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Acetyl salicylic acid, commonly known as Aspirin or Ecotrin, has been synthesized by an eco-friendly
route using solid acid catalysts namely nano-crystalline sulfated zirconia, sulfated titania, zeolite H-beta,
H-Y, H-ZSM-5 and acid treated K-10 clay. Among all the solid acid catalysts studied, nano-crystalline
sulfated zirconia showed highest catalytic activity and was found to be efficient in minimal amount to

obtain excellent yield (95 wt%) of acetyl salicylic acid crystals. Thermally regenerated catalyst showed
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similar yield as obtained with the fresh catalyst.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Solid acids have emerged as potential alternate catalysts to the
conventional liquid acids [1,2] due to their non-hazardous nature,
requirements in catalytic amounts, enhanced selectivity and easier
post-reaction work-up. The ease of separation without resulting
into problem of waste disposal and option of re-use of the solid
acid catalysts render the processes employing solid acid catalysts
as green processes. Among the various solid acid catalysts, sulfated
zirconia is a potential catalyst for the isomerization of n-butane
at ambient temperature [3] and has been extensively studied for
the isomerization of n-alkanes, cycloalkanes and alkenes [4-7].
It has also been used for various acid catalyzed reactions such
as alkylation, acylation, esterification, etherification, nitration, and
oligomerization [8,9]. Besides sulfated zirconia, zeolites and acid
treated clays are well known catalysts for acid catalyzed reac-
tions. For example, we have reported excellent catalytic activity and
selectivity for the desired product by using these solid acid catalysts
for various industrially important organic transformations, such as
isomerization of terpenes [10-13] and coumarin synthesis by Pech-
mann reaction [14,15] using sulfated zirconia; nitration of o-xylene
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[16] and acylation of toluene [17] using zeolites; and isomerization
of a-pinene [18] using acid treated clay. In the present study, we
extended our focus to synthesize acetyl salicylic acid (ASA) using
these solid acid catalysts via O-acetylation of salicylic acid with
acetic anhydride.

Acetyl salicylic acid, commonly known by its trade name,
Aspirin, is an effective non-steroidal analgesic, antipyretic and anti-
inflammatory drug and is one of the most widely used medicines
around the world. The use of aspirin extends beyond pain relief by
inhibiting the production of prostaglandins chemicals responsible
for inflammations to life saver by reducing the risk of heart stroke
as it prevents the aggregation of platelets. Today more than 10 mil-
lion kilograms of aspirin is annually produced world-wide and is
the most successful product for drug industry that generates largest
revenues for pharmaceutical companies.

Commercially, salicylic acid synthesized by Kolbe-Schmidt reac-
tion [19] is acetylated with acetic anhydride in presence of an acid
catalyst [20] mainly H,SO4 [21] and H3PO4 [22] at 80-90°C. Pure
acetyl salicylic acid is obtained after crystallization of cooled reac-
tion mixture. The use of H,SO4 and H3POy, is not desirable as these
are corrosive, hazardous, not separable, not re-usable resulting to
the problem of spent acid disposal. A brown liquid impurity also
appears during re-crystallization of acetyl salicylic acid from water,
usually in trace amount but sometimes in large quantity also, which
is to be removed by filtering the hot aqueous solution and thus mak-
ing process tedious and results into acetyl salicylic acid crystals of
low purity.

Very few studies have been reported to synthesize acetyl
salicylic acid to replace conventional H,SO4 [23-25]. Acetyl
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Scheme 1. Synthesis of acetyl salicylic acid by O-acetylation of salicylic acid with acetic anhydride over solid acid catalyst.

chloride-pyridine has been used [23,24] as the acetylating agent
at lower temperature with 33% yield of acetyl salicylic acid. Peng
and Song [25] reported water soluble 12-tungustophosphoric acid
as a catalyst at room temperature with 57-71% yield of acetyl sali-
cylic acid accompanied with the formation of a gummy polymeric
by-product, which needs to be removed and thereby leading to an
extra step in the process. Microwave assisted synthesis of acetyl
salicylic acid from salicylic acid and acetic anhydride using H3POy4
[26-28] and other acidic as well as basic catalysts namely H,SOg,
AlCl3, MgBr;-OEt,, CaCO3, NaOAc, NEt; and dimethylaminopyri-
dine [29] is also reported. Besides being corrosive in nature, use
of acid catalyst resulted into unwanted polymeric side-products.
Use of base catalysts necessitates post reaction the neutralization
of reaction mixture.

