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Abstract—A practical synthesis of 1,6-dideoxynojirimycin, a potent glycosidase inhibitor, starting from L-sorbose, is described.
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1. Introduction

1,6-Dideoxynojirimycin (7) is a naturally occurring alkal-
oid that is classified as an imino sugar. Because of the
structural resemblance to the sugar moiety of natural
substrates for glycosidases, imino sugars are often found
to be potent glycosidase inhibitors. These compounds
could be potential drug candidates as antiviral, anti-
infective, and antitumor agents. They might also be used
to treat carbohydrate metabolism disorders or serve as
glylcosphingolipid lysosomal storage disease therapeu-
tics.' > Therefore, the synthesis of 1,6-dideoxynojiri-
mycin has been studied by different groups.® However,
many of these methods either started from rare materi-
als or required long synthetic approaches with limited
stereospecificity. A noted exception is the efficient
approach described by Pistin and Hollingsworth from
p-glucose.®!

For further investigation into both bioactivity and
synthetic methodology, our group has developed a novel
and practical synthetic approach for 1,6-dideoxynojiri-
mycin from relatively inexpensive and accessible L-sor-
bose. With the fixed chiral centers of the starting
material and the almost quantitative stereoselectivity
in the reductive amination step,®® the enantiochemistry
of this approach is fully guaranteed.
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2. Results and discussion

L-Sorbose was converted to 2,3-O-isopropylidene-L-
sorbofuranose 1 by treating the sugar with concd
H,SO, in acetone.” The triol 1 reacted with p-toluene-
sulfonyl chloride in pyridine to afford the distosylate 2.
Regioselective azide displacement of the 6-O-tosylate
was successfully accomplished by treating 2 with sodium
azide in anhydrous DMF at 75 °C for 30 h to obtain the
desired product 3 in high yield. Similar regioselective
nucleophilic substitution in the reaction of 1,6-distosyl-
ated fructose® and sorbose®® with nucleophiles like
sodium iodide or sodium chloride was reported. The
regioselectivity of these substitutions should be caused
by the steric hindrance of isopropylidene and the elec-
tron-withdrawing effect of 2-ketal. Converting the 1-O-
tosylate of 3 to a methyl group, together with the reduc-
tion of the 6-azido group to the amine, was hindered by
the slow reductive process. We found that the tosylate
and azide could be reduced with LiAlH, in refluxing
THF in only low yield,” and the workup was tedious
and time consuming. The 1-O-tosylate of 3 was finally
substituted by I,/Nal in DMF, followed by hydrogena-
tion in the presence of Pd(OH),, to afford the 1-methyl
product 5.

The amine 5 was adsorbed onto Dowex 50 (H™) resin,
and the acetonide was hydrolyzed to give the unstable
intermediate 6, which underwent intramolecular reduc-
tive amination in the presence of hydrogen and Pd(OH),
to give 1,6-dideoxynojirimycin 7. No 5-epimer was
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detected by TLC in the reaction mixture. Due to the dif-
ficulty of purifying the product through chromatogra-
phy, the crude product was treated with CBzCl and
then subjected to flash chromatography. Along with
the expected final products 9, small amount of side
product 10 was obtained. The structure of 9 was fully as-
signed by NMR spectroscopy and mass spectrometry.
The structure of 10 was deduced based on NMR and
MS data, and the observed aromatization in the reduc-
tive amination in our early unpublished study. There-
fore, the undetermined side product of reductive
amination could be assumed to be 8 (Scheme 1).

Finally, the purified 1,6-dideoxynojirimycin hydro-
chloride was obtained after hydrogenation of 9, fol-
lowed by the addition of 0.1 N HCI and lyophilization
to give the product in 70% yield (based on 5).
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3. Experimental
3.1. General

Melting points were measured on an X 4 melting point
apparatus. Optical rotations were measured at room
temperature (rt) using an AA-10 R automatic polari-
meter in a 0.1-dm cell. The '"H and '*C NMR spectra
were recorded on a Varian VXR 300 spectrometer.
The HRESIMS mass spectra were obtained using a
Bruker APE IV FTMS instrument. Reagents were either
dried by standard techniques or used as purchased.

