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ABSTRACT

Acetylation of β-cyclodextrin (β-CD) with acetic acid anhydride catalyzed by modified zeolite beta in the solvent DMF
and pyridine was done. Catalysts Fe 3+-zeolite beta and Zr4+ -zeolite beta were prepared by ion exchange method with a
solution of 0.1 M FeCl3 and ZrCl4 respectively. The acidity of the catalyst was measured by the method of adsorption of
pyridine-FTIR to determine the Bronsted and Lewis acidity. Acetylation performed at room temperature for 36 hours with
DMF and pyridine solvent. The results showed that the ion exchange has role to increase of Brosted acidity catalysts .
Total acidity of Fe 3+ and Zr4+ -zeolite beta was greater than zeolite beta acidity. Based on the IR spectra of β -CD
acetylation products showed that the catalytic activities o f Fe3+-zeolite beta and Zr4+ -zeolite beta β-CD acetylation almost
the same and catalytic activity also influenced by the solvent used. IR spectra of acetylated β -CD showed that acetylation
better in DMF solvent than it was in pyridine. 1H-NMR spectra supported that acetylation was accurs, but no enough data
to shows regioselectivity of acetylation.

INTRODUCTION
Acetylation reaction is mostly done in the
chemical industry to synthesize a wide variety of organic
compounds. In many cases the acetylation reaction is not
easy to obtain the desired product if there is one group in
the starting material (starting material) that can undergo
the same reaction. To produce the desired product
required special conditions which minimizes byproducts.
One of the factors that can determine the selectivity of
the reaction is the catalyst. Selective acetylation is
indispensable during this crucial stage synthesis of
cyclodextrin derivatives are used for the stationary phase
separation of chiral compounds.
Friedel-Crafts acylation with homogeneous
catalysts have some disadvantages. First, Friedel-Crafts
acylation not regiospesifik, s econd, a significant amount
of aluminum hydroxide and hydrochloric acid waste, a
third, a number of undesirable reagents used, such as
nitrobenzene as solvent acylation, ammonium sulfide
role in Willgerodt reaction, sodium hydride and methyl
iodide. Furthermore, AlCl3 used excess of the
stoichiometric amount. Moreover, the toxicity and
troublesome job working procedures, not in accordance
with the continuous process technology [1]. Therefore,
studies with procedures that are more environmentally
friendly alternatives are developed. Friedel-Crafts
acylation reaction is traditionally made with reactants
AlCl3 /hydrochloric acid, the procedure developed

alternative is the use of heterogeneous catalysts with acid
anhydride. Some examples of heterogeneous catalysts for
the synthesis of fine chemicals and intermediates are
functionalised polymers such as zeolites or Amberlist
A15 or Nafion [2, 3, 4]
Modified of zeolite beta by ion exchange of
Zr4+, Zn 2+, and Fe3+ showed that the ion exchange
increases the surface area, pore volume, reduced pore
when compared to the same parameters in the zeolite
beta. Increased concentration in Zr4+ ion exchange in
general increase the surface area and pore volume solids,
but less porous jejeri show a clear trend. In general, the
porosity of ion exchange better results than impregnation
[5,6]. Pore size and acidity properties of the resulting
catalyst will have a good selectivity for the acetylation
space 2-methoxy naphthalene.
Regioselectivity is also a major problem in
synthesizing chiral column stationary phase, acetylated
cyclodextrin. β-CD is composed of seven α-(l-4)-linked
glucose units. It does not occur in nature but can be
produced from starch by the action of cyclomaltodextrin
glucanotransferase (of alkophilic Bacillus no. 38-2) [8].
In rats, the chronic administration of large doses of a
cyclodextrin mixture (α, β, and γ) reduced weight gain.
fat deposition, and serum triacylglycerol concentrations
[9]. In humans a daily intake of 10 g β-CD resulted in
increased fecal excretion of bifidobacteria [10]. Together,
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these data indicate that cyclodextrins could be food
additives with beneficial nutritional properties. In
acetylated starch the hydroxyl groups have been replaced
with acetate groups. This creates a more stable starch gel
[11]. However, similarly to other chemically modified
starches, this may decrease the susceptibility to amylase
enzymes in the small intestine and thereby the
digestibility of the starch [12].
β-CD has two types of alcohol is a primary
alcohol at the C6 and secondary alcohol at C2 and C3 in
each constituent glucose units of cyclodextrin.
Acetylation on the secondary alcohols in the mouth of
the cyclodextrin ring used to increase the polarity of
cyclodextrin derivats. How to acetylation that occurs on
the secondary alcohol is a interesting problem of
regioselectivity. The results of the previous research has
gained scientific information about the characters, events,
regioselectivity beta zeolite-based catalyst in acetylation
of 2-methoxy naphthalene into 2-acetyl-6-methoxy
naphthalene as an intermediate synthesis of antiinflammatory drugs [6]. The aim of the present study was
therefore to describe the effects of two modified zeolite
beta catalysts and solvent on the acetylation reaction of
β-CD.

the reaction runs 12, 18, and 36 hours. In the same way
done pelalut acetylation with pyridine. Reaction products
were analyzed by FTIR and 1 H-NMR spectroscopy.
RESULTS
Characterization of Catalysts
Catalyst acidity test results using methods
adsosrpsi pyridine-FTIR shows ion exchange generally
increase the Brosted acidity. The highest total acidity
obtained in Zr4+-zeolite beta that prepared by ion
exchange and impregnation. There are significant
differences in the nature of both solid acidity, Zr 4+ zeolite beta (ip) had higher Brønsted acidity than its of
Zr4+-zeolite beta (ie), in contrast with the Lewis acidity.

