 2-Oxo-1-(thiophen-2-yl)propyl acetd@w) [36]. Pale brown oil*H NMR
(400 MHz, CDC}): 6 7.41-7.38 (m, 1H), 7.15 (d, = 3.2 Hz, 1H), 7.05 (dd] = 4.8,
3.6 Hz, 1H), 6.23 (s, 1H), 2.19 (s, 63C NMR (100 MHz, CDG): § 200.5, 170.1,
134.6, 128.4, 127.8, 127.3, 75.9, 26.0, 20.6.

4.3.24. 2-Oxoundecan-3-yl acetd®x). Colorless oil'H NMR (400 MHz, CDC)): 6
4.92-4.88 (m, 1H), 2.08 (s, 3H), 2.07 (s, 3H), 11782 (m, 2H), 1.33-1.17 (m, 12H),
0.81 (t,J = 6.6 Hz, 3H).13C NMR (100 MHz, CDG): 6 205.4, 170.6, 78.7, 31.8, 30.2,
29.3, 29.2, 29.1, 26.0, 25.1, 22.6, 20.6, 14.0. MRMalcd for GgH240s" [M]:
228.1725, found 228.1729.

4.3.25. 3-Ox0-1-phenylbutan-2-yl aceté2)[36]. Colorless oil*H NMR (400 MHz,
CDCL): § 7.29 (t,J = 7.2 Hz, 2H), 7.26-7.18 (m, 3H), 5.22-5.18 (m,)1B.13-3.07
(m, 1H), 3.02-2.95 (m, 1H), 2.07 (s, 3H), 2.0638).*C NMR (100 MHz, CDGCJ):
0205.2,170.3, 135.9, 129.3, 128.6, 127.1, 79.1;,3%.8, 20.6.

4.3.26. 4-Oxo-1-phenylpentan-3-yl aceté®e) Colorless oil.'H NMR (400 MHz,

CDCl): 6 7.30 (t,J = 7.4 Hz, 2H), 7.23-7.15 (m, 3H), 5.00-4.95 (m)1Bl75-2.67
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(m, 2H), 2.16 (s, 3H), 2.13 (s, 3H), 2.12-2.01 @H). °C NMR (100 MHz, CDGJ):
0 205.1, 170.5, 140.4, 128.6, 128.4, 126.4, 78.19,331.5, 26.1, 20.7. HRMS calcd
for C1aH1603" [M™]: 220.1099, found 220.1094.

4.3.27. 2-Oxo-4-phenylpentan-3-yl aceté®a’). Colorless oifH NMR (400 MHz,
CDCL): 6 7.31 (t,J = 7.4 Hz, 2H), 7.27-7.21 (m, 3H), 5.04 @= 6.0 Hz, 1H),
3.30-3.24 (m, 1H), 2.11 (s, 3H), 1.89 (s, 3H), 1(85) = 6.8 Hz, 3H)**C NMR (100
MHz, CDCk): ¢ 205.5, 170.5, 141.3, 128.7, 127.8, 127.3, 82.8,47 .9, 20.5, 15.9.
HRMS calcd for GsH1603" [M*]: 220.1099, found 220.1097.

4.3.28. 1-Cyclohexyl-2-oxopropyl acetd@b’). Colorless oil.'"H NMR (400 MHz,
CDCL): 6 4.76 (d,J = 4.4 Hz, 1H), 2.07 (s, 6H), 1.85-1.75 (m, 1HY,3t1.64 (m, 2H),
1.62-1.48 (m, 3H), 1.24-1.06 (m, 5HC NMR (100 MHz, CDGJ): 6 205.5, 170.7,
82.6, 39.0, 29.3, 27.3, 27.1, 26.1, 25.9, 25.86.2dRMS calcd for GH1g05" [M™]:
198.1256, found 198.1259.

