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Abstract: Novel stereocontrolled glycosidations of a2-deoxy-a-D-
glucopyranosyl fluoride using a heterogeneous and environmental -
ly friendly solid acid, sulfated zirconia (SO,/ZrO,), have been de-
veloped. The glycosidations of the perbenzylated 2-deoxy-a-D-
glucopyranosy! fluoride 1 and various acohols using SO,/ZrO, in

lack of an electron-withdrawing C-2 substituent.'® There-
fore, the development of direct stereocontrolled glycosi-
dations of 2-deoxy sugar in an environmentally benign
manner isof particular interest. In thiscommunication, we
wish to report the novel and direct stereocontrolled gly-

CHLCN at 25 °C for 1 h predominantly gave the corresponding 2osidations of the totally benzylated 2-deoxy-a-D-glu-
deoxy«-D-glucopyranosides. On the other hand, the correspondiggpyranosy! fluoride and alcohols using a heterogeneous

2-deoxyp-D-glucopyranosides were selectively obtained by th
glycosidations of. and various alcohols employing $2xO,in the

presence of molecular sieves 5A in@#t 0 °C for 1 h.
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Highly effective, simple and environmentally acceptable
glycosidations have attracted considerable attention in
current synthetic organic chemistry related to both bio-
molecules and functional materials.! Some of the chal-
lenges for the greening of synthetic chemistry in the field
of glycosidations may include the use of a heterogeneous
and reusable solid acid as the activator.?2 On the other
hand, deoxy sugars frequently appear in the glycosidic
components of the bioactive substances.> Among them, 2-
deoxyglycoside is one of the most common and impor-
tant, and found in many biologically attractive natural
products such as aurealic acids, anthracyclines, angucy-
clines, avermectins, ethythromycins, concanamycins, and
recently discovered enediynes.® However, the direct
stereocontrolled glycosidation of a 2-deoxy sugar, espe-
cialy p-stereoselective glycosidation, is difficult due to
the lack of stereodirecting anchimeric assistance from the
C-2 position and the low stability of the glycosidic bond
of a 2-deoxyglycoside under acidic conditions due to the
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&nd environmentally friendly solid acid, sulfated zirconia
(SO,/Zr0,),*® for the selective syntheses of both the 2-
Xy-a- and f-D-glucopyranosides (Figure 1).

We recently announced novel stereocontrolled glycosida-
tions of an a-D-mannopyranosy! fluoride and alcohols us-

ing SO,/ZrO,.” Therefore, based on these results, we first
examined the glycosidations of the totally benzylated 2-
deoxy-a-glucopyranosyl fluoride (1)” and cyclohexyl-
methanol (2) using SO,/ZrO, with or without molecular
sieves 5A (MS 5A) under severa conditions. These re-
sultsare summarized in Table 1. It wasfound that the gly-
cosidation of 1 and 2 using 5 wt% of SO,/ZrO,2in CH,CN

at 25 °C for 1 h smoothly proceeded to afford the corre-
sponding 2-deoxyglucopyranoside in high yield with high
a-stereoselectivity (entry 2 in Table 1). Moreover, the ste-
reoselectivity of the glycosidation was dramatically
changed by the solvent, and the corresponding 2-dgoxy-
glucopyranoside was predominantly produced wheg® Et
was used as the solvéhfurthermore, it was found that
the p-stereoselectivity was highly dependent on the reac-
tion temperature and the amount of MS 5A,; the use of 500
wt% of MS 5A as an additive along with 100 wt% of, 50
ZrO, in Et,0 at 0 °C led to the highest chemical yield and
stereoselectivity for the 2-deo)Brglucopyranoside (en-
try 7 in Table 1)Thus, the glycosidation dfand2 using

5 wt% of SQ/ZrO,in CH;CN at 25 °C for 1 h predomi-
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nantly gave the corresponding 2-deoxy-a-glucopyrano- Table 2. a-Stereoselective glycosidations of 1 and several
side, while the glycosidation employing 100 wt% of the alcohols?
same ac_tivator in the presence of 5 times the amount of _ SO/Zr0, (5 Wi%)
MS5A in EtZO at 0 °C for 1 h afforded the correspondlng 1+ 2~7 2-Deoxy glucopyranosides
2-deoxyg-glucopyranoside in high yield with high CHLCN
stereoselectivity. These optimized conditions for sele 2C.1h
tively obtaining both the 2-deoxy andpg-glycosides in- _ ) .
cluding the reaction temperature and time, and the ratio ~ E"Y ~ Alcohol - Yield (%7 a/pRatio
SO/ZrO,and MS 5A significantly differed from those for
the previously reported stereocontrolled mannosylafion 1 2 98 88:12
probably due to the higher reactivity of the 2-deoxyglyc 2 3 92 84:16
osyl donor compared to that of the mannosyl donor. _
3 4 92 83:17
4 5 97 82:18
Table 1. Glycosidations of 1 and 2 by SO4/ZrO, under several conditions? 5 6 90 82:18
S0O4/ZrO, 6 7 80 80: 20
1 + 2 2-Deoxy glucopyranosides
1h

