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Abstract—Highly enantioselective catalytic routes to Boc protected aza-Morita–Baylis–Hillman-type products are presented. The
organocatalytic asymmetric reactions between unmodified a,b-unsaturated aldehydes and N-Boc protected aryl imines proceed with
excellent chemo- and enantioselectivity to give the corresponding compounds in good yields with 97–99% ee.
� 2007 Elsevier Ltd. All rights reserved.
b-Amino carbonyl compounds with an a-alkylidene
group are an important class of compounds, which are
used as functional chiral building blocks for important
compounds such as pharmaceuticals and can be pre-
pared by aza-Morita–Baylis–Hillman (aza-MBH) reac-
tions.1,2 Thus, the development of asymmetric catalytic
methods for enantioselective aza-MBH reactions is an
active research field.2 There are several different types
of organic compounds that have been used as asymmet-
ric catalysts for the aza-MBH reaction including chiral
quinidine derivatives,2a–c functionalized 1,1 0-bi-2-naph-
thol (BINOL) derivatives,2d–i chiral ionic liquids2j and
thiourea derivatives.2k These reactions are typically lim-
ited to the use of cyclic enones (e.g., 2-cyclopentene-1-
one) or of b-unsubstituted acyclic a,b-unsaturated com-
pounds such as methyl vinyl ketone and acrylate esters
as the donors and arylsulfonyl imines as the acceptors.2

Moreover, it is known that the aza-MBH and MBH
reactions of b-substituted acyclic enones are more prob-
lematic than those of b-unsubstituted enones.3 However,
the asymmetric addition of enals to N-p-methoxyphenyl-
(PMP) protected a-imino glyoxylate using a combina-
tion of proline as the catalyst and imidazole as the base
was recently reported.4 Based on the use of co-catalyst
systems involving proline or peptide derivatives and or-
ganic nucleophilic amines for mediating asymmetric
MBH5 and aza-MBH4 reactions, and our recent findings
that amino acids catalyze the asymmetric addition of
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unmodified aldehydes to N-Boc protected imines,6 we
envisioned the possibility of developing an aza-MBH
reaction between a,b-unsaturated aldehydes and N-Boc
protected imines (Scheme 1, Eq. 1).
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Thus, we predicted that a chiral iminium intermediate
derived from the reaction between the amino acid cata-
lyst and the enal donor could be activated by a nucleo-
philic organic amine or phosphine to form two different
possible chiral enamine intermediates (Scheme 1). These
in situ generated chiral enamines could subsequently re-
act with electrophiles such as N-Boc protected imines to
give the corresponding aza-MBH products. This type of
reaction would be of high synthetic importance since it
would be a direct route to Boc protected b-amino alde-
hydes, which can be used directly in b-amino acid and c-
amino alcohol synthesis. In addition, the Boc protecting
group is readily removed in comparison to the removal
of arylsulfonyl and PMP protecting groups, which can
be cumbersome and low yielding. To the best of our
knowledge, no report of an organocatalytic asymmetric
aza-MBH reaction involving Boc imines has been
reported to date.

Herein, we present a simple, highly enantioselective
organocatalytic addition of unmodified enals to N-Boc
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Scheme 1. Suggested activation pathways for the enantioselective aza-MBH type reaction between enals and Boc imines catalyzed by a combination
of proline and an organic nucleophile.
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protected imines which gives the corresponding b-amino
aldehydes in good yields with 97–99% ee.

In an initial catalyst, organic base and solvent screen, we
found that the combination of (S)-proline 4 and 1,4-
diazabicyclo[2.2.2]octane (DABCO) catalyzed the reac-
tion between phenyl N-Boc-imine 1a (0.25 mmol) and
buten-2-al 2a (0.5 mmol) with high chemoselectivity to
Table 1. Screening of the enantioselective aza-MBH reaction between 1a an
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(40 mol%)
   Base
(20 mol%)

Solvent, 16 h, 4 º

1a: Ar = C6H5 2a (2 equiv)

Entry Catalyst Base Solven

1 4 None DMF
2 4 Et3Ne DMF
3 4 Imidazolee DMF
4 4 DABCO DMF
5 4 DABCOf DMF
6 4 DABCOg DMF
7 5 DABCO DMF
8 4 DABCO NMP
9 4 DABCO CH3C

10 4 DABCO CH2C
11 4 DABCO Toluen

a Experimental conditions: A mixture of 1a (0.25 mmol), buten-2-al 2a (0.50 m
of solvent was stirred at 4 �C under the conditions displayed in the Table.

b Isolated yield E-3a and Z-3a.
c E/Z ratio determined by 1H NMR.
d Determined by chiral-phase HPLC analysis.
e Reaction performed with 1 equiv of base.
f Reaction performed with 20 mol % of proline 4.
g Reaction performed with 30 mol % of DABCO. n.d. = not determined. NM
give the corresponding b-amino aldehydes 3a in moder-
ate yield with excellent ee (Table 1).

