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Abstract The Lewis basic ionic liquid 1,8-diazabicy-
clo[5.4.0Jundec-7-en-8-ium acetate was employed for the
acetylation of various phenols, alcohols, and amines in
good-to-excellent yields at 50 °C under solvent-free con-
ditions in a short time. Compared with existing methods
based on conventional catalysts and toxic solvents, the
reported method is simple, mild and environmentally via-
ble. Furthermore, the ionic liquid was conveniently
separated from the products and easily recycled to catalyze
other acetylation reactions with excellent yields.
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Introduction

The protection of heteroatoms—especially those in
hydroxyl and amino groups—as acetyl derivatives is one of
the most frequent transformations used in organic synthesis
because deprotection is relatively easy to achieve [1, 2].
Typically, the protection of alcohols or phenols as acetate
esters and amines as acetamides is realized using acetyl
chloride or acetic anhydride in the presence of a basic
catalyst such as triethylamine or pyridine. In addition,
4-(dimethylamino) pyridine (DMAP) [3] has been used
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as an efficient catalyst of acetylation. Other catalysts
employed for acylation include nucleophilic agents such as
BusP [4], Lewis acids such as metal halides [5-9], metal
triflates [10, 11], perchlorates [12-14], fluoroboric acid
derivates [15, 16], metal triflimide [17], ionic liquids [18—
20], and several solid acids such as zeolite [21], Nafion-H
[22], and HC1O4-Si0, [23]. Most of the above can be used
for the acetylation of various acid/base-sensitive substrates.
However, previously reported methods suffer from at least
one of the following disadvantages: long reaction time;
harsh reaction conditions; a need for expensive, moisture-
sensitive, and toxic reagents as well as toxic solvents; and
the formation of side products. For example, DMAP is
highly toxic (its LDso value is 56 mg/kg), BusP is flam-
mable (its flash point is 37 °C) and air sensitive,
perchlorates are explosive, and triflates are expensive and
moisture sensitive. Many catalysts such as Nafion-H and
N-heterocyclic carbenes require special conditions for their
preparation or are a potential health hazard. Therefore,
there is increasing demand for new catalysts that can help
to overcome the challenges mentioned above, and it is
necessary to develop a mild, efficient, and environmentally
benign acylation reaction.
1,8-Diazabicyclo[5.4.0]Jundec-7-ene (DBU) was found
to be a far superior catalyst compared to other tertiary
amines, and its nucleophilic nature and utility in organic
synthesis have also been investigated over the past decades.
Recently, Birman et al. [24, 25] successfully intro-
duced nonaromatic amidine derivatives, including DBU, as
catalysts for acylation reactions. However, the associ-
ated procedure suffered from low recyclability and the
unpleasant flavor of DBU, which conflicted with the con-
cept of green chemistry. Thus, a new basic ionic liquid, 1,8-
diazabicyclo[5.4.0Jundec-7-en-8-ium acetate ((HDBUJOAC),
was synthesized through the neutralization reaction of DBU
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and acetic acid. This DBU salt is a ionic liquid with weak
basicity at room temperature. [HDBU]OACc has been used for
various organic transformations because of its ease of prep-
aration and high activity [26-28]. The main aim of the work
described in this paper was to employ [HDBUJOAc to cat-
alyze the acetylation of alcohols, phenols, and amines under
mild conditions.

Results and discussion
Effect of the solvent

Initially to optimize the reaction conditions, we tried to
convert 4-nitrophenol (10.0 mmol) to 4-nitrophenyl acetate
in the presence of a catalytic amount of [HDBUJOAc
(20 mol%) and acetic anhydride (10.1 mmol) in various
solvents and also under solvent-free conditions. As shown
in Table 1, in comparison to conventional methods per-
formed in solvents such as 1,2-dichloroethane, acetonitrile,
toluene, THF, and n-hexane, the yield of the reaction
realized under solvent-free conditions is higher and the
reaction time is shorter. Therefore, we employed solvent-
free conditions for the conversion of various alcohols,
phenols, and amines to the corresponding acetates or
acetamides.

Effect of the amount of [HDBUJOAc

The amount of [HDBU]JOAc was varied from 5 to
30 mol% to study its effect on the acetylation of
10.0 mmol 4-nitrophenol with 10.1 mmol acetic anhydride
(Table 2). The reactions were carried out with 5, 10, 15,
20, 25, and 30 mol% of [HDBU]OAc. The yield of
4-nitrophenyl acetate was measured after 0.75 h of stirring
the mixture at 50 °C. We observed that the yield increased
rapidly as the amount of [HDBU]OAc was increased (up to
20 mol%), and then slowed down. These results show that
the reaction of [HDBU]OACc and acetic anhydride could be

Table 1 Effect of the solvent during the [HDBU]OAc-catalyzed
acetylation of 4-nitrophenol with Ac,0 using different solvents

Entry Solvent Time/h Yield*/%
1 1,2-Dichloroethane 2 68
2 Acetonitrile 2 25
3 Toluene 2 11
4 THF 2 62
5 n-Hexane 2 16
6 Neat 0.75 97

