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Abstract: A general mild and efficient protocol for the synthesis of
amidoalkyl naphthol libraries was achieved utilizing tetrachlorosi-
lane and zinc chloride in dichloromethane at ambient temperature
via a one-pot, three-component condensation of various aldehydes,
nitriles (amides), and β-naphthol.
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1,3-Amino-oxygenated functionalized compounds are
important in synthesis and medicinal chemistry fields. A
variety of them act as potent drugs such as nucleoside
antibiotics and HIV protease inhibitors.1 Amidoalkyl
naphthol derivatives are of particular value because of
their use as important biological building blocks and inter-
mediates in synthesis. They are important precursors of
heterocycles2 as well as of 1-aminomethyl-2-naphthol de-
rivatives which are pharmacologically important com-
pounds. For example, they exhibit depressor and
bradycardia effects in humans.3 Moreover, antibacterial
and antiviral activity of a number of amidoalkyl naphthols
have been reported more recently.4

Multicomponent coupling reactions (MCR) represent
powerful time-, energy-, and material-saving synthetic
protocols in modern chemistry in which molecular com-
plexity could be generated in a single synthetic operation.5

MCR protocols have been developed for the synthesis of
amidoalkyl naphthols from aryl aldehydes, 2-naphthols,
and carboxylic acid amides in the presence of a plethora
of Lewis or Brønsted acid catalysis, generally under ther-
mal conditions.6 Although significant progress has been
achieved, many of the reported methods suffer from one
or more limitations such as high reaction temperature,
lower product yield, tedious workup, and use of toxic re-
agents. They also lack general applicability to produce ar-
rays of 1-amidoalkyl naphthols as they are restricted to
only a few amides. Therefore, the development of a more
general, cost-effective MCR protocol for the synthesis of
1-amido-alkyl phenols remains a challenge. Compared to
amides, nitriles are more readily available substrates, thus,
MCR of aldehydes, 2-naphthol, and nitriles (as substitute
of amides) to give amidoalkyl naphthols in a Ritter-type

reaction have also been reported.7–12 However, most of
these approaches were restricted to acetonitrile giving the
corresponding 1-acetamidomethyl naphthols in the pres-
ence of Ce(SO4)2,

7 HClO4–SiO2,
8 FeCl3–SiO2,

9

NaHSO4·H2O
10a, Ph3CCl,10b or CF3SO3H

10c under reflux
conditions in almost all of these methods. In the presence
of I2 and MeCOCl, only α-hydrogenated nitriles yielded
the corresponding amidophenols, while aromatic nitriles
did not yield the desired products.11 More recently, one re-
port has described the synthesis of 1-benzamidomethyl-2-
naphthols through this protocol involving benzonitrile by
using superacidic ionic liquid [MeC(OH)2]

+ClO–
4 under

heating under solvent-free conditions.12 To our knowl-
edge, there is no general protocol employing various ni-
triles in such condensations so far. Therefore, the
introduction of new, efficient, and general methods in-
volving various nitriles for this multicomponent reaction
under milder conditions is still required. Towards this
goal, and in continuation of our investigations13 on the de-
velopment and applications of new in situ reagents de-
rived from tetrachlorosilane (TCS)14 in organic synthesis,
we have developed an efficient, general, and convenient
protocol for the one-pot synthesis of 1-amidoalkyl-2-
naphthols, biologically active druglike molecules. The re-
action proceeds via a three-component condensation of
various aldehydes, 2-naphthol, and nitriles including al-
kyl, aralkyl, aryl, and α,β-unsaturated nitriles as well as
cyano esters utilizing the inexpensive and readily avail-
able tetrachlorosilane–zinc chloride reagent13f in dichlo-
romethane at room temperature. Under the same reaction
conditions, the MCR of aldehydes, 2-naphthols, and am-
ides have also been tested and proven to be successful
exploring the synthetic versatility of the present protocol.

An equimolar mixture of benzaldehyde, 2-naphthol, and
acetonitrile in dichloromethane was allowed to react in the
presence of TCS (2 equiv) and ZnCl2 (1 equiv) at room
temperature to furnish the corresponding 1-acetamido-
methyl-2-naphthol (4a) in good yield (Table 1, entry 1).

