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Isopropylation of 2-naphthol over mesoporous 

silicoaluminophosphate-37 (MESO-SAPO-37): Effect of bond 

dissociation energy on product distribution 

Rekha Yadav, Ayyamperumal Sakthivel* 

The vapor phase isopropylation of 2-naphthol (2-NP) with isopropyl alcohol (IPA) in the presence of recently 
developed mesoporous silicoaluminophosphate assembled from microporous SAPO-37 precursor (MESO-
SAPO-37) was investigated. The bond dissociation energy calculation revealed that the reaction proceeds by 
O-alkylation followed by rearrangment into C-alkylated products. The presence of a phenolic hydroxyl group 
faciltates o- and p- directing (1- and 6- positions of 2-NP) and favors 1- and 6-isopropyl-2-naphthols as the 
major products. The moderately acidic MESO-SAPO-37 showed a maximum 2-NP conversion of 60% with a 
selectivity of 6-isopropyl-2-naphthol (6-IP-2-NP) of 60% achieved under optimum reaction conditions (T = 
250°C, WHSV = 9.4 h‒1 and 2-NP:IPA ratio of 1:20). 

 

1. Introduction 

Friedel-Crafts alkylation is one of the most studied and utilized 
reactions for C‒C bond formation in organic synthesis [1–10]. 
For example, the alkylated product of 2-naphthol (2-NP), 
namely the 2-substituted 2-naphthol derivative viz. 6-isopropyl-
2-naphthol (6-IP-2-NP) was found to be an important 
intermediate in the synthesis of the anti-inflammatory drug 
naproxen [11]. Numerous reports have been produced on the 
Friedel-Crafts reaction, both in homogeneous and 
heterogeneous acid catalysis such as sulfuric acid, p-toluene 
sulfonic acid, phosphoric acid, aluminum chloride, boric acid, 
and alumina-silica support, clay, zeolites, etc. [1, 8–10]. 
However, the use of homogeneous catalysis results in a large 
number of side products, which require tedious workup to 
separate the products, and the disposal of the effluent, poses 
severe environmental problems [1, 9–10]. 
On the other hand solid acid catalysts, mainly zeolite and 
zeolite-like molecular sieves, have shown immense potential 
for alkylation of aromatics [12–27]. For example, Sugi et al 
[12] demonstrated that acidic sites present in the internal and 
external framework of SAPO-5 played an important role in the 
selectivity of 4,4ʹ-DIPB (4,4ʹ-diisopropylbiphenyl) for 
isopropylation of biphenyl. The presence of acidic sites on 
external surfaces facilitates non-regioselective product 
distribution [12]. On the other hand, Davis et al., found that 
dealuminated Mordenite (MOR) found to be more selective 
towards 4,4ʹ-DIPB (90 %) [13]. In a similar reactions, the size 
of aromatics, alkylating agent, zeolites pore size, strength of 

