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Synopsis. The reaction of organoaluminum reagents
with acyl chloride catalyzed by Pd(PPhs)s in tetrahydro-
furan provides ketones in fair yields.

During the past decade, a wide variety of organo-
metallics are examined to react with acyl halides to
give ketones. Among them, those containing Mg,?
Mn,? Zn,» and Cu? have been widely used. The trans-
formation of R1COCI into RICOR fails, however, by
means of plain R3Al, because they react easily with
the resulting ketones. Several attempts have been made
to overcome this difficulty. A ketone synthesis report-
ed previously® is based on the organometallic reagent
generated from trialkylaluminum, bis(acetylacetonato)-
copper(Il), and triphenylphosphine in 2:1:2 molar
ratio. Here we wish to report another effective method
for the preparation of ketones from acyl chlorides with
organoaluminum reagents in the presence of Pd(0)
catalyst.®

Pd(PPhg),

R1COCI + R;Al R!COR

THF

Treatment of benzoyl chloride with triethylalumi-
num in tetrahydrofuran in the presence of a catalytic
amount of Pd(PPhs)s gave propiophenone in 70%

yield. The uncatalyzed reaction gave <5% yield of pro-
piophenone under the same reaction conditions.
Palladium catalyst generated in situ from Pd(OAc)2
and triphenylphosphine (1:2) was also efficient for
the transformation.” Other catalysts such as RuCls-
(PPhs)s, NiClo(PPhs)z, and RhCI(PPhs)s were not effec-
tive for this ketone synthesis. The use of tetrahydro-
furan as a solvent is critical. In benzen or dichloro-
methane, the complex mixture was obtained since the
resulting ketones were attacked by organoaluminum
reagents. The results are summarized in Table 1.
Alkynyl and alkenyl groups were introduced selective-
ly in preference to the ubiquitous alkyl substituents
on aluminum to give ynones and enones, respectively.

Experimental

The IR spectra were determined on a Shimadzu IR-27-G
spectrometer; the mass spectra, on a Hitachi X-80 machine.
The NMR spectra were recorded on a Varian EM-390H
spectrometer, using TMS as an internal standard. The
analyses were performed at the Elemental Analyses Center
of Kyoto University. Tetrahydrofuran was dried in benzo-
phenone ketyl and distilled. All the experiments were car-
ried out under an argon atmosphere. Purification of the
product was performed by preparative thin-layer chroma-
tography (TLC) or column chromatography on silica gel

TABLE 1. PALLADIUM-CATALYZED ACYLATION OF ORGANOALUMINUM REAGENTSa)
Entry RCOCI Reagent Product _Yield”
%
1 PhCOCI EtzAl PhCOEt 70
2 PhCOCI MesAl PhCOMe (74)?
3 PhCH=CHCOCI EtsAl PhCH=CHCOEt 68
4 CH=CH(CH32)sCOCl EtzAl CH2=CH(CH2)sCOFEt 71
5 CH2=CH(CH?2)sCOCl MesAl CH2=CH(CH3z)sCOMe 59
6 PhCOCI C4HyC=CAIEt, C4HyC=CCOPh 67
7 C-H15COCl1 C34HoC=CAlEt: CsHoC=CCOC-7H;5 65
8 PhCH=CHCOCI C4HyC=CAIEt, CsHyC=CCOCH=CHPh 74
9 C7H15COCl PhC=CAIEt, PhC=CCOC-His 61
10 CH32=CH(CH2)sCOCl CeH13C=CAlEt, CeH13C=CCO(CH32)sCH=CH;
55
11 CH,=CH(CH2)sCOCl MesSiC=CAIEt; MesSiC=CCO(CHz)s CH=CH>
51
CsHg \ »SiMe3  C4Hg \ » SiMes
c=c/ 7 c=C
12 PhCOCI H 7/ AN Al Bu2 H 7/ \COPh 51
13 CHe=CH(CHgpcoCl ~ CoHlsN g /SiMes GoHian o o/ SiMes
H” NAl'Bu, H-/  ~NCO(CH;)sCH=CH;

53

a) The reactions were performed in THF at 0—25°C. Organoaluminum reagent (1.0—2.0 mmol), acid chloride

(1.0 mmol), and Pd(PPhs)4 (0.05 mmol) were employed. b) Isolated yields unless otherwise stated.

yield.
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(Merck Kiesel gel 60).

General Procedure for the Preparation of Ketones with
Trialkylaluminum: The reaction of benzoyl chloride with
triethylaluminum is representative. Triethylaluminum (1.0
MT hexane solution, 2.0 ml, 2.0 mmol) was added to a tetra-
hydrofuran solution of benzoyl chloride (0.14g, 1.0 mmol)
and Pd(PPhs)s (58 mg, 0.05 mmol) at 0°C under an argon
atomosphere. The whole was stirred at 25°C for 4h. The
resulting mixture was poured into 1M HCI and extracted
with ethyl acetate. The combined organic layer was dried
(NazS04) and concentrated in vacuo. Purification by pre-
parative TLC on silica gel (hexane:ethyl acetate=10:1) gave
propiophenone (90 mg, 70% yield) as an oil which was iden-
tical with the authentic sample.

