
The facile and efficient Michael addition of indoles and pyrrole to
a,b-unsaturated electron-deficient compounds catalyzed by aluminium
dodecyl sulfate trihydrate [Al(DS)3]?3H2O in water

Habib Firouzabadi,* Nasser Iranpoor* and Farhad Nowrouzi

Received (in Cambridge, UK) 17th August 2004, Accepted 26th October 2004

First published as an Advance Article on the web 22nd December 2004

DOI: 10.1039/b412653j

Aluminium dodecyl sulfate trihydrate [Al(DS)3]?3H2O is easily

prepared and can be used as a Lewis acid surfactant catalyst in

water to conduct the highly efficient Michael addition of

indoles and pyrrole to a,b-unsaturated electron-deficient

compounds at room temperature.

Using aqueous media as a reaction solvent has attracted much

attention in synthetic organic chemistry for several reasons.1 In

comparison with organic solvents, water is cheap, safe and reduces

the use of harmful organic solvents and leads to the development

of environmentally friendly chemical processes.2 In addition,

reactions in aqueous media illustrate unique reactivities and

selectivities that are not usually observed in organic media.3

By the discovery of water-tolerant Lewis acids reported by

Kobayashi and his co-workers, the reactions catalyzed by such

acids have become feasible in aqueous media.4 Michael reactions

promoted by Lewis acids have attracted much attention as one of

the important carbon–carbon bond-forming reactions in organic

synthesis and varieties of catalysts have been reported for this

purpose which are used in organic solvents.5

Indole and pyrrole derivatives are important compounds that

are found in many pharmacologically and biologically active

compounds.6

In this article, we present the highly efficient Michael addition of

indoles and pyrrole to a,b-unsaturated electron-deficient com-

pounds in aqueous media using aluminium dodecyl sulfate

[Al(DS)3]?3H2O (Scheme 1) as a new Lewis acid surfactant

catalyst. Aluminium dodecyl sulfate, [Al(DS)3]?3H2O was pre-

pared by the addition of hydrated aluminium nitrate or aluminium

chloride to an aqueous solution of sodium dodecyl sulfate. The

product was precipitated as a white powder compound in 83%

yield. We have observed that [Al(DS)3]?3H2O is not easily soluble

in water and forms a turbid colloidal type solution. The elemental

analysis of the isolated [Al(DS)3]?3H2O gave satisfactory analytical

results within the range of the experimental errors.7

By the use of catalytic amounts of [Al(DS)3]?3H2O, addition of

indole, 2-methylindole and N-methylindole to structurally diverse

electron-deficient olefins proceeded efficiently in high isolated

yields (Scheme 2). The results are presented in Table 1.

Michael addition of pyrrole, as an acid sensitive compound, to

different electron-deficient olefins in the presence of this catalyst

proceeded well in water and the Michael adducts were isolated in

high yields (Table 1, entries 5, 6, 10, 14). Formation of any

polymeric materials was not observed in the reactions presented in

this study. These results show that [Al(DS)3]?3H2O is a mild Lewis

acid catalyst and may be used for Michael addition reactions using

sensitive substrates.

In order to show the strong catalytic effect of [Al(DS)3]?3H2O,

the reaction of indole and methyl vinyl ketone in the absence of

[Al(DS)3]?3H2O was also studied in water. We have observed that

the desired Michael adduct (Table 1, entry 1) was produced in less

than 20% yield after a prolonged reaction time (48 h). We have

also studied the similar reaction in the presence of sodium dodecyl

sulfate (SDS) in water. We have noticed that the reaction

proceeded sluggishly and the desired Michael adduct was obtained

in less than 20% yield after 24 h. These results showed that the

combination of a Lewis acid moiety (cationic part) and a

surfactant (anionic part) in [Al(DS)3]?3H2O is important for the

reactions to proceed in water. The Lewis acid part of the catalyst

activates the substrate molecules and the surfactant part, affecting

the solubility of the substrates in water at the same time. When

these two factors are in play together, a drastic enhancement of the

rates and the yields of the products is observed.

In Table 2, we have shown the catalytic activity of

[Al(DS)3]?3H2O for Michael addition reactions in comparison

with InCl3,
8 Sc(DS)3

4d and CeCl3?7H2O–NaI5a catalysts used for

the similar reactions in aqueous media.

