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ABSTRACT : The yeasCandida albicanss an opportunistic fungal pathogen which induces
superficial and systemic infections in immunoconmpised patients. Adherence to host tissue
is critical to its ability to colonise and infettet host. The work presented here describes the
synthesis of a small library of aromatic glycocajgtes (AGCs) and their evaluation as
inhibitors of C. albicansadherence to exfoliated buccal epithelial celECB). We identified

a divalent galactoside, ligan2l, capable of displacing over 50% of yeast cellealy
attached to the BECs. Fluorescence imaging inecélhat2a may bind to structural

components of the fungal cell wall.

INTRODUCTION

The attachment of pathogenic microorganisms tcsthréace of the host cells is a prequisite
for infection}® The mechanisms that mediate pathogen adheretem iof/olve microbial
proteins, known as adhesins, that recognize ceflas® biomolecules such as protein
receptors and glycarisThe development of compounds capable of blocKiegaherence of
pathogens to host cells is an attractive alteraatvtraditional antibiotic treatments that rely

solely on killing the infective microorganisrfid.There are several examples in which the



anti-adherence approach has been exploited suabtgssf design inhibitors of microbial
adherencé.Some of these include glycoclusters capable ofgmiing lung infection caused
by Pseudomonas aeruginogaand glycoconjugates used in the treatment of ¢immdi
caused by pathogenic strainsEscherichia coli such as Crohn’s disedsand urinary tract
infections.2 ¥ The lectins involved in the adherence processekese reports (Lec A and
Lec B from P. auroginosaand Fim H fromE. coli, respectively) have been extensively
studied and detailed knowledge of their structuré hinding specificities is available. This
has greatly facilitated the design of high affinglycoconjugates that can effectively compete

with host cell surface ligands.

Candida albicangs a dimorphoric yeast that can interconvert freimgle cells to hyphal
forms, and exists in a commensal state in the naecamnd gastrointestinal traét.n
immunocompromised patientS. albicansinduces a range of superficial and systemic
infections® and is the third leading cause of infections ezlato medical devices such as
catheters? Adherence of. albicansto host cells plays an important role in pathogenes

it allows the establishment of a strong link tothoall surfaces and provides a focal point for
infection by enabling persistence in harsh envirents such as the mouthinterestingly,
this highly adherent organism is also the most g@thic Candida species and the major
cause of fungal infectiort§,indicating that its highly infectious rate may keated to its
strong adherence capacity. In additi@n,albicansexpresses host regulator binding proteins
such as phosphoglycerate mutase (gpfred pH-regulated antigen 1 (pr#lhat bind to
immune regulators such as Factor H and FHL-1 tadavomune detection, demonstrating

that through adherenc€, albicanscan block activation of immune system regulafors.

The oral cavity, in particular, provides surfaceswthich C. albicanscan adhere, such as
buccal epithelial cells (BECSE. albicansis capable of adhering to host cells through the

interaction of the yeast cell wall and epitheliall surfaces® Adherence to abiotic and biotic



surfaces is achieved by both non-specific and §panechanisms: non-specific interactions
involve cell surface hydrophobicity (CSE).CSH does not play a dominant role in the
adherence process but has been known to maintagifispinteractions between the yeast
and the host Specific adherence mechanisms occur via the hinoiradhesins to receptors
on the host cell surface through lectin-like andtg@in-protein interaction€. Initial reports
indicate that som€. albicansadhesins recognise and bind to a broad rangello$wéace
glycans, which include glycosphingolipids suchastdsylceramic® and asialo-GM£# and

host oligosaccharides containing fucg4€uc) andN-acetyl-glucosamine (GIcNAZf

These findings provide evidence that cell surfabgans are important receptors for.
albicansand warrant the development of anti-adherencendigahat can mimic them, thus
disrupting C. albicans- epithelial cell interactions. These compoundsil@oepresent a
promising strategy to overcome fungal infectionswdver, the lack of structural knowledge
of the fungal adhesins that recognise these cadrvates hampers a focused design approach
such as those described earlier. In this studyppted instead to screen a small library of
synthetic glycoconjugates with a diverse presematif binding epitopes in order to identify
structural features that can lead to effectivebitlun of fungal adherence. Thus, we herein
report the synthesis of aromatic-core glycoconjegatAGC) which display some of the
glycan residues reported to medidie albicansadherence to epithelial cells and their

subsequent evaluation as inhibitors of the adherefC. albicansto BECs.
RESULTS AND DISCUSSION