In the present study, we report the synthesis of acetyl salicylic
acid by the O-acetylation of salicylic acid with acetic anhydride
using nano-crystalline sulfated zirconia (Scheme 1). For compar-
ison, other solid acid catalysts namely, sulfated titania, zeolite
H-beta, H-Y, H-ZSM-5 and acid treated K-10 clay were also stud-
ied. The significance of the study lies in the solvent free economical
synthesis of acetyl salicylic acid of high purity crystals in excellent
yield (65-95 wt%) and the re-usability of the solid acid catalyst after
separation followed by thermal activation. To the best of our knowl-
edge, it is the first report [30] of the solvent free green catalytic
synthesis of acetyl salicylic acid using a solid acid catalyst.

2. Experimental
2.1. Materials

Salicylic acid and acetic anhydride were supplied by M/S Loba
Chemie, India and S.D. Fine Chem. Ltd., India, respectively. Na-forms
of zeolites were procured from Zeocat, Switzerland and acid treated
K-10 clay was from Sigma-Aldrich, USA.

2.2. Catalyst synthesis

Nano-crystalline sulfated zirconia has been prepared by one
step sol-gel technique [12]. A typical synthesis involves the
addition of concentrated sulfuric acid (1.02ml) to zirconium n-
propoxide precursor (30wt%) followed by the hydrolysis with
water (water:Zr-P molar ratio 4:1). After 3 h aging at room tem-
perature, the resulting gel was dried at 110°C for 12 h followed
by calcination at 600 °C for 2 h. Sulfated titania was also prepared
using the similar methodology. Zeolite H-beta, H-Y, H-ZSM-5 have
been prepared by ammonium cation exchanged of the respective
Na-forms followed by thermal decomposition [17].

2.3. Catalyst characterization

The crystallinity of all the catalysts and the crystalline phases
of calcined sulfated zirconia and titania was determined by X-
ray powder diffractometer (Philips X'pert) using CuK, radiation

(A=1.54056 A). The sample was scanned in 26 range of 10-80° at

a scanning rate of 0.04° s~1, Crystallite size of tetragonal phase of
zirconia and anatase phase of titania was determined from their
characteristic peak, i.e., at 20=30.18 (111) and 25.30 (101) for
zirconia and titania, respectively by using Scherrer formula [31] as
below:

KX

Crystallite size =
rystallite size = 77—

where, K, shape factor=0.9, W= W, — Ws; W,, is the broadened pro-
file width of experimental sample and W; is the standard profile
width of reference silicon sample.

FT-IR spectra of the catalysts were recorded by FT-IR
spectrophotometer (PerkinElmer, GX, USA) in the range of
400-4000 cm~! with a resolution of 4cm~! as KBr pellets.

Specific surface area, pore volume and pore size distribution of
all the catalysts were determined from N, adsorption-desorption
isotherms at —196°C (ASAP 2010, Micromeritics, USA). Surface
area and pore size were calculated by using BET equation and
BJH method, respectively [32]. The samples were degassed under
vacuum (1 x 10-3 mmHg) at 120 °C for 4 h, prior to adsorption mea-
surement to evacuate the physisorbed moisture.

The bulk sulfur (wt%) retained in sulfated zirconia and titania
samples after calcination at 600 °C was analyzed by elemental ana-
lyzer (PerkinElmer 2400, Sr 11, USA).

2.4. Synthesis of acetyl salicylic acid

O-acetylation of salicylic acid with acetic anhydride was con-
ducted in a batch reactor (20 ml) in presence of solid acid catalyst.
Salicylicacid (1 g) and acetic anhydride (3 g) and catalyst (0.1 g, pre-
activated at 450°C for 2 h except K-10, which was pre-activated
at 120°C for 2h) were taken in a 20 ml reaction tube of reac-
tion station (Radleys Discovery Technologies, UK) equipped with
a magnetic stirrer. The mixture was heated at different tempera-
tures in the range of 90-120°C for reaction times ranging from 30
to 240 min. The reaction mixture was cooled and filtered to sep-
arate the catalyst. Unreacted acetic anhydride was hydrolyzed to
acetic acid by adding water (10 ml) and the product acetyl salicylic
acid was obtained from this solution by the slow evaporation of
water at room temperature. The fast recovery of the product was
also obtained by adding dichloromethane to the solution, which
was separated from the aqueous layer and acetyl salicylic acid
was obtained by evaporating the dichloromethane. However, from
green synthesis view, we have used the first method without adding
dichloromethane throughout this studies. The yield of acetyl sali-
cylic acid was calculated as below:

obtained wt. of product

Yield (wt#) = theoretical wt. of product

100

The crude yield of acetyl salicylic acid obtained was 92-95%.
The crude crystals of acetyl salicylic acid were re-crystallized with
ethanol-water mixture and characterized by melting point, DSC
and TG-DTA (Mettler Toledo Star® SW 7.01), FT-IR (PerkinElmer
GX, USA), and 'H NMR-spectroscopy (Bruker Avance-II 500).
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