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Generalising a Simple Methodology for the Regioselective 
Anomeric Deacetylation of Carbohydrates 
Mitchell Hattie[a] and Keith A. Stubbs*[a] 
Abstract: The use of methylamine to deprotect 1-O-acetyl protected 
carbohydrates has only attracted limited interest in the literature. 
Demonstrated here is an approach that is able to be generalized for 
a wide variety of carbohydrate scaffolds which results in a high 
yielding, simplified, practical, expedient and clean method to prepare 
hemiacetals from 1-O-acetyl protected carbohydrates. 

The role that carbohydrates play in fundamental biological 
processes is now well established. Important biological events 
such as cellular signaling, communication and inflammatory 
responses have direct links to carbohydrate-based molecules.[1] 
As a result of the recognized importance of these molecules, 
great efforts have gone into the development of synthetic 
strategies to prepare them. Fundamental to the chemical 
synthesis of carbohydrate-based compounds is the development 
of synthetic strategies that allow for the protection and 
deprotection of the diverse hydroxyl groups found in 
carbohydrates, which in some cases need to be undertaken 
selectively. Of great importance is that these strategies are 
conducted in a manner so that the resultant product molecule is 
stable to the reagents and conditions of the reaction being 
conducted. 

 

 

Figure 1. General outline of the procedure described here. 

Aldoses, having the anomeric hydroxyl group free (a 
hemiacetal), are important and versatile synthons and are 
commonly used as precursors towards the preparation of the 
trichloroacetimidate class of glycosyl donors,[2] for the less well 
known glycosyl phosphites[3] and in general synthesis of 
carbohydrate-based molecules. One common method used to 
prepare hemiacetals requires the use of a 1-O-acetyl-based 
material. Various methods have been previously reported for 
removing, in particular, anomeric acetates (Figure 1) including 
the use of alkali[4-12] or acidic conditions,[13,14] organic tin 
oxides[7,15] and recently nanoparticle-mediated conditions,[16] in 
appropriate solvents in addition to the classical Koenigs-Knorr 
hydrolysis methods.[17] Unfortunately, many of these procedures 
lead to side products which are undesirable in synthesis. In 
some cases the reagents, and side products produced are 

toxic[7,15] due to the inherent nature of the reagent involved. 
Furthermore, no general investigation into developing improved 
chemical methods which are more environmentally friendly has 
been undertaken that would help to overcome some of these 
limitations, even though there is scope to do so. 

Therefore we set out to establish a more simplified, 
practical, expedient and clean method to prepare hemiacetals 
from 1-O-acetyl protected carbohydrates. Our focus was 
directed at the use of methylamine in such a preparation. 
Methylamine has advantages over other alkali-type materials in 
that it has a low boiling point (-6.3 °C, but is readily available as 
a solution) and the by-products of the deacetylation reaction are 
water soluble, which means they can be removed easily during 
the workup of the reaction. The use of methylamine has been 
reported previously but only in isolated situations (See refs.[18-22] 
for examples) using varying conditions. Thus we felt that the 
development of a general methodology, utilising methylamine, 
that is amenable to a variety of different substrates would be 
useful for scientists preparing hemiacetals for various purposes. 

In the first instance we treated 1 (1 mmol) with 
methylamine (1.5 mmol, 40% solution in water) in THF at room 
temperature which resulted in conversion of 1 to the hemiacetal 
2 in good yield (Entry 3, Table 1). 

 
Table 1. Optimisation of the reaction conditions[a] 

 

Entry Solvent No. equivalents 
MeNH2 Yield (%) 

1 THF 1.0 63 

2 THF 1.3 84 

3 THF 1.5 73 

4 THF 2.0 68 

5 1,4-dioxane 1.3 73 

6 CH3CN 1.3 74 

7 CH3OH 1.3 70 

8 DMF 1.3 76 

[a] Reaction conditions: Aldose (1 mmol), methylamine (40% solution in water) 
in THF (2.5 ml) at room temperature. 

As a result of this success we sought to investigate the use 
of varying amounts of methylamine as well as the effect of 
different solvents. It was found that 1.3 equivalents of 
methylamine was the optimal amount of base required not only 
for complete conversion of 1 but also for a timely completion of 
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Table 2. Scope of reactions of various substituted aldoses and comparison to literature yields which utilise different methods. 

Entry Substrate Product Yield (Lit.)% Entry Substrate Product Yield (Lit.)% 

1 

  

89(92)[23] 8 
  

79(92)[24] 

2 

  

86(89)[3] 9 

  

89(78)[25] 

3 
  

91(96)[26] 10 

  

74(77)[8] 

4 

  

93(70)[27] 11 

  

79 

5 
  

90(90)[15] 12 

  

95(92)[28] 

6 

  

72(90)[14] 13 

  

81(99)[29] 

7 
  

91(100)[6] 14 

  

81(82)[30] 

[a] Reaction conditions: Aldose (1 mmol), methylamine (40% solution in water, 1.3 mmol) in THF (2.5 ml) at room temperature.. 

the reaction (30 minutes) with THF being the best solvent. With 
less methylamine present complete conversion of 1 was not 
accomplished, even over extended periods, while unwanted side 
products were observed with increased amounts of amine, 
presumably from the result of further deacetylation. Of further 
interest was that with the use of 1.3 equivalents of methylamine 
no undesirable side reactions, involving reaction of the amine 
with the carbohydrate, were observed which is common for other 
base-mediated preparations.[4,5] To complete the reaction all that 
was required for purification was a simple workup and the 
resultant material was sufficiently pure for use in further 
reactions. With this knowledge in hand we turned our attention 
to other per-O-acetylated aldoses 3-10 and found similar results 
(Table 2). All reactions resulted in the corresponding 
hemiacetals 11-18 in yields similar to what has been observed in 
the literature for similar compounds using more complex 
conditions. 

As a result of this success we turned our attention to the 
use of this procedure to other carbohydrate-based materials 
bearing different protecting groups. We also found for these 
aldoses 19-24, that excellent yields were obtained of the 
corresponding hemiacetals 25-30 using our procedure. Of note 
is that the yields of all these reactions are reproducible with 
variations being observed only in the order of ±3% and the time 
required for the completion of the reaction was less than one 
hour. 

In summary, carbohydrate hemiacetals are important 
synthetic intermediates used in the preparation of a variety of 

molecules. The method presented here for preparing such 
materials is a high yielding, simplified, practical, expedient and 
clean method to prepare hemiacetals that does not use harmful 
reagents or difficult reaction conditions. In addition the 
deprotection is selective for anomeric acetates and does not 
affect other protecting groups (including acetyl) commonly used 
in synthetic carbohydrate chemistry. This generalised procedure 
will find utility in the preparation of mono- and oligosaccharides 
for biological, biotechnical and industrial applications. 

 
Supporting Information Summary 

The supplementary information contains experimental 
procedures and spectroscopic data for all synthesized 
compounds, and 1H and 13C NMR spectra for compounds. 
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