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Figure 1. Chiral bifunctional organocatalyst 1k bearing a 1,3-propanediam
for the aza-MBH reaction.
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The introduction of a 1,3-propanediamine unit at the 3-position of (S)-BINOL using a methylene spacer
led to the formation of a chiral bifunctional organocatalyst for the aza-Morita–Baylis–Hillman
(aza-MBH) reaction. The organocatalyst 1k mediated aza-MBH transformations with high chemical yields
and with up to 82% ee.
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1. Introduction

The design and development of chiral organocatalysts possess-
ing two or more reaction-promoting functionalities have attracted
much attention in the field of asymmetric catalysis.1 In bi- and
multifunctional organocatalysis, acid–base moieties can activate
substrates and control the stereochemistry of reactions to afford
significant chiral induction.2 The balance and appropriate location
of acid and base units in a catalyst are important for the efficient
activation of substrates. Herein we report that (S)-BINOL substi-
tuted at the 3-position with appropriate 1,3-propanediamine
derivatives using a methylene spacer works as an effective chiral
bifunctional organocatalyst. The organocatalyst 1k (Fig. 1) medi-
ates aza-Morita–Baylis–Hillman (aza-MBH) transformations in
high chemical yields and with up to 82% ee.

2. Results and discussion

The aza-MBH reaction is recognized as one of the most useful
and atom-economical carbon–carbon bond forming reactions
between the a-position of enones and the carbonyl group of
imines, and is catalyzed by nucleophilic amines or phosphines.3

The products of the aza-MBH reaction are highly functionalized
allylic amines that have proven to be valuable building blocks for
biologically important compounds and natural products.4 Obtain-
ing efficient catalysts for the aza-MBH reaction however, has been
a challenge in organic synthesis.5

We envisioned locating both an acidic and a basic unit on one
chiral binaphthyl skeleton, thereby facilitating synergistic cooper-
ation in the aza-MBH reaction.5b,k,6 To that end, it was proposed to
introduce a tertiary diamine7 (a strong Lewis base unit) at the
3-position of BINOL (a chiral Brønsted acid) using a spacer. A
tertiary diamine moiety could be used to easily adjust Lewis basi-
city via the introduction of substituents onto the nitrogen atom
and the distance between the acid–base units with an alkyl chain
of appropriate length. As a step toward the development of such
a bifunctional organocatalyst, 1,2-ethanediamine 1a,b, 1,3-pro-
panediamine 1c,d, 1,4-butanediamine 1e, 1,5-pentanediamine 1f,
and 1,6-hexanediamine 1g were introduced at the 3-position of
(S)-BINOL using a methylene or ethylene spacer. Next, the reaction
of methyl vinyl ketone 2a and 4-bromophenyl N-tosyl aldimine 3a
as prototypical substrates was attempted using the above
organocatalysts 1 (Table 1). The aza-MBH adduct 4a was isolated
in 48% yield with 61% ee when using 1,3-propanediamine deriva-
tive 1c with a methylene linker (entry 3). The analogous catalysts
1b and 1d bearing an ethylene spacer were then prepared and
applied to the reaction. These catalysts also promoted the reaction
but at lower rates with lower enantioselectivities (entries 2 and 4)
compared with those obtained using catalyst 1c with the
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Table 2
Effect of reaction conditions using the organocatalyst 1ca

(S)-1c (10 mol%)
2a + 3a (R)-4a

25 oC

Entry Solvent Concd of 3a (M) Time (d) Yieldb (%) eec (%)

1 MeOH 0.5 1 6 2
2 H2O 0.5 1 16 6
3 Toluene 0.5 1 18 42
4 THF 0.5 1 18 49
5 CH2Cl2 0.5 1 23 54
6 CHCl3 0.5 1 48 61
7 CHCl3 0.1 3 Trace —
8 CHCl3 0.25 3 33 56
9 CHCl3 0.5 3 85 64

10 CHCl3 1.0 3 74 42

a 3 Equiv of 2a.
b Isolated yield of product 4a.
c Determined by HPLC (Daicel Chiralpak AD-H).

