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Abstract: Conjugate additions of allyl silanes (the Sakurai reaction) and enol siyl ethers (the Mukaiyama-

Michae! addition) to chiral 2-amidocyciohexenone 1 occur in excellent yields with high diastereoselectivities.

Grignard reagents undergo zinc or copper catalyzed conjugate additions to (2'S)-2-[[2'-
(methoxymethyl)pyrrolidiny!]carbonyljcyclohex-2-en-1-one (1) generally with good to excellent
diastereoselectivities.! An exception is CHo=CHCH2MgBr which gives competing carbonyl
addition and deprotonation reactions. Herein, we report a solution to earlier problems associated
with allyl ligand transfer and demonstrate that enol silyl ethers? undergo highly diastereoselective

conjugate additions to 1.
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Treatment of a solution of 1 and 1 equiv of TiClgq in CH2Cl3 at -78°C with allyltrimethylsilane
for 0.5 h followed by warming to room temperature and stirring for an additional 8 h gave the
product of conjugate addition as a mixture of diastereocisomers in nearly quantitative yield.
Subsequent reaction with N-methylhydroxylamine hydrochloride and p-toluenesulfonic acid in
benzene at reflux gave the 1-methyltetrahydrobenzisoxazolin-3-one 2 in 92% overall yield from 1.
Chiral HPLC analysis indicated that 2 had been generated with 80% ee.3 The absolute
configuration of 2 was determined by olefin hydrogenation (5% Pd/c, ethyl acetate, 1 atm) to give

a product identical to that prepared by the addition of CH3CH2CHoMgCl to 1.1
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Variation of initial reaction temperature from -78° to 25°C had little effect on the yield and
diastereoselectivity of conjugate addition; however, variation of the molar equivalence of TiCls
had dramatic effects. With 2 equiv of TiCls, the overall yield of 2 remained high, but the
enantiomeric excess was only 20%. The best stereoselectivity (94-96%) was obtained with 0.8 to

0.95 equiv of TiCls. With only 0.5 equiv, the yield of 2 dropped to 19%.

Table I. Effect of TiCl4 on Conjugate Addition to 1

ci. ¢l
ci—rici
equiv isolated 2 il
entry of TiCl4 % yield % ee o o) OMe

\

1 0.5 19 94 N

2 0.8 70 96 H

3 0.95 88 94 a

4 1 92 80

5 2 89 20

An analogous dependence of diastereoselectivity on the molar equivalence of TiCls was
found by Helmchen and co-workers in their pioneering studies of the Lewis acid catalyzed Diels-
Alder addition of dienes to chiral acrylates derived from ethyl lactate.4 An X-ray structure
determination for a seven-membered chelate complex of the dienophile with TiCl4 provided
Helmchen with a rationale for stereocontrol.5 An analogous six-membered ring chelate complex
4 is proposed to be the reactive intermediate in the observed conjugate additions to 1.6

TH NMR studies have provided support for a complex of 1 with TiCls. In CD2Clg, 1 is an
80:20 mixture of amide rotational isomers with H, appearing as triplets (200 MHz) at 7.04 for the
major and 7.02 ppm for the minor isomers. In the presence of 1 equiv of TiCls the triplets (80:20)
for Ha shift downfield to 8.10 for the minor and 8.30 ppm for the major isomers; another minor
broadened resonance appears at 7.9 ppm. There is little shift in the resonances for the methoxy
group on the chiral auxiliary indicating that the coordinated TiCl4 is not in close proximity to this
part of the molecule. It is noteworthy that with 1 equiv of TiCls, key resonances are sharp and
clearly resolved, but with less than or more than 1 equiv of TiCls, resonances are broadened and
poorly defined. These effects most likely are a result of exchange processes before and after the
equivalence point. Perhaps with >1 equiv of TiCls a bis-TiCls complex is formed,” which reacts

with a diastereoselectivity different from that of 4.
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It is proposed that the reactive form of complex 4 has the conformation shown in the
computer-generated molecular structure (Figure 1). Axial additions at C(3) would occur from the

least hindered a-face away from the methylene group of the chiral auxiliary.8

Figure 1. Two views of a computer-generated model of 4

The sense of stereoselection found for the conversion of 1 to 2 also was observed for
additions of 2-phenylallyltrimethylsilane and 1-trimethylsilylmethylcyclohexene to 1.
Tetrahydrobenzisoxazolin-3-one 5 was obtained as a 20:1 mixture of olefin isomers. Flash
chromatography of the mixture on silica gel gave the gxo-olefin (major isomer; 96% ee) and the
endo-olefin (minor isomer; 96% ee). The 1:2 mixture of olefin isomers corresponding to & has not
been separated.

The enol trimethyl silyl ethers of acetophenone and cyclohexanone gave the corresponding
ketones 7 and 8. Absolute configuration of 7 was correlated with that of 5 (the exo-olsfin isomer)

by Wittig reaction of 7 with methylene triphenylphosphorane.?
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This preliminary characterization of 1 in reactions with allyl silanes and enol silyl ethers
suggests that 1 and related chiral 2-substituted-2-cycloalken-1-ones should have substantial
utility in asymmetric synthesis. Of particular importance for the asymmetric synthesis of 2,3-
disubstituted cyclohexanones is the conversion of 2 to 3a (66% isolated yield) by lithium in
ammonia reduction at -78°C followed by alkylation with methyl iodide (-78°C to -33°C).
Reduction-benzylation (benzyl bromide) of 2 gives 3b.
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