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Abstract Water is a desirable solvent for synthesis be-

cause water is cheap, safe and non-toxic. However, the use

of water as solvent is limited to water-soluble compounds,

thus excluding most organic, lipophilic substances. A so-

lution to this issue is to increase the solubility of organic

compounds by using a surfactant to form micelles and, in

turn, increase contacts with the reagent. Here, we tested

ultrasound irradiation and sodium dodecyl sulfate micellar

media on Mannich reaction of aldehydes, aromatic amines

and acetophenone derivatives or cyclohexanone. The

sonication of biphasic systems was performed at 37 kHz,

300 Watt, under neutral conditions. Results show that the

reaction is carried out readily under milder conditions. The

precipitated solid Mannich product was recovered by a

simple filtration without using any organic solvent. This

method provides advantages such as short reaction time,

mild reaction conditions and simple work-up.

Keywords Mannich reaction � Sodium dodecyl sulfate �
Ultrasound � Micellar media � Water � b-Amino carbonyl

compounds

Introduction

C–C bond-forming reactions are one of the mainstays of

organic chemistry. In this field, the Mannich reaction has

numerous applications in synthetic chemistry (Cordova

2004; Arend et al. 1998). Mannich reactions have gained

further popularity in synthetic chemistry over the past

decades. The most frequent promoters used to catalyze the

Mannich reaction included Lewis and Brønsted acid cata-

lysts (Loh and Chen 2002; Manabe et al. 2001; Jafari et al.

2009a; Jafari and Moradgholi 2009), Lewis base catalysts

(Gong et al. 2007), rare metal salt catalysts (Min et al.

2005) and organocatalysts (Ibrahem et al. 2006). However,

most of these promoters suffer from severe drawbacks

including the use of large amount of catalysts, expensive

reagents or catalysts, harsh reaction conditions and diffi-

culty in product separation, some have long reaction time,

low yield, etc. Hence, there is high interest in developing

new convenient methods for the Mannich reaction.

The Mannich product, b-amino carbonyl compounds,

has also been prepared via aza-Michael addition (Firouz-

abadi et al. 2005). However, aza-Michael addition is not

suitable for the synthesis of structurally different b-amino

carbonyl compounds and is limited to unhindered Michael

acceptor. On the other hand, Mannich reaction is a three-

component reaction between aldehyde, amine and ketone

which are more commercially available. Therefore, it is

reasonable to produce b-aminoketone via Mannich

reaction.

Presently, organic reactions in aqueous media have at-

tracted the attention of researchers because water is a sol-

vent with advantages of environmentally benign and

economically affordable. However, the fundamental prob-

lem in performing the reactions in water is due to the fact

that many organic substrates are hydrophobic and insoluble

in water. As part of our ongoing program toward the de-

velopment of greener chemical approaches, we have con-

ducted organic reaction in micellar media (Jafari et al.

2009b, 2012, Jafari and Mahmoudi 2013). Now, in this

report, we announce readily synthesis of Mannich bases in

SDS micellar media under ultrasound irradiation without

using any organic solvent even in work-up processes.
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Experimental

Equipment

The ultrasonic bath was purchased from Elma (P120H)

with the operating frequency of 37 kHz and with a maxi-

mum rated output power of 330 W. The bath has the

internal dimension of (300 9 240 9 200) mm3. The total

internal body is made from stainless steel.

Chemicals

All chemicals were purchased from Aldrich, Merck and

Fluka. Distilled water was used for all reactions.

General procedure

In a test tube, sodium dodecyl sulfate (0.05 mmol, 0.014 g)

was added to a stirred mixture of amine (1 mmol), alde-

hyde (1 mmol), acetophenone (1 mmol, 0.120 g) or

cyclohexanone (1 mmol, 0.098 g), and H2O (3 mL). The

reaction mixture was sonicated at 70 �C for acetophenone

or room temperature for cyclohexanone for the prescribed

time (Table 1, 2) to complete the reaction (TLC). After

cooling the reaction mixture, the solid product was simply

filtrated off and washed with distilled water. The sole

product was achieved after recrystallization in ethanol with

good to excellent yield.

