
MICROREVIEW

DOI: 10.1002/ejoc.200700409

Organocatalytic Asymmetric Mannich Reactions: New Methodology, Catalyst
Design, and Synthetic Applications

Amal Ting[a] and Scott E. Schaus*[a]

Keywords: Organocatalysis / Enantioselective synthesis / Asymmetric catalysis / Mannich reaction / Imines

The direct, asymmetric Mannich reaction catalyzed by small
organic molecules offers a facile route to optically active α-
or β-amino acid derivatives and 1,2- and γ-amino alcohols.
One-pot reactions of unmodified carbonyl donors with pre-
formed or in situ generated imines can be stereochemically
controlled with Organic catalysts such as proline, chiral pyr-
rolidines, chiral Brønsted acids, and Cinchona alkaloids. The

1. Introduction
The use of small organic molecules as catalysts has be-

come a powerful strategy in the construction of chiral
building blocks for synthesis. The developments in this area
have had a profound effect on the Mannich reaction with
the use of proline, chiral pyrrolidines, and Cinchona alka-
loid-derived catalysts being significant contributing areas of
research and development.

The Mannich reaction is a useful transformation to ac-
cess amine-containing building blocks.[1] In the classical
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generated Mannich adducts can be further functionalized
towards a variety of bioactive molecules. In this Microreview,
recent contributions are discussed to present the methodol-
ogy and synthetic advantages achieved so far in the asym-
metric Mannich reaction.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Mannich reaction,[2] the Mannich bases afforded from the
reaction have been key synthetic intermediates in the syn-
thesis of diverse alkaloids.[3] Similar Mannich adducts have
found multiple uses in product synthesis. Both metal-based
and metal-free asymmetric catalysis has contributed to the
development of asymmetric Mannich reactions. Initially,
the development of metal-catalyzed asymmetric Mannich
reactions afforded valuable chiral intermediates for synthe-
sis.[4] Complimentary metal-free organocatalytic methods
have been developed to supplement the pool of available
building blocks; suggestive of a biomimetic approach
towards the bond construction.[5] Alkaloid synthesis has
particularly been influenced by biomimetic approaches and
illustrates the utility of the asymmetric Mannich reaction.
For example, the alkaloid (+)-geissoschizine proved to be a



A. Ting, S. E. SchausMICROREVIEW
key precursor in the total synthesis of of (+)-N-methylvellos-
imine.[6] A notable step in the synthesis involves a biomi-
metically inspired intramolecular asymmetric Mannich re-
action. The stereochemistry of a corynantheane intermedi-
ate common to both (+)-geissoschizine and (+)-N-methyl-
vellosimine was also established by an alternative Mannich
route. Biomimetic synthesis continues to inspire the devel-
opment of methods and advances in organic catalysis in
many respects embodies that inspiration.

The recent advances made in the development of organ-
ocatalytic asymmetric Mannich reactions demonstrate
novel approaches to methodology, catalyst design, and syn-
thetic accomplishments. These advances, new catalysts, and
notable contributions to the area, including aza-variants
like the nitro-Mannich (aza-Henry) reaction, are high-
lighted in this Microreview.

2. One-Pot Three-Component Mannich Reaktion

2.1 One-Pot Three-Component Mannich Reaction: Simple
Ketones

Recent advances in Mannich-type reactions have been
driven by the prevalence of nitrogen synthons in drugs and
natural products as well as by the potential of this multi-
component reaction to generate diversity. Early catalytic
methods have been introduced by groups directed by Ko-
bayashi,[7] Sodeoka,[8] Lectka,[9] Trost,[10] Shibasaki,[11] and
Jørgensen.[12] All of these variants use preformed imine and
enol derivatives combined with a metal-based catalyst.
Asymmetric organocatalysis of Mannich-type reactions was
first realized in the Hajos–Parrish–Eder–Sauer–Wiechert
reaction.[13] The basis of these reactions is the facile in situ
generation of chiral enolate equivalents (enamines) from
ketones and aldehydes using pyrrolidine-based catalysts.[14]

Building on earlier proline-catalyzed direct asymmetric
intermolecular aldol reactions[15] and the report of Kobaya-
shi’s three-component Mannich reactions,[16] List examined
chiral amines as catalysts for Mannich-type reactions. List
found that after stirring proline (35 mol-%), p-nitrobenzal-
dehyde (1.0 equiv.), and p-anisidine (1.1 equiv.) in acetone/
DMSO (1:4) for 12 h, the corresponding Mannich product
was formed in 50% yield and 94% ee (Scheme 1).[17] This
reaction constitutes the first organocatalytic asymmetric
three-component Mannich reaction of a free aldehyde with
an unmodified ketone and an amine. Aldol addition and
condensation products were observed as side products in
this reaction. The PMP (p-methoxyphenyl) amine protect-
ing group was chosen because of its facile deprotection un-
der oxidative conditions.[18] Proline as the catalyst is avail-
able in both enantiomeric forms and can be recovered from
the reaction mixture via filtration.

Subsequent studies[19] with oxygenated ketones revealed
that high regioselectivities generally favoring Mannich
products result from the higher substituted α-side of the
ketone (Table 1, products 4, 5). Excellent enantioselectivit-
ies yet modest yields were obtained in reactions of aromatic
aldehydes; α-unbranched aldehydes were found to be ef-
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Scheme 1. Proline-catalyzed catalytic one-pot asymmetric three-
component Mannich reaction.

ficient substrates. Various aniline derivatives were studied,
including p-anisidine, o-anisidine, p-chloroaniline, and o-
aminophenol. Yields and enantiomeric excess were optimal
with o-anisidine; these results suggest the electronic proper-
ties of the aromatic moiety strongly affect on the stereose-
lectivity. The syn-diastereoselctivity and absolute configura-
tion of the products were assigned on the basis of X-ray
structural analysis of the Mannich products. These Man-
nich reactions can be considered a regiospecific alternative
to the Sharpless asymmetric aminohydroxlyation reaction
(AA).[20] An important utility of the enantiomerically en-
riched syn-1,2-amino alcohols would be their use in synthe-
sis of α-amino acid derivatives.[21]

Table 1. One-pot asymmetric three-component Mannich reactions
with different ketones (PMP = p-methoxyphenyl, Ar = p-NO2-
C6H4).

