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Organocatalytic oxy-Michael addition of alcohols
to a,b-unsaturated aldehydes
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Abstract—1,4-Addition of alcohols to a,b-unsaturated aldehydes was found to be efficiently promoted by biphenyldiamine-based
catalyst 3 without formation of the acetals.
� 2006 Elsevier Ltd. All rights reserved.
b-Hydroxy carbonyl compounds and their alkoxy ana-
logues are very important as valuable building blocks
and structural motifs in a variety of natural products,1

and these compounds are usually prepared by the aldol
reaction2 and the subsequent alkylation of the resulting
hydroxyl group. Alternatively, intermolecular 1,4-addi-
tion of alcohols to a,b-unsaturated carbonyl com-
pounds also represents an attractive method for the
direct synthesis of b-alkoxy carbonyl compounds. Such
oxy-Michael additions of alcohols to a,b-unsaturated
ketones or esters have recently been reported to be pro-
moted by several catalysts such as PMe3,3 DBU,4

Tf2NH5 and transition metal complexes;6 however, the
oxy-Michael addition of alcohols to a,b-unsaturated
aldehydes remains a challenge, mainly because of the
competitive acetal formation. On the other hand, 1,4-
addition reactions of other heteroatom nucleophiles
such as thiols7 and amides8 to a,b-unsaturated alde-
hydes via iminium ion intermediates have recently been
realized by secondary amine–acid salt catalysts. In this
context, we are interested in developing a novel second-
ary amine-type catalyst for the 1,4-addition reaction of
alcohols to a,b-unsaturated aldehydes. Herein, we wish
to report that biphenyldiamine-based organocatalyst
can be successfully utilized to realize the first intermole-
cular oxy-Michael addition reaction of alcohols to a,
b-unsaturated aldehydes without the acetal formation.
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We chose N-alkyl aromatic amines as a catalyst for the
oxy-Michael addition due to its having enough nucleo-
philicity to form the iminium salts of a,b-unsaturated
aldehydes as a reactive intermediate,9 in addition to the
ease of structural and electronical modifications. Thus,
the oxy-Michael reactions of methanol to 2-heptenal were
carried out in MeOH/H2O (95:5) in the presence of
5 mol % of N-methylaniline derivatives at 0 �C, and the
results are summarized in Table 1. While the reaction
with N-methylaniline (1) gave only trace amounts of the
desired oxy-Michael adduct 4 (entry 2), the addition of
HCl co-catalyst accelerated both the oxy-Michael addi-
tion and the acetalization (entry 3). Use of a weaker acid
such as TFA led to an increased ratio of oxy-Michael
adduct 4 to acetal 5 (entry 4). Moreover, in the case of
the weakly acidic additive 2, the oxy-Michael addition
occurred exclusively to give 4 in moderate yield (entry
5), while it was found that 2 itself could not catalyze
the oxy-Michael addition (entry 6). Based on these obser-
vations, we then prepared the biphenyldiamine-based
catalyst 3,10 which has both secondary amine and acidic
moieties in the molecule, and consequently, it was found
that the reaction using 3 proceeded smoothly to give
oxy-Michael adduct 4 in good yield (entry 7).
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Table 1. Oxy-Michael addition of methanol to 2-heptenal with
aromatic amine-based catalystsa

Bu
CHO

Bu
CHO

OMe

5 mol% cat

MeOH/H2O

Bu OMe

OMe
+

4 5

Entry Catalyst Time (h) % Yieldb

4 5

1 — 10 0 4
2 1 10 5 0
3 1 + HCl 4 23 29
4 1 + TFA 4 42 15
5 1 + 2 10 51 0
6 2 10 0 10
7 3 10 87 0

a The reaction of 2-heptenal (0.25 mmol) was carried out in the pres-
ence of 5 mol % of the catalyst in MeOH (950 lL) and H2O (50 lL)
at 0 �C.

b Isolated yield.
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We next examined the scope of the oxy-Michael addi-
tion between various a,b-unsaturated aldehydes and
alcohols catalyzed by 3, and the representative results
are summarized in Table 2.11 The oxy-Michael addition
of methanol to a,b-unsaturated aldehydes, which have a
primary alkyl or a secondary alkyl group at the b-posi-
tion, gave the corresponding oxy-Michael adducts in
moderate to good yields (entries 1–4), while the reaction
of sterically hindered tert-butyl-substituted analogue re-
sulted in a decrease in yield (entry 5). In addition, cata-
lyst 3 was also shown to be effective for the oxy-Michael
addition of ethanol, allyl alcohol and benzyl alcohol,
and the corresponding oxy-Michael adducts were ob-
tained in moderate to good yields (entries 6–8). Since
benzyl and allyl groups can be easily removed from
the products formed, both oxy-Michael adducts of ben-
zyl alcohol and allyl alcohol serve as synthetic equiva-
lents to oxy-Michael adducts of H2O. In each case, the
addition of a proper amount of H2O to the alcohol sol-
vent is necessary to attain good chemical yields.
Table 2. Oxy-Michael addition of alcohols to a,b-unsaturated alde-
hydes catalyzed by biphenyldiamine-based catalyst 3a

R1

CHO
R1

CHO
OR2

5 mol% 3

R2OH/H2O

Entry R1 R2 Time (h) % Yieldb,c

1 n-Bu Me 10 87
2 n-Pr Me 8 83
3 BnCH2 Me 10 80
4 i-Pr Me 10 72
5 t-Bu Me 36 41
6d n-Bu Et 22 81
7e n-Bu Allyl 40 72
8e n-Bu Bn 24 64

a Unless otherwise noted, the reaction of an a,b-unsaturated aldehyde
(0.25 mmol) was carried out in the presence of 5 mol % of 3 in an
alcohol (950 lL) and H2O (50 lL) at 0 �C.

b Isolated yield.
c Acetal was not detected.
d EtOH (970 lL), H2O (30 lL).
e Alcohol (990 lL), H2O (10 lL).
In summary, we have shown the efficiency of the
biphenyldiamine-based organocatalyst 3 for oxy-
Michael addition reactions of alcohols to a,b-unsatu-
rated aldehydes under mild conditions. Under these con-
ditions, acetalization of a,b-unsaturated aldehydes was
not observed. Further work aimed at the development
of an asymmetric variant of this process is currently
underway.
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