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Introduction

The Mannich reaction involving enolizable azomethine
compounds in most cases fails to give good results due
to the preference of the azomethine substrate to undergo
enolization rather than the desired nucleophilic addition.1
There are only a few procedures that overcome these
limitations, and in this context, modified derivatives of
either the enolate2 or the azomethyne reagent3 have been
employed.

On the other hand, the strategies employed to exert
stereocontrol in the newly created chiral centers involve
the introduction of the chiral information by incorporat-
ing chiral ligands present in the reaction medium in
either a stoichiometric or a catalytic way or by using
chiral imines or enolates.4 In regard to this last topic,
there are only a few known methods for diastereoselective
Mannich reactions employing chiral auxiliaries attached
to the enolate. This is in contrast with the parent aldol
reactions that have been extensively developed. We have
recently4a reported a very effective procedure for per-
forming stereocontrolled Mannich reactions using a chiral
enolate derived from (S,S)-(+)-pseudoephedrine propi-
onamide, in which several nonenolizable imines were

tested. Now, we report herein the extension of this
methodology to the use of enolizable imines only by
manipulating the enolate counterion and therefore with-
out the need to convert either the initial carbonyl
substrate or the azomethine reagent into a more reactive
derivative. This procedure represents a very straightfor-
ward and general access to chiral nonracemic R,â-
disubstituted â-aminoester derivatives with any kind of
substitution pattern at the alkyl chain.

Results and Discussion

When the lithium enolate of propionamide 1 was
reacted with the p-anisidine-based (E)-imine 2a5 in the
presence of 4 equiv of LiCl (Scheme 1), as previously
reported,4a no addition product was obtained and the
starting propionamide was recovered unchanged together
with a complex mixture of products probably derived from
polymerization of the imine reagent (entry 1, Table 1).
The same results were obtained when the reaction was
performed with prior activation of the imine with a Lewis
acid like BF3‚OEt2 (entries 2-4, Table 1). Only in the
case of imine 2c, which is slightly less prone to racem-
ization, was obtained a small amount of the desired
addition product. However, when we submitted the
lithium enolate derived from propionamide 1 to a trans-
metalation step with 2 equiv of ZnCl2 prior to the addition
of the imine, the desired â-aminoamide adducts were
obtained in good yields after flash column chromatogra-
phy purification (entries 5-8, Table 1).6 The yield of the
addition reaction was significantly improved when an
excess of azomethine reagent was used, in the conditions
previously reported for nonenolizable imines.4a It should
be pointed out that the use of nonenolizable imine 2d (R
) Ph) yielded the desired adduct in comparable yield and
in the same absolute configuration in both newly created
chiral centers to that found when the lithium enolate of
1 was employed (entries 8 and 9, Table 1).4a
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attending to the configuration of the two newly created
chiral centers. This fact was checked by HPLC analysis
of the crude reaction mixtures under conditions previ-
ously optimized for a mixture of the four possible
isomers.7

To ensure that a zinc(II) enolate-like species was
formed during the reaction and that ZnCl2 was not acting
simply as a Lewis acid that activates the azomethine
bond toward the nucleophilic addition (like in the case
of the lithium enolate of 1 and imine 2c activated with
BF3‚OEt2, entry 4, Table 1), we subjected the lithium
enolate of 1 to reaction with a solution containing 4 equiv
of the imine 2a and 4 equiv of ZnCl2. Under these
conditions, no addition product was obtained (entry 10,
Table 1), a result that confirms our hypothesis that the
formation of an intermediate zinc(II) enolate was respon-
sible for the good results obtained in the reaction with
enolizable imines. Relying on the fact that the configu-
ration of the newly chiral centers (entries 8 and 9, Table
1) is independent of the metallic enolate counterion, the
high stereocontrol observed is in accordance with a
previously proposed mechanism for Mannich reaction
with nonenolizable imines employing enolates derived
from pseudoephedrine amide derivatives.4a This mecha-
nism consistent with an absolute configuration (2R,3R)
for the newly chiral centers created at the adducts 3a-
c.

