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The C-glycosidations of glycal acetates 1-4 with
allyltrimethylsilane 5, vinyloxytrimethylsilane 6 or
isopropenyl acetate 7 using montmorillonite K-10 as an
environmentally acceptable and inexpensive industrial
catalyst under mild conditions proceed effectively to give
the corresponding 2,3-unsaturated C-glycosides in high
yields.

A simple, practical and environmentally compatible chemical
glycosidation protocol, which is important synthetically in the
preparation of both natural and unnatural glycosides, is urgently
needed both in the laboratory and in industry.! Several types of
C-glycosides are versatile synthetic intermediates for optically
active compounds,? and carbon-linked glycosides, stable ana-
logues of naturally occurring O- and N-glycosides, have
become the subject of considerable interest in bioorganic and
medicinal chemistry.? Although several C-glycosidations using
glycals as the glycosyl donors have been reported,* a Lewis acid
such as boron trifluoride etherate or tin(1v) chloride, which was
not resuable and made the reaction solvent dirty, was generally
required as an activator. Here we report that an easily available,
inexpensive and reusable acidic clay,> montmorillonite K-10,
serves as an efficient catalyst for the novel C-glycosidations of
glycals. Thus, the C-glycosidations of glycal acetates 1-4 with
allyltrimethylsilane 5, vinyloxytrimethylsilane 6 or isopropenyl
acetate 7 using montmorillonite K-10 under mild conditions
proceeded smoothly to give the corresponding 2,3-unsaturated
C-glycosides in high yields with good «-stereoselectivity
(Fig. 1). To the best of our knowledge, this is the first example
of C-glycosidation methods employing a solid acid.

We first examined the C-glycosidations of a representative
glycal acetate, 3,4-di-O-acetyl-L-thamnal 1, with allyl-
trimethylsilane 5 (1.5 equiv.) using various amounts of
montmorillonite K-10 in CH,Cl, at 25 °C for 1 h. The results
summarized in Table 1 show that the use of 10% (m/m for 1)
montmorillonite K-10 was most effective for performing the
glycosidation. The 2,3-unsaturated allyl C-glycoside 8¢ was
obtained via Ferrier rearrangement’ in 97% yield (entry 4). It
was found that CH,Cl, was shown to be superior to other
solvents, CHCl;, PhH, PhMe, Et,0O, THF and MeCN.8 Our
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attention then turned to the effect of the allyl species in this
reaction. The glycosidation of 1 with another typical allyl
species, allyltributyltin 9 (1.5 equiv.), was investigated. Al-
though the reaction using 10% montmorillonite K-10 proceeded
under similar conditions, as above, the glycosidation was
clearly less effective than that of allyltrimethylsilane 5, and the
2,3-unsaturated allyl C-glycoside 8 was obtained in 42% yield
after 1 h at 25°C. With the optimum reaction conditions
determined, we next examined the glycosidations of other
typical glycal acetates, tri-O-acetyl-p-glucal 2, tri-O-acetyl-D-
galactal 3 and di-O-acetyle-D-fucal 4 with allyltrimethylsilane §
mediated by a catalytic amount of montmorillonite K-10 noting
both the yields and the stereoselectivity. The results are shown
in Table 2 and demonstrate that these glycals were also
glycosidated with 5 under similar conditions to afford the

Table 1 C-Glycosidations of 1 and 5 by montmorillonite K-10¢

AcO 0 montmorillonite  AcO 0
SiMe.
e )+ oM o e
25°C,1h
OAc 5 8
1
Mass% of
catalyst Yield
Entry for1 (%)?
1 100 79
2 50 82
3 30 89
4 10 97
5 5 93
6 3 82
7 1 49

2 All reactions were carried out by use of 1.5 equiv. of 5 to 1. ¢ Isolated
yields after purification by column chromatography.

Table 2 C-Glycosidations of glycals 1-4 and 5 by montmorillonite K-10¢

montmorillonite

K-10
/‘ Q (10 mass%) ( 0
/ \ // ve CH.Cl, / \:)w\:
(AcO),; 25°C (AcO) L
14
Yield
Entry  Glycal ¢th (%) a:fe
1 1 1 97 4.2/1
2 2 1 95 3.6/1
3 3 3 84 18/1
4 4 3 80 67/1

4 All reactions were carried out by use of 1.5 equiv. of 5 to glycals. ¢ Isolated
yields after purification by column chromatography. ¢ «:f8 Ratios were
determined by 'H NMR spectroscopy (270 MHz) and/or isolation of pure
isomers.
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corresponding 2,3-unsaturated allyl C-glycosides®¢ in high
yields with good «-stereoselectivity.

