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Efficient synthesis of 1-deoxy-azasugars as useful synthetic tools
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Abstract—1-Deoxy-azasugars are efficiently prepared from sugar-lactones using a stereoinversion process and they are applied to
the synthesis of a natural product. © 2003 Elsevier Science Ltd. All rights reserved.

Azasugars, monosaccharide analogues having a nitro-
gen atom instead of the ring oxygen atom, have inter-
esting activities for glycoside-related enzymes, and they
have been intensively studied as glycosidase inhibitors!
with potential therapeutic utility. Some strong
inhibitors such as (+)-nojirimycin and (+)-deoxynoji-
rimycin are representative.? 1-Deoxy-azasugars are
chemically more stable than normal azasugars due to a
lack of a hydroxyl group at the Cl1 position, and thus
they must be suitable compounds for practical use.®> As
a result, it becomes necessary to supply a large amount
of various 1-deoxy-azasugars by chemical synthesis.
Although numerous synthetic methods have been devel-
oped,* they sometimes needed lengthy steps, and
resulted in mixtures of the stereoisomers in low yields.
Here we report a more efficient synthetic method for
I-deoxy-azasugars, and its applications to natural
product synthesis as useful tools.

We have already developed the selective synthesis of
L-sugars from D-sugar-lactones using the Mitsunobu
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Scheme 1.

reaction® as a key step.® The present synthetic plan is
also based on the S\2 type cyclization procedures. At
first, we describe the synthesis of six-membered 1-
deoxy-azasugars. We started with three kinds of D-gly-
cono-1,5-lactones 1, 2, 3, which are easily derived from
glucose, galactose and mannose, respectively’ (Scheme
1). The lactones 1, 2, 3 were converted to the amides 4,
5, 6° by treatment with NH; in nearly quantitative
yields. Reduction of the amides by refluxing in THF
with LiAlH, gave the amines 7, 8, 9, and then, the
cyclization reactions were tried under the Mitsunobu
conditions after converting to sulfonamide derivatives.
According to the methods developed by Fukuyama et
al.,’ the amines 7, 8, 9 were reacted with 2-nitrobenz-
enesulfonyl chloride (NsCl) and triethylamine in
CH,CI, to afford the corresponding 2-nitrobenzenesul-
fonamides 10, 11, 12. Successively, they underwent the
Mitsunobu conditions (triphenylphosphine and diethyl
azodicarboxylate in THF), and the cyclization reactions
easily proceeded through complete inversion to afford
the L-1-deoxy-azasugar derivatives 13, 14, 15 in good
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Scheme 2. Reagents and conditions: (a) NH;, MeOH; 80%; (b) LiAIH,, THF, reflux; 76%; (c) NsCl, Et;N, CH,Cl,; 93%; (d) PPhs,

DEAD, THF; quant.; (e) PhSH, K,CO;, DMF; 79%.

yields. After removing an Ns group using PhSH, the
corresponding azasugars 16, 17, 18'° were obtained in
65, 66, 71% overall yields from 1, 2, 3, respectively.
Thus, we were able to develop an excellent method for
the synthesis of the 1-deoxy-aza-derivaives of L-idose
(16), L-altrose (17), and L-gulose (18) converted from
D-glucose, D-galactose and D-mannose, respectively, in
excellent yields.

Next, we turned our attention to the synthesis of five-

membered 1-deoxy-azasugars. 2,3,5,6-Di-O-isopropyl-
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Scheme 3. Reagents and conditions: (a) TFA, THF, H,0; 70%
(conv. y. 82%); (b) NalO,, silica gel, CH,Cl,, H,0; 96%; (c) 1,
NaBH,, MeOH; quant; 2, PhSH, K,CO;, CH;CN; 75%; (d)
IN, HCI, reflux; quant.
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idene-D-mannono-1,4-lactone!! (19), which is easily
converted from D-mannono-1,4-lactone, was used as
the starting material (Scheme 2). The y-lactone 19 was
converted to the amide 20 by reacting with NH; and
then reduced to the amine 21. After nosylation of the
amine, the Mitsunobu reaction was conducted to give
the cyclized product 23 in quantitative yield. Finally,
the removal of an Ns group resulted in the formation of
the five-membered L-1-deoxy-azasugar derivative 24.

This material 24 is provided as the starting material for
the synthesis of biologically important compounds, in
which one example is described. Intermediate 23 was
selectively hydrolyzed to the diol 25 by TFA in 70%
yield (conv. y. 82%), which was oxidized to the alde-
hyde 26 by the NalO,-cleavage (Scheme 3). Reduction
of the aldehyde, then the removal of an Ns group
afforded 27 in good yields. Finally, it was hydrolyzed
with 1IN HCI to give the 1-deoxy-aza-analogue of L-
ribose 28, that is L-iminoribitol.¥™!2 Also, the alde-
hyde 26 could be applicable as the key compound for
natural product synthesis (Scheme 4). Wittig reaction to
26 using the reagent 29 afforded the adduct 30 in 69%
yield as an E-Z mixture. The nosyl group was removed,
and the resultant amine was protected as a trifluoroac-
etamide to give 31 in 91% yield (two steps). Both the
hydrogenation of the olefin part and the removal of the
benzyl group resulted in an alcohol, which was trans-
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Scheme 4. Reagents and conditions: (a) NaHMDS, THF, 29, —78 to 0°C; 69%; (b) 1, PhSH, K,CO;, DMF; 95%; 2, (CF5;CO),0,
Py, CH,Cl,; 96%; (c) 1, Pd-C, MeOH, H,; 79%; 2, TsCl, DABCO, CH,Cl,, quant.; (d) K,CO;, MeOH, H,0, 50°C; 75%; (e) IN

HCI, reflux; 90%.
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formed to the tosylate (32). Then, treatment with
K,CO; in MeOH and H,O caused both the hydrolysis
of the trifluoroacetamide of 32 and the continuous
cyclization. The bicyclic product 33 was successfully
obtained in 75% yield. Finally, the deprotection of an
acetonyl group afforded 2-epilentiginosine.'?

In summary, we have developed a novel method to
prepare 1-deoxy-azasugars more efficiently from sugar-
lactones with the inversion of stereochemistry. This
method could be applied to numerous lactones, and
would afford biologically important compounds.
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