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Abstract:  Novel stereocontrolled glycosidations using an by only filtration and then reused. These results are summarized in Table
environmentally friendly solid acid, sulfated zirconia (&0O,), for 1. It was found that these glycosidations in4CN at 25 °C for 15 h
direct syntheses af- and S-mannopyranosides have been developed.smoothly proceeded to afford the mannopyrano$ide high yields.

The glycosidations of the totally benzylated mannopyranosyl fludride Furthermore, S@IZrO, was shown to be superior to the others with
and various alcohols using g@rO, in CH3CN at 40 °C for 15 h  respect to both chemical yield amdstereoselectivity. These results
exclusively gave the correspondingmannopyranosides. On the other clearly indicated that the solid acid, $2rO,,%1% was very useful for
hand, the correspondif@mannopyranosides were selectively obtainedthe environmentally acceptable glycosidation of the mannopyranosyl
by the glycosidations df and various alcohols employing 32rO, in fluoride 1.

the presence of molecular sieves 5A ipEat 25 °C for 15 h. o
Table 1. Glycosidations of 1 and 2 by several solid acids in CHgCN?

Glycosubstances including glycolipids, glycoproteins and many solid acid
antibiotics continue to be the central focus of research both in chemistry 1+ 2 CH-CN 8
and biology. Sincea- and S-mannopyranosides frequently appear in 25 ocs, 15h
many naturally occurring bioactive substances, the stereocontrolled
formation ofa- and3-mannopyranosides is of considerable importance Entry Solid acid Wit% of Yield (%)? o/g Ratio®
in synthetic organic chemistfyThe stereospecific and direct formation solid acid
of .[%mannop.yranoside has proved particu]arly difficult to achieve, in 1 Montmorillonite K10 20 89 7624
spite of considerable effort, because the gkiaydroxy group at the C2
2 Nafion-H 20 92 89: 11

position and the anomeric effect blocks access t@faeel220n the
other hand, a practical and environmentally benign glycosidation 3 S04/Z10; 20 93 91:9
protocol without using a heavy metal or a Lewis acid, which is not a - - - 5

. . . All reactions were carried out by use of 2.0 equiv. of 2 to 1. © Isolated
reusable and would make the reaction solvent dirty, is also needed both yields after purification by column chromatography. © a:g Ratios were
in the laboratory and in indusﬁ'yTherefore, a highly stereocontrolled determined by 'H-NMR (270 MHz) spectroscopy and / or isolation of
synthesis ofr- and-mannopyranosides by an environmentally friendly pure isomers
manner is of particular interest. In this communication, we now report
the novel stereocontrolled glycosidations of a mannopyranosyl ﬂuorid%ur
using an environmentally compatible solid acid, sulfated zirconia/(SO
Zr0O,), for the direct syntheses of both and f-mannopyranosides in
high yields (Figure 1).

attention next turned to the solvent effect on this novel
glycosidation. Therefore, we tested the glycosidatiort arfid2 using
SOy/ZrO, in various solvents. From the results shown in Table 2,
CH3CN was found to be the best solvent to selectively obtairathe

In our first experiments, we examined the glycosidations of the tOta”Ynannopyranosidea, and the use of 5 wt% of the present activator was
benzylateda-mannopyranosyl fluoridd® and cyclohexylmethanoll  sufficient to perform this reaction at 40 °C with quite satisfactory
using several solid acids such as montmorillonite K-bafion-H" and  chemical yield anda-stereoselectivity (entries 1 and 6 in Table 2).
S0,/2r0,2 all of which could be recovered from the reaction mixture pmoreover, interestingly, the stereoselectivity of the glycosidation was
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Figure 1. Stereocontrolled mannosylations using SO4/ZrO»
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dramatically changed by the solvent, gidhannopyranosid&B was
predominately produced when,Btwas used as the solvent (entry 5 in

Table 3. a-Stereoselective glycosidations of 1 and several alcohols?

Table 2)!1 Furthermore, it was found that the use of molecular sieves 1+ 27 SO4/210; (5 wi%) 813
5A (MS 5A)'2 as an additive in the glycosidation in@tled to the high CHLCN
chemical yield and stereoselectivity fimannopyranosid8g (entry 8 40°C,15h
in Table 2) Thus, the glycosidation dfand2 using 5 wt% of S@QZrO,
in CHzCN at 40 °C for 15 h exclusively gave tbemannopyranoside Entry Alcohol Product Yield (%)’ o/ Ratio®
8a, while the glycosidation employing 100 wt% of the same activator
the presence of equal amounts of MS 5A ipCEat 25 °C for 15 h 1 2 8 99 o7: 3
afforded the B-mannopyranoside8B in high vyield with high
. p Py B oy g 2 3 9 97 98:2
stereoselectivity.
3 4 10 96 98:2
Table 2. Glycosidations of 1 and 2 by SO,/ZrO, under several conditions®
4 5 11 96 97:3
SO4/Z10s 5 6 12 88 97:3
1+ 2 8
15h 6 7 13 75 98:2