acidic sites determines the reaction mechanism and deactivation 
nature of the catalyst system [14-15]. In this concern different 
solid acid catalysts with various substrates [12-16] have been 
explored, however only few reports are available on alkylation 
of naphthalene and their derivatives. Chu et al [17] studied 
isopropylation of naphthalene over different zeolites (USY, β-
zeolite, Mordenite and ZSM-5). Among the various zeolites 
studied, the USY zeolite possessing 3D-supercage found to be 
ideal for better conversion, stability with less coke formation 
for the above said reaction. Later, Kulkarni et al [18] studied 1-
naphthol alkylation with methanol over La and Mg modified Y 
zeolite and showed that alkali metals modified zeolites controls 
the catalyst deactivation. Similarly, Yadav et al [19] studied 
acylation of 2-methoxy-naphthalene (2-MON) with acetic 
anhydride over ZSM-5, zeolite Y, Mordenite, aluminium 
pillared clay etc. It was observed that none of the catalysts able 
to activate 6- position of 2-MON. In 2-naphthol alkylation, 
kirumakki et al [22] found that O-alkylated products are 
preferred in methylation over H-Beta, HY and HZSM-5 
catalysts. The use of bulky alkylating agent [23] viz., 
tripropylene found to help on activation of 6-position of 2-NP 
using various zeolite as catalysts owing to the steric hindrance 
generated by alkylating agent. It was also demonstrated in 
literature that, aromatic compounds having hydroxyl group 
(phenolic) facilitates kinetically O-alkylation [25], which 
further isomerizes into 1-alkylated [25] in the presence of 
moderate acidic catalysts. In general, the use of microporous 
molecular sieve materials although significantly improves the 
product selectivity in aromatic alkylation; however, still limits 
its application due to the bulk molecular diffusion. 
Similarly, metal (La, V, Cs, Cu, Al) modified mesoporous 
materials [26] and 3-dimensional mesoporous aluminosilicate 
molecular sieves viz. Al containing MCM-48, MCM-41 [27] 
favor better catalytic activity for alkylation of naphthalene and 
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their derivatives [20-21, 24]. However, to the best our 
knowledge, the selective production of 2,6-substituted 
naphthalene derivatives is great challenge.  
In this regard it is worth mentioning here that recently 
developed mesoporous silicoaluminophosphate (MESO-SAPO) 
derived from the microporous precursor SAPO-37 (MESO-
SAPO-37) showed moderate to strong acidic sites and showed 
promising activity for hydroisomerization [28–29]. Realizing 
the importance of 6-alkylated 2-NP and utilizing the moderate 
acidic sites available on MESO-SAPO-37, in the present work, 
moderately strong acidic MESO-SAPO-37 materials were 
studied for the vapor phase isopropylation of 2-NP using 
isopropyl alcohol (IPA) as the alkylating agent. 

2. Experimental 

2.1. Synthesis of MESO-SAPO-37 

Mesoporous silicoaluminophosphate-37 (MESO-SAPO-37) was 
prepared as per procedure described elsewhere [28-29] with the 
molar gel composition of 1.0 (TPA)2O: 2.1-2.8(TMA)2O: 1.0 Al2O3: 
1.0 P2O5: x SiO2: 0.40-0.60 CTAB: 226.94 H2O, where x=0.43, 0.60 
and 0.80. As-prepared materials were calcined at 550 οC before used 
for catalytic applications. The materials synthesized with 0.43, 0.60 
and 0.80 silica content were named as MESO-SAPO-37-0.43, 
MESO-SAPO-37-0.60 and MESO-SAPO-37-0.80 respectively. 

2.2 Characterization 

FT-IR spectra of all the catalysts were analyzed using KBr pellet 
method on Brücker optic model Tensor 27 FT-IR spectrometer in 
400–4000 cm-1 range. Powder X-Ray diffraction patterns of the 
materials were collected using PANalytical’s Empyrean 
diffractometer equipped with PIXcel3D detector with Cu-Kα 
radiation (λ= 1.5418 Å), between 2θ range of 1.5o and 40o, with a 
scan speed and step size of 0.5o/min and 0.02o respectively. The 
textural properties of materials including surface area, micropore 
area, pore volume, pore size distribution etc. were obtained on 
Micromeritics ASAP 2020 usingN2 adsorption-desorption isotherm 
measured at -196 oC after each sample were degassed at 300 oC for 
at least 10 h under 0.1333 Pascal pressure prior to each run. 
Transmission Electron Microscopy and SAED patterns were 
obtained using FEI Technai G230 TEM operated at 300 kV. Thermo-
gravimetric analysis (TGA) and differential thermo-gravimetric 
analysis (DTA) of spent catalyst was carried out on Perkin Elmer. 
About 5–10 mg of sample was heated in air with 10 oC/min from 
25oC to 1200 oC. Diffuse reflectance infrared (DRIFT-IR) spectra of 
spent catalyst was obtained on Brücker optic model Tensor 27 FT-IR 
spectrometer. The spectra were recorded in absorbance mode with 
64 scans per sample. Acidity of the materials was studied by 
temperature programmed desorption of ammonia (TPD-NH3) 
Micromeritics Autochem 2920. Prior to each run, sample was 
degassed at 300 oC for 2 hours and cooled to 80 oC for NH3 
adsorption using 10% NH3 in Helium. Subsequently, sample was 
heated to 100 oC in helium flow and flushed for 30 minutes to 
remove physisorbed ammonia. Then the sample was heated at the 
rate of 10 oC from 100 to 1000 oC in helium flow (50 ml/min). 

