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AbstractÐReactions of aldehydes, amines, and various nucleophiles such as silyl enolates, ketones, Danishefsky's diene, and allyltribuyltin
in water were successfully carried out in the presence of p-dodecylbenzenesulfonic acid (DBSA) as a Brùnsted acid±surfactant-combined
catalyst. q 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction

Mannich and related reactions provide basic and useful
methods for the synthesis of b-amino carbonyl compounds,
which constitute various pharmaceuticals, natural products,
and versatile synthetic intermediates.1 Conventional proto-
cols for proton-catalyzed three-component Mannich-type
reactions of aldehydes, amines, and ketones in organic
solvents (Eq. (1)) include some severe side reactions and
have some substrate limitations, especially for enolizable
aliphatic aldehydes. Therefore, some modern variants of
Mannich reactions have been developed so far.2 Among
them, Lewis acid-mediated reactions of pre-formed imines
and silyl enolates (Eq. (2)) as substrates provide one of the
most ef®cient methods.3 Furthermore, three-component
Mannich-type reactions of aldehydes, amines, and silyl
enolates have also been reported and greatly extended
their synthetic utility.4

�1�

�2�

Recently, organic reactions in water without use of harmful
organic solvents have attracted much attention, because
water is a cheap, safe, and environmentally benign solvent.5

In the course of our investigations to develop new synthetic
methods in water, we have recently found that a combi-
nation of a water-stable Lewis acid (e.g. scandium tri¯ate)
and an anionic surfactant (e.g. sodium dodecyl sulfate
(SDS)) provides an ef®cient system for some Lewis acid-
catalyzed reactions in water.6 Moreover, we have also
synthesized more simpli®ed catalysts, `Lewis acid±surfac-
tant-combined catalysts (LASCs)', such as scandium tris-
(dodecyl sulfate) (Sc(DS)3).

7 These LASCs form stable
colloidal dispersion systems with organic substrates and
function as effective Lewis acids in water. These catalytic
systems have been successfully applied to three-component
Mannich-type reactions of aldehydes, amines, and silyl
enolates in water.6c,7f

As an extension of these studies, we planned to develop a
`Brùnsted acid±surfactant-combined catalyst (BASC)',
composed of a Brùnsted acidic group and a hydrophobic
moiety. Although conventional procedures of Mannich-type
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reactions use a Brùnsted acid catalyst, they need organic
solvents for water-insoluble substrates. We expected that a
BASC would ef®ciently catalyze Mannich-type reactions in
water by activating the intermediate imines and by creating
effective colloidal dispersions.8 Here we report BASC-
catalyzed reactions of aldehydes, amines, and silyl enolates,
parent ketones, Danishefsky's diene, or allyltributyltin in
water.9 In addition, microscopic observation of colloidal
particles created by the BASC and organic substrates is
presented.

2. Results and discussion

First, we searched an ef®cient catalyst for Mannich-type
reactions of silyl enolates with imines generated in situ
from aldehydes and amines in water. Various catalysts
were tested for the reaction of benzaldehyde, o-anisidine,
and 1-phenyl-1-(trimethylsiloxy)ethene in water, and
selected examples are summarized in Table 1. Although
the reaction in the presence of SDS alone afforded the
desired b-amino ketone in a very low yield (entry 1), addi-

tion of a catalytic amount of HCl slightly improved the yield
(entry 2). This result suggests that a combination of a
Brùnsted acid and an anionic surfactant leads to an effective
catalyst for this Mannich-type reaction. We then tested
p-dodecylbenzenesulfonic acid (DBSA),10 which was
expected to behave both as a Brùnsted acid and as a surfac-
tant. Indeed, DBSA (10 mol%) was found to be a good
catalyst for the reaction (entry 4), and even better than a
surfactant-type Lewis acid, Sc(DS)3 (entry 3). It is note-
worthy that hydrolysis of the silyl enolate was not a severe
problem even in the presence of the Brùnsted acid.
Elongation of the reaction time led to an improved yield
(entry 5). Interestingly, p-toluenesulfonic acid (TsOH),
which has a shorter alkyl chain than DBSA does, gave
only a trace amount of the product (entry 6). This result
indicates that the long alkyl chain of DBSA is indispensable
for ef®cient catalysis probably due to the formation of
hydrophobic colloidal particles in water. A carboxylic
acid having a long alkyl chain, lauric acid, was much less
effective (entry 7) than DBSA, suggesting that the strong
acidity of DBSA is essential for the catalysis. The reaction
proceeds through the imine formation of the aldehyde and

Table 1. Mannich-type reactions in the presence of various catalysts in water

Entry Catalyst (mol%) Time (min) Yield (%)

1 SDS (30) 20 8
2 SDS (30)1HCl (10) 20 29
3 Sc(DS)3 (10) 20 38
4 DBSA (10) 20 69
5 DBSA (10) 120 83
6 TsOH (10) 120 Trace
7 C11H23COOH (10) 120 6

Table 2. Mannich-type reactions catalyzed by DBSA in water using silyl enolates as nucleophilic substrates

Entry R1 R2 R3 R4 R5 Temp. (8C) Yield (%)

1a Ph OMe H H Ph 23 83
2b,c Ph OMe Me H Ph 23 81
3c Ph OMe Me Me OMe 23 68
4c Ph OMe Me Me OMe 0 90
5c 2-Furyl OMe Me Me OMe 0 84
6c PhCHvCH OMe Me Me OMe 0 63
7c (CH3)2CHCH2 OMe Me Me OMe 0 88
8c c-Hex OMe Me Me OMe 0 0
9a,c Ph OMe H H SEt 23 78
10a,c Ph H Me Me OMe 0 91

a Silyl enolate (1.5 equiv.).
b 18 h.
c Silyl enoalte (3.0 equiv.).
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the amine, protonation of the imine, and the attack of the
silyl enolate to the protonated imine. This dehydrative imine
formation in water is a characteristic feature of our colloidal
dispersion system for reactions of imines.6c,d,7f

