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Synthesis of 6-Azido and 6-Amino Analogues of 1 -Deoxynojirimycin 
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Selective isopropylidenation of the 2,3- and 5,6- hydroxy groups of 1 -[( tert-butoxycarbony1)aminol-1 -deoxy-o-giucitol 
5b led to the diacetonide 6 which was converted in seven steps to the selectively protected 6-azido compound 3, a 
valuable precursor of various derivatives of 6-amino-I ,6-dideoxynojirimycin 4b. 

Recently, there has been considerable interest in the poly- 
hydroxylated alkaloids 1-deoxynojirimycinl 1 and castano- 
spermine2 2 (Fig. 1). As piperidine analogues of the gluco- 
pyranose ring, these compounds are inhibitors of several 
glucosidases and they further exhibit antidiabetic and antivi- 
ral, including anti-HIV, activities.3 These properties warrant 
synthetic efforts towards structural modification of compound 
1 such as the introduction of lipophilic (fluoro,4 alky1,s and 
acyF), 2- or 3-amino,7 and glucosyl8 groups at specific 
positions of the piperidine ring system. 
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Scheme 1 Reagents and conditions: i, Me2CO-Me2C(OMe)2 (4 : l), 
p-MeC6H&03H (0.5 equiv.), room temperature, 10 min; silica, 
EtOAc-hexanes (3 : 7), 75% ; ii, Ac20-pyridine, 4-dimethylamino- 
pyridine, 0 "C, 5 min, room temperature, 1 h;  iii, pyridinium 
toluene-p-sulfonate, MeOH-H20 (9: l), 60 "C, 6 h; iv, CHzC12, 
MeSO2C1, 4-dimethylaminopyridine, Et3N, room temperature, 10 
min; silica, EtOAc-hexanes (3 : 2), 53%; v, NaN3 (1.1 equiv.), DMF, 
80 "C. 2 h ;  silica, EtOAc-hexanes (2 : 3), 73% 

This report deals with the synthesis of the selectively 
protected azido compound 3, a precursor of various deriva- 
tives of 6-amino-l,6-dideoxynoJirimycin 4b. The relative 
location of the amino nitrogen atoms in 4b is similar to that in 
numerous alkaloids and piperazine or piperidine drugs. 
Therefore, structural features pertaining to both glucopyran- 
ose and the 1,2-diamino compounds can be accommodated via 
specific modification at either amino function. Moreover, the 
primary amine and iminophosphorane products derived from 
the suitably protected azide 3 can be transformed to the 
aldehyde9 and 6-nitrolo analogues, respectively, providing a 
handle for attachment of both carbon nucleophiles and 
electrophiles. 

Our synthesis commenced with the known11 N-Boc deriva- 
tive 5b of l-amino-l-deoxy-D-ghcitol, 5a (Scheme 1). Various 
N-protected derivatives of 5a have been employed as starting 
materials for specific microbiological oxidation at C-5 leading 
to patented syntheses of l-deoxynojirimycin.5,* 1 Treatment of 
5b with acetone, 2,2-dimethoxypropane and toluene-p-sul- 
fonic acid for 10 min. afforded an inseparable mixture of 
diacetonides 6 and 7 (ca 9 : 1, yield 75%) and the triacetonide 8 
(12%). The ratio of these compounds is time-dependent. 
Prolonged reaction times led to increased amounts of com- 
pounds 7 and 8. Under acidic conditions, the kinetic product 6 
equilibrates with regioisomer 7 which reacts further to form 
the triacetonide 8. 

A mixture of dimesylates 13 and 14 (ca 19 : 1, yield 53%) 
was derived from 6 and 7 by acetylation, deprotection of the 
5,6-diol group, and sulfonylation. Selective cleavage of the 
terminal acetonide group was accomplished by heating the 
acetylated compounds 9 and 10 with pyridinium toluene-p- 
sulfonate in aqueous methanol. The resulting diols 11 and 12 
were separated from unreacted 9 and 10 via sequential 
extraction of the acidic aqueous solution with hexanes and 
dichloromethane. In a non-acidic aqueous medium or in dichlo- 
romethane containing triethylamine, the 4-0-acetylated diol 
11 transforms to the 6-0-acetyl compound. To avoid this acyl 
migration, sulfonylation of the diols 11 and 12 was directly 
carried out in the dichloromethane solvent used for extrac- 
tion. On heating of dimesylates 13 and 14 with sodium azide in 
dimethylformamide, followed by chromatographic separa- 
tion, the pure azido compound 15 was isolated in 73% yield. 
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Scheme 2 Reagents and conditions: i, MeONa ( 5  equiv.), MeOH (16. 
83%); ii, Me3SiI (1.5 equiv.), CH2C12, 10 min; Et3N-MeOH; 
evaporation at 40 "C; iii, MeOH, reflux, 2 h; silica, EtOAc, 56% 3; iv, 
HCl-MeOH, 30 min, silica column, NH40H-H20-MeOH-CHC13 
(1 : 1 : 28 : 70), 92%; v, PPh3, H20, THF, 7 h; HCI-MeOH, 30 min; 1 
mol dm-3 NHJOH, recrystallisation MeOH-Et20, 87% 
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Two ways were used to convert 15 to the cyclic azido 
compound 3. The first proceeded via the base promoted 
deacetylation and further conversion to the N-protected 
epoxide 16 (Scheme 2). However, subsequent deprotection of 
the amino group and cyclisation of amino epoxide 18 gave 
compound 3 in low yield only. Considerable amounts of 
by-products were detected, probably due to reaction of the 
epoxide group with the reagent Me3SiI used for deprotection 
of the amino function.’* A better yield (56%) for 3 was 
obtained when the Boc group was removed in the first step. 
This was done by reaction of 15 with Me3SiI for 10 min. and 
quenching with triethylamine and methanol. Treatment of the 
crude primary amine 17 with sodium methoxide in methanol 
gave the equally polar amino epoxide 18 which cyclised to the 
less polar secondary amine 3 in boiling methanol. 

The structure and synthetic potential of azido compound 3 
was confirmed by its conversion to the target compounds 
6-azido- and 6-amino-l,6-dideoxynojirimycin. Acid deprotec- 
tion of 3 provided the crystalline 6-azido compound 4a in 92% 
yield after column chromatography on silica gel. Treatment of 
3 with triphenylphosphine-water in tetrahydrofuran13 and acid 
hydrolysis of the trans-fused 2,3-O-isopropylidene protecting 
group afforded the crystalline compound 4b in 87% yield 
(14% overall yield from Sb). The all-equatorial orientation of 
substituents in compounds 4a,b and, hence, the D-configura- 
tion expected from a double inversion at C-5 was proved by 
the diaxial coupling constants observed in the 400 MHz 1H 
NMR spectra for protons H-2 to H-5, i.e. J4,5 = J4,3 = J3,2 = 9 
Hz. In the spectrum of compound 3, severe overlap of signals 
was observed for protons H-1 to H-4.T 
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Footnote 
T The new compounds had compatible IR, MS, HRMS, *H and I3C 
spectra. 
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