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Abstract

Friedel-Crafts acylation is widely used for the production of aromatic ketones applied as
intermediates in both fine chemicals and pharmaceutical industries. The reaction is
carried out by using conventional homogenous catalysts, which represents significant
technical and environmental problems. The present work reports the results obtained in
the Friedel-Crafts acylation of aromatic substrates (anisole and 2-methoxynaphthalene)
catalyzed by Beta zeolite obtained by crystallization of silanized seeds. This material
exhibits hierarchical porosity and enhanced textural properties. For the anisole
acylation, the catalytic activity over the conventional Beta zeolite is slightly higher than
with the modified Beta material, probably due to the relatively small size of this
substrate and the weaker acidity of the last sample. However, the opposite occurred in
the acylation of a bulky substrate (2-methoxynaphthalene), with the modified Beta
showing a higher conversion. This result is interpreted due to the presence of a
hierarchical porosity in this material, which favors the accessibility to the active sites.
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1. Introduction

Acylation of aromatic compounds into ketones is a process of commercial relevance in
both fine chemicals and pharmaceutical industries. This type of Friedel-Crafts acylation
takes place by reaction of an aromatic substrate with an acylating agent, such as acyl
halides, acid anhydrides, or esters, in the presence of an acid catalyst (usually AIClIs;,
BF3 or HF) [1]. Currently, economic and environmental factors demand the replacement
of these corrosive catalysts by heterogeneous acid catalysts, as zeolites, clays and
heteropolyacids [2-4]. Zeolites combine acidic properties with shape selectivity and
accordingly present good catalytic activity and selectivity in the acylation of aromatic
compounds. Hierarchical zeolites with enhanced surface area have exhibited attractive
performances in a series of catalytic reactions involving bulky molecules, such as
cracking of polypropylene and octane [4-6]. Activity and stability are expected to be
improved by using this type of zeolites as catalysts in the Friedel-Crafts acylation,
because the hierarchical porosity may increase the accessibility to the active sites and
lead to both faster substrate diffusion and heavier products desorption [7].

The present work reports the results obtained in the Friedel-Crafts acylation of different
aromatic substrates catalyzed by zeolite Beta obtained according to a novel method
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based on the crystallization of silanized seeds, as a way to perturb the subsequent crystal
growth step and to modify the zeolite textural properties [5]. The catalytic behavior of
this material is compared with that of the conventional Beta zeolite.

2. Experimental section

2.1. Catalyst preparation

Conventional Beta zeolite (Beta(0)) was prepared from a solution with a molar
composition as follows: Al,Oz : 60SiO, : 15.5TEAOH : 1000H,0. The precursor
solution was crystallized in an autoclave under autogenous pressure at 135°C for 7 days.
Hierarchical Beta zeolite (Beta(PHAPTMS)) was prepared from a precursor solution
having the same composition as the previous one. In a first step, the precursor solution
was precrystallized in an autoclave at 135°C for 3 days in order to promote the
formation of the first protozeolitic units (seeds). Thereafter, the mixture so obtained was
mixed with an aqueous solution containing both TEAOH and phenylaminopropyl-
trimethoxysilane (PHAPTMS), being kept under reflux and stirring at 90°C for 6 h,
which caused the anchoring of the organosilane on the zeolitic seeds. Finally, the
crystallization was completed by autoclave treatment at 135°C for 7 days [5].

The solid products obtained in the synthesis were separated by centrifugation, washed
with distilled water, dried overnight at 110°C and calcined in air at 550°C for 5 h.

2.2. Catalyst characterization

X-ray diffraction (XRD) patterns of the samples were collected on a Philips X’Pert PRO
diffractometer with Cu-Ko radiation (A = 1.542 A). Nitrogen adsorption-desorption
isotherms were measured at 77 K with a Micromeritics Tristar 3000 system and argon
adsorption-desorption isotherms were measured at 85 K with a Micromeritics Asap
2010 instrument. Previously, the samples were outgassed at 300 °C under N, stream.
The surface area was determined applying the BET equation. The t-plot method was
used to determine the micropore volume of the samples. The pore size distributions
were calculated using from the adsorption branch of the argon isotherms by applying
the NLDFT model (Quantachrome). The aluminium content in the materials was
determined by simultaneous ICP-AES using a Varian VISTA AX instrument. Ammonia
temperature programmed desorption (TPD) measurements were carried out using a
Micromeritics 2910 (TPD/TPR) equipment.

2.3. Catalytic reactions

The catalytic tests were performed under atmospheric pressure in a 250 ml three-necked
round bottom flask equipped with a condenser, a thermometer and a magnetic stirrer. In
a typical reaction, substrate, acylating agent (acetyl chloride) and solvent (nitrobenzene)
were loaded into the reactor. Subsequently, fresh catalyst was added to the reactor.
Samples were taken periodically during 3 hours. The activity of the catalysts in the
acylation of anisole was tested using the following conditions: anisole/acylating
agent=1 mol/mol, catalyst/anisole=0.05 w/w and T=120°C. In the acylation of 2-
methoxynaphthalene (2-MN), the conditions were as follows: 2-MN/acylating=1
mol/mol, catalyst/2-MN=0.15 w/w and T=180°C. Products were analyzed by GC.

