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The synthesis of glycosaminoglycans and other nitrogen-
containing oligosaccharides requires the installation of
a 2-deoxy-2-amino functionality.1 While traditional syn-
thetic strategies often employ starting materials with the
amino group in place (e.g., 1),2 other approaches have
been suggested, most notably the iodo sulfonamidation
method pioneered by Danishefsky and co-workers.3,4 In
our hands, the Danishefsky methodology is a powerful
method for effecting glycosidic bond formation. Unfor-
tunately, subsequent deprotection of the aromatic sul-
fonamides under strongly reducing conditions has been
shown to be incompatible with the other functionality
found in the glycosaminoglycan backbone.4 Danishefsky
and co-workers have investigated sulfonamides that can
be deprotected under nonreducing conditions,5 although
we have found that the N-tosyl- and N-phenylsulfona-
mides give the best yields of the key glycosidic bond-
forming steps required for glycosaminoglycan synthesis.
We now report the SmI2-mediated deprotection of

N-tosyl-2-deoxy-2-amino- and N-sulfonyl-2-deoxy-2-ami-
noglycosides after purification results in superior yields
of the free amines (Table 1).6 This approach obviates the
need for harsh Na0/NH3 reductions and is compatible
with a wide variety of protecting groups often employed
in oligosaccharide syntheses. Vedejs and Lin have
reported that the SmI2-promoted deprotection of arene-
sulfonamides occurs in excellent yields without epimer-
ization.7 Using a modified version of their protocol, we
established that 1 and 3 (Table 1, entries 1 and 2) can
be deprotected with SmI2 in yields of 85% and 73% after
purification.8 The reductions typically take longer to
complete than those reported by Vedejs and Lin (2-3

days vs 24 h), and in general, the phenylsulfonamides
reduce more quickly than the tosylamides.
Deprotection of N-tosylglucosamine derivatives 5 and

6 (Table 1, entries 3 and 4) proved problematic, as all
reduction attempts resulted in cleavage of the C6 esters
followed by cleavage of the C4 esters and other undeter-
mined side reactions. In all attempts, the tosylsulfona-
mides remained intact, even when up to 15 equiv of SmI2
and extended reaction conditions were employed. Re-
ports on the reduction of aromatic carboxylic acid deriva-
tives, including esters, by SmI2 have been summarized.9
These reductions typically require the addition of either
an acid or base catalyst, and in general, it is believed
that simple esters should survive SmI2 conditions. We
discount the possibility that the starting materials were
contaminated, as they were rigorously purified prior to
use. The possibility exists that our reaction conditions
(10-15 equiv of SmI2 in refluxing THF for extended
periods of time) may promote the ester reductions. It
remains to be determined if selective ester reduction in
the absence of exogenous acid or base catalyst would
prove synthetically useful for the preparation of depro-
tected carbohydrates.
The SmI2-promoted deprotection of a range of glu-

cosamine dimers (Table 1, entries 5-9) proceeded smoothly
to yield the corresponding amines in yields ranging from
43 to 70% after purification.10 This represents a 3-5-
fold increase in yield compared to those typically observed
for the corresponding Na0/NH3 reductions.8 The bulk of
the mass balance in most cases was unreacted starting
material. All glycosidic linkages remained intact, and
no monomers were detected. Furthermore, we see no
evidence to suggest that cleavage of the (p-methoxyphe-
nyl)methyl (MPM, Table 1, entries 5 and 6), benzyl (Table
1, entries 5-9), benzylidene (Table 1, entries 7-9), or
acetamido groups (Table 1, entry 9) occurs. This is in
stark contrast with the results from Na0/NH3 reductions
where decomposition to monomer fragments always
occurs and removal of these protecting groups is often
observed. Thus, the SmI2-deprotection offers a strategy
for further nitrogen functionalization while keeping the
hydroxyl protecting groups intact.
These observations suggest that the selective depro-

tection of glucosamine polymers such as the glycosami-
noglycans and chitin and chitosan fragments may be
possible. Furthermore, the observation that SmI2 cleaves
simple esters may allow, in some instances, for the
complete deprotection of oligosaccharides in a single,
relatively mild step if a large excess of SmI2 is employed.
In conclusion, the SmI2-promoted reduction of (arene-

sulfonyl)glucosamine derivatives proceeded in good yield
with retention of the carbohydrate backbone and without
loss of common hydroxyl protecting groups.
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Experimental Section