4.3.29. (E)-5,9-dimethyl-2-oxodeca-4,8-dien-3-ydtate(2c'). Colorless oil*H NMR
(400 MHz, CDC}): 6 5.71 (d,J = 10.0 Hz, 1H), 5.15 (d] =10.0 Hz, 1H), 5.03 (1] =
5.6 Hz, 1H), 2.16-2.10 (m, 9H), 1.85 (s, 3H), 11666 (m, 4H), 1.60 (s, 3H°C
NMR (100 MHz, CDC)): 6 202.6, 170.4, 145.9, 132.2, 123.3, 116.6, 76.9%,3%5.1,
25.9, 25.7, 20.7, 17.7, 17.3. HRMS calcd forH3,0s" [M7]: 238.1569, found
238.1574.

4.3.30. (E)-4-Oxo-1-phenylpent-1-en-3-yl aceté2e’). Pale yellow oil.*H NMR
(400 MHz, CDC}): 6 7.28 (d,J = 7.2 Hz, 2H), 7.24-7.14 (m, 3H), 6.71 (= 16.0

Hz, 1H), 6.06 (ddJ = 15.6, 8.0 Hz, 1H), 5.50 (dd,= 7.6, 0.8 Hz, 1H), 2.10 (s, 3H),
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2.06 (s, 3H).13C NMR (100 MHz, CDdJ): ¢ 202.3, 170.0, 136.2, 135.5, 128.8, 128.7,
126.8, 120.5, 79.9, 26.1, 20.7. HRMS calcd fagHz,0s" [M™]: 218.0943, found
218.0945.

4.3.31. 3,5-Dimethyl-2-oxohexan-3-yl aceté?e’) [36]. Colorless oil*H NMR (400
MHz, CDCE): 6 2.12 (s, 3H), 2.08 (s, 3H), 1.80-1.72 (m, 2H), 11683 (m, 1H), 1.52
(s, 3H), 0.95 (ddJ = 6.0, 3.6 Hz, 6H):3C NMR (100 MHz, CDGJ): 6 206.8, 170.1,
86.5,44.4,24 .4, 24.0, 23.9, 23.7, 21.2, 20.5.

4.3.32. 2-(4-Bromophenyl)-3-oxobutan-2-yl aceté2&). Pale yellow oil'H NMR
(400 MHz, CDC}): 6 7.51 (d,J = 8.8 Hz, 2H), 7.34 (d] = 8.8 Hz, 2H), 2.26 (s, 3H),
1.95 (s, 3H), 1.82 (s, 3HYC NMR (100 MHz, CDGJ): § 203.2, 169.9, 137.7, 131.9,
126.6, 122.4, 87.1, 23.6, 22.8, 21.3. HRMS caladdgHsBrOs" [M*]: 284.0048,
found 284.0047.

4.3.33. 2-(3,4-Dimethylphenyl)-3-oxobutan-2-yl atet(2g'). Pale yellow oil.*H
NMR (400 MHz, CDCY): 67.20-7.15 (m, 2H), 7.13 (d,= 8.0 Hz, 1H), 2.27 (s, 3H),
2.25 (s, 6H), 1.95 (s, 3H), 1.82 (s, 3HC NMR (100 MHz, CDGJ): § 203.8, 170.1,
137.0, 136.7, 136.0, 130.0, 125.9, 122.2, 87.55,282.9, 21.4, 20.0, 19.4. HRMS
calcd for G4H1803" [M™]: 234.1256, found 234.1258.

4.3.34. 1-Acetylcyclohexyl acetafh’) [36]. Colorless oil.'"H NMR (400 MHz,
CDCL): § 2.14-1.81 (m, 8H), 1.73-1.28 (m, 7H), 1.22-1.17 (rhi).*°C NMR (100

MHz, CDCk): 6 207.1, 170.2, 85.2, 30.8, 25.0, 23.5, 21.1, 20.9.

Acknowledgements

20



We thank the National Natural Science Foundatiol€lina (No. 21462021) and

Key Laboratory of Functional Small Organic Moleculinistry of Education (No.

KLFS-KF-201704) for financial support.

References

[1]
[2]

[3]
[4]
[5]

[6]
[7]
[8]
[9]
[10]

[11]
[12]

[13]
[14]
[15]
[16]

[17]
[18]

[19]

F. Alonso, |.P. Beletskaya, M. Yus, Chem. RE¥ (2004) 3079-3159.

M. Beller, J. Seayad, A. Tilack, H. Jiao, AngeChem. Int. Ed. 43 (2004)
3368-3398.

L. Hintermann, A. Labonne, Synthesis (200721-11150.

M. Kutscheroff, Chem. Ber. 14 (1881) 1540-1542

R.J. Thomas, K.N. Campbell, G.F. Hennion, Jn.AChem. Soc. 60 (1938)
718-720.