In conclusion, in this study we have introduced a new effective

non-corrosive Lewis acid surfactant combined catalyst for the

efficient Michael addition of indoles and pyrrole to structurally

diverse electron-deficient olefins at room temperature in aqueous

media. By this protocol, pyrrole as an acid sensitive compound

undergoes Michael addition reactions in high yields without any

polymerization reactions occurring. These results show that the

presented Lewis acid surfactant catalyst is a mild catalyst which is
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suitable for Michael addition reactions using acid sensitive

compounds.

Full investigations of the stability of this compound in aqueous

media under different conditions and its new catalytic applications

in organic reactions are underway in our laboratories.{
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Notes and references

{ General procedure for the Michael addition of indole derivatives to
a,b-unsaturated carbonyl compounds: The indole (1 mmol), the a,b-
unsaturated carbonyl or nitro compound (2 mmol) and [Al(DS)3]?3H2O
(2.5–10 mol %) were added to water (10 ml). The reaction mixture was
stirred at room temperature for the appropriate time (Table 1, monitored
by TLC). Et2O (10 ml) was added to the mixture with stirring. The ethereal
phase was separated and dried over Na2SO4. Evaporation of the solvent
gave the crude desired product. Further purification was performed by
column chromatography, eluting with the appropriate solvents to give the
Michael adducts in 54 to 97% isolated yields. The purity of the purified
products was also determined by GC.
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Table 1 Michael addition of indoles and pyrrole to electron-deficient
olefins catalyzed by Al(DS)3?3H2O in watera

Entry Substrate Olefin Product
Time (h)/
Yield (%)b

1 24/20

2 0.8/97
3 0.7/95

4 1.5/96

5 2/85c

6 2.5/88d

7 12/88

8 12/86

9 10/81

10 10/89

11 48/71e

12 48/66e

13 48/54e

Table 1 Michael addition of indoles and pyrrole to electron-deficient
olefins catalyzed by Al(DS)3?3H2O in watera (continued)

Entry Substrate Olefin Product
Time (h)/
Yield (%)b

14 48/83e

a All products were identified by their IR, NMR and GC/MS
spectra. b Isolated yield of the products after column
chromatography; the purity was determined by GC. c Equimolar
methyl vinyl ketone was used. d 2 equivalents of methyl vinyl ketone
were used. e 10 mol % of the catalyst was used.

Table 2 Comparison of the reaction of indole with methyl vinyl
ketone catalyzed by [Al(DS)3]?3H2O with the other catalysts used for
this reaction

Entry Catalyst Time (h) Yield (%)

1 [Al(DS)3]?3H2O 0.8 97
2 Sc(DS)3

4d 1 98
3 InCl3

8 3 90
4 CeCl3?7H2O–NaI5a 2 96

790 | Chem. Commun., 2005, 789–791 This journal is � The Royal Society of Chemistry 2005
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7 Preparation of Al(DS)3?3H2O from Al(NO3)3 and sodium dodecyl sulfate:
To a solution of sodium dodecyl sulfate (9 mmol, 2.6 g) in water (75 ml)
was added a solution of Al(NO3)3?9H2O (3 mol, 1.126 g) in water (25 ml)
at room temperature. White precipitates appeared immediately and
the mixture was stirred for another 20 min. The white solid was

separated by filtration and was washed with water (2 6 30 ml).
Drying of the isolated solid under diminished pressure (220 torr,
24 h) gave the desired compound as a white powder in 83% yield,
2.185 g. mp 216 uC, 1H NMR (250 MHz, DMSO) d 5 0.85
(t, 9H, J 5 7.5 Hz), 1.14–1.48 (54H, m), 2.51 (m, 6H), 3.31–3.71
(m, 6H). 13C NMR (63 MHz, DMSO) d 5 13.88, 22.05, 25.48, 28.68,
28.76, 29.00, 30.5, 31.25, 60.19, 65.51, 72.20. IR (Kerr) 5 1175,
1315 cm21. Anal.; calcd. for Al(DS)3?3H2O: requires C, 49.3%; H,
9.2%; S, 11%; Al, 3.02%; found, C, 49.45%; H, 9.1%; S, 10.98%; Al,
2.96%.

8 J. S. Yadav, S. Abraham, B. V. S. Reddy and G. Sabitha, Synthesis,
2001, 2165.
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