The use of a nucleophilic organic amine base was essen-
tial and of the screened bases only DABCO enabled the
formation of 3a. The combination of (S)-proline and
DABCO was effective in polar aprotic solvents such as
DMF, CH3CN and N-methylpyrrolidinone (NMP).
d 2aa

N
H OTMS

5

Ar

O

H

NH
Boc

C

E-3a

Ar

O

H

NH
Boc

Z-3a

+

Ph
Ph

t Yieldb (%) E/Zc eed (%)

Traces n.d. n.d.
Traces n.d. n.d.
Traces n.d. n.d.
45 4:1 99
22 4:1 97
21 3:1 99
Traces n.d. n.d.
20 3:1 95

N 39 2:3 99
l2 23 5:1 99
e Traces n.d. n.d.

mol), chiral pyrrolidine (40 mol %) and DABCO (20 mol %) in 1.0 mL

P = N-methylpyrrolidinone.
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For example, the combination of (S)-proline and DAB-
CO catalyzed the formation of b-amino aldehyde 3a in
45% yield with 99% ee in DMF (entry 4). The E/Z ratio
was 4:1 as determined by NMR analysis of the crude
reaction mixture. The highest yield and enantioselectiv-
ity were obtained when DMF was used as the solvent
and 20 mol % of DABCO was used as the amine nucleo-
phile or base. Encouraged by these promising results, we
decided to investigate the catalytic asymmetric aza-
MBH-type reaction between various N-Boc protected
imines 1 and different a,b-unsaturated aldehydes 2 with
(S)-proline as the organocatalyst and DABCO as the
organic amine nucleophile (Table 2).7

The catalytic aza-MBH type reactions proceeded with
excellent chemo- and enantioselectivity and the corre-
sponding b-amino aldehydes 3a–f were obtained in good
Table 2. Direct organocatalytic asymmetric aza-MBH type reactions betwee

O

HAr H

N
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+

4
(40 mol%)
  DABCO
(20 mol%)

DMF 4  ºC, 16 h

1 2 (2 equiv)

R R1

Entry Ar R R1

1 Ph Me H
2 Ph Et H
3 Ph H

4 Ph Me Me
5 4-ClC6H4 Et H
6 4-MeOC6H4 Et H

a Experimental conditions: A mixture of 1 (0.25 mmol), enal 2 (0.50 mmol), (
stirred at 4 �C.

b Isolated yield of E/Z-3.
c E/Z ratio determined by 1H NMR analysis.
d Determined by chiral-phase HPLC analyses.
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Scheme 2. Reagents and conditions: (a) NaBH4, MeOH, �20 �C, 83%; (b)
DMF, 4 �C, 18 h; (ii) NaBH4, MeOH, 0 �C, 5 min, 85%.
yields with 97–99% ee. For example, the combination of
(S)-proline and DABCO catalyzed the asymmetric reac-
tion between imine 1a and isovaleraldehyde with high
chemoselectivity and Boc-protected b-amino aldehyde
3d was isolated in 61% yield and 97% ee (entry 4). More-
over, the reaction tolerated a,b-unsaturated aldehyde
donors with a terminal olefin functionality (entry 3).
The E/Z ratio increased with the length of the enal do-
nor and the corresponding b-amino aldehydes 3b and 3c
were formed in E/Z ratios of 9:1 and 8:1, respectively. In
addition, the catalytic aza-MBH reactions between 4-
substituted N-Boc protected imines and buten-2-al 2a
gave the corresponding b-amino aldehydes 3e and 3f
in 9:1 E/Z ratio and 99% ees, respectively (entries 5
and 6). The b-amino aldehydes 3 were converted to
the corresponding c-amino alcohols 6 by reduction with
NaBH4 (Scheme 2).
n N-Boc protected imines 1 and, -unsaturated aldehydes 2a
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3a 45 4:1 99
3b 51 9:1 99
3c 47 8:1 >99

3d 61 — 97
3e 53 9:1 99
3f 56 9:1 99
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Figure 1. Suggested transition state models evoked to account for the
enantioselectivity of the (S)-proline catalyzed aza-MBH type reactions.
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For example, aldehyde 3a was reduced to unsaturated
c-amino alcohol 6a in high yield. Subsequent palla-
dium-catalyzed hydrogenation of the olefin gave the cor-
responding c-amino alcohols 7a and 7a 0 in 57% and 28%
yields, respectively.8 Comparison with the c-amino alco-
hol 7a ð½a�23

D �11.3 (c 0.5)) derived by a one-pot (S)-pro-
line catalyzed Mannich/reduction reaction sequence6a

between imine 2a and butanol established that the abso-
lute stereochemistry of 7a derived by the catalytic aza-
MBH reaction (½a�23

D �9.8 (c 0.5)) was (2S,3S). On the
basis of the absolute configuration, we propose transi-
tion-state models I and/or II to account for the enantio-
selectivity of the amino acid catalyzed formation of
b-amino aldehydes 3 (Fig. 1). Hence, the (S)-proline
derivative forms a chiral enamine with the enal which
is attacked by the N-Boc protected imine from its Si-face
providing (3S)-b-amino aldehyde derivatives. In com-
parison, Si-facial attack also occurs in similar transition
states of previously reported proline-catalyzed Man-
nich-type reactions with Boc imines.6

The role of DABCO is still under investigation. It could
either work as a base enabling the formation of a conju-
gated chiral enamine and/or act as a nucleophile to gen-
erate a chiral enamine intermediate according to Scheme
1.

In summary, we have reported a simple, highly enantio-
selective, organocatalytic asymmetric aza MBH-type
reaction. The combined proline and DABCO catalyzed
reactions between aryl Boc imines and unmodified a,b-
unsaturated aldehydes proceeded with high chemo-
and enantioselectivity to furnish b-amino aldehydes with
an a-alkylidene group in good yields with 93–99% ee.
Further elaboration of this novel transformation, its
synthetic application and mechanistic studies are ongo-
ing in our laboratory.
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