DBSA was found to be applicable to the reactions of various
substrates in water, and the results are shown in Table 2. Not
only benzaldehyde (entries 1±4, 9, and 10) but also hetero-
aromatic (entry 5), a,b-unsaturated (entry 6), and aliphatic
aldehydes (entry 7) afforded the desired products in good
yields, although cyclohexanecarbaldehyde did not react
under these conditions (entry 8) presumably because of its
steric hindrance. As for silyl enolates, those derived from
ketones (entries 1 and 2), an ester (entries 3±7, and 10), and
a thioester (entry 9) could be used successfully. Note that
such water-sensitive substrates reacted smoothly, and that
neither aldol products nor deamination products were
obtained under these conditions. As for amines, aniline
(entry 10) as well as o-anisidine worked well. It should be
mentioned that o-methoxyphenyl groups of the products in
entry 1±9 can be easily removed to give the corresponding
primary amines.11c Unfortunately, aliphatic amines did not
afford the desired Mannich adducts under the conditions
in Table 2 probably due to electronic property of the sub-
stituents on the nitrogen atoms. For some cases, the reaction
temperature affected the yields of the Mannich adducts. For
example, in the case of entries 3 and 4, lower temperature
resulted in a better yield. This improvement of the yield is
attributed to slow hydrolysis of the silyl enolate at lower
temperature.

Although the reaction system stated above has extended the
substrate applicability in Mannich reactions in water, there
is still a drawback that the silyl enolates, which are prepared
from the corresponding carbonyl compounds usually under
anhydrous conditions,12 have to be used. From atom-
economical and practical points of view, it is desirable to
develop an ef®cient system for Mannich-type reactions
in which the parent carbonyl compounds are directly used.
Therefore, we next investigated three-component Mannich-
type reactions in water using ketones, instead of silyl
enolates, as nucleophilic components.

The reaction of benzaldehyde, aniline, and acetophenone in

the presence of an acid catalyst in water was selected as a
model reaction. Among the Brùnsted and Lewis acid cata-
lysts tested, DBSA was found to be, again, the most ef®cient
catalyst (Table 3, entry 1). LASCs such as Sc(DS)3 and
copper bis(dodecyl sulfate) (Cu(DS)2)

7g,13 were less effec-
tive (entries 2 and 3) than DBSA. It should be noted that
TsOH did not afford the desired product (entry 4) as in the
reaction in Table 1. DBSA formed a white turbid reaction
mixture, while TsOH formed two immiscible layers. This
result indicates that the long alkyl chain of DBSA is neces-
sary for the formation of the colloidal dispersion that is
assumed to lead to the ef®cient catalysis. A combination
of TsOH and SDS, which formed colloidal dispersion in
the presence of the substrates, afforded the adduct in a
modest yield (entry 6), con®rming the importance of both
a Brùnsted acidic group and an anionic surfactant. Interest-
ingly, the ef®cient catalysis by DBSA was not observed in
the reactions carried out in organic solvents such as MeOH
(entry 7) and dichloromethane (entry 8). This solvent effect
shows the unique property of water to induce hydrophobic
interactions between the substrates and the catalyst. We
assume that the nucleophilic species in this reaction is the
enol that is in equilibrium with the ketone, although it
cannot be ruled out that the enamine derived from the
ketone and the amine is involved as the nucleophile.

The reactions of various aldehydes, amines, and ketones
were found to be ef®ciently catalyzed by DBSA at ambient
temperature in water (Table 4). The following features
are noteworthy in these reactions: (1) A 1:1:1 mixture of
benzaldehyde, p-anisidine, and acetophenone with 10 mol%
of DBSA gave the Mannich adduct in 63% yield (entry 5), in
contrast to 30% yield by a conventional HCl-catalyzed reac-
tion in EtOH (18 h).1 (2) In the case of the substrates shown
in entries 6, 8, and 9, only 1 mol% of DBSA was suf®cient
to catalyze the reactions. (3) The reactivity order of the
amines is p-chloroaniline.aniline.p-anisidine.o-anisi-
dine, indicating the importance of the electronic and steric
nature of the amines. (4) In the reaction of 2-butanone
(entries 11 and 12), the adduct aminoalkylated at the less
substituted a-carbon was formed preferentially. (5) Not
only benzaldehyde but also heteroaromatic aldehydes such
as 2-furfural and 2-pyridinecarbaldehyde worked well
(entries 13 and 14). (6) For enolizable aliphatic aldehydes

Table 3. Mannich-type reactions in the presence of various catalysts in water

Entry Catalyst Yield (%)

1 DBSA 69
2 Sc(DS)3 54
3 Cu(DS)2 40
4 TsOH 0
5 SDS 5
6 TsOH1SDS 56
7a DBSA 9
8b DBSA 4

a In MeOH.
b In CH2Cl2.
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such as isovaleraldehyde, the reaction procedure mentioned
above afforded a complicated mixture of several com-
pounds, and only a trace amount of the desired adduct
was obtained probably due to self-condenzation of the alde-
hyde (entry 15). Therefore, we tried slow addition of the
aldehyde to a mixture of the amine, the ketone, and DBSA
in water. Indeed, this procedure greatly improved the yields
up to 71% (entries 16 and 17). (7) For the reactions of
cyclohexanone, cycloheptanone, and 2-butanone, 5 equiv.
of the ketones were needed to avoid polyaminoalkylation.

