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Abstract—A one-pot C2-acetamidomannosylation reaction for the synthesis of 2-N-acetylamino-2-deoxy-�-D-mannopyranosides
from glucals is described. Glucal donors are activated by the reagent combination of 2,8-dimethyldibenzothiophene-5-oxide
(DMDBTO) and trifluoromethanesulfonic anhydride. Upon subsequent addition of N-(TMS)acetamide and an appropriate
glycosyl acceptor, the corresponding C2-acetamidomannopyranosides are formed. © 2003 Elsevier Science Ltd. All rights
reserved.

C2-Azaglycosides are ubiquitous building blocks in bio-
logically important glycoconjugates including glyco-
proteins, peptidoglycans, glycolipids, and glycosamino-
glycans.1 Numerous methods for the synthesis of C2-aza-
glycosides have been developed, many of which employ
glycals2 as the starting material. The preparation of
C2-azaglucopyranosides from glucals is well studied and
can be accomplished via a variety of elegant methods.3

On the other hand, only a handful of processes exist for
the multi-step synthesis of C2-azamannopyranosides
from glycals. These include: (1) the Lemieux four-step
synthesis of D-mannosamine from 3,4,6-tri-O-acetyl-D-
glucal via a 2-oximinoglucoside as the key intermediate;4

(2) preparation of protected mannosamines via IBX-
mediated intramolecular cyclization of glycals with C3-
N-arylcarbamates;3c (3) oxyamination of 2,3-glycals to
afford the corresponding 2-N-tosyl-aminomannoside;5

and (4) the preparation of several C2-azamannosides
from 3,4,6-tri-O-acetyl-D-galactal through the sequential
steps of Ferrier rearrangement, [3,3]-sigmatropic rear-
rangement, and dihydroxylation.6 To date, no method is
available for the direct conversion of glycals to 2-amido-
2-deoxy-mannosides despite their critical roles as biosyn-
thetic precursors to neuraminic acids.7

Recently, we disclosed the C2-acetamidoglycosylation
reaction, which involves a one-pot synthesis of naturally
occurring C2-acetamidoglucosides from glucals.8 In the
reaction, a glucal donor 1 (Eq. (1)) is activated by the
reagent combination of thianthrene-5-oxide (TSO) and
Tf2O. Upon subsequent sequential addition of N-
(TMS)acetamide and a glycosyl acceptor (Nu-H),
2-N-acetylamino-2-deoxy-�-D-glucopyrannoside 2
was obtained in good yield with excellent diastereo-
selectivity.

To expand this process for the preparation of 2-aza-2-
deoxy-mannopyranosides, a variety of aromatic sulfoxide
reagents9 were screened for this process to probe the effect
of sulfoxide structure on diastereoselectivity of the nitro-
gen transfer reaction. Of the sulfoxides tested, only
dibenzothiophene-5-oxide (DBTO) led to the formation
of the �-D-mannopyrannoside as the major diastereomer
(Scheme 1). For instance, when the glycosyl donor
3,4,6-tri-O-benzyl-D-glucal (3) was activated by
DBTO·Tf2O followed by the sequential introduction of
N-(TMS)acetamide and 2-propanol, the C2-amidoman-
noside 4 and the corresponding glucoside 5 were obtained
in a 2:1 ratio, respectively.10

(1)
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Scheme 1.

(2)

The proposed mechanism for the formation of 4 can
be thought of as electrophilic activation of the glucal
enol ether from the �-face by either the sulfonium
triflate 6a or �-sulfurane 6b11 (generated in situ) to
afford oxocarbenium 7.12 Upon the addition of N-
(TMS)acetamide and PhNEt2 as an acid scavenger,
nucleophilic addition of the amide oxygen to the C1
position of 7 gives glycosyl imidate 8. Subsequent
intramolecular expulsion of dibenzothiophene at C2 by
the imidate nitrogen with concomitant N-desilylation
leads to the formation of �-mannosyl oxazoline 9.
Finally, acid-promoted ring opening of 9 at the
anomeric position13 affords the C2-acetamidoman-
noside 4.

Consistent with the proposed N-transfer pathway is the
observation that oxazolines 9 and 10 can be isolated
prior to the addition of glycosyl acceptor and acid
promoter in 30% and 17% yield respectively, reflective
of the manno:gluco diastereomeric ratio of the product
glycosides. Moreover, the major by-product of the reac-
tion was found to be the vinyl sulfonium salt 11,10

which is likely formed via the elimination of the C2-
proton from the oxocarbenium intermediate 7.

In order to enhance both the yield and diastereoselec-
tivity of the reaction, several derivatives of DBTO were
prepared and screened for the reaction. It was ob-
served that 2,8-dimethyldibenzothiophene-5-oxide
(DMDBTO)14 led to both an enhancement of yield as
well as higher diastereoselectivity for the C2-azaman-
nosides.15 For example (Eq. (2)), the C2-acetami-
domannosylation of 2-propanol with 3,4,6-tri-
O-benzyl-D-glucal (3) afforded �-mannoside 4 and �-
glucoside 5 in 54% combined yield in a 4:1 ratio.

Using the C2-acetamidomannosylation reaction, a vari-
ety of C2-azamannosides (12–19, Chart 1) were pre-
pared from the corresponding glucals.16 Interestingly,
the diastereoselectivity varies significantly with the
nature of the protective group on the glucal donor. In
the reactions with 3,4,6-tri-O-alkyl protected glucals, a
3–4:1 mixture of �-mannoside and �-glucoside is typi-
cally observed (12, 15, 16, 18). However, when an acyl
protective group is present at the 6-O-position of the
glucal substrate, the �-mannoside product was the only
detectable diastereomer (13, 14, 17, 19), presumably a
result of altered conformational biases in the glucal
donor17 leading to enhanced facial selectivity in
approach of DMDBTO·Tf2O onto the glucal. Primary
and secondary alcohols ranging from simple alkyl alco-
hols to selectively protected carbohydrates and amino
acids can be employed as glycosyl acceptors. In addi-
tion, N-nucleophiles such as sodium azide also serve as
an effective nucleophile, leading to the formation of
C2-acetamidomannosyl azides (18, 19).
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Chart 1. aOnly the �-mannopyranoside diastereomer was detected. bGlycosyl acceptor=NaN3; with Cu(OTf)2 as the glycosylation
promoter.

In summary, a C2-acetamidomannosylation reaction
for the synthesis of 2-N-acetylamino-2-deoxy-�-D-
mannopyranosides from glucals has been developed.
The reagent combination of DMDBTO and Tf2O was
employed to activate the glucal donor. Subsequent
nitrogen transfer at C2 from N-(TMS)acetamide fol-
lowed by one-pot glycosylation provides the corre-
sponding C2-acetamidomannopyranosides with good
to excellent diastereoselectivity. This method represents
the first direct synthesis of C2-azamannosides from
glycals and should prove to be useful in glycoconjugate
synthesis.
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