To enhance the synthetic utility of this reaction using
montmorillonite K-10, the C-glycosidations of glycal acetates
14 with other nucleophilic species, vinyloxytrimethylsilane 6
(1.5 equiv.) and isopropenyl acetate 7 (2.0 equiv.), were
examined. It was found that these glycosidations also proceeded
effectively under similar conditions to give the corresponding
2,3-unsaturated C-glycosides® with satisfactory chemical yields
and moderate to high «-stereoselectivity as shown in Tables 3
and 4. Interestingly, the glycosidations of the glycals 14 with
2-silyloxypropene 10 under similar conditions were found to be

Table 3 C-Glycosidations of glycals 1-4 and 6 by montmorillonite
K-104

montmorillonite
K-10 0

(' 0 (10 mass%) (’
6 —— -
\__// * CH:Cl, \:>\M¥
(AcO),,/ 25°C (AcO),H/ o
1-4
Yield

Entry  Glycal th (%) o:fe

1 1 05 78 1/1

2 2 1 72 1.6/1

3 3 1 53 6.5/1

4 4 0.5 66 19/1

a All reactions were carried out by use of 1.5 equiv. of 6 to glycals. ¢ Isolated
yields after purification by column chromatography. ¢ o: 3 Ratios were
determined by 'H NMR spectroscopy (270 MHz) and/or isolation of pure
isomers.

Table 4 C-Glycosidations of glycals 1-4 and 7 by montmorillonite K-104

montmoritlonite

K-10
/ Q 7 (30 mass¥) / Q
/> * CHoCla, _
(AcO),,/ 25°C (AcO)n{ 0

14
Yield
Entry Glycal th (%) o:fe
1 1 05 96 5.5
2 2 05 97 4.5/1
3 3 05 85 >99/1
4 4 05 85 >99/1

a All reactions were carried out by use of 2.0 equiv. of 7 to glycals. ¢ Isolated
yields after purification by column chromatography. ¢ «:f8 Ratios were
determined by '"H NMR spectroscopy (270 MHz) and/or isolation of pure

isomers.
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much less effective than those with isopropenyl acetate 7 with
respect to the chemical yields.

Since the configuration of the anomeric position was not
isomerized by exposure of the isolated single a-anomer of the
C-glycoside to all reaction conditions, the predominate o-
stereoselectivity} observed in these glycosidations must arise
from a kinetic anomeric effect.!© Furthermore, it is noted that
the work-up involves only filtration before evaporation of the
solvent, and both the catalyst and the solvent could be easily
recovered after the reaction was complete.

A typical experimental procedure for the reaction of 1 and §
is as follows: to a mixture of 1 (37.8 mg, 0.176 mmol) and §
(0.0420 ml, 0.264 mmol) in CH,Cl, (0.90 ml) was added
montmorillonite K-10 (3.8 mg) with ice-cooling. After stirring
for 1 h at 25°C, the mixture was filtered and the filtrate
concentrated in vacuo. Purification of the residue by flash
column chromatography with 4 : 1 hexane—ethyl acetate gave 8
(33.4 mg, 97%, «:f§ = 4.2:1) as a colourless oil.

Footnotes

T Montmorillonite K-10 was purchased from Aldrich Chemical Company,
Inc.

T The configuration of the anomeric centre was determined by 'H NOE
experiments; see ref. 6 and refs. cited therein.

References

1 K. Toshima and K. Tatsuta, Chem. Rev., 1993, 93, 1503.

2 B. Fraser-Reid, Acc. Chem. Res., 1985, 18, 347; R. J. Ferrier, Adv.
Carbohydr. Chem. Biochem., 1969, 199.

3 U. Hacksell and G. D. Daves Jr., Prog. Med. Chem., 1985, 22, 1.

4 M. H. D. Postema, Tetrahedron, 1992, 40, 8545; D. E. Levy and C.
Tang, The Chemistry of C-Glycosides, Pergamon, 1995.

5 M. Balogh, in Organic Chemistry Using Clays, Springer-Verlag, New
York, 1993; Y. Izumi, K. Urabe and M. Onaka, in Zeolite, Clay, and
Heteropoly Acid in Organic Reactions, VCH, Weinheim, 1992, ch. 1,
p-21; F. J. A. Kellendonk, J. J. L. Heinerman, R. A. van Santen, A.
McKillop, D. W. Clossold, T. J. Pinnavaia, A. Foucaud and J. M.
Adams, in Preparative Chemistry Using Supported Reagents, ed. P.
Laszlo, Academic Press, New York, 1987, part 8, p. 453.

6 (a) S. Danishefsky and J. F. Kerwin Jr., J. Org. Chem., 1982, 47, 3803;
(b) Y. Ichikawa, M. Isobe, M. Konobe and T. Goto, Carbohydr. Res.,
1987, 171, 193; (¢) K. Toshima, T. Ishizuka, G. Matsuo and M. Nakata,
Chem. Lett., 1993, 2013.

7 R.J. Ferrier and N. Prasad, J. Chem. Soc. C., 1969, 570.

8 K. Toshima, T. Ishizuka, G. Matsuo and M. Nakata, Synlett, 1995,
306.

9 G. Grynkiewicz and J. N. BeMiller, J. Carbohydr. Chem., 1982, 1,
121.

10 M. D. Lewis, J. K. Cha and Y. Kishi, J. Am. Chem. Soc., 1982, 104,
4976; S. A. Babirad, Y. Wang and Y. Kishi, J. Org. Chem., 1987, 52,
1370.

Received, 11th March 1996; Com. 6/01678B



