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A series of Brønsted acid-surfactant-combined catalysts (BASCs) functionalised with different acids have

been synthesized and applied to catalyze the three-component Mannich reaction with aldehyde,

acetone and amine at 25 �C in water. The effects of cation tail length and ions of the ionic liquid and the

recyclability of the catalysts and BASC acidity (H0) were investigated. The results demonstrated that the

3-(N,N-dimethyloctylammonium) propanesulfonic acid toluene sulfate ([DOPA][Tos]) provide the best

catalytic activity because of the formation of emulsions during the reaction. The catalytic procedure was

simple and the catalyst could be recycled 9 times by simple separating processes without noticeably

decreasing the catalytic activity.
1. Introduction

Organic synthesis in water has received much attention, not
only because unique reactivity and selectivity are exhibited in
water but also because it is an economical and environmentally
benign solvent.1 However, one major disadvantage in the use of
water is that most organic compounds are insoluble in water. To
circumvent this disadvantage, surfactant-type catalysts, which
solubilize organic materials or form micellar dispersion with
them in water, have been used.2–4

The Mannich reaction is one of the most important carbon–
carbon bond formation reactions in organic synthesis and an
atom-economic reaction.5 b-Amino carbonyl compounds are
very useful compounds as building blocks in the synthesis of
pharmaceuticals and natural products that can be easily formed
via theMannich reaction.6Many systems have been investigated
as the catalysts for the Mannich reaction over the past decades,
such as Lewis acids,7–11 bases,12–15 Brønsted acids16–23 and
organic compounds,24,25 which oen suffer from the drawbacks
of long reaction times, harsh reaction conditions, toxicity and
difficulty in product separation. Therefore, the search for new
and green catalysts is still being actively pursued.

In recent years, ionic liquid have attracted extensive interest in
green synthesis. Compared to traditional liquid acid catalyst,
Brønsted acidic ionic liquids have tunable structures. Using
Brønsted acidic ionic liquids as catalysts for Mannich reaction
have also been reported in these years.16–23 However, Brønsted
acidic ionic liquids with imidazole or triphenylphosphine as the
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cation were relatively expensive, which hinders their industrial
application. In addition, many of these procedures need the
tedious and energy-consuming vacuum distillation for the
recovery of catalytically active ionic liquids. Thus, it is necessary
to synthesize less expensive, halogen-free and water-soluble ionic
liquid. Fang et al. reported that 3-(N,N-dimethyldodecylammo-
nium) propanesulfonic acid hydrogen sulfate ([DDPA][HSO4])
shows good catalytic performance for this reaction,19 many
factors such as the structure and acidity of the catalysts have not
been studied well. In this paper, a series of BASCs functioned
with p-toluenesulfonic acid have been synthesized and applied to
catalyze the three-component Mannich reaction in water. The
relationship between structure, acidity and catalytic activity was
investigated in detail. It was proved that the anions of BASCs had
a decisive inuence on the catalytic performance and the long-
chain BASCs reveal excellent activity because of formation of
emulsion during the reaction process (Scheme 1).
2. Materials and methods
2.1 Materials

The 1H NMR, 13C NMR spectra were detected on a Bruker AC-P
300 spectrometer, in D2O and DMSO-d. The Hammett acidity of
BASCs was measured using Perkin Elmer Lambda 35 UV-vis
spectra with a basic indicator by literature.26 The ESI-MS was
detected on a Esquire 6000 mass spectrometer. All chemicals
were obtained from commercial suppliers. They were of AR
grade and used without further purication. The catalysts of
1a–e were synthesized according to the literature.27
2.2 Catalyst preparation

The SO3H-fuctionalized ionic liquids were prepared according
to the literature with some changes.27 A typical procedure was as
follow: 1,3-propanesultone (5.0 ml, 0.06 mol) was dissolved in
RSC Adv., 2014, 4, 727–731 | 727
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Scheme 1 Structure of the Brønsted acid-surfactant-combined ionic liquids.

