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Abstract—The Michael addition of a B,B-dimethyl substituted silyl ketene acetal [Me,C=C(OMe)OSiMe;] to o,B-unsaturated
ketones, namely, 2-cyclopentenone, 2-cyclohexenone, 3-methyl-2-cyclohexenone, isophorone, methyl vinyl ketone and mesityl
oxide occurs smoothly in the presence of the nucleophilic catalyst, tetra-n-butyl ammonium bibenzoate (TBABB) in THF giving

the corresponding 1,4-adducts in excellent yields.
© 2003 Elsevier Ltd. All rights reserved.

The conjugate addition of O-silylated ketene acetals to
o,B-unsaturated ketones (the Mukaiyama—Michael
reaction) is a well documented and important method
for carbon—carbon bond formation.'? The utility of the
reaction has been demonstrated by numerous applica-
tions in organic synthesis.>* The reaction has been
performed at high temperatures® or high pressures.®
However, a strong Lewis acid is normally used to
catalyze the reaction under moderate conditions. Typi-
cal Lewis acids reported to be useful are TiCl,, TiCl,/
Ti(i-PrO),,” SnCl,,* Sml,,” and lanthanum triflates.!”
Cobalt-bis-dicarbollide!! [LiCo (BoC,H, s,
Mg(ClO,),'? and LiClIO, in diethyl ether have also been
reported'® as useful catalysts for this reaction. Uncata-
lyzed Mukaiyama—Michael reactions (solvent assisted
reaction) have also been reported in highly polar sol-
vents such as acetonitrile,'* nitromethane’ and in
DMSO."

In 1984, Rajan Babu reported®> the successful
Mukaiyama—Michael reaction of trimethyl-silyl ketene
acetals with o,pB-unsaturated ketones catalyzed by tris-
(dimethylamino) sulfonium difluorotrimethyl siliconate
(TASF). Under these conditions silylated 1,4-adducts
could be isolated. TASF also catalyzes the polymeriza-
tion of a,B-unsaturated esters (methyl methacrylate)
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initiated by the trimethylsilyl ketene acetal. Subse-
quently, it was reported!®!” that this reaction (termed
‘group-transfer polymerization’) can also be catalyzed
by tetra-n-butylammonium bibenzoate (TBABB), a 2:1
complex of benzoic acid and tetra-n-butylammonium
hydroxide, which functions as a weak Lewis base.'®

We now report that TBABB is also a useful catalyst for
Mukaiyama—Michael reactions of the B,B-dimethyl-sub-
stituted silyl ketene acetal 2 [Me,C=C(OMe)OSiMe;]
with o,B-unsaturated ketones. Compared to the hygro-
scopic TASF, the use of TBABB offers several advan-
tages. It is easy to prepare!”!® from readily available
starting materials, is crystalline, non-hygroscopic, and
soluble in THF and it can be stored and handled with
much greater ease. In addition, the reaction can be
conveniently carried out at room temperature or above
using only 0.1 mol% of TBABB catalyst. In contrast,
TASF is reported to require low temperatures (-78°C).2

General procedure for the Michael addition

A clean and flame dried 50 mL round bottom flask was
charged with 2.46x1073 mmol of the TBABB catalyst
(0.1 mol% based on the silyl ketene acetal 2). Dry THF
(10 mL) was transferred at room temperature using a
cannula. The B,B-dimethyl-substituted silyl ketene ace-
tal 2 (1.1 equiv.) was then added and stirred for 5 min.
Subsequently 2.46 mmol of the ao,B-unsaturated ketone
was added under nitrogen and the reaction continued
either at room temperature or under reflux. No attempt
was made to isolate the silyl enol ether intermediates.
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n=0,R=H,R=H, 1a 3(a-d)
n=1,R=H,R=H, 1b

n=1,R=CH;, R'=H, I¢

n=1,R=CHs, R'=CHj, 1d

Scheme 1. Reagents and conditions: (a) catalyst, TBABB (0.1
mol% of 2), THF (b) THF: 1IN HCI1=20:1, 0°C, 0.5 h.

