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Abstract—Glycals can be readily hydrated using the LaCl3·7H2O/NaI/PhCH2OH reagent system. In one case, having an exo
methylene group, such hydration gives an intermediate which is readily converted into 1,6-dideoxynojirimycin, a potential enzyme
inhibitor. © 2003 Elsevier Science Ltd. All rights reserved.

2-Deoxysugars are an integral part of several biologi-
cally important natural products such as anthracyclin
antibiotics,2 aureolic acids,3 avermectins,4 ortho-
somycins5 and cardiac glycosides.6 Recently 2-deoxy-
glucose has been proposed as a potent drug against
ageing.7 Furthermore, both 2-deoxy-O-glycosides I8,
as well as 1-hydroxy-2-deoxysugars II9,14a (Fig. 1) func-
tion as important building blocks in organic synthesis.
Both of these types of compounds have been obtained
from glycals and a few reagents have been developed
for the direct addition of alcohols to glycals without a
competing Ferrier reaction.10 These include the use of
MeOH·HCl,11a Ph3PBr2,11b the cation exchange resin
AG50WX2

11c and BCl3 (or BBr3).11d More recently
from our group, ceric ammonium nitrate12 and subse-
quently from Yadav’s group,13 CeCl3·7H2O/NaI were
also found to be useful reagents for this purpose. One
can, in principle, convert a 2-deoxy-O-glycoside I (Fig.
1) into a 1-hydroxy-2-deoxy-sugar II, by the hydrolysis
of the appropriate O-glycoside I, at the anomeric car-
bon. However, there are only a few methods in the
literature14 which permit the direct hydration of glycals

to II. A recent report in this area by Piancatelli et al.15

using Hg(OAc)2/NaBH4 led us to investigate whether
any other reagent would permit such a transformation
especially since mercury salts are toxic in nature and
there is current emphasis on green chemistry.16

In this paper we wish to report LaCl3·7H2O/NaI/
PhCH2OH as a new reagent system for the regioselec-
tive hydration of glycals. This combination was arrived
at after much experimentation. Initially, we attempted
to use LaCl3·7H2O17 in the hope that the water of
hydration would participate in addition to glycals
under the influence of LaCl3 as the Lewis acid. How-
ever, under these conditions there was no reaction at all
and the glycals were recovered unchanged. Since the
NaI/CeCl3·7H2O combination has been reported13,18 to
be a reactive reagent system for a number of useful
transformations, we performed reactions with
LaCl3·7H2O along with a molar equivalent of NaI but
again the glycals were found to be unreactive. In an
attempt to compare the reactivity of LaCl3·7H2O with
CeCl3·7H2O, and to assess subsequent anomeric selec-
tivity, we reacted tri-O-acetyl glucal with LaCl3·7H2O/
NaI in methanol. We expected the formation of
2-deoxy-O-glycoside I (R=Ac, R1=Me) analogous to
the results reported with CeCl3·7H2O.13 However, the
present reaction was slow and after 30 h at 40°C, to our
surprise, one of the products was II (R=Ac, R1=H) in
45% yield along with the corresponding Ferrier product
in 42% yield. Screening several alcohols indicated that a
combination of LaCl3·7H2O/NaI/PhCH2OH in a 1:1:1
ratio was ideal for the optimum hydration of the glycals
without the formation of any O-glycoside or Ferrier

Figure 1.

� Transformations in Carbohydrate Chemistry, Part 7. For Part 6,
see Ref. 1.
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Table 1. Hydration of glycals with LaCl3·7H2O/NaI/PhCH2OH

product. Both acetyl as well as benzyl protected glycals
gave the hydrated products in good to excellent yields.
Our results are summarised in Table 1. Furthermore,
the reaction using a catalytic amount of PhCH2OH
instead of 1 equiv. proceeded very slowly taking almost
48 h for completion with the formation of about 10% of
the Ferrier product. Surprisingly,20 the reaction of 3-
deoxy-4,6-di-O-benzyl glucal under the present condi-
tions gave addition of benzyl alcohol rather than water.
At this stage nothing is clear as far as the mechanism of
this reaction is concerned but it appears that a species
such as 1, may be formed, as shown in Scheme 1, which
acts as a source of a proton leading to the formation of
the oxonium ion 2, when reacting with a glycal, which
in turn is trapped by H2O forming II. Alternatively,21

an iodide ion can add to 2, forming the 1-iodo-2-deoxy-
sugar 2A, which is then hydrolysed by water forming II.
We have no evidence for either of the mechanisms
which are mere speculation only.

The current resurgence of interest in glycobiology22 has
led to the synthesis of a variety of azasugars as possible
drugs23 by way of inhibiting carbohydrate processing
enzymes. In this connection, the synthesis of 1,6-
dideoxynojirimycin 6 (Scheme 2), a potential enzyme
inhibitor, has been reported in the literature.24 It
occurred to us that a substrate like 325 (Scheme 2) could
be hydrated in an analogous manner to a glycal leading
to the corresponding keto-aldehyde 426 which could be
condensed with an appropriately protected amine lead-
ing to 5, which has been converted24a into 1,6-
dideoxynojirimycin 6. Indeed, it was found that

hydration of 3 using the present reagent system gave 4,
in 84% yield in 3 h which, was condensed with benz-
hydrylamine in the presence of NaCNBH3 in acetic
acid/methanol mixture to give the expected27 2,3,4-tri-
O-benzyl-1,6-dideoxynojirimycin derivative 528 in 68%
yield. This compound can be hydrogenolysed to 1,6-
dideoxynojirimycin 6, as reported.24a Since the reaction
medium is acidic, formation of the intermediate A (a
hemiacetal) followed by the loss of MeOH should
readily occur. Alternatively, La(III) ions could coordi-
nate with �OMe to facilitate its removal.

In summary, we have developed a new reagent system
which is mild and non-toxic for the hydration of glycals
which has been utilised in the formation of an azasugar
6, a potential enzyme inhibitor, in good yield. We
expect that this reagent system, as well as the synthesis
of 5, will find further use in organic synthesis.

Scheme 1.
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Scheme 2.

General experimental procedure

To a solution of 0.1 mmol of a glycal in 2 mL of
acetonitrile, was added lanthanum chloride heptahy-
drate (37 mg, 0.1 mmol), sodium iodide (15 mg, 0.1
mmol) and benzyl alcohol (11 mg, 0.1 mmol). The
mixture was then stirred at 40°C and the reaction
progress was monitored by TLC. Once the TLC
showed complete consumption of glycal, the solvent
was evaporated from the reaction mixture. The residue
was dissolved in ethyl acetate (15 mL) and washed with
a saturated solution of sodium thiosulfate (15 mL),
water (20 mL×3) and brine (20 mL) and then dried over
anhydrous Na2SO4. Removal of the solvent gave the
crude product which was purified by column chro-
matography using hexane:ethyl acetate.
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