The difference in mechanisms between the proline-cata-
lyzed aldol and Mannich reactions is the stereoselectivity
(Scheme 2).[22] Aldols typically generate a re-enantiofacial
attack on the aldehyde, whereas Mannich products are
formed through a si-face attack on an imine. The additional
factor that both enamine and imine may adopt (E)- or (Z)-
configurations complicates the possible variants of transi-
tion states.[23] Although it is known that imines may un-
dergo (E)/(Z) isomerization,[24] the (Z)-imines are present
in only low equilibrium concentrations. Accordingly, in the
Mannich reaction transition state, it is assumed that (E)
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configurations are adopted by both proline-enamine and
imine. The si-face of the imine is selectively attacked by the
enamine to allow for protonation of its lone pair. Attack of
the re-face would result in unfavorable steric interactions
between the pyrrolidine and aromatic ring.

Scheme 2. Stereoselectivity of proline catalysis in aldol and Man-
nich reactions.

The first computational studies that present insight into
the stereoselectivity of the proline-catalyzed direct Mannich
reaction were presented by Houk using density functional
theory (B3LYP/6-31G*).[22b] Transition-state geometries
were optimized and characterized by frequency analysis to
show the possible proline-enamine activation of (E)-imine
and (Z)-imine (Scheme 3). In the transition states for the
reaction of proline-enamine of acetone with N-phenyl imine
of acetaldehyde, the lowest energy transition state involves
an anti-enamine with the double bond away from the pro-
line carboxylic acid. The corresponding anti-transition state
with an (Z)-imine is calculated to be 1.6 kcal/mol higher in
energy. When the enamine double bond is syn to the proline
carboxylate, the energy for (E)- and (Z)-imine is 1.7 and
4.9 kcal/mol higher, respectively. Other transition states pre-
sented by Houk involved energies that were 2.0–5.7 kcal/
mol higher. The percentage of predicted enantioselectivity
excess that results from the transition state energy calcula-
tion is consistent with experimental results.

Scheme 3. Possible proline-enamine transition states.
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Although oxygenated ketones were employed in organ-
ocatalytic Mannich reactions, use of amino ketones was not
reported due to their instability. Barbas’ group envisioned
the use of azido ketones and protected amino ketones as
surrogates for amino ketones (Tables 2, 3).[25] Direct, regio-
specific, asymmetric synthesis of 1,2- and 1,4-diamines based
on the Mannich reactions of imines with azido ketones 6
and with protected amino ketones 9 were presented by Bar-
bas’ group. Under optimized conditions, the (S)-proline-de-
rived tetrazole 7 was investigated as the catalyst. Vicinal
1,2-diamine products 8 from azido ketones were obtained
regiospecifically with good diastereoselectivity (syn:anti
70:30 to 91:9) and enantioselectivity (82–99% ee). In

Table 2. Protected 1,2-azido amines by three-component Mannich
reaction.

Table 3. Protected 1,4-diamines by three-component Mannich reac-
tion.
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contrast to the azido ketones 6, the phthalimido-acetones 9
provided only the 1,4-diamine derivatives 10.

This methodology demonstrated, for the first time, direct
asymmetric Mannich reactions of imines with varied pro-
tected amino ketones to afford selective access to chiral 1,2-
and 1,4-diamines with excellent yields and enantioselectivi-
ties.

2.2 One-Pot Three-Component Mannich: Cyclic Ketones

Enders et al.[26] reported a direct, organocatalytic synthe-
sis of carbohydrates starting with a cyclic dihydroxyacetone
equivalent, 2,2-dimethyl-1,3-dioxan-5-one. Various pro-
tected carbohydrates and amino sugars could be assembled
in a one step proline-catalyzed aldol reaction. The group
subsequently followed up with a Mannich variant of this
reaction employing 2,2-dimethyl-1,3-dioxan-5-one, dimeth-
oxyacetaldehyde, and p-anisidine.[27] With 30 mol-% load-
ing of proline or proline derivative in aqueous DMF at
2 °C, the Mannich product was obtained in 91% yield and
excellent stereoselectivities (� 99% de, and 98% ee).

Córdova disclosed the proline-catalyzed reaction be-
tween cyclohexanone, aqueous formaldehyde, and p-anis-
idine.[28] With 30 mol-% loading of proline in DMSO for
16 h, the syn-selective PMP-protected Mannich base was
isolated in 94% yield and at least 99% ee. Different ali-
phatic linear ketones and cyclic ketones were studied and
all provided modest to high yields with excellent enantio-
selectivities, typically at least 99%.

Whereas the enantioselectivities for the three-component
reactions of List,[17,19] Barbas,[25] and Córdova[28] are im-
pressive, two other factors of this catalysis are noteworthy:
first the catalyst loading is generally high (�10 mol-%), and
second, the overall reaction time is long (typically 16 to
48 h). With the goal of improving upon these limitations,
Bolm et al. began to investigate the potential of an opti-
mized protocol using microwave irradiation.[29] The proline-
catalyzed reaction between cyclohexanone, formaldehyde,
and various anilines were thermally accelerated. With cata-
lyst loadings as low as 0.5 mol-% of catalyst, Mannich
products with up to 98% ee were obtained after a short
period of time. To increase the yield of the reaction, either
catalyst loading or reaction time had to be increased. Opti-
mal conditions of the reaction gave 84% yield, 98% ee in
6 h, with 5 mol-% proline, at 75–77 °C and constant micro-
wave (MW) irradiation at low power (10–15 W). Although
no specific MW effect[30] has been found for this particular
organocatalytic case, these results are synthetically promis-
ing.

2.3 One-Pot Three-Component Mannich Reaction: Non-
Proline-Derived Catalysts

In the development of several stereoselective Mannich re-
actions catalyzed by amino acids, proline and proline deriv-
atives have been utilized as highly stereoselective cata-
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lysts.[31] However, acylic amino acids were the first to be
investigated by Córdova (Scheme 4).[32]

Scheme 4. One-pot three-component Mannich: aliphatic amine cat-
alysts screen.

Using serine as the catalyst, cyclohexanone, p-nitrobenz-
aldehyde, p-anisidine, and aqueous DMSO, the correspond-
ing Mannich product 11 was formed in 60% yield, 6:1 dr
(syn:anti) and 94% ee after 48 h with only trace amounts
of aldol products. The primary amine did not act as the
amine component under reaction conditions. In compari-
son, proline catalyzed the formation in 50% yield, 2:1 dr
and 84% ee. All amino acids that were tested catalyzed the
reaction with excellent chemoselectivity. Simple aliphatic
acyclic amino acids such as alanine, valine, serine, and iso-
leucine provided high chemo-, regio-, and enantioselectivity
with yields up to 90%, 95:5 dr, and � 99% ee.