2.3 Catalytic Studies 

The isopropylation of 2-naphthol (Fischer-Scientific, 99%) was 
carried out in vapor phase conditions using 1 g of MESO-SAPO-37 
catalyst in a fixed-bed reactor (Chemito, India) under nitrogen 

atmosphere. The nitrogen flow was controlled using an Aalborg 
mass flow controller and was kept 40 ml/min. One gram of catalyst 
(MESO-SAPO-37) possessing mesh size of 2-3 mm was activated in 
air at 400 oC for 6 h prior to each run. A wide range of reaction 
conditions including different weight hour space velocity (WHSV; 
6.4, 7.7, 9.4 and 11.0 h−1), temperature (175 to 275 oC) and 2-NP : 
IPA ratio, were studied. 2-NP and IPA was mixed in appropriate 
ratio and maintain the component in the saturated form before each 
run. The weight hour space velocity (WHSV) of reaction was 
maintained based on the amount of composition mixture of both the 
reactants feed into the reactor on per gram of catalyst per hour. The 
products were cooled and condensed as liquid products and were 
analyzed using gas chromatography connected with the HP-5 
capillary column (Agilent 7890A series). 

2.4 Computational Studies 

Density functional theory (DFT) calculations using B3LYP/6-31G** 
were performed in order to rationalize the product distribution 
obtained for the experimental results. DFT calculations for the 
dissociation energy of aromatic hydrogen (C‒H), phenolic hydrogen 
(O‒H) and the isopropyl group dissociation from the products (C‒C 
and O‒C) were carried out using Materials Science 1.6 software 
from Schrödinger. All the geometry optimizations were performed 
without imposing any geometry constraints using a B3LYP hybrid 
density functional with a 6-31G** basic set. The accuracy level for 
the DFT calculations was set as “accurate”. In the convergent criteria 
maximum iterations of 48 were used. Care had to be taken to ensure 
that reactants and products coordinated similarly to the cluster for all 
the reactions. For all the reactant molecules, the vibrational 
frequency was calculated to ensure that there was the correct number 
of imaginary frequencies. The transition states were generated by 
giving reactants and final products vibrational frequencies. The 
optimum transition state among all the transition states generated 
was chosen and applied for the vibrational frequencies. 

3. Result and Discussion 

A series of MESO-SAPO-37 were prepared and utilized for vapor 
phase alkylation of 2-naphthol (2-NP) using isopropyl alcohol (IPA) 
as alkylating agent.  
3.1. Textural properties of MESO-SAPO-37 

Powder XRD profiles of MESO-SAPO-37 prepared with different 
silica concentrations are shown in Figure 1. In addition, all the 
samples showed broad reflection at a 2θ angle of ∼2.3° 
corresponding to the (100) plane of hexagonal MCM-41 type 
mesoporous material [28]. In addition, the XRD patterns in the 
higher 2θ region from 10° to 40° showed weak reflections at ∼18°, 
20°, 21°, and 23° (not shown here), confirming the presence of 
microporous SAPO-37 secondary building units. The XRD profiles 
of calcined material showed broad reflection at 2θ angle of ∼2.4° 
indicating hierarchical nature of mesopores (Figure S1). The FT-IR 
studies on MESO-SAPO-37 exhibited a well resolved asymmetric 
vibrational band around 1080 cm‒1 corresponding to the framework 
of Al‒O‒P and Si‒O‒Al units (Figure 2). In addition, weak 
reflection around 565 and 756 cm‒1 was observed, which is typical 
of structural SAPO-37 secondary building units derived from the 
microporous precursor unit used for the synthesis [28]. The N2-
sorption isotherms (not shown here) of the materials with different 
silica content show both microporous and mesoporous features [28] 
with type IV isotherms and H3-type hysteresis loops. H3 hysteresis 
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loops correspond to narrow slit-type pores, which are typical of 
ordered hierarchical mesopores [28]. Further, the BET surface area 
of the MESO-SAPO-37 samples was found in the range 420–450 m2 
g‒1 with a pore volume of 0.4 cm3, indicating the typical mesopore 
range [28]. Pyridine FT-IR adsorption studies (Figure S2) [28] 
revealed moderate to strong Lewis and Brönsted acidic sites [28].  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.Powder XRD pattern for (a) MESO-SAPO-37-0.43, (b) 
MESO-SAPO-37-0.50, (c) MESO-SAPO-37-0.60, (d) MESO-
SAPO-37-0.80. 
 