Table 1 The H0 of different ionic liquids in ethanola

Entry Catalyst system Amax [I](%) [IH](%) H0

1 Blank 0.6556 100 0 —
2 [MPSIM][Br] 0.4691 71.50 28.50 1.39
3 [MPSIM][HSO4] 0.4488 68.46 31.54 1.33
b
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15 ml ethyl acetate, and N,N-dimethyloctylamine (15.5 ml,
0.06 mol) was dropped slowly into the previous solution. The
mixture was stirred for 3 h at 55 �C and the reaction mixture was
ltered to get the white precipitate. The precipitate was washed
with ethyl acetate and diethyl ether twice and dried at 100 �C for
10 h, giving n-OctMe2N-PS as a white power.

n-OctMe2N-PS: yield: 95%, a white solid, mp: 178 �C, 1H NMR
(400 M, D2O): d ¼ 0.68 (t, 3H), 1.09–1.17 (m, 10H), 1.57 (s, 2H),
2.02 (m, 2H), 2.78 (t, 2H), 2.90 (s, 6H), 3.11–3.14 (m, 2H), 3.25–
3.28 (m, 2H), 13C NMR (100 M, D2O): 13.60, 18.27, 21.90, 22.16,
25.56, 28.28, 31.14, 47.41, 62.07, 64.40.

n-DodecMe2N-PS: yield: 96%, a white solid, mp: 244 �C, 1H
NMR (400 MHz, D2O): d 0.81 (t, 3H), 1.23 (s, 18H), 1.69 (s, 2H),
2.11–2.15 (m, 2H), 2.86 (t, 2H), 3.052 (s, 6H), 3.23–3.27 (m, 2H),
3.39–3.44 (m, 2H), 13C NMR (100 MHz, D2O): d 13.88, 18.35,
22.22, 22.67, 26.11, 29.10, 29.52, 29.88, 29.74, 29.82, 29.97,
32.00, 47.41, 50.87, 61.92, 63.93.

The mixture of the zwitterion with equal mole of toluene-
sulfonic acid was stirred for 5 h at 110 �C without solvent, aer
reaction, the white viscous emulsion was dried under vacuum at
100 �C for 30 min, cooled and got a white solid product.

[DOPA][Tos]: yield: 97%, a white solid, mp: 76 �C, 1H NMR
(400 MHz, D2O): 0.67 (t, 3H), 1.08–1.15 (m, 10H), 1.53–1.57 (m,
2H), 1.97–2.04 (m, 2H), 2.20 (s, 3H), 2.77 (t, 2H), 2.88 (s, 6H),
3.08–3.12 (m, 2H), 3.22–3.26 (m, 2H), 7.17 (d, 2H), 7.49 (d, 2H);
13C NMR (100 MHz, D2O): 13.78, 18.25, 20.71, 21.08, 23.37,
25.73, 28.55, 28.69, 31.40, 47.39, 50.48, 62.13, 64.41, 125.55,
129.41, 140.29, 141.84. ESI-MS: calcd for C20H37NS2O6 m/z [M �
C7H7SO3]

+: 280.4; found: 280.4.
[DDPA][Tos]: yield: 96%, a white solid, mp: 86 �C, 1H NMR

(400 MHz, DMSO-d): 0.86 (t, 3H), 1.25 (s, 18H), 1.64 (s, 2H), 1.94–
1.98 (m, 2H), 2.29 (s, 3H), 2.49 (t, 2H), 2.99 (s, 6H), 3.21–3.25
(m, 2H), 3.35–3.39 (m, 2H), 7.14 (d, 2H), 7.50 (d, 2H); 13C NMR
(100 MHz, DMSO-d): 13.93, 18.69, 20.77, 21.65, 22.09, 25.78,
28.88, 38.74, 38.95, 39.35, 39.57, 39.70, 39.99, 47.66, 49.95, 61.88,
62.93, 125.47, 128.53, 138.23, 144.69, 144.73. ESI-MS: calcd for
C24H45NS2O6 m/z [M � C7H7SO3]

+: 336.5; found: 336.5.

