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Abstract The direct three component reaction via condensation of aldehydes, 2-naphthol and

piperidine or acetamide to generate 1-(aryl(piperidin-1-yl)methyl)naphthalene-2-ol and

N-((2-hydroxy naphthalene-1-yl)(aryl)methyl)acetamide derivatives has been carried out over

Fe3O4 magnetic nanoparticle with high efficiency under ultrasound irradiation. These reactions

were studied under different conditions. In terms of reaction time and yield, it was found that opti-

mum results were obtained for the synthesis of 1-(aryl(piperidin-1-yl)methyl)naphthalene-2-ol under

solvent free condition and for preparation of N-((2-hydroxynaphthalene-1-yl)(aryl)methyl)acetam-

ide in acetic acid under ultrasound irradiation at 80 �C. Clean methodologies, easy workup proce-

dure, and high yields are some advantages of this work.
ª 2014 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Recently, magnetic nanoparticles (MNPs) have emerged as

viable alternatives to conventional materials, as robust, readily
available, high surface area heterogeneous catalyst supports

[1–5]. The nano-sized particles increase the exposed surface
area of the active component of the catalyst, thereby enhancing

the contact between reactants and catalyst dramatically.
Post-synthetic surface modification of magnetic nanoparticles
imparts desirable chemical functionality and enables the
generation of catalytic sites on the surfaces of the resulting

nano-catalyst. Their insoluble and paramagnetic natures
enable trouble-free separation of these nano-catalysts from
the reaction mixture using an external magnet, which elimi-

nates the necessity of catalyst filtration. Successful application
of these nanomaterials is highly dependent on their stability
during the reaction as well as their particle size. These novel

nano-catalysts bridge the gap between homogeneous and
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heterogeneous catalysis, thus preserving the desirable attri-
butes of both systems. Additionally, the activity and selectivity
of magnetic nano-catalysts can be manipulated by their surface

modification [6].
The aminonaphthol product became known in the litera-

ture as a Betti base, and the protocol as the Betti reaction

[7,8]. The syntheses of a wide-ranging library of racemic and
nonracemic Betti base derivatives were recently reviewed, with
especial attention to the possibilities of their application as

building blocks [9]. These compounds can be transformed into
derivatives having antibacterial, hypotensive, and bradycar-
diac activities [10]. Also, 1-amidoalkyl-2-naphthols are impor-
tant precursors for the synthesis of 1,3-amino oxygenated

compounds frequently found in biologically important natural
products and potent drugs including a number of nucleoside
antibiotics and HIV protease inhibitors [11,12,13]. There are

very few reports for the synthesis of 1-(aryl(piperidin-1-
yl)methyl)naphthalene-2-ol derivatives using neutral non-ionic
surfactant [14], nanocrystalline MgO [15] and Cu(OTf)2ÆSiO2

catalyst [16]. However, some of these methods suffer from at
least one of the following disadvantages: high cost and toxicity
of the reagent and solvent and take longer reaction time.

Fortunately, nano Fe3O4 as a magnetically recoverable and
economically viable material has become the most promising
catalyst in many important organic reactions such as oxidation
of aromatic olefins to the corresponding aldehydes [17],

synthesis of 3,4-dihydropyrimidin-2(1H)-ones via the Biginelli
reaction [18,19] and synthesis of a-aminophosphonates [20].
Herein, we wish to report the use of Fe3O4 magnetic nanoparticle

catalyzed one-pot three component synthesis of 1-(aryl(piperi-
din-1-yl)methyl)naphthalene-2-ol and N-((2-hydroxynaphtha-
lene-1-yl)(aryl)methyl)acetamide derivatives under ultrasound

irradiation (Scheme 1).

2. Results and discussion

After a series of studies, we achieved excellent yields in shorter
time at milder condition. Our studies indicated that solvent-free
technique, due to high concentration of the reactant leads to a

significant decrease in reaction time and easier workup proce-
dure for the synthesis of 1-(aryl(piperidin-1-yl)methyl)naphtha-
lene-2-ol derivatives. Therefore, this reaction proceeds with a
catalytic amount of Fe3O4 nanoparticle with short reaction

time, increased yields and easy workup condition. A variety
of functionalized 2-naphthols was prepared from aldehydes,
2-naphthol and piperidine in the presence of Fe3O4 nanoparticle

under ultrasound irradiation and solvent free condition at 80 �C
in excellent yields (Table 1, entries 1–7). Also, this reaction
performed with 2,7-naphthalendiol and the corresponding

product was achieved in very good yields under similar condi-
tions (Table 1, entries 8–10). In a plausible mechanism, it is
assumed that, the reaction may proceed through Lewis acid

property of the ferrous or ferric ion due to coordination with
the carbonyl group to facilitate the formation of iminium ion from
arylaldehyde and piperidine followed by the nucleophilic attack

of 2-naphthol carbon on iminium carbon, subsequent shifting
of hydrogen atom leads to the formation of 1-(aryl(piperidin-
1-yl)methyl)naphthalene-2-ol derivatives (Scheme 2).

Next, we studied this reaction with acetamide. In all cases,
the corresponding product was obtained in excellent yields in
the presence of Fe3O4 nanoparticle in acetic acid under ultra-
sound irradiation at 80 �C (Table 1, entries 11–16). It is worth

mentioning that the corresponding functionalized 2-naphthols
were isolated by crystallization from the crude filtrate. In addi-
tion, the reactions worked well with almost all the aldehydes

with different substituents at ortho, meta, or para positions.
However, in the absence of nano-iron oxide, the reaction
proceeds with a low yield after a long reaction time (12 h).

All products were characterized by comparison of their mp,
FT-IR, 1H NMR and 13C NMR with those reported for the
authentic samples [14,15,16,21]. It is noteworthy to highlight

that the catalyst could be magnetically recovered by an exter-
nal magnet and reused without a significant loss of activity.
The recovered catalysts were dried and weighed. Afterward,
according to the amount of catalyst the required amounts of

fresh 2-naphthol, piperidine or acetamide, and arylaldehyde
were added. The result showed that the catalyst can be reused
six consecutive times with only a slight loss its activity

(Table 2).
The proposedmechanism for the synthesis ofN-((2-hydroxy-

naphthalene-1-yl)(aryl)methyl)acetamide is shown in Scheme 3.

We supposed that the reaction may proceed via the ortho-qui-
none methide (o-QM) intermediate, which was formed by the
nucleophilic addition of 2-naphthol to arylaldehyde catalyzed

by Fe3O4 nanoparticle. Subsequent Michael addition of the
o-QM with the acetamide afforded the expected amidoalkyl
naphthol (Scheme 3).

3. Experimental

The spherical Fe3O4 MNPs with an average size of 30 nm were
purchased from Tecnan Spanish Company. For mixing

chemicals, a universal Ultrasonic DSA100-SK2 was used.
Melting points were recorded on an electro thermal melting
point apparatus. The NMR spectra were recorded in CDCl3
with TMS as an internal standard on a Bruker Avance DRX
400 MHz spectrometer. FT-IR spectra were determined on
an SP-1100, P-UV-Com instrument. Products were separated
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Scheme 1 Fe3O4 nanoparticle catalyzed synthesis of functionalized 2-naphthols.
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