(8) Cyclohexanecarbaldehyde did not react under these
conditions as in the case of Table 2, entry 8. (9) Reactions
with esters or thioesters, instead of ketones, did not proceed
under these conditions. (10) Ten-mmol-scale reactions were
also carried out without any dif®culties. For example, the
reaction of benzaldehyde (10 mmol), aniline (10 mmol),
and acetophenone (10 mmol) in the presence of 10 mol%
of DBSA afforded the desired product in 82% yield (24 h).

The aza Diels±Alder reactions of imines with Danishefsky's

Table 4. Mannich-type reactions catalyzed by DBSA in water using ketones as nucleophilic substrates

Entry R1 R2 R3 R4 R5 Ketone (equiv.) DBSA (mol%) Time (h) Yield (%)

1 Ph H H H Ph 1 10 12 69
2 Ph H H H Ph 1 10 24 81
3 Ph H OMe H Ph 1 10 12 35
4 Ph OMe H H Ph 1 10 12 45
5 Ph OMe H H Ph 1 10 24 63
6 Ph H H ±(CH2)4± 5 1 1 97a

7 Ph OMe H ±(CH2)4± 5 10 12 81b

8 Ph Cl H ±(CH2)4± 5 1 1 .99c

9 Ph OMe H ±(CH2)5± 5 1 12 89d

10 Ph Cl H Me Ph 1 10 47 73e

11 Ph H H H Et 5 10 24 84f

12 Ph H H H Et 10 10 24 92g

13 2-furyl H H ±(CH2)4± 5 10 24 87h

14 2-pyridyl H H ±(CH2)4± 5 10 12 78i

15 Me2CH H H ±(CH2)4± 5 10 12 trace
16j Me2CH H H ±(CH2)4± 5 10 12 71k

17j Me2CH Cl H ±(CH2)4± 5 10 12 66l

18 c-Hex H H ±(CH2)4± 5 10 12 0

a Diastereomer ratio (dr)�74:26.
b dr�68:32.
c dr�70:30.
d dr�81:19.
e dr�58:42.
f Regioisomer ratio�87:13.
g Regioisomer ratio�89:11.
h dr�67:33.
i dr�69:31.
j The aldehyde was slowly added to the reaction mixture during 9 h, and then the whole was stirred for 3 h.
k dr�65:35.
l dr�62:38.

Table 5. Allylation reactions catalyzed by DBSA in water

Entry R Temp. (8C) Yield (%)

1 H 30 67
2 Cl 30 68
3 OMe 40 57
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diene are useful for the synthesis of pyridone derivatives.14

DBSA could be also applied to the reaction in water.8b

Although 3 equiv. of the water-sensitive diene was needed,
the desired dihydro-4-pyridone was obtained in good yield
as shown in Eq. (3).

�3�

The reactions of imines with allylmetals provide important
routes for the synthesis of homoallylic amines.15 Recently,
we have reported that three-component reactions of alde-
hydes, amines, and allyltributyltin proceed smoothly in
water in the presence of Sc(OTf)3 and SDS to give the
corresponding homoallylic amines.6d The reactions were
also catalyzed by DBSA in water (Table 5). Although the
desired products were obtained in modest to good yields, the
reactions were slow compared with the Sc(OTf)3/SDS
system. As the DBSA-catalyzed allylation reactions
proceeded, turbid reaction mixtures became two phase-
systems in which the organic substances were separated
from the aqueous phase. We have not yet understood the
reason for this phase separation, which may be related to the
lower reaction rates.

In the DBSA-catalyzed reactions stated in this article, most

of the reaction mixtures became turbid, and formation of
these colloidal dispersions is a characteristic feature for the
present reaction system. Quite recently, we undertook
microscopic observation of the colloidal dispersion formed
from a LASC and an organic substrate in water and
con®rmed the formation of spherical colloidal particles.7f

Thus, we then tried to observe the DBSA-induced colloidal
particles. Indeed, light microscopic observation of the
colloidal dispersion formed from DBSA (10 mol%), benz-
aldehyde (1 equiv.), and aniline (1 equiv.) in water revealed
that spherical particles were formed (Fig. 1) as in the case of
LASCs. It is suggested that most of the substrates and cata-
lyst molecules are concentrated in the spherical particles,
which act as a hydrophobic reaction site and enable the
rapid reactions in water.

3. Conclusions

Three-component reactions of aldehydes, amines, and
various nucleophiles are ef®ciently catalyzed by DBSA, a
BASC, in water. Aromatic, heteroaromatic, and aliphatic
aldehydes can be successfully used as the aldehyde com-
ponent. Moreover, these reactions, which proceed slug-
gishly in organic solvents, attest to the unique property of
water as a reaction medium. DBSA forms stable colloidal
particles in the presence of the substrates in water, and this
colloid formation plays an important role in acceleration of
the reactions. In contrast to Lewis acid-catalyzed reactions
of imines, DBSA-catalyzed reactions need no metal cata-
lysts, some of which are expensive or toxic.

Whereas, the advantages of organic reactions in water are
now well recognized, most organic substrates are insoluble
in water and, as a result, water cannot be used as a reaction
medium in many cases. The use of surfactant-type catalysts
is a solution for this problem.8,16 We hope that, in the light of
the increased demand for reduction of organic solvents in
industry, the surfactant-aided Brùnsted acid catalysis
described here will lead to a green technique for practical
organic synthesis.