Table 2 Yield of the acetylation of 4-nitrophenol with different
amounts of [HDBU]OAc

Entry Cat./mol% Time/h Yield"/%
1 - 2.0 5

2 20° 2.0 82

3 20° 2.0 8

4 5 0.75 22

5 10 0.75 35

6 15 0.75 78

7 20 0.75 95

8 25 0.75 95

9 30 0.75 96

The substrate was treated with Ac,0O (1.01 equiv.) at 50 °C
 Yield determined by GC

" The catalyst was replaced with DBU

¢ The catalyst was replaced with HOAc

the rate-limiting step when a small amount of [HDBU]OAc
is available (<20 mol%). However, when the amount of
[HDBU]OACc increases (more than 30 mol%), the acetyla-
tion of substrates becomes the rate-limiting step. Therefore,
we decided to use 20 mol% [HDBUJOAc in subsequent
experiments.

Effect of the reaction temperature

The reaction temperature was varied from 20 to 70 °C to
study its effect on the acetylation of 10.0 mmol 4-nitro-
phenol with 10.1 mmol acetic anhydride (Table 3). The
reactions were carried out at 20, 30, 40, 50, 60, and 70 °C.
We observed that the yield increased rapidly as the tem-
perature was increased (up to 50 °C). When the
temperature was higher than 60 °C, the substrate trans-
formed into acetate rapidly with a violent release of heat
and the yield decreased slightly, probably due to the partial

Table 3 Yield of the acetylation of 4-nitrophenol at different reac-
tion temperatures

Entry Temperature/°C Time/h Yield*/%
1 20 2.0 5

2 30 2.0 45

3 40 1.0 85

4 50 0.75 95

5 60 0.40 93

6 70 0.20 90

7 80 0.10 87

The substrate was treated with Ac,O (1.01 equiv.) and [HDBUJOAc
(0.20 equiv.) at 50 °C

? Yield determined by GC
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volatilization of acetic anhydride and the occurrence of
some side reactions at higher reaction temperatures. Based
on these results and the generality of the method, 50 °C
was chosen for further experiments.

Reusability of the catalyst

The reusability of the catalyst was also investigated. For
this purpose, the same model reaction was studied again
under optimized conditions. After the completion of the
reaction, the reaction mixture was cooled to room tem-
perature and diluted with diethylether and water. The
aqueous layer was concentrated under reduced pressure to
remove the acetic acid and water, and the catalyst
[HDBU]OACc was recovered as an oily residue and reused
for a similar reaction after drying in vacuo. As shown in
Fig. 1, the catalyst could be reused at least five times
without any significant loss of activity.

Acetylation of alcohols, phenols, and amines

To explore the generality and scope of the method, var-
ious phenols, primary, secondary, and benzylic alcohols,
and amines with various groups were acetylated with
acetic anhydride using the optimized reaction conditions
(Scheme 1), and the results are listed in Table 4. No
competitive Fries rearrangement was observed for phe-
nolic substrates (entries 1-7), which is very common in
the presence of a Lewis acid. Catechol and hydroquinone
were also not oxidized to the corresponding benzoqui-
nones (entries 9, 10). Prenyl alcohol, an allylic alcohol,

100

80 -
60
40
20 -
[ T T T T
1 2 3 4 5

Runs

Yield/%

Fig. 1 Reuse of [HDBU]JOAc for the acetylation of 4-nitrophenol
under optimized conditions

[HDBUJOAC (20 mol%)
ACzo >
Solvent-free, 50°C

R-XH + R-XAc

R = aryl, alkyl
X=0,NH

Scheme 1

was transformed to the corresponding acetate without
affecting the carbon—carbon double bond (entry 16), and
benzylic alcohol was acetylated without the formation
of any oxidative side products (entry 17). The efficacy of
the catalyst can be clearly visualized in the acetylation
of polyhydroxy compounds under similar conditions
(entries 14, 15, 19, 30). Obviously, the acetylation of
amines was much faster than that of alcohols and phe-
nols, which may be due to the higher nucleophilicity of
amines than phenols (entries 20-29). Another noteworthy
feature of this methodology is that carbohydrates such as
D-glucose and valienamine underwent exhaustive acety-
lation (entries 19, 30), demonstrating the practical utility
of this method in carbohydrate chemistry and pharma-
ceutical chemistry.

The possible mechanism of acetylation catalyzed
by [HDBU]OAc

Based on all of the results that obtained above, we pin-
pointed the catalysis cycle is shown in Scheme 2, which is
similar to the mechanism of acetylation catalyzed by pyr-
idine and DMAP [48].

Conclusion

In summary, [HDBU]JOAc was found to be a new, highly
efficient, and chemoselective catalyst for the acylation of
primary and secondary alcohols, phenols, and amines.
Given the continual tightening of legislation on the release
of waste and use of toxic substances as a measure to control
environmental pollution, the use of a stoichiometric
amount of acetylating agent and the solvent-free conditions
employed in the present method make it environmentally
friendly and suitable for industrial applications.

