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Abstract—anti And syn stereoselectivity on the HBF-catalyzed Mannich-type reaction of ketene silyl acetal derived from a-oxy
esters with aldimines were investigated. Whereas use of ketene silyl acetal derived from aryl ester in aqueous 2-propanol gave anti
B-amino-o-siloxy ester with excellent stereoselectivity, use of ketene silyl acetal derived from methyl ester in water in the presence

of sodium dodecyl sulfate gave the syn isomer preferentially. © 2001 Elsevier Science Ltd. All rights reserved.

Lewis acid-catalyzed Mannich-type reactions of silyl
enol ether with aldimine are important synthetic reac-
tions for the preparation of B-amino carbonyl com-
pounds, which are precursors of B-lactam and amino
acids.! Numerous kinds of activators have been devel-
oped,>* and highly enantioselective Mannich-type reac-
tions have been reported.*

Organic reactions in aqueous media have attracted
much attention of synthetic organic chemists as an
environmentally benign synthetic process.” We have
recently found that Mannich-type reactions took place
smoothly under the influence of Brensted acid, typically
aq. HBF,, to afford the corresponding B-amino car-
bonyl compounds in high yields in aqueous organic
solvents.® Furthermore, the HBF,-catalyzed Mannich-
type reaction took place smoothly in the presence of
sodium dodecyl! sulfate in water under organic solvent-
free conditions.”® Aza-Diels-Alder reactions in aqueous
media have been successfully achieved.” Because there
are quite a few reports that attained high diastereoselec-

tivity in the Mannich-type reactions of silyl enolates
with aldimines,® we investigated the stereoselectivity of
the Bronsted acid-catalyzed Mannich-type reaction. We
wish to report herein highly diastereoselective Mannich-
type reaction catalyzed by Brensted acid in aqueous
media, wherein both syn and anti isomers were
obtained highly stereoselectively by the proper choice of
the solvent system and ketene silyl acetal.

At the outset, we found a changeover of the
diastereoselectivity in the HBF,-catalyzed Mannich-
type reaction of ketene silyl acetal derived from o-siloxy
ester.'® Although the Mannich-type reaction in aqueous
2-propanol led to the preferential formation of the anti
adduct, the reaction in water in the presence of a
water-surfactant (SDS) furnished the syn adduct as a
major product (Scheme 1).

After screening the substrates, we found that 1,2-bis-(¢-
butyldimethylsiloxy)- 1 -(2,4,6 - trimethylphenoxy)ethene
(1) showed excellent anti selectivity. The results of the
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H20, SDS (0.4 eq.), r.t. 83% 86:14

Scheme 1.
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HBF,-catalyzed Mannich-type reaction of 1 (E:Z=
<1:>99) with aldimines derived from p-anisidine (Proto-
col A) are shown in Table 1. Aldimines derived from an
aromatic aldehyde as well as an aliphatic aldehyde
worked quite well to afford the corresponding B-amino-
a-siloxy esters with excellent anti selectivity. Because
aldimines are generally labile, it would be quite useful if
the aldimine, generated in situ from aldehyde and
amine, was allowed to react directly to furnish the
Mannich-adducts.!! Three-component synthesis starting
from aldehyde and amine (Protocol B) proceeded
smoothly to afford predominantly the anti adducts. An
aliphatic aldehyde as well as an aromatic aldehyde
worked well to afford the Mannich adducts with excel-
lent diastereoselectivity (entries 2, 9, and 10).!? Use of
water—SDS system as a solvent in place of 2-propanol
resulted in the lower yields with good anti selectivity
(entry 11).

The Mannich-adducts thus obtained were readily trans-
formed into B-lactams with retention of the stereochem-

Table 1. anti-Selective Mannich-type reaction

OMe
JO
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istry (Scheme 2). The relative stereochemistry was
unambiguously confirmed by J-values of the vicinal
protons of the B-lactams.'?

In contrast, I-methoxy-1-trimethylsiloxy-2-triphenyl-
siloxyethene (2) exhibited high syn selectivity in the
reaction with aldimine derived from p-anisidine. In this
case, diastereoselectivity depended on the N-sub-
stituents of imines. An aldimine bearing a p-
methoxyphenyl group exhibited the highest syn
selectivity. Results of the syn-selective Mannich-type
reaction of 2 (E:Z=97:3) with aldimines are shown in
Table 2.'* Aldimines derived from an aromatic alde-
hyde, an aliphatic aldehyde, an o,B-unsaturated alde-
hyde and a heteroaromatic aldehyde worked well to
furnish the adducts with good to high syn diastereo-
selectivity. Interestingly, use of 2-propanol as a solvent
significantly decreased the stereoselectivity (entry 8).

