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Lewis base-catalyzed diastreoselective Mannich-type reac-
tion between ketene silyl acetals and chiral sulfinimines proceed-
ed smoothly to afford the corresponding �-amino carbonyl com-
pounds in good to high yields with high selectivities.

Mannich-type reaction of an aldimine with a ketene silyl
acetal is one of the most important tools for the construction
of �-amino carbonyl compounds.1,2 It was recently shown from
our laboratory that trimethylsilyl (TMS) enolate was activated
successfully with Lewis bases such as the nitrogen and oxygen
containing-anions generated from amides, imides, or carboxylic
acids and they catalytically promoted aldol, Michael and
Mannich-type3 reactions. It was noted in our previous communi-
cation3d that ammonium carboxylate catalyzed Mannich-type re-
action between TMS enolates and N-tosylaldimines proceeded
smoothly to afford the corresponding Mannich-adducts in good
to high yields with good to excellent anti-selectivities under met-
al-free conditions.

Recently, several reactions using a chiral sulfinimine were
investigated, for the sulfinyl groups are recognized as excellent
chiral auxiliaries; those chiral sulfinimines can be obtained easi-
ly from an aldehyde and a chiral sulfinamide4 and those auxilia-
ries are removed under mild acidic conditions.

In this communication, we would like to report on diastereo-
selective Lewis base-catalyzed Mannich-type reaction between
chiral sulfinimines and ketene silyl acetals.

In the first place, Lewis base-catalyzed Mannich-type reac-
tion between chiral sulfinimines 1 and ketene silyl acetal 2 gen-
erated from methyl isobutyrate was tried in the presence of
10mol% of lithium acetate (AcOLi) at room temperature to ob-
tain the corresponding Mannich-adducts in good to high yields
with moderate diastereoselectivities (75:25) (Table 1, Entry
2).5 When the above reaction was tried at �45 �C, the selectiv-
ities increased up to 87:13 (Entry 3). It indicated that the reaction
temperatures should be low in order to achieve high selectivities.
Further, it was shown that the selectivities were improved when
AcOK, AcOCs, or AcONn-Bu4 was used (Entries 4, 5, and 7).
The Mannich-adduct was afforded in good yield with highest di-
astereoselectivity when the reaction was carried out in the pres-
ence of AcONn-Bu4 at �78 �C in THF (96:4) (Entry 12). In ad-
dition, a similar result was obtained even when 1mol% of
AcONn-Bu4 was used (Entry 13). Thus, the ammonium carbox-
ylate is quite efficient to promote the Lewis base-catalyzed Man-
nich-type reaction between chiral sulfinimine and ketene silyl
acetal in THF.

Next, Lewis base-catalyzed Mannich-type reaction was ex-
amined by using various chiral sulfinimines and ketene silyl ace-
tals (Table 2). When reactions of ketene silyl acetal 2 with var-
ious aldimines were tried by using 10mol% of AcONn-Bu4 in

THF at �78 �C, they proceeded smoothly to afford the Man-
nich-adducts in good to high yields with excellent diastereose-
lectivities. Similarly, aromatic chiral sulfinimines having an
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1 — DMF rt 12 16 82:18
2 AcOLi DMF rt 6 88 75:25
3 AcOLi DMF �45 12 81 87:13
4 AcOK DMF �45 12 97 92:8
5 AcOCs DMF �45 12 quant. 92:8
6 PhCO2Li DMF �45 12 quant. 85:15
7 AcONn-Bu4 DMF �45 12 quant. 89:11
8 AcONn-Bu4 THF �45 12 96 93:7
9 PhCO2Nn-Bu4 DMF �45 12 91 88:12