W.L. Budde, R.E. Dessy, J. Am. Chem. Soc. B#63) 3964-3970.

V. Janout, S.L. Regen, J. Org. Chem. 47 (18831-3333.

K, Rao, P. Prasad, N. Lingaiah, Green Chem(2042) 1507-1514.

Z. Nairoukh, D. Avnir, J. Blum, ChemSusChen2613) 430-432.

W.L. Wong, K.P. Ho, L.Y. Lee, K.M. Lam, Z.¥hou, T.H. Chan, K.Y. Wong,
ACS Catal. 1 (2011) 116-1109.

X.-F. Wu, D. Bezier, C. Darcel, Adv. Synthatal. 351 (2009) 367-370.

T. Tachinami, T. Nishimura, R. Ushimaru, Royéri, H. Naka, J. Am. Chem.
Soc. 135 (2013) 50-53.

M.B.T. Thuong, A. Mann, A. Wagner, Chem. Coonm48 (2012) 434-436.

W. Hiscox, P.W. Jennings, Organometallic4990) 1997-1999.

C. Xu, W. Du, Y. Zeng, B. Dai, H. Guo, Orgett. 16 (2014) 948-951.

T. Hirabayashi, Y. Okimoto, A. Saito, M. Mtaj S. Sakaguchi, Y. Ishii,
Tetrahedron 62 (2006) 2231-2234.

F. Chevallier, B. Breit, Angew. Chem. Int. Etb (2006) 1599-1602.

J.H. Teles, S. Brode, M. Chabanas, Angew. nChént. Ed. 37 (1998)
1415-1418.

E. Mizushima, K. Sato, T. Hayashi, M. Tanakamgew. Chem. Int. Ed. 41

21



[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

[29]
[30]

[31]
[32]
[33]
[34]
[35]
[36]

[37]

[38]

(2002) 4563-4565.

R. Casado, M. Contel, M. Laguna, P. Romerd&s&z, J. Am. Chem. Soc. 125
(2003) 11925-11935.

N. Marion, R.S. Ramon, S.P. Nolan, J. Am. @h&oc. 131 (2009) 448-449.
A. Leyva, A. Corma, J. Org. Chem. 74 (200052-2074.

A.S.K. Hashmi, T. Hengst, C. Lothschutz, lenitnger, Adv. Synth. Catal. 352
(2010) 1315-1337.

A. Cavarzan, A. Scarso, P. Sgarbossa, Gk@&ifrd.N.H. Reek, J. Am. Chem.
Soc. 133 (2011) 2848-2851.

D. Wang, R. Cai, S. Sharma, J. Jirak, S.Kurmimanapelli, N.G. Akhmedov, H.
Zhang, X. Liu, J.L. Petersen, X. Shi, J. Am. Ch&woc. 134 (2012) 9012-9019.
L. Li, S.B. Herzon, J. Am. Chem. Soc. 13412p17376-17379.

X. Xu, S.H. Kim, X. Zhang, A.K. Das, H. Hira&.H. Hong, Organometallics
32 (2013) 164-171.

Y. Xu, X. Hu, J. Shao, G. Yang, Y. Wu, Z. Zitp Green Chem. 17 (2015)
532-537.

F. Li, N. Wang, L. Lu, G. Zhu, J. Org. Che&ti (2015) 3538-3546.

W. Wang, J. Jasinski, G.B. Hammond, B. Xugaw. Chem. Int. Ed. 49 (2010)
1247-7252.

W. Wang, A. Zheng, P. Zhao, C. Xia, F. Li, 8Catal. 4 (2014) 321-327.

S. Liang, J. Jasinski, G.B. Hammond, B. XugQ.ett. 17 (2015) 162-165.

R. Cai, X. Ye, Q. Sun, Q. He, Y. He, S. Ma, Zhi, ACS Catal. 7 (2017)
1087-1092.

C.H. Oh, J.H. Kim, B.K. Oh, J.R. Park, J.Hed, Chem. Eur. J. 19 (2013)
2592-2599.

