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ABSTRACT

Amidoalkyl naphthol derivatives were efficiently synthesized by the reaction of appropriated aromatic
aldehydes, 2-naphthol, and an amide in the presence of caro’s acid- silica gel (CA-SiO,) as an effective solid acid
catalyst under solvent-free conditions. The significant features of this procedure are high yields of the products,
shorter reaction times, and simple procedure with an easy work- up.
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INTRODUCTION

Aminoalkyl naphthols have attracted strong interest to their useful biological and
pharmacological properties such as adrenoceptor blocking, antihypertensive, and Ca’" channel
blocking activities [1-5].

Amidoalkyl naphthols are also important synthetic building blocks and are used as
precursors for the synthesis of 1-aminomethyl-2-naphthol derivatives, which exhibit important
cardiovascular activity [6]. The hypotensive and bradycardiac affects of these compounds have
been evaluated [7].

Multicomponent reaction (MCRs) have manifested as a powerful tool for the rapid
introduction of molecular diversity. MCRs contribute to the requirements of an environmentally
friendly process by reducting the number of synthetic steps, energy consumption, and waste
production. One such reaction is the synthesis of amidoalkyl naphthols [8-10].

Amidoalkyl naphthols are generally synthesized via one-pot three-component reaction
of an aryl aldehyde, 2-naphthol and an amide in the presence of several catalysts such as
heteropoly acids[11], montmorillonite K10 clay[12], sulfamic acid[13], KsCoW,049 .3H,0[14],
lodine[15], Ce(S04);[16], H3M0O4oP[17], 1-butyl-3-methyl imidazolium hydrogen sulphate[18],
cation-exchanged resin[19], zircon(IV) chloride[20], PPA-SiO,[21], silica sulfuric acid[22],
H3PW1,040[23], NaHSO,4-Si0,[24], thiamine hydrochloride[25], H4SiW1,040[26], oxalic acid [27],
Fe(HSO,4)3[28], copper p-toluenesulfonate[29], P,0s[30], Sr(OTf),[31], HPMo[32], Yb(OTf); in
ionic liquid[33], TMSCI/Nal[34], Al,03-HClO4[35], InCl5[36], and 2,4,6-trichloro-1,3,5-
triazine[37]. However, some of the reported methods are not entirely satisfactory and suffer
from long reaction time, expensive reagents, low yields of products or tedious workup, and the
use of additional microwave or ultrasonic irradiation.

These problems prompted us towards further investigation in search for a new catalyst,
which will carry out the synthesis of amidoalkyl naphthols under simpler experimental set up,
faster, and eco-friendly conditions.

In continuation of our efforts to develop novel synthetic routes using reusable catalysts
in organic reactions, and due to our interest in the synthesis of heterocyclic compounds [38-42],
herein we wish to report an efficient and solvent-free synthesis of amidoalkyl naphthols by
reaction of aryl aldehydes, 2-naphthol, and an amide using Caro’s acid-silica gel (CA-SiO,) as a
solid acid catalyst (Scheme 1).
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MATERIALS AND METHODS

All chemicals were available commercially and used without additional purification.
Melting points were recorded on Electrothermal type 9100 melting point apparatus. The FT-IR
spectra were obtained on a 4300-Shimadzu spectrophotometer in KBr disks. The H
NMR(500MHz) spectra were recorded on a Bruker-Ac-500 spectrometer. The catalyst was
synthesized according to the literature[43].

EXPERIMENTAL
General procedure for the preparation of catalyst (CA-SiO,)

Potassium persulfate(4.5g) was added in small portions to ice-cooled 98% sulfuric
acid(4.7g) with stirring; to this were added crushed ice(13g) and water(4g). The temperature
was kept below 15 ° C. Silica gel(5g, TLC grade, kieselgel 60 G, particle size 15um) was added in
portions to the mixture, and the mixture was stirred for 4h in an ice-water bath. The mixture
was then filtered under suction and dried in a desiccators to give a white, free-flowing
powder[43].

General procedure for the synthesis of amidoalkyl naphthols(4a-h).

A mixture of 2-naphthol 1 (1mmol), aromatic aldehyde 2 (1mmol), acetamide 3
(1.1mmol), and Caro’s acid-silica gel (CA-SiO,) (35mg) as catalyst was heated at 140°C with
stirring for 2-6 min, and the solid product gradually formed. The progress of the reaction was
monitored by TLC. After completion of the reaction, hot acetone was added and the mixture
stirred for 2 min. The solid catalyst was filtered off, and the filtrate was evaporated and then
washed with n-hexane, dried at 60°C under vacuum for 1h. For further purification, it was
crystallized with ethanol to afford the pure product. The structures of the products were
confirmed by 'H NMR, FT-IR spectra, and comparison with authentic samples prepared by
reported methods.