2.4 One-Pot Three-Component Mannich Reaction: Two
Aldehydes and an Aniline

Córdova[33] developed the first organocatalytic asymmet-
ric three-component Mannich reaction with unmodified al-
dehydes as donors (Table 4). On the basis of preliminary
studies,[34] the role of the aldehyde components could be
directed by adding the donor slowly to the reaction mixture.
Hence, slow addition of propionaldehyde (1.0 ), to the re-
action mixture containing p-methoxyaniline (0.1 ), p-ni-
trobenzaldehyde (0.1 ), and (S)-proline followed by in situ
reduction with NaBH4 afforded the γ-amino alcohol 14 in
75% yield and 95% ee. The amine component was versatile
enough with various p-substituted anilines to give higher
yields and ee than corresponding m-substituted anilines.
The reaction presented excellent chemoselectivity with
other aromatic aldehyde acceptors without any formation
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of cross-aldol or self-Mannich adducts. Reactions with ali-
phatic acceptor aldehydes, however, only afforded trace
amounts of the corresponding Mannich adducts.

Table 4. Proline-catalyzed one-pot three-component Mannich reac-
tion with unmodified aldehdyes.

Entry R Yield (%) dr ee (%)

1 p-NO2C6H4 75 � 10:1 99
2 p-CNC6H4 65 5:1 93
3 p-BrC6H4 81 10:1 91
4 p-ClC6H4 65 6:1 93
5 C6H5 62 4:1 75
6 m-BrC6H4 77 4:1 97
7 Et 55 �10:1 81

Right around the same time, Hayashi also developed
similar protocols for the proline-catalyzed three-component
Mannich reaction involving two different aldehydes.[34b]

NMP was used as a solvent and heteroaromatic aldehydes
were examined. Furfural and p-pyridinecarbaldehdye as
Mannich acceptors were investigated with propanal to af-
ford adducts in good yield with high syn-diastereo- and
enantioselectivity.

2.5 One-Pot Three-Component Mannich Reaction:
Application to Synthesis of Nikkomycins

Nikkomycins are nucleoside peptide antibiotics isolated
from Streptomyces tendae.[35] Nikkomycins contain two

Scheme 5. Retrosynthetic analysis of nikkomycin.
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structural units, the C-terminal nucleoside amino acid and
the N-terminal amino acid 13a that contains three contigu-
ous stereocenters of an α-methyl β-amino secondary
alcohol moiety (Scheme 5). The synthetic challenge of ac-
cessing the N-terminal amino acid has been accomplished
by several groups.[36] In the formal total synthesis of nikko-
mycin, Hayashi’s group[36c] synthesized the synthetic equiv-
alent of the N-terminal amino acid moiety 13b by the Man-
nich reaction of 2-furaldehyde, propanal, 4-(tert-butyl)di-
methylsiloxysilane, and (S)-proline, with pyridine as an ad-
ditive. The reaction proceeded with high selectivity (96%
ee, vide infra) to afford a crude β-amino aldehyde that was
immediately reduced to a β-amino alcohol (Scheme 6, 14)
for stability. After simple modifications that include oxi-
dation and diastereoselective reduction, 1,2-anti amino
alcohol 15 was generated in excellent yield and diastereo-
selectivity (98%, 1,2-syn/1,2-anti = 1:32). The remaining
steps after setting the key three contiguous stereocenters
involve only the oxidation of the furan to a carboxy group,
followed by treatment of K2CO3 in methanol to afford the
lactone 13b in 84% yield.

Scheme 6. Synthesis of Nikkomycin’s N-terminal moiety.

3. Aldimine and Simple Ketones

The direct asymmetric Mannich reaction of acetone with
a variety of preformed aldimines was discovered during the
one-pot three-component reaction of an aldehyde, acetone,
p-anisidine, and amine catalyst.[37] In a catalyst screen for
the addition of acetone to N-PMP-aldimines in DMSO/ace-
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tone (4:1) with 20 mol-% of catalysts 16a–c, all three cata-
lysts afforded the β-amino ketone in modest yield after 48 h
(Table 5). In particular, DMTC 16c provided the desired
product in 80% ee.

Table 5. β-Amino ketone adducts from preformed aldimines.

According to previously established amino acid catalysis
involving enamine intermediates,[17,19] the enamine formed
between a ketone and proline might serve as a nucleophile
to stereoselectively add to α-imino esters. In an initial
experiment,[38] N-PMP-protected ethyl iminoglyoxylate
(0.1 ) and (S)-proline (20 mol-%) were subjected to pre-
viously established standard conditions. After 2 h, the ald-
imine was consumed and the corresponding α-amino acid
was formed in 82% yield and 95% ee. The scope of this
reaction was expanded to other ketones (both cyclic and
acyclic) such as 3-pentanone, cyclohexanone, and 5-hexen-
2-ones, affording Mannich adducts in excellent stereoselec-
tivities.

In considering optimization of a reaction, attention must
also be paid to the practical aspects of the reaction that go
beyond the products themselves; specifically, solvent
choice[39] and recycling of non-consumed materials. In re-
cent years, ionic liquids[40] have attracted a great deal of
attention from synthetic chemists as novel, green reaction
media. Barbas et al.[41] reported the proline-catalyzed direct
asymmetric Mannich reaction of the N-PMP-iminoglyoxyl-
ate with cylohexanone in [bmim]BF4 at room temperature.
In contrast to previously reported proline-catalyzed Man-
nich-type reactions, the reaction was complete within
30 min with 5 mol-% catalyst, affording the desired syn ad-
ducts in quantitative yield, excellent ee (�99%), and dia-
stereoselectivity (�19:1). The recovered ionic liquid con-
taining (S)-proline was used in a subsequent reaction run

www.eurjoc.org © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2007, 5797–58155802

without any compromise of yield or stereoselectivity. Based
on these results, various aldehydes and ketones as nucleo-
phile or donors were examined. In all cases, the reactions
were complete within 30 min to furnish functionalized
amino acids with excellent yields and enantioselectivity. Re-
ducing the catalyst loading to 1 mol-% using ionic liquid
solvent did not compromise the enantioselectivity of the re-
action but required longer reaction time of 2 h.

Although proline-based catalysis has proved to be highly
enantioselective in a range of transformations, these trans-
formations all rely on fairly polar solvents such as DMSO
due to the insoluble nature of proline itself. Proline alterna-
tives with greater solubility in conventional solvents were
investigated in the reaction of cyclohexanone to N-PMP-
iminoglyoxylate.[42] The highest yielding reaction at 2 h was
found to be that carried out in dichloromethane with cata-
lytic loading of tetrazole 7 at 5 mol-% (Table 6). Lower cat-
alyst loadings of 1 mol-% required longer reaction times
(16 h). These catalytic amounts are significant in that pro-
line is routinely used at levels of 20 mol-%.

Table 6. Tetrazole-catalyzed addition of ketones to N-PMP-pro-
tected ethyl iminoglyoxylate.