 
 
 

 
 
 

 
 
 

 
 
Figure 2. FT-IR spectra for (A) as-synthesized and (B) calcined (a) 
MESO-SAPO-37-0.43, (b) MESO-SAPO-37-0.50, (c) MESO-
SAPO-37-0.60, (d) MESO-SAPO-37-0.80. 
 

The surface acidity of MESO-SAPO-37synthesized using different 
silica concentrations (MESO-SAPO-0.43, MESO-SAPO-0.60 and 
MESO-SAPO-0.80) was investigated using NH3-TPD (as shown in 
Figure 3). The NH3-TPD profile for all catalysts showed two distinct 
broad peaks in the temperature range of 170-190 oC and 370-400 oC 
which are assigned as weak and moderate-to-strong acidic sites 
respectively [30].  

 

 

 

 

 

 

 

 

 

Figure 3.NH3-TPD profile of calcined (a) MESO-SAPO-37-0.43, 
(b) MESO-SAPO-37-0.60 and (c) MESO-SAPO-37-0.80 catalysts. 

MESO-SAPO-37-0.43 materials showed 0.06 mmol of both weak 
and moderate acidic sites. With the increase in the silica content 
(MESO-SAPO-37-0.60 and MESO-SAPO-37-0.80) increase in the 
weak acidic sites concentration (0.07 and 0.08 mmol respectively) 
was evident with loss of moderate-to-strong acidic sites. The 
decrease in the acidity with increase in silica content could have 
resulted due to formation of silica islands. 

The alkylation of 2-NP with IPA yielded both O-alkylated and C-
alkylated products (Scheme 1). In the present studies the C-alkylated 
products were obtained as the major component. The various 
regioisomers of substituted 2-NP [31] include 1-isopropyl-2-
naphthol (1-IP-2-NP), 6-isopropyl-2-naphthol (6-IP-2-NP), and 8-
isopropyl-2-naphthol (8-IP-2-NP); some di-alkylated products were 
also identified. 
 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1.Schematic representation of 2-naphthol (2-NP) reaction 
with isopropyl alcohol (IPA). 

3.2 Effect of WHSV 

The effect of weight hour space velocity (WHSV: 6.4, 7.7, 9.4 and 
11.0 h–1) on MESO-SAPO-37-0.43 over the period of time on stream 
(TOS) was studied for isopropylation of 2-NP at 200°C using an 
IPA:2-NP molar ratio of 20:1 and the results are depicted in Figure 
4. 

 
Figure 4.Conversion of 2-NP with IPA at different WHSV at 200 oC 
with mole ratio (2-NP: IPA) of 1: 20 over the period of TOS. 

It was observed that 2-NP conversion increased with an increase in 
space velocity. Lower conversion and faster deactivation for a 
WHSV of 6.4 h‒1 was observed, and the catalyst deactivated within 1 
h of time on stream (TOS). The lower conversion at lower space 
velocity could be due to dealkylation of the alkylated products and 
coke formation owing to more contact time of the reactant molecule 
at catalyst sites [16] as well as clustering of naphthol at a lower 
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WHSV [32]. With an increase in WHSV from 7.7 to 9.4 h‒1, 2-NP 
conversion increased from 40% to 70%. However, a further increase 
in WHSV did not show any appreciable conversion due to fast 
diffusion of reactant molecules through the mesoporous channel 
[16].  