2 All reactions were carried out by use of 2.0 equiv. of the alcohol to
Entry Solvent Addiive W% ot  Temp.(°C) Yield (%)” «/f Ratio® 1. P 1solated yields after purification by column chromatography. © «:§

solid acid Ratios were determined by "H-NMR (270 MHz) spectroscopy and / or
isolation of pure isomers
1 CH N  None 20 25 93 91: 9 0 P
2 CHyCly None 20 25 74 69 : 31
. . 5 a
3 PhH None 20 25 7 51 : 49 Table 4. g-Stereoselective glycosidations of 1 and several alcohols
SO4/ZrO, (100 wi%)
4 THF None 20 25 2 52:48 MS 5A (100 Wl°/o)
5 ERO None 20 25 24 3466 1+ 27 F0 8-13
to
6 CH3CN  None 5 40 99 97:3 25°C,15h
7 Et.0 None 100 25 32 24:76
Entry Alcohol  Product Yield (%) o/ Ratio®

8 Et,O MS 5A 100 25 99 17:83
2 All reactions were carried out by use of 2.0 equiv. of 2to 1. b solated yields 1 2 8 99 17-83
after purification by column chromatography. € «:g Ratios were determined by
TH-NMR (270 MHz) spectroscopy and / or isolation of pure isomers 3 9 96 20:80

10 97 19 :81

4

To enhance the synthetic utility of this novel and unusual reaction, the 5 1 95 16:84
glycosidations using other primary and secondary alcoBeiswere 59 6 12 84 27:73
next examined. Based on the results summarized in Table 3, all 7

glycosidations ofl and3~8 using 5 wt% of SEIZrO, in CH;CN at 40
°C for 15 h, as well as that & effectively proceeded to give the 2 All reactions were carried out by use of 2.0 equiv. of the alcohol to
corresponding a-mannopyranoside®9a~13a, respectively, in high 1. ® Isolated yields after purification by column chromatography. € a:p
yields with high stereoselectivity. On the other hand, stereoselective 22::;:"2’?:;::’:;’:;:";?h':'s""r’:;g:n"m Z:fr‘i’;:;’iclﬁpgya:: e’ g;
synthe-ses. of the corres.pond|@nannopyran05|des by the present S04/Z105 (200 wi%%) and MS 5A (200 wi%) to 1

glycosidation are outlined in Table 4. Although onlg

mannopyranosidel38 was produced in moderate yield with low
stereoselectivity, otheB-mannopyranoside§f~128 were obtained in
high yield with good stereoselectivity by the glycosidation afd3~6
under the conditions similar to that 8.

13 55 56:44

alcohol using an environmentally acceptable solid acid. Moreover, the
results including the simple protocol, high yield and stereoselectivity
should be instructive for further research that employs solid acids in
General experimental protocols for the preparations ofathand 3- glycosidation reactions. Further studies along this line are currently
mannopyranoside’s a-Mannopyranosides: To a stirred solution of the underway.

glycosyl fluoridel (0.5 mmol) and a glycosyl acceptor (1.0 mmol) in
dry CH;CN (5.0 ml) was added S@rO, (5 wt% to the glycosyl donor
1). After stirring for 15 h at 40 °C, the mixture was filtered and the
filtrate was concentrateish vacuo Purification of the residue by flash (1) For a recent review, see: Toshima, K.; TatsutaCKem. Rev
column chromatography gave mannopyranosides which predominately 1993 93, 1503-1531.

contained itex-anomer,-Mannopyranosides: To a stirred solutionlof (2) For recent selective and direct synthesg&minnnopyranosides,
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The fluoridel was prepared from the corresponding 2,3,4,6-tetra-

O-benzyla-D-mannopyranose and DAST as previously described(13)

in the literature, see; Posner, G. H.; Haines, SeRahedron Lett
1985 26, 5-8.

(12

SYNLETT 645

Montmorillonite K-10 was purchased from Aldrich Chemical
Company, Inc. and dried at 200 °C/1 mmHg for 12 h before using.

Nafion-H® was purchased from Wako Pure Chemical Industries,
Ltd. as Nafiof’ NR-50 and dried at 25 °C/1 mmHg for 2 h before
using.

SOYZrO, was purchased from Wako Pure Chemical Industries,
Ltd. and dried at 200 °C/1 mmHg for 12 h before using.

The study on glycosidation using g2rO,-CaCl, has been quite
recently announced. Nishimura, S.; Matsuda,Tkle Abstract of
XIXth Japanese Carbohydrate Symposidd+-10, 1997.

For the use of zirconia species for glycosidations of glycosyl
fluorides, see; (a) Matsumoto, T.; Maeta, H.; Suzuki, K;
Tsuchihashi, GTetrahedron Lett1988 29, 3567. (b) Suzuki, K.;
Maeta, H.; Suzuki, T.; Matsumoto, Tetrahedron Lett1989 30,
6879.

For a pioneering work off-mannosylation using a heterogenic
catalyst, see; Paulsen, H.; Lockhoff, Chem. Ber1981, 114
3102.

MS 5A was shown to be slightly superior to other MS such as MS
3A and MS 4A.

All mannopyranosides were purified by silica gel column
chromatography and were fully characterized by spectroscopic
means. The anomeric configuration is assigned in each case with
the aid of’H-NMR analysis and confirmed by comparison with
the authentic samples which were reported in ref. 2 or 3.
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