Due to the reactivity and pure (E) geometry, the N-PMP-
imines 18 have so far dominated this area of research.
Shortly after Westermann’s use of dihydroxyacetone (DHA)
as Mannich donors,[43] the accessibility of amino sugar de-
rivatives from Mannich adducts was also examined by En-
ders[44] using 2,2-dimethyl-1,3-dioxan-5-one (20) as the nu-
cleophile (Scheme 7). The selection of electrophile, however,
focused on the use of (E)-tert-butyloxycarbonyl (Boc)
imines 21.
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Scheme 7. Organocatalytic Mannich reaction of 20 with N-Boc im-
ines.

4. Aldimine and Aliphatic Aldehydes

Significant advances have been achieved with unmodified
ketones in the catalytic asymmetric Mannich reaction. Sub-
sequently, the extension to aldehyde donors was investi-
gated. On the basis of previous research, Barbas et al.[45]

disclosed the first unprecedented use of enamine intermedi-
ates formed from aliphatic aldehydes to serve as nucleo-
philes in a stereoselective Mannich addition to imines. In
their initial experiment, isovaleraldehyde (0.2 ), N-PMP
ethyl iminoglyoxylate (0.1 ), and (S)-proline (10 mol-%)
were stirred in DMSO at room temperature.

After 8 h, the Mannich adduct was isolated in 80% yield,
with dr � 10:1 and 87% ee. A subsequent solvent screen
identified dioxane as the ideal solvent, providing the highest
ee of 93% (Table 7). To broaden the scope of the investiga-
tion, various aliphatic aldehydes were investigated. Higher
diastereoselectivities were achieved with increased bulkiness
of the substituents on the aldehydes donor in the order of R
= Me�Et� iPr�nPent (Table 7, Entries 1–7). This result
demonstrates an excellent route to sterically demanding
amino acid derivatives.

Table 7. Proline-catalyzed Mannich reaction of unmodified alde-
hydes and N-PMP-protected ethyl iminoglyoxylate.

The use of N-PMP-protected aromatic aldimines instead
of iminoglyoxylates was subsequently presented for the first
time by Córdova in proline-catalyzed enantioselective Man-
nich reactions with aliphatic aldehydes[46] and α-oxyal-
dehydes.[47] Recently, Córdova and List separately applied
N-Boc-protected aromatic imines in proline-catalyzed enan-
tioselective reactions with aliphatic aldehydes.[48]
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4.1 In situ Iminium Ions and Aliphatic Aldehydes

An enantioselective Mannich reaction of aldehydes with
formaldehyde imines is an attractive method for the con-
struction of α-substituted β2-amino acids. In an effort to
synthesize these amino acids, Gellman et al.[49] developed
an in situ method for the preparation of formaldehyde imin-
ium as electrophiles for the Mannich reaction. Similar to
Cordova’s earlier work on the α-aminomethylation of
ketones,[28] Gellman used the aminomethyl ether 25 to form
iminium ions in situ for the aminomethylation of aldehydes.
The method utilizes the diaryl-prolinol catalyst (S)-26 with
a salt additive (1  LiCl) and acetic acid additive to en-
hance enantioselectivity of the (S)-aminoaldehyde products
27 (Scheme 8). The aminoaldehdye adducts were immedi-
ately reduced to the corresponding stable β-substituted γ-
amino alcohols 28.[49]

Scheme 8. Chiral pyrrolidine-catalyzed aminomethylation of alde-
hydes.

Closely following Gellman’s report, Cordova[50] also re-
ported the aminomethylation of aldehydes also using (S)-26
catalyst and salt additives. In a complimentary approach,
proline was used to access (R)-amino aldehdyes 29.
Cordova proposes two transition states that explain the dif-
ference in facial selectivity of (S)-26 vs. (S)-proline catalysts

Scheme 9. Proposed transition states for enantioselectivity of (S)-
26 and (S)-proline enamines in the α-aminomethylation of al-
dehdyes by in situ iminium ions.
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(Scheme 9).[50] In the case of (S)-26, the Re-face of the pyr-
rolidine enamine is approached by aminomethyl ether via
a six-membered transition state through activation of the
methoxy leaving group. With (S)-proline-catalyzed α-ami-
nomethylation, Si-face of the chiral enamine is approached
by the in situ generated iminium ion that forms an ionic
intermediate with the carboxylate group of the catalyst. Es-
sentially, two different mechanistic explanations for the in-
dividual processes account for the enantioselectivity of the
reaction.

4.2 Mannich Reaction of Aldimine and Aliphatic Aldehdyes:
Synthesis of DPP-IV Inhibitor

The glucagon-like peptide 1 (GLP-1) has been the focus
of type-2 diabetes research for reducing the risk of hypogly-
cemia.[51] GLP-1 regulates insulin in a glucose-dependent
manner and is readily degraded in vivo by dipeptidyl pepti-
dase IV (DPP-IV), a serine protease. Inhibition of the DPP-
IV enzyme increases the level of GLP-1, which could offer
alternative therapeutic routes to type 2 diabetes.[52] Medici-
nal chemists at Merck Research identified molecules with
structural analogues of 32 as novel inhibitors of DPP-IV.[53]

The diamide aspartic acid derivative 32 can be accessed by
a proline-catalyzed Mannich reaction of N-PMP-protected
ethyl iminoglyoxylate and phenylacetaldehyde (Scheme 10).
Excellent stereoselectivity (92:8 syn/anti and � 90% ee) was
achieved in the syn-β-phenyl-substituted homoserine which
underwent immediate reduction to prevent epimerization at
room temperature (30). Workup with AcOH followed by
NaBH4 provided the amino alcohol 31 as the only product
that retained stereoselectivity.

Further modification by heating in THF with pyrrolidine
and catalytic K2CO3 provided amide 32 with optical purity
� 99:1 dr and � 99% ee by crystallization from tert-butyl
methyl ether (MTBE). Deprotection of N-PMP with
PhI(OAc)2, followed by treatment with carbonyldiimidazole
and dimethylamine gave the desired diamide aspartic acid
derivative.

Scheme 10. Synthesis of a DPP-IV inhibitor via a proline-catalyzed Mannich reaction.
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5. anti-Selective Mannich Adducts from
Aldimines with Aldehydes or Ketones

Progress in the use of unmodified ketones and aldehydes
in organocatalytic asymmetric Mannich reactions demon-
strates the potential for extending the versatility of this
methodology. Another aspect of the Mannich reaction that
warrants further exploration is the development of proto-
cols that provide for the directed synthesis of all possible
stereoisomers in asymmetric catalysis. Based on earlier
studies of chiral pyrrolidine derivatives, Barbas reported the
first direct (S)-(2-methoxymethyl)pyrrolidine (SMP, 33),
catalyzed asymmetric Mannich reactions with unmodified
aldehydes to afford the anti-selective products 34
(Scheme 11).[54] Several aliphatic aldehydes were treated
with N-PMP-protected ethyl iminoglyoxylate in DMSO to
afford β-formyl functionalized amino acid derivatives in
moderate yield. The reaction afforded enantioselectivity be-
tween 74% and 92% with an anti-diastereoselectivity that
increased with the bulkiness of the aldehyde donor. In the
Mannich-transition state, (E)-configurations of both en-
amines and imine are assumed.

