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BRØNSTED ACIDIC IONIC LIQUIDS AS EFFICIENT
CATALYSTS FOR THE SYNTHESIS OF AMIDOALKYL
NAPHTHOLS

M. M. Heravi,1 N. Tavakoli-Hoseini,2 and F. F. Bamoharram2

1Department of Chemistry, School of Sciences, Azzahra University, Vanak,
Tehran, Iran
2Department of Chemistry, Faculty of Sciences, Islamic Azad University,
Mashhad Branch, Mashhad, Iran

A simple, clean, and environmentally benign three-component process for the synthesis of

amidoalkyl naphthols using Brønsted acidic ionic liquids as efficient catalysts in solution

and under solvent-free conditions is described.
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INTRODUCTION

Multicomponent reactions (MCRs) have attracted considerable attention
because they are performed without need to isolate any intermediate during the pro-
cesses, which reduces time and saves both energy and raw materials.[1] They have
merits over two-component reactions in several aspects including the simplicity of
a one-pot procedure, possible structural variations, and potential to build up com-
plex molecules. Bigenilli,[2] Ugi,[3] Passerini,[4] and Mannich[5] reactions are some
examples of MCRs. Development of new MCRs and improvement and modification
of known MCRs are still popular areas of research in current organic chemistry. One
such reaction is the synthesis of amidoalkyl naphthols. These compounds are gener-
ally synthesized in a three-component reaction of aldehydes, urea or an amide, and
b-naphthol in the presence of various catalysts such as iodine,[6] montmorillonite
K10,

[7] HClO4 � SiO2,
[8] K5CoW12O40 � 3H2O,[9] FeCl3 � SiO2,

[10] and sulfamic acid
(H2NSO3H).[11] However, some of the reported methods require prolonged reaction
time, reagents in stoichiometric amounts, or toxic solvents and generate only mod-
erate yields of the product. The increasing attention during the past decades to
environmental protection has led both academic and industrial groups to develop
chemical processes with maximum yield and minimum cost while using nontoxic
reagents, solvents, and catalysts or solvent-free conditions. For these reasons, the
development of simple, efficient, clean, high-yielding, and environmentally benign
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approaches using new catalysts for the synthesis of these compounds is an important
task for organic chemists.

Ionic liquids (ILs), recognized as environmentally benign media, have been
widely applied in many reactions as catalysts or dual catalyst–solvents because of
their low vapor pressure, reusability, and high thermal and chemical stability.[12,13]

The introduction of Brønsted acidic functional groups into cations or anions of
the ILs, especially the SO3H functional groups, obviously enhanced their acidities
and water solubilities.[14–17] Because of these properties, Brønsted acidic ILs can
be used as highly efficient acid catalysts. Moreover, their polar nature makes them
useful under solvent-free conditions because polar media decrease energy of the tran-
sition state and therefore increase the reaction rate. In fact, the use of Brønsted acidic
ILs as catalysts is an area of ongoing activity; however, development and exploration
of Brønsted acidic ILs are currently in the preliminary stage. To the best of our
knowledge, there are no examples of the use of Brønsted acidic ILs as catalyst for
the synthesis of amidoalkyl naphthols.

In continuation of our previous work on the applications of reusable acid cat-
alysts in the synthesis of organic compounds,[18–21] herein we report a simple and
green method for the synthesis of amidoalkyl naphthols in excellent yields using
Brønsted acidic ILs (Scheme 1).

For our investigations, two Brønsted acidic ILs, 3-methyl-1-(4-sulfonic acid)-
butylimidazolium hydrogen sulfate [(CH2)4SO3HMIM][HSO4] (IL1) (Fig. 1) and

Scheme 1. Synthesis of amidoalkyl naphthols.

Figure 1. Brønsted-acidic IL1 structure.

