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Abstract: Efficient bifunctional silver acetate catalyzed three
asymmetric Mannich-type reactions with high reactivity, up to
>95:5 diastereoselectivities and moderate to excellent enantioselec-
tivities (up to 97% ee). External base is not required in this bifunc-
tional catalytic procedure, in which acetate promotes the
deprotonation. 

Key words: bifunctional, silver acetate, Mannich reaction, asym-
metric catalysis, imines

The asymmetric Mannich reaction is one of the most pow-
erful and widely utilized chemical transformation for the
preparation of optically active b-amino carbonyl com-
pounds and related compounds,1 which are key chiral
building blocks found in various natural products and
pharmaceutically important compounds.2 Therefore, vari-
ous enantioselective and diastereoselective Mannich-type
reactions catalyzed by either organometallic complexes3–7

or organocatalysts8–11 have been developed over the past
decade. However, for the transition-metal-catalyzed
asymmetric Mannich reactions, a catalytic or stoichiomet-
ric amount of base is usually crucial for achieving full
conversion in most cases of these reactions. Thus, devel-
oping an efficient asymmetric Mannich reaction without
extra base under mild conditions is attractive.

Recently, we demonstrated that bifunctional silver acetate
catalyzed asymmetric cycloaddition of azomethine ylides
with electron-deficient alkenes using ferrocenyloxazo-
line-derived N,P-ligands.12 The reactive metal-bound
azomethine ylide dipole is formed through deprotonation
by the acetate, which plays the role of base, meaning that
extra base is not necessary. We envisioned that the intro-
duction of an ion with proper basicity to the Lewis acid
might be an appealing choice for the enolization of carbo-
nyl compounds, and that the same strategy could be ap-
plied to the Lewis acid catalyzed Mannich reaction.
Herein, we describe three examples of asymmetric Man-
nich-type reactions catalyzed by chiral silver acetate com-
plexes, which acts as a bifunctional catalyst, with low to
high diastereoselectivities and moderate to excellent
enantioselectivities.

Based on such considerations and on other groups’
work,13 we set out to establish whether the catalytic sys-
tem depicted in Table 1 could be used to effect catalytic

asymmetric Mannich reactions between acetyl acetone
and N-Boc-protected arylimines 1.

In our initial investigation, we found that the silver ace-
tate–L1 system can efficiently catalyze the Mannich reac-
tion of aldimines 1a with acetyl acetone in diethyl ether
with high activity and moderate enantioselectivity (67%
ee) in the absence of base (entry 1, Table 1). Encouraged
by this result, an evaluation of a range of solvents on the
activity and enantioselectivity was carried out (entries 1–
4). The results showed that diethyl ether was superior to
other solvents.

When ligand (S,SP)-L2, with the same central chirality
and opposite planar chirality to (S,RP)-L1, was used in this
reaction to investigate the effect of planar chirality on the
enantioselectivity and absolute configuration of the prod-
ucts, lower enantiomeric excess (ee) was observed (entry
5). The lower ee with (S,SP)-L2 suggests the mismatched
nature of the (S)-planar chirality with the (S)-central
chirality on the ligand. Subsequently, the effect of the sub-
stituent R in ligands L3a–L3c was examined in order to
improve the enantioselectivity. A better enantioselectivity
(77% ee) was obtained with ligand L3b bearing a strong
electron-donating group at the para-position of the phenyl
on the sulfur atom (entry 7).

The influence of the steric and electronic properties of the
substituents of the phosphorus atom in ligand L3b was
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also studied (entries 9–12). The results revealed that the
enantioselectivity of this Mannich-type reaction was more
sensitive to electronic effects than to the steric properties
of the substituents of the phenyl group on the phosphorus
atom. The enantioselectivity dramatically decreased when
L3g, having a strong electron-withdrawing group at the
phenyl ring on the phosphorus atom was used (entry 12).
Increasing the steric effect of the ligand slightly improved
the reaction enantioselectivity (entries 9–10). A higher ee
was obtained at lower reaction temperatures (entries 13–

14). Thus, the optimal conditions for this asymmetric
Mannich reaction are AgOAc/L3e/Et2O/–40 °C.

Having established the optimal conditions, the scope of
the silver acetate catalyzed Mannich reaction was ex-
plored (Table 2). In general, good enantioselectivities and
high isolated yields were obtained regardless of the elec-
tronic properties and steric hindrance of the phenyl ring of
aldimines 1 (entries 1–7). A slightly lower enantioselec-
tivity was obtained when the heteroaromatic aldimine 1h
was used (entry 8).