The so-obtained amides 3a-d were subjected to a
hydrolysis/esterification procedure, affording the corre-
sponding R-methyl-â-amino acid derivatives as their
corresponding methyl esters 5a-d. These derivatives
were recovered in good yields after flash chromatography

and found to be almost enantiomerically pure as proven
by HPLC analysis in a chiral stationary phase, under
conditions previously optimized for a racemic mixture
(Scheme 2, Table 2). Finally, â-aminoesters 5a-d were
subjected to a already reported base-promoted cycliza-
tion8 affording, after flash column chromatography pu-
rification, the target â-lactams 6a-d in good yields and
as only one detectable stereoisomer (Scheme 2, Table 2).
Thus, the observed value for J3,4 coupling constants in
the 1H NMR spectrum in comparison with those reported
in the literature allowed us to confirm an anti configu-
ration for the â-lactams 6.9 Besides, a comparison of the
obtained [R]20

D value for 6d with that reported in the
literature9a allowed us to establish the absolute config-
uration of the newly created chiral centers in the Man-
nich reaction. This is also indicating that all conversions
performed on the amides 3a-d (hydrolysis, esterification,
and base-promoted cyclization) proceeded without race-
mization in any of the chiral centers.

In summary, a very easy and efficient procedure for
performing stereocontrolled Mannich reactions that al-
lows the use of either nonenolizable and enolizable imines
as azomethine electrophilic reagents has been developed
using (S,S)-(+)-pseudoephedrine as chiral auxiliary. The
methodology involves the addition of a pseudoephedrine
propionamide Zn(II) enolate to the imine CdN double
bond. The obtained â-aminoamide adducts have shown
to be adequate synthons for the synthesis of R-methyl-
â-alkyl-â-aminoesters and 3-methyl-4-alkyl-â-lactams in
an enantiopure form. In view of the large number of
amides and imines susceptible to be employed, the broad
application of this method should be anticipated, thus
opening the access to a full range of chiral nonracemic
â-amino acid derivatives with different substitution
patterns at the alkyl chain. The fact that pseudoephe-
drine is cheap and commercially available in both enan-
tiomeric forms makes the reported procedure even more
interesting from a synthetic and economic point of view.

(7) A sample containing the four possible diastereoisomers, to used
as a standard mixture for chiral HPLC, was obtained as previously
reported (ref 4a)

(8) (a) Guanti, G.; Narisano, E.; Banfi, L. Tetrahedron Lett. 1987,
28, 4331. (b) Gennari, C.; Venturini, I.; Gislon, G.; Schimperna, G.
Tetrahedron Lett. 1987, 28, 227.

(9) (a) Fujieda, H.; Kanai, M.; Kambara, T.; Iida, A.; Tomioka, K. J.
Am. Chem. Soc. 1997, 119, 2060. (b) Barbaro, G.; Battaglia, A.;
Giorgianni, P. J. Org. Chem. 1994, 59, 906. (c) Palomo, C.; Aizpurua,
J. M.; Galarza, R.; Iturburu, M.; Legido, M. Bioorg. Med. Chem. Lett.
1993, 3, 2461.

Scheme 1

Table 1. Stereocontrolled Reaction of Enolates of Amide
1 with Several Imines 2a-d

entry product R procedurea yieldb (%) 3/4c 3/3′c

1 3a Me A 0
2 3a Me Ad 0
3 3b Et Ad 0
4 3c i-Pr Ad 15 >99:1 >99:1
5 3a Me B 79 >99:1 >99:1
6 3b Et B 81 >99:1 >99:1
7 3c i-Pr B 85 >99:1 >99:1
8 3d Ph B 83 >99:1 >99:1
9 3d Ph A 86 >99:1 >99:1

10 3a Me Ae 0
a Procedure A: Reaction using the lithium enolate of 1 (see ref

4a). Procedure B: Reaction using the Zn (II) enolate of 1. b Yield
of product after flash column chromatography purification. c Cal-
culated by HPLC (Chiralcel OD column, UV detector, n-hexane/
2-propanol 70:30, 1.00 mL/min). d Reaction using the imine pre-
viously activated with BF3‚OEt2. e Reaction using the imine
previously activated with ZnCl2.