To optimize the reaction conditions, we examined the re-
action in various solvents. Chlorinated solvents such as
dichloromethane or 1,2-dichloroethane were found to be
effective solvents while donor solvents such as diethyl
ether completely inhibited the reaction. SnCl2 as a Lewis
acid was examined, and similar results were obtained but
it was less effective than ZnCl2. It is noteworthy that no
reaction was observed in the absence of either the Lewis
acid or SiCl4. To determine the optimum quantity of SiCl4
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and ZnCl2, the reaction was carried out in dichoromethane
at room temperature using different quantities of the cata-
lyst. The use of two equivalents of SiCl4 and one equiva-
lent of ZnCl2 resulted in the highest yield. A slight excess
of the acetonitrile was found to be advantageous, there-
fore the molar ratio of 2-naphthol, aldehyde, and nitrile
was kept at 1:1:1.3, respectively.

Scheme 1

In order to create a library of compounds, we have al-
lowed various aldehydes, 2-naphthol, and nitriles to react
under the optimized conditions to afford a diverse set of
1-amido alkyl naphthols (Scheme 1, Table 1).

As seen in the results of Table 1 and Figure 1, the reaction
proved to be general and tolerated a variety of aromatic al-
dehydes with substituents carrying either electron-donat-
ing (Table 1, entries 5–9, 13–16, 18–20, 23, and 24) or
electron-withdrawing groups (Table 1, entries 2–4, 9, 12,
17, 22, 25, 26). A unique example of heteroaryl as well as
α,β-unsaturated aldehyde was introduced through the
MCR of 3-formylchromone with β-naphthol and acetoni-
trile which gave acetamidoalkyl naphthol 5 in moderate
yield (Table 1, entry 10). The reaction was successful with
a variety of nitriles. Thus, beside to acetonitrile, the MCR
of aldehydes and β-naphthol with alkyl, aralkyl, aryl, and
α,β-unsaturated nitriles as well as with cyano esters were
studied. Propionitrile, phenylacetonitrile, benzonitrile, ac-
rylonitrile, and ethyl cyanoacetate were chosen as repre-
sentative examples. In all the cases studied, the reaction
proceeded smoothly under the above conditions giving
the corresponding amidoalkyl naphthols typically within
12 hours except for the reaction with benzonitrile where
reaction times of up to 18 hours were required which
might be attributed to steric factors as well as to the low
nucleophilicity of benzonitrile (Table 1, entries 21–24).

As possible precursors of oxazepinone derivatives 13, we
tried the MCR of aldehydes, 2-naphthol, and α-halo-
nitriles, expecting the formation of haloamidoalkyl naph-
thol 12; however, we got instead the Friedel–Crafts
alkylation product 1115 as the sole product without partic-
ipation of the aldehyde (Scheme 2, Table 1, entry 27).

To demonstrate the merit of the present work in compari-
son with previously reported results, we compared the re-
sults of Ce(SO4)2,

7 HClO4–SiO2,
8 FeCl3–SiO2,

9

NaHSO4·H2O,10a Ph3CCl,10b triflic acid,10c I2/MeCOCl,11

and [MeC(OH)2]
+ClO–

4
12 in the synthesis of 1-amido-

alkyl-2-naphthols via Ritter-type reaction. As shown in
Table 2, TCS/ZnCl2 is superior to the previously reported
catalysts in terms of ready availability, cost-effectiveness,
general applicability to various nitriles, and mildness of
the reaction conditions.

+ R N
 SiCl4, ZnCl2

CH2Cl2, r.t.Ar H

O

+

OH

OH

Ar NH

R O

1 2 3 4–11

Table 1  SiCl4-ZnCl2 Induced One-Pot Three-Component Reaction 
of Aldehydes with β-Naphthol and Nitriles Giving the Corresponding 
1-Amidoalkyl Naphthols

Entry Ar R Product Time 
(h)