Selected spectral data

3-(3-Nitrophenylamino)-1, 3-diphenylpropan-1-one (1e) yield:

94 %. Yellow solid, m.p. = 146.5–147.5 �C. 1H NMR

(250 MHz, CDCl3): d = 3.48 (d, J = 4.6, 2 H), 5.05 (d,

J = 6.8 Hz, 1 H), 5.05 (br, 1 H, NH), 6.81 (d, J = 7.8, 1

H),7.12–7.59 (m, 11 H), 7.89 (d, J = 7.5 Hz, 2 H) ppm;
13C NMR (62.5 MHz, CDCl3): d = 46.0, 54.6, 107.8,

112.3, 119.4, 126.0, 127.8,128.2, 18.8, 129.0, 129.6, 133.7,

136.4, 141.7, 147.8, 149.1, 198.0 ppm; IR (KBr):

m = 3,388, 1,668 cm-1.

4-(3-Oxo-1, 3-diphenylpropylamino)benzonitrile (1f) yield:

88 %. White solid, m.p. = 151–152 �C. 1H NMR

(250 MHz, CDCl3): 3.48 (d, J = 6.2, 2 H), 5.04 (s, 1 H),

5.27 (br, 1 H), 6.52 (d, J = 8.5, 2 H), 7.22–7.59 (m, 10 H),

7.86 (d, J = 8.5, 2 H) ppm; 13C NMR (62.9 MHz, CDCl3):

d = 45.8, 54.1, 99.2, 113.2, 120.4, 126.2, 127.8, 128.2,

128.8, 129.0, 133.5, 133.7, 136.4, 141.5, 150.2, 197.8 ppm;

IR (KBr): m = 3,388, 2,223, 1,670 cm-1. C22H18N2O

(326.39): Elemental analysis requires C 80.96, H 5.56;

found C 80.85, H 5.53.

1-(4-Nitrophenyl)-3-phenyl-3-(phenylamino) propan-1-one

(1 h) yield: 85 %. Yellow solid, m.p. = 170–171 �C; 1H

NMR (250 MHz, CDCl3): d = 3.52 (d, J = 6.3, 2H), 4.30

(br, 1 H), 5.04 (t, J = 6.3, 1 H), 6.57 (d, J = 7.75, 2 H),

6.68–6.71 (m, 1 H), 7.07–7.14 (m, 2 H), 7.23–42 (m, 5 H),

7.99 (d, J = 6.87, 2 H), 8.26 (d, J = 6.9, 2 H) ppm; 13C

NMR (6.62 MHz, CDCl3): d = 46.2, 54.1, 113.4, 117.7,

120.8, 123.5, 125.2, 128.3, 128.5, 128.8, 129.0, 130.8,

146.4, 197 ppm.

3-Phenyl-3-(phenylamino)-1-p-tolylpropan-1-one (1i) yield:

89 %. White solid, m.p. = 123–125 �C; 1H NMR

(250 MHz, CDCl3): d = 2.40 (s, 3 H), 3.35 (dd, J = 16.0,

J = 7.6, 1 H), 3.47 (dd, J = 16.0, J = 5.2, 1 H), 6.54 (dd,

J = 7.6, J = 1.0, 2 H), 6.64 (t, J = 7.8, 1 H), 7.04–7.07

(m, 2H), 7.20–7.31 (m, 5 H), 7.41–7.45 (m, 2 H), 7.80 (d,

J = 8.25, 2 H) ppm; 13C NMR (62.5 MHz, CDCl3):

d = 21.6, 46.2, 54.9, 113.8, 117.7, 126.3, 127.3, 128.3,

128.8, 129.1, 129.4, 134.2, 143.1, 144.3, 147.0, 197.9 ppm;

IR (KBr): m = 3,384, 1,664 cm-1.