4 [MPSIM][H2PO4] — — — —
5 [MPSIM][Tos] 0.4861 74.15 25.85 1.45
6 [MPSIM][CH3SO3] 0.4649 70.91 29.09 1.37
7 [BPSIM][Tos] 0.4794 73.12 26.88 1.42
8 [DOPA][Tos] 0.4527 69.05 30.95 1.34
9 [DDPA][Tos] 0.4543 69.29 30.71 1.34

a Condition for UV-vis spectra measurement: solvent: ethanol, indicator:
4-nitroaniline (pKa ¼ 0.99), 54 mmol l�1; BASCs: 35 mmol l�1, 25 �C.
b No protonation.
2.3 The Hammett acidity of BASCs

The Hammett acidity (H0) function can be calculated by the
equation below: H0 ¼ pK(Iaq) + lg ([I]s/[IH

+]s). Here, “I” repre-
sents the indicator base, [IH+]s and [I]s are respectively the
molar concentrations of the protonated and unprotonated
forms of the indicator. The value of [I]s/[IH

+]s was determined
728 | RSC Adv., 2014, 4, 727–731
and calculated through UV-visible spectrum. In the experiment,
4-nitroaniline (pKa ¼ 0.99) was chosen as the basic indicators
and ethanol as the solvent. The maximum absorbance of
unprotonated form of 4-nitroaniline was observed at 371 nm in
ethanol. With the increase of acidity of the BASCs, the absor-
bance of the unprotonated form of the basic indicator
decreased, whereas the protonated form of the indicator could
not be observed because of its small molar absorptivity and its
location, so the [I]s/[IH

+]s can be determined from the differ-
ences of measured absorbance aer the addition of catalysts
and H0 can be calculated.
2.4 General procedure for Mannich reaction catalyzed by
BASCs

In a typical procedure, to a reaction tube charged with catalyst
(0.1 mmol) in 1.5 ml of water was added aldehyde (1.0 mmol),
aniline (1.0 mmol), ketone (1.0 mmol). The mixture was then
stirred at 25 �C. Aer completion, the precipitated product was
collected by centrifugation and decantation and the catalyst
solution could be reused directly in the next run without
purication.
3. Results and discussion
3.1 Acidity of BASCs

The Hammett acidity (H0) function can effectively express the
acidity strength of an acid in organic solvents. The H0 of
the catalysts was summarized in Table 1. As shown in Table 1,
This journal is © The Royal Society of Chemistry 2014
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the Brønsted acidities of the BASCs with different anions were
determined (entries 2–6), and the order of H0 was as follows:
[MPSIM][HSO4] > [MPSIM][CH3SO3] > [MPSIM][Br] > [MPSIM]-
[Tos], which were in accordance with the acidities of the anions.
The effect of the cations in the BASCs on their acidity was also
investigated (entries 5, 7–9), the order of H0 was as follows:
[DDPA][Tos] ¼ [DOPA][Tos] > [BPSIM][Tos] > [MPSIM][Tos],
which indicted that the length of carbon chain in cations can
also inuence acidities of BASCs, the longer of the catalyst
chain, the stronger acidity.
Fig. 1 Different stages of Mannich reaction catalyzed by catalyst
[DOPA][Tos], left: during the reaction; right: at the end of reaction.
3.2 Catalyst screening for the Mannich reaction

The Mannich reaction of benzaldehyde, aniline and cyclohex-
anone was chosen as the model reaction to test the catalytic
activities of BASCs, and the results were summarized in Table 2.
It was found that, the anions of BASCs had a decisive inuence
on the catalytic performance of the BASCs (entries 1–5).
[MPSIM][H2PO4] facilitated very poor conversion, because of
weak acidity (entry 3). BASCs with organic anions showed
higher catalytic activity for the reaction than that of inorganic
anion (entries 4, 5 vs. 1–3 and 7, 8 vs. 9, 10), which was incon-
sistent with the acidity order of the Brønsted acid. Among all the
anions, the Tos� show the best catalytic reactivity. The differ-
ence was attributed to the fact that the bulky anion Tos� can
promote contact between the reactant and catalyst. The cations
also had an important inuence on the catalytic performance
with the same anion (entries 6, 9, 10 and 11). These results
demonstrated that the long-chain was crucial for efficient
catalysis. As shown in Fig. 1, the reaction mixture became white
turbid emulsions during the reaction, the formation of white
turbid mixtures was important for good yields, which acceler-
ated the reaction,4 and the catalysts with short-chain do not
form emulsion (see Fig. S1†). With the same cation of [DOPA]-
[HSO4] and [DOPA][Tos], both of which can be form emulsion,
the [DOPA][Tos] exhibited better activity than that of [DOPA]-
[HSO4], which proved the importance of the anion further
(entries 7, 8 vs. 9, 10). Aer the reaction, the precipitated
product was collected easily.
Table 2 Influence of catalytic system on the Mannich reaction in
aqueous mediaa

