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ABSTRACT
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A new glycosylation strategy that allows chemoselective activation of the S-thiazolyl (STaz) moiety of a glycosyl donor over the temporarily

deactivated glycosyl acceptor, bearing the same anomeric group, has been developed. This deactivation is achieved by engaging of the STaz
moiety of the glycosyl acceptor into a stable palladium(ll) complex. Therefore, obtained disaccharides are then released from the complex by
simple ligand exchange.

An explosive growth of the field of glycobiology has benzyl to arm. Here we report a conceptually novel method
stimulated interest in the synthesis of a large number of for oligosaccharide synthesis that involves temporary disarm-
biologically and therapeutically important glycoconjugates ing of a leaving group in the glycosyl acceptor by its external
and the improvement of glycosylation methdd$ln recent deactivation.
years, convergent synthetic strategies where one type of As a part of a program to develop new methods and
leaving group is selectively activated over another have comestrategies for convergent oligosaccharide synthesis, we
to the fore? Slightly differently, the armeddisarmed ap- became interested in glycosyl thicimidates, a class of
proach allows chemoselective activation of the armed gly- glycosyl donors with the generic leaving group SERIR?.
cosyl donor over the disarmed acceptor, both bearing theWe have already reported the synthesisSdfenzoxazolyl
same leaving groupThe deactivating effect is achieved by (SBox)® and Sthiazolyl (STazj glycosides and evaluated
the use of appropriate protecting groups: acyl to disarm, andthem in stereoselective glycosylations and convergent oligo-
saccharide synthesis. Considering the multifunctional char-
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group does not depart on its own, we have developed threeactivating or deactivating the anomeric moiety through

major activation pathways for their use in glycosylation changing the electronic environment around the anomeric

reactions (Scheme 1I).In the first pathway, thiophilic  center. This would also provide an alternative to the
previously explored armeedisarmed and active-latent

I oy cosylation sirategict:

Scheme 1. Activation Pathways for Thioimidate Glycosidation After glycosylation, a number of synthetic scenarios can
B be envisaged. For example, the disaccharide could be cleaved
o Q from the complex by ligand exchange and used in a

— éi\(”“ ] subsequent glycosylation as a glycosyl donor. Alternatively,
a temporary protecting group (P, Scheme 2) could be
b 4 Promoter | g ® @ ROH o rem_oved and_the resulting glycosyl acceptor unit used for
=2 5N — S S"“\*I/N“ ] chain elongation.
b OR To establish whether chemically stable transition metal
c complexes could be formed from STaz glycosides, we chose
\;’-&,—«sm - to examine the reaction of the per-benzoylated STaz glyco-
Activation Glycosidation side1&® with PdBr (1—2 mol equiv) in the presence of 3 A

molecular sieves in dry (Ci€l),. A very stable complex

1aPdBr,, containing two sugar ligands, was formed quan-
reagents (NIS/TMSOTY) serve to activate the anomeric litatively afte 2 h atroom temperature (Scheme 3). To
leaving group via complexation to the sulfur atom (pathway
A). In the second approach, electrophilic promoters such a

MeOTf target the thioimidoyl nitrogen (pathway B). Finally, Scheme 3. Synthesis and X-ray Crystal Structure of a
metal salt-based promoters (AgOTf or Cu(QJflan Representative Palladium(ll) ComplégPdBr,
complex to both the sulfur and nitrogen atoms intra- or Br,Pd

intermolecularly (pathway C) and bring about anomeric OBz %BZ \
o BZO’XEO N PdBr, [BzO N
activation. Some of these promoters are already commonly 820 3_< j — Bzoiéﬁ/s-/( j
used for thioglycoside activatid. However, it is the BzO S BzO 57/,
possibility of using metal-salt-based activation that distin- 1a

guishes the thioimidates from th&alkyl/aryl counterparts.

In an effort to expand the scope of the oligosaccharide
synthesis in general and the STaz method in particular, we
wondered whether it would be possible to temporarily nullify
the reactivity of the thioimidoyl derivatives toward glyco-
sylation by reversible blocking of one or both of the
activation centers. For example, if the lone pair on the
nitrogen were temporarily deactivated (capped), this would
make promoter-assisted thioimidate activation via any of the
pathways shown in Schel a very unlikely process. One
possible way in which this could be achieved is if we were
to engage the STaz moiety in a stable, nonionizing metal
complex. Overall, this should allow chemoselective activation
of a “free” STaz leaving group (glycosyl donor) over a
deactivated (complexed, capped) STaz moiety (glycosyl
acceptor); the concepts are illustrated in Scheme 2. If such
an approach were successful, it might prove possible to 1a,PdBr,
chemoselectively glycosylate without the necessity for

1a;PdBr;

: — elucidate how the metal was attached to the sugar units, the
Scheme 2. Outline of the Temporary Deactivation Concept  strycture of1a,PdBr, was determined by X-ray crystal-

c|>P o C[)P o > lography. It was found that attachment occurs via the nitrogen
! — & . . .
\A/ST;\N) Promoter S\“—[?\N) ®a atoms of the thiazoline rings (PdN (av) =2.009 (8) A)13
S S \"‘*i In like fashion, the partially protected STaz glycosidesg
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Table 1. Synthesis of the Disaccharide Derivativgs6 via a New Strategy Based on the Temporary Deactivation Concept

