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ABSTRACT

Direct synthetic access to 2-hydroxy-r-mannopyranosides from glucal donors is accomplished via a one-pot stereoselective oxidative
glycosylation reaction, employing the reagent combination of dibenzothiophene bis(triflate) and dibenzothiophene-5-oxide.

The key roles that carbohydrates play in vital biological
processes,1 such as immune response, inflammation, cell
proliferation, and metastasis, has resulted in the development
of numerous glycosylation processes for the assembly of
complex glycoconjugates.2 Of these methods, glycal carbo-
hydrate donors have been widely investigated and employed
in the preparation of C(2)-branched or C(2)-derivatized
oligosaccharides as a result of the versatile reactivity of the
C(1)-C(2)-glycal π-system.3 In this context, the glycal
assembly method has been elegantly demonstrated as a
convenient means for the preparation of 2-hydroxy gluco-
and galactopyranosides via the correspondingR-1,2-anhydro-

pyanosides.3a However, the direct preparation ofR-man-
nopyranosides from glycal donors (Scheme 1,1 f 2) has

remained elusive, despite their prevalence in nature as
exemplified byR-mannose-rich oligosaccharides in a host
of N-linked protein glycoforms.4 To date, the most efficient
method for the glucal-to-mannopyranoside transformation (1
f 2) relies on a multistep modification of the traditional
glycal assembly procedure in which inversion of the C(2)-
stereocenter is required following glycal oxidation.5 We now
report a new process that allows, for the first time, direct
synthetic access to 2-hydroxy-R-mannopyranosides from
glucal donors.

Previous work from our laboratories has shown that the
reagent combination of diphenylsulfide bis(triflate) and
excess diphenylsulfoxide can effect direct stereoselective
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oxidative glycosylations.6 This allows for the one-pot
conversion of glucal substrates to 2-hydroxyglucopyranosides
via stereoselective oxygen atom transfer from the sulfoxide
reagent to the C(2)-position of the glycal donor (Scheme 2,

1 f 3). This discovery led us to pursue the prospect of
achieving complementary stereochemical control in our
sulfonium-mediated oxidative glycosylation reaction to ad-
dress the long-standing challenge of direct mannopyranoside
synthesis from glucals, especially in light of the abundance
of mannopyranose residues in nature.

It was envisioned that the structure of the sulfoxide reagent
in this transformation would have a significant influence on
the stereochemical course in the oxidative glycosylation
reaction. This hypothesis was verified when dibenzothiophene-
5-oxide (DBTO,6) was employed as the sulfoxide reagent
in combination with triflic anhydride in the glucal activation/
oxidation process. The use of this reagent pair led to a
dramatic reversal in the stereochemical outcome of the
oxidative glycosylation, resulting in the stereoselective
formation of 2-hydroxymannopyranosides (Scheme 3). For
example, treatment of a mixture of tri-O-benzyl-D-glucal (4)
and DBTO (5 equiv) with Tf2O (2 equiv) at-78 °C led to
complete activation of the glycal (Scheme 3a); subsequent
introduction of water as a nucleophile/glycosyl acceptor in
the presence of diisopropylethylamine and ZnCl2 provided
3,4,6-tri-O-benzyl-D-mannopyranose (5) in 83% yield (7:1,

R:â) as a single C(2)-diastereomer. No glucopyranose
products were detected. Similarly, when4 is activated with
DBTO and Tf2O, employing 2-propanol (3 equiv) as the
glycosyl acceptor (Scheme 3b), 2-propyl 3,4,6-tri-O-benzyl-
mannopyranoside (7, 72%) is isolated as the only product
of oxidative glycosylation. These results highlight several
key aspects of this novel transformation, including (1) the
establishment of DBTO and Tf2O as a new glycal activating
agent; (2) the demonstration of exquisite stereochemical
control over the newly formed C(2)-stereocenter in the
oxidative glycosylation reaction simply by appropriate selec-
tion of the sulfoxide reagent; and (3) the first realization of
a method for direct stereoselective conversion of glucals to
mannopyranosides.

A proposed mechanism for this stereoselective glycosy-
lation reaction is summarized in Scheme 4. The initial step
is believed to be the activation of DBTO with triflic
anhydride to form dibenzothiophene bis(triflate) (8) in situ.7

The electrophilic species8 can subsequently activate the
glycal nucleophile from the more sterically accessibleR-face
to generate the oxocarbenium species9, which incorporates
a latent sulfide leaving group at C(2). In the presence of
excess DBTO, addition of a second equivalent of the
sulfoxide from theâ-face would afford the anomeric oxo-
sulfonium intermediate10. Following addition of the hy-
droxyl nucleophilic acceptor (R′OH, 3 equiv) and the acid
scavenger diisopropylethylamine, nucleophilic addition of the
first equivalent of the acceptor (R′OH) to the oxosulfonium
center of10 would lead to heterolytic cleavage of the S-O
bond, resulting in concomitant intramolecular displacement
of dibenzothiophene from C(2). The result would entail
formation of theâ-1,2-anhydropyranoside11, as well as the
byproducts dibenzothiophene (12) and the acceptor-derived
sulfonium salt13 (which is hydrolyzed upon aqueous workup
of the reaction to regenerate the acceptor and DBTO). The
final stages of the oxidative glycosylation can then proceed
by Lewis acid (ZnCl2) mediated epoxide ring opening by
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the excess acceptor R′OH to generate the 2-hydroxy manno-
pyranoside product14 in a one-pot procedure.

