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An atom-efficient and environment-friendly approach for the synthesis of amidoalkyl naphthols (4a–x)
via multicomponent one-pot reaction of 2-naphthol (1), aromatic aldehyde (2) and amide (3) catalyzed
by P2O5 has been developed. The present approach offers several advantages such as reduced reaction
times, moderate temperature, higher yields, eco-friendly reaction condition, easy purification and eco-
nomic availability of the catalyst.
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Multicomponent reactions (MCRs) have been proven to be a
very elegant and rapid way to access complex structures in a single
synthetic operation from simple building blocks, and show high
atom-economy, high selectivity and procedural simplicity due to
the formation of carbon–carbon and carbon–heteroatom bonds in
one-pot.1 As a one-pot reaction, MCRs generally afford good yields
and are fundamentally different from the two-component reac-
tions in several aspects2 and permitted rapid access to combinato-
rial libraries of organic molecules for an efficient lead structure
identification and optimization in drug discovery.3 In addition,
the implementation of several transformations in a single manipu-
lation is highly compatible with the goals of sustainable and green
chemistry.4

Compounds having 1,3-amino-oxygenated functional groups are
present in variety of biologically important natural products and
potent drugs including a number of nucleoside antibiotics and HIV
protease inhibitors, such as ritonavir and lipinavir.5 Moreover,
1-amidoalkyl naphthol can be easily hydrolyzed to 1-aminoalkyl
naphthol, which shows biological activities like hypotensive and
bradycardiac effect.6 This 1-aminoalkyl alcohol-type ligand has been
used for asymmetric synthesis and also as a catalyst.7 Several alter-
native and efficient methods have been developed for the synthesis
of amidoalkyl naphthols by multicomponent reaction of 2-naphthol,
aldehyde and amide in the presence of different acid catalysts such
as montmorillonite K10 clay,8 Ce(SO4)2,9 iodine,10 K5CoW12-

O40�3H2O,11 p-TSA,12 sulfamic acid,13 HClO4–SiO2,14 molten tetrae-
ll rights reserved.
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gh).
thylammonium chloride,15 silica sulfuric acid,16 cation-exchanged
resins,17 Al(H2PO4)3,18a Fe(HSO4)3,18b Yb(OTf)3,18c wet cyanuric
chloride,18d,e polymer-supported sulfonic acid18f and FeCl3–SiO2.18g

Hajipour et al.19 have reported the synthesis of amidoalkyl naphthol
in ionic liquid at higher temperature (120 �C). However, some of
these protocols suffer from certain drawbacks such as prolonged
reaction time, use of dichloromethane like carcinogenic solvent,
unsatisfactory yield, high temperature (120–125 �C) and use of
toxic, highly acidic and expensive catalysts. Therefore, introducing
a clean procedure by the use of green and more eco-friendly catalyst
(P2O5) with high catalytic activity, moderate temperature and short
reaction time accompanied with excellent yield for the production of
1-amidoalkyl-2-naphthols is needed. Phosphorous pentoxide has
earlier been widely used for various organic transformations such
as Beckmann rearrangement,20 olefin dimerization,21 tetrahydro-
pyranylation of alcohols22 and formation of 1,1-diacetate.23

Recently we have reported the reaction of 2-naphthol, aldehyde
and active methylene compound such as dimedone or 1,3-dimethyl-
barbituric acid in the presence of catalyst P2O5 or Indium chloride for
the formation of benzoxanthene-11-one or benzoanthracene-9,11-
dione under solvent-free condition.24 The reaction proceeds through
the in situ formation of ortho-quinone methide intermediate,25 a
highly reactive and ephemeral intermediate that has been exten-
sively harnessed by nature. We have now extended our work with
the ortho-quinone methide intermediate (o-QM) using amide as
nucleophile for the synthesis of amidoalkyl naphthols.

Herein, we are reporting the multicomponent reaction of
2-naphthol, aldehyde and amide using P2O5 as catalyst at 60 �C
for the preparation of amidoalkyl naphthols in excellent yield
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Scheme 1. Synthesis of amidoalkyl naphthols.

Table 1
Comparison of P2O5 with other catalysts for the synthesis of N- [(2-hydroxynaphth-
alen-1-yl) (3-nitrophenyl)-methyl]acetamide

Entry Catalyst Time Yield (%) Temp (�C) Ref

1 Fe(HSO4)3 25 min 97 85 18b
2 Montmorillonite K10 30 min 96 125 8
3 K5CoW12O40�3H2O 3 h 78 125 11
4 Iodine 5 h 81 125 10
5 HClO4.SiO2 30 min 95 125 14
6 Al(H2PO4)3 17 min 93 125 18a
7 Cation exchange resin 15 min 92 110 17
8 P2O5 (10 mol %) 8 h 63 40 —
9 P2O5 (10 mol %) 20 min 76 50 —

10 P2O5 (5 mol %) 55 min 55 60 —
11 P2O5 (10 mol %) 5 min 97 60 —
12 P2O5 (15 mol %) 7 min 92 60 —
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(Scheme 1). There are no reports on the use of P2O5 as catalyst in
the synthesis of 1-amidoalkyl-2-naphthols. It has various advanta-
ges due to its low toxicity, low price, ease of handling and experi-
mental simplicity.

