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A B S T R A C T

Free sugars reacted with acetic anhydride in a deep eutectic solvent made from choline chloride and ZnCl2

at 90 °C to afford the corresponding peracetates that on further heating to 100 °C underwent selective
deacetylation at the anomeric position to furnish the corresponding peracetylated hemiacetals in good
yield.

© 2015 Elsevier Ltd. All rights reserved.

Peracetylated hemiacetals of aldoses are important intermedi-
ates for the preparation of glycosyl acceptors such as glycosyl
trichloroacetimidates1 and glycosyl halides.2,3 Such hemiacetals are
generally prepared by adopting a two-step protocol. In a majority
of cases, the free sugar is first converted into its per-O-acetyl de-
rivative by the action of acetic anhydride and pyridine or
dimethylaminopyridine (DMAP) at 0 to 25 °C for 24 h. In the second
step, the isolated per-O-acetyl derivative is selectively deacylated
at the anomeric position by the action of such reagents as
benzylamine,4 piperidine,5 hydrazine acetate,6 bis(tributyltin)oxide,7

tributyltin methoxide,8 ammonium carbonate,9 FeCl3,10 HClO4– SiO2,11

lanthanide triflates12 and dimethylaminopropylamine (DMAPA).13

Disadvantages associated with some of these reagents are toxicity7

and low regioselectivity.5,6,10

Deep eutectic solvents (DES), an intensively investigated class
of alternative reaction media,14 are defined as salts that melt point
below the boiling point of water. Deep eutectic solvents possess an
exceptional combination of physical properties such as low flam-
mability, stability towards air and moisture, excellent solvation
potential, low water content, and high thermal stability. On account
of their high heat capacity, density and conductivity together with
negligibly low vapour pressure these eutectics have been ex-
plored as green solvents for carrying out several organic reactions.
An illustrative but by no means exhaustive list includes the Fischer
indole synthesis,15 the Friedlander heteroannulation reaction,16the
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Scheme 1. Preparation of per-O-acetyl-D-glucose hemiacetal .

Table 1
Screening of DES

Sr. no. DES Time (h) Temperature (°C) Yield %

1 ChCl:ZnCl2 8.0 RT Traces
2 7.5 40 30
3 6.0 70 80
4 5.5 100 88
5 ChCl:Malonic acid 8.0 RT Traces
6 7.5 40 27
7 6.0 70 67
8 5.5 80 76
9 ChCl:Oxalic acid 8.0 RT Traces
10 7.5 40 20
11 6.0 70 70
12 5.5 80 72
13 ChCl:TsOH 8.0 RT Traces
14 7.5 40 24
15 6.0 70 72
16 5.5 80 76
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Mannich reaction,17 the Perkin reaction,18 and synthesis of substi-
tuted pyrrole derivatives.19

Here we report a one pot protocol for the preparation of per-
O-acetylated hemiacetals of aldoses by reaction of free sugars with
acetic anhydride in a DES made from choline chloride and ZnCl2.
Operational simplicity, no further purification steps and recyclability
of DES are key features of this protocol.

We initially treated d-glucose 1a (3.0 g) with acetic anhydride
(8.5 mL) at 90 °C for 1.5 h in a DES (15 g) made from choline chlo-
ride and ZnCl2 (Scheme 1). Thin layer chromatography (TLC) analysis
indicated the formation of per-O-acetyl-d-glucose. We then heated

the reaction mixture to 100 °C and continued the reaction. TLC anal-
ysis now indicated the formation of a polar product. Its concentration
progressively increased while that of the less polar per-O-acetyl-
d-glucose progressively decreased. The less polar starting material
completely disappeared after stirring at 100 °C for 5.5 h. The 1H NMR
spectrum of the isolated (88% yield) polar material was identical
to that reported for per-O-acetyl-d-glucose hemiacetal 2a indicat-
ing selective anomeric deprotection. When other eutectics were used
(see Table 1), we obtained lower yield.

Per-O-acetyl-d-glucose was not formed even at 120 °C when
d-glucose was treated with acetic anhydride in the presence of a

Table 2
Preparation of per-O-acetyl hemiacetals

Entry Sugar Product Observed Reported Ref.

Time (h) Yield (%) Time (h) Yield (%)

1 d-Glucose
1a

5.5 88 25.2 90 11

2 d-Galactose
1b

5.5 86 25.8 90 11

3 l-Arabinose
1c

5.0 88 18 88 11

4 d-Xylose
1d

5.0 88 18 89 11

5 d-Mannose
1e

5.5 87 18 84 10

6 l-Rhamnose
1f

5.0 88 18 88 11

7 d-Lactose
1g

6.2 80 28 80 10

8 d-Glucosamine
1h

6.0 85 16 82 13

9 d-Ribose
1i

5.5 88 18 88 11
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catalytic quantity of DES.a This result demonstrates the dual role
of DES as a source of acidity as well as an enabling solvent.

We next applied this technique to d-galactose, d-mannose,
d-xylose, l-arabinose, d-fructose, d-ribose, l-rhamnose,
d-glucosamine and d-lactose. In all cases we obtained the corre-
sponding per-O-acetylated hemiacetals (2a–2i) in 80–88% yield and
in significantly lesser time than that previously reported (see Table 2).
TLC of hemiacetals 2a–i showed a single spot. 1H NMR spectra (see
Supplementary material) also indicated absence of impurities. Thus
further purification is not required.

The recovery and reuse of DES was studied in the reaction of
d-glucose with acetic anhydride. Residual DES after extraction of
the reaction mass with ethyl acetate (see section 1.2) was treated
with water (5 mL) and the resulting mass was dehydrated under
vacuum on a rotary evaporator at 70 °C for 1 h. The dehydrated DES
was directly used for repeating the reaction. Table 3 presents data
obtained after four such recycles. The results indicate that DES can
be recycled three times without significant loss in activity.

In conclusion, we have developed a clean, efficient, and high
yielding one pot protocol for the preparation of per-O-acetylated
hemiacetals from free sugars by using DES made from choline chlo-
ride and ZnCl2 as the solvent. The hemiacetals so prepared do not
require further purification. DES used can be readily recycled.

1. Experimental

1.1. General methods

Starting materials and reagents were purchased from commer-
cial suppliers. Thin-layer chromatography (TLC) was performed on
aluminium plates pre-coated with Merck silica gel, spots were ob-
served by spraying the plates with a solution of 10% (v/v) aqueous
H2SO4 with subsequent heating. 1H NMR spectra were recorded on
a Varian (500, 400 MHz) spectrometer. Chemical shifts are ex-
pressed in parts per million (ppm) with TMS as internal standard.
Coupling constants (J) are given in Hz.

1.2. General procedure for the preparation of per-O-acetylated
hemiacetals

Acetic anhydride (8.5 g) was added to a solution of the free sugar
(1a–i) (3 g) in DES (15 g) made20 from choline chloride (6.0 g) and
ZnCl2 (9 g), and the resulting mixture was stirred at 90 °C for 1.5 h.
The temperature was raised to 100 °C and stirring continued for
4–6 h. The reaction mixture was cooled to ambient temperature and
extracted with ethyl acetate (3 × 20 mL). The combined ethyl acetate
layer was washed with saturated aqueous NaHCO3, dried over an-
hydrous sodium sulphate and evaporated under vacuum to afford
the corresponding per-O-acetylated hemiacetal.
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Table 3
Recyclability of deep eutectic solvent

Sr. No Number of runs Yield % Amount of DES obtained, g

1 Fresh 88 –
2 First 88 15
3 Second 86 15.08
4 Third 85 15.20
5 Fourth 82 15.43
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