4. Experimental

4.1. General procedure for Mannich-type reactions of
aldehydes, amines, and silyl enolates

An amine (0.25 mmol), a silyl enolate (0.38±0.75 mmol),
and an aldehyde (0.25 mmol) were successively added to a
solution of DBSA (0.025 mmol) in water (1.5 mL). The
resulting mixture was stirred at 238C for 2 h, and then
quenched with saturated aq. NaHCO3 (5 mL) and brine
(5 mL). The mixture was extracted with ethyl acetate,
washed with brine, dried over Na2SO4, concentrated, and
puri®ed by silica gel chromatography to give the desired
product.

4.2. General procedure for Mannich-type reactions of
aldehydes, amines, and ketones

To a solution of DBSA (0.0025±0.075 mmol, 1±30 mol%)
in H2O (1.5 mL) were added an amine (0.25 mmol), an

Figure 1. Mixture of DBSA (16.7 mM), benzaldehyde (167 mM), and
aniline (167 mM) as detected by light microscopy.
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aldehyde (0.25 mmol), and a ketone (0.25±2.50 mmol)
successively at 238C. After stirring at the same temperature
for the period of time listed in Table 4, a saturated aq.
NaHCO3 solution (5 mL) and brine (5 mL) were added,
and the mixture was extracted with ethyl acetate, washed
with brine, dried over Na2SO4, and concentrated. Puri®-
cation by silica gel chromatography gave the desired
product.

4.3. Procedure for aza Diels±Alder reaction of
benzaldehyde, p-anisidine, and Danishefsky's diene

To a solution of DBSA (0.050 mmol, 20 mol%) in H2O
(1.5 mL) were added the amine (0.25 mmol), the aldehyde
(0.25 mmol), and the diene (0.75 mmol) successively at
08C. After stirring at the same temperature for 1 h, a satu-
rated aq. NaHCO3 solution (5 mL) and brine (5 mL) were
added, and the mixture was extracted with ethyl acetate,
dried over Na2SO4, and concentrated. Puri®cation by silica
gel chromatography gave the desired product.

4.4. General procedure for allylation reactions of
benzaldehyde, amines, and allyltributyltin

To a solution of DBSA (0.075 mmol, 30 mol%) in H2O
(1.5 mL) were added an amine (0.25 mmol), benzaldehyde
(0.25 mmol), and allyltributyltin (0.30 mmol) successively
at 30 or 408C. After stirring at the same temperature for the
period of time listed in Table 5, a saturated aq. NaHCO3

solution (5 mL) and brine (5 mL) were added, and the
mixture was extracted with ethyl acetate, washed with
brine, dried over Na2SO4, and concentrated. Puri®cation
by silica gel chromatography gave the desired product.

4.4.1. 3-(2 0-Methoxyphenyl)amino-2-methyl-1,3-diphenyl-
1-propanone. 1H NMR (CDCl3, 400 MHz) one dia-
stereomer: d 1.22 (3H, d, J�7.1 Hz), 3.75 (3H, s), 3.95±
3.99 (1H, m), 4.71 (1H, d, J�6.8 Hz), 5.4 (1H, br), 6.40 (1H,
dd, J� 7.8, 1.2 Hz), 6.54±6.76 (3H, m), 7.13±7.51 (8H, m),
7.81 (2H, d, J�8.6 Hz); the other diastereomer: d 1.29 (3H,
d, J�6.8 Hz), 3.86 (3H, s), 3.95±3.99 (1H, m), 4.78 (1H, d,
J�5.9 Hz), 5.0 (1H, br), 6.24 (1H, dd, J�7.6, 1.7 Hz), 6.54±
6.76 (3H, m), 7.13±7.51 (8H, m), 7.87 (2H, d, J�7.3 Hz);
13C NMR (CDCl3, 100 MHz) a mixture of two dia-
stereomers: d 12.40, 16.29, 46.65, 47.44, 55.53, 55.60,
59.19, 60.94, 109.37, 109.46, 110.90, 111.14, 114.97,
116.33, 116.55, 118.41, 120.94, 121.06, 126.88, 126.90,
127.12, 127.20, 128.18, 128.20, 128.44, 128.48, 128.51,
128.62, 133.01, 136.46, 137.01, 137.06, 137.28, 141.79,
141.81, 146.85, 146.95, 202.37, 203.48; HRMS calcd for
C23H23NO2(M

1): 345.1729. Found: 345.1690.

4.4.2. Ethyl [3-(2 0-methoxyphenyl)amino-3-phenyl]thio-
propanoate. 1H NMR (CDCl3, 300 MHz) d 1.17 (3H, t,
J�7.5 Hz), 2.83 (2H, q, J�7.5 Hz), 2.99 (1H, dd, J�5.7,
14.6 Hz), 3.04 (1H, dd, J�7.9, 14.6 Hz), 3.84 (3H, s), 4.86
(1H, dd, J�5.7, 7.9 Hz), 5.02 (1H, brs), 6.39 (1H, dd, J�7.7,
1.7 Hz), 6.61 (1H, dt, J�1.7, 7.5 Hz), 6.69 (1H, dt, J�1.7,
7.5 Hz), 6.74 (1H, dd, J�1.7, 7.5 Hz), 7.19±7.37 (5H, m);
13C NMR (CDCl3, 75 MHz) d 14.51, 23.46, 51.74, 55.26,
55.43, 109.37, 111.10, 116.81, 121.01, 126.21, 127.32,
128.64, 136.52, 142.03, 146.81, 196.89; HRMS calcd for
C18H21NO2S(M1): 315.1293. Found: 315.1276.

