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Several oligomannoside clusters having a hundred-fold increase

in affinities toward E. coli were synthesized by Cu(I)-catalyzed

[1,3]-dipolar cycloadditions using pentaerythritol scaffolds

bearing either alkyne or azide functionalities.

In many cases, adhesions of pathogens to host tissues constitute

the prerequisite for infections.1 The initial contacts are mediated by

generally weak carbohydrate–protein interactions that are ampli-

fied by multiple copies of both the ligands and the receptors.2 One

such important family of bacterial receptors is part of the so-called

type 1 fimbriae (FimH) at the surface of Escherichia coli that utilize

carbohydrates for specific adhesion of the bacteria to the host cells

glycocalyx. X-Ray crystal-structure studies have recently revealed

that the lectin domain of E. coli FimH possesses a carbohydrate

recognition domain (CRD) at its tip, which can accommodate one

a-D-mannopyranoside residue.3,4

Toward our ongoing research program aimed at the synthesis

and biological evaluation of multivalent glycomimetic inhibitors

against bacterial adhesion,5 we choose pentaerythritol and

dipentaerythritol-based mannopyranosides. Pentaerythritol is an

interesting molecule that allows the attachment of four identical or

different groups, two pairs of which being tilted at 90u. Hence, it

serves as a versatile scaffold for the construction of highly

branched structures.6–8 For instance, galabiosides built on

pentaerythritol clusters proved to be excellent in vitro inhibitors

against the hemagglutination of the Gram-positive bacterium

Streptococcus suis at low nanomolar concentrations.9 Inhibition of

bacterial adhesion of fimbriated E. coli. to a-D-mannopyranoside

residues has also been often addressed, albeit without systematic

structure–activity relationships.10–12

Additionally, viral infections by Ebola and HIV-1 can also be

impeded by hyperbranched mannoside dendrimers.13,14 Properly

designed inhibitors of these interactions may thus potentially

represent new antiviral therapies. Consequently, we describe herein

the efficient and systematic synthesis of a family of mannoside

clusters built on pentaerythritol scaffolds using click chemistry. We

decided to explore the recently described Cu(I)-catalysed azide–

alkyne [1,3]-dipolar cycloaddition,15 as it proceeds in high yields

and with complete regioselectivity with multivalent systems.16

A retrosynthetic analysis reveals two possibilities for the

synthesis of mannoside clusters bearing 1,2,3-triazole linkages:

the azide or the alkyne functions can be located on either the

pentaerythritol core or on the mannoside moiety. Thus, treatment

of azides 217 and 318 with prop-2-ynyl a-D-mannopyranoside 119

using Cu(I) catalysed click reactions, provided tetramer 5 and

trimer 7 in good yields after deacetylation (NaOMe, MeOH)

(Scheme 1). Generally, the condition in which the Cu(I) catalyst

was generated in situ provided slightly better yields than that using

the Cu(I) species (CuI) directly.

As shown in Scheme 2, treatment of the known tetrakis(2-

propynyloxymethyl)methane 8,20 prepared by our modified

nucleophilic substitution of the tetratosylates by a propargylate,

with 2-azidoethyl 2,3,4,6-tetra-O-acetyl-a-D-mannopyranoside

9a21 or 3-azidopropyl 2,3,4,6-tetra-O-acetyl-a-D-mannopyranoside

9b22 under the same conditions described above, provided excellent

yields of the extended cluster analogues 12a and 12b after

deacetylation (NaOMe, MeOH, 90%, 93%). Tetramannoside 14,

bearing a more rigid aromatic spacer, was similarly obtained from

8 and 1023 (Scheme 2).

To provide higher flexibility and FimH accessibilities, while

keeping an hydrophobic residue in the mannoside aglycon

(triazole) into the CRD’s active site near tyrosine-48 and -137,4

the four arms of the cluster 5 were equipped with a tri(ethylene

glycol) spacer. To this end, the synthesis of 18 was initiated. As

outlined in Scheme 3, nucleophilic substitution between pentaery-

thritol and toluene 4-sulfonic acid 2-[2-(2-azidoethoxy)ethoxy]

ethyl ester (15),24 furnished tetraazide 16 (68%).
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Scheme 1 Reagents and conditions: (i) CuI, DIEPA, THF, rt, 12 h; 4

(80%), 6 (82%); or CuSO4, Na ascorbate, THF–H2O, rt, 12 h; 4 (92%), 6

(90%); (ii) MeONa, MeOH, rt, 4 h; 5 (90%), 7 (93%).
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Compound 16 was then transformed into the triazole with

propargyl a-D-mannopyranoside 1, using the same standard

conditions previously described, which after deacetylation under

Zemplén conditions (NaOMe, MeOH) gave tetravalent cluster 18

in 92% yield.

Further dendritic growth offers promising new multiarmed

clusters having more flexibility and various geometries. As shown

in Scheme 4, hexatosylated dipentaerythritol 1925 was converted in

to the novel hexaazide 20 (NaN3, DMF, 70%). The cycloaddition

between 20 and 1 afforded 21, which gave the hexacluster 22 after

deacetylation (Scheme 4).

Furthermore, treatment of triazide 3 and ditosylates 23a or 23b

under basic conditions (KOH, DMSO) provided new hexaazido

pentaerythritol scaffolds 24a and 24b in good yields (Scheme 5).

Their cycloaddition with propargyl a-D-mannopyranoside 1

followed by deacetylation as above furnished hexavalent clusters

26a (95%) and 26b (92%) showing a distance of 11 and 18 Å

between each the tripodal mannoside moieties, respectively.

In all cases, analysis of the 1H NMR spectra of the mannoside

clusters revealed calculated integrations for the triazole protons

respective to the anomeric protons, complete disappearance of the

acetylenic signals, thus confirming, together with MS and IR data,

completion of the multivalent Cu(I)-catalysed azide–alkyne

cycloadditions.

Interestingly, preliminary data from this family of clusters

indicated that they were approximately a hundred times more

efficient in the inhibition of agglutination26 of E. coli x712227 by

Baker’s yeast than the monomer D-mannose. Indeed, inhibition

Scheme 2 Reagents and conditions: (i) CuSO4, Na ascorbate, THF–H2O,

rt, 12 h; 11a (89%), 11b (77%), 13 (89%); (ii) MeONa, MeOH, rt, 4 h; 12a

(92%), 12b (92%), 14 (98%).

Scheme 3 Reagents and conditions: (i) KOH, DMSO, 40 uC, 12 h, 68%;

(ii) CuSO4, Na ascorbate, THF–H2O, rt, 12 h, 90%; (iii) MeONa, MeOH,

rt, 4 h, 92%.

Scheme 4 Reagents and conditions: (i) NaN3, DMF, 80 uC, 12 h, 70%;

(ii) CuSO4, Na ascorbate, THF–H2O, rt, 12 h, 72%; (iii) MeONa, MeOH,

rt, 4 h, 85%.

Scheme 5 Reagents and conditions: (i) KOH, DMSO, 40 uC, 12 h, 70%;

(ii) CuSO4, Na ascorbate, THF–H2O, rt, 12 h; 25a (72%), 25b (75%); (iii)

MeONa, MeOH, rt, 4 h; 26a (95%), 26b (92%).
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titers of 370 and 3.96 mM were obtained for D-mannose and

compound 5, respectively.28

In summary, we have presented an efficient and systematic route

toward the syntheses of a series of tri- to hexa-mannopyranoside

clusters, built on the pentaerythritol scaffold and bearing aliphatic

and aromatic spacers, by using triazole chemistry.
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