Scheme 11. anti-Selective SMP-catalyzed Mannich reaction.

Further investigations by Barbas were made to optimize
pyrrolidinone catalysts that are anti-selective for the Man-
nich.[55] Previous results with the SMP catalyst 33 generated
anti-Mannich adducts in only moderate yield and enantio-
selectivity. Certain key considerations regarding steric fea-
tures of the catalyst to fix the conformation of facial selec-
tivity of either the enamine or imine were explored. Func-
tional features at the 5-position of the pyrrolidine were in-
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stalled to fix the enamine conformation by preventing initi-
ation of proton transfer to the imine. Acid functionality
was placed at the 3-position of the ring to affect control of
enamine and imine facial selection. To avoid steric interac-
tions between the substituents at the 5-position of the cata-
lyst and the imine, substituents 3- and 5- are in trans-config-
uration. On the basis of these parameters, a new catalyst
(3R,5R)-5-methylpyrrolidine-3-carboxylic acid (35) was de-
signed (Scheme 12). In accordance with design principles
and computational calculations, the reactions catalyzed by
35 afforded high anti-amino aldehyde products in excellent
stereoselectivities and high yield under 1–5 mol-% catalyst
loading.

Scheme 12. syn-/anti-Directing pyrrolidine catalysts in the asym-
metric Mannich reaction.

The catalyst 35, however, was ineffective in the Mannich
reactions of ketones. Upon consideration of transition
states, it was hypothesized that the low efficiency of catalyst
35 with ketones originated from the relatively slow forma-
tion of the enamine intermediates due to steric interaction
with the methyl group of the catalyst. Barbas subsequently
designed the unmethylated catalyst (R)-pyrrolidine-3-car-
boxylic acid (36, Scheme 13).[56] Consistent with their hy-
pothesis and computational studies, when the position of
the carboxylic acid group on (S)-proline was changed from
the 2- to 3-postion, the stereochemistry of the product 37
was altered from syn to anti. A variety of acyclic and cyclic
ketones were examined, all offering good yields and high
stereoselectivities in most cases. For reactions with unsym-
metrical ketones, the reaction occurred predominantly at
the more substituted α-position of the ketone.

Scheme 13. anti-Directing (R)-pyrrolidine-3-carboxylic acid (36).
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The catalysts (3R,5R)-5-methylpyrrolidine-3-carboxylic
acid (35) and (R)-pyrrolidine-3-carboxylic acid (36), how-
ever, were not optimal catalysts with α-hydroxy ketone do-
nors. Application of α-hydroxy ketone donors in the Man-
nich reaction generates 1,2-amino alcohols. Current
organocatalytic procedures allow access to syn-1,2-amino
alcohols and anti-1,2-diols.[57] An organocatalytic anti-1,2-
amino alcohol procedure was subsequently investigated by
Barbas.[58] On the basis of their prior understanding of anti-
selective Mannich catalysts 35 and 36, (Z)-enamines in the
transition state should generate anti-Mannich adducts.
With primary amine catalysts, the (Z)-enamines of α-hy-
droxy ketones should predominate over the (E)-enamine
configuration (Scheme 14).[59] On the basis of this consider-
ation, natural acyclic amino acids and their derivatives were
screened. Under optimized conditions, primary amine cata-
lysts -tryptophan and O-tBu--threonine generated the de-
sired anti-amino alcohols in good yields and excellent dia-
stereoselectivities.

Scheme 14. (Z)-Enamine transition state favors anti-Mannich ad-
duct.

For Mannich reactions involving in situ generated en-
amines, pyrrolidine-based catalysts have been extensively
examined. The six-membered analogue, pipecolic acid, was
relatively unexplored as a catalyst due to its inefficiency in
aldol reactions.[60] Houk and Barbas recently reported (S)-
pipecolic acid-catalyzed Mannich reactions between alde-
hydes and N-PMP-protected ethyl iminoglyoxylate.[61] Both
syn and anti products could be isolated in good yields and
excellent enantioselectivities. Experimental and computa-
tional investigation of the transition states account for the
observed selectivities. The piperidine ring holds the carbox-
ylic acid more rigidly than the more flexible pyrrolidine.
This rigidity alters electrostatic interactions with the ester
of the iminoglyoxylate and with the protonated imine. Such
differences allow the (S)-trans- or (S)-cis-enamines to react
accordingly to give roughly equal amounts of both syn-
product and anti-product in high enantioselectivity excess.

Recently, Córdova reported a direct catalytic asymmetric
reductive Mannich reaction that could be either syn- or
anti-selective (Scheme 15).[62] An additional advantage of
this transformation would be that three contiguous
stereocenters could be constructed by an organocatalytic
asymmetric domino reaction sequence. On the basis of the
List–MacMillan transfer hydrogenation reaction,[63] the chi-



A. Ting, S. E. SchausMICROREVIEW
ral pyrrolidine enamine 39 catalyzed the transfer hydrogen-
ation of the aldehydes 40 using the Hantzsch ester 38 as a
hydrogen source to give chiral aldehydes. Taking advantage
of these chiral aldehydes, N-PMP-protected α-iminoglyoxyl-
ate was selected as the electrophile for the subsequent in
situ Mannich reaction. Carbon–carbon bond formation in
the Mannich step displayed increased enantioselectivity as
compared to the transfer hydrogenation step. The reactions
afforded Mannich adducts in high chemo- and enantio-
selectivity; syn- or anti-selectivity could be easily steered
using either (S)- or (R)-pyrrolidine 39.

Scheme 15. Enantioselective reductive Mannich reaction.