Entry Catalyst system Time/h Yield/%b

1 [MPSIM][Br] 7 49
2 [MPSIM][HSO4] 7 57
3 [MPSIM][H2PO4] 7 43
4 [MPSIM][Tos] 7 88
5 [MPSIM][CH3SO3] 7 62
6 [BPSIM][Tos] 6 80
7 [DOPA][HSO4] 3 58
8 [DOPA][HSO4] 4.5 75
9 [DOPA][Tos] 3 75
10 [DOPA][Tos] 4.5 89
11 [DDPA][Tos] 4.5 85

a Reaction conditions: 1.0 mmol benzaldehyde, 1.0 mmol aniline and
1.0 mmol cyclohexanone, catalyst: 0.1 mmol, 1.5 ml H2O, 25 �C.
b Others are benzylideneaniline and a small amount of raw material.

This journal is © The Royal Society of Chemistry 2014
3.3 Effect of the catalyst amount on Mannich reaction

Fig. 2 shows the effect of the catalyst amount with increasing of
the molar ratio of catalyst [DOPA][Tos]. When the loading of
catalyst increased from 2% to 12%, the yield of product
increased sharply from 55% to 90%. At a catalyst loading of
10 mol%, the best result can be obtained. Further increasing
the amount of catalyst, the yield increase slightly, therefore
10 mol% was selected as the best loading of catalyst amount.

3.4 Reusability of [DOPA][Tos] for Mannich reaction

The recycling performance of the catalyst in the Mannich
reaction was also investigated. Aer the reaction, the products
were isolated from the catalytic system by centrifugation and
decantation. The catalyst solution was reused in the next run
without further purication. As shown in Fig. 3, the catalyst can
be reused at least nine times without appreciable decrease in
yield.

3.5 The catalytic activities for Mannich reaction catalyzed by
[DOPA][Tos]

To further extend the scope of the reaction, the other aromatic
aldehyde and aromatic amine were utilized as substrates in the
Fig. 2 Effect of the catalyst amount on Mannich reaction. Reaction
conditions: 1.0 mmol benzaldehyde, 1.0 mmol aniline and 1.0 mmol
cyclohexanone, 1.5 ml H2O, 25 �C.

RSC Adv., 2014, 4, 727–731 | 729
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Fig. 3 Reuses performance of the catalyst [DOPA][Tos]. Reaction
conditions: 1.0 mmol benzaldehyde, 1.0 mmol aniline and 1.0 mmol
cyclohexanone, catalyst: 0.1 mmol, 1.5 ml H2O, 25 �C.

Table 3 The catalytic activities for Mannich reaction in aqueous
mediaa

Entry R1 R2 Yield/%

1 H H 89
2 H o-NO2 86
3 H m-NO2 83
4 H p-NO2 85
5 H o-Cl 87
6 H p-OMe 84
7 p-Cl H 89
8 p-OMe H 75
9 p-Cl o-Cl 89
10 p-Cl p-OMe 88

a Reaction conditions: 1.0 mmol aldehyde, 1.0 mmol amine and
1.0 mmol cyclohexanone, catalyst [DOPA][Tos]: 0.1 mmol, 1.5 ml H2O,
25 �C, 6 h.
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Mannich reaction in the presence of catalyst [DOPA][Tos]. The
results were summarized in Table 3. In general, the reaction
proceeded smoothly at room temperature in water to give the
corresponding products in reasonable to good yields ranged
from 75% to 89%. Aromatic aldehydes and anilines carrying
either electron-withdrawing or electron-donating substituents
could carry out the reaction. In case of anilines, both of the
electron-donating and weak electron-withdrawing substituents
were advantageous to the Mannich reaction.
4. Conclusion

In summary, a series of BASCs functionalised with toluene-
sulfonic acid were prepared and behaved as the recyclable
730 | RSC Adv., 2014, 4, 727–731
catalyst for the three-component Mannich reaction with alde-
hyde, acetone and amine at room temperature in water. The
results demonstrated that the [DOPA][Tos] provide the best
catalytic activity because of the formation of emulsions. The
catalytic procedure was simple and the catalyst could be recy-
cled 9 times by simple separating processes without noticeably
decreasing the catalytic activity.
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