Figure 2. Brønsted-acidic IL2 structure.
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N-(4-sulfonic acid)butylpyridinium hydrogen sulfate [(CH2)4SO3HPY][HSO4] (IL2)
(Fig. 2) were prepared, according to the literature procedure.[22,23]

RESULTS AND DISCUSSION

Initially benzaldehyde was selected as a representative aldehyde. To optimize
the reaction conditions, it was reacted with b-naphthol and acetamide in the presence
of Brønsted acidic ILs in 1,2-dichloroethane (method A) or under neat conditions
(method B). In 1,2-dichloroethane as solvent, excellent yield of the product was
obtained at room temperature. Increasing the reaction temperature up to the boiling
point of the solvent did not decrease the reaction time noticeably. Therefore, room
temperature was selected as the optimum temperature and 1,2-dichloroethane as sol-
vent (method A). In a different approach, under solvent-free conditions, the effect of
temperature was also investigated by carrying out the same model reaction at various
temperatures. It was observed that yield is a function of temperature, so the yield
increased as the reaction temperature was raised to 90 �C. The product was obtained
in excellent yield in a short reaction time at 90 �C. Higher temperatures did not
increase the yield noticeably, and therefore 90 �C was selected as the optimum
temperature under solvent-free conditions (method B).

The efficiency of the reaction is mainly affected by the amount of the catalyst
(Table 1). No product could be detected in the absence of the catalyst, whereas good
results were obtained in the presence of the catalyst. The optimal amounts of the
catalysts were 5mol% IL1 and 10mol% IL2 for both conditions (entries 3 and 8).
As can be seen in Table 1, the reaction in the presence of ILs needs less reaction time
under solvent-free conditions at 90 �C.

Encouraged by the results obtained from IL-catalyzed reaction of b-naphthol
with benzaldehyde and acetamide, a series of amidoalkyl naphthols were prepared in
good yields using various aldehydes and urea or amides in the presence of the opti-
mal amounts of the catalysts. The results are summarized in Table 2. All reactions

Table 1. Optimizing the reaction conditionsa

Method A Method B

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

1 None 4 h,30min 0 120 0

2 IL1 (2) 4 h 65 15 58

3 IL1 (5) 2 h,30min 96 <1 90

4 IL1 (10) 2 h,45min 96 1 91

5 IL1 (15) 2 h,45min 95 2 89

6 IL2 (2) 5 h 49 25 21

7 IL2 (5) 4 h,30min 67 10 65

8 IL2 (10) 3 h 94 3 86

9 IL2 (15) 3 h,50min 95 4 86

10 IL2 (20) 3 h,50min 92 5 85

ab-Naphthol=benzaldehyde=acetamide=IL1 or IL2 1:1:1.3:0.05 or 0.10.
bIsolated yields.
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Table 2. Brønsted acidic IL–catalyzed synthesis of amidoalkyl naphtholsa

Method A Method B

Entry Aldehyde

Urea or

amide Products

Time

IL1=IL2

Yieldb

(%)

IL1=

IL2

Time

(min)

IL1=

IL2

Yieldb

(%)

IL1=

IL2

1 H3CCONH2
2h,30min=

3 h
96=94 <1=3 90=86

2 H3CCONH2
2h,30min=

3 h,15min
96=95 <1=3 91=88

3 H3CCONH2
2h,30min=

3 h,30min
93=92 2=3 88=80

4 H3CCONH2
2h,15min=

3 h,15min
95=94 1=3 90=86

5 H3CCONH2
3h,15min=

4 h
86=83 3=6 78=76

6 H3CCONH2
2h,50min=

3 h,40min
88=84 4=7 80=78

(Continued )
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Table 2. Continued

Method A Method B

Entry Aldehyde

Urea or

amide Products

Time

IL1=IL2

Yieldb

(%)

IL1=

IL2

Time

(min)

IL1=

IL2

Yieldb

(%)

