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A catalytic and stereoselective glycosylation of various B20—

. . . . Uiy BzO
glycosyl acceptors with disarmed glycosy! fluorides is success- BZO/SA;%/F iréfsilazh(azzcgqugv)) Bzéi\;&/o
fully carried out by using a combination of stannous(I1) chlo- 820 B0 Dehydrating agent - 820
ride (SnCl,) and silver tetrakis(pentafluorophenyl)borate L (1.2 equiv) HO o - . 3
[AgB(CgFs),] as a catalyst in the coexistence of MS5A in * BZB%,\/&‘ Et;0,0°C,1h BZO N2
toluene and the corresponding 1,2-trans di- or trisaccharides 2(1 equiv ) B%ome z B20/ e
were obtained in high yields. Table 1. Effect of silver salts and dehydrating agents
Tab ydrating ag
Entry Ag salt Dehydrating agent Yield /%
To develop a new and useful method for stereoselective ! AgClO, . ,INOII“’ 1 frace
glycosylation is one of the most fundamental research targetsin 2 AgClO, 1\;156;:1 g mmol 8
carbohydrate chemistry. In the synthesis of complex oligosac- 3 AgCIO, >34 1 g/mmo 12
charides chains, glycosyl fluorides are one of the most frequent- 4 AgClO, M54A 1 g/mmol 13
5 AgClO, MS5A 1 g/mmol 16

ly used donors as they are quite stable compared with thecorre- .2 .. 28XMa PR BN P

sponding other 1-halogenated sugars. Although many activat- 6 AgOTI MS5A 1 g/mmol 40
ing reagents for glycosyl fluorides had been studied? after our 7 AgBE, MS5A 1 g/mmol 5
publication in 1981, only five examples were reported for acti- 8 AgB(CgFs)y MS5A 1 g/mmol 78
vation of ‘disarmed’ glycosyl fluorides by using stoichiometric 9 AgB(CgFs)q MS5A 3 g/mmol quant.
amounts of activators such as SnCl,-AgClO,,* 10 AgB(CcFs), MS5A 5 g/mmol 88
Cp,ZrCl,~AgClO,® Cp,HfCI,—AgOTf,® BF;-OFEt,” or rare 11* AgB(C¢Fs), MSS5A 1 g/mmol 0
earth metal salts® As for catalytic glycosylation, there is an 12 None MSSA 1 g/mmol 0o
example which uses trimethylsilylated acceptors catalyzed by “The reaction was carried out in the absence of SnCl,.

30 mol% of La(ClO,)5:nH,0.° Then, an efficient method for
the reaction of various free hydroxy groups containing glycosyl

gcceptors with disarmed glycosy! fluorides wastried. Recently, Bzizf&g\/ SnCl, (X equiv) BSSO/EX//&/O
it was reported from our laboratory that several catalysts con- Bz0- 21 F Agl:d(gssi%t (Zn?r?(l)llm Bz
taining soft and weakly-coordinating counter anions such as 1 (1.2 equiv) Ho— " & 3
B(C4Fs),~ could effectively be employed in glycosylation® and + BZOC Lo solvent, 0 °C 820 o
aldol reactions.™ It was then considered that the facile genera- 20 2 B0 BzO
. . L . equiv ) 'OMe BzO{pq
tion of active Sn(Il) cationic species would take place by the Table 2.
combined use of SnCl, and AgB(C.ﬁFS)Ll12 to work as an effec- Entry X Y Time /b Solvent Yol %
tive catalyst for the activation of ‘disarmed’ glycosyl fluorides. -
. - . . 1 1.2 1.2 1 Et,0 quant.
In this communication, we would like to report an improved 02 0 ELO
method for activation of ‘disarmed’ glycosy! fluorides by the 2 : 2 ! o %0
combined use of catalytic amounts of the respective SnCl,, and 3 0.2 02 2 " o1
AgB(CF5),, which afford the corresponding 3-p-di- or tri-sac- 4 o.r ol 1 B0 20
charides in excellent yields on treatment with several glycosy! 5 or 01 12 Etp0 18
acceptorsl 6 0.1 0.2 1 Et,0 trace
In the first place, 1.2 equivalents of SnCl, and AgCIO, o 01+01 02 ] t - BERo 92
were used together with MS4A in Et,O by taking up the reac- 8 0.2 0.2 2 toluene quant.
tion of 2,3,4,6-tetra-O-benzoyl-B-b-glucopyranosyl fluoride (1), 9 0.2 0.2 2 CH,Cl, 9
disarmed glycosyl fluoride, with methyl 2,3,4-tri-O-benzoyl-a- 10 0.2 0.2 2 cCl, 87
p-glucopyranoside (2) according to our previous procedure? 11 0.2 0.2 2 fluorobenzene 86
(Table 1, Entry 4). Asaresult, it was observed that the desired 12 0.2 02 2 BTF 80
disaccharide was obtained in only 13% yield and a large 13 02 02 2 THE 0
amount of starting material was recovered. Then, various addi- 14 02 02 2 MeCN 0
tives and silver salts were examined to improve the yields of the *The glycosylatrion was -tv;a?rg-out by using the catalyst prepared fromﬁi
desired disaccharides (Table_ 1). Among addi_tives, MS5A succeeding addition of 0.1 equiv of SnCl; to the preprepared solution
proved to be most effective while almost no reaction took place of 0.1 cquivof SnClyand 0.2 cquiv of AgB(CgFs)s