4.4.3. 2-[1 0-(N-p-Methoxyphenylamino)-1 0-phenyl]methyl-
cyclohexanone. 1H NMR (CDCl3, 300 MHz, major/
minor�68:32) d 1.61±1.88 (6H, m), 2.31±2.43 (2H, m),
2.71±2.72 (1H, m), 3.65 (major, 2.04H, s), 3.66 (minor,
0.96H, s), 4.5 (1H, br), 4.54 (major, 0.68H, d, J�7.3 Hz),
4.73 (minor, 0.32H, d, J�4.2 Hz), 6.47±6.52 (2H, m), 6.62±
6.67 (2H, m), 7.19±7.36 (5H, m); 13C NMR (CDCl3,
75 MHz, major/minor�68:32) d 23.65, 24.86, 27.05,
27.89, 28.45, 31.19, 41.73, 42.40, 55.63, 55.65, 56.73,
57.52, 58.16, 58.96, 114.61, 114.66, 114.80, 115.17,
115.57, 116.38, 126.91, 127.12, 127.36, 127.51, 128.32,
128.42, 141.43, 141.69, 141.76, 141.87, 152.14, 152.25,
211.46, 212.87; IR (neat) 3364, 2935, 1706, 1604,
1512 cm21; MS (EI) m/z 309 (M1).

4.4.4. 2-[1 0-(N-p-Methoxyphenylamino)-1 0-phenyl]methyl-
cycloheptanone. 1H NMR (CDCl3, 300 MHz, major/
minor�81:19) d 1.20±2.48 (10H, m), 2.82±2.88 (1H, m),
3.65 (3H, s), 4.43 (major, 0.81H, d, J�7.9 Hz), 4.57 (minor,
0.19H, d, J�4.6 Hz), 4.6 (1H, br), 6.46±6.49 (2H, m), 6.62±
6.67 (2H, m), 7.17±7.32 (5H, m); 13C NMR (CDCl3,
75 MHz, major/minor�81:19) d 24.95, 25.05, 27.31,
27.82, 28.54, 28.86, 29.27, 29.77, 42.57, 44.14, 55.67,
58.41, 58.71, 61.04, 61.15, 114.68, 114.87, 114.93,
127.23, 128.37, 128.48, 140.75, 141.05, 141.20, 141.58,
152.01, 215.64, 216.21; IR (neat) 3387, 2929, 1696,
1512 cm21; MS (EI) m/z 323 (M1).

4.4.5. 3-(N-p-Chlorophenylamino)-2-methyl-1,3-diphenyl-
1-propanone. 1H NMR (CDCl3, 300 MHz, major/minor�
58:42) d 1.20 (1.26H, d, J�6.8 Hz), 1.29 (1.74H, d, J�
7.0 Hz), 3.94±3.98 (1H, m), 4.5 (0.42H, br), 4.65 (0.58H,
d, J�5.9 Hz), 4.69 (0.42H, d, J�4.9 Hz), 5.3 (0.58H, br),
6.37 (1.16H, d, J�8.8 Hz), 6.44 (0.84H, d, J�8.8 Hz),
6.94±7.56 (10H, m), 7.72 (1.16H, d, J�7.5 Hz), 7.92
(0.84H, d, J�7.3 Hz); 13C NMR (CDCl3, 75 MHz, major/
minor�58:42) d 11.39, 16.75, 46.32, 46.74, 59.29, 61.26,
114.48, 114.88, 116.16, 120.18, 121.74, 122.27, 126.65,
126.74, 127.38, 127.39, 128.10, 128.20, 128.54, 128.60,
128.69, 128.73, 128.78, 128.83, 129.05, 133.22, 133.35,
136.10, 137.00, 140.97, 141.37, 145.74, 145.77, 202.59,
204.05; IR (®lm) 3401, 1675, 1597, 1499 cm21; MS (EI)
m/z 349 (M1).

4.4.6. 2-[1 0-(2-Furyl)-1 0-N-phenylamino]methylcyclo-
hexanone. 1H NMR (CDCl3, 300 MHz, major/minor�
67:33) d 1.60±2.40 (8H, m), 2.89±2.99 (1H, m), 4.5 (1H,
br), 4.81 (0.67H, d, J�5.3 Hz), 4.87 (0.33H, d, J�4.7 Hz),
6.17±6.26 (2H, m), 6.61±6.71 (3H, m), 7.10±7.29 (3H, m);
13C NMR (CDCl3, 75 MHz, major/minor�67:33) d 24.23,
24.65, 26.82, 27.56, 29.63, 30.76, 42.04, 42.18, 51.88,
52.14, 54.02, 54.41, 106.83, 107.11, 110.28, 113.65,
113.96, 117.95, 118.11, 129.11, 129.13, 141.11, 141.24,
147.12, 147.16, 154.60, 154.83, 210.93, 211.76; IR (neat)
3362, 2938, 1673, 1597, 1500 cm21; MS (EI) m/z 269 (M1).