3. Results and discussion

Figure 1(a) compares the XRD spectra of both Beta sample: the conventional one and
that prepared from organofunctionalized seeds, showing their high crystallinity.
However, for the sample prepared using the seed silanization treatment, the peaks are
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less intense and broader compared to those corresponding to the conventional zeolite,

suggesting that the Beta (PHAPTMS) presents smaller crystalline domains.

The N, adsorption isotherms of the two Beta samples are depicted in Figure 1(b). The
material prepared from silanized seeds exhibits a significant higher N, adsorption
compared to the Beta (0) sample, suggesting the presence of a secondary porosity. This
is confirmed by the pore-size distributions derived from the Ar isotherms applying the
NLDFT model, which shows the presence of a bimodal porosity. In addition to the
zeolitic micropore peak at around 6 A, a secondary and additional porosity in the range
15-40 A is observed (Figure 1(c)). This additional porosity has been earlier assigned to
the voids existing between different crystalline domains, which are generated and
enhanced by the silanization agent [8]. The grafted organosilane acts as a barrier during

the growth of the zeolite crystals, hindering their complete densification.
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Figure 1. (a) XRD patterns (b) N, adsorption isotherms at 77 K (c) Pore size distributions.

The textural properties of these two samples are summarized in Table 1. Beta
(PHAPTMS) exhibits higher BET and external surface than the standard Beta sample. A
slight reduction in the acid strength for the sample prepared from silanized seeds is
denoted by the shift towards lower temperatures of the NH; TPD peak maximum.

Table 1. Physicochemical properties of zeolite Beta samples.

S S v, 2 V,,° Trax®  Acid sites ©
Sample BZET EZXT P ' SilA e
(m%g) (m*g)  (cm%g)  (cm/g) (°C)  (mmol/g)
Beta (0) 560 51 0.442 0.221 27 305 0.4383
Beta (PHAPTMS) 783 83 0.537 0.313 22 301 0.4209

4Total pore volume determined at P/P0=0.99, ® micropore volume, ¢ from NH; TPD analyses.

Both materials were tested as catalysts in the anisole acylation (Scheme 1). The
conventional Beta sample showed a slightly higher activity than the Beta (PHAPTMS).
At 3 hours, the conversions were 26.8 and 22.8 % for the conventional and seed
silanized catalysts, respectively. This behavior is explained as a consequence of the
relatively small size of the anisole molecule, which allows this compound to diffuse
without significant hindrances through the zeolitic micropores, and of the slightly
weaker acidity of the Beta (PHAPTMS) sample. In both cases, p-methoxyacetophenone
(p-MAP) was the main reaction product, being obtained with a high selectivity (> 97%).
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Scheme 1: Acylation of anisole with acetyl chloride
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Scheme 2: Acylation of 2-MN with acetyl chloride
In contrast, the opposite result was observed when these materials were used in the
acylation of a bulky substrate (2-methoxynaphthalene, 2-MN). In this case, 1-acetyl-2-
metoxynaphthalene (1-A,2-MN) and 6-acetyl-2-metoxynaphthalene (6-A,2-MN) are the
main reaction products (Scheme 2). The latter is an intermediate for the preparation of
Naproxen (antiinflammatory drug) and, therefore, the most interesting product. Initially,
2-MN acylation leads to 1-A,2-MN (the kinetically controlled product). However, at
long times, the selectivity to 6-A,2-MN usually increases due to two secondary
reactions: transacylation of 1-A,2-MN with a molecule of 2-MN and protodeacylation
of 1-A,2-MN yielding 2-MN [7].
The catalytic activity of hierarchical and conventional Beta zeolites for acylation of 2-
MN is displayed in Figure 2(a) The Beta (PHAPTMS) sample shows a superior
catalytic activity than the conventional one, due to its enhanced textural properties. In
this case, the bulky nature of both substrate and products may cause the existence of
diffusional problems inside the zeolitic channels, which are attenuated in the modified
Beta sample due to the presence of the hierarchical porosity. Regarding the product
distribution (Figure 2(b)), two main products are observed and a third isomer, 8-A,2-
MN isomer is produced just in minor amounts. Interestingly, the selectivity towards the
desired isomer increases in the material obtained from silanized seeds, reaching values
around 75%. Probably, the active sites located on the surface of the secondary porosity
are able to catalyze also the formation of 6-A,2-MN by transacylation. However, this
reaction is expected to be strongly hindered in the conventional Beta zeolite since it
requires the participation of two bulky molecules as reactants.
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Figure 2. Catalytic activity (a) 2-MN Conversion , b) mo 6-A,2-MN, eo 1-A,2-MN selectivity.

4. Conclusions

The Beta material prepared by seed silanization show interesting catalytic properties in
aromatic acylation reaction, especially when using a bulky substrate, such as 2-
methoxynaphthalene. The superior activity and selectivity exhibited by this sample has
been related to the presence of a hierarchical porosity, which decreases the steric and
diffusional hindrances, favoring the accessibility to the active sites and allowing the
occurrence of the transacylation reaction.
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