Table 3
Effect of the N-substituents in the bifunctional organocatalysts 1a

Entry Catalyst (10 mol %) Time (d) Yieldb (%) eec (%)

1 1c 3 85 64 (R)
2 1h 4 73 58 (R)
3 1i 3 86 63 (R)
4 1j 4 65 70 (R)
5 1k 3 86 70 (R)
6 1l 2 65 12 (S)
7 1m 2 NRd —
8 1n 2 NRd —

a 0.5 M (substrate concentration of 3a) and 3 equiv of 2a.
b Isolated yield of product 4a.
c Determined by HPLC (Daicel Chiralpak AD-H).
d No reaction.

Table 1
Enantioselective aza-MBH reaction of 2a with 3a using organocatalysts 1a

(S)-1 (10 mol%)

Me

O

H

p-TsN

Br

+

NHp-Ts

Br

Me

O

CHCl3
25 oC, 1 d

2a 3a (R)-4a

Entry Catalyst Yieldb (%) eec (%)

1 1a 16 4
2 1b 6 11
3 1c 48 61
4 1d 16 47
5 1e 8 7
6 1f 7 1
7 1g Trace —

a 0.5 M (substrate concentration of 3a) and 3 equiv of 2a.
b Isolated yield of product 4a.
c Determined by HPLC (Daicel Chiralpak AD-H).
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methylene spacer. Alkyldiamines with various chain lengths (C2

and C4–C6 for 1a and 1e–g, respectively) were then incorporated
using a methylene spacer, and the resulting compounds were used
as organocatalysts. In these cases, low or no catalytic activity was
observed (entries 1 and 5–7). These results indicate that the exact
positioning of the acid and base units on the catalyst dramatically
affects the efficiency of bifunctional enantioselective catalysis.
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Encouraged by these results, the effects of solvent and concen-
tration on the reaction of 2a with 3a (Table 2) were then investi-
gated. In terms of enantioselectivity, CHCl3 (entry 6), toluene
(entry 3), THF (entry 4), and CH2Cl2 (entry 5) gave good results
compared with those obtained with protic solvents (entries 1
and 2). The appropriate concentration of 3a was also important
for promoting the reaction in high yields with good enantioselec-
tivity (entry 9).
The most efficient process was observed with organocatalyst
1k8 (R = Bn) bearing a terminal pyrrolidine unit and a concentra-
tion of 3a <0.5 M (Table 3, entry 5). When BINOL derivatives 1m
and 1n were applied in the reaction, no activity was observed
probably owing to the steric hindrance of the terminal Lewis base
unit or electronic influence of the oxygen atom on the morpholine
to the terminal nitrogen-Lewis base region.
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Table 4
Substrate scopea

H R2

NR3

R2

NHR3

R1

O
(S)-1k (10 mol%)

+
CHCl3

3 (R)-4

O

R1

2

Entry 2 3 Temp (�C) Time (d) Yieldb (%) eec (%)

1 2a, R1 = Me 3a, R2 = p-Br–C6H4, R3 = p-Ts 25 3 4a, 86 70
2 2a 3b, R2 = o-Br–C6H4, R3 = p-Ts 25 3 4b, 83 39f

3 2a 3c, R2 = p-Cl–C6H4, R3 = p-Ts 25 3 4c, 51 (85)d 74 (74)d

4 2a 3d, R2 = p-Cl–C6H4, R3 = m-Ts 25 3 4d, 44 55
5 2a 3e, R2 = p-Cl–C6H4, R3 = o-Ts 25 3 4e, 51 20
6 2a 3f, R2 = p-Cl–C6H4, R3 = SO2Ph 25 3 4f, 44 69
7 2a 3g, R2 = p-CN–C6H4, R3 = p-Ts 0 1.5 4g, 88 67
8 2a 3h, R2 = p-NO2–C6H4, R3 = p-Ts 0 1.5 4h, 92 64
9 2a 3i, R2 = m-NO2–C6H4, R3 = p-Ts -25 2 4i, 97 60
10 2a 3j, R2 = p-F–C6H4, R3 = p-Ts 5 2 4j, 83 71
11e 2a 3k, R2 = p-Et–C6H4, R3 = p-Ts 25 5 4k, 88 72
12 2a 3l, R2 = p-MeO–C6H4, R3 = p-Ts 25 8 4l, 78 82
13 2b, R1 = 2-naphthoxy 3h 5 7 4m, 77 0