3.2. Preparation of 2,3-O-isopropylidene-1,6-bis-O-
(p-toluenesulfonyl)-a-L-sorbofuranose (2)

To a solution of 2,3-O-isopropylidene-a-L-sorbofura-
nose (10.0 g, 45.0 mmol) in anhyd pyridine (25 mL)
was added p-toluenesulfonyl chloride (21.67 g,
114.0 mmol) in batches, and the mixture stirred for 5h
at rt. The mixture was concentrated, and the resulting
yellow syrup was dissolved with a large amount of
CHCIl; (600 mL). The organic layer was washed with
satd aq CuSO4 (75mL) and water (35mL), dried
(MgS0y,), and evaporated to a yellow syrup. The crude
syrup was purified by flash chromatography using 10:1
petroleum—-EtOAc to give compound 2 as a white solid
(23.52g, 98.0%): mp 128-130°C, lit."° 131°C; 'H
NMR (300 MHz, CDCls): ¢ 1.30 (s, 3H, (CHj3),C),
1.43 (s, 3H, (CH;),C), 2.45 (s, 6H, 2CH3-Ph), 4.04-
4.16 (m, 3H, 2H-6, H-1), 4.23-4.28 (m, 2H, H-1, H-3
or H-4), 4.38 (ddd, J 2.7 Hz, 1H, H-5), 4.44 (s, 1H, H-

3 or H-4), 7.35 (d, 4H, J 8.1 Hz, H-Ph), 7.78 (dd, 4H,
J 5.7, 8.1 Hz, H-Ph); '*C NMR (75 MHz, CDCl;): 6
21.63 x 2 (CH5-Ph), 26.04 ((CH3),C), 27.17 ((CH3),C),
66.52, 67.92, 7424, 84.99, 89.18, 111.44, 113.14
((CH3),C quart, C-2 quart), 127.96x4, 129.96 x4
(Ph), 132.30 x 2, 145.20 x 2 (Ph quart).

3.3. 6-Azido-6-deoxy-2,3-O-isopropylidene-1-O-
(p-toluenesulfonyl)-a-L-sorbofuranose (3)

To a solution of compound 2 (10.0 g, 18.9 mmol) in
anhyd DMF (40mL) was added NaNj; (1.85g,
28.4 mmol), and the suspension was heated at 75 °C
for 30 h. The mixture was concentrated, and the result-
ing mixture was added to water (200 mL) and extracted
with EtOAc (800 mL). The organic layer was separated,
dried (MgSO,), and evaporated to give a crude yellow
product that was purified by flash chromatography. Elu-
tion with 14:1 petroleum-EtOAc afforded a white solid
(6.72 g, 89%): mp 90-92 °C; [oc]g) +57.7 (¢ 1.04, CHCly);
"H NMR (300 MHz, CDCls): ¢ 1.33 (s, 3H, (CH;),C),
1.49 (s, 3H, (CH;),C), 2.46 (s, 3H, CH5-Ph), 3.44-3.56
(m, 2H, H-6), 4.15 (d, 2H, J; - 10.5 Hz, H-1), 4.21 (br
s, 1H,), 4.26 (d, 2H, J;;» 10.5Hz, H-1'),4.31-4.37
(ddd, 1H, H-5) 4.50 (s, 1H), 7.37 (d, 2H, J 8.4 Hz,
H-Ph), 7.80 (d, 2H, J 8.4 Hz, H-Ph); '3*C NMR
(75 MHz, CDCls): ¢ 21.67 (CH3-Ph), 26.07 ((CH3),C),
27.15 ((CH3),C), 49.2 (C-6), 68.37 (C-1), 75.01, 80.07,
85.50, 111.29, 113.02 ((CH3),C quart, C-2 quart),
128.00 x 2, 130.02 x 2(Ph), 132.29, 145.45 (Ph quart).
HRESIMS: Anal. Caled for C;¢H,N3;O;S: m/z
400.1184 [MH]". Found: m/z 400.1186.

3.4. 6-Azido-1,6-dideoxy-1-iodo-2,3-O-isopropylidene-
a-L-sorbofuranose (4)