a All reactions were carried out by use of 2.0 equiv. of the
alcohol to 1. ? Isolated yields after purification by column
chromatography. ¢ a:@ Ratios were determined by *H-NMR
(270 MHz) spectroscopy and / or isolation of pure isomers.

Entry Solvent Wt% of Wt% of Temp. (°C) Yield (%)? o/p Ratio®
S04/Z0O, MS 5A

1 CH3CN 5 0 45 74 85:15
2 CH3CN 5 0 25 98 88:12
3 Et,0O 100 100 25 90 50:50
4 Et,0 100 100 o o8 24 76 Table 3. B-Stereoselective glycosidations of 1 and several
alcohols?
5 Et,0 100 200 0 97 25:75
6 ERO 100 300 0 98 21:79 SO4/Zr0; (100 wi%)
MS 5A (500 wt%)
7 Et,0 100 500 0 98 19:81 1 + 2~7 —— 2-Deoxy glucopyranosides
_ Et,0
8 Et,0 100 1000 0 96 18:82 0°C,1h
a Al reactions were carried out by use of 2.0 equiv. of 2 to 1. ? Isolated yields . omb -
after purification by column chromatography. ¢ a:p Ratios were determined by Entry Alcohol Yield (%) a/p Ratio
1H-NMR (270 MHz) spectroscopy and / or isolation of pure isomers.
1 2 98 19:81
. . . . 2 3 96 15:85
To enhance the synthetic utility of this novel and envirol . . o 20 80
mentally benign reaction, the glycosidations using oth '
primary and secondary alcoh@< were next examined. 4 5 99 19:81
Based on the results summarized in Table 2, all the g 5 6 85 2773
cosidations ofl and 3-7 using 5 wt% of SQZrO, in 6 ; 56 3367

CH4LCN at 25 °C for 1 h, as well as thathfeffectively
proceeded_ to afford the corr_esppndlng 2-de@-)g}u- . 4 All reactions were carried out by use of 2.0 equiv. of the
copyran03|des n hlgh ylelds with hlgh stereoselectivities alcohol to 1. ? Isolated yields after purification by column

On the other hand, the stereoselective syntheses of chromatography. © a:p Ratios were determined by *H-NMR

Corresponding 2—deox&—g|ucopyranosides by the (270 MHz) spectroscopy and / or isolation of pure isomers.

present glycosidation are outlined in Table 3. Althoug

only entry 6 using@ as the alcohol showed moderate yield

and stereoselectivity, the other 2-degixgtucopyrano- was filtered and the filtrate was concentrateeacuo. Pu-
sides were obtained in high yield with good to high steredfication of the residue by flash column chromatography
selectivities by the glycosidations bfand3-6 as well as gave the 2-deoxyglucopyranosides which predominantly
that of2. contained thea-anomer. 2-Deoxy-glucopyranosides:

General experimental protocols for the preparations of t{@ @ Stirred solution ot (0.5 mmol) and an alcohol (1.0
2-deoxye- and f-glucopyranosided: 2-Deoxye-glu- mmol) in dry EO (5.0 ml) were added powdered MS 5A

copyranosides: To a stirred solution of the glycosyl flud®00 Wt% tol) and SQYZrO, (100 wi% tol). After stir-
ride 1 (0.5 mmol) and an alcohol (1.0 mmol) in dry'iNg for 1_h at 0 °C, a similar workup and purification as
CH.CN (5.0 ml) was added S@rO, (5 wt% to the glyc- that mentioned above gave the 2-deoxyglucopyranosides

osyl donorl). After stirring for 1 h at 25 °C, the mixture Which selectively included the-anomer.
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In conclusion, we have presented the novel and stereocon-
trolled glycosidations of a 2-deoxy sugar and alcohols us-
ing an environmentally acceptable solid acid, SO,/ZrO..
Moreover, the results including the simple protocol, high
yield and stereosel ectivity should find wide applicationin
the synthesis of biologically important natural products
which possess a 2-deoxy sugar as aglycosidic component.
Further studies along this line are currently underway.
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