Synthesis: There are numerous examples of glycoconjugatds lquon aromatic scaffolds,
many of which are intended as ligands for adheéZimsrbohydrate-binding protefisor
sensors for the detection of pathogehs® The popularity of AGCs is partly due to the

versatility in functionality and the substitutioratperns that can be achieved from readily



available starting materials. Thus, we decided xpl@e 1,3 and 1,3,5 functionalized

aromatic derivatives as the starting point in tlesigh of the anti-adherence AGCs library

(Scheme 1, Figures SI.1-3).
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Scheme 1:Chemical structures and starting materials usethén synthesis of the anti-

adherence AGCs library.
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It is well known that multivalency can be an im@mtt factor that modulates carbohydrate-
protein interactiond® Hence, mono- (compounds:c), di- (compound®af) and trivalent
analogues (compound8a-c) were investigated. Carbohydrate moieties presenthe
epithelial cell surface and reported to bi@dalbicansadhesins were selected to be grafted
onto the aromatic scaffold: these included galagtdscose, mannose, glucoséacetyl
glucosamine and lactose derivatives. Triazolyl-aonhg spacer groups of different lengths,
generated by means of Copper-Catalyzed Azide-Alkggeloaddition (CUAAC) reactions,
connected the glycosides to the central aromate. dthis methodology has been found to be
extremely useful and reliable for the efficient tesis of numerous glycoconjugaféavith
this modular approach, we were able to readily rabg® a small collection of
glycoconjugates in which (i) the carbohydrate mgiéii) the valency and (iii) the distance
between the binding epitopes were varied. This idealsufficient structural diversity for an

initial screening of the requirements for fungati-@iherence activity.

The synthesis of one of the divalent analoguesactiadide2a, depicted in Scheme 2, is
representative for the synthesis of the other mesnbef the AGCs library. 5-
Aminoisophthalic acid was reacted with propanoybalde. The resulting dicarboxilic acid
was reacted with propargyl amine using freshly areg 4-(4,6-Dimethoxy-1,3,5-triazin-2-
yl)-4-methylmorpholinium chloride (DMTMM) to give idmide 6 in 78% vyield®® The
attachment of the carbohydrate moiety to the armnsaaffold was effected by means of the
CUAAC reaction: in this example, 2,3,4,6-te@aacetyl-18-azido-galactosidé was reacted
with compoundb using copper sulphate and sodium ascorbate asathgtic system. If the
cycloaddition was carried out using conventionaltimg, the reaction times were long (up to
4 days) and the yields were moderate. However,owed that if the reaction was carried out
using microwave (MW) irradiation, it proceeded witelds up to 82% for the protected

glycoconjugate7a and with a drastic reduction in reaction tinf@sThe deacetylation of



compound7a was accomplished under mild basic conditions W@ gihe galactosyl AGRa
in 96% vyield. Following comparable synthetic schemgee Supporting Information,
Schemes SI.1-3), the remaining mono-, di- and lenaAGCs were readily prepared in

moderate to good yields.
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Scheme 2:Synthesis of galactosyl AGC 2Reagents and conditiong C,HsCOCI, NE®,
THF, Ny, rt, 22 h, 77 %; ii) DMTMM, propargyl amine, DMIN,, 16 h, 78 %; iii) 2,3,4,6-
tetraO-acetyl-1B-azido-galactoside, CuS@BH,O/Na Asc, CHCOCHy/H,O, 100 °C in

MW, 10 min, 84%; iv) methanol, NEtH,O, 45°C, 6 h, 94%.

