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Abstract- BINOL (1,1’-bi-2-naphthol) is used as a chiral ligand 

for many asymmetric reactions. In this a green chemistry 

approach was used for the preparation of BINOL by the 

oxidative coupling of 2-naphthol using Cu-Montmorillonite, a 

green material. Results obtained were compared with 

conventional method i.e., the FeCl₃ catalyzed oxidative 

coupling of 2-naphthol. FTIR and XRD were used for 

characterization of reaction products.  
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I. INTRODUCTION 

ne of prime focus for chemists now is to develop 

synthetic methods that are less polluting i.e., to design 

green chemical transformation. The chemical process should 

be such that it doesn’t cause permanent damage to the 

environment. Therefore ways to minimize the damage 

caused by raw materials and process should be done. 

Though it is expensive but it leads to environment friendly 

condition.[1] 

Natural aluminosilicates like clays and zeolites are solid 

acids that are used to substitute liquid acids in chemical 

transformation. (Gates 2003) Among these clays and 

modified clays are gaining interest due to their versatile 

properties.(Balogh and Laszlo, 1993; Benesi and Winquest, 

1978; Theng, 1974; Vaccari, 1999) The most common 

modified clays applied in organic synthesis are K-10 and 

KSF montmorillonites. Their physicochemical properties are 

sameas that of the natural clays but their BET surface areas 

are different. Developments of clay catalyzed reactions are 

important in green chemistry point of view and they produce 

less hazardous waste products. 

 

Clay minerals as such or after modification/treatment can be 

used are solid acid catalyst.  It exhibits both Bronsted as 

well as Lewis acidity, hence finds application in a wide 

range of organic transformations. (Cativiela et al. 1993; 

Cseri et al., 1995). 

Montmorillonite (MMT) having chemical formula 

Al₂Si₄O₁ₒ(OH)₂ nH₂O and have variable moisture content. 

The crystalline structure of MMT consists of multiple layers 

and each layer made up of one octahedral alumina sheet 

sandwiched between two tetrahedral silica sheets.[2] 

1, 1’-bi-2-naphthol (BINOL) has become an important 

chiral auxiliaryfor asymmetric synthesis [3] and due to its 

high degree of utility various synthetic approaches have 

been developed. Generally for BINOL synthesis transition 

metals have been used as catalysts or oxidants. 

For the transition metal-catalyzed and promoted reactions, 

the most frequently employed metals are Fe (III) and Cu 

(II), though oxidations utilizing Mn (III)[4], Ti (IV)[5] and 

V (V)[6] have also been reported. There have been some 

known methods for the oxidative coupling of 2-naphthols 

using FeCl₃, K₃Fe(CN)₆, Mn(AcAc)₃,CuCl(OH), 

CuSO₄(Al₂O₃) and Cu(II)–amine complexes as coupling 

reagents. In addition to solution-phase oxidation with FeCl₃ 
[7]and Cu(II)/amine complexes [8],a number of metal 

complexes have been immobilized on solid supports for use 

in this reaction. Although such supported reagents offer 

some advantages with regard to ease of isolation ofproducts, 

typically high volumes of organic solvents have been used 

for this oxidation reaction. (Between 10–20mL of either 

xylene [9] or chlorobenzene [10,11] per millimole of 2-

naphthol), which are not at all a green chemistry approach.  

Solvent less systems have also been reported, one of them is 

preparation of BINOLby heating of a powdered mixture of 

FeCl₃ and 2-naphthol both with [12] and without microwave 

[13] irradiation. [14] 

In the present work a mechanical method, grinding, melt of 

2-naphthol with copper-montmorillonite clay was attempted 

for the coupling reaction.Result obtained was also compared 

with the product formed by the procedure suggested 

elsewhere [15]. 

 

II. EXPERIMENTAL 

 

A. Materials 

 

Bikaner bentonite was used for Montmorillonite. Chemical 

composition was: 43.77% SiO₂, 18.57% Al₂O₃,   
1.13%Na₂O, 1.02% CaO, and 36.09% H₂O.Iron chloride, 

copper acetate and 2-naphthol was purchased from Merck 

chemicals. 

 

B. Synthesis 

 

Cu-Montmorillonite was prepared by slurring 

montmorillonite clay (1.5g) with 0.5M aqueous solution of 

Cu(CH₃CO₂)₂ at room temperature and stirred for 2hrs. It  

was left overnight and then filtered and washed with water. 

It was dried in oven for 2hrs and solid yellow colored Cu-

montmorillonite clay was obtained. 

2-naphthol and Cu-montmorillonite clay was heated 

separately till molten state obtained. It was then grinded 

together in molten state. 1,1’-bi-2-naphthol was obtained. It 

has been checked with thin layer chromatography (TLC) 

O 
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with the authenticated BINOL prepared and its melting 

point. 

 

C. Characterization 

 

Powder X-ray diffraction data was recorded using 

Pananalytical XRD setup with Cu Kɑ radiation. 

FT-IR data was recorded using (Perkin Elmer/spectra two). 

 

                               RESULTS AND DISCUSSION 

The diffractograms of reaction mixture Cu-

montmorilloniteclay and 2-naphthol showed similar pattern 

with that of FeCl3 and 2-naphthol, Fig.1 and Fig.2, 

indicating similar nature of reaction products. 

Results from the FTIR showed an appearance of peaks in 

the Cu-montmorillonite and 2-naphthol around 3300 cm
-1

 

(Table 1) similar to that of 2-naphthol and FeCl3 reaction 

mixture (Table 3), which were very much different from the 

FTIR spectra of Cu-montmorillonite (Table 2). This 

indicated similarity of reaction products.  The product was 

also compared with the BINOL prepared from standard 

reflux method with the FTIR spectra. 

 

 

CONCLUSION 

It could be concluded from the results obtained from FTIR 

and XRD that a green material: Cu-montmorillonite can also 

be used coupling of 2-naphthol.  
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Fig .1.   XRD of FeCl3 and 2-naphthol 

 

 

Fig. 2.   XRD of Cu-clay and 2-naphthol 
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TABLE 1 

 FROM THE FTIR SPECTRA OF 2-NAPHTHOL AND Cu-CLAY 
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TABLE 2 

  FROM THE FTIR SPECTRA OF Cu-CLAY 
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TABLE 3  

 FROM THE FTIR SPECTRA OF 2-NAPHTHOL AND FeCl3 
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TABLE 4 

 FROM THE FTIR SPECTRA OF BINOL 
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TABLE 5 

 FROM THE FTIR SPECTRA OF 2-NAPHTHOL 

 

 

 