The reaction mixture was quenched with 1IN HCI and
stirred at 0°C for 0.5 h, the water separated, and the
product extracted into ethyl acetate and dried over
Na,SO,.

After concentration of the organic layer, column chro-
matography (60-120 mesh silica gel, EtOAc/n-hexane
as eluent) afforded o-ketoesters 3a-d and 5a-b
(Schemes 1 and 2) in high yields (Table 1).

The products 3a-d and 5a-b were analyzed by FT-IR,
'"H and *C NMR spectroscopy.!® The diastereotopic
CH;’s resolved into two peaks of equal intensity in the
'"H NMR spectrum of adducts 3a, 3b and 3d. Also, the
diastereotopic methyls in 3b and 3d could be distin-
guished in the '*C NMR spectrum; however, they could
not be distinguished in the case of 3a and 3c. All
compounds gave satisfactory elemental analyses.

No reaction occurred between the enones and the B,p-
dimethyl-substituted silyl ketene acetal 2 in the absence
of TBABB catalyst in THF at room temperature. ,-

0
TMS
1\C=CH—(”J—CH3 + >:<
R/ Me

4 2
R—H, 4a
R= CHs, 4b

Dimethyl-substituted silyl ketene acetal 2 which is a
hindered ketene acetal, in the presence of TBABB
generates a very potent carbon nucleophile which in
reactivity is equivalent to an ester enolate. The addition
to a,B-unsaturated ketones occurs efficiently in an
exclusive 1,4 fashion to give the 6-ketoesters in excellent
yields.

Simple Michael acceptors, such as, 2-cyclopentenone
(1a), 2-cyclohexenone (1b) and methyl vinyl ketone (4a)
react smoothly, even at room temperature. Methyl
vinyl ketone, the simplest o-enone, which is an acid
sensitive substrate, gave the 1,4-adduct 5a in quantita-
tive yield without competing polymerization (entry 5,
Table 1) using the TBABB catalyst in THF. The reac-
tion was exothermic and was complete in 10 min at
room temperature. More hindered o,B-unsaturated
ketones (3-methyl-2-cyclohexenone (1¢), isophorone
(1d) and mesityl oxide (4b)) require heating at reflux for
the reaction to proceed to completion.

In conclusion, we have found that Michael addition of
a  B,B-dimethyl-substituted  silyl ketene acetal
[Me,C=C(OMe)OSiMe,] to o,B-unsaturated ketones
occurs smoothly in the presence of the weak nucle-
ophilic catalyst TBABB in THF. The corresponding
d-ketoesters were formed in excellent yields. The high
efficiency of the TBABB catalyzed conjugate addition
of B,B-dimethyl-substituted silyl ketene acetal to o,p-
unsaturated ketones should find considerable use in
organic synthesis.
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Scheme 2. Reagents and conditions: (a) catalyst, TBABB (0.1 mol% of 2), THF (b) THF: 1IN HC1=20:1, 0°C, 0.5 h.

Table 1. Reaction of o,B-unsaturated ketones® with silyl ketene acetal 2

Entry ao,B-Unsaturated ketone Reaction temperature (°C) Reaction time (min) Isolated yield® (%)
1 la 25 10 94 (3a)
2 1b 25 10 95 (3b)
3 1c 65 300 88 (3¢)
4 1d 65 900 85 (3d)
5 4a 25 10 96 (5a)
6 4b 65 180 87 (5b)

@ g,B-unsaturated ketone: 2.46 mmol, 2: 2.46 mmol, TBABB: 2.46x10~> mmol, THF: 10 mL.