Biological Evaluation: All of the glycoconjugates (with exception of numalent fucosyl
derivative, compoundb) were found to be soluble in water. The toxicifytlee compounds
againstC. albicanswas firstly evaluated. None of the compounds slabsignificant ability

to inhibit the growth of the yeast cells at thegarof concentrations used in the subsequent
adherence assays (see Figure Sl.4). This implasathy reduction of adherence observed is
not due to toxic effects. The ability of the glyoogugates to inhibit the adherence ©f

albicanswas then evaluated in different assays:



Exclusion assayThe initial adherence assay was performed by trg&i albicanswith the
glycoconjugates, allowing for an incubation perat then exposing the treated yeast cells
to the exfoliated BECs. The percentage increas#eorease of the number Gt albicans
cells adhering to BECs compared to the adherendbeofintreated yeast is represented in

Table 1.

Table 1. Effect of AGCs on adherence @f. albicansto BECs (estimated according to
exclusion assays, at AGCs concentration = 10 mg&t_in all cases was less than 10% of

mean change in adherence).

AGCs % Increase/
Decrease of

Adherence

lap- Gal -145

1bL- Fuc -2

1lcp- Galf3-OC,H4 -7.5

2a p-Gal -80

2b L-Fuc -8

2c p-Gal3-OCH, -35

2d b-Man +3

2e D-GIcNACc -45

2f b-Lac +6.5

3ap-Gal -45

3bL-Fuc -30

3cp-Galf3-OCH4 -42

4 p-Gal/p-Man -24

5 p-Gal -26

These results show the impact of the valency eifetite anti-adherence ability of the AGCs:
monovalent compounds, in which only one carbohgdnapiety is present, are considerably
less active than their di- and trivalent countetgpdn addition, it can be clearly seen that the
galactosyl derivatives2g, 2c, 3a and 3¢) and theN-acetyl glucosamine derivativ2e are

much more efficient at preventing the yeast adlmre¢han any of the other glycoconjugates:



in particular, divalent galacosida was identified as the most active compound ofAGEs
library screened, showing a remarkable 80% decreaadherence of the yeast to the BECs
after treatment. Interestingly, compou#da structural analogue @& in which one of the
galactosyl moieties has been replaced by mannesenly capable of producing a 24%
reduction in yeast adherence. This highlights thpartance of a divalent galactosyl pattern
as a recognition motif. The linker connecting ¢fa¢actosyl moieties to the aromatic scaffold
appears to also influence the anti-adherence yabilithe glycoconjugates: the more flexible
O-galactosideslc, 2c¢, 3c inhibited yeast adherence less effectively thagirthespective
analogueda, 2a, 3a, in which the triazolyl spacer group is directlyaatied to the anomeric
galactosyl carbon. In addition, divalent galactesig which features no linkers, was only
able to induce a 26% reduction in adherencg.adlbicansto BECs. The divalent galactoside
2a was then evaluated at lower concentratidgigure 1a). Significantly, the anti-adherence
ability of this compound was maintained at a 10@-fdilution concentration (0.1 mg/mL,

138M)).

Competitive assayThe best performing compound (divalent galactosidas was then
evaluated in a competition assay, in which its -adtierence ability was tested in the
presence of botlC. albicansand BECs. Co-incubation with compoun2ia resulted in a
reduction in adherence of yeast cells to BECs ®&fo,68ven at the lowest concentration

(Figure 1b).

Displacement assaA further assay was performed where glycoconjugat€0.1 mg/mL,
138 uM)) was added to a mixture @. albicansand BECs, which had been previously
incubated together. The ability of the compoundeteerse the adherence of the yeast to the
BECs was then examined. Two controls were usedis dssay: control 1 involved the
assessment of the binding 6f albicansto BECs prior to compound exposure; control 2

involved BECs and adherent yeast cells being rekiated in PBS for 90 minutes prior to a



second filtration step. It was found thaa imparted a reduction in adherence of 56%
(compared to the control 1) and 31% (compared ¢octintrol 2) Figure 1). These results

suggest that divalent galactosiéa bind effectively toC. albicanspreventing its interaction

