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A general strategy for the stereoselective synthesis
of LL-1-deoxyallonojirimycin and DD-1-deoxygulonojirimycinI
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Abstract—A general strategy for the synthesis of deoxyazasugars from DD-glucose is described. Ring-closing metathesis and stereo-
selective dihydroxylation reactions were used as key steps.
� 2006 Elsevier Ltd. All rights reserved.
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Polyhydroxylated piperidines, commonly known as
azasugars (iminosugars), are a class of compounds in
which the ring oxygen of the sugar ring is replaced by
nitrogen. At physiological pH, this nitrogen can be pro-
tonated and mimics a glycopyranosyl cation. In recent
years, these polyhydroxylated compounds have
attracted a great deal of attention, mainly due to their
special structural features and promising biological
activities.1 Polyhydroxylated piperidines have the ability
to inhibit glycosidases and glycosyl transferases, the car-
bohydrate processing enzymes, which are responsible
for the cleavage of glycosidic bonds.2 Thus, this family
of compounds have the potential to provide leads for
the treatment of numerous diseases associated with car-
bohydrate-related metabolic disorders like diabeties,3

cancer,4 AIDS,5 and viral infections.6 Due to these
promising biological activity profiles, a large number
of strategies have been developed for their syntheses.7

Here, we report a protocol (Scheme 1), which allows
the total synthesis of the deoxyazasugars LL-1-deoxyallono-
jirimycin 18 and DD-1-deoxygulonojirimycin 29 (Fig. 1).

Our retrosynthetic analysis is shown in Scheme 1. Deoxy
azasugars 1 and 2 could be synthesized from 3 and 4,
respectively, by cleavage of the sugar unit. Compounds
3 and 4 in turn could be obtained by stereoselective
dihydroxylation of piperidines 5 and 6, which would
be prepared by ring-closing metathesis of bis-alkenes 7
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and 8. Compounds 7 and 8 could be synthesized from
9, which in turn, would be derived from DD-glucose
according to the literature procedure.10

The synthesis started from 9, which was converted into
1011 in two steps, involving the formation of an imid-
azoyl sulfate with sulfuryl chloride and imidazole in
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CH2Cl2, followed by azide displacement. Selective
deprotection of the 5,6-O-isopropylidene group using
50% acetic acid in water at room temperature, followed
by azide reduction with H2 under atmospheric pressure
in the presence of Pd/C, gave an intermediate amine,
which on treatment with CbzCl afforded 11 in good
yield. Compound 11 on treatment with imidazole,
Ph3P, and iodine in toluene at 50 �C afforded 12.12 N-
Allylation of 12 using allyl bromide and NaH in DMF
at 0 �C afforded the desired bis-alkene 7 in 88% yield.
Next, the crucial ring-closing metathesis (RCM) of 7,
using Grubbs’ first generation catalyst Cl2(PCy3)2Ru@
CHPh (10 mol %) in CH2Cl2 under argon at 50 �C affor-
ded piperidine 5 in 90% yield.13 Stereoselective dihydr-
oxylation of 5 using catalytic OsO4 with two
equivalents of NMO in acetone:water (2:1) at 0 �C for
12 h, afforded a separable diastereomeric mixture of
4:1 in favor of the required isomer 3.14 The structure
of 3 was confirmed by extensive NMR study.15 The
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Scheme 3. Reagents and conditions: (i) (COCl)2, DMSO, Et3N, CH2Cl2, �78
2 for the conversion 9 to 5, 49% in eight steps; (iv) OsO4, NMO, acetone:wate
1, 43% in four steps.
hydroxyl groups of 3 were protected as benzyl ethers using
BnBr, NaH, and TBAI (cat) in THF at 0 �C to afford 13.
Acetonide deprotection of 13 with 50% TFA in water at
0 �C afforded 14 in good yield. Cleavage of the diol in 14
using NaIO4 in 50% ethanol, followed by NaBH4 reduc-
tion, gave 15 in 80% yield. Finally, global deprotection
by hydrogenation using Pd/C with under atmospheric
pressure afforded LL-1-deoxyallonojirimycin 1 in 90%
yield, the physical properties of which were shown to
be identical with previously reported spectral and ana-
lytical data.8a,16