4.4.7. 2-[1 0-N-phenylamino-1 0-(2-pyridyl)]methylcyclo-
hexanone. The major isomer: 1H NMR (CDCl3,
400 MHz) d 1.66±1.72 (3H, m), 1.90±2.10 (3H, m),
2.28±2.37 (2H, m), 3.30±3.34 (1H, m), 4.79 (1H, d, J�
3.9 Hz), 5.18 (1H, br), 6.60 (2H, d, J�8.3 Hz), 6.65 (1H,
t, J�8.3 Hz), 7.08±7.13 (3H, m), 7.47 (1H, d, J�7.8 Hz),
7.57 (1H, t, J�7.8 Hz), 8.51 (1H, d, J�4.6 Hz); 13C NMR
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(CDCl3, 100 MHz) d 24.68, 27.74, 31.64, 42.51, 55.42,
58.71, 113.12, 117.35, 121.81, 121.90, 129.31, 136.46,
147.38, 148.75, 161.28, 213.07; IR (®lm) 3396, 2936,
1703, 1603, 1501 cm21; MS (EI) m/z 280 (M1). The
minor isomer: 1H NMR (CDCl3, 400 MHz) d 1.61±1.69
(3H, m), 1.89±1.91 (1H, m), 2.04±2.07 (1H, m), 2.25±
2.42 (3H, m), 3.08 (1H, dt, J�11.7, 6.3 Hz), 4.54 (1H, br),
4.96 (1H, d, J�6.3 Hz), 6.63±6.68 (3H, m), 7.08±7.12 (3H,
m), 7.41 (1H, d, J�7.8 Hz), 7.56 (1H, t, J�7.8 Hz), 8.51
(1H, d, J�4.6 Hz); 13C NMR (CDCl3, 100 MHz) d 25.02,
27.68, 29.82, 42.49, 56.05, 57.87, 113.99, 117.77, 122.00,
123.09, 129.14, 136.32, 147.62, 149.02, 161.51, 211.67; IR
(®lm) 3391, 2934, 1706, 1599, 1502 cm21; MS (EI) m/z 280
(M1).

4.4.8. 2-(3 0-Methyl-1 0-N-phenylamino)butylcyclohexa-
none. 1H NMR (CDCl3, 300 MHz, major/minor�65:35) d
0.86±0.93 (6H, m), 1.23±2.61 (12H, m), 3.58±3.64 (0.35H,
m), 3.77±3.82 (0.65H, m), 3.90 (1H, br), 6.54 (2H, d, J�
8.6 Hz), 6.61 (1H, t, J�8.6 Hz), 7.12 (2H, t, J�8.6 Hz); 13C
NMR (CDCl3, 75 MHz, major/minor�65:35) d 21.75,
22.19, 23.38, 23.73, 24.96, 25.04, 25.21, 25.30, 27.11,
27.36, 29.82, 30.56, 42.01, 42.59, 42.65, 42.80, 51.03,
51.80, 53.38, 54.00, 112.53, 112.81, 116.48, 116.70,
129.34, 148.09, 148.20, 212.58, 213.01; IR (neat) 3386,
2939, 1689, 1600, 1500 cm21; MS (EI) m/z 259 (M1).

4.4.9. 2-[1 0-(N-p-Chlorophenylamino)-3 0-methyl]butyl-
cyclohexanone. 1H NMR (CDCl3, 400 MHz, major/
minor�62:38) d 0.86±0.91 (6H, m), 1.23±2.57 (12H, m),
3.55±3.58 (0.38H, m), 3.67±3.69 (0.62H, m), 4.0 (1H, br),
6.46 (1.24H, d, J�8.8 Hz), 6.51 (0.76H, d, J�8.8 Hz), 7.05
(1.24H, d, J�8.8 Hz), 7.06 (0.76H, d, J�8.8 Hz); 13C NMR
(CDCl3, 75 MHz, major/minor�62:38) d 21.70, 22.17,
22.52, 23.23, 23.59, 24.94, 25.04, 25.15, 25.24, 26.99,
27.40, 30.32, 41.83, 42.52, 42.69, 42.85, 51.76, 52.14,
53.49, 53.81, 113.58, 114.04, 129.11, 146.58, 146.67,
212.40, 212.99; IR (neat) 3387, 2951, 2865, 1703, 1597,
1500 cm21; MS (EI) m/z 293 (M1).

For the other Mannich adducts in Table 2, entries 1,7f 3±7,7f

and 1017 and Table 4, entries 1,1e 4,1e 6, 1e,f 8,1f 10,18 and
11,1e their spectral data have been reported.

4.4.10. 2,3-Dihydro-N-(4-methoxyphenyl)-2-phenyl-4-
pyridone. 1H NMR (CDCl3, 300 MHz) d 2.77 (1H, dd,
J�16.4, 3.9 Hz), 3.26 (1H, dd, J�16.3, 7.1 Hz), 3.76 (3H,
s), 5.18 (1H, dd, J�7.1, 3.8 Hz), 5.23 (1H, d, J�7.7 Hz),
6.77±6.87 (2H, m), 6.93±7.03 (2H, m), 7.22±7.40 (5H, m),
7.54 (1H, d, J�7.7 Hz); 13C NMR (CDCl3, 75 MHz) d 43.5,
55.5, 62.4, 101.7, 114.6, 121.1, 126.3, 127.9, 128.9, 138.2,
138.3, 149.6, 156.9, 190.1; IR (neat) 2926, 2935, 1641,
1573, 1510, 1248 cm21; HRMS calcd for C18H17NO2

(M1): 279.1259. Found: 279.1263.