with BECs Figure 1d).
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Figure 1. Effect ofdivalent galactosid2a on the adherence @f. albicansto BECs. The data
displays average yeast adherence per BEExelusion assay: C. albicangas preincubated
with 2a (concentrations 10, 1 and 0.1 mg/mh);Competition assayC. albicans,BECs and
2a (concentrations 10, 1 and 0.1 mg/mL) were co-iatedy; c)Displacement assayC.
albicansand BECs were co-incubated and compo@ad(concentration 0.1 mg/mL) was
subsequently added; control 1 involved the asseadsofiehe binding ofC. albicansto BECs
prior to compound exposure; control 2 involved BE&hd adherent yeast cells being re-
incubated in PBS for 90 minutes prior to a secdftchtfion step; d) Optical microscopy

image ofC. albicansattached to BEC befofeight) after(left) treatment witRa;



Fluorescence imaging: A fluorescently labelled analogue of galactosyla®@C 2a,
compound8 (Figure 2), was synthesized to investigate possible sitestefaction of anti-
adherence AGCs witlC. albicans(Scheme SI-6). As control€;. albicanscells with no
treatment were imaged under an Olympus FluoviewOl€&ihfocal microscope to discard
yeast autofluorescencé-igure 2a). In addition C. albicanscells were incubated with
fluorescein isothiocyanate (FITEjgure 2b). Fluorescein derivative galactosievas then
co-incubated withC. albicanscells and the cells were imageBigure 2¢). In this case,
strong localized fluorescence can be clearly oleskrifrom these images, it can be deduced

that compound@ is interacting with the surface of the yeast cells

Figure 2: Confocal microscope images @f. albicanscells: a) without treatment}p) co-

incubated with FITC;c) co-incubated with fluorescently labelled galactogy&C 8; d)
chemical structure of galactosi@e A wavelength of 488 nm laser was used for exoiat

and emission was detected at 500 - 600 nm.



These results indicate that the valency of the AG@Engly influences their anti-adherence
ability: the monovalent derivative$a-c did not show any significant activity while the
trivalent derivatives88a-cwere moderate inhibitors, with the galactosyl datiles3a and3c
achieving as high as 45% and 42% reduction of adfiver of C. albicansto BECs,
respectively. Nevertheless, this study was focusethe divalent AGCs based on a 5-

aminoisophthalic acid scaffold, which may allow forther synthetic versatility.

The results from the anti-adherence assays highlghpotential of divalent galactosyl AGC
2a as an inhibitor of the adherence ©f albicansto BECs. This compound consistently
showed the best anti-adherence activity in theetliypes of assays performed (with up to
80% reduction of adherence in the exclusion assdg83restingly, divalent compounds
analogue in structure t@a but featuring carbohydrate moieties other thanagake
(compounds2b, 2d-f) were not as efficient adherence inhibitors 2as the second best
performing AGC was thdl-acetyl glucosamine derivati&f (45% reduction of adherence in
the exclusion assays). These results suggesttibadivalent presentation of the galactose
epitopes achieved in compourdd is important in mediating adherence @ albicans
Polysaccharides and adhesins prese@.ialbicanscell wall mediate many of the adhesion
processes of the yedSt.Initial research indicated that the addition oflagtose or
galactosamine reduced. albicansattachment to buccal mucosal cetisvitro.2’ However,
this is in contrast to a study in which the preatneent ofC. albicanswith galactose failed to
inhibit adherencé® It has also been reported ti@talbicansbinds specifically to cell surface
glycosphingolipids with terminal galactosyl residusuch as lactosylceramide [G&a(1-4)-
Glc-B-(1-1)CerP® and asialo-GM [Gal-(1-3)-GalNAcB-(1-4)-Galf-(1-4)-Glc—B-(1-
1)Cer] by means of fimbrial proteif$This study also reports that the synthetic disaddi
derivative GalNACB-(1-4)-Galf3-O(CH,)sCO,CH; was able to inhibit the binding df.

