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STEREOSPECIFIC 1,2-ETHYL(PHENYL)THIO GROUP MIGRATION IN SUGARS:
STEREOCONTROLLED SYNTHESIS OF PRECURSORS TO o~ AND B-2-DEOXYGLYCOSIDES

H.M. Zuurmond, P.A.M. van der Klein, G.A. van der Marel and J.H. van Boom

Gorlaeus Laboratories, P.O. Box 9502, 2300 RA Leiden, The Netherlands

Abstract: lodonium ion (NIS/TfOH, cat) assisted glycosylation of & sugar acceptor with properly protected
ethyl{phenyl}-2-O-phenoxythiccarbonyl 1-thio-3-o-gluco- or 1-thiv-a-p-mannopyranoside donors gives the
respective 1,2-trans linked 2'-ethyl(phenyl)thio-2’-desxy-a-o-manne- or B-p-glucopyranosides.

Eariier studies from this taboratory revealed' that the benzoylated ethyl 1-thioglycoside donor 2 was,
in contrast with the comresponding benzylated donor 1, completely inert towards the thiophilic prernoter
iodonium dicollidine perchlorate (IDCP). On the other hand, glycosylation with 2 could be executed
smoothly® with N-iodosuccinimide and catalytic trifluoromethanesulfonic acid (NIS/TfOH, cat.). The difference
in reactivity between the ethyl 1-thioglycoside 1 (armed donor) and 2 (disarmed donor} showed to be of
great promise® for the synthesis of biologically interesting oligosaccharides. Apart from this, it was also
reported* that IDCP-mediated glycosylation of acceptor 5 by the fully acetylated 1,2-thio-orthoester 3 giving
the orthoester derivative 6 was a fast and high-yielding process.
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As part of a continuous program® to study in detail the chemo- and stereoselective glycosidation of
alkyl(aryl) 1-thioglycosides, we report here that NIS/TfOH (cat)-assisted glycosidation of alkyl(aryl) 1-
thioglycosides having a phenoxythiocarbonyl (PTC) ester group at C-2 opens the way to the stereospecific
synthesis of 2-deoxyoligosaccharide precursors.
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The rapid IDCP-mediated glycosylation of 5 with 3 urged us to examine the glycosidation properties
of 1-O-phenoxythiocarbony! 2,3,4,6-tetra- O-acetyl-o/B-o-glucopyranose (4), which was easily accessible by
thioacylation of 2,3,4,6-tetra-O-acetyl-o/8-b-glucopyranose® with the commercially available reagent phenyl
chlorothionocarbonate’ (PTC-CI). Interestingly, condensation of 4 (1.3 mmol) with 5 (1.0 mmol) under the
influence of IDCP (2 equiv) resulted in the rapid (5 min) formation of the earlier obtained orthoester 6 (65%
yield). The latter finding goaded us to investigate whether a phenoxythiocarbonyl (PTC) ester at C-2 of a
sugar derivative could be activated chemoselectively with I*-ions in the presence of an ethylthio group at
the anomeric centre. If so, it was conceivable that I™-ion activation of such a sugar derivative in the
presence of an aglycon (ROH) would follow the pathway illustrated in Scheme 1. Thus, activation of the
p-glucopyranoside derivative A with I™-ions affords intermediate B. Intramoclecular nucleophilic substitution
of the activated PTC-function by the ethylthio group gives via a push-pull mechanism the episulfonium ion
C. The latter ion will be opened subsequently from the a-face by the aglycon (ROH) to vield the 1,2-trans
o-D-mannopyranoside E. On the other hand, it is not excluded that ion C is in equilibrium with the oxonium
ion D which, in turn, reacts with ROH giving both E and the 1,2-cis 8-p-mannoside F.
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The pathway proposed in Scheme 1 was substantiated by executing first the glycosylation (Scheme
2) of acceptor 5 (1.0 mmol) in 1,2-dichloroethane/diethylether (1/1, viv, 10 mL) with the ethyl 2-O-PTC-1-
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thio-B-p-glucopyranoside 9a® (1.2 mmol), obtained by regioselective benzylation® of 7a™ followed by reaction
of 8a with PTC-CI, in the presence of IDCP. However, it was established that glycosidation was extremely
slow. Fortunately, fast disappearance of 9a (1.2 mmol) and 5 (1.0 mmol} was observed (TLC-analysis) by
performing the glycosylation in the presence of NIS (1.2 mmol) and TfOH (0.12 mmol). Work up, after 10
min at 20°C, and purification gave a homogeneous product (85% yield based on 5}, the 'H- and *C-NMR
data of which were in accordance with the 1,2-trans linked a-b-manno disaccharide 10a° (J...,. = 173 Hz).
In addition, TLC analysis of the crude reaction mixture showed the absence of the corresponding 1,2-cis
linked disaccharide. It may therefore be concluded that the formation of 10a is in agreement with the
pathway'' proposed in Scheme 1 and that the condensation is a stereospecific process (i.e. acceptor 5
reacts exclusively with the episulfonium ion C). It was also established that the glycosylation of 5 with the
corresponding phenyl 2-O-PTC-1-thio-B-o-glucopyranoside 9b** afforded solely the 1,2-trans linked dimer
10b° (71% based on 5). In this respect, it is of interest to note that the glycosidation proceeded rather
sluggishly {i.e. reaction was complete after 1h at 20°C). The latter is probably due to the relatively lower

nucleophilicity of the phenylthio group, which will result in a decreased rate of formation of the episulfonium
ion C.
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The scope of the new glycosylation procedure was further illustrated (Scheme 3) by the synthesis
of the 1,2-trans linked B-b-gluce dimer 14a. Thus, NIS/TIOH (cat.)-mediated coupling of 5 with the ethyl
2-O-PTC-1-thio-b-mannopyranoside 13a’, prepared by Zemplén deacetylation of 11a'® and subsequent
reaction with PTC-CI, proceeded rapidly (within 10 min) to give, as evidenced by 'H- and “C-NMR
spectroscopy, dimer 14a° (J..,..., = 157 Hz) in 85% yield {based on 5). In a similar fashion (see Scheme
3), the corresponding dimer 14b° was obtained in a good yield (756%) by glycosylation of 5 with the
thiophenyl donor 13b°,

In conclusion, the NIS/TfOH (cat)-mediated stereospecific glycosidation of ethyl(phenyl) 2-O-PTC-
1-thioglycosides gives access to valuable 1,2-trans linked oligosaccharides. For example, desutfurization of
10b or 14b with Raney nicke!" will afford the respective 2-deoxy-a- or B-linked dimers.
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