At the optimum WHSV, a maximum conversion of about 70% was 
obtained with C-alkylated product selectivity in the range of 70–90% 
as the major product and O-alkylated product in the range 10–30% 
as the minor component (Figure S3). Figure 5 shows the C-alkylated 
product distribution over MESO-SAPO-37-0.43 at different 
WHSVs. In all cases, 1-IP-2-NP was obtained as the major product 
with a selectivity of 40‒50%, and the maximum production of 6-IP-
2-NP was evident with a WHSV of 9.4 h‒1, thus for further studies 
the WHSV was kept at 9.4 h‒1. 

 

Figure 5. Selectivity of C-alkylated products at temperature 200 oC, 
mole ratio 1:20 for WHSV (a) 6.3 h-1(b)7.7 h-1and (c) 9.4 h-1. 

3.3 Effect of Temperature 

To improve the yield of 6-alkylated product, the reaction was studied 
at different reaction temperatures ranging from 175 to 275°C and the 
results are summarized in Figure 6. The 2-NP conversion was 
increased with an increase in temperature from 175 to 200°C. The 
observed lower conversion at 175°C can be explained by the strong 
adsorption of the reactant molecules at active sites and their 
susceptibility to coke formation, in agreement with the literature 
[24].  

The maximum 2-NP conversion of 70% with steady activity over a 
long TOS was observed at 200°C, owing to the exposure of more 
acidic sites (Table 1). However, with a further increase in 
temperature to 250°C and 275°C, a slight decrease in conversion was 
observed which might be due to deactivation of some of the 
moderate acidic sites by oligomerization of the alkylating agent IPA 
[33]. 
The product distributions on alkylation of 2-NP at different 
temperatures are shown in Figure 7. At very low temperatures 
(175°C and 200°C) O-alkylated product (5%) was obtained and 1-
IP-2-NP was obtained as the major product of about 40%. The 
increase in reaction temperature beyond 200°C facilitated the 
complete formation of C‒alkylated products. In all cases the 
selectivity of 8-IP-2-NP remained in the range of about 10‒18%. 
The increase in reaction temperature to 250°C drastically decreased 

1-IP-2-NP selectivity, with the formation of 6-IP-2-NP at about 
60%. The further increase in temperature reduced the conversion rate 
as well as 6-IP-2-NP selectivity owing to dealkylation and 
isomerization into 8-IP-2-NP. 
 

 

Figure 6. Conversion of 2-BN with IPA at different temperatures 
with WHSV = 9.4 h-1 and mole ratio 1:20. 

 

Figure 7.Selectivityofalkylated products with WHSV = 9.4 h-1, mole 
ratio (2-NP : IPA) 1:20 at temperature (a) 175 oC (b) 200 oC (c) 
250oC and (d) 275 oC. 

Table 1. Acidic sites present in MESO-SAPO-37-0.43# 

Temperature (oC) 
Acidic Sites (mmol.g‒1) 

Lewis (L) Brönsted (B) L/B 

200 2.033 0.096 20.980 

250 1.811 0.084 21.424 

300 1.651 0.171 9.617 

400 1.359 0.676 2.010 
#Calculations are based on Gaussian deconvolution of pyridine FT-IR data 

(reproduced with permission from reference 28) 

3.4 Effect of mole ratio 

The reaction was studied different mole ratios of 2-NP to IPA both at 
200°C and 250°C as shown in figure 8. At both temperatures the 2-
NP conversion steadily increased with an increase in IPA content 
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and reached a maximum for the reactant mixture having 2-NP:IPA 
ratio of 1:20. Although the lower temperature (200°C) showed better 
2-NP conversion, a considerable amount of O-alkylated product was 
obtained (~5%). The most suitable conditions to get comparable 2-
NP conversion (60%; Fig. 8) with selective formation of 6-IP-2-NP 
(60%; Fig. 9) were identified as 250°C with a mole ratio of 1:20. 
The further increase in IPA concentration resulted in a drastic 
decrease in 2-NP conversion at both temperatures, which is due to 
absorption of more IPA on active sites, which facilitates coke 
formation. The deactivation is more predominant at low 
temperatures. 

 

Figure 8.Catalytic activity of MESO-SAPO-37-0.43 at different 
temperatures (200 and 250 oC) and 2-NP :IPA mole ratios. 