To a solution of compound 3 (2.5 g, 6.27 mmol) in anhyd
DMF (20 mL) was added Nal (11.65 g, 62.7 mmol), and
the mixture was heated for 15 h at 110 °C (bath temper-
ature). TLC with 2:1 petroleum-EtOAc then showed
that the reaction was almost complete. The mixture
was then cooled and the solvent was evaporated. The res-
idue was dissolved in water (50 mL), extracted with
CHCl; (400 mL), and the CHCI; layer was dried
(MgSQy,), and evaporated to give a yellow syrup. The
crude product was purified by silica gel chromatography
using 15:1 petroleum—EtOAc to give a white solid
(1.77 g, 79.7%): mp 53-55°C; [oc]f)o +40.6 (¢ 1.28,
CHCl;); '"H NMR (300 MHz, CDCls):  1.42 (s, 3H,
(CH;),C), 1.51 (s, 3H, (CH3),C), 3.51-3.67 (m, 4H,
2H-6, 2H-1), 4.28 (d, 1H, J 3 Hz,), 4.40 (ddd, 1H, H-
5), 4.50 (s, 1H); *C NMR (75 MHz, CDCl5): 6 7.37
(CHs-1), 26.43 (CH3),C), 27.45 (CHj;),C), 49.22 (C-6),
75.58, 79.90, 86.51, 112.36 x2 (CH;),C quart, C-2
quart); HRESIMS: Anal. Caled for CoH;sIN: m/z
328.0051 [MH—N,]". Found: m/z 328.0053.
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Scheme 1. Synthesis of 1,6-dideoxynojirimycin from L-sorbose. Reagents and conditions: (a) Ref. 7; (b) TsCl/pyridine, rt, 5 h, 98%; (c) NaN3, DMF,
75 °C, 30 h, 89%; (d) KI, DMF, 110 °C, 15 h, 79.7%; () H, (60 psi), Pd(OH),/C (10%), CH;OH, H,O, rt, 20 h, 79.5%; (f) LiAlHy, reflux, 30 h, 40.3%;
(2) Dowex H", H, (60 psi), Pd(OH),/C (10%), MeOH/H,O0, rt, 30 h, 87.1%; (h) CBzCl, aq satd NaHCOs, acetone, toluene, rt, 14 h, 100%.

3.5. 6-Amino-1,6-dideoxy-2,3-O-isopropylidene-a-L-
sorbofuranose (5)

(a) To a solution of compound 3 (0.75 g, 1.88 mmol) in
anhyd THF (20 mL) was carefully added LiAlH4
(0.28 g, 7.52 mmol) in small portions, and the mixture
was refluxed for 30 h. TLC with 10:1 CHCl;-MecOH
showed that the reaction was almost complete. Excess
LiAIH,; was decomposed by the careful addition of
water (3mL), and the suspension was filtered and
washed with MeOH. The filtrate and MeOH were then
combined and concentrated, providing a pale-yellow
syrup that was chromatographed on silica gel column
by elution with 20:1 CHCI3;-MeOH to give 5 (0.15 g,
40.3%). (b) To a solution of compound 4 (1.00g,
2.82 mmol) in 1:1 MeOH-satd aq K>,CO; (60 mL) was
added Pd(OH),/C (10%) (200 mg), and the mixture
was hydrogenated at 60 psi for 20 h. The suspension
was filtered when TLC with 4:1 CHCl;-MeOH showed
that the reaction was complete, and the filtrate was con-
centrated, giving a crude white solid. The crude product
was subjected to separation on a silica gel column with
17:1 CHCI;-MeOH to give 5 as a pale-yellow syrup
(0.45 g, 79.5%): [oc}f)o —75.0 (¢ 0.32, CHCl;); 'H NMR
(300 MHz, CDCls): 6 1.35 (s, 3H, (CHj3),C), 1.47 (s,
3H, (CH;),C), 1.71 (s, 3H, CHs-1), 3.15 (d, 2H, Je¢
13.2 Hz, H-6), 3.32 (br s, 2H, -NH,), 3.50 (dd, 1H,
Jse 3.6 Hz, Jg¢ 13.2 Hz, H-0'), 4.17 (s, 1H), 4.22 (s,
1H), 4.31 (d, 1H, Jsg 3.6 Hz, H-5); '>*C NMR (75 Hz,
CDCl;): 6 24.61 (CHs-1), 26.08 ((CH3),C), 27.17
((CH3),C), 40.97 (C-6), 76.58, 79.18, 88.46, 110.36,

113.18 ((CHj3),C quart, C-2 quart). HRESIMS: Anal.
Caled for CoHgNO,: m/z 204.1241 [MH]". Found:
m/z 204.1236.