A test reaction using 2-naphthol, 3-nitrobenzaldehyde and acet-
amide at 60 �C without catalyst was performed in order to establish
the real effectiveness of the catalyst. It was found that no conversion
to product was obtained even after 2.5 h of heating. In order to
evaluate the appropriate catalyst loading, a model reaction using
2-naphthol, 3-nitrobenzaldehyde and acetamide was carried out
using 5 mol %, 10 mol % and 15 mol % of P2O5 at 60 �C without solvent
(Table 1, entries 10–12). It was found that 10 mol % of catalyst shows
maximum yield in minimum time. Higher percentage of loading of
the catalyst (15 mol %) neither increases the yield nor lowers the con-
Table 2
P2O5-catalyzed synthesis of amidoalkyl naphthols

Entry R1 R2 Product

1 4-NO2 –CH3 4a
2 3-NO2 –CH3 4b
3 2- NO2 –CH3 4c
4 4-Cl –CH3 4d
5 2-Cl –CH3 4e
6 4-OMe -CH3 4f
7 2-OMe –CH3 4g
8 4-Me –CH3 4h
9 4-NO2 –C6H5 4i

10 3-NO2 –C6H5 4j
11 2-NO2 –C6H5 4k
12 4-Cl –C6H5 4l
13 2-Cl –C6H5 4m
14 4-OMe –C6H5 4n
15 2-OMe –C6H5 4o
16 H –C6H5 4p
17 2,4-Cl2 –C6H5 4q
18 4-NMe2 –C6H5 4r
19 4-Me –C6H5 4s
20 4-NO2 –CH2Cl 4t
21 4-Cl –CH2Cl 4u
22 4-Me –CH2Cl 4v
23 4-OMe –CH2Cl 4w
24 H –CH2Cl 4x
version time. So, 10 mol % of catalyst was found to be the optimal
quantity and sufficient to push the reaction forward. To explore the
generality of the reaction, we extended our study using P2O5

(10 mol %) as catalyst under solvent-free condition at 60 �C with
different aromatic aldehydes to prepare a series of amidoalkyl
naphthols26 (4a–x, Table 2). It was found that the use of 1.2 equiv of
amide, instead of 1.0 equiv provides a better yield. Various aromatic
aldehydes containing electron-withdrawing and electron-donating
substituent at ortho, meta or para-positions show equal ease towards
the product formation in high yields. The scope of the reaction was
also investigated with aliphatic aldehydes and a,b-unsaturated
aldehydes.All our attempts with aliphatic aldehydes such as acetalde-
hyde, butyraldehyde, isobutyraldehyde and a,b-unsaturated alde-
hydes such as cinnamaldehyde and crotonaldehyde failed to yield
the corresponding amidoalkyl naphthols.

In order to show the accessibility of the present work we have
summarized some of the literature results for the preparation of N-
[(2-hydroxynaphthalen-1-yl)(3-nitro-phenyl)-methyl]acetamide in
Table 1, which shows that P2O5 is the better catalyst with respect to
reaction time and temperature than the reported ones. Encouraged
by the successful reaction of aldehydes, 2-naphthol and acetamide
under solvent-free condition to give amidoalkyl naphthols (Scheme
1), next we replaced acetamide with benzamide and 2-chloroacet-
amide where the results were satisfactory. The main advantage of this
procedure is the simple work-up, that is, the catalyst and the excess
amide were simply washed away with hot water and the residue
was crystallized from ethanol to give the pure product.

A mechanistic rationale portraying the probable sequence of
events is given in Scheme 2. We supposed that the reaction may
proceed via the ortho-quinone methides intermediate,25 which
was formed by the nucleophilic addition of 2-naphthol to aldehyde
catalyzed by P2O5. Subsequent Michael addition of the o-QM with
the amide afforded the expected amidoalkyl naphthol. The P2O5 is
supposed to act as water scavenger, which assists the reaction.

In conclusion we have developed an atom-efficient and envi-
ronment-friendly multicomponent protocol for the synthesis of
amidoalkyl naphthols.26 The remarkable catalytic activity of P2O5

is superior to the other reported catalytic methods with respect
to shorter reaction times, moderate temperature (60 �C), and the
pure products were obtained by simple crystallization from etha-
nol. The higher yields, mild reaction condition, easy purification
Time (min) Yield (%) Mp (lit. mp)[ref]

5 96 237–238 (248–250)14a

5 97 256–258 (241–242)14a

7 95 218–219 (180–182)14a

5 96 237–238 (230–231)14b

6 94 206–207 (213–215)18b

5 95 163–164 (183–185)18b

7 94 241–242 —
5 92 224–225 (222–223)14a

10 88 228–229 —
8 89 242–243 (240–242)18e

15 85 266–267 —
10 90 168–170 (168–170)14b

15 84 284–285 —
10 88 206–208 —
15 86 266–267 —
10 85 238–240 (233–235)18a

15 88 262–263 —
10 85 220–221 —
10 84 214–215 (215–216)18e

10 85 217–218 —
10 85 198–199 —
10 80 174–175 —
10 81 173–174 —
10 84 206–207 —
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Scheme 2. Tentative mechanism showing the formation of amidoalkyl naphthol.
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and economic availability of the catalyst make the eco-friendly
procedure an attractive alternative to the existing methods for
the synthesis of amidoalkyl naphthols. Further applications of
P2O5 and o-QM intermediate on the extension of this protocol
are ongoing in our group.
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