 

Figure 9. Selectivity of different alkylated products for different 
mole ratios at 250 oC for WHSV= 9.4 h-1with mole ratio (2-NP:IPA) 
(a) 1:15 (b) 1:20 and (c) 1:25. 

The maximum formation of 6-IP-2-NP was evident at 250°C with 2-
NP to IPA ratio of 1:20; the increase in IPA content facilitated 
formation of more poly-alkylated naphthol and thus a reduction in 
selectivity of 6-IP-2-NP (Figure 9). 
 

3.5 Effect of silica content 

The reactions were also studied for MESO-SAPO-37 prepared with 
different silica concentrations such as MESO-SAPO-37-0.43, 
MESO-SAPO-37-0.60 and MESO-SAPO-37-0.80 at 250°C with a 
WHSV of 9.4 h‒1 and the results are summarized in figure 10. 

Among the variations of MESO-SAPO-37, the one prepared using 
0.43 M silica favored the maximum 2-NP conversion of around 
60%, with maximum 6-IP-2-NP selectivity (Figure 11). The use of 
higher concentrations of silica in the initial gel of MESO-SAPO-37 
(0.60 and 0.80 M, as evident from NH3-TPD in Figure 3) facilitated 
silica islands which generate more weak acidic sites. Thus, MESO-
SAPO-37-0.60 and MESO-SAPO-37-0.80 showed poor conversion 
and a considerable amount of O-alkylated product even at 250°C 
(Figure S4). Selectivity towards C-alkylated products increases in 
the order MESO-SAPO-37-0.43 > MESO-SAPO-37-0.60 > MESO-
SAPO-37-0.80. Selectivity towards 6-IP-2-NP also decreases with 
an increase in silica concentration, whereas 1-IP-2-NP selectivity 
steadily increases with an increase in silica concentration. This fact 
clearly supports the hypothesis that an increase in silica facilitates 
formation of weak acidic sites and thus favors more O-alkylated and 
1-IP-2-NP selectivity. 

 

Figure 10.Conversion of 2-NP with IPA for catalysts with different 
silica content at 250 oC with WHSV= 9.4 h-1and mole ratio 1:20. 

 

Figure 11.Selectivity of different alkylated products for catalyst at 
250 oC with WHSV= 9.4 h-1and mole ratio 1:20 with silica content 
(a) 0.43 (b) 0.60 and 0.80. 

Table 2 summarizes the comparison of suitable conditions on 
selective formation of various products in the present work and the 
literature results. It can be seen from the table that when the reaction 
temperature is more than 200 oC, C-alkylation along with O-
alkylated product was evident. The maximum selectivity of 6-
alkylated product viz., 60% 6-IP-2-NP was favored at 250 oC, with 
WHSV= 9.4 h-1 and mole ratio (2-NP: IPA) of 1:20 with 60 % 

Page 5 of 9 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE New J. Chem. 

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

conversion. The observed conversion and 6-alkylated product 
selectivity in the present studies found to be more than literature 
values, which is due to mesoporous materials possessing 
microporous secondary building units. 

Table 2.Summary of different parameters studied on product 

selectivity for 2-NP conversion. 

S. 
No. 

Reaction Conditions 

Major 

Product 

(Sel. %) 

2-NP 
Conv. 

(%) 

Ref. 

1 

MESO-SAPO-37-0.43 
T=200oC 

WHSV=7.7 h-1 
2-NP : IPAa ratio=1:20 

1-IP-2-
NP(53) 

40  
Present 
work 

2 

MESO-SAPO-37-0.43 
T=250 oC 

WHSV=9.4 h-1 
2-NP : IPAa ratio=1:20 

6-IP-2-
NP(60) 

60 
Present 
work 

3 

H-Y 
200 oC 

Feed rate = 2ml/h 
2-NP : Meb ratio = 1:8 

2-MeO-
NA* 
(68) 

64 22(a) 

4 

H-Y 
200 oC 

Feed rate = 2ml/h 
2-NP : DMCc ratio = 1:8 

2-MeO-
NA*  

(79) 

67 22(a) 

5 
H-Y 

80 oC- 8 h 
2-NP : TPd ratio= 1:2 

6-TP-2-
NP±(52) 