4.4.11. 1-Phenyl-1-phenylamino-3-butene. 1H NMR
(CDCl3, 300 MHz) d 2.47±2.69 (2H, m), 4.20 (1H, br),
4.41 (1H, dd, J�5.1, 7.9 Hz), 5.17 (1H, d, J�9.2 Hz),
5.21 (1H, d, J�15.2 Hz), 5.75±5.86 (1H, m), 6.52 (2H, d,
J�7.1 Hz), 6.69 (1H, t, J�7.1 Hz), 7.10 (2H, t, J�7.1 Hz),
7.25 (1H, t, J�7.1 Hz), 7.27±7.41 (4H, m); 13C NMR
(CDCl3, 75 MHz) d 43.27, 57.13, 113.47, 117.37, 118.28,
126.28, 126.96, 128.55, 129.03, 134.62, 143.49, 147.27; IR

(neat) 3410, 3224, 1601 cm21; HRMS calcd for C16H17N
(M1): 223.1361. Found: 223.1395.

4.4.12. 1-(p-Chlorophenyl)amino-1-phenyl-3-butene. 1H
NMR (CDCl3, 400 MHz) d 2.36±2.43 (1H, m), 2.49±2.56
(1H, m), 4.10 (1H, br), 4.26 (1H, dd, J�5.1, 8.1 Hz), 5.07
(1H, d, J�8.8 Hz), 5.10 (1H, d, J�15.6 Hz), 6.32 (2H,
d, J�8.8 Hz), 6.92 (2H, d, J�8.8 Hz), 7.13±7.28 (5H, m);
13C NMR (CDCl3, 100 MHz) d 43.18, 57.13, 114.53,
118.49, 121.94, 126.19, 127.12, 128.63, 128.85, 134.36,
142.94, 145.78; IR (neat) 3416, 3027, 1600, 1506 cm21;
HRMS calcd for C16H16ClN (M1): 257.0971. Found:
257.0931.

4.4.13. 1-(p-Methoxyphenyl)amino-1-phenyl-3-butene.
1H NMR (CDCl3, 300 MHz) d 2.42±2.52 (1H, m), 2.55±
2.63 (1H, m), 3.67 (3H, s), 3.9 (1H, br), 4.30 (1H, dd, J�7.7,
5.3 Hz), 5.13 (1H, dd, J�9.3, 0.6 Hz), 5.17 (1H, dd, J�16.7,
1.5 Hz), 5.69±5.83 (1H, m), 6.45 (2H, d, J�9.0 Hz), 6.67
(2H, d, J�9.0 Hz), 7.19±7.37 (5H, m); 13C NMR (CDCl3,
75 MHz) d 43.33, 55.68, 57.98, 114.67, 114.70, 118.22,
126.33, 126.91, 128.52, 134.74, 141.48, 143.70, 151.98;
IR (neat) 3401, 2929, 2831, 1510, 1237 cm21; HRMS
calcd for C17H19NO (M1): 253.1467. Found: 253.1448.

Acknowledgements

The authors are grateful to Professor Takeshi Iwatsubo (The
University of Tokyo) for light microscopy observation.
This work was partially supported by a Grant-in-Aid for
Scienti®c Research from the Ministry of Education,
Science, Sports, and Culture, Japan. Y. M. thanks the
JSPS fellowship for Japanese Junior Scientists.

References

1. (a) Blicke, F. F. Org. React. 1942, 1, 303. (b) Tramontini, M.

Synthesis 1973, 703. (c) Tramontini, M.; Angiolini, L.

Tetrahedron 1990, 46, 703. (d) Kleinnmann, E. F. In Compre-

hensive Organic Synthesis, Trost, B. M., Ed.; Pergamon: New

York, 1991; 2 Chapter 4.1. (e) Blatt, A. H.; Gross, N. J. Org.

Chem. 1964, 29, 3306. (f) Yi, L.; Zou, J.; Lei, H.; Lin, X.;

Zhang, M. Org. Prep. Proc. Int. 1991, 23, 673.

2. Arend, M.; Westermann, B.; Risch, N. Angew. Chem. Int. Ed.

1998, 37, 1044.

3. For a stoichiometric use of a Lewis acid: (a) Ojima, I.; Inaba,

S.-I.; Yoshida, K. Tetrahedron Lett. 1977, 3643. (b) Dubois,

J.-E.; Axiotis, G. Tetrahedron Lett. 1983, 24, 3643. (c) Colvin,

E. W.; McGarry, D. G. J. Chem. Soc., Chem. Commun. 1985,

539. (d) Shimada, S.; Saigo, K.; Abe, M.; Sudo, A.; Hasegawa,

M. Chem. Lett. 1992, 1445. For a catalytic use of a Lewis acid:

(e) Ikeda, K.; Achiwa, K.; Sekiya, M. Tetrahedron Lett. 1983,

24, 4707. (f) Mukaiyama, T.; Kashiwagi, K.; Matsui, S. Chem.

Lett. 1989, 1397. (g) Mukaiyama, T.; Akamatsu, H.; Han, J. S.

Chem. Lett. 1990, 889. (h) Onaka, M.; Ohno, R.; Yanagiya,

N.; Izumi, Y. Synlett 1993, 141. (i) Ishihara, K.; Funahashi,

M.; Hanaki, N.; Miyata, M.; Yamamoto, H. Synlett 1994, 963.

(j) Ishihara, K.; Hanaki, N.; Funahashi, M.; Miyata, M.;

Yamamoto, H. Bull. Chem. Soc. Jpn 1995, 68, 1721. (k)

Kobayashi, S.; Araki, M.; Ishitani, H.; Nagayama, S.;

Hachiya, I. Synlett 1995, 233.



K. Manabe et al. / Tetrahedron 57 (2001) 2537±25442544

4. (a) Kobayashi, S.; Araki, M.; Yasuda, M. Tetrahedron Lett.

1995, 36, 5773. (b) Loh, T.-P.; Wei, L.-L. Tetrahedron Lett.

