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Abstract: Mixed P-carbonates of acyl-protected sugar are stereoselectively prepared by using an Wsuccinimidyl 
group for activation of the acceptor alcohol carbonate. The glycosyl carbonates are smoothly decarboxylated 
by trimethylsilyl trifluoromethanesulfonate (Me,SiOTf) to give P-glycosides preferentially in high yields. 
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Stereoselective construction of glycoconjugates is still an important problem in organic 
chemistry. Various leaving groups, promoters and conditions have been investigated in order 
to control the stereochemistry of an anomeric carbon in glycosidation reactions.[‘] In these 
prevailing methods, the obtained glycosides are sometimes accompanied by by-products derived 
from a leaving group or a promoter. To reduce these undesired products, it is desirable that the 
residue of a leaving group should be removed from the reaction mixture as the reaction 
proceeds. In this point of view, we have developed the decarboxylative glycosidation via 
mixed carbonate. A carbonate is one of the most effective leaving groups used for activation 
of the anomeric carbon,‘*“] and there are two approaches which use carbonate for donor activation. 
One is that the carbonate is used as just a leaving group’*’ independent from the acceptor 
alcohol and the other is that the donor sugar is linked with the acceptor alcohol as a carbonate 
before glycosyl bond formation, which also acts as a cap of the acceptor alcohol (Scheme 
P’ 
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Recently, we were successful in the latter method resulting in the P-preferential glycosidation 
of 2-O-benzyl-protected sugar carbonates promoted by a stoichiometric amount of Me,SiOTf14”’ 
and in the a-preferential glycosidation by a combination of a catalytic amount of a Lewis acid 
and silver(I) perchlorate as a promoter.14b1 Lately, that the former reaction proceeds 
inter-molecularly was published by Schmidt et. al. I” It is considered that the selectivity might 
be mainly controlled by both the solvent effect and the nature of the metal cation-acceptor 
alcohol complex. Another promising way to control the stereoselectivity of glycosidation 
reaction is the neighboring group participation of an acyl group at the 2-O-position of the 
donor sugar,[ldl which could be expected as high @selectivity. We report here the p-selective 
decarboxylative glycosidation of acyl-protected sugar carbonates promoted by Me,SiOTf, and 
the selective synthesis of the mixed P-carbonates which are needed for their easier 
decarboxylation. 

In a preliminary experiment, when the a-anomer of 2,3,4,6-tetra-Gbenzoylglucopyranos- 
l-y1 cyclohexyl carbonate was treated with a stoichiomettic amount of Me,SiOTf, the unreacted 
a-carbonate was recovered with slight decomposition, while the p-anomer gave the corresponding 
glucoside under the same conditions. E] Therefore highly selective synthesis of P-carbonates 
was required in this decarboxylative glycosidation: To our best knowledge, however, there is 

Table 1. Synthssis of Various Glycosyl Carbonate 

Glc: A, = OP, R2 = H, R3 = OP 
1 P=Bz,2P=Piv 

Gal: RI = Of, R2 = OP, R3 = H 
3 P= Piv 

Piv: Pivaloyl 

Phth: Phthaloyl 

GlcN: R, =NPhth, R2 = H, R3 = OP 
4 P=Ac 

Donor 
Entry Sugar R Base (eq) Solvent Time Product ‘(ty a$” 

1 1 a 
2 1 a 
3 1 b 
4 1 c 
5b 1 c 
6 2 a 
7 2 b 
6 2 c 
9 2 c 
lo 3 a 
11 3 b 
12 3 c 
13 3 c 
14 4 a 
15 4 d 

K3CO3 (3.0) toluene 20 h 6 97 cl z-99 
K3CO3 (3.0) CH3CI3 44h 6 92 496 
K3CO3 (1 .l) toluene 26 h 7 66 <1:>99 
K3CO3 (1.1) toluene 10d 6 79 <1:>99 
K3CO3 (1.1) toluene 16h 6 79 4196 
K3CO3 (3.0) toluene 20 h 9 90 2:98 
K3CO3 (1.1) toluene 44h 10 92 3:97 
K&O3 (3.0) toluene 9d 11 56 3:97 
NaH (1.1) toluene 4h 11 66 <1:>99 
K&O3 (3.0) toluene 4d 12 61 6:94 
K&O3 (3.0) toluene 20h 13 79 4196 
K3CO3 (3.0) toluene 5d 14 56 3:97 
NaH (1.1) toluene 24h 14 62 <1:>99 
K3CO3 (3.0) CH2C12 15h 15 89 cl z-99 
K&O3 (3.0) CHpClp 40 h 16 76 <1:>99 

a The a$ ratio was determined by ‘H NMR. b Reaction was performed at 60 “C. 
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no report on a general stereoselective synthesis of the I-0-acyl derivatives of 2-0-acyl protected 
sugar which would be essential as model reactions of I-0-oxycarbonylation. 17’ 