In conclusion, we have reported a highly diastereoselec-
tive Mannich-type reaction of ketene silyl acetal with

PMP< N

H O
N + aq. HBF4 (0.1 eq.)
Pl %\OTBS o 70
R OTBS ] oTBS
Entry R Protocol  Solvent Temp./°C Yield/ % syn:anti
1 Ph A i-PrOH 0 R 1:99
2 Ph B -PrOH 0 B 1:99
3 p-CICgH4 A -PrOH r.t. 87 1:99
4 p-NO2CgHy A CH3CN r.t. 84 4:96
5 (E)-PhCH=CH A i-PrOH rt. P 4:96
6 (\?_/7/ A PrOH rt. 0 2:98
7 c-Hex A CH3CN -20 88 3:97
8 Pr A CH3CN —20 64 2:98
9 Pr B CH3CN -20 58 2:98
10 PhCH>CH, B CH3CN —40 67 4:96
1 Ph A H20-SDS r.t 24 4:96

Protocol A: reaction with aldimine, Protocol B: three-component reaction.
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Scheme 2. Formation of B-lactam.

R= c-Hex; 59%
R= PhCH,CH,; 68%



T. Akiyama et al. / Tetrahedron Letters 42 (2001) 4025-4028 4027

Table 2. syn-Selective Mannich-type reaction

OMe OTMS PMP{
/©/ aq. HBF4 (0.1 eq.) NH O
N + (7 “OMe > OMe
i H20, SDS (0.4 eq.
o Pl OSiPhg 2 (0.4 eq.) OSiPhs
2 rt, 1h
(1.5eq.)
Entry R Yield / % syn : anti

1 Ph 0 90:10

2 p-MeOCgH4 83 92:8

3 p-CICgH4 72 89:11

4 (E)-PhCH=CH (o2 95:5

5 \\ir B 83:17

6 (\i,f 56 89: 11

7 c-Hex P9 85:15

8 Ph 81 64:36

a) 2-Propanol was used as a solvent.

aldimines catalyzed by Brensted acid in aqueous media,
wherein both syn and anti isomers were obtained by the
proper choice of the solvent and ketene silyl acetal.
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A typical experimental procedure for entry 2 of Table 1.
To a solution of benzaldehyde (7.0 pL, 0.069 mmol),
p-anisidine (8.8 mg, 0.072 mmol), and 1 (65 pL, 0.15
mmol) in 2-propanol (0.4 mL) was added 8.5% solution
of HBF, in water (7.5 pL, 0.0073 mM) at 0°C. After
being stirred at this temperature for 12 h, the reaction
was quenched by addition of satd NaHCO; and CH,Cl,.
The aqueous layer was extracted with CH,Cl, and the
combined organic layers were washed with brine, dried

13.

14.

over anhydrous Na,SO, and concentrated to dryness.
Purification of the crude mixture by preparative TLC
(SiO,, hexane:ethyl acetate=10:1, v/v) gave a B-amino-o-
siloxy ester in 93% yield. (syn:anti=1:99).

Vicinal coupling constants (J5,) of the p-lactams are 1.7
Hz.

A typical experimental procedure for entry 1 of Table 2.
To a suspension of N-(benzylidene)-p-methoxyaniline
(35.2 mg, 0.160 mM), sodium dodecyl sulfate (21.0 mg,
0.0728 mmol), and 2 (100 mg, 0.237 mmol) in water (1.0
mL) was added 8.5% solution of HBF, in water (17.0 puL,
0.0165 mM) at room temperature. After being stirred at
the temperature for 1 h, Dowex 1-X8 (100-200 mesh, CI~
form), CH,Cl, and H,O were added to quench the reac-
tion, and the reaction mixture was further stirred at the
temperature for 10 min. After removing the solid by
filtration, the filtrate was extracted with CH,Cl, and the
combined organic layers were washed with brine, dried
over anhydrous Na,SO, and concentrated to dryness.
The crude material was purified by p-TLC (hexane:ethyl
acetate=10:1, R;=0.3) to afford a B-amino-a-siloxy ester
in 90% yield. (syn:anti=90:10).



