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Abstract: Alcohols and phenols were efficiently acylated with acetic anhydride without solvent over zeolite

HSZ-360. The catalyst can be reused with no activity loss. © 1998 Elsevier Science Ltd. All rights reserved.

The acetylation of alcohols and phenols is a fundamental process in organic chemistry and provides a
cheap and efficient means for protecting OH groups during oxidation, peptide coupling and glycosidation
reactions.’

A variety of procedures use transesterification methodology,Z routinely performed under homogeneous
catalysis with acetic acid or acetyl chloride and anhydride in the presence of a convenient basic (amine,’
DMAP," tributylphosphine®) or acidic (toluene-p-sulfonic acid,” zinc chioride,” cobalt chloride,® scandium or
lanthanide derivatives’) catalyst.

In recent years there has been a tremendous upsurge of interest in various chemical transformations
performed under heterogeneous catalysis." Moreover, using inexpensive and non corrosive heterogeneous
catalysts, chemical transformations occur with better efficiency, higher purity of the products, and easier work-
up, with evident economic and ecological advantages expecially for industrial processes.

Recently, montmorillonite has been reported as a remarkable acetylation catalyst.'' Moreover, silica
gel-supported sodium hydrogen sulfate has been used for the selective monoacetylation of unsymmetrical
diols."? Although these methods produce good results, the use of harmful chlorinated solvents is required and
the possibility of recycling the catalyst has not been reported.

In this communication we present an efficient, selective and solvent-free acetylation of alcohols and
phenols over zeolite HSZ-360 as a reusable catalyst. HSZ-360 is a commercial HY zeolite (Tosoh Corp.) with
the following physico-chemical parameters: surface area’ 500+10 m?/g and surface acidity'* 0.5140.03 meq
H'/g.

The reaction was performed by heating at 60°C, for the selected time, a mixture of alcohol or phenol
(10 mmol) with acetic anhydride (20 mmol) and the zeolite HSZ-360 (0.2 g) utilized without previous thermal
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Table. Direct acetylation of alcohols and phenols with acetic anhydride over zeolite HSZ-360.

. b .
Entry Substrate Product® Yield”) Reaction
(%) | time (h)
1:n=5 89 2.0
1-3 CH;(CH,),CH,OH CH;(CH,),CH,0Ac 2:n=9 88 2.0
3:n=10 98 1.0
4 Benzy! alcohol Benzyl acetate 84 1.0
5,6 R(CH,),CH,0H R(CH,),CH,0A 5 RA(CH,CH o 20
’ V- D TRAe 6: R=p-O;NC¢H,CH, 100 | 20
7 9-Decen-1-ol 9-Decen-1-yl acetate 97 1.0
8 cis-9-Octadecenol cis-9-Octadecenyl acetate 84 80
9 o-Naphthol o-Naphthyl acetate 100 1.5
10 3-Naphthol B-Naphthyl acetate 100 1.5
11 2,6-Dimethyl-4- 2,6-Dimethyl-4-heptanyl 100 2.0
heptanol acetate
12: R=H, R’=H 100 2.0
12-14] RCH(OH)CHNO,R’ RCH(OAc)CHNO,R’ 13: R=Et, R’=Me 100 3.0
14: R=Pr', R’=CH;(CH,), | 98 2.0
15 (-)-Menthol (-)-Menthy! acetate® 100 1.0
16 Cinnamyl alcohol Cinnamyl acetate 100 1.0
OH OAc
17 OH OA¢ 100 15
18 o one 100 | 12
' I OH I I OAc
OAc
19 Py :’/\ X j/\om 89 | 20
I,I,/ I,/
20 | 2-Methyl-3-butyn-2-0l | 2-Methyl-3-butyn-2-yl acetate 98 1.0
21 Propargy! alcohol Propargyl acetate 100 1.0

* All products were identified by their IR and 'H NMR spectra. ® Isolated yield.

¢ [l -80°(c=2, CeHg)'*. ¢ [y -25°(c=2, CHCIy)
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or chemical treatment. Good to high yields (80-100%) were observed in all cases. The present reaction
tolerates other functionalities such as C-C double and triple bonds, nitro groups and ketals. In addition, allylic
alcohols can be acetylated in high yield and selectivity (entry 16).

Of particular interest is the efficient acetylation of f-nitroalcohols (entries 12-14) which very often
produce nitroolefins on treatment with acid. "

Under the present conditions chiral alcohols can be easily acetylated in high yields with complete
retention of optical activity (entries 15 and 19). In addition, we found that zeolite HSZ-360 can be reused
several times without loss of activity, simply by filtering the catalyst, washing with acetone, drying and
immediately reusing. In fact, the acetylation of 2,6-dimethylheptan-4-ol (entry 11) has been repeated seven
times, using the same catalyst with respectably high yields: 92-100%.

Zeolite HSZ-360 (with Si0,/Al,0; ratio 14.0 corresponding to moderately hydrophilic cages) shows good
catalytic activity which is independent of the different polarities of the reactants (compare, for example, entries
1-3 and 19). Thus, it seems likely that almost all reagents utilised in the present study can reach the active sites
of the catalyst surface (pore dimension 7.4 A). As expected the bulkiness of the reagents represents a crucial
factor in the present process: for example complete conversion of a- and P-naphthol to the corresponding
acetate needs 1.5 hours (entries 9 and 10) whereas binaphthol takes 12 hours (entry 18). In this particular case
the bulkiness of the reagent limits or completely inhibits its diffusion through the pores of the catalyst and the
reaction probably occurs only on the external surface or on the external acidic sites. However binol acetate was
obtained in 98% yield by carrying out the reaction at 100°C for 3 hours.

In a typical procedure the alcohol or phenol (10 mmol) and acetic ahydride (20 mmol) were placed in a
two-necked flask with stirring. After 5 min zeolite HSZ-360 (0.2 g) was added and the mixture heated at 60 °C
for the appropriate time (see Table 1). After cooling, the mixture was extracted with Et,O and the catalyst
filtered off. After evaporation of the solvent, the acetate could be purified by distillation or flash
chromatography.

In conclusion, we have shown that an efficient acetylation of alcohols and phenols with acetic anhydride
is promoted by zeolite HSZ-360. All acetates are obtained in high yields under simple experimental conditions.
The catalyst can be reused without any loss of activity.
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