Further catalyst design of chiral amino acid and chiral
pyrrolidines were explored by other groups. Hayashi[64] first
applied TMS-protected (S)-2-(diphenylmethyl)pyrrolidine
as an active catalyst in the Mannich reaction. Jørgensen[65]

and Córdova[66] separately discovered the application of
Hayashi’s TMS-protected (S)-2-(diphenylmethyl)pyrrol-
idine as an active catalyst for anti-selective Mannich reac-
tions of aliphatic aldehdyes with PMP-iminoglyoxylates.
Córdova further investigated the reactions in water. Reac-
tions were fast (1 h) due to the hydrophobic effect; although
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conversion was low (� 40%), high enantioselectivities were
achieved (90–98% ee). Stabilization of the trans-configura-
tion and efficient shielding of the si-face of the chiral en-
amine explains the high stereoselectivity of the reaction.
Coulombic interactions between the imine and the nitrogen
of the pyrrolidine moiety of the chiral enamine (generated
during the nucleophilic attack) contribute to the stabiliza-
tion of si-facial attack on the electrophile.

Maruoka, et al., based their catalyst design on achieving
an anti-Mannich adduct via the syn-enamine intermedi-
ate.[67] Catalyst (S)-41 was discovered to reduce steric repul-
sion between the enamine and carboxylic acid moiety of 18.
In addition, the imine activated by the remote acidic proton
is expected to react preferentially with the syn-enamine in-
termediate to give the desired anti-selective adduct of alde-
hyde and the iminoglyoxylate 18. The efficiency of this cata-
lyst, however, is sterically hindered by bulky aldehydes and
ketones. In this context, the group designed a new chiral
amino sulfonamide catalyst possessing highly nucleophilic
pyrrolidine core and acidic triflamide groups, (R,R)-42
(Table 8).[68] The catalyst proved to afford excellent yields
and stereoselectivities with bulky aliphatic aldehydes and
simple acyclic or cyclic ketones.

Table 8. anti-Selective Mannich reaction catalyzed by (R,R)-42.

Up to this point, anti-selective direct Mannich reactions
have employed the use of imino-esters based on enamine
catalysis. In a recent report,[69] aldimines were used under a
Brønsted acid-catalyzed Mannich mechanism (Scheme 16).
On the basis of the mechanistic proposal that an acid-pro-
moted ketone enolization delivers a nucleophilic attack of
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a Brønsted acid activated aldimine, Gong[69] looked at the
anti-selective three-component Mannich[70] reaction of
ketones, primary amines, and aldehydes in toluene.

Scheme 16. Chiral Brønsted acid-catalyzed anti-selective Mannich
reaction.

The optimal phosphoric acid catalysts identified were 44
and 45. The primary amine component contributed much
to the enantioselectivity of the reaction, with phenylamine
selected as the best candidate. Electronic properties of the
aromatic aldehyde contributed to stereoselectivity, where
electron-donating groups eroded the enantioselectivity. Cy-
cloketones bearing heteroatoms required relatively higher
catalytic loadings of 2 mol-% to restore yield and selectivity.

With low catalytic loadings (0.5 mol-%) of a chiral phos-
phoric acid, 44 or 45, anti-selective Mannich adducts were
obtained with cycloketones in high diastereo- (anti/syn,
98:2) and enantioselectivity (up to 98% ee). Aliphatic and
aromatic ketone donors also provided good selectivity with
moderate yield.

6. Bifunctional Brønsted Acid Activation of the
Mannich Reaction

Much of the organocatalysis discussed so far has focused
on activation of a carbon nucleophile by the formation of
an enamine intermediate via the nucleophilic attack of a
secondary amine on a carbonyl compound. Although elec-
trophilic activation of a substrate by Brønsted acid has been
a classical approach to promotion of a reaction, the devel-
opment of effective asymmetric Brønsted acid transforma-
tions has been relatively limited.[71]

6.1 Chiral Thiourea Catalyst

Significant advances were made by Jacobsen’s highly
enantioselective Strecker and Mannich reactions catalyzed
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by chiral thiourea-derived Brønsted acid catalysts
(Scheme 17, 47).[72] The achievement presented new avenues
in asymmetric catalysis at an early stage illustrating that a
chiral Brønsted acid could distinguish the enantiotopic
faces of an imine substrate via hydrogen bonding.

Scheme 17. Chiral thiourea-catalyzed asymmetric Mannich reac-
tion of silyl enol ether addition to imines.

6.2 Chiral Brønsted Acid Catalysts

Chiral phosphoric acids have proven to be useful cata-
lysts in the asymmetric Mannich reaction. Akiyama[73] de-
veloped bulky chiral phosphoric acid catalysts in the Man-
nich reaction (Scheme 18). The chiral acids were used for
activation of N-o-hydroxyphenyl imines in the Mannich re-
action with silyl enol ethers. Almost simultaneous to the
introduction of Akiyama’s chiral phosphoric acid catalysts,
Terada[74] employed similar chiral phosphoric acids with N-
Boc imines, demonstrating the first example of N-Boc im-
ines in the organocatalytic Mannich reaction (Scheme 19).

Scheme 18. Akiyama’s chiral phosphoric acid-catalyzed addition of
silyl enol ethers to imines.

Further chiral phosphoric acid development for acti-
vation of N-o-hydroxyphenyl imines includes Akiyama’s
TADDOL-derived phosphoric acid[75] (50, Scheme 20). The
phosphate hydrogen atoms are imine activating, while the
phosphoryl oxygen plays the key hydrogen-bonding role
with the imine’s hydroxyphenyl group. Yamamoto’s[76] chi-
ral Brønsted acid employs the use of N-phenyl aldimines in
the Mannich reaction with silyl ketene acetals (Scheme 21).
An achiral proton source, 2,6-xylenol was used to generate
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Scheme 19. Terada’s chiral phosphoric acid-catalyzed addition of
β-diketone addition to N-Boc-imines.

the catalytic cycle. These catalytic systems are bifunctional,
either in a Brønsted acid–Lewis basic fashion or a Brønsted
acid assisted chiral Brønsted fashion.

Scheme 20. Akiyama’s TADDOL-derived phosphoric acid-cata-
lyzed Mannich reaction of silyl enol ether addition to imines.

Scheme 21. Yamamoto’s chiral Brønsted acid-catalyzed enantiose-
lective Mannich reaction.

6.3 Acid-Catalyzed Mannich Reaction: Synthesis of New
Mannosidase Inihibitors, 5-Substituted Swainsonine
Analogues

(–)-Swainsonine is an immunomodulatory agent that has
been found to reduce tumor growth and metathesis in clin-
ical trials.[77] Swainsonine is a potent inhibitor of golgi α-
mannosidase II (GM II), an enzyme that plays a key role
in the biosynthesis of N-linked glyocoproteins[78] that are
commonly and characteristcally expressed in various tumor
cell lines.[79]

www.eurjoc.org © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2007, 5797–58155808

Many efforts have been directed toward structural modi-
fication of swainsonine in efforts to achieve more potent
immunomodulatory activity.[80] Nagasawa’s group investi-
gated the stereoselective synthesis of 5-substituted swain-
sonine analogues via an iminium ion 52 generated in situ
from an amine acetal (Scheme 22).[81] The possibility for a
Mannich reaction became apparent during the acid-cata-
lyzed cleavage of protective groups of an amine acetal in
protic solvents. The iminium salt 52 derived from the amine
acetal under acid conditions was treated with various
ketones in a stereoselective Mannich reaction to produce 5-
substituted analogues.