albicansfimbriae to BECsn vitro. More recently, a synthetic disaccharide (FimldrRjpalso



featuring the terminal GalNAB-(1-4)-Gal motif, was found to reduce fungal burdemnin
vivo model of oral candidiasf. However, to the best of our knowledge, there awe n
Structure-Activity Relationship (SAR) studies of ndlyetic glycoconjugates regarding
inhibition of C. albicansadherence that have identified terminal galactesatekey epitopes
mediating yeast adhesion. A recent study has lirnkedbinding specificities of some.
albicansadhesins (from the Als family) to human cell sugalycans based on glycan array
screening results: a predicted glycan determimamsdme of these proteins was a di-LacNAc
(Gal-$-1,4-GlcNAc) disaccharid® Further studies are currently going on in ouotakory

to identify the fungal adhesin that lead compoBadnay be binding to.
CONCLUSION

In conclusion, this work reports the synthesis shall library of AGCs designed to conduct
a preliminary SAR study on their ability to inhiliie adherence of the pathogenic y&ast
albicansto BECs. The anti- adherence assays allowed foridbgtification of divalent
galactosyl derivativ@a as an efficient inhibitor of. albicansadherence, witRa being able

to displace over 50% of yeast cells already atid¢heBECs. The precise three-dimensional
presentation of the galactosyl moieties da appears to be a requirement for efficient
adherence inhibition, which suggest that AG&is interfering with a specific recognition
process part of the compl€x albicansadherence mechanisms. Fluorescence studies suggest
that a potential target fa2a could be indeed a fungal cell wall adhesin. Thathsgtic
accessibility and high efficacy shown Bwg in the biological assays make this compound a
promising lead for development of new fungal aufiterence agents, less prone to the

appearance of resistance mechanisms than convehfiimgicidal treatments.

EXPERIMENTAL SECTION



Chemistry. General Methods: All reagents for synthesis were bought commercialhyl
used without further purification. Tetrahydrofur@iHF) was freshly distilled over sodium
wire and benzophenone. Dichloromethane (DCM) washilly distilled over Calprior to
use. Reactions were monitored with thin layer ctatmgraphy (TLC) on Merck Silica Gel
F.s4 plates. Detection was effected by UNM=254nm) or charring in a mixture of 5% sulfuric
acid-ethanol. NMR spectra were recorded using Bréiszend 500 spectrometer at 293K.
All chemical shifts were referenced relative to takevant deuterated solvent residual peaks.
Assignments of the NMR spectra were deduced u$infgMR and**C NMR, along with 2D
experiments (COSY, HSQC and HMBC). Chemical shdte reported in ppm. Flash
chromatography was performed with Merck Silica 6@l Microwave reactions were carried
out using a CEM Discover Microwave Synthesizer.i€jptrotations were obtained from an
AA-100 polarimeter anda]p, values are given in I8 cnf-g*. High performance liquid
chromatography analysis (HPLC, Waters Alliance 368&s performed in final compounds
and indicated purity of 95% based on integratiothaut the use of an internal standard.
High resolution mass spectrometry (HRMS) was peréat on an Agilent-LC 1200 Series
coupled to a 6210 Agilent Time-Of-Flight (TOF) maspectrometer equipped with an
electrospray source in both positive and negat®I€{/-) modes. Infrared spectra were
obtained as a film on NaCl plates or as KBr diskshie region 4000—400 ¢fon a Perkin
Elmer Spectrum 100 FT-IR spectrophotometer. Syittlsehemes and spectroscopic data for

all members of the ACG library are provided in 8le
General Copper-Catalyzed Azide-Alkyne Cycloaddif@mAAC) reaction procedures:

Method A Copper sulphate pentahydrate (20 mg) and sodiunrizate (40 mg) were added
to a solution of the acetylated sugar azide (1,3&ive per propargyl group) and the
corresponding propargyl amide scaffold in acetoaé#w (2:1 ratio). The reaction was

allowed to stir at rt until deemed complete by Tagalysis (typically 16-24 h). The solvent



was removed in vacuo. The residue was dissolv&ON, washed with water (x3) and dried
(MgSQy). The mixture was filtered and the solvent wasaeedin vacuoto yield the crude
product, which was purified by silica gel columrramatography (DCM:MeOH 98:2-93:7)

to give the corresponding product.