N. Marion, S.P. Nolan, Angew. Chem. Int. B8.(2007) 2750-2752.

N. Ghosh, S. Nayak, A.K. Sahoo, J. Org. Chéfn(2011) 500-511.

R. Liu, Z. Lin, T. Zhu, Y. Fang, Q. Gu, W. dhJ. Nat. Prod. 71 (2008)
1127-1132.

S.-K. Wang, M.-J. Huang, C.-Y. Duh, J. Nato® 69 (2006) 1411-1416.

22



[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]
[52]

F.-C. Chen, C.-F. Peng, l.-L. Tasi, I.-S. @he). Nat. Prod. 68 (2005)
1318-1323.

N. Ghosh, S. Nayak, B. Prabagar, A.K. Sah®oOrg. Chem. 79 (2014)
2453-2462.

C.T. Kresge, M.E. Leonowicz, W.J. Roth, J\artuli, J.S. Beck, Nature 359
(1992) 710-712.

A. Taguchi, F. Schuth, Micropor. Mesopor. Kiat77 (2005) 1-45.

R.M. Martin-Aranda, JCejka, Top. Catab3 (2010) 141-153.

A. Corma, E. Gutierrez-Puebla, M. Iglesias, Monge, S. Perez-Ferreras, F.
Sanchez, Adv. Synth. Cat&48 (2006) 1899-1907.

A. Corma, C. Gonzalez-Arellano, M. Iglesi&s, Perez-Ferreras, F. Sanchez,
Synlett (2007) 1771-1774.

A. Corma, C. Gonzalez-Arellano, M. Iglesid4,T. Navarro, F. Sanchez, Chem.
Commun. (2008) 6218-6220.

C. del Pozo, A. Corma, M. Iglesias, F. San¢cherganometallics 29 (2010)
4491-4498.

G. Villaverde, A. Corma, M. Iglesias, F. Shee, ACS Catal. 2 (2012) 399-406.
W. Yang, R. Zhang, F. Yi, M. Cai, J. Org. @he32 (2017) 5204-5211.

W. Yang, L. Wei, T. Yan, M. Cai, Catal. S€echnol. 7 (2017) 1744-1755.

D. Liu, Q. Nie, R. Zhang, M. Cai, Adv. SyntBatal.360 (2018) 3940-3948.

F. Zhu, F. Zhang, X. Yang, J. Huang, H. LiMbl. Catal. A: Chem. 336 (2011)
1-7.

23



Table 1 Optimization of the reaction conditiofs.

QAc OAc
N L o gold catalyst Me
solvent, r.t. o
1a (3.0 equiv) 2a
Entry Gold catalyst (mol%) Solvent Time (h) Yield (86)
1  PhP-MCM-41-AuOTf (2) dioxane 24 85
2 PhP-MCM-41-AuNTH; (2) dioxane 24 74
3 PhhP-MCM-41-AuSbk (2) dioxane 5 97
4 PhP-MCM-41-AuBF; (2) dioxane 24 80
5 PhhP-MCM-41-AuCl (2) dioxane 36 0
6 PhP-MCM-41-AuSbk (2) CH.Cl, 24 68
7 PhhP-MCM-41-AuSbk (2) MeOH 24 42
8 PhP-MCM-41-AuSbk (2) DMF 36 0
9 Ph,P-MCM-41-AuSbk (2) DMSO 36 0
10 PhbP-MCM-41-AuSbk (1) dioxane 12 96
11  PhP-MCM-41-AuSbf (0.5) dioxane 24 91
12 PhsPAUCI (1)/AgSbks (1) dioxane 8 97

# Reactions were carried out wiffa (1.0 mmol), HO (3.0 mmol) in solvent (1.5 mL) at room
temperature under At.Isolated yield.
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Table 2 Heterogeneous gold(l)-catalyzed synthesis-aEyloxy methyl ketones”