Br,Pd o Br,Pd o
o ?H o N Promoter Cl) o N NaCN ‘"\5--&«4.0 N
: -:-.\ —~SR + — — —_—
( w S‘{Sj ) Solvent ws%s j ) Acetone t&/ S _< j
2 2 S
Glycosyl Donor Glycosyl Acceptor 4-6
OBz OBn OH OH OBn OBn
BzO BnO BzO 9 N BnO ! N HO Q N— BnO Q N
ézo’SEV\,S—{ :l BnO S—( j BzO’XEYA'S—f :[ Bn@S—/( j BnO,XEYA'S—(( j HOIXE‘LrS_« :‘
BzO BnO BzO S BnO 8 BnO S BnO s
1a 1b 1c 1d 1e 1f
Ph"T O OBz OBn OBz OBn
o) Q BzO BnO BzO Q N BnO
HO s— B0 BnO s—¢ D BnO
(o]
BnO BzO
19 2a 3a
entry donor acceptor promoter solvent temperature time product yield, % o/f ratio
1 la 1c2PdBr, MeOTY DCE —20°C —rt 16 h 4a 63 p only
2 1a 1d2PdBr; MeOTf DCE —40°C —rt 20 h 4b 56 S only
3 1b 1c2PdBr; Cu(OTD)2 DCE —20°C—rt 19h 4c 72 2.0/1
4 1b 1d2PdBr; NIS/TfOH DCE —40°C —rt 16 h 4d 61 1.8/1
5 1b 1le;PdBr; MeOTf DCE —40°C —rt 6h 5 52 2.2/1
6 1b 1f,PdBr; MeOTf DCE —40°C —rt 20 h 6a 48 2.5/1
7 2a 1c2PdBr; NIS/TfOH DCE —20 °C 2h 4a 86 p only
8 2b 1c2PdBr; NIS/TfOH DCE —20°C 5 min 4c 72 1.3/1
9 2b 1c2PdBr» NIS/TfOH MeCN —20 °C 5 min 4c 69 f only
10 2b 1g2PdBr, NIS/TfOH DCE rt 20 min 6b 63 2.0/1
11 3a 1c2PdBr; Cu(OTf) DCE rt 40 min 4a 76 f only
12 3b 1c2PdBr; Cu(OTDe DCE rt 30 min 4c 78 1/3.6
OBZ OBz OBn OBn
BZO BZO BnO BnO
BZO BZO BnO BnO
BzO BzO BnO BnO
BzO BnO BzO BnO
BzO STaz BnO STaz BzO STaz BnO STaz
4a 4c 4d

OBn
OBn OBn OBn Ph0
BnO BnO STaz BnO Q BnO Q BnO Q o) Q __N
BnO B0 o STaz  Bro o sTaz |Taz=—~]
BnO BnO BnO BnO
6b

6a

were employed for the synthesis of glycosyl acceptors of all, we demonstrated that either benzoylatdd) (or
1cPdBr,—1g,PdBr,. These were found to be of sufficient benzylated STaz glycosyl dondkk) could be activated over
purity to be used in subsequent glycosylation without any temporarily deactivated benzoylated or benzylated 6-hy-
adverse effects! droxyl glycosyl acceptorslgPdBr, and1d,PdBr,, respec-
Having synthesized these palladium(ll) complexes, we tjvely). Upon glycosylation, the obtained disaccharides were
performed a number of coupling experiments (Table 1). First ygleased from the complex by treatment with NaCN in
acetone. As a result, a range of+#)-linked disaccharides
4a—d were isolated in moderate to good yield (entriesA1

(13) Single-crystal structure was solved and refined in monoclinic space
group C,. Cell parameters:a = 43.8030(8) A,b = 14.8246(3) Ac =
26.4865(5) A8 = 108.874(19, V = 16274.6(5) R, z= 8, R(F)= 0.095,
WR(F?) = 0.200 for 28628 independent reflections, 1687 parameters and
10 restraints. A Bruker SMART 1K CCD diffractometer with MooK
radiation ¢ = 0.71073 A) was used for data collection at 160(2) K.

(14) Palladium(ll) complexes have an extended shelf life and are of
sufficient stability to be purified by chromatography or crystallization.
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Table 1). Our results provide encouraging support for the Clearly, our results provide solid evidence for the pref-
temporary deactivation effect. erential activation of one leaving group over another without

We next set about examining whether it would be possible the requirement for altering the protecting group pattern. An
to activate an electronically “disarmed” (benzoylated) gly- attractive feature of this strategy is that it does not rely on
cosyl donorla over an otherwise “armed” (benzylated) protecting groups to control the leaving group ability and,
glycosyl acceptorld,PdBr, (entry 2)!5 In this case, the thus, glycosyl donor reactivity. Since protecting groups also
complexed, Pd-deactivate®thiazolyl leaving group was  control the anomeric stereoselectivity of glycosylation, the
found to be entirely inert. Each coupling experiment was new approach offers more flexibility in this respect.
performed in the presence of different promoters, most
commonly AgOTf, MeOTf, Cu(OT#), or NIS/TfOH. How-
ever, only those resulting in better yields are listed. Similarly,
(1—4)- and (+>3)-linked disaccharide$ and 6a were
obtained (entries 5 and &).
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