Table 1 Optimization of the Asymmetric Mannich Reaction between Acetyl Acetone and N-Boc-Protected Arylimine 1a25

Entrya Ligand Solvent Yield (%)b ee (%)c

1 L1 Et2O 86 67

2 L1 THF 95 60

3 L1 CH2Cl2 99 50

4 L1 toluene 99 65

5 L2 Et2O 99 38

6 L3a Et2O 94 57

7 L3b Et2O 94 77

8 L3c Et2O 99 75

9 L3d Et2O 88 75

10 L3e Et2O 92 80

11 L3f Et2O 99 1

12 L3g Et2O 99 1

13d L3e Et2O 92 86

14e L3e Et2O 92 88

a Reaction conditions: 1 (1.0 equiv), acetyl acetone (1.2 equiv), AgOAc (3 mol%), ligand (3.3 mol%), concentration (0.12 M), 0 °C.
b Isolated yields based on 1.
c Determined by chiral HPLC analysis.
d At –25 °C.
e At –40 °C.
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The silver acetate catalyzed Mannich reaction was also
applicable to other b-dicarbonyl compounds (Scheme 1).
High isolated yields (86–90%) and good enantioselectivi-
ties (78% ee) were obtained for both malonate and b-keto
ester. However, no valuable diastereoselectivity (dr 2:1)
was observed in the asymmetric Mannich reaction be-
tween b-keto ester and aldimine 1b, probably due to
epimerization.13k

Scheme 1 Silver acetate catalyzed asymmetric Mannich reaction
between b-dicarbonyl compounds and N-Boc-protected arylimines

Optically active a,b-diamino acids represent an important
class of compounds critical to a variety of biologically ac-
tive molecules.2 The Mannich-type reaction of glycine
Schiff base 3 and related compounds with imines, pro-
vides an efficient and convenient route for the preparation
of these compounds. In 2003, Jørgensen’s group14 devel-
oped the first example of phosphino-oxazoline-copper(I)

complex catalyzed Mannich reaction of imino glycine
alkyl esters with imines. Subsequently, Maruoka,15 Shiba-
saki,16 Kobayashi,17 Hou,18 Carretero,19 and Feng20 report-
ed other efficient catalysts for diastereoselective and
enantioselective Mannich-type reactions of glycine Schiff
bases with aldimines. Encouraged by the success in silver
acetate catalyzed direct addition of acetyl acetone to N-
Boc-protected arylimines, we decided to develop a bi-
functional silver acetate catalyzed enantioselective Man-
nich reaction of glycine Schiff base with N-tosyl-
protected imine 4.

We initially focused on the exploration of appropriate
chiral ligands and on an examination of reaction parame-
ters, such as solvent, temperature, and concentration. The
best results, with respect to reactivity, yield, and selectiv-
ity, were obtained with silver acetate in combination with
L4 as the catalyst in THF at –25 °C.

Under the optimized conditions, a series of aromatic imi-
nes with electron-withdrawing and electron-donating sub-
stituents underwent the desired transformation to give the
corresponding a,b-diamino acid esters 5 with good yields
and excellent enantioselectivities for both diastereomers
but low diastereoselectivities (entries 1–5, Table 3). To
our satisfaction, for the aliphatic imines, excellent enanti-
oselectivities (96% and 93% ee) and high diastereoselec-
tivities (up to 93:7) were obtained (entries 6 and 7).

As a variant of the Mannich reaction, the asymmetric vi-
nylogous Mannich (AVM) reaction has gained increasing
attention owing to its ability to directly generate complex
and highly functionalized d-amino compounds.3d–f,9f–g,21

Table 2 Silver Acetate Catalyzed Asymmetric Mannich Reaction 
between Acetyl Acetone and N-Boc-Protected Arylimines25