Several lines of evidence are consistent with the mecha-
nistic hypothesis outlined in Scheme 4. In the oxidative
glycosylation of 2-propanol with tri-O-benzyl-D-glucal (4,
Scheme 3) using DBTO and Tf2O, 0.93 equiv of dibenzo-
thiophene (12) was isolated at the end of the reaction. In
addition, the C(2)-vinyl sulfonium triflate salt15 was also

isolated (13%) as a byproduct of this reaction, presumably
a result of elimination of the H(2) proton from the proposed
oxocarbenium intermediate9.8 To unambiguously establish
that the oxidation process proceeds by oxygen atom transfer
from DBTO to the C(2)-position of the 2-hydroxymannopy-
ranoside product (Scheme 4), an oxidative glycosylation of
benzylamine (a non-oxygen nucleophile) was performed with
18O-labeled DBTO (97%18O) and Tf2O (Scheme 5). This
reaction led to the isolation of the C(1)-benzylamino-2-
hydroxy-R-mannopyranoside16 in 45% yield with 97%18O-
incorporation, thereby verifying the source of oxygen transfer
in the transformation.9 Finally, tracking of the oxidative
glycosylation reaction by NMR clearly revealed the forma-
tion of theâ-1,2-anhydropyranoside11 following introduc-
tion of the acceptor and acid scavenger. It should be
emphasized that although product analysis and detection of
11 are consistent with Scheme 4, the details of the initial
glucal activation process, especially the origin of the dramatic

stereochemical reversal in the oxygen transfer process as it
relates to sulfoxide structure (i.e., Ph2SO vs DBTO), are at
present under investigation.10

To better define the scope of this method for the one-pot
synthesis of 2-hydroxymannopyranosides, a series of oxida-
tive glycosylations were performed from selectively protected
glucal donors and hydroxy acceptors (Figure 1).11 In this
respect, donors incorporating benzyl ether, isopropylidene

Figure 1. 2-Hydroxy-R-mannopyranosides derived from glucal
donors.

Scheme 4 Scheme 5
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ketal, hindered silyl ethers,12 and acetate ester protective
groups were found to be compatible with this method. In
addition, a host of 2-hydroxy-R-mannopyranosides can be
prepared with a variety of hydroxy nucleophiles, such as
dihydrocholesterol, 2-propanol,13 benzyl alcohol, trimethyl-

silylethanol, and allyl alcohol, many of which also function
as convenient anomeric protective groups in carbohydrate
synthesis. Finally, more complex carbohydrate nucleophiles
such as 3,4-di-O-benzyl-D-glucal can also function as useful
acceptors to generate the corresponding disaccharides, which
show promise for oligosaccharide synthesis.14

In summary, a new method for the synthesis of 2-hy-
droxymannopyranosides has been established. This proce-
dure, employing DBTO and Tf2O as a new reagent combi-
nation for glucal activation, involves a net 1,2-transdiaxial
functionalization of the glucal double bond. This method
allows, for the first time, a one-pot conversion of glucal
donors to 2-hydroxymannopyranosides, a transformation that
has traditionally required at least a three- or four-step
synthetic sequence. This method should not only facilitate
synthetic access to biologically important mannose-rich
oligosaccharides, but it may also provide an intriguing
method for stereoselective oxygen transfer to electron-rich
olefins in general.
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(8) The use of excess DBTO served to minimize the formation of the
unwanted byproduct15, presumably a result of increased stabilization of
the putative oxocarbenium intermediate arising from glycal activation (i.e.,
9 f 10).

(9) The corresponding benzylsulfilimine derivative17 was also isolated
as a byproduct, which is consistent with the presumed acceptor-induced
epoxide ring closure in Scheme 4.

(10) One hypothesis is that the reagent combination of Ph2SO and Tf2O
reacts as a monomeric pyramidalized sulfonium salt (i.e., [Ph2SOTf]+‚[TfO]-)
that assumes an axialâ-approach onto the glucal in a chairlike transition
structure, leading to a net transfer of oxygen to theR-face of C(2) of the
glucal. Conversely, the DBTO‚Tf2O reagent may react as a neutral pseudo-
trigonalbipyramidalσ-sulfurane8 or perhaps as a bis(sulfonium) salt (i.e.,
[(C6H4)2SOS[(C6H4)2]2+‚2[TfO]-), which assumes a sterically favorable
R-approach onto the glucal (i.e.,trans to the C(3)-substituent), leading to
a net transfer of oxygen to theâ-face of the glucal (Scheme 4). Attempts
to identify the putative intermediates9 and/or10 are underway to gain
insight into the validity of such a hypothesis.

(11) In these reactions, 0.5 equiv of 2,4,6-tri-tert-butylpyridine can be
introduced at the outset of the reaction to neutralize trace amounts of triflic
acid that could potentially lead to unproductive glucal decomposition.

(12) For the oxidative glycosylation of allyl alcohol with 3,4-di-O-benzyl-
6-O-triisopropylsilyl-D-glucal, 7% of the corresponding 2-hydroxy-â-D-
glucopyranoside was also isolated.

(13) Although fairly unhindered secondary alcohols can be oxidatively
mannosylated with this procedure, more hindered secondary alcohol
acceptors, such as methyl 2,3,6-tri-O-benzyl-D-glucopyranose, were inef-
fective, presumably a result of inefficient addition of the nucleophile to the
putative oxosulfonium salt10 in the epoxide ring closure step. Efforts are
currently underway to develop a procedure for the mannosylation of hindered
acceptors by introducing a sacrificial nucleophile to form the intermediate
anhydropyranoside prior to epoxide opening with the desired acceptor.

(14) The excess carbohydrate acceptor can be recovered at the end of
the reaction.
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