METHODS

Chemicals
Zeolite beta was provided by Zeolyst, Tosoh. FeCl3
ZrCl4 , pyridine, DMF were provided by Merck, and βcyclodextrin was provided by Aldrich.
Figure 1. Bronsted and Lewis acidity of zeolite beta
modifieds

Procedures

1. Preparation and Characterization of Fe3+ and Zr4 +
-zeolite beta Catalysts
Preparation of Zr4+-zeolite beta was adapted from the
procedure of Yongzhong et al. [13]. At 1.0 g zeolite beta
(Zeolyst, Si /Al 12.5) was added 50 ml of 0.5 M
zirconium chloride and then stirred for 24 hours. After
drying at 100 ° C, the sample was calcined at 300 ° C for
3 hours, with a low heating rate of 1 ° C / min. Fe 3+ zeolite beta catalyst prepared in the same manner with a
solution of 0.5 M FeCl3 . Characterization of catalysts
focused on the determination of acidity of solids with a
total acidity determination by pyridine adsorption method
(gravimetric-FTIR). Surface area, total pore volume and
pore size distribution based on a single layer of gas
adsorption phenomenon that takes place at a constant
temperature. The tools used are gas sorption analyzer
NOVA 1000 has been reported previously [6].
2. Acetylation of β-CD
One gram of catalyst included in the flask
containing 11.2 mL (120 mmol) of acetic anhydride and
40 mL of DMF, the mixture was stirred for 2 min at
room temperature, then added slowly 10 grams of
cyclodextrin. The mixture is stirred with a magnetic
stirrer at 80 °C for 36 hours. Samples were collected after

2. β-CD Acetylation
β-CD acetylation reaction followed by FTIR and
1H-NMR analysis to determine the success of the
reaction.
H OH
6

H OCOCH3
H O

3

HO

H
H

2

H O

(CH3CO)2O
H

Catalyst

OH
O

H3COCO

H
H

7

H
OCOCH3 O
7

All of the -OH groups at C2 , C3 , and C6 possible
to substitute by acetyl group. In the selective reaction
conditions by catalytic activity or space factor,
acetylation is only occurs on the inside cyclodextrin ring
(-OH at C2 and C3 , both secondary C) or on the outside of
the ring (-OH at C6 , C primer).
FTIR analysis results
Test catalytic activity of Fe 3+-zeolite beta on βCD acetylation carried out with variations of temperature
and reaction time. Figure 2 shows the IR spectra of
acetylated β-CD with acetic anhydride catalyzed by
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Fe3+-zeolite beta in pyridine solvent on the duration of
6,12, 18, and 36 hours. Absorption peak at 1652 cm-1
indicate the stretching C=O showed the formation of

acetyl groups. After 6 hours there is no significant
improvement.

Figure 2. IR spectra of β-CD acetylation products with Fe 3+-zeolite beta catalyst in pyridine
Replacement pyridine as a solvent with DMF in
the same reaction conditions showed better results.
Figure 3 shows the spectrum of β-CD compare to the
spectra of reaction products after 12, 18, and 36 hours.

The absorption at 1652 cm-1, indicate stretching of C=O
increase by duration reaction shows formation of acetyl
group. Strong absorption at 1027 cm-1 and 1150 cm-1
indicate C-O bonding stretching of alcohol and ether.

Figure 3. IR spectra of -CD acetylation products with Fe 3+-zeolite beta catalyst in DMF.
Broad and weak absorption at 3350 cm-1
indicate O-H bond stretching. Catalyst activity of Zr4+zeolite beta in pyridine solvent in the acetylation of β-CD
shows nearly equal to its of Fe 3+-zeolite beta. Figure 4

shows increasing absorptions at 1652, 1027, and 1150
cm-1. After 36-hour duration of the reaction shows the
acetylation product is the highest.

Figure 4. IR Spectra of β-CD acetylation products with Zr4+-zeolite beta catalyst in DMF.
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The emergence of increasingly strong
absorption intensity by increasing the reaction time
showed the formation of carbonyl groups in the
polyhydroxy cyclodextrin acetylation results. The weak
absorption at wave number 1650-1700 cm-1 show that the
acetylation is not perfect, it means that not all hydroxyl
groups acetylated.

in protons shift of β-CD and acetylated β-CD, but protons
shift observe at δ 2.0 to 5.0 ppm (Figure 6) shows
absence of some protons shift peak at 4.75 to 4.85 ppm
after acetylation and appeared new protons shift peak at
4.15 ppm. Based on these spectra can be seen that the
acetylation reaction can not take place properly only
slightly acetylated hydroxy group, the acetylation can be
followed from the change in the intensity of shear and δ
= 2.6 to 3.4 ppm of methyl protons substituted acetyl
group (Figure 6) .

The results of 1 H-NMR analysis
1
H-NMR spectra of β-CD acetylation products
3+
with Fe -zeolite beta catalyst in DMF shows in Figures
5 and 6. The spectra in Figure 5 can not show differences

(a)

(b)

Figure 5. 1 H-NMR spectra of β-CD (a) and acetylated β-CD (b)
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(a)

(b)

Figure 6. 1 H-NMR spectra of β-CD (a) and acetylated β-CD (b)
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CONCLUSION
Lorem Based on the research results have been
obtained, it can be concluded that β-CD acetylation
occurs in partially on the hydroxyl group is evidenced by
the appearance of infrared absorption at wave number
around 1652 cm-1 which indicates the presence of a
carbonyl group and protons shift at δ 3.4 to 4.0 ppm
indicated methyl protons substituted acetyl group.
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