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Treatment of b-D-ribose tetraacetate with trimethylaluminum gives a-3,5-O-acetyl-1,2-O-isopropyli-
dene-D-ribofuranoside in excellent yield. This reaction allows for efficient and high-yielding installation
of the 1,2-isopropylidene acetal (acetonide), which is difficult to prepare using more traditional acid-cat-
alyzed methods. The reaction of trimethylaluminum with other per-acetylated carbohydrates is also
described.

� 2009 Elsevier Ltd. All rights reserved.
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The temporary protection of functional groups is a necessary
and often-used tactic in the synthesis of complex, polyfunctional
organic molecules.1 The adept use of such blocking groups is fun-
damental to the synthesis of carbohydrates, which are marked by
the presence of several chemically and sterically similar hydroxyl
groups. A large number of alcohol protecting groups with different
stabilities and reactivities have been developed including ethers,
esters, and acetals.2 Isopropylidene acetals, or acetonides, are
among the most useful diol-protecting groups, as they are easily
introduced under a variety of conditions and removed using mild
acid. We have discovered a novel method for the selective intro-
duction of the 1,2-O-acetonide group onto ribose and we describe
herein the scope of this reaction and its application to the protec-
tion of other carbohydrates.

In the context of a previous synthetic project, we needed to pre-
pare the b-methyl-C-ribofuranoside 1 (Scheme 1). We reasoned
that treatment of commercially available b-D-ribose tetraacetate
2 with trimethylaluminum (AlMe3), acting as both Lewis acid
and nucleophilic methyl source, should give 1 with the desired b
-stereochemistry via acyloxonium ion 3. Anchimeric assistance
by a C2 acyl group (e.g., acetyl, benzoyl, and pivaloyl) is a common
method for stereocontrol in glycosylation reactions, as the derived
bicyclic oxonium ion (cf. 3) directs nucleophilic attack to one face
of the anomeric carbon.3 In practice, when we treated a cold (0 �C)
dichloromethane solution of 2 with 3 equiv of AlMe3, followed by
warming to room temperature we observed clean conversion to a
new compound by thin-layer chromatography (TLC). After silica
ll rights reserved.
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gel chromatography, H and C analysis revealed the product to
not be 1, but the known 3,5-O-acetyl-1,2-O-isopropylidene ribofur-
anoside 4 (74% yield).4

Oxonium ion 3 is an ambident electrophile; nucleophiles can re-
act at the anomeric carbon (site A) or the carbonyl carbon (site B);
under these conditions, AlMe3 prefers site B. This alternate reactiv-
ity of ambident carbohydrate-derived acyloxonium ions (such as 3)
to give mixed acetals is well known in the field of O-glycosylation
chemistry (Fig. 1). Reaction of a 2-O-acyl sugar with an alcohol un-
der Lewis acid catalysis often gives rise to an orthoester (such as 5)
via an ambident oxonium ion.5 These orthoesters are stable and
can themselves be used as glycosyl acceptors in a subsequent gly-
cosylation reaction. Nucleophilic attack by carbon nucleophiles
with oxonium ions of type 3 usually occurs at the anomeric carbon,
74%
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Scheme 1. Reaction of 2 with Me3Al; an unexpected result.
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Figure 1. Carbohydrate mixed acetal derivatives.
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Optimization of the conversion of 2?4
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Entry Me3Al (equiv) Solvent Temperature Yielda (%)

1 3 CH2Cl2 0 �C?rt 74
2 1.5 CH2Cl2 0 �C?rt 79
3 3 CH2Cl2 4 �C 66
4 3 PhCH3 0 �C?rt 61
5 3 THF 0 �C?rt NRb

6 3 MeCN 0 �C?rt NRb

7 2 CH2Cl2 0 �C?rt 83c

8 2.5 CH2Cl2 0 �C?rt 57d

a Isolated yield.
b NR = no reaction; reaction monitored by TLC.
c 1 g scale.
d 5 g scale.
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although there are some examples of the abnormal acetal-type
products being observed. Cyanoethylidene acetal 6 was formed
by reaction of tetra-O-acetylglucopyranosyl bromide with potas-
sium cyanide.6a Mixed acetals like 6 have been used as unique gly-
cosyl donors under trityl cation activation by Kochetkov and co-
workers.6b Acetal 7 has been isolated as the major product of the
reaction of glucose pentaacetate and allenyl tributylstannane.7

Although AlMe3 has been used as a nucleophile in C-glycosylation
reactions,8 to our knowledge there are no examples of the reaction
of AlMe3 with a sugar containing a C2 participating group.