35 23 

6 
SO4

2-/Al-MCM-41 
T=160 oC-1 h 

2-NP : EAe ratio=1:10 

2-EtO-
NA** 

(98.02) 

70 27(b) 

7 
HT/HMS 
T=190 oC 

2-NP : DMCc ratio=1:30 

2-MeO-
NA* 

 (90.10) 

91.5 19 

8 
V-MCM-41 
30 oC- 24 h 

2-NP 

1,1ʹ-Bi-2-
naphthol 

23.4y 24(b) 

9 

Cs-MCM-41 
400 oC 

WHSV=2.28 h-1 
2-NP: Meb ratio = 1:10 

2-MeO-
NA* 

(95.7) 

98.9 24(c) 

10 

CuAl-SBA-15 
50 oC- 3 h 

2-NP: methylbut-3-en-2-
ol  ratio = 2:1 

1-(3-
methylbut-
2-enyl)-2-

NP 

61y 24(d) 

*2-MeO-NA represents 2-methoxy-naphthalene; **2-EtO-NP 
represents 2-ethoxy-naphthalene; ±6-TP-2-NP represents 6-tripropyl-
2-naphthol. Ratio represents (2-NP: alkylating agent); aIPA= 
isopropyl alcohol, bMe= Methanol, cDMC= Dimethyl carbonate, 
dTP= tripropylene, eEA= ethyl acetate , y represents yield. 

3.6 Coke analysis 

The coke content of used catalysts was analyzed by FT-IR spectra 
and the results are depicted in Figure 12. All the used catalysts 
showed characteristic vibrational bands around 818, 1471, 1627, 
2869, 2926 and 2956 cm‒1 corresponding to C‒H bending and 
stretching frequency of the different environments [34]. The 
vibrational band around 818 cm‒1 evident in all cases corresponds to 
the bending frequency of the aromatic C‒H ring. Further, the 
stretching frequency observed at 1627 cm‒1 corresponds to the 
vibrational band of the aromatic ring, namely the naphthalene 
moiety, which might result from 2-NP. The additional vibrational 
band detected at 1471 cm‒1 corresponds to the CH3 asymmetrical 
bending derived from IPA. The symmetrical stretching bands 
observed around 2869, 2926 and 2956 cm‒1 could be derived from 
both aliphatic and aromatic vibrational bands. 
TGA profile of used catalyst at lower WHSV of 6.3 h-1 (MESO-
SAPO-37-0.43) is shown in Figure 13. TGA showed weight loss of 8  
wt. % acquired between the temperature range of 250-750 oC, which 
corresponding to decomposition of soft coke present on the surface 
of materials. 

