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Abstract—A non-covalent version of the intramolecular aglycon delivery methodology has been demonstrated for the stereoselec-
tive formation of B-D-mannopyranoside in the presence of lanthanide(I1I) triflate. © 2001 Elsevier Science Ltd. All rights reserved.

Recently glycobiology has received an increasing
amount of attention as understanding of the nature and
role of the carbohydrates in biological event increases.
The majority of carbohydrates in cells exists as glyco-
conjugates, e.g. glycoproteins and glycolipids rather
than in free forms, and they play critical roles in many
important processes such as fertilization, immune
response, viral and parasitic infection, cell growth, cell
to cell adhesion and inflammation.!

Against these backgrounds synthetic carbohydrate
chemistry has also made a substantial advances, partic-
ularly in the area of glycosylation methods.? Glyco-
proteins  invariably contain  B-D-mannopyranosyl
residues in the glycan core structures. Despite the recent
progress in the stereoselective glycosylation methods,
1,2-cis-B-D-mannopyranosidic linkage still remains a
challenging synthetic problem. A variety of creative
methods including intramolecular aglycon delivery
(IAD) strategy and others have been reported for the
stereoselective  construction of B-D-mannopyrano-
sides.>*” The IAD strategy involves (1) the covalent
attachment of the aglyconic alcohol (glycosyl acceptor)
to the 2-OH group of a suitably protected D-mannose
derivative (glycosyl donor) via a temporary connector,
and (2) an intramolecular glycosyl transfer with con-
comitant breakage of the connector moiety to give the
desired B-D-mannoside product. Various structural
units such as dimethyl acetal,® dimethyl dialkoxysilane,*
and p-methoxybenzylidene acetal® have been success-
fully employed as the temporary connectors.
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We envisaged that the non-covalent version of the IAD
strategy might be possible through the agency of lan-
thanide(III) ion coordination as shown in Scheme 1.
Lanthanide ions are considered hard Lewis acids and
complex to hard bases such as fluoride ion and oxygen
donor ligands.® The Lewis acidity and the high coordi-
nation numbers of lanthanide(III) salts are expected to
be highly favorable for the desired coordination with
glycosyl donor as well as glycosyl acceptor. This com-
munication reports experimental results which are inter-
preted to support for such a non-covalent IAD strategy
based on the lanthanide ion coordination.

The required mannosyl donors 1 and 2 were prepared
from penta-O-acetyl-D-mannopyranoside via 3,4,6-tri-
O-benzyl-B-D-mannose 1,2-(methyl orthoacetate) essen-
tially according to literature procedures.’ The glycosyl
acceptor 3 was also readily derived from methyl o-D-
glucopyranoside.!® The glycosylation experiments
between 1 and 3 were carried out with an equivalent
amount of triflic anhydride as the activator in the
presence of various lanthanide(IIl) triflates, and the
results are shown in Table 1.!' Several features of the
reaction are to be noted. First and foremost, in the
absence of lanthanide ion a-anomer of the disaccharide
product 4'2 is the major product. However, the product
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Table 1. Glycosylation between 1 and 3'7
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BnO
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OH BnO QO
BnO OH BnO
Bnoﬁ'ﬂ +  BnoO o) 0
BnO BnO
SEt BnO BnO 0
Il OMe BnO
(6] BnO
OMe
1 3 4
Run Ln(OTf); (equiv.) Tf£,0 (equiv.) Solvent Temp. (°) Time (h) Yield (%) o/p?
1 - + CH,Cl, —78-rt 5 43 4/1
2 YD (0.3) + CH,Cl, —78->rt 14 43 1/2
3 Yb (1) + CH,Cl, —78-rt 10 63 1/2
4 La (1) + CH,Cl, —78->rt 12 51 1.7/1
5 Eu (1) + CH,Cl, —78-rt 10 76 1/1.5
6 Eu (4) + CH,Cl, —78->rt 9 80 1/2
7 — + CH,;CN —40->rt 12 42 5/1
8 Eu (1) + CH;CN —40-rt 10 82 1/4.3
9 Yb (1) + CH;CN —40-rt 12 63 1/2.8
10 Eu (1) — CH,Cl, —78->rt 23 N.R. -