Scheme 22. Key synthetic steps for swainsonine analogues.

Aromatic ketones were more reactive than the less-stabi-
lizing enol forms of aliphatic ketones. Unsymmetrical di-
alkyl ketones gave a single regioisomer at the less substi-
tuted α-carbon. The less stable 5α-diastereomer resulting
from an axial attack of enols were formed selectively over
the equatorial, 5β-analogues. Interestingly, the 5α-swain-
sonine analogues displayed significantly higher inhibitory
activity than the corresponding 5β-epimers.

7. 1,3-Dicarbonyls and Acyl Aldimines with
Bifunctional Catalysts

Highly enantioselective organocatalytic Mannich reac-
tions of aldehydes and ketones have been accomplished
with catalysts derived from chiral secondary amines, chiral
thioureas, and phosphoric acids. Hydrogen-bond acceptors
(chiral Brønsted acid-Lewis-base) such as Cinchona alka-
loid catalysts were previously shown to be effective acti-
vators of malonates in conjugate additions.[82] However, the
enantioselective Mannich reaction of malonates and β-keto
esters with acyl imines is relatively unexplored.[83] This ob-
servation led Schaus et al. to investigate Cinchona alkaloid-
catalyzed addition of β-keto esters 53 to various acylaryl
imines 54.[84] Highly enantioselective multifunctional
secondary amine products 55 were obtained in under
16 h using 10 mol-% cinchonine in dichloromethane
(Scheme 23).
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Scheme 23. Cinchonine-catalyzed asymmetric Mannich reaction of
β-keto esters.

The opposite enantiomer of the product could be ac-
cessed by using the pseudoenantiomer of the catalyst, cin-
chonidine. High functional group tolerance of the catalytic
system was displayed in the use of methoxycarbonyl and
allyloxycarbonyl (Alloc) N-protecting groups of the imines.

The Mannich adducts obtained provide ready access to
highly functionalized building blocks, notably demonstrated
in the subsequent synthesis of enantio-enriched dihydropyr-
imidones[85] (Scheme 24). Deprotection of the allyl carba-
mate on 55a was accomplished by treatment with catalytic
Pd(PPh3)4 and dimethylbarbituric acid as the allyl scavenger;
benzyl isocyanate was added to afford the corresponding un-
symmetrical urea (85% yield). Ring closure was promoted
by AcOH in ethanol under microwave conditions to afford
the 5-benzylpyrimidone 56 in 76% yield and 90% ee.

Scheme 24. Mannich route to chiral pyrimidones.

Shortly after Schaus’s work,[84] Deng et al. explored the
use of bifunctional Cinchona alkaloids 58 in the efficient
catalysis of malonate addition to carbamate-protected
imines. The N-Boc imines 57 (Scheme 25) and α-amido sul-

Scheme 25. Bifunctional Cinchona alkaloid-catalyzed asymmetric
Mannich reaction of malonates.
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fones (via in situ generation of carbamate-protected imines)
were used to access enantioselective β-amino acid prod-
ucts.[86]

8. α-Substituted 1,3-Dicarbonyl Donors:
Asymmetric Mannich Adducts with Quaternary
Carbon Centers

The asymmetric synthesis of quaternary amino acid de-
rivatives remains a challenging task.[87] With the recent suc-
cess in organocatalysis of enantioselective Mannich reac-
tions involving ketone, aldehyde, and 1,3-dicarbonyl do-
nors, an asymmetric synthesis of quaternary amino acid
Mannich adducts has generated much interest.

Barbas, for the first time, applied the use of (S)-proline
with α,α-disubstituted aldehydes donors and N-PMP-imi-
noglyoxylates to generate enantioselective products with
quaternary carbon stereogenic centers.[88] Jørgensen investi-
gated the use of α-substituted cyanoacetates as nucleophiles
in the β-isocupreidine-catalyzed Mannich to generate all-
carbon quaternary adducts.[89]

Schaus et al.[90] further investigated the prospects of ac-
cessing cyclic all-carbon quaternary amino acid[91] deriva-
tives (Scheme 26). On the basis of earlier results with cin-
chonine-catalyzed direct asymmetric Mannich reac-
tions,[84,86a] the cyclic 1,3-dicarbonyl compound 60 was
added to the acyl imine 61 to afford the corresponding α-
quaternary carbon-bearing product 62 in yields up to 98%,
up to � 99:1 dr, and enantioselectivities up to 98% ee. No
erosion of yield or stereoselectivity was observed with elec-
tron-rich or electron-poor aromatic, heteroaromatic, and
arylpropenyl imines – a new class of imine acceptors not
previously used in Mannich reactions.

Scheme 26. Cyclic Mannich adduct with all-carbon quaternary cen-
ters.

At around the same time, Dixon et al.[92] published their
work on Mannich reactions of malonate and β-keto esters
to N-Boc and N-Cbz aldimines catalyzed by a cinchonine-
derived thiourea catalyst.

9. Asymmetric Mannich Adducts with Ketimines

With the tremendous progress in the development of the
Mannich reaction, the imine acceptor has been limited to
only aldimines. The organocatalytic enantioselective Man-
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nich reaction of ketimines was first achieved by Jørgensen’s
group as an alternative route to the synthesis of α-quater-
nary amino acids.[93]

Because ketimines are less reactive towards nucleophilic
addition owing to steric hindrance as well as electronic ef-
fects, Jørgensen’s group anchored the protecting group on
the nitrogen atom to the α-aryl substituent of a ketimino
ester (Scheme 27, 63). This application minimizes rotational
freedom by blocking E/Z isomerization of the ketimines;
the induced ring-strain also increased reactivity towards nu-
cleophiles. A survey of chiral pyrrolidine catalysts identified
diamine 64 as the optimal catalyst.

Scheme 27. Ketimines in the direct organocatalytic asymmetric
Mannich reaction.

