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Recently, Lewis acid catalysts have been developed for enanti-
oselective addition reactions to imines,1 including processes such
as Mannich-type,2 Strecker,3 allylation,4 and aza-Diels-Alder5

reactions. Among them, asymmetric Mannich-type reactions provide
useful routes for the synthesis of optically activeâ-amino ketones
or esters, which are versatile chiral building blocks for the
preparation of many nitrogen-containing, biologically important
compounds.

In recent years, organic reactions in aqueous media have attracted
a great deal of attention, not only because these reactions eliminate
the necessity of vigorous drying of solvents and substrates, but also
because unique reactivity and selectivity are often observed in
aqueous reactions.6 In the course of our investigations to develop
efficient organic reactions in water, we have exploited several
carbon-carbon bond-forming reactions catalyzed by water-compat-
ible Lewis acids such as rare earth metal triflates in aqueous media.7

Quite recently, we and others have also developed catalytic
asymmetric versions of Lewis acid-mediated reactions such as
aldol,8 Diels-Alder,9 and allylation10 reactions in water-containing
solvents. However, as far as we know, catalytic asymmetric
Mannich-type reactions in aqueous media have not been reported.

Here we report the first example of this type of reaction using a
combination of ZnF2 and a chiral diamine.

The most important feature in designing a chiral ligand for Lewis
acid-mediated reactions in aqueous media is its binding property
to metal cations. We noted the strong binding ability of ethylene-
diamine to Zn2+ cation,11 and decided to test various chiral
analogues of ethylenediamine for Mannich-type reactions in aqueous
media. As for substrates, we focused on acylhydrazones,12 which
are imine surrogates stable even in aqueous media.13 After many
trials, we found that the use of diamine ligand114 and Zn(OTf)2
gave low but significant ee (24% ee) in the reaction of hydrazono
ester2 with silyl enol ether3 in H2O/THF (1/9). The effect of
counteranions of Zn2+ was then examined (Table 1), and it was
found that the same level of enantioselectivity was obtained when
Zn(ClO4)2 was used. While no desired product was obtained when
ZnBr2 or ZnCl2 was employed, it was remarkable to find that high
enantioselectivity was obtained with the use of ZnF2. Although the
yield was low, this high ee prompted us to investigate the ZnF2-
mediated reaction further.

The reaction conditions were examined to improve the yield
(Table 2), and first, the amount of ZnF2 was increased to 100 mol
%. Interestingly, although the yield was low, high enantioselectivity
was still maintained despite using a large excess of ZnF2 (entry 1).
Next, we examined the effect of additives. It was exciting to find
that a catalytic amount of trifluoromethanesulfonic acid (TfOH)
dramatically increased the yield (entries 1 and 2), and that the best
ee was obtained when 1 mol % of TfOH was used. The same level
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Table 1. Effect of Counterions

entry ZnX2 yield (%) ee (%)

1 Zn(OTf)2 21 24
2 Zn(ClO4)2‚6H2O 25 26
3 ZnBr2 trace -
4 ZnCl2 N.R.a -
5 ZnF2 7 86

a N.R.) no reaction.
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of enantioselectivity was obtained when the amount of ZnF2 was
lowered to 50 mol % (entry 5), although the yield was decreased
when the amount of ZnF2 was lowered further (entries 6 and 7). It
should be noted that the presence of1 significantly improved the
yield (entry 2 vs 8), and that this ligand effect is a key to the success
in the present catalytic system.15 In addition, it was also revealed
that the use of aqueous solvents was another key to obtain high
yield and selectivity. For example, the reaction of2 with 3 did not
proceed at all in THF without water in the presence of ZnF2 (100
mol %), TfOH (1 mol %), and1 (10 mol %) at 0°C for 50 h. In
H2O/THF (1/1), the same reaction proceeded at 5°C for 45 h to
afford (R)-4 in 64% yield with 83% ee.

Currently, we speculate that this reaction proceeds with double
activation where Zn2+ acts as a Lewis acid to activate2 and the
fluoride anion acts as a Lewis base to attack the silicon atom of
3.16,17 It is unlikely that the reaction involves a zinc enolate as an
intermediate, because when ethylzinc enolate prepared by the known
method18 was added to an aqueous solution of1 and2, only a trace
amount of the desired product was produced.

Several examples of the Mannich-type reactions are shown in
Table 3. Silyl enol ethers derived from aromatic and aliphatic
ketones gave the desired products in mostly high yields with high
enantioselectivity. Furthermore, the desiredsyn products were
obtained in high yields with high diastereo- and enantioselectivities
(entries 4 and 5).19 It is noted that the product from2 and5 was
highly crystalline, and that one recrystallization from 2-propanol/
hexane afforded the diastereomerically and enantiomerically pure
material (>99.5% ee).

This asymmetric Mannich-type reaction was successfully applied
to the synthesis of (1R,3R)-N-(3-hydroxy-1-hydroxymethyl-3-
phenylpropyl)dodecanamide (HPA-12),20 which is the first com-

pound of a specific inhibitor for sphingomyelin synthesis in
mammalian cells and is expected as a drug that inhibits intracellular
trafficking of sphingolipids. Mannich adduct4 wasN-acylated in
90% yield, and the ketone and ester groups were reduced by NaBH4

in 79% yield. Finally, the N-N bond of the hydrazine was cleaved
by SmI221 to afford HPA-12 in 64% yield without decreasing the
enantiomeric purity (eq 1). A single recrystallization gave an
enantiomerically pure compound.

In summary, the catalytic, diastereo- and enantioselective Man-
nich-type reaction of a hydrazono ester with silyl enol ethers in
aqueous media has been achieved with zinc fluoride and a chiral
diamine ligand. The use of water and a small amount of TfOH is
essential for the reactions to proceed in high yield. Enantioselective
synthesis of HPA-12 has been attained in four steps by using this
asymmetric reaction. This reaction system will provide a novel
efficient method to synthesize various nitrogen-containing molecules
including amino acid derivatives. Further studies to clarify the
precise mechanism including the roles of water and TfOH are now
in progress.
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Table 2. Several Reaction Conditions

entry ZnF2 (mol %) TfOH (mol %) 1 (mol %) yield (%) ee (%)

1 100 - 10 19 90
2 100 1 10 93 92
3 100 2 10 90 88
4a 100 1 20 95 94
5 50 1 10 89 92
6 30 1 10 34 89
7b 10 1 1 17 85
8 100 1 - 34 -

a 27 h. b 143 h.

Table 3. Catalytic Asymmetric Mannich-Type Reactions

a 100 mol % of ZnF2 and 20 mol % of ligand1 were used.b After one
recrystallization.
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