3.7 Computational Discussion 

In order to understand the product distribution of 2-NP alkylation, 
the dissociation energies for hydrogen atoms present in phenolic and 
aromatic rings were calculated using B3YPL hybrid density 
functional and the results are summarized in Table 3. It is clear from 
the table that the bond dissociation energy (BDE) of alkylating agent 
(isopropanol alcohol) were first calculated and found to be107.1 and 
392.87 kJmol-1 for O-H and C-O respectively. The above result 
clearly suggests that C-O dissociation was preferred and results in 
isopropyl cation. Further to understand any ether formation 
(diisopropyl ether) similar to literature [35] C-O BDE of diisopropyl 
ether was calculated and found to be much lower (333.109kJmol), 
which suggest that even if there is formation of such ether, it 
decomposes rapidly and yield isopropyl cation. The GC-MS studies 
further confirmed that there is no such ether formation. The 
dissociation energy of the O–H bond in 2-NP is 365.911 kJmol–1, 
which is much lower than any hydrogen from an aromatic ring. Thus 
at lower temperatures weak acidic catalysts (MESO-SAPO-37-0.6 
and MESO-SAPO-37-0.8) favored more O-isopropyl-2-naphthol. 
The dissociation energy for the hydrogen atom at the 3-position was 
found to be much higher (499.494 kJmol–1). Although, 2-NP 
activates electrophilic substitution at 1-, 3-, 6- and 8- position 
equally [23]. It is known from the literature that all the positions of 
fused ring systems are not equivalent based on the molecular 
orientation [19] at the catalyst surface. Thus no 3-alkylated product 
was identified. In the theoretical interpretation, it was assumed that 
one molecule of 2-NP collides with one molecule of IPA and results 
in the product formation. From Table 3 it can be seen that, with the 
exception of the O- and 3-positions, all other regioisomers (1, 6 and 
8) of 2-NP require almost similar amount of energy for hydrogen 
bond breaking. Due to the presence of an OH group on 2-position, 
which is ortho- directing it can direct the alkylating agent at either 
the 1- or 3-positions. However, due to the higher dissociation energy 
of hydrogen at the 3-position (i.e. 501.075 kJmol–1), 1-alkylated 
products (493.615 kJmol–1) were preferred. All the other hydrogen 
dissociation energies were much closer, and in a fused ring system, 
the positions are not equivalent and there will be a preferred 
orientation [19]. 
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At low temperatures, O-alkylation is preferred due to the lower bond 
dissociation energy (BDE) of 365.890 kJmol–1 for the hydrogen of 
the OH group. Among the various alkylated products, the 1-
alkylated product was obtained as the major product under mild 
reaction conditions (175–200°C), owing to the OH group kinetically 
favoring the O-alkylation and also possessing a lower dissociation 
energy. 
The formation of more 6-IP-2-NP at a high temperature (250°C) 
with a moderately strong acidic catalyst (MESO-SAPO-37-0.43) can 
be explained based on the C‒C BDE of the aromatic carbon and 
isopropyl groups as shown in Table 4. It is clear from the calculation 
of the dissociation energies of O‒H and C‒H bonds in 2-NP and O‒
C and C‒C dissociation energies of alkylated naphthol (Tables 3&4) 
that O-alkylation can form very easily. However, the resultant O-IP-
2-NP easily dissociates into an isopropyl cation, which is alkylated 
onto the kinetically favored o- and p- positions of 2-NPsuch as in 1-
IP-2-NP, 6-IP-2-NP and 8-IP-2-NP. Although the BDEs for 
hydrogen at positions 6 and 8 are similar, the BDEs of isopropyl 
alkylated products are different. In the case of 6-IP-2-NP,The BDE 
of the isopropyl group was calculated to be 393.588 kJmol‒1, which 
is the highest among all the isomers, implying that 6-IP-2-NP is the 
most stable of all the products, thus explaining its yield as the major 
component at optimum reaction conditions. 

 

Figure 12.FT-IR spectra of catalyst after reaction containing silica 
(a) 0.40 (b) 0.60 and (c) 0.80 M. 

 

Figure 13.TGA of used MESO-SAPO-37-0.43 catalyst. 

 

 

Table 3.Bond Dissociation energies of different protonsin2-NP and 
isopropyl alcohol. 

Proton Position 
Bond Dissociation Energy 

(kJmol-1) 

1 493.615 

3 499.494 

4 491.804 

5 490.666 

6 492.339 

7 490.561 

8 491.030 

9‡ 448.231 

2‡ 365.911 

‡ The proton of the OH group 

Table 4.Bond dissociation for different products. 

Structure Bond Dissociation Energy 

(kJmol-1) 

a

 

375.894 

b

 

393.588 

c

 

376.250 

d

 

248.809 

  

Page 7 of 9 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE New J. Chem. 

8 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

4.Conclusions 

Alkylation of 2-NP with IPA was studied on recently developed 
MESO-SAPO-37 materials. The presence of strong acidic sites 
and moderate reaction conditions facilitated 2-NP conversion of 
60% with 6-IP-2-NP obtained as the major product of about 
60%. The catalyst showed steady conversion over a long TOS. 
The BDE calculated by theoretical model using Schrödinger 
Material Science 1.6 software implied that 6-IP-2-NP is 
kinetically favored and has a high dissociation energy thus 
explaining its yield as the major component. The reaction 
proceeds through O-alkylation followed by C-alkylation of 
kinetically favored positions. 
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Mesoporous-SAPO-37 is found to be promising catalyst for 2-naphthol alkylation with the 

formation of 6-isopropyl-2-naphthol as major product (60 %). 
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