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ABSTRACT
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In the presence of GaCls, silyl enol ethers are ethynylated at the o-carbon atom with chlorotrimethylsilylethyne. This reaction can provide
o-ethynylated aryl ketones possessing acidic o-protons without isomerization to conjugated allenyl ketones.

Ethynylation of enolate has been problematic due to the low a one-step ethenylation reaction of silyl enol ether in the
reactivity of alkynyl halides and related compounds toward presence of Gaglwhich involved carbometalation between
Syl and %2, and only a few methods have been reported. gallium enolate and ethynylgalliumDescribed here is the
Dichloroethylene was reacted with ketone lithium enolates, reaction of silyl enol ethet with trimethylsilylated chloro-
and the adducts were subjected to reduction to generate arethyne2® in the presence of Gaglwhich givesa-ethynyl
ethynyl group* In the same paper, the reaction of lithium ketones7 in one-step. The reaction proceeds via several
enolate derived from methyl cyclohexanecarbonylate with organogallium intermediates, gallium enol8f@alliochloro-
chlorotrimethylsilylethyne was reported to giwe-silyl- ethyne4, digallated3-enone5, and gallated ethynyl ketone
ethynylated ketone in 38% yield, although the scope of this 6 (Scheme 1). It is also notable that the reaction provities
one-step method remains unclear. Alkynyllead triacetates andnot only witha-quaternary centers but also those possessing
1-alkynyl(phenyl)iodonium tetrafluorobrate were reacted with o-tertiary centers.

alkali metal enolates derived frofitdicarbonyl compounds
or nitroalkanes to give the ethynylated productsAll of

these methods, however, have limited applicability and were Scheme 1

not used for the synthesis of ethynylated ketones possessing OSiMe, 0GaCl,

an acidic proton at the carbongtposition. Suctu-ethynyl )%é _GaCl )§€ ClLGa GaCl,
ketones have been obtained only by the oxidation of the 1 3 Q|
corresponding acetylene alcotads the acylation of allenyl- N GaCl, e cl
metal reagentsWe recently reported a one-step ethynylation ct C'g'S'M% c CZC Gacl, 5

reaction of phenol catalyzed by Ga€We also developed

(o} GaCl, o} H
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Table 1. o-Ethynylation ofa,o-Disubstituted Silyl Enol Table 2. a-Ethynylation ofa-Monosubstituted Silyl Enol
Ether$ Ethers
0SiMe, 1)GaCls, 5min O H 0SiMe; 1) GaCl Q M
N~ *CH-C=C-SiMey — > Z AR T+ CI-CEC-SiMe, —+’Afﬂﬁ/
2) MeOH then H* H 2) MeOH then H rH
entry  substrate product yield/% entry  substrate product yield/%
OSiMe, H OSiMe; ji/H
=
1 oS th%/ 73 AR AT
H R
— = b,c
OSiMegb 0O = H 1 Ar=Ph, R = #CgHy, 64
2 PN Ph)j&/ 69 2 85
3 Ar=Ph, R= 7CgHy; 93
4 Ar = p-MeCgH,y, R = 7-CgH 78
0SiMe, 9 _H PMeLen, stha
s RYNR Reve RANT s = z
R R RRR Ar Ar
4 R = 7-C4H 93 H H
0SiMe, H 5 Ar = CgHs 40°
& d
5 58 6 75
7 Ar = p-MeOC¢H, 743
OSiMe, o A 8 Ar = pFCgH, 75
z
6 m 95 aSee reference 9 for the experimental proced@s5 mmol of the
substrate was reacted in 4 mL of methylcyclohexane for 5 ficcom-

panied by a byprodud@ (8%). 9 0.5 mmol of the substrate was reacted in

. . . a mixed solvent of methylcyclohexane and 12 and 10 mL).
aSee the Supporting Information for the experimental procedarngs. X v yiey X Gt ( )

Z = ca. 1:1.