3.6. N-Benzyloxycarbonyl-1,5,6-trideoxy-1,5-imino-p-
glucitol (9)

To a solution of compound 5 (0.30 g, 1.48 mmol) in
water (30 mL) was added Dowex 50 (H™) resin to adjust
the pH to pH 3-4. Immediately Pd(OH),/C (10%)
(150 mg) was added, and the reaction was subjected to
60 psi of hydrogen with agitation for 30 h. The resin
(containing 1,6-dideoxynojirimycin) was slurried in satd
anhyd ammonia-MeOH (pH 9-10) for 30 min and fil-
tered. The solids were washed with water, followed by
methanol. The filtrate and washes were combined and
concentrated by rotary evaporation at rt. The residue
was dissolved in water and lyophilized to provide crude
1,6-dideoxynojirimycin. Subsequent chromatography
proved to be unsuccessful. Therefore, a benzyloxycarb-
onyl group was introduced to facilitate the separation.
To a solution of crude 1,6-dideoxynojirimycin (0.189 g,
1.29 mmol) in 15 mL of satd aq NaHCO; was added
dropwise benzyl chloroformate (0.32 g, 1.93 mmol) in
7:1 acetone-toluene (4 mL). After stirring for 14 h at
rt, the suspension was concentrated, and the resulting
solid was dissolved in water (20 mL), and extracted with
EtOH (80 mL). The organic layer was dried (MgSQOy)
and concentrated to give a yellow syrup that was puri-
fied by flash chromatography with elution of 24:1
CHCI3-MeOH to afford a colorless syrup (0.29 g,
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79.6%): [a]g) +95.0 (¢ 0.80, CHCl3); "H NMR (300 MHz,
CDCl;): 0 1.26 (d, 3H, Js¢ 6.9 Hz, CH3), 3.36 (d, 1H,
Jia1e 13.8 Hz, H-1a), 3.53 (br s, 1H), 3.73 (br s, 2H),
3.92 (d, 1H, Jy,1. 13.8 Hz, H-1e), 4.18 (br d, 2H, J
3.6 Hz), 5.09 (dd, 2H, J 12.6, 17.4 Hz, Bn—CH,), 7.26—
7.31 (m, 5H, Ph); >*C NMR (75 Hz, CDCls): § 15.62
(CHs), 41.74 (C-1), 53.84, 67.41, 70.09, 71.54, 72.67,
127.56 x 2, 127.99, 128.48 x 2 (Ph), 136.33 (Ph quart),
156.80 (C=0). HRESIMS: Anal. Caled for
Ci4HoNOs:  m/z 282.1347 [MH]". Found: m/z
282.1357. Along with the 9, a pale-yellow syrup of 10
(0.05 g, 17.4%) was also obtained: "H NMR (300 MHz,
CDCls): 6 2.47 (s, 3H, CHj3), 5.30 (s, 2H, Bn—CH,),
7.19 (dd, 1H, J 4.8, 8.1 Hz, H-pyridine), 7.36-7.49 (m,
6H, H-pyridine, H-Ph), 8.40 (d, 1H, J 3.9 Hz, H-pyri-
dine). HRESIMS: Anal. Caled for Ci4H4NO3: m/z
244.0979 [MH]". Found: m/z 244.0973.

3.7. 1,5,6-Trideoxy-1,5-imino-p-glucitol hydrochloride
(7-HC))

To a solution of 9 (0.29 g, 1.03 mmol) in 2:1 H,O-
MeOH (30 mL) was added Pd(OH),/C (10%, 250 mg),
and the hydrogenolysis was carried out at 59 psi for
6 h. The mixture was filtered and washed with water.
The filtrate and washes were combined and concen-
trated at rt, and then 0.1 N HCI (10.5 mL) was added
to the residue. The mixture was lyophilized to give a col-
orless resinous product (0.15g, 100%): [oc}f)o +17.1 (c
0.70, H,0), 1it.° [o]% +13 (¢ 1.0, H,0); '"H NMR
(300 MHz, CDCly): 6 1.25 (d, 3H, Js¢ 6.6 Hz, CH3),
2.77 (t, 1H, Jia1e = J1a2 = 12 Hz, H-1a), 2.96-3.06 (m,
1H, H-5), 3.18-3.35 (m, 3H, H-4, H-le, H-3), 3.58-
3.67 (m, 1H, H-2); >*C NMR (75 Hz, CDCl): § 15.14
(CH3), 46.44 (C-1), 55.73, 67.62, 72.99, 76.47. HRE-
SIMS: Anal. Caled for C¢H;NO;5: m/z 148.0979
[MH]". Found: m/z 148.0979.
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