1-(4-Methoxyphenyl)-3-phenyl-3-(phenylamino)propan-1-

one (1 J) yield: 91 %. White solid, m.p. 123–125 �C; 1H
NMR (250 MHz, CDCl3): d = 3.32 (dd, J = 15.8,

J = 7.5, 1 H), 3.43 (dd, J = 15.8, J = 5.2, 1 H), 3.82 (s, 3

H), 4.96 (dd, J = 7.5, J = 5.2, 1 H), 6.54 (dd, J = 7.7,

J = 0.8, 2 H), 6.64 (td, J = 7.7, J = 0.7, 1 H), 6.88 (dd,

J = 8.6, J = 0.5, 2 H), 7.06 (t, J = 7.7, 2 H), 7.03-7.09

(m, 3 H), 7.27-7.30 (m, 2 H), 7.42 (d, J = 7.35, 2 H), 7.87

(d, J = 8.3, 2 H) ppm; 13C NMR (62.9, CDCl3): d = 46.0,

55.0, 55.5, 113.8, 117.7, 122.0, 126.4, 127.3, 128.8, 128.9,

129.1, 130.4, 143.1, 147.1, 163.8, 196.8 ppm; IR (KBr):

m = 3,382, 1,659 cm-1; C22H21NO2 (331.41): Elemental

analysis requires C 79.73, H 6.39; found C 79.64, H 6.42.

2-(Phenyl(phenylamino)methyl)cyclohexanone (2a) yield:

89 %. White solid, 1H NMR (400 MHz, CDCl3)

d = 7.06–7.40 (m, 6 H), 6.55–6.68 (m, 4 H), 4.84 (d, 0.15

H, J = 4.4 Hz), 4.66 (major, d, 0.85 H, J = 7.2 Hz),

4.00–4.50 (brs, 1 H), 2.75–2.83 (m, 1 H), 2.28-2.47 (m, 2

H), 1.58–1.94 (m, 6 H) ppm (mixture of two isomers);

d = 13C NMR (100 MHz, CDCl3): d = 23.6, 27.9, 41.8,

57.5, 28.0, 114.0, 117.5, 127.2, 127.3, 128.5, 129.1, 141.7,

147.2, 214.0 ppm; IR (KBr): m = 3,385, 1,671 cm-1.

Results and discussion

The reaction of 1 mmol of aniline, 1 mmol of benzalde-

hyde and 1 mmol of acetophenone was selected as a model

reaction in various reaction conditions. It was observed that

under ultrasonic irradiation, the reaction completed in

shorter reaction time; 7 h in the absence of ultrasonic

irradiation is reduced to 0.5 h under ultrasonic irradiation

in sodium dodecyl sulfate micellar media. The corre-

sponding solid Mannich product was obtained in 94 %

isolated yield after a simple filtration and washed with
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Table 1 Ultrasound-assisted sodium dodecyl sulfate-catalyzed direct Mannich reaction of various aryl aldehydes, aromatic amines with ace-

tophenone

Entry Aldehyde Amine Ketone Product Time (h) Yield 
(%)

1 H

O
NH2

O
O HN

1a

0.5 94

2 H

O

Me

NH2
O O HN

Me

1b

0.7 90

3 H

O
NH2

Me

O O HN

Me

1c

0.5 92

4 H

O
NH2

Cl

O
O HN

Cl

1d

0.8 94

5 H

O NH2

NO2

O
O HN NO2

1e

1 94

6 H

O
NH2

NC

O
O HN

CN

1f

1.5 88

7 H

O
NH2

Cl

O O HN

Cl

1g

1.5 89

O HN

X Y

Z

X

O

+
H

O

+
Y

NH2

Z

SDS (5mol%), US

H2O
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water. Furthermore, under similar reaction conditions, a

series of b-aminoketones have been prepared using dif-

ferent amine, aldehyde and acetophenone derivatives in

good to excellent yields (Table 1). In general, all reactions

are very clean and no organic solvent was needed in

reaction media even in work-up procedure.