1-one was obtained in 64% vyield (Table 2, entry? ihe

73% vyield (Table 1, entry 1). Organogallium compound €xtract was rapidly passed through a short silica gel column
either5 or 6 precipitated from the reaction mixture, which to remove traces of gallium salts, and the product was
was dissolved by addition of MeOH. The acid workup with purified by flash column chromatography (neutral silica gel)
6 M sulfuric acid was critical for the effective protonation at —78 °C. Isomerization of the product to conjugate
of the organogallium intermediate, and use of acetic acid or @-allenyl ketones could be avoided by these isolation
saturated ammonium chloride considerably lowered the yield Procedures.a-Ethynyl ketones are more susceptible to
of the product. The reaction was applied to several silyl enol isomerization compared w@-ethenyl ketone$ The product
ethers giving thex-ethynylated ketones with-quaternary ~ was accompanied by a small amount of 3-methylene-2,4-
centers in high yields (Table 1). dipentyl-1,5-diphenyl-1,5-pentanedio8¢8%), which may

When @)-1-phenyl-1-trimethylsilyloxy-1-heptene was re- be formed by the carbogallation 8fand6. The yield of8
acted under the same conditions, 2-pentyl-1-phenyl-3-butyn-increased to 63%, when the reaction was conducted@t 0
using triethylsilylated chloroethyne (Scheme 2). In contrast,
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(9) Typical Procedures for thea-Ethynylation of a-Monosubstituted
Silyl Enol Ethers. Under an argon atmosphere, a solution of 1.0 M GaCl
(2 mmol) in methylcyclohexane (2 mL) was added to a mixtureZ)fX(-
phenyl-1-trimethylsilyloxy-1-heptene (131 mg, 0.5 mmol) and chlorotrim- . T .
ethylsilylethyne (132 mg, 1.0 mmol) in a mixed solvent of methylcyclo- f(?rmat'on 0f_8_ was inhibited by reacting at40 °C under
hexane (18 mL) and chlorobenzene (2 mL)-&40 °C. The mixture was diluted conditions in methylcyclohexanehlorobenzene (10:

stirred for 30 s, when MeOH (2 mL) was added. After the mixture was ; ; 0
stirred for 5 min at—=40 °C, 6 M sulfuric acid (7 mL) was added, and the 1,) for 30 s, and the ethynylated product WaS,Obtameq In 85%
solution was warmed to room temperature. Stirring was continued for 1 h, yield (Table 2, entry 2). In the case df)¢1-trimethylsilyl-

and the organic materials were extracted twice with diethyl ether. The - 1- - i _
combined organic layers were washed with brine and dried over MgSO oxy-1 phenyl 1-propane, a 6:5 mixed solvent of methyI
The extracts were passed through short silica gel column (hexane/diethyl Cyclohexane and chlorobenzene gave better results (Table

ether= 10) and were concentrated. The residue was purified by flash column 2 entries 5 and 6). The different optimum solvent ratio may
chromatography (Kanto Chemical, silica gel 60 N (spherical, neutrat), 40 i . . . :
100um, hexanelethyl acetate 400) at—78 °C to give 2-pentyl-1-phenyl- reflgct the s'o.lub!llty of the.organogalllum intermediates:
3-butyn-1-one (91 mg, 85%). While solubilization of gallium enolate8 promotes the
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reaction, the higher amount &for 6 in solution results in || || | kN

the side reactions such as the formatio oNotably, when Scheme 4
1,1,1,3,3,3-hexafluoro-2-propanol was added in place of 98%-df
MeOH, 5-chloro-5-enones were obtained (Scheme 3). The OSiMe, 1) GaCl, o _D
PM\(R + CI-CEC-SiMez3 ————— Ph/u\/
2) MeOD RH
R : g
" 3 7-d
Scheme R = n-Cahy, 92%
OSiMe, 1) GaCly Q
pR "+ Cl-C=C-SiMe; ————— Ph o] _ . . .
%g ths)zCHOH R ketone in only 16% yield with the recovered ketone in 40%
R=nCsHyy 50% yield.
R = /7'C8 H17 47%
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Formation of metalateds in the reaction mixture was

indicated by deuteration experiment (Scheme 4). Unfortu-
nately, this ethynylation reaction proceeded effectively only
for the aromatic ketone enolates. An aliphatic enolate,
6-trimethylsilyloxy-5-undecene, gave the-ethynylated OL026050L
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