Entrya Ar Product Time (h) Yield (%)b ee (%)c

1 4-MeOC6H4 (1a) 2a 0.5 92 88

2 Ph (1b) 2b 3 67 86d

3 4-MeC6H4 (1c) 2c 3 82 88

4 4-FC6H4 (1d) 2d 1 99 91

5 4-BrC6H4 (1e) 2e 2.5 81 90

6 2-MeC6H4 (1f) 2f 3 86 88

7 1-naphthyl (1g) 2g 5 95 88

8 2-furyl (1h) 2h 5 88 80

a Reaction conditions: 1 (1.0 equiv), acetyl acetone (1.2 equiv), 
AgOAc (3 mol%), ligand (3.3 mol%), concentration (0.12 M).
b Isolated yields based on 1.
c Determined by chiral HPLC analysis.
d The absolute configuration was determined to be R by comparison 
with literature data.13a
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Table 3 Silver Acetate Catalyzed Asymmetric Mannich Reaction 
of Glycine Schiff Bases with Aldimines 425

Entrya  R Product Yield 
(%)b

drc ee 
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ee 
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1 Ph 5a 93 44:56 91 96

2 2-BrC6H4 5b 97 39:61 94 97

3 3-ClC6H4 5c 92 51:49 97 95

4e 4-MeOC6H4 5d 98 48:52 91 82

5 2-naphthyl 5e 96 53:47 92 96

6 i-Pr 5f 99 93:7 96 –

7 Cy 5g 97 90:10 93 91

a Reaction conditions: 3 (1.0 equiv), 4 (1.2 equiv), AgOAc (3 mol%), 
ligand (3.3 mol%), concentration (0.12 M), 3–4 h.
b Isolated yields based on 3. 
c dr = syn/anti, determined by 1H NMR.
d Determined by chiral HPLC analysis.
e 22 h.
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Recently, Chen et al.22 developed an efficient asymmetric
vinylogous Mannich reaction of a,a-dicyanoolefins23

with N-Boc-aldimines catalyzed by a bifunctional thio-
urea–tertiary amine catalyst. Soon thereafter, Jørgensen’s
group24 presented a stereoselective vinylogous Mannich
reaction of dicyanoalkylidenes under phase-transfer cata-
lytic conditions utilizing stable a-amido sulfones as imine
precursors. In a continuation of our studies on the silver
acetate catalyzed enantioselective Mannich reaction and
on the basis of our experience in aforementioned work, we
decided to examine a bifunctional silver acetate catalyzed
asymmetric vinylogous Mannich reaction.

Our optimization studies began with an investigation into
the vinylogous Mannich reaction of aldimines 1a and a,a-
dicyanoolefins 6a catalyzed by silver acetate and (S)-Syn-
Phos in diethyl ether at 0 °C. We found that this reaction
proceeded readily, gaving the desired vinylogous Man-
nich adduct in 27% ee after two hours. In order to further
optimize the reaction conditions, we varied solvent,
ligands, and reaction temperature, and found the opti-

mized conditions for this AVM reaction to be AgOAc,
L5, Et2O, –25 °C.

As summarized in Table 4, aldimine 1b reacted smoothly
with a variety of a,a-dicyanoolefins in good yields and ex-
cellent diastereoselectivities, though with moderate enan-
tioselectivities (entries 1–4).26 The a,a-dicyanoolefin 6a
emerged as the best scaffold for the AVM reaction, thus
the reactions of 6a with a series of aldimines bearing var-
ious substituents on the aromatic ring were carried out
(entries 5–8). This investigation revealed that the enantio-
selectivity of this AVM was sensitive to both the steric
and the electronic properties of the substituents on the
phenyl ring of aldimines 1. Generally, phenyl substituents
bearing electron-donating groups at the para-position
gave a higher ee compared to those with an electron-with-
drawing group (entries 5–7). The reaction of a,a-dicya-
noolefins 6a with aldimine 1a proceeded well and gave
the best selectivity (82% ee, dr >95:5, entry 5). The pres-
ence of an ortho-substituent on the aldimine compromised
the enantioselectivity but not the yield or diastereoselec-
tivity (entry 8).

In conclusion, we have developed three asymmetric Man-
nich-type reactions using an efficient bifunctional silver
acetate catalyst. The reactions give high yields, up to
>95:5 diastereoselectivities and moderate to excellent
enantioselectivities (up to 97% ee). External base is not
required in the bifunctional catalytic procedure, in which
acetate promotes the deprotonation of active proton. The
special features are the mild reaction conditions and sim-
ple operation. This method provides an efficient and con-
venient route to synthesize optically active b-amino
carbonyl compounds and related compounds.

Further investigations into the capacity of this bifunction-
al catalyst system toward other catalytic asymmetric Man-
nich reactions are currently in progress in our laboratory,
and results will be reported in due course.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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