IL1=

IL2

7 H3CCONH2
2h,50min=

3 h
92=91 2=4 87=83

8 H3CCONH2
2h,40min=

3 h
97=94 1=3 90=85

9 CH3(CH2)6CHO H3CCONH2 3h=4 h Trace 15 Trace

10 CH3CHO H3CCONH2 3h=4 h Trace 15 Trace

11 H2NCONH2
3h,30min=

3 h,40min
90=88 7=9 82=77

12 H2NCONH2
3h,50min=

4 h
94=90 6=8 85=82

(Continued )
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were conducted in 1,2-dichloroethane at room temperature or under neat conditions
at 90 �C. The yields of the products were greater in the first case (method A), but the
conversion times were shorter in the second case (method B). Aromatic aldehydes
underwent facile conversions but aliphatic aldehydes afforded the products in very
poor yields (trace). In all cases, aromatic aldehydes with substituents carrying either
electron-donating or electron-withdrawing groups reacted successfully and gave
the products in good yields. It was found that the aromatic aldehydes with electron-
withdrawing groups reacted faster than the aromatic aldehydes with electron-
donating groups.

Table 2. Continued

Method A Method B

Entry Aldehyde

Urea or

amide Products

Time

IL1=IL2

Yieldb

(%)

IL1=

IL2

Time

(min)

IL1=

IL2

Yieldb

(%)

IL1=

IL2

13 H2NCONH2
3h,40min=

4 h
92=90 8=9 80=79

14 H2NCONH2
3h=

3 h,15min
95=93 7=8 87=85

15 H2NCONH2
4h=

4 h,20min
91=85 8=10 78=75

16 H2NCONH2
4h=

4 h,30min
90=85 8=8 85=82

aAll the products were characterized by 1H NMR and IR spectral data and comparison of their melting

points with those of authentic samples.[6,8,10]

bIsolated yields.
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Reusability of the catalysts were also investigated. For this purpose, the model
reaction was again studied in the optimized conditions in method B. After the com-
pletion of the reaction, the catalysts were recovered and reused for similar reactions.
IL1 and IL2 in a second run resulted in 88% and 85% yields, respectively.

CONCLUSION

In conclusion, we have reported a new catalytic method for the synthesis of
amidoalkyl naphthols using aromatic aldehydes, urea or amides, and b-naphthol
in the presence of Brønsted acidic ILs as efficient, reusable, and ecofriendly homo-
geneous catalysts. The catalysts can be reused after a simple workup, with a gradual
decline of their activity being observed. Good yields, short reaction times, simplicity
of operation, and easy workup are some advantages of this protocol.

EXPERIMENTAL

All compounds were known, and their physical and spectroscopic data were
compared with those of authentic samples and found to be identical. Melting points
were recorded on an Electrothermal 9100 melting-point apparatus. The infrared (IR)
spectra were obtained on a 4300 Shimadzu spectrophotometer as KBr disks. The 1H
NMR (100-MHz) spectra were recorded on a Bruker AC 100 spectrometer.

General Procedure for the Prepration of Amidoalkyl Naphthols

Method A. To a mixture of b-naphthol (1mmol), aromatic aldehyde
(1mmol), and urea or amide (1.3mmol) in 1,2-dicholoroethane (5ml), Brønsted
acidic ILs (5mol% IL1 or 10mol% IL2) were added. The mixture was stirred at room
temperature, and the reaction was monitored by thin-layer chromotography (TLC).
After completion of the reaction, the precipitate was filtered off and recrystallized
from ethanol to give pure amidoalkyl naphthols (Table 2).

Method B. Amixture of b-naphthol (1mmol), aromatic aldehyde (1mmol), and
urea or amide (1.3mmol), in the presence of Brønsted acidic ILs (5mol% IL1 or 10mol%
IL2), was heated at 90 �C. After completion of the reaction, the reaction mixture was
cooled to room temperature and cold ethanol was added. The precipitate was filtered
off and recrystallized from ethanol to obtain pure amidoalkyl naphthols (Table 2).

Recycling of the Catalyst

The catalysts are soluble in ethanol and therefore could be recycled from the
filtrate. The catalysts were recovered by evaporation of the ethanol, washed with
diethyl ether, and dried at 50 �C under vacuum for 1 h.
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