For the synthesis of DD-1-deoxygulonojirimycin, we
started from 16, which was prepared from 9 according
to the reported procedure.17 The key building block 6 re-
quired for the synthesis of 2 was synthesized in good
yield using similar transformations to those used for
the synthesis of 5 from 9 (Scheme 2). Stereoselective
dihydroxylation of 6 using OsO4 gave exclusively one
O HO
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diol 4, as expected, since the b-face is blocked by the
bulky NCbz group as well as the adjacent C4-b oxy-
gen.15 Finally, diol 4 was converted into DD-1-deoxy-
gulonojirimyan 2 following the same set of reactions
as in Scheme 3 (for 3 to 1). The spectroscopic and
analytical data of 2 were in good agreement with the
literature data.9g,i,18

In conclusion, we have devised a strategy for the synthe-
sis of deoxyazasugars from the commercially available,
cheap starting material DD-glucose. Making library
synthesis and a study of their biological activities are
currently under progress and will be reported in due
course.
Acknowledgments

We are thankful to CSIR (S.K.D.) and UGC (J.S.), New
Delhi, for research fellowships. We are also thankful to
Dr. T. K. Chakraborty, Dr. A. C. Kunwar and the
Director, IICT for their support and encouragement.
N-CBz
H

H
OH

H5

OH

H

O

H

O

O

CH3

CH3

H7

H

H

N

H

O

H

H

O

O CH3

CH3

H6

OH
H7

H7

OH

H

CBz

H2

3

1

4

6

3

5

1
2

47
pro-R

pro-S

pro-R

pro-S

'

'

Figure A     Figure B 
References and notes

1. Reviews: (a) Hughes, A. B.; Rudge, A. J. Nat. Prod. Rep.
1994, 135–162, and references cited therein; (b) Ganem, B.
Acc. Chem. Res. 1996, 29, 340–347; (c) Sears, P.; Wong,
C.-H. Angew. Chem., Int. Ed. 1999, 38, 2300–2324; (d)
Heightman, T. D.; Vasella, A. T. Angew. Chem., Int. Ed.
1999, 38, 750–770; (e) Meyers, A. I.; Anders, C. J.; Resek,
J. E.; Woodall, C. C.; McLaughlin, M. A.; Lee, P. H.;
Price, D. A. Tetrahedron 1999, 55, 8931–8952; (f) Asano,
N. Glycobiology 2003, 13, 93; (g) Kamyar, A.; Akmal, B.
Tetrahedron: Asymmetry 2005, 16, 1239–1287.

2. Butters, T. D.; Dwek, R. A.; Platt, F. M. Chem. Rev. 2000,
100, 4683–4696.

3. (a) Yoshikuni, Y.; Ezure, Y.; Seto, T.; Mori, K.; Wata-
nabe, M.; Enomoto, H. Chem. Pharm. Bull. 1989, 37, 106–
109; (b) Kimura, M.; Chen, F.-J.; Nakashima, N.;
Kimura, I.; Asano, N.; Koya, S. J. Trad. Med. 1995, 12,
214–219; (c) Horii, S.; Fukase, H.; Matsuo, T.; Kameda,
Y.; Asano, N.; Matsui, K. J. Med. Chem. 1986, 29, 1038–
1046; (d) Robinson, K. M.; Begovic, M. E.; Reinhart,
B. L.; Heineke, E. W.; Ducep, J.-B.; Kastner, P. R.;
Marshall, F. N.; Danzin, C. Diabetes 1991, 40, 825–830.

4. (a) Nishimura, Y. Curr. Top. Med. Chem. 2003, 3, 575–
591; (b) Hakomori, S. Cancer Res. 1985, 45, 2405–2414;
(c) Nishimura, Y. In Studies in Natural Products Chem-
istry; Atta-ur-Rahman, Ed.; Elsevier Science: B.V.:
Amsterdam, 1995; Vol. 16, pp 75–121; (d) Gross, P. E.;
Baker, M. A.; Carver, J. P.; Dennis, J. W. Clin. Cancer
Res. 1995, 1, 935–944.

5. (a) Greimel, P.; Spreitz, J.; Stütz, A. E.; Wrodnigg, T. M.
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