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The lithium Z-enolates derived from 2-alkoxyacetates and -acetamides undergo
unusual syn-selective Michael addition to o,3-unsaturated carbonyl compounds, where
the syn selectivity of the amide enolates is much higher than that of the ester enolates.

Factors that influence the stereoselectivity are also discussed.

Michael addition is one of the most synthetically valuable methods to make a carbon-carbon bond, while
the study of stereoselectivity with respect to both ends of the newly formed bond has been started recentlyl) and
is now enthusiastically in progress. We previously reported the exclusively anti-selective Michael addition of
lithiated 2-(alkylideneamino)acetates to o,B-unsaturated carbonyl compounds,?) where the frontier orbital- and
chelation-controlled rigid transition state of the resulting Z-enolates was proposed to be responsible for the high
anti selectivity. The fact reported later by Yamaguchi and coworkers3) that Michael addition of the lithium Z-
enolates derived from a-dibenzylamino esters was very low in stereoselectivity®) would indicate the contribution
of the frontier orbital interaction in our cases.

To assure the importance of such unusual attractive interaction, further examples for the stereoselectivity in
the Michael addition of a-hetero-substituted enolates were surveyed. Although a lot of reaction examples are
known for the Michael addition of o-alkylideneamino esters,>-7) the reaction of other o-hetero-substituted
enolates is quite rare. Especially, the lithiated o-alkoxy carbonyls have never been utilized in Michael addition;
they have been only employed in 3,3-sigmatropic rearrangement3) or aldol reaction.”)

We present here the unprecedented Michael reactions of 2-alkoxyacetates and -acetamides to a.,B-
unsaturated carbonyl compounds. The lithium enolates generated from them mostly as Z-isomers show
moderate to high syn selectivities, and especially, the amide enolates undergo highly syn-selective Michael
addition.

Treatment of methyl (1a) or isopropyl 2-methoxyacetate (1b) with lithium diisopropylamide (LDA) at -78
°C in tetrahydrofuran (THF) generated 97:3 mixtures of Z- and E-enolates, Z-A and E-A (both Y = OR),
whose isomer ratios were determined after silylation to Z-3 and E-3 with chlorotrimethylsilane (Scheme 1 and
Table 1). Z-Selectivity from methyl 2-z-butoxyacetate (1c) was much lower (83:17). The geometry of lithium
enolates A was determined on the basis of the NOE measurement between the Y and =CH groups.

Although Michael adducts 5a,b,f,i were the only products in the reaction with o,-unsaturated esters,
1,2-adducts 7 were always produced along with 5 from o, B-unsaturated ketones (Table 1).10) Michael adducts
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S could be separated from 7 through the careful operation of column chromatography on silica gel. The Michael

adducts were mixtures of syn-5 and anti-5, in most cases inseparable by chromatographic operation, whose
structures were assigned on the basis of spectral datall) and their conversion to enol lactones.12)
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To be noteworthy, according to the results listed in Table 1, are (1) the lithium Z-enolates derived from a-
alkoxy esters mostly showed syn selectivity, (2) a smaller 2-alkoxy substituent was more favored for the syn
selectivity (MeO > t-BuO, entries 1-11 and 12-14), (3) a phenyl group at the carbonyl carbon of the acceptor
molecules increased the selectivity (entries 4, 5, 8, 10, and 11), (4) the selectivity was not influenced by the E/Z
ratio of acceptor molecules (entries 4-7),13) and (5) the addition of hexamethylphosphoric triamide (HMPA)
only slightly decreased selectivity (entries 1 and 2), indicating that in the transition state the stabilization by
chelate formation would be still operating even in the presence of HMPA.

Lithiation of 2-methoxy-N,N-dimethylacetamide (2a) or -N,N-diisopropylacetamide (2b) with LDA in
THF at -78 °C resulted in the exclusive formation of Z-enolates Z-A (Y = NR'2) as confirmed by the
subsequent silylation to Z-4 (Scheme 1 and Table 1). In the Michael additions to a,B-unsaturated carbonyl
compounds, much higher levels of syn selectivity were observed regardless of the nature of substituents of the
acceptor molecules (entries 15-25) to provide syn-6 as major adducts; the selectivity did not depend upon the
bulkiness of the dialkylamino groups (entries 15-20 and 21-25). The structures of syn-6 as major
diastereomers were confirmed by their conversion to 4-substituted 3-alkoxyperhydro-2-pyrone derivatives.l4)

It is now clear that the lithium Z-enolates derived from o-alkoxy esters or amides show syn selectivity in
their Michael additions. This makes a striking contrast with the usual anti selectivity that the lithium Z-enolates
of simple ketones, esters, or amides exhibit,15) while reactions of lithiated N-propanoylpyrrolidine with 1-aryl-
1-ox0-2-butenes1®) or ethyl crotonatel?) and those of lithiated 2-phenylacetates with cinnamates!8) are among

exceptions.
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Table 1. Michael Addition of Lithiated a-Alkoxy Acetates 1 and Amides 2 to o,3-Unsaturated Carbonyl

1737

Compounds?)
Entry RO Y Z/EP) R  RZ I%e_ Product L{;@D 1,4/1,29 syn/antid)
(%
1 la MeO MeO 3a 973 Me MeO 1.5 5a 45 100:0  73:27
2 MeO MeO Me MeO® 1.5 5a 37 100:0  63:37
3 MeO MeO Ph  MeO 20 5b 17 100:0  64:36
4 MeO MeO Me Ph(87:13)D 14 5c 91 40:60 85:15
5 MeO MeO Me Ph (>99:1)D 1 Sc 91 39:61 86:14
6 MeO MeO Me Bu (73:27)D 2.5 5d 39 65:35 63:37
7 MeO MeO Me +~Bu(>99:D)f 2.5 5d 61 72:28  69:31
8 MeO MeO i-Pr  Ph 26.5 Se 60 79:21  81:19
9 1b MeO i-PrO 3b 97:3 Me MeO 1 5f 49 100:0  61:39
10 MeO i-PrO Me Ph(>99:1)D 1.5 Sg 91 50:50 82:18
11 MeO i-PrO i-Pr  Ph 3 5h 67 42:58 73:27
12 1c¢ +BuO MeO 3¢ 83:17 Me MeO 6 5i 68 100:0  65:35
13 -BuO MeO Me Ph(87:13)D 13 5j 41 40:60 63:37
14 -BuO MeO i-Pr  Ph 3 5k 41 38:62 52:48
15 2a MeO NMe; 4d4aZonly Me MeO 2 6a 63 100:0 937
16 MeO NMep Me  MeQ®) 1 6a 77 100:0  88:12
17 MeO NMep Ph  MeO 1 6b 79 100:0  97:3
18 MeO NMej Me Ph 2.5 ©6¢ 53 59:41 95:5
19 MeO NMey Me Bu 2 6d 65 99:1 94:6
20 MeO NMey i-Pr  Ph 1.5 od 55 45:55 >99:1
21 2b MeO N(@-Pr)2 4bZonly Me MeO 1 Ge 94 100:0  98:2
22 MeO N(i-Pr)p Me MeO® 1 Ge 83 100:0  89:11
23 MeO  N(i-Pr)p Me Ph 2 6f 89 58:42  82:18
24 MeO  N{(i-Pr); Me rBu 2 6g 82 87:13  82:18
25 MeO N(-Pr)p i-Pr  Ph 1.5 6h 81 44:56 >99:1

a) All reactions were performed at -78 °C in THF.
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