1-Trimethylsilyl-12-tridecen-1-yn-3-one: Butyllithium (1.6
M hexane solution, 1.3 ml, 2.0 mmol) was added to a solu-
tion of trimethylsilylacetylene (0.25g, 2.5 mmol) in hexane
(2.0ml) at 0°C. After stirring for 15 min at 0°C, diethylalu-
minum chloride (1.0 M hexane solution, 2.0 ml, 2.0 mmol)
was added and the resulting mixture was stirred for 15 min
at 0°C. Tetrahydrofuran (3.0 ml), Pd(PPhs)s (46 mg, 0.04
mmol), and 10-undecenoyl chloride (0.14g, 0.7 mmol)
were added successively and the whole was stirred for addi-
tional 60min at 25°C. Workup and purification by silica
gel column chromatography gave the desired ketone in 51%
yield: Bp 100°C (bath temp, 2 Torrt"); IR (neat) 3080, 2930,
2860, 2150, 2100, 1680, 1640, 1460, 1250, 850, 760 cm~!; NMR
(CClq) 6=0.25 (s, 9H), 1.08—1.77 (m, 12H), 1.77—2.13 (m,
2H), 2.27—2.57 (m, 2H), 4.83 (d, J=11Hz, 1H), 4.87 (d,
J=18Hz, 1H), 5.67 (ddt, J=18, 11, 7.5Hz, 1H). Found: m/z
249.1699. Calcd for Ci5H250Si: M—CHs, 249.1678.

18-Nonadecen-7-yn-9-one: Bp 115—120°C (bath temp, 2
Torr); IR (neat) 3080, 2930, 2850, 2210, 1740, 1680, 1640,
1460, 1160, 1000, 910cm~!; NMR (CCls) 6=0.88 (m, 3H),
1.17—1.80 (m, 23H), 1.80—2.17 (m, 2H), 2.17—2.53 (m, 4H),
4.88 (d, /=12 Hz, 1H), 4.93 (d, J=18 Hz, 1H), 5.73 (ddt, J=18,
12, 7Hz, 1H). Found: m/z 276.2444. Calcd for C190H320: M,
276.2451.

(Z)-12-Trimethylsilyl-1,12-nonadecadien-11-one: Diisobutyl-
aluminum hydride (1.5 M hexane solution, 1.3 ml, 2.0 mmol)
was added to a solution of 1-trimethylsilyl-1-octyne (0.37 g,
2.0 mmol) in hexane (3.0 ml) and ether (1.5 ml) at 25°C under
an argon atmosphere.® After stirring for 40 min, tetrahy-

1 M=1moldm=3.
11 Torr=133.322 Pa.
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drofuran (4.0ml) was added, then Pd(PPhs)s (0.04g, 0.05
mmol) and a solution of 10-undecenoyl chloride (0.14 g, 0.7
mmol) in tetrahydrofuran (3.0 ml) was added. The result-
ing mixture was stirred for 1.5h. Workup (1 M HCI, ethyl
acetate) and purification by preparative TLC on silica gel
(hexane:ethyl acetate=10:1) provided the title compound
(0.13g, 53% yield) as an oil: Bp 115—120°C (bath temp,
2Torr); IR (neat) 3080, 2940, 2860, 1675, 1600, 1465, 1250, 850,
760cm™!; NMR (CCls) 6=0.01 (s, 9H), 0.68—0.93 (m, 3H),
0.97—1.67 (m, 20H), 1.70—2.43 (m, 6H), 4.70 (d, J=11 Hz,
1H), 4.75 (d, J=18 Hz, 1H), 5.55 (ddt, J=18, 11, 7 Hz, 1H), 6.5
(t, J=7.5Hz, 1H). Found: G,75.28; H, 12.09%. Calcd for
C22H4205i: C, 75.36; H, 12.07%.

(Z)-1-Trimethylsilyl-1-hexenyl Phenyl Ketone: Bp 110°C
(bath temp, 2Torr); IR (neat) 2960, 2860, 1655, 1600, 1450,
1250, 840, 710 cm™!; NMR (CCly) 6=0.20 (s, 9H), 0.83—1.05
(m, 3H), 1.17—1.55 (m, 4H), 2.17—2.45 (m, 2H), 6.28 (t,
J=17.5Hz, 1H), 7.30—7.93 (m, 5H). Found: m/z 260.1602.
Calcd for Ci16H240Si: M, 260.1595.
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