The good yield, simple reaction protocol and originality

of this process encouraged us to use a cyclic aliphatic

ketone to synthesis corresponding Mannich base under the

developed conditions (Table 2). The reaction readily pro-

gressed, and the corresponding Mannich products precipi-

tated out. After consuming the starting material, the

corresponding Mannich product was simply filtered and

was washed with water. The results show that cyclohex-

anone is more reactive than acetophenone.

According to the obtained results, the effect of ultra-

sound irradiation and sodium dodecyl sulfate in Mannich

reaction can be explained as follows. Aldehydes, amines

and enolizable ketones which react to produce b-
aminoketones are hydrophobic molecules and not dissolve

in water. Ultrasound wave creates cavities in water phase

and disperses the organic molecule in water where the

reactions take place more easily. This cavitation produces

an emulsion with a high contact surface area of organic

and water phases. It has been demonstrated that with US,

the size of droplet formed is much smaller than that ob-

tained in conventional agitation (Abismail et al. 1999). In

addition, sodium dodecyl sulfate has a long alkyl group

which could accumulate at the interface of organic and

water phases and this produces a lower interfacial ten-

sion. According to thermodynamics, the surface free en-

ergy required to increase any interfacial area is reduced

by a lower interfacial tension. This means that a finely

dispersed media to be created easily. In this media, the

droplet size is small; therefore, there is a high surface

area for reaction. Otherwise, it has been observed that the

surfactant can accumulate at the interface of cavitation

bubble; therefore, ultrasound and surfactant help with

each other to make smaller droplet size (Alegria et al.

1989). Water is a sufficient polar media to shift the keto–

enole equilibrium to enole form which is a rate-deter-

mining step (Fig. 1).

Conclusion

The most important factor for heterogeneous reaction is the

extent of dispersion of one phase into another one. This

Table 1 continued

8 H

O
NH2

NO2

O
O HN

O2N

1h

1.3 85

9 H

O
NH2

Me

O
O HN

Me

1i

1.1 89

10 H

O
NH2

MeO

O O HN

MeO

1j

1.5 91
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extension is the function of sodium dodecyl sulfate and

ultrasonic wave. In conclusion, this procedure offers sev-

eral advantages for Mannich reaction such as use of water

as a green solvent, short reaction time, low loading of

cheap and commercially available sodium dodecyl sulfate

as the surfactant, neutral condition, clean reaction condi-

tions and easy work-up procedure. These advantages are

practically important in large-scale operation.

Table 2 Ultrasound-assisted sodium dodecyl sulfate-catalyzed direct Mannich reaction of various aryl aldehydes, aromatic amines with

cyclohexanone

Entry Aldehyde Amine Ketone Product Time (h) Yield (%)
syn/Anti

1 H

O
NH2

O
O HN

2a

0.2 89 (15/85)

2 H

O NH2

Cl

O

O HN

Cl

2b

0.4 85 (40/60)

3 H

O
NH2

Me

O
O HN

Me

2c

0.3 86 (50/50)

4 H

O

Me

NH2

Cl

O
O HN

Cl

Me

2d

0.5 85 (50/50)

O

NH2H

O

+

O HN O HN

+

Syn Anti

SDS(5mol%),US,RT

H2O
+
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Fig. 1 Effect of ultrasound and

sodium dodecyl sulfate micellar

media on Mannich reaction was

shown. Ultrasound wave creates

cavities in water phase and

disperses the organic molecule

in water. The substrate is

activated by hydrogen bonding

of water and is pushed by water

molecules into the hydrophobic

core of the micellar droplets

where the reactions take place

more easily
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