We immediately recognized the unexpected conversion of 2 to
4 as a convenient method for the synthesis of 1,2-isopropylidene
acetals (acetonides) of carbohydrates. Both 4 and its derived diol
8 (Scheme 2) are valuable building blocks for synthesis, especially
for the preparation of modified nucleosides and ligands for asym-
metric catalysis.9,10 The direct and selective synthesis of carbohy-
drate acetals from unprotected carbohydrates is challenging due
to the presence of several hydroxyl groups and the ready equilibra-
tion between furanose and pyranose forms in the acidic medium in
which acetals are usually made. 1,2-Acetonides are especially dif-
ficult to synthesize due to the attenuated nucleophilicity of the
anomeric hemiacetal hydroxyl group. For example, reaction of D-ri-
bose with acetone (p-toluene sulfonic acid, 4 Å MS) gives acetonide
8 in only 8% yield, along with other mono- and di-acetal isomers.11

Established methods for the synthesis of 4 or 8 involve multi-
step preparations from 1,2-isopropylidene xylose.9a,12 These syn-
theses involve selective protection of the C5 primary alcohol, inver-
sion of configuration (to achieve the ribose-stereochemistry) at C3
via oxidation-reduction, and then further protecting group manip-
ulations. A similar sequence starting from diisopropylidene glucose
has been reported.13 Our synthesis of 4 from 2 is direct and
high-yielding. Furthermore, diol 8 can be prepared in high yield
using either of two common deacetylation methods (Scheme 2).

To examine further the conversion of 2 to 4, we varied the reac-
tion conditions as shown in Table 1. Most of our studies used
3 equiv of AlMe3, but we found later that the reaction rate and yield
remained similar with 1.5 equiv of AlMe3 (entry 2). Lowering the
temperature also had little effect on the reaction; maintaining the
reaction at 4 �C gave only a slight diminution in yield (entry 3).
Changing the solvent had a more profound effect. While the reac-
tion worked almost equally as well in toluene as in dichlorometh-
ane (entry 4) the reaction failed to give any product in either
tetrahydrofuran (THF) or acetonitrile (entries 5 and 6), as observed
by TLC. In THF, only unreacted starting material was observed,
while in acetonitrile, mainly decomposition to lower Rf material
was seen. Importantly, we found that this reaction scales up very
well. Reaction on a 1 g scale gives an 83% yield with only 2 equiv
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Scheme 2. Deacylation of 4.
of trimethylaluminum (entry 7) while reaction on a 5 g scale gives
a 57% yield (entry 8, unoptimized), which bodes well for prepara-
tive work in the synthesis of this valuable building block.

We next examined the reaction of AlMe3 with other commer-
cially available per-acetylated carbohydrates. Notably, 2 is the ideal
substrate; all the other acetylated carbohydrates we tested reacted
more slowly, giving rise to greater decomposition and lower yield
than with 2. Reaction of b-D-glucose pentaacetate 9 with 3 equiv of
AlMe3 gave 11 in 35–47% yield after 48 h (Scheme 3). Increasing
the amount of AlMe3 to 6 equiv gave mainly decomposition and
maintaining the reaction at 4 �C (6 equiv of AlMe3) gave no reac-
tion (not shown). Despite the modest yield, this represents the
most efficient and highest yielding synthesis of 11 to date.14,15

Reaction of b-D-galactose pentaacetate 10 was also slow and
gave 12 in about 30% yield, contaminated with a minor, inseparable
impurity (Scheme 3).16 Increasing the equivalents of AlMe3 and
adding exogenous Lewis acids (TMSOTf, BF3�OEt2, TiCl4) gave intrac-
table reaction mixtures. Reaction of a-D-mannose pentaacetate
gave no reaction with either 3 or 6 equiv of AlMe3 (Scheme 4).
Addition of 3 equiv of AlMe3 to a-D-arabinofuranose tetraacetate
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Scheme 4. Reaction of mannose and arabinose derivatives with AlMe3.
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14 gave the previously unknown acetonide 15 in 58% yield.17

Increasing the amount of AlMe3 to 7 equiv gave complete conver-
sion of starting material but increased decomposition; only 12% of
15 was isolated after chromatography (not shown).

In summary, we have discovered a novel and useful rearrange-
ment-addition reaction of AlMe3 with per-acetylated carbohy-
drates. This reaction allows for direct installation of the 1,2-
acetonide onto ribose, glucose, and arabinose, thereby enabling a
direct synthesis of these valuable building blocks. Our synthesis
of 1,2-O-isopropylidene-D-ribofuranose is high-yielding, operation-
ally simple,18 and easily scalable, giving improved access to this
valuable chiral synthon. Given the difficulty of preparing carbohy-
drate 1,2-acetonides, this reaction should be of general utility to
the synthetic organic chemistry community.
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