OAc Ph,P-MCM-41-AuSbFg OAc
0,
R + H0 (1 mol%) R Me
R2 N (3 equiv)  1,4-dioxane, r.t., 12 h R? o
1 2
OAc OAc OAc OAc OAc
mMe /@)\H/Me mMe mMe MeomMe
© Me O tBu 0 BnO 0 @)
2a, 96% 2b, 94% 2¢, 92% 2d, 89% 2e,91%
2f 90% 2g, 90% 2h, 92% 2i, 93% 2j, 88%
OAc OAc OAc :Lo OAc OMe OAc
ClmMe F3C\©)\WM8 TBsomMe Me Me
cl o 0 0 o) o)
2k, 95% 21, 94% 2m, 81% 2n, 95% 20, 92%
OAc OAc OAC Cl OAC Br OAc Cl OAC
Me
MeO °
®~ 2p, 95% 2q, 91% r, 2% 2s, 88% 2t 93%
NO, OAc O OAc OAc OAc OAc
Me — Me @H/Me //H‘/Me
O 0 \_s O 0 Ph O
2u, 94% 2v, 93% 2w, 76% 2x, 93% 2y, 91%
OAc OAc OAc
Me Me Me Me \ OAC
Ph Ph™ X
o) Ph O o)
2z, 90% 2a', 84% 2b", 85% Me oer 829 ° 2d", 9%
AcO Me
Me m m %
2¢', 93% 2f', 92% 2g', 90% 2h', 86%

# Reactions were conducted witi{1.0 mmol), HO (3.0 mmol), P{P-MCM-41-AuSk (1 mol%)
in 1,4-dioxane (1.5 mL) at room temperature undeioA12 h.” Isolated yield.
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Table 3 Recycle of the PP-MCM-41-AuSbk catalyst:

OAc OAc
Pho,P-MCM-41-AuSbFg Me
(1 mol%)
N+ om0
. 1,4-dioxane, r.t., 12 h (o)
1a (3.0 equiv)
2a

Entry  Au Catalyst  Yield (%) Entry Au Catalyst  Yield (%)

1 Fresh 96 5 Recycle 4 95
2 Recycle 1 96 6 Recycle 5 95
3 Recycle 2 95 7 Recycle 6 94
4 Recycle 3 94 8 Recycle 7 93

% Reactions were conducted wifla (1.0 mmol), HO (3.0 mmol), P{P-MCM-41-AuSbk (1
mol%) in 1,4-dioxane (1.5 mL) at room temperatuneler Ar for 12 h® Isolated yield.

OAc Ph,P-MCM-41-AuSbFg OAc
0,
R S H,O (1 mol%) R Me
di 2
R2 . A 1,4-dioxane, r.t. R o
2

Scheme 1. Heterogeneous gold(l)-catalyzed hydration of prggl acetates.
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OSiMe;

OSiMes,
Ph,PAuCI AgX, X =OTf, O\ Ph,PAuX
O\§i/\/ 2 NTf,, SbFg, BF, i
0 Okt OEt
DCM, t, 0.5 h

Ph,P-MCM-41-AuCl

Pho,P-MCM-41-AuOTf, AgX = AgOTf
Ph,P-MCM-41-AuNTf,, AgX = AgNTf,
Ph,P-MCM-41-AuSbFg, AgX = AgSbFg
Ph,P-MCM-41-AuBF,, AgX = AgBF,

Scheme 2. Synthesis of the BR-MCM-41-AuX complexes.

R1
R2 (@) OAc
O+H .
H A \_) L-Au R1
) A
O Me L = Ph,P-MCM-41 R2
(D) 1
H+
OAc
1
" 7KH/M6 R
H
R? , O R? o }f
LAu = >< H
O Me
(©)
R1
H,0 R?
LAuU =

B)

Scheme 3. Proposed catalytic cycle.
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Fig. 1. 3P NMR spectra of fresh gold catalyst (a) and thgaled gold catalyst (b)
in CDC|3
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Research Highlights

» The heterogeneous Ph,P-M CM-41-AuSbFs complex was first prepared.

» This gold(l) catalyst showed the same catalytic activity as PhsPAUCl/AgSbFs
system.

» Thereaction generated a variety of a-acyloxy methyl ketonesin high yields.

» The gold(l) catalyst can be recycled up to 8 times with almost consistent activity.

» Our catalytic system provides a new and practical route to a-acyloxy methyl

ketones.
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