1998, 39, 323. (c) Akiyama, T.; Takaya, J.; Kagoshima, H.

Synlett 1999, 1045. Alkenyl methyl ethers, instead of silyl

enolates, have also been used: (d) Kobayashi, S.; Ishitani, H.

J. Chem. Soc., Chem. Commun. 1995, 1379.

5. (a) Organic Synthesis in Water, Grieco, P. A., Ed.; Blackie:

London, 1998. (b) Li, C.-J.; Chan, T.-H. Organic Reactions in

Aqueous Media, Wiley: New York, 1997. (c) Cornils, B.;

Herrmann, W. A. Aqueous-Phase Organometallic Chemistry

ÐConcepts and Applications, Wiley-VCH: Weinheim, 1998.

6. (a) Kobayashi, S.; Wakabayashi, T.; Nagayama, S.; Oyamada,

H. Tetrahedron Lett. 1997, 38, 4559. (b) Kobayashi, S.;

Wakabayashi, T.; Oyamada, H. Chem. Lett. 1997, 831.

(c) Kobayashi, S.; Busujima, T.; Nagayama, S. Synlett 1999,

545. (d) Kobayashi, S.; Busujima, T.; Nagayama, S. Chem.

Commun. 1998, 19. See also: (e) Tian, H.-Y.; Chen, Y.-J.;

Wang, D.; Zeng, C.-C.; Li, C.-J. Tetrahedron Lett. 2000, 41,

2529.

7. (a) Kobayashi, S.; Wakabayashi, T. Tetrahedron Lett. 1998,

39, 5389. (b) Manabe, K.; Kobayashi, S. Synlett 1999, 547.

(c) Manabe, K.; Mori, Y.; Kobayashi, S. Tetrahedron 1999,

55, 11203. (d) Manabe, K.; Kobayashi, S. Chem. Commun.

2000, 669. (e) Mori, Y.; Kakumoto, K.; Manabe, K.;

Kobayashi, S. Tetrahedron Lett. 2000, 41, 3107. (f) Manabe,

K.; Mori, Y.; Wakabayashi, T.; Nagayama, S.; Kobayashi, S.

J. Am. Chem. Soc. 2000, 122, 7202. Engberts et al. reported

that another LASC, copper bis(dodecyl sulfate), accelerated

Diels±Alder reactions in water: (g) Otto, S.; Engberts,

J. B. F. N.; Kwak, J. C. T. J. Am. Chem. Soc. 1998, 120, 9517.

8. On the basis of the strategy similar to ours, Akiyama et al.

have independently developed HBF4-catalyzed Mannich-type

and aza Diels±Alder reactions in the presence of SDS in

water: (a) Akiyama, T.; Takaya, J.; Kagoshima, H. Synlett

1999, 1426. (b) Akiyama, T.; Takaya, J.; Kagoshima, H.

Tetrahedron Lett. 1999, 40, 7831.

9. Preliminary communications for BASC-catalyzed reactions of

aldehydes, amines, and silyl enolates, or parent ketones in

water: (a) Manabe, K.; Mori, Y.; Kobayashi, S. Synlett

1999, 1401. (b) Manabe, K.; Kobayashi, S. Org. Lett. 1999,

1, 1965.

10. Dodecylbenzenesulfonic acid (soft type) was purchased from

Tokyo Kasei Kogyo Co., Ltd., and used without further

puri®cation. This is a mixture of several linear alkylbenzene-

sulfonic acids. Its molecular weight was regarded as 326.50.

11. Ishitani, H.; Ueno, M.; Kobayashi, S. J. Am. Chem. Soc. 1997,

119, 10049.

12. (a) Brownbridge, P. Synthesis 1983, 85. (b) Chan, T.-H. In

Comprehensive Organic Synthesis, Trost, B. M., Ed.;

Pergamon: New York, 1991; 2, pp 595. (c) Chiu, C. K.-F. In

Comprehensive Organic Functional Group Transformations,

Katrizky, A. R., Meth-Cohn, O., Rees, C. W., Eds.; Pergamon:

New York, 1995; 2. (d) Rasmussen, J. K. Synthesis 1977, 91.

(e) Colvin, E. W. Silicon Reagents in Organic Synthesis,

Academic: London, 1988.

13. Moroi, Y.; Motomura, R.; Matsuura, R. J. Colloid Interface

Sci. 1974, 46, 111.

14. Kervin Jr., J. F.; Danishefsky, S. Tetrahedron Lett. 1982, 23,

3739.

15. Yamamoto, Y.; Asao, N. Chem. Rev. 1992, 93, 2207.

16. Surfactants have been occasionally used to promote organic

reactions in water. See: (a) Fendler, J. H.; Fendler, E. J.

Catalysis in Micellar and Macromolecular Systems,

Academic: London, 1975. (b) In Mixed Surfactant Systems,

Holland, P. M., Rubingh, D. N., Eds.; ACS: Washington, DC,

1992. (c) In Structure and Reactivity in Aqueous Solution,

Cramer, C. J., Truhlar, D. G., Eds.; ACS: Washington, DC,

1994. (d) In Surfactant-Enhanced Subsurface Remediation,

Sabatini, D. A., Knox, R. C., Harwell, J. H., Eds.; ACS:

Washington, DC, 1994.

(e) Tascioglu, S. Tetrahedron 1996, 52, 11113.

17. Soga, T.; Takenoshita, H.; Yamada, M.; Mukaiyama, T. Bull.

Chem. Soc. Jpn. 1990, 63, 3122.

18. Kobayashi, S.; Nagayama, S. J. Org. Chem. 1997, 62, 232.