RESULTS AND DISCUSSION

The use of solid acids as heterogeneous catalysts has received considerable interest in
different areas of organic synthesis[44]. The heterogeneous solid acids are advantageous over
conventional homogeneous acid catalyst as they can be easily recovered from the reaction
mixture by simple filtration and can be reused after activation or without activation, thereby
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making the process economically viable[11]. In many cases, heterogeneous catalysts can be
recovered with only minor change in activity so that they can be conveniently used in
continuous flow reactions[11]. The one-pot synthesis of amidoalkyl naphthol 1 , aromatic
aldehydes 2 , and amides 3 in presence of CA-SiO, as a cheap, nontoxic, and inexpensive
catalyst under solvent-free conditions(Scheme 1). Initially, the synthesis of compound 4a was
selected as a model reaction to determine suitable reaction conditions. The reaction was
carried out by heating a mixture of 2-naphthol(1mmol), 2-nitrobenzaldehyde(1mmol), and
acetamide(1.1mmol) in the presence of CA-SiO, under various amount of the catalyst and at
different temperatures under solvent-free conditions(Table 1). It was found that the yield of
compound 4a was strongly affected by the catalyst amount and reaction temperature. No
product was obtained in the absence of the catalyst(Entry 1), or in the presence of the catalyst
at room temperature(Entry 2), indicating that the catalyst and temperature are necessary for
the reaction. Increasing the amount of the catalyst and reaction temperature up to 35mg and
140°C, respectively(Entry 10), increased the yield of the product 4a, where as further increase
in both catalyst amount and temperature was found to have an inhibitory effect on formation
of the product(Entries 11-14).

Table 1: Effect of CA-SiO, amount and temperature on the model reaction®

Entry Catalyst (mg) T(°C) Time (min) Yield (%)°
1 - 140 10 -
2 25 r.t. 10 -
3 25 120 6 80
4 25 140 3 86
5 25 160 3 85
6 30 120 4 82
7 30 140 4 83
8 30 160 3 81
9 35 120 3 86
10 35 140 2 95
11 35 160 3 88
12 40 120 4 84
13 40 140 2 87
14 40 160 2 85

® 1mmol 2-naphthol, Immol 3-nitrobenzaldehyde, and 1.1mmol acetamide
under solvent-free conditions. ° Isolated yields.

The model reaction was also examined in various solvents such as ethanol, methanol,
acetonitrile, dichloromethane, and chloroform under reflux and under solvent-free conditions
in the presence of 35mg catalyst at 140°C . The yield of the reaction under solvent-free
conditions was the highest and the reaction time was shortest. In order to evaluate the
generality of the process, several examples illustrating the present method for the synthesis of
amidoalkyl naphthols 4 were studied(Table 2). In all cases, aromatic aldehydes with
substituents carrying either electron-donating or electron-withdrawing groups reacted
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successfully and gave the products in high yields. No significant substituent effect was observed
on the yields of the products (Table 2, Entries 1-8).

Table 2- CA-SiO, catalyzed synthesis of amidoalkyl naphthols 4a-h*

Entry Ar Products’ Time (min) Yields (%)° Melting point (°C)
Found Reported[Ref]
1 3-NO,C.H, 4a 2 95 239242 238-240[11]
2 CgsHs 4b 3 87 232-235 228-230[18]
3 4-NO,CH, 4c 3 91 243246 245-246[11]
4 4-CICH, 4d 4 85 227-229 224-226[11]
5 4-MeCeH, 4e 2 88 218221 220-223[11]
6 2-MeCeH, 4f 4 92 202-204 201-203[18]
7 2-CICgH, 4g 3 90 198-200 197-199[18]
8 4-MeOCgH, 4h 4 82 182-184 180-182[11]

®1mmol 2-naphthol, 1mmol aromatic aldehydes, 1.1mmol acetamide, and (35mg) CA-SiO, at 140°C under solvent-
free conditions. ” All products were characterized by FT-IR, and 'H NMR spectral data and comparison of their
melting points with those of authentic samples. © Isolated yields.

CONCLUSION

In summary, we have demonstrated a new and important catalytic activity of Caro’s
acid-silica gel(CA-SiO,) as an inexpensive, effective, and non-corrosive catalyst for the synthesis
of amidoalkyl naphthols in high yields. Other advantages of this protocol are short reaction
time, simple experimental procedure combined with the easy work up, and omitting any
volatile and hazardous organic solvents.
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