Yield 
(%)a

1 Ph Me 4a 9 77

2 4-ClC6H4 Me 4b 10 74

3 4-BrC6H4 Me 4c 10 71

4 4-O2NC6H4 Me 4d 13 69

5 4-MeC6H4 Me 4e 9 82

6 4-MeOC6H4 Me 4f 8 76

7 3-MeOC6H4 Me 4g 11 73

8 3,4-(MeO)2C6H3 Me 4h 10 71

9 3,4-(OCH2O)C6H3 Me 4i 12 77

10 2-chromonyl Me 5 10 64

11 Ph Et 6a 11 85

12 4-ClC6H4 Et 6b 12 78

13 4-MeOC6H4 Et 6c 10 81

14 3-MeOC6H4 Et 6d 11 83

15 3,4-(MeO)2C6H3 Et 6e 10 77

16 3,4-(OCH2O)C6H3 Et 6f 12 80

17 4-ClC6H4 Bn 7a 13 76

18 4-MeOC6H4 Bn 7b 12 73

19 3,4-(MeO)2C6H3 Bn 7c 11 77

20 3,4-(OCH2O)C6H3 Bn 7d 12 80

21 Ph Ph 8a 18 70

22 4-ClC6H4 Ph 8b 16 74

23 4-MeC6H4 Ph 8c 18 72

24 4-MeOC6H4 Ph 8d 17 75

25 4-ClC6H4 CH2=CH 9 11 69

26 4-ClC6H4 CH2COOEt 10 12 65

27 4-BrC6H4 ClCH2 11 16 71

a Isolated yields after column chromatography except for products 
6a–d.
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Figure 1

4a; R1 = R2 = H
4b; R1 = H, R2 = Cl
4c; R1 = H, R2 = Br
4d; R1 = H, R2 = NO2
4e; R1 = H, R2 = Me
4f; R1 = H, R2 = OMe
4g; R1 = OMe, R2 = H
4h; R1 = R2 = OMe
4i; R1–R2 = OCH2O

O

O NH

5

OH

O

OH

NH

O

R1

R2

OH

NH

O

R1

R2

6a; R1 = R2 = H
6b; R1 = H, R2 = Cl
6c; R1 = H, R2 = OMe
6d; R1 = OMe, R2 = H
6e; R1 = R2 = OMe
6f;  R1–R2 = OCH2O

OH

NH

O

R1

R2

7a; R1 = H, R2 = Cl
7b; R1 = H, R2 = OMe
7c; R1 = R2 = OMe
7d; R1–R2 = OCH2O

OH

NH

OR1

8a; R = H
8b; R = Cl
8c; R = Me
8d; R = OMe

OH

NH

OCl

9

OH

NH

OCl

O

O

10

Scheme 2

 SiCl4, ZnCl2

Cl CN

Ar H

O

+

OH +

OH

NC

OH

Ar
H
N

O

Cl
CH2Cl2, r.t.

11

12

O

H
N

Ar

O

13

Table 2  Comparison of TCS/ZnCl2 with Reported Catalyst Systems in the Synthesis of Amidoalkyl Naphthols via MCR–Ritter-Type Reaction

Nitrile Catalyst Conditions Time (h) Yield (%)