a 0.5 M (substrate concentration of 3) and 3 equiv of 2.
b Isolated yield.
c Determined by HPLC (Daicel Chiralpak AD-H for 4a–k; Daicel Chiralcel OD-H for 4l; Daicel Chiralpak IB for 4m; Daicel Chiralcel OD-3 for 4n; Daicel Chiralpak IA for 4o).
d For 5 days.
e 20 mol % of 1k was used.
f (S)-Configuration product was obtained.

(S)-1k (10 mol%)

4n
90%, 71% ee

3m

CHCl3, 5 oC, 4dN
Bn

O
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N
Bn
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O
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(1)

(2)

3m, or aliphatic aldimine generated from 3n in situ.
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With the optimized conditions in hand, the reaction scope was
explored.9 As can be seen in Table 4, when N-p-tosyl aldimines 3,

prepared from the corresponding p- and m-substituted
arylaldehydes, were applied as substrates (entries 1, 3, and
7–12), organocatalyst 1k efficiently promoted the reaction with
2a to give adducts 4 in high yields and with good enantioselectiv-
ities. The reaction of 2a and 3l with organocatalyst 1k proceeded
with the highest ee (82%) (entry 12). It should be noted that while
the ketimine 3m derived from a cyclic a-keto amide was found to
be a suitable substrate (Scheme 1, Eq. 1),5w 2-naphthyl acrylate 2b

Scheme 1. aza-MBH reaction of 2a with ketimine
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Scheme 2. Catalyst screening of compounds 5 and 6.
(Table 4, entry 13) and the aliphatic aldimine generated in situ
from 3n (Scheme 1, Eq. 2) were not appropriate for this
system.5c,e,y

Furthermore, it was confirmed that a diamine unit is essential
for promoting the transformation; the monoamine derivatives 5
and 6 failed to undergo the reaction (Scheme 2). Given these re-
sults and considering our previously proposed transition state for
the aza-MBH reaction catalyzed by (S)-3-(N-isopropyl-N-3-pyrid-
inylaminomethyl)-1,10-bi(2-naphthol),5b,6a,b it was thought that
one acid–base pair (the 2-hydroxy group and the nitrogen atom
on the benzylic position) fixed the conformation of the organocat-
alyst via hydrogen bonding, while the other acid–base unit acti-
vates substrate 2a (Fig. 2). Notably, the 1H NMR (400 MHz,
CDCl3) studies showed that in the reaction mixture consisting of
O

O

N

H
N

O
Me

H
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Figure 2. Our proposed intermediate.
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catalyst 1c and enone 2a, the peak for the Me group of 2a at d 2.26
(3H, s) shifted to d 2.07 (3H, s), and the peaks for the two phenolic
hydroxy groups at d 4.12 (1H, s) and d 4.00 (1H, s) in catalyst 1c
also shifted to 3.96 (2H, br s) due to the formation of the corre-
sponding ammonium enolates. A chiral bifunctional organocatalyst
bearing a 1,3-propanediamine unit would provide a flexible chiral
pocket resulting in the formation of the aza-MBH adducts with
moderate to good enantioselectivities.

3. Conclusion

In conclusion, the chiral bifunctional catalyst 1k was found to
accelerate the aza-MBH reaction to afford the desired adducts in
high yields with up to 82% ee. The realization that BINOL as a
Brønsted acid unit is compatible with a range of 1,3-propanedi-
amine derivatives as Lewis base units has allowed the develop-
ment of bifunctional catalysts for the aza-MBH reaction. Further
studies aimed for elucidating the detailed activation mechanism
are currently in progress.
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