Scheme 2

Table 2. Hydrolysis/Esterification of Amides 3a-e and
Subsequent Base-Promoted Cyclization

R product yielda (%) product yieldb (%)

Me 5a 88 6a 93
Et 5b 89 6b 88
i-Pr 5c 88 6c 90
Ph 5d 83 6d 91
a Yield of product after flash column chromatography purifica-

tion with ee >99% calculated by HPLC (Chiralcel OD column, UV
detector, n-hexane/2-propanol 90:10, 1.00 mL/min). b Yield of
product after flash column chromatography purification with ee
>99% calculated by HPLC (Chiralcel OD column, UV detector,
n-hexane/2-propanol 98:2, 0.80 mL/min).
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Experimental Section10

General Procedure for Stereocontrolled Mannich Re-
actions with Enolizable Imines. Synthesis of (2R,3R,1′S,2′S)-
(+)-3-(4-Methoxyphenylamino)-N,2-dimethyl-N-(2′-phenyl-
2′-hydroxy-1′-methylethyl)butanamide (3a). A solution of
propionamide 1 (1 mmol) in THF (10 mL) was slowly added to
a solution of LDA (2 mmol) in THF (20 mL) at -78 °C. After
being stirred for 1 h at this temperature, the mixture was
allowed to reach to room temperature and stirred for another
15 min. The reaction was then cooled to -78 °C, and a solution
of ZnCl2 (2 mmol) in THF (10 mL) was added. The reaction was
stirred for 1 h at -78 °C and then allowed to warm to 0 °C, at
which time a solution of the imine 2a (4 mmol) was slowly added.
The mixture was stirred until TLC analysis indicated full
conversion, and water (2 mmol) was then added. The resulting
ZnO precipitate was filtered off and washed with CH2Cl2, and a
saturated solution of Na2CO3 (40 mL) was added to the filtrate.
The crude reaction mixture was extracted with CH2Cl2, the
combined organic fractions were collected, dried over Na2SO4,
and filtered, and the solvent rwas removed in vacuo affording
3a after flash column chromatography purification (hexanes/
AcOEt 2:8). Yield: 79%. Mp: 86-89 °C (Et2O). [R]20

D: +58.6 (c
) 0.2, CH2Cl2). 1H NMR (δ, ppm) (2:1 rotamer ratio; *indicates
minor rotamer resonances): 0.96-1.38 (m, 9H); 2.27 (m, 1H);
2.78 (s, 3H); 2.88* (s, 3H); 3.21* (m, 1H); 3.53 (m, 1H); 3.70 (s,
3H); 3.72* (s, 3H); 3.98 (m, 1H); 4.51 (m, 1H); 6.58 (m, 2H); 6.78
(m, 2H); 7.26-7.33 (m, 5H). 13C NMR (δ, ppm) (2:1 rotamer ratio;
*indicates minor rotamer resonances): 9.1; 9.5*; 14.2*; 14.3;
17.9*; 18.0; 32.3; 32.9*; 41.2*; 41.4; 52.8; 53.6*; 55.6; 57.7*; 58.2;
75.8; 76.3*; 114.6, 114.7*, 114.9, 115.1*, 126.4*, 126.8, 127.6,
127.8*, 128.3, 128.6*; 141.2, 141.7*, 142.0, 142.3*; 151.8*, 152.1;
176.6*, 177.6. IR (KBr): 3338 (NH); 1619 (CdO). MS (EI) m/z
(rel int): 370 (M+, 1), 204 (100). Anal. Calcd for C22H30N2O3: C,
71.32; H, 8.16; N, 7.56. Found: C, 71.39; H, 8.11; N, 7.57.