MeCN Ce(SO4)2 MeCN, 85 °C 24–48 42–727

MeCN HClO4–SiO2 MeCN, 85 °C 20 60–888

MeCN FeCl3–SiO2 MeCN, 85 °C 20 72–889

MeCN NaHSO4·H2O MeCN, 85 °C 20 71–8810a

MeCN Ph3CCl sealed tube, r.t. 0.75–4 86–9410b

MeCN, CH2=CHCN CF3SO3H 80–85 °C 1.5–6 60–9110c

alkyl nitriles I2/MeCOCl DCE, r.t. 3–14 45–9011

aryl nitriles [MeC(OH)2]
+ClO–

4 solvent-free, 80 °C 5.5–7 84–9112

alkyl, aryl, aralkyl, unsaturated 
nitriles, cyano esters 

SiCl4/ZnCl2 DCE, r.t. 9–17 65–83a

a Present work.
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A reasonable mechanism for the present reaction may pro-
ceed as depicted in Scheme 3 through nucleophilic addi-
tion of β-naphthol to the aldehyde followed by
amidoalkylation.16 Use of ZnCl2 as a radical initiator as
well as a chelating agent has been documented.17 Thus,
coordination of ZnCl2 to the carbonyl group would en-
hance the electrophilicity of the aldehyde.18 On the other
hand, β-naphthol may be exist as silyl enol ether in the
presence of SiCl4. We presume that the mechanism is for-
mally analogous to the Lewis acid catalyzed addition of
silyl enol ethers to carbonyl compounds. Indeed, the reac-
tion may proceed via the prior complexation of the CO
with ZnCl2 according to the well-established Zimmer-
man–Traxler chairlike transition-state model19 to afford
the intermediate A which is converted into B. Formation
of A is analogous to the formation of the well-documented
ortho-quinone methides (o-QM) under similar condi-
tions.6a–c,9 On the other hand, in analogy to SnCl4,

20 SiCl4

may coordinate with nitriles activating addition of the ni-
trile to B in a Ritter-type reaction21 giving eventually the
desired amidoalkyl naphthol after aqueous workup.

Prompted by the above results from nitriles and exploring
the present procedure to other substrates increasing its
versatility, we decided to test this protocol with amides
envisaging the formation of corresponding amidoalkyl
naphthols. Fortunately, stirring a mixture of aldehyde, 2-
naphthol, and amide (ratio = 1:1:1.3) in dichloroethane as

solvent in the presence of SiCl4 (2 mol) and ZnCl2 (1 mol)
at room temperature gave the respective amidoalkyl naph-
thols in excellent isolated yields (Scheme 4, Table 3).

In conclusion, we have reported SiCl4–ZnCl2 as a readily
available and inexpensive reagent for an efficient one-pot,
three-component synthesis of amidoalkyl naphthol librar-
ies, biologically active druglike molecules, under very
mild conditions.22 The present protocol is convenient and
applicable to a wide variety of aldehydes, phenols, and ni-
triles or amides, features that would make it amenable to
high-throughput synthesis of combinatorial libraries for
potential drug development.

Scheme 3 A plausible mechanism for the formation of amidoalkyl napthols

R N

+ SiCl4
– HCl Ar H

O

+
ZnCl2 O

O

Ar

Si
Cl Cl

Cl

Zn

Cl

Cl
OH OSiCl3

– OSiCl3

– SiCl4

A

OSiCl3

OSiCl3

Ar

OSiCl3

N

Ar

R
H2O

OH

H
N

Ar

R

O

B

O

Ar

O

H

ZnCl
2 SiCl4

– HCl
– ZnCl2

+

Table 3  SiCl4–ZnCl2-Induced One-Pot, Three-Component Reaction 
of Aldehydes with β-Naphthol and Amides

Entry Ar R Product Time (h) Yield (%)a

1 Ph Me 4a 4 91

2 4-ClC6H4 Me 4b 4 93

3 4-MeOC6H4 Me 4f 5 90

4 Ph Ph 8a 6 88

5 4-MeOC6H4 Ph 8d 6 85

a Isolated yields.

Scheme 4

+
 SiCl4, ZnCl2

DCE, r.t.Ar H

O

+

OH OH

Ar NH

R O

R NH2

O

R = Me, Ph
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(22) Typical Procedure for the MCR of Compounds 1–3 with 
SiCl4/ZnCl2

To a solution of anhyd ZnCl2 (0.7 g, 5 mmol) in CH2Cl2 (20 
mL) were added aldehyde (5 mmol), 2-naphthol (5 mmol), 
and nitrile or amide (6.5 mmol). The reaction mixture was 
stirred at ambient temperature for 10 min, SiCl4 (1.2 mL, 10 
mmol) was added, and the reaction mixture was stirred with 
exclusion of moisture. On completion (TLC monitoring of 
the progress of the reaction), the mixture was poured onto 

H2O (100 mL) and extracted with CH2Cl2 (2 × 50 mL). The 
combined organic extract was dried over anhyd MgSO4, 
evaporated, and the residue chromatographed on silica gel 
using PE–EtOAc (1:1 for 4–6 and 2:1 for 7–10) as eluent to 
give pure 1-amidoalkyl naphthols. Compounds 6a–d were 
isolated without chromatography in pure form by trituration 
with Et2O. Spectral data for representative (new) examples 
of 1-amidoalkyl naphthols are shown in the Supporting 
Information.
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