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Highly enantioselective aza-Morita–Baylis–Hillman reaction
with a bisphenol-based bifunctional organocatalyst
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Abstract—Newly developed phosphino-bisphenol 1c was found to be an efficient organocatalyst for the aza-Morita–Baylis–Hillman
reaction. High enantioselectivity up to 96% ee was obtained with catalyst loading of 1 mol %.
� 2007 Elsevier Ltd. All rights reserved.
Chiral Lewis acid-catalyzed reactions are one of the
most effective methods for synthesizing optically active
compounds. The typical reaction involves the enantiose-
lective addition of a nucleophile to carbonyl compounds
in the presence of a chiral Lewis acid.1 The carbonyl
compound is activated through coordination of car-
bonyl oxygen atom to the Lewis acid and undergoes
enantioselective nucleophilic addition. On the other
hand, many biologic syntheses also include nucleophilic
addition to carbonyl groups, however, the addition reac-
tions are mostly non-metal catalyzed processes in which
hydrogen bonding plays a pivotal role. Therefore, much
effort has been directed toward the development of new
organocatalysts bearing hydrogen-bond donor(s).2 It
has been demonstrated that appropriately oriented
hydrogen-bond donors sufficiently activate carbonyl
compounds through double or multiple hydrogen bond-
ing.2,3 Of the various organocatalysts reported to date,
thiourea-based chiral organocatalysts have been the
most successfully used for the activation of carbonyl,
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Figure 1. A hydrogen bonding structure proposed for the intermediate of az
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imine, and nitro groups through double hydrogen bond-
ing.3 It is well known that a phenolic hydroxy group also
functions as a hydrogen-bond donor in some enzymes,
such as LL-fuculose 1-phosphate aldolase.4 Although
the successful application of chiral organocatalysts bear-
ing phenolic hydroxy group(s) as a hydrogen-bond
donor to enantioselective reactions is limited, it has been
reported that the enantioselective aza-Morita–Baylis–
Hillman (aza-MBH) reaction that affords functionalized
allylic amines in a single step can be promoted by this
type of organocatalysts.5,6 For example, quinidine deriv-
atives,6a,c,d,g phosphinophenols,6b,f,h 3-substituted
BINOLs,6e,j,k and thiourea Schiff bases6i have been
developed to serve as the catalyst. Quite recently, Shi
et al. reported that the chiral phosphine Lewis bases
bearing multiple phenolic hydroxy groups were efficient
catalysts for aza-MBH reactions.6l Although these reac-
tions exhibited high enantioselectivities due to a sophis-
ticated hydrogen bonding system (Fig. 1), relatively high
catalyst loading (10 mol %) was required to obtain
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Table 1. Enantioselective aza-Morita–Baylis–Hillman reaction using
1a–d as catalystsa

H
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1a-d
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Entry Catalyst Catalyst
loading
(mol %)

Time
(h)

Yield
(%)

% eeb Confign.c

1 1a 10 48 98 88 S

2 1b 10 2 93 95 S

3 1c 10 1.5 100 95 S

4 1d 10 1 99 93 S

5 1c 1 14 96 95 S

6 1c 0.5 96 95 95 S

7d 1c 1 48 100 95 S

a All reactions were carried out at 0 �C in THF with molar ratio of
imine/enone = 1:3 unless otherwise mentioned.

b Determined by HPLC analysis using chiral stationary phase column
(Daicel Chiralpak AD-H; hexane/i-PrOH = 80:20).

c Determined by comparison of elution order of HPLC with the
reported value (Ref. 6e).

d Reaction was performed at �15 �C.
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acceptable yields. Thus, the development of a new
organocatalyst with a higher catalytic activity and more
robustness is required. Shi et al. have proposed that
both the naphthol parts take part in the activation of
carbonyl groups, while the asymmetry is mostly induced
by the chirality of the phosphinonaphthol part.6l Based
on this proposal, we hypothesized that the carbonyl
group should be sufficiently activated by two hydrogen
bondings and that the replacement of the binaphthol
unit with a simple phenol unit would facilitate substrate
approach and enhance the catalyst activity. Thus, we
synthesized new bifunctional phosphino-bisphenols 1
differing in the length of the spacer and examined their
effect in the aza-MBH reaction.