10. Asymmetric Nitro-Mannich Reaction

A variant of the Mannich reaction involves the conjugate
addition of nitronates to imines. Known as the nitro-Man-
nich or aza-Henry reaction,[94] this variation of the Man-
nich affords β-nitroamines that could be further reduced to
generate vicinal diamines.[95] These β-nitroamine adducts
can also be converted via the Nef reaction to give α-amino
acids.[96] The asymmetric nitro-Mannich has generated par-
ticular interest owing to its versatile accessibility to 1,2-di-
amino moieties prevalent in biologically active molecules,
chemotherapeutic agents, medicinal drugs, chiral ligands,
and chiral auxiliaries in stereoselective synthesis.[97]

Development of an asymmetric metal-catalyzed nitro-
Mannich[98] that is both diastereoselective and enantioselec-
tive was first achieved by Shibasaki’s[98a,98b] report of het-
erobimetallic complexes with lanthanide-BINOL systems.
Jørgensen[98c] also developed a catalytic asymmetric version
of the reaction with bisoxazoline copper(II) complexes.

With the progress made in the organocatalytic field of
the Mannich reaction, metal-free versions of the nitro-Man-
nich have recently evolved. On the basis of Lewis acid acti-
vation of the imines and Brønsted base activation of the
nucleophile, several organocatalytic methods have been de-
veloped.

10.1 Nitro-Mannich Reaction of Acyl Imines

10.1.1 Thiourea-Based Bifunctional Organocatalysis

Chiral urea and thioureas catalysts[99] have recently con-
tributed to a variety of enantioselective conjugate reactions
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in the Mannich, nitro-Michael addition, Strecker reaction,
hydrophosphonylation of imines, and acyl-Pictet–Spengler
(Scheme 28).[100] The first example of an α-nitro-Mannich
reaction with an organocatalyst was presented by Takemo-
to’s chiral thiourea 66 with a dimethylamino group.[101] The
best results were obtained from aromatic N-Boc aldimines
and N-phosphonylimines.

Scheme 28. Takemoto’s thiourea Catalyzed nitro-Mannich reac-
tion.

Jacobsen also identified a highly stereoselective chiral
thiourea[102] catalyst 67 (Scheme 29) based on their previous
work for the asymmetric Strecker reaction.[100c,100d] In the
presence of the catalyst 67, a base additive (iPr2NEt), and
molecular sieves, various nitroalkanes were employed in the
addition to aromatic and heteroaromatic N-Boc imines.

Scheme 29. Jacobsen’s thiourea-catalyzed nitro-Mannich reaction.

Cinchona alkaloid modified chiral thiourea catalysts were
recently used by Ricci[103] and Schaus.[104] Ricci’s procedure,
with the addition of nitromethane to N-Boc and N-CBz
imines with 20 mol-% of a thiourea derivative,[103] afforded
β-nitroamines in moderate yield and selectivity. Schaus’
group turned to a hydroquinine-derived thiourea 68 pre-
viously identified by Connon and Soos.[105] This asymmet-
ric nitro-Mannich reaction catalyzed by 68 was highly selec-
tive with methyl N-alkylidenecarbamates (Scheme 30).
While nitromethane has been utilized in the addition to acyl
imines, the use of nitroethane has yet to be thoroughly in-
vestigated with various aromatic imines, including heteroar-
omatic and arylpropenyl imines. Subsequently, the scope of
investigation included nitro-Mannich addition of nitroeth-
ane to a variety of methylcarbamate imines to afford syn-
β-nitroamines in high yield and stereoselectivity.
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Scheme 30. Hydroquinine-derived thiourea-catalyzed nitro-Man-
nich reaction with methyl carbamate imine.

The proposed mode of reactivity up to this point in-
cludes two possible routes,[101] either by nitroalkane acti-
vation from binding thiourea to the nitronate anion, or by
co-activation of both reaction partners (imine and nitro-
alkane). Based on their methodology,[104] Schaus proposed
a model that accounts for the observed diastereo-
and enantioselectivity. Using a MMFF conformation
search,[106] the lowest energy conformer complex was iden-
tified. The nitromethane catalyst complex was modelled
with re- and si-facial attack of the nucleophile. The calcu-
lated energy difference between the binding modes was
found to be 1.6 kcal/mol in favor of si-facial attack of the
nucleophile. Modelling of the catalytically active thiourea–
nitromethane complex approach of the re-face of methyl
carbamate imine was in agreement with energy calculations
and observed selectivity.[105,107]

10.1.2 Chiral Proton Catalysis

Based on the concept of polar ionic hydrogen bonds,
Johnston reported a highly enantioselective chiral proton-
catalyzed nitro-Mannich reaction without use of a base ad-
ditive (Scheme 31).[108] In the manner of a Brønsted acid,
symmetrical bidentate ligand 69 was synthesized as a single
enantiomer. Activation of N-Boc imines by the bis(amidine)
ligand affords syn-secondary amine adducts in moderate
yield. Following this work, the group also identified an un-
symmetrical bis(amidine) complex 70 for highly anti-selec-
tive α-nitroester addition to N-Boc aldimines (Scheme 32).
Although the mechanism for the observed stereocontrol is

Scheme 31. Bis(amidine) catalysts developed by Johnston.
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not yet thoroughly understood, there is evidence that the
anti adducts are based on kinetic selectivity. When the anti
adduct is left at room temperature with catalyst, the syn-
enriched product can be obtained following silica gel fil-
tration with identical enantiomeric ratio.

Scheme 32. Bis(amidine) complex-catalyzed nitro-Mannich reac-
tions.

10.2 Nitro-Mannich Reaction of N-Phosphinoylimines

With the purpose of developing an environmentally
friendly and economically accessible protocol, Ricci’s
group[109] presented a solvent-free procedure with an or-
ganic base as the catalyst. The nitronate anion generated
from nitroalkane deprotonation would need an imine moi-
ety that is sufficiently reactive, particularly as the catalytic
system lacks a strong Lewis or Brønsted acidic site. Conse-
quently, 1,1,3,3-tetramethylguanidine (TMG) was selected
as the organic base component and N-(diphenylphosphin-
oyl)imines were the selected electrophiles. anti-Nitro Man-
nich adducts were obtained in high yields and high selectiv-
ity, including adducts generated from lesser explored do-
nors nitropropane (no selectivity) and nitrobutane.

Conclusions

The use of small organic molecules such as proline, cy-
clohexane diamine, and Cinchona alkaloid-derived catalysts
has proven extraordinarily useful for the development of
asymmetric Mannich reactions. The utility of the products
afforded by the reactions highlighted by this review pro-
vides a small but significant indication of how powerful the
approach will be in providing ready access to chiral amine-
containing building blocks. Significant advances in new
methodologies have been the result of insightful consider-
ation of the limitations afforded by previous methods and
innovative catalyst development to address those limita-
tions. As the area of organic catalysis matures, more con-
sideration will be devoted to the synthetic utility of the
products afforded by new methodologies. It is clear that the
synthetic challenges and utility of the asymmetric Mannich
reaction have inspired the creativity of chemists and con-
tinue to be an area of active investigation.
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