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bstract

Treatment of alcohols and amines (aliphatic and aromatic) with acetic anhydride at room temperature using NaHSO ·SiO as a heterogeneous
4 2

atalyst affords the corresponding acetates in excellent yields. The method is highly chemoselective—alcoholic hydroxyl group can be protected
hile phenolic hydroxyl group remains intact and the amine group can be acetylated in the presence of hydroxyl. Symmetrical diols produced only

he monoacetates. The method has been applied for the preparation of venkatasin, a natural coumarino-lignan and of Baylis–Hillman acetates.
2006 Elsevier B.V. All rights reserved.
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Protection of functional groups is highly essential in organic
ynthesis. The alcohols and amines are frequently protected as
cetates, which are generally prepared by reaction with Ac2O
n the presence of pyridine [1]. 4-(Dimethylamino)pyridine
DMAP) and 4-pyrrolidino pyridine (PPY) are known to cat-
lyze the acetylation of alcohols [2]. Several Lewis acids, such
s TMSCl [3a], TaCl5 [3b], CoCl2 [3c], as well as Sn(OTf)2 [3d],
u(OTf)2 [3e], In(OTf)3 [3f] and Sc(OTf)3 [3g] are also used

or preparation of acetates from alcohols. However, many of
hese methods are associated with one or more drawbacks such
s unavailability of the reagents, harsh reaction conditions, long
eaction times, unsatisfactory yields and disturbance to other
unctional groups. Moreover, selectivity of acetylation is also
mportant in multistep syntheses. Thus a suitable efficient and
elective method for acetylation of alcohols and amines is highly
seful.

In recent years heterogeneous catalysts have gained impor-
ance for their interesting reactivity as well as economic and
nvironmental benefits. In continuation of our work [4] with

hese catalysts, we have recently observed that silica supported
aHSO4 (NaHSO4·SiO2) is highly effective to catalyze the

cetylation of alcohols and amines with Ac2O at room tem-

� Part 111 in the series, “Studies on Novel Synthetic Methodologies”.
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erature. The catalyst can conveniently be prepared [5] from
he readily available bench top reagents, NaHSO4 and silica gel
finer than 200 mesh). Although previously this catalyst was
sed for transesterification using esters and alcohols [5,6] (or
cids [7]) the present systematic studies on acetylation of alco-
ols and amines with Ac2O generated some interesting valuable
esults (regarding reaction times, selectivities and applicabili-
ies). A large number of alcohols (primary, secondary, allylic
nd benzylic) and amines (aliphatic, aromatic, primary and sec-
ndary) were converted into their corresponding acetates in
xcellent yields (Table 1). The conversion was complete within
5–20 min. The transestrification using NaHSO4·SiO2 generally
equires high temperature and long reaction times [5,6]. In the
resent case the acetylation of alcohols was carried out keep-
ng intact other hydroxyl and amine protecting groups, such as
cetyl (Table 1, entry 11), benzyl (entry 8), TBDMS (entries 10
nd 11), tosyl (entry 14), BOC (entry 9) and acetonide (entries
2–14). The isomerization of an unsaturated alcohol (entry 23)
nd epimerization of a chiral alcohol (entries 7 and 15) were not
bserved. The anilines containing both electron-withdrawing
roup (entry 36) and electron-donating group (entries 35 and
8) in the aromatic ring underwent acetylation smoothly. Acety-
ation of aliphatic amines (entries 29–33) was somewhat faster

han that of anilines (entries 34–38).

The chemoselectivity of the present acetylation method is
emarkable. An alcoholic hydroxyl group can conveniently be
cetylated keeping intact the phenolic hydroxyl group in a
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Table 1
Acetylation of alcohols and amines in the presence of NaHSO4·SiO2

Entry Substrate Producta Time (min) Yieldb (%)

1 15 96

2 15 93

3 15 94

4 15 95

5 15 96

6 15 98

7 15 94

8 15 92

9 18 90

10 15 96

11 18 93

12 18 95

13 15 92
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Table 1 (Continued )

Entry Substrate Producta Time (min) Yieldb (%)

14 15 96

15 20 92

16 15 95

17 15 92

18 15 98

19 15 94

20 15 93

21 15 94

22 15 96

23 15 94

24 15 92
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Table 1 (Continued )

Entry Substrate Producta Time (min) Yieldb (%)

25 15 96

26 15 98

27 15 94

28 15 95

29 15 94

30 15 94

31 15 96

32 15 95

33 15 94

34 20 92

35 20 92

36 20 92

37 20 95

38 20 95

m
t
w
m

a All the compounds were characterized by 1H NMR and mass spectral data.
b Isolated yields after column chromatography.
olecule (entries 21–24). If the reaction time was increased
o 2 h only a minor amount (12–15%) of the diacetyled product
as obtained. This selectivity is highly important to carry out
odifications to two different types of hydroxyl groups at dif-

f
h
o
i

erent stages of a reaction sequence. When in a molecule both
ydroxyl and amine groups were present (entries 37 and 38)
nly the amine group was protected selectively. The interest-
ng selectivity of the method can be utilized for the preparation
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f bioactive natural products. Thus cleomiscosin A, a natural
nticancer agent, was directly converted into another natural
oumarino-lignan, venkatasin [8] (entry 24) by acetylation with
c2O in the presence of NaHSO4·SiO2. Symmetrical diols on

cetylation by the present method afforded only the monoac-
tates (entries 25–28).

The other application of the present method is the preparation
f Baylis–Hillman acetates [9] from the corresponding adducts
entries 16–20). Baylis–Hillman acetates are useful for the syn-
hesis of stereo-defined trisubstituted alkenes [9]. However, on
cetylation with Ac2O–pyridine Baylis–Hilaman adducts gen-
rally form isomeric acetates along with normal acetylation
roducts [10]. The problem can be solved by acetylation of the
dducts with Ac2O catalyzed by NaHSO4·SiO2.

In conclusion, we have developed a simple and efficient
ethod for acetylation of alcohols and amines with Ac2O using
aHSO4·SiO2 as a heterogeneous catalyst. The notable advan-

ages are (i) mild reaction conditions, (ii) short reaction times,
iii) excellent yields, (iv) application of an inexpensive heteroge-
eous catalyst, (v) compatibility with other hydroxyl and amine
rotecting groups, (vi) high chemoselectivity and (vii) mono-
rotection of symmetrical diols. The method is quite suitable
or direct preparation of venkatasin, a natural coumarino-lignan
rom anticancer agent, cleomiscosin A and for the preparation
f Baylis–Hilman acetates from corresponding adducts without
ffecting isomerization.

. Experimental

.1. General procedure for acetylation of alcohols and
mines

To a mixture of an alcohol (or amine) (1 mmol) and Ac2O

1.2 mmol) in CH2Cl2 (5 mL) NaHSO4·SiO2 (100 mg) was
dded. The mixture was stirred at room temperature and the
eaction was monitored by TLC. After completion of the reac-
ion the mixture was filtered. The filterate was concentrated and

[

atalysis A: Chemical 269 (2007) 12–16

he residue was subjected to column chromatography (silica gel,
0% EtOAc in hexane) to obtain pure acetate.
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