10 PhCO2Nn-Bu4 THF �45 24 96 94:6
11 PhCO2Nn-Bu4 THF �78 12 86 94:6
12 AcONn-Bu4 THF �78 12 quant. 96:4
13 AcONn-Bu4 THF �78 24 quant.b 96:4

aYield was determined by 1HNMR analysis (270MHz) using
1,1,2,2-tetrachloroethane as an internal standard. b1mol% of
catalyst was used.
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1 p-MeC6H4 2 12 86 96:4
2 p-ClC6H4 2 12 quant. 93:7
3 p-BrC6H4 2 12 quant. 95:5
4 3-Pyridyl 2 12 quant. 93:7
5 p-Me2NC6H4 2 24 89b 92:8
6 1 SiEt3 Me 12 quant. 95:5
7 1 SiMe3 Et 24 quant. 95:5
8 1 SiMe3 i-Pr 24 88 96:4

aYield was determined by 1HNMR analysis (270MHz) using
1,1,2,2-tetrachloroethane as an internal standard. b3 equiv. of
silyl enolate were used.

468 Chemistry Letters Vol.34, No.4 (2005)

Copyright � 2005 The Chemical Society of Japan



electron-withdrawing group, -donating group, or basic function
such as pyridyl or dimethylamino group gave the adducts
(Entries 1–5). In the case when reactions of the ketene silyl ace-
tals generated from methyl, ethyl, or isopropyl isobutyrate with
chiral sulfinimines 1 were tried in THF, they proceeded smooth-
ly as well to afford the Mannich-adducts in good yields with high
diastreoselectivities (Entries 6–8).

Recently, a convenient synthesis of chiral sulfinimine by
treating an aldehyde and a chiral sulfinamide in the presence
of cesium carbonate (Cs2CO3) was reported.

6 Then, three-com-
ponent reaction of aldehyde, chiral sulfinamide and ketene silyl
acetal 2 was tried according to the above procedure: that is, chi-
ral sulfinimine in situ generated from aldehyde and chiral sulfi-
namide 4 reacted successively with TMS enolate in the presence
of AcONn-Bu4 to afford the desired adduct in one-pot (Table 3).
The Mannich-adducts were afforded in quantitative yields with
excellent diastereoselectivities when the reactions were carried
out in THF at�78 �C (Entries 1–3). In addition, it was found that
the above reaction proceeded in DMF also without further addi-
tion of the catalyst. This indicates that the remained Cs2CO3 or
the formed CsHCO3 also catalyzed this reaction. Further, one-
pot Lewis base-catalyzed Mannich-type reactions were tried
by using various aldehydes. Consequently, the reactions pro-
ceeded smoothly to afford the corresponding Mannich-adduct
in good to high yields with good to excellent diastereoselectivi-
ties.

Thus, Lewis base-catalyzed Mannich-type reaction between
chiral sulfinimines and ketene silyl acetals proceeded smoothly
to afford �-amino esters with excellent diastereoselectivities in
the presence of organic catalysts such as AcONn-Bu4 and
PhCO2Nn-Bu4. This is the first example of the Lewis base-cata-
lyzed Mannich-type reaction between chiral sulfinimines and sil-
yl enolates that afforded the Mannich-adducts with high diaster-
eoselectivities. From environmental point of view, these cata-
lysts have great advantages for their low toxities and are dispos-

able without special treatment.
This method is practically applicable for the synthesis of

various �-amino esters. Further extension of this reaction is
now in progress.
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Century COE Program from Ministry of Education, Culture,
Sports, Science and Technology (MEXT), Japan.
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Entry Ar Solv. Temp./�C Yielda/% major:minor

1 Ph DMF �60 quant. 90:10
2 Ph THF �78 quant. 94:6
3 Ph THF �78 98b 93:7
4 Ph THF �78 n.d.c —:—
5 Ph DMF �60 quant.c 91:9
6 p-ClC6H5 THF �78 90 91:9
7 p-BrC6H5 THF �78 quant. 90:10
8 p-MeC6H5 THF �78 quant. 95:5
9 3-Pyridyl THF �78 70 90:10

aYield was determined by 1HNMR analysis (270MHz) using
1,1,2,2-tetrachloroethane as an internal standard. bPhCO2NBu4
was used instead of AcONBu4.

cCatalyst was not used in this
reaction.
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