in the absence of additives (Entries from 1 to 5).1% It was noted
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that AgB(CgFs),,'2 a useful reagent neither hydroscopic nor
explosive, generated an active catalyst more effectively than
any other silver salts on treatment with SnCl,: that is, a catalyst
generated by using the silver borate smoothly promoted the gly-
cosylation and the desired disaccharide was obtained in higher
yield (Entries from 5 to 8). The optimized reaction conditions
were demonstrated in Entry 9 (AgB(CgFs),, MS5A = 3 g/mmol,
quant.). No reaction took place when SnCl, or silver salt was
used alone (Entries 11 and 12).

Next, in order to achieve the catalytic process of this glyco-
sylation, both the amount of catalyst and the effect of solvents
were examined to find the best conditions (Table 2). As a
result, the combined use of 20 mol% each of SnCl, and
AQB(C4Fs), effectively activated disarmed glycosy! fluoride
and the corresponding disaccharide was obtained in 91% (Entry
3). When 10 mol% of SnCl,, and 20 mol% of AgB(C4Fs), were
treated, ca. 20 mol% of AgCl precipitated, which suggested the
formation of Sn[B(CgFs),], (Entry 6). On the other hand, only a
trace amount of disaccharide was obtained when glycosyl donor
1 and acceptor 2 were allowed to react in the above solution
while the desired disaccharide was smoothly afforded in 92%
yield by further addition of 10 mol% of SnCl, to the solution
(Entry 7). These results consequently indicate that
CISnB(CgFs), might be the important active species generated
from equimolar amounts of SnCl, and AgB(C4Fs),. Therefore,
Sn[B(CgFs)4], which was possibly generated from
CISnB(CgFs),, together with SnCl,, by disproportionation would
not behave as an effective catalyst for this glycosylation.
Concerning the solvent, toluene gave the best result (Entry 8)
while no reaction took place in polar solvents such as THF and
MeCN (Entries 13 and 14), which is probably due to deactiva-
tion of the Lewis Acid by their strong coordination to stannous
cation

Finally, glycosylation using various donors and acceptors
were examined in order to extend the scope of the present
method (Table 3). As aresult, glycosylation reaction smoothly
proceeded to afford the corresponding S-D-disaccharides in
excellent yields even in the cases of using acceptors having sec-
ondary alcohol, 6 and 7. In addition, glycosylation using disac-
charide* having disarmed glycosy! fluoride as a donor also

0 SnCl, (0.2 cquiv)
o) AgB(CeF's)y (02 cquiv)
A v <
N a o MS5A3 g/mmol di- or trisaccharide
HO

(B form)

toluene, 0 °C

. > v O .
Acceptor (1.0 cquiv) OMe equiv

Table 3. Glycosylation using various glycosyl donors and acceptors

Entry Donor Acceptor Time /h Yield /%
1 1 5 1 quant.
2 1 6 1.5 90
3 1 7 1 quant
4* 4 2 1 87

*The reaction was carried out in toluene— CH,Cl, (3:1).

BzO HO—, BnO (almost A form)
] BzO BnO
BZB(QO&NF Bz Bno =1 reo-

B0 1 2 BOby, ; F

HO B10 BnO 820
BnO 0 BnO O HO— O
BnO HO BnO
6 BnQ, BnO

5 BnOgpe

389

gave the corresponding [3-b-trisaccharide in good yield.

The typica experimenta procedureis asfollows: to astirred
suspension of MS5A (150 mg), SnCl, (1.9 mg, 10 pmol) and
AgB(CgFs), (7.9 mg, 10 umal) in toluene (1.0 mL) was added 1
(35.9 mg, 60.0 umol) and 2 (25.3 mg, 50.0 umol) in toluene (1.0
mL) at 0 °C. After the reaction mixture was stirred for 2 h, it was
quenched by adding saturated aqueous NaHCO;. The mixture
was filtered through Celite and extracted with CH,CI, (x 3). The
combined organic layer was washed with H,O and brine, and
dried over Na,SO, After being filtered and evaporated, the
resulting residue was purified by preparative TLC (silica gel) to
give the desired product 3 (54.2 mg, 99.9%).15

Thus, a catalytic and stereoselective glycosylation using ‘dis-
armed’ glycosyl donor, the fluoride, was efficiently performed by
using 20 mol% each of SnCl, and AgB(CgFs), in the coexistence
of MS5A in toluene. Further study on this glycosylation using
various donors and acceptors including amino sugars, and the
mechanistic study on the catalytic cycleisnow in progress.
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