Catalysts 1a–d were prepared from phosphinophenol 27

as follows (Scheme 1). Protection of the phenolic hydroxy
group as MOM ether and subsequent MOM group-direc-
ted ortho-formylation gave aldehyde 3. Reduction of the
aldehyde with NaBH4 followed by oxidation with
ureaÆhydrogen peroxide adduct (UHP) afforded alcohol
4. For the synthesis of 1a, alcohol 4 was subjected to a
Mitsunobu reaction8 with mono-protected catechol to
give 5a. The other compounds 5b–d were prepared in a
similar manner to the syntheses of linked BINOL
reported by Shibasaki et al.9 The requisite alcohols 7b–d
were prepared from salicylaldehyde in a conventional
manner. Reduction of the phosphinoyl group with PMHS
in the presence of Ti(OiPr)4

10 and deprotection of the
MOM group gave the desired phosphino-bisphenols
1a–d. Deprotection of the MOM group in 5b by Amber-
lyst 15 failed due to the instability of 1b under the reaction
conditions. Finally, compound 1b was obtained by using
p-toluenesulfonic acid, albeit in a very low yield.
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Scheme 1.
With chiral phosphino-bisphenols 1a–d in hand, we first
examined the reaction of p-chlorophenyl N-tosylimine
with methyl vinyl ketone in THF at 0 �C in the presence
of 1a–d (Table 1). The rate and the enantioselectivity of
the reactions depended on the length of spacer in 1. With
1a, the reaction was completed after 48 h, and a good
enantioselectivity of 88% ee was obtained (entry 1).
The reaction rate and enantioselectivity were signifi-
cantly improved when 1b was used as the catalyst (entry
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Table 2. Enantioselective aza-Morita–Baylis–Hillman reaction using
1c as a catalysta

R H

NTs O

R

OTsHN
1c (1 mol%)

THF, 0 °C
+

Entry R in N-tosyl imine Time
(h)

Yield
(%)

% eeb Confign.c

1 Phenyl 17 84 96 S

2 4-Fluorophenyl 17 100 95 S

3 4-Nitrophenyl 10 98 94 S

4 4-Methylphenyl 35 99 96 S

5 4-Methoxyphenyl 76 97 95 S

6 2-Naphthyl 17 100 95 S

7 (E)-Cinnamyl 164 71 87 S

a All reactions were carried out at 0 �C in THF with molar ratio of
imine/enone/1c = 1:3:0.01.

b Determined by HPLC analysis using chiral stationary phase column
according to the literature (Refs. 6e,f).

c Determined by comparison of elution order of HPLC with the
reported value (Refs. 6e,f).
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2). The most optimal result was obtained with 1c, where
the reaction was completed after 1.5 h with a high enantio-
selectivity of 95% ee (entry 3).11 Although 1d exhibited
higher catalytic activity than 1c, the enantioselectivity
was somewhat decreased (entry 4). The high catalytic
activity of 1c allowed the reaction to be carried out at
lower catalyst loading. To our delight, the catalyst load-
ing could be reduced to 1 mol % without diminishing
enantioselectivity (entry 5). The loading could be further
reduced to 0.5 mol %, but the reaction was very slow
(entry 6). Lowering the reaction temperature to �15 �C
considerably retarded the reaction and no enhancement
of the enantioselectivity was observed (entry 7).

Under the optimized conditions, we next examined the
reactions of several other N-tosylimines (Table 2).
Equally high enantioselectivities were obtained irrespec-
tive of the electronic nature of the aryl substituent, while
the reaction rate was found to be dependent on the elec-
tronic nature such that the presence of an electron-
donating group retarded the reaction (entries 4 and 5).
The reaction of cinnamyl N-tosylimine was slow, and
the enantioselectivity was decreased to 87% ee, although
this is still good (entry 7).

In conclusion, we have demonstrated that newly devel-
oped phosphino-bisphenol 1c is an efficient organocata-
lyst for the aza-MBH reaction. To the best of our
knowledge, 1c is the most active organocatalyst so far
developed for the aza-MBH reaction. Further studies on
the scope of the reaction and clarification of the reaction
mechanism are currently under way in our laboratory.
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