The use of a succinimidyl group’s1 as an activating group was the most effective for the 
synthesis of the mixed P-carbonates of 2,3,4,6-tetra-O-benzoyl or 2,3,4,6-tetra-O-pivaloyl-o- 
glucopyranose and the reactions in the presence of &CO, in toluene gave the optimal results of 
excellent P-selectivity in high yield (Table I, Entry 1,6). [9-“1 Dichloromethane was also effective 
as a solvent, though slightly lower yield and selectivity were observed (Entry 2). These 
conditions were applicable to the mixed carbonate synthesis of various acyl-protected glycosyl 
donors and benzyl-protected acceptor sugars (Entry 3, 4,7, 8, 11, 12). Some cases using NaH 
instead of &CO3 gave better yields in making the l-4 linkage (Entry 9, 13). The p-anomers of 
N-phthaloyl-o-glucosamine carbonates could also be synthesized in good yields under the same 
conditions but in CHCl, (Entry 14, 15) because of the insolubility of the donor sugar in 
toluene. All pure P-carbonates could be obtained by recrystallization or chromatographical 
purification, and stored without any decomposition at room temperature. 

These P-carbonates (6-16) were smoothly decarboxylated by the use of 1.1 equimolar 
amount of Me,SiOTf without any additives in CH,Cl, to give the corresponding P-glycosides 
(17-27) with high stereoselectivity in high yield (Table 2). [12] In the case where the acceptor 
alcohol is cyclohexanol (Entry 1-3, 6, 9), the expected anomerization of P-glycoside was 
observed to some extent, that is, the ratio of the ol-anomer increased gradually during the 
reaction course (Entry l-3). 

Tabk 2. Deearboxylative Glycosldation Promoted by M~SiOTf 

1.1 eq. Me$SiOTf 

R CH2CI2, r.t. 

S-carbonate 

Entry 
Mixed Reaction 

Carbonate Time (h) 
Glycoside Yielda a$ ratiob 

1 6 0.5 17 56 3:97c 
2 6 2.0 17 63 6:94’ 
3 6 3.0 17 65 10:9oc 
4 7 1.0 13c 69 cl :>99 
5 6 2.0 19d 61 cl :>99 
6 9 1.2 20 90 3:97c 
7 10 1.5 21d 91 cl :>99 
6 11 2.0 22d 76 cl z-99 
9 12 1 .o 23 a7 2:98’ 

10 13 1 .o 24 86 <l z-99 
11 14 1.5 25 63 <l z-99 
12 15 3.0 26e 74 <1:>99 
13 16 3.0 27e 72 cl z-99 

a Isolated yield of a mixture of a- and b-anomers. b The ratio of anomers was determined by ‘H NMR 
analysis. ’ ‘H NMR spectrum of each anomer is coincident with that of the authentic compound. d ‘H and 
‘k spectra of p-anomer were coincident with those in literature: 18: ref. 13, 14; 19: ref. 13. 15; 21: ref. 16; 
22: ref. 17. e The glycosides were fully characterized by their ‘H, ‘% NMR and HRMS spectral data. 

A plausible mechanism for the decarboxylative glycosidation involves an initial activation 
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of a carbonate moiety with Me,SiOTf to afford cyclic acyloxonium trifluoromethanesulfonate 
as explained for other glycosidations and trimethylsilyl ether of the acceptor alcohol with 
accompanying evolution of carbon dioxide. The cyclic acyloxonium ion would then couple 
with the trimethylsilyl ether of the acceptor alcohol to form the P-glycoside. The details of the 
reaction mechanism and the kinetics are now under investigation. 

In conclusion, a highly p-selective formation of glycosyl carbonates using an N-succinimidyl 
group and a highly p-selective decarboxylative glycosidation reaction promoted by Me,SiOTf 
were developed. 
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