Preparation of Methyl 2-Deoxy-2-amino-3,4,6-tri-O-ben-
zyl-D-glucopyranosyl-â-(1f4)-2,3-di-O-benzyl-6-O-[(p-meth-
oxyphenyl)methyl]-â-D-O-glucopyranoside (10). Phenyl-
sulfonamide 9 (52.1 mg, 0.05 mmol) was dried by azeotropic
distillation with anhydrous benzene (4 × 5 mL), transferred to
a one-piece reflux apparatus with the aid of 4 mL of anhydrous
THF, and concentrated in vacuo. The vessel was charged with
fresh THF (4 mL) and DMPU (0.75 mL), degassed (three freeze-
pump-thaw cycles), and placed under argon. SmI2 (1 mmol, 10
mL of a 0.1 M solution in THF, Aldrich) was added via gas-
tight syringe and the solution refluxed for 72 h until all SmI2
was consumed (as judged by the solution color). The solution
was concentrated in vacuo, dissolved in 15 mL of CH2Cl2, washed
with saturated NaHCO3 (2 × 50 mL), dried (Na2SO4), and
concentrated in vacuo to give a solution of 10 in DMPU. DMPU
was removed in vacuo using a Hickman still (80 °C water bath)
and the residue purified by flash column chromatography (SiO2,

2:3 EtOAc:CH2Cl2) to yield 21.2 mg (48%) of 10 as a thick oil:
1H NMR (500 MHz, CDCl3) δ 1.57 (br s, 2H), 2.78 (dd, J ) 9.9,
8.1 Hz, 1H), 3.24 (ddd, J ) 9.8, 4.2, 2.0 Hz, 1H), 3.25 (t, J ) 9.3
Hz, 1H), 3.40 (dd, J ) 9.0, 7.8 Hz, 1H), 3.43 (ddd, J ) 9.7, 3.7,
2.0 Hz, 1H), 3.52-3.65 (m, 4H), 3.56 (s, 3H), 3.73 (s, 3H), 3.78
(dd, J ) 10.9, 1.8 Hz, 1H), 3.90 (dd, J ) 11.0, 3.8 Hz, 1H), 4.04
(dd, J ) 9.6, 8.8 Hz, 1H), 4.29 (d, J ) 7.6 Hz, 1H), 4.36 (d, J )
7.8 Hz, 1H), 4.43 (s, 2H), 4.55 (ABq, Jab ) 12.2 Hz, δνa ) 4.63,
δνb ) 4.47, 2H), 4.66 (ABq, δνa ) 4.75, δνb ) 4.57, Jab ) 10.9
Hz, 2H), 4.75 (ABq, δνa ) 4.84, δνb ) 4.66, Jab ) 11.0 Hz, 2H),
4.81 (ABq, δνa ) 4.93, δνb ) 4.68, Jab ) 11.3 Hz, 2H), 4.90 (ABq,
δνa ) 5.01, δνb ) 4.78, Jab ) 11.6 Hz, 2H), 6.86-7.37 (m, 29H);
13C NMR (100 MHz, CDCl3) δ 55.05, 56.89, 57.69, 67.99, 68.57,
72.90, 73.17, 74.49, 74.55, 75.06, 75.18, 75.53, 75.82, 78.42, 81.79,
82.77, 84.97, 104.51, 107.85, 113.64, 126.80, 126.85, 127.25,
127.39, 127.45, 127.52, 127.5) 55.05, 56.89, 57.69, 67.99, 68.57,
72.90, 73.17, 74.49, 74.55, 75.06, 75.18, 75.53, 75.82, 78.42, 81.79,
82.77, 84.97, 104.51, 107.85, 113.64, 126.80, 126.85, 127.25,
127.39, 127.45, 127.52, 127.54, 127.59, 127.63, 127.75, 127.89,

Table 1. Conversion of N-(Arylsulfonyl)glucosamines to Glucosamines
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127.92, 127.96, 128.11, 128.25, 128.38, 128.52, 129.30, 129.44,
130.97, 136.83, 137.96, 138.36, 138.38, 139.23; exact mass calcd
for C56H64NO11 ) 926.4479, found ) 926.4479 (HRFABMS,
M + 1).
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