General Procedure for the Hydrolysis/Esterification of
Amides 2a-d. Synthesis of (2R,3R)-(-)-Methyl 3-(4-Meth-
oxyphenylamino)-2-methylbutanoate (5a). A solution of the
starting amide 3a (1 mmol) in dioxane (10 mL) was added to a
4 M H2SO4 solution (10 mL) and heated at reflux for 6 h. The
reaction was carefully quenched with a 4 M NaOH solution until
pH ) 12 and extracted with CH2Cl2 (3 × 10 mL). (S,S)-(+)-
Pseudoephedrine was recovered from the organic extracts in ca.
83% yield. The aqueous phase was then acidified with concen-

trated HCl, and the volatile residues were removed under
vacuum. MeOH (15 mL) and concentrated H2SO4 (1 mL) were
then added to the resulting sluggish solid, following by heating
at reflux the mixture for 6 h. Water (10 mL) was added, the
mixture was carefully basified with NaOH and extracted with
CH2Cl2, the collected organic fractions were dried over Na2SO4
and filtered, and the solvent was removed in vacuo affording
5a after flash column chromatography purification (hexanes/
AcOEt 1:1). Yield: 88%. [R]20

D: -15.6 (c ) 0.1, CH2Cl2). 1H NMR
(δ, ppm): 1.12 (d, 3H, J ) 6.4 Hz); 1.15 (d, 3H, J ) 6.7 Hz); 2.73
(m, 1H); 3.68 (s, 3H); 3.73 (s, 3H); 3.78 (m, 1H); 6.58 (d, 2H, J )
7.9 Hz); 6.77 (d, 2H, J ) 7.9 Hz). 13C NMR (δ, ppm): 11.9; 17.4;
43.5; 51.6; 52.6; 55.7; 114.8, 115.4; 141.0; 152.0; 175.8. IR
(CHCl3): 3375 (NH); 1728 (CdO). MS (EI) m/z (rel int): 237
(M+, 18), 150 (100). Anal. Calcd for C13H19NO3: C, 65.80; H, 8.07;
N, 5.90. Found: C, 65.75; H, 8.02; N, 5.81.

General Procedure for the Base-Promoted Cyclization
of Aminoesters 5a-d. Synthesis of (3R,4R)-(-)-1-(4-Meth-
oxyphenyl)-3,4-dimethylazetidin-2-one (6a). A solution of
LHMDS (1 mmol) in THF was slowly added over a cooled (-20
°C) solution of the starting â-aminoester 5a (1 mmol) in dry THF
(15 mL). The mixture was stirred for 5 min at this temperature
and quenched with a 4 M HCl solution (15 mL). The mixture
was extracted with CH2Cl2 (3 × 10 mL), the collected organic
fractions were dried over Na2SO4 and filtered, and the solvent
was removed in vacuo yielding pyrrolidin-2-one 6a after flash
column chromatography purification (hexanes/EtOAc 8:2).
Yield: 93%. Mp: 77-79 °C (EtOH). [R]20

D: -17.6 (c ) 0.2, CH2-
Cl2). IR (KBr): 1760 (CdO). 1H NMR (δ, ppm): 1.34 (d, 3H, J )
7.5 Hz); 1.47 (d, 3H, J ) 6.0 Hz); 2.84 (dq, 1H, J ) 2.2, 7.5 Hz);
3.71 (dq, 1H, J ) 2.2, 6.0 Hz); 3.76 (s, 3H); 6.86 (d, 2H, J ) 7.8
Hz); 7.30 (d, 2H, J ) 7.8 Hz). 13C NMR (δ, ppm): 12.9; 17.8;
46.5; 51.3; 55.5; 114.4, 118.3; 131.1; 155.8; 167.4. MS (EI) m/z
(rel int): 205 (M+, 40), 149 (100). Anal. Calcd for C12H15NO2:
C, 70.22; H, 7.37; N, 6.82. Found: C, 70.20; H, 7.32; N, 6.88.
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