2 Based on the isolated yields.

stereochemistry is now inverted by the presence of
lanthanide ion. Second, a substantial solvent effect was
observed; more B-product was obtained in acetonitrile
than in dichloromethane (runs 5 and 8). The solvent
effect observed was clearly not due to CH;CN alone
(run 7), but might be due to either a better complex
formation in acetonitrile or a-nitrilium-nitrile conjugate
formation in the course of the reaction.!® Third, Yb(III)
and Eu(IIl) are found to be much more effective than
La(Ill) in shifting the stereochemistry to the B-side.
Perhaps, this may be attributed to the lower solubility

Table 2. Glycosylation between 2 and 3'7

of La(IIl) in dichloromethane.'* Lastly, it is clear that
the glycosylation is not catalyzed by lanthanide ion
(run 10), and an excess amount of Ln(III) ion did not
significantly affect the stereochemical outcomes (runs 2
and 3, 5 and 6).

Glycosylation experiments between compound 2 and 3
were also performed with several activator systems
under varying conditions, and the results are listed in
Table 2."> With compound 2, which is expected to be
less reactive than compound 1, better yields were gener-

BnO OH
OH BnO O
BnO OH BnO
BnO BnO
SPh BnO BnO 0
OMe BnO
BnO
OMe
2 4
Run Ln(OTY); (equiv.) Activator (equiv.) Solvent Temp. Time Yield (%) o/p*
1 - NBS (4) CH,Cl, rt 24 h 24 3/1
2 - NIS (4) CH,Cl, rt 24 h 31 3.5/1
3 - NIS (4), TfOH (cat.) CH,Cl, 0°C 15 min 56 5.3/1
4 Eu (1) - CH,Cl, rt 24 h N.R. -
5 Yb (1) - CH,Cl, rt 24 h N.R. -
6 La (1) - CH,Cl, rt 24 h N.R. -
7 Eu (1) NIS (4) CH,Cl, rt 20 min 48 12
8 Eu (1) NIS (4), TfOH (cat.) CH,Cl, 0°C 20 min 57 1/1.9
9 Eu (1) NIS (4), TfOH (cat.) CH,Cl, —78°C 6 h 64 1/3.0
10 Yb (1) NIS (4) CH,Cl, rt 20 min 47 1/1.5
11 Yb (1) NIS (4), TfOH (cat.) CH,Cl, —78°C 85h 59 1/2.9

2 Based on the isolated yields.
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ally obtained with both NIS and triflic acid as the
co-activators. A similar lanthanide ion effect on the
product stereochemistry is also evident in these experi-
ments, and the best /o anomeric ratio of ca. 3/1 was
obtained with the combination of NIS and TfOH as
co-activators, and Eu(IIl) or Yb(III) at —78°C.

In summary, these results quite clearly demonstrate that
indeed the non-covalent version of the IAD strategy is
possible through the lanthanide(III) ion coordination
between the glycosyl acceptor and the glycosyl donor in
which a geometrically well-defined coordination site is
present as in compounds 1 and 2. This coordination
effect of lanthanide(III) ion on the glycosylation stereo-
chemistry might be further enhanced by incorporating a
better chelating unit on the glycosyl donor as shown in
Scheme 1.'6:17
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To a stirred solution of 1 (1.0 equiv.), 3 (1.2 equiv.) and
Ln(OTf); in the indicated solvent over activated molecu-
lar sieves (4 A) under Ar, was added Tf,O. After the
indicated time, the reaction was quenched by addition of
satd sodium thiosulfate. The products were isolated by
filtration and extraction followed by column chromato-
graphy on silica gel. The o- and B-anomers showed Ry
values on silica gel at 0.15 and 0.29 in EtOAc/hexane
(1/2), respectively.
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Glycosylation experiments were carried out essentially in
the same manner as described for 1.!!

Reactions of the acetoacetylated derivative of 2 with
CH;O0H (1 equiv.), NBS (2 equiv.), and Yb(OTf), (04
equiv.) in CH;CN at rt for 3-5 h yielded methyl-D-man-
noside in ca. 40—-60% yields with varying ratios of the o/
anomers; without the added lanthanide salt only the
a-anomer was observed, whereas with 4 equiv. of
Yb(OTf), the B-anomer was obtained exclusively. A more
extensive work on the stereoselective mannosylation is
currently in progress, and the results will be reported in
due course.

. A referee suggested that the low yields observed in the

experiments (Tables 1 and 2) might be due to the glycosy-
lation at the 2-hydroxyl group of the donor themselves (1
and 2). However, there usually exists a substantial rate
difference between 1° (3) and 2° (1 and 2) alcoholic
acceptors.



