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The octenediol linker used during automated oligosaccharide assembly is cleaved by olefin cross-metathesis. Until now, this linker could not
be applied to sugars containing azides. A detailed study of the cleavage reaction served as basis for the development of a new protocol using
the [(H2lmes)(3-Br-py),(Cl),Ru=CHPh] catalyst and 1-pentene. Efficient release of azide-protected carbohydrates from solid support can be
readily achieved.

Automated solid-phase oligosaccharide synthesis has greatlyThe octenediol linker we developedor the automated
accelerated the process of assembling even complex oligo-synthesis of oligosaccharides on solid support has proven
saccharides from monosaccharide building bldc&sveral versatile. The double bond serves as an unique and robust
factors are of critical importance when designing a synthetic functional group that can be selectively cleaved via cross-
strategy for the solid phase assembly of carbohydrates,metathesis with ethylerfeUntil now, this linker had been
including the choice of protecting groups, anomeric leaving exclusively used with oligosaccharides that did not contain
group and the linker. The linker that connects the first any azide protecting groups masking amino functions. The
monosaccharide to the polymeric support can be viewed asprotection of amines as azides is a common and convenient
a support-bound protecting group and presents possibly thestrategy applied to the assembly of oligosaccharides, amino-
most important strategic decision during synthetic planning. glycoside antibiotics and glycosaminoglycans including
The selection of the linker determines all reaction conditions heparint With the automated assembly of aminoglycoside
that can be applied during assembly and influences the formantibiotics and heparin coming within reach, this limitation
in which the oligosaccharide is released from the support. of the octene diol linker system had to be addressed.
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Scheme 1. Olefin Metathesis Cleavage of an Octenediol Linker Model in Solution Phase
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Here, we report the development of reaction conditions  To study the performance of different metathesis catdlysts
that allow for the cleavage of azide-containing mono- for the cleavage of an octenediol linker by cross-metatifesis,
saccharides connected to a solid support via an octene diowe used a solution-phase model system. The polystyrene
linker using olefin cross-metathesis. A series of olefin resin was represented by a benzyl group (Scheme 1). Linker
metathesis catalyStavere tested and resulted in an efficient model 1 was glycosylated using differentially protected

cleavage protocol. glucose trichloroacetimidat2 in good yield to fashior8.
Olefin metathesis o3 with ethylene in the presence of
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Table 1. Olefin Cross-Metathesis for the Cleavage of a Model
Linker in Solution

T time  yield
substr.  cat. olefin solvent  (°C) (h) (%)
3 6 ethylene CHCl;, rt 48 20
3 7 ethylene CHCl, 40 48 50
3 8 ethylene DCE 80 48 trace
3 8 1l-pentene  DCE 80 12 73
10 7 ethylene CHCl, rt 48 0
10 8 ethylene DCE 80 48 trace
10 6 1l-pentene  DCE rt 24 22
10 7 1l-pentene  DCE rt 24 47
10 8 1l-pentene  DCE rt 16 62
10 8 1-pentene  CHCl; 0 10 79
13 6 ethylene CHCl, rt 48 92
16 8 1-pentene  CHClI; 0 10 84

productd. The phosphine-free catalyst [{lthes)(3-Br-py)-
(C);Ru=CHPh]8 produced only trace amounts 4fwhen
reacted with3 and ethylene at 80C in dichloroethane for
48 h. It was reasoned that 1-pentene, a liquid, would perform

better in this reaction than the gas ethylene. Indeed, cross-

metathesis 0B and 1-pentene in the presence8ofielded
73% of desired produdi in 12 h.
Following these initial studies concerning different me-

resulted in improved yield (47%) whigensured even better
returns (62%). The cleavage protocol was optimized to
proceed in just 10 h at T to give 79% ofl2in the presence

of 8. Carbohydrates containing more than one azide group
can also be cleaved from solid support using this protocol.
Diazidogalactosidel6 was prepared by reaction d&f and

15. Metathesis o6 and 1-pentene proceeded smoothly to
give 17in 84% yield to mirror a cleavage reaction from solid
support.

After establishing a cross-metathesis protocol for the
cleavage of an octenediol linker in a solution phase model,
the viability of this procedure in a solid-phase setting had to
be demonstrated (Scheme 2). Octenediol functionalized

Scheme 2. Cleavage of Monosaccharides from Solid Support
Using Olefin Metathesis
Q

tathesis catalysts to affect linker cleavage, we approached

substrates containing azide moietieBhe automated solid

phase assembly of glycosaminoglycans and aminoglycoside

antibiotics would result in solid support-bound, azide-

containing carbohydrates. Recovery of these precious reactior

products mandates an efficient cleavage. To mimic the solid-
phase scenario, the simple monosaccharide mbdevas
prepared by reacting differentially protected glucosan®ine
with linker modell (Scheme 1). Exposure @Dto currently
used octenediol cleavage conditions involving Grubbs’
catalyst6 in the presence of ethylene did not yield any of
the desired produdtl. This failure was expected due to the
incompatibility of the azide groups with the phosphine
ligands of 6. Reduction of the azide present kD by
treatment with thioacetic acid-pyridine to form the pro-
tected N-acetyl glucosamin€el3 provided a viable sub-
strate for cross-metathesis with ethylene. Grubbs catélyst
facilitated this reaction to form desired produet in 92%
yield.

To avoid the potential complications of a two-step cleavage
protocol, alternatives for the metathesis reaction using
ethylene in the presence 6fwere sought. Catalyst did
also fail to produce any of the desired product while
phosphine-free cataly8tin the presence of ethylene resulted
in the formation of traces ol to be formed after 48 h.

When 1-pentene was used in place of ethylene in these cross-

metathesis reactions, even catalgstfashioned 22% of
desired metathesis produt®. The more active catalyst
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polystyrene resinl8 was reacted with monosaccharide
building block?2 to fashion solid support-bound glucos®.
Using the procedure established for the solution-phase model,
treatment of the resin with 1-pentene ahtbr 10 h at 0°C
yielded 88% of monosaccharide This yield combines the
glycosylation and cleavage events. Cleavage of support-
bound glucosamin@0 under the same conditions resulted
in 82% of 12. Diazido galactos@1 was also efficiently
cleaved (85%) using this protocol when treated with 1-pen-
tene andB for 10 h at 0 °C.

In conclusion, we have developed an efficient cleavage
protocol for the release of azide-containing oligosaccharides
from solid support. Olefin cross-metathesis was achieved
using the catalyst [(Hmes)(3-Br-py)(Cl),Ru=CHPh]8 and
1-pentene to release the reaction products from the solid
support. This protocol is a key step toward the automated
synthesis of aminoglycoside antibiotics and glycosamino-
glycans including heparin on solid support. The octenediol
linker may also prove useful to tether other highly function-
alized molecules to sold support.
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