Experimental

All chemicals were of reagent grade and used without
further purification. All yields refer to isolated products
after purification. Products were characterized by com-
parison with authentic samples and by spectroscopic data
("H NMR and ">C NMR spectra) and melting points. 'H
NMR spectra were recorded at 400 MHz on a Bruker
(Karlsruhe, Germany) AC-P400 spectrometer. The spectra
were measured in CDClj, relative to TMS (0.00 ppm). GC
analysis was performed using an Agilent (Santa Clara, CA,
USA) 1705A GC. All reactions were carried out in pre-
dried glassware (150 °C, 5 h) cooled under a vacuum. The
Lewis basic ionic liquid [HDBU]JOAc was prepared
according to a method described in a previous work [20].
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Table 4 [HDBU]OAc-catalyzed acetylation of phenols, alcohols, amines, and sugars

Entry Substrates Products® Yield®/% Time/h Ref.
1 PhOH PhOAc 94 0.75 [29]
2 p-NO,-PhOH p-NO,-PhOAc 95 0.75 [29]
3 0-NO,-PhOH 0-NO,-PhOAc 94 0.75 [17]
4 p-Cl-PhOH p-Cl-PhOAc 94 0.75 [29]
5 p-Me-PhOH p-Me-PhOAc 90 0.75 [29]
6 p-(t-Bu)-PhOH p-(t-Bu)-PhOAc 91 0.75 [29]
7 2,6-(t-Bu),-PhOH 2,6-(t-Bu),-PhOAc 90 0.75 [30]
8 2,4-(NO,),-PhOH 2,4-(NO,),-PhOAc 89 1.0 [31]
9 1,2-(HO),CcH, 1,2-(Ac0),CeH, 95 1.0 [29]
10°¢ 1,4-(HO),CeH, 1,4-(Ac0),CeH, 96 1.0 [32]
11 n-BuOH n-BuOAc 88 1.0 [33]
12 t-BuOH t-BuOAc 85 1.5 [29]
13 /\/k /\)\ 87 1.0 [34]
HO AcO

14¢ 1 1. 5
HO.__~_OH AcO._~_OAc ’ i B3]
15¢ 92 1.5 36
OH OAc [36]

Ho.__L__oH aco_h_onc
16 /\)\ 86 1.0 [371

= =
HO AcO
17 BnOH BnOAc 92 1.0 [19]
18 89 1.0 [23]
fOH fOAc
19° 95 3.0 38
OH OAc [38]
HO,, o AcO,, o
HO OH AcO OAc
OH OAc

20 BnNH, BnNHAc 92 0.5 [39]
21 PhNH, PhNHAc 95 0.5 [40]
22 p-Me-PhNH, p-Me-PhNHAc 94 0.5 [40]
23 0-Me-PhNH, o0-Me-PhNHAc 93 0.5 [40]
24 0-NO,-PhNH, 0-NO,-PhNHAc 95 0.5 [41]
25 m-MeO-PhNH, m-MeO-PhNHAc 96 0.5 [42]
26 0-CF;-PhNH, 0-CF;-PhNHAc 96 0.5 [43]
27 0-C1-PhNH, 0-CI-PhNHAc 93 0.5 [44]
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Table 4 continued

Entry Substrates Products® Yield®/% Time/h Ref.
28 p-C1-PhNH, p-Cl-PhNHAc 94 0.5 [45]
29 p-F-PhNH, p-F-PhNHAc 96 0.5 [46]
30° 92 2.0 47
HO AcO 7l
HO,, AcO,,
HO” > “NH, AcO” > “NHAc
OH OAc

* All products were identified by their "H NMR and '*C NMR spectra. All spectral data and melting point data for solid products are provided in

the “Electronic supplementary material”

® Yields of the corresponding acetylated products refer to isolated yields obtained at 50 °C using [HDBU]OAc (0.20 equiv.) and Ac,0 (1.01

equiv.), except in special cases

¢ Reaction carried out with 2.02 equivalents of Ac,O
4 Reaction carried out with 3.03 equivalents of Ac,O
¢ Reaction carried out with 5.05 equivalents of Ac,O

AcOH

R-XH

@
N N
@ |
N aco® N Aco®
C! C!
02\ o)\

Scheme 2

Typical procedure for acetylation using [HDBU]OAc

To a stirred solution of 1.39 g 4-nitrophenol (10 mmol) in
1.03 g of freshly distilled acetic anhydride (10.1 mmol)
were added 0.42 g of [HDBUJOAc (20 mol%), and the
reaction mixture was stirred at 50 °C for 45 min. The
reaction was monitored by TLC (EtOAc/hexane = 1:4,
v/v) and GC. After the reaction had completed, the mixture
was diluted with EtOAc and water. The organic layer was
washed with saturated NaHCO; solution and water and
then dried over anhydrous Na,SO,, and concentrated under
reduced pressure to give an oil, which was purified by
column chromatography (EtOAc/hexane = 1:15, v/v) if
necessary. The aqueous layer was concentrated under
reduced pressure to remove the acetic acid and water, and

the catalyst [HDBU]JOAc was recovered as a pale yellow
oily residue that could be reused after drying in vacuo at
80 °C for 12 h.
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