® The purity of the 3-ketoesters (>98%) was checked by GLC and TLC.
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Spectroscopic data of 6-ketoester: 3a: light yellow liquid,
FT-IR (neat); v,,,, 1732, 1699 cm™!; '"H NMR (200 MHz,
CDCl,); 6 1.11 (2s, separated by 3 Hz, 6H); 1.49-2.55 (m,
7H); 3.59 (s, 3H); '* C NMR (50 MHz, CDCl,); 6 22.49
(2C), 24.29, 38.63, 40.28, 43.70, 44.95, 51.56, 177.02,
217.71; Anal. calcd for C,,H;cO5 (184.23); C, 65.19; H,
8.75. Found: C, 65.07; H, 8.98. 3b: light yellow liquid,
FT-IR (neat); v,,,, 1734, 1716 cm™!; '"H NMR (200 MHz,
CDCl,); 6 1.19 (2s, separated by 3.9 Hz, 6H); 1.40-2.95
(m, 9H); 3.60 (s, 3H); '* C NMR (50 MHz, CDCl,); ¢
20.84, 21.09, 24.10, 25.35, 40.13, 42.26, 44.25, 44091,
50.72, 176.21, 209.80. Anal. calcd for C,,H,;05 (198.26);
C, 66.64; H, 9.15. Found C, 66.76; H, 9.27. 3c: light
yellow liquid, FT-IR (neat) v, 1734, 1712 cm™'; 'H
NMR (500 MHz, CDCl,); ¢ 0.85 (s, 3H); 1.14 (s, 6H);
1.64 (m, 2H); 1.73 (m, 1H); 1.92 (m, 1H); 2.14 (d, J=13.5
Hz, 1H); 2.17 (dd, J=7.1, 13.1 Hz, 1H); 2.28 (m, 1H);
2.48 (d, J=13.5 Hz, 1H); 3.60 (s, 3H); '* C NMR (125
MHz, CDCly); 6 19.11, 20.80 (2C), 21.50, 30.83, 36.86,
40.57, 42.45, 48.81, 51.34, 176.69, 211.90; Anal. calcd for
C,H,,05 (212.28); C, 67.89; H, 9.49. Found C, 67.98; H,
9.60. 3d: light yellow liquid, FT-IR (neat) v,,,, 1736, 1670
cm~!; '"H NMR (500 MHz, CDCL,); 6 0.90 (2s, separated
by 2.2 Hz, 6H); 0.94 (s, 3H); 1.15 (2s, separated by 5.2
Hz, 6H); 1.49 (d, J=14.3 Hz, 1H); 1.69 (d, J=14.3 Hz,
1H); 2.11 (d, J=14.7 Hz, 2H); 2.15 (d, J=13.5 Hz, 1H);
2.64 (d, J=13.9 Hz, 1H); 3.65 (s, 3H); '* C NMR (125
MHz, CDCl,); 6 20.68, 20.74, 22.95, 28.95, 34.31 (20),
41.97, 44.11, 47.40, 49.86, 51.21, 5291, 176.67, 212.02.
Anal. caled for C,,H,,0; (240.34); C, 69.96; H, 10.06.
Found C, 70.0; H, 10.14. 5a: light yellow liquid, FT-IR
(neat) v, 1738, 1726 cm™!; 'TH NMR (200 MHz,
CDCly); 6 1.07 (s, 6H); 1.69 (t, J=8.1 Hz, 2H); 2.04 (s,
3H); 2.31 (t, J=8.0 Hz, 2H); 3.56 (s, 3H); '* C NMR (50
MHz, CDCLy); § 24.84 (2C), 29.55, 33.70, 39.14, 41.31,
51.45, 177.50, 207.64. Anal. calcd for CoH,,O5 (172.22);
C, 62.76; H, 9.36. Found C, 62.36; H, 9.34. 5b: light
yellow liquid, FT-IR (neat) v,,, 1734, 1723 cm™!; 'H
NMR (200 MHz, CDCl;); ¢ 0.98 (s, 6H); 1.08 (s, 6H);
2.08 (s, 3H); 2.42 (s, 2H); 3.59 (s, 3H); '* C NMR (50
MHz, CDCly); 6 21.02 (2C), 22.05 (2C), 32.85, 38.04,
48.88, 49.32, 51.34, 177.13, 208.92. Anal. calcd for
C,H,,05 (200.27); C, 65.96; H, 10.06. Found C, 65.69;
H, 9.97.
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