Method B:Copper sulphate pentahydrate (20 mg) and sodiuorizae (40 mg) were added
to a solution of the acetylated sugar azide (1,8&ive per propargyl group) and the
corresponding propargyl amide scaffold in acetdeitvater (2:1 ratio). The reaction was
allowed to stir in the MW at 108C until deemed complete by TLC analysis (typic&ig5
min). The solvent was removea vacuo The residue was dissolved in DCM, washed with
water (x3) and dried (MgSQ The mixture was filtered and the solvent was oeed in
vacuoto yield the crude product, which was purified 9yca gel column chromatography

(DCM:MeOH 98:2-93:7) to give the corresponding prod

General acetyl ester hydrolysis procedufi@ie acetylated glycoconjugate was dissolved in
methanol/water (2:1 ratio). NE(0.1 mL) was added and the reaction mixture wiasvald to

stir at 45°C until completion (typically 6-18 h). The solutievas cooled to rt, Amberlite H
was added and the mixture was allowed to stir @bnn. The solution was filtered and the
solvent was removed in the rotatory evaporatorthedesidue was dried under high vacuum

or lyophilized to give the deprotected glycoconjigga

N,N’-di(prop-2-yn-1-yl)-5-propionamidoisophthalamide (6). 5-aminoisophathalic acid (5
g, 27.6 mmol) was dissolved in anhydrous THF (60) mhder N and propionyl chloride

(2.7 mL, 30.4 mmol) was added dropwise. The mixtwes allowed to stir for 5 min and
NEt; (5 mL, 35.8 mmol) was added slowly. The reacti@s\eft to stir for 22 h. The solvent
was removed under reduced pressure, and the residsi@issolved in hot methanol. The

insoluble material was filtered off and the filgatvas evaporated in a rotatory evaporator to



give 5-propionoamidoisophthalic acitf,which was used without further purification. (3.0
g, 77 %). 5-propionoamidoisophthalic acid (0.78 g, 3.27 mnasliyl DMTMM (1.99 g, 7.20
mmol) were suspended in anhydrous DMF (25 mL) umNjeAfter 10 min, propargylamine
(0.46 mL, 7.2 mmol) was added and the reactionuméxtvent clear. It was left to stir at rt for
16 h. The reaction mixture was poured into ice/w&B® mL) and the precipitated formed
was then filtered and dried on the air to gBzewhite amorphous solid (0.79 g, 78%M
NMR (500 MHz, ds-DMSO): & 10.15 (s, 1H, NCOGHs), 8.94 (t,J = 5.3 Hz, 2H,
NHCH,CCH), 8.18 (s, 2H, Ar-H), 7.93 (s, 1H, Ar-H), 4.2100 (m, 4H, NHE&,CCH), 3.13
(s, 2H, NHCHCCH), 2.35 (q,J = 7.5 Hz, 2HCH,CHs), 1.10 (t,J = 7.5 Hz, 3H, ChCHb).
13C NMR (125 MHz,ds-DMSO): § 172.8 COC,Hs), 166.2 CONHCH,CCH), 140.0 (Ar-C),
135.3 (Ar-C), 121.4 (Ar-CH), 120.7 (Ar-CH), 81.6 HGCCH), 73.4 (CHCCH), 29.1
(CH,CHg), 10.0 (CHCHs). IR (KBr): 3289.16, 3241.00, 3093.06, 2977.14,1887,
1682.50, 1570.58 cm HRMS (ESI+):m/z caled for GH17/N3O5 +H' [M+H]* 312.1343,

found312.1361.

N,N’-di-(2,3,4,6-tetra-O-acetyl$-D-galactopyranosyl-1,2,3-triazol-4-ylmethylamide)-

N -propyl-5-aminobenzene-1,3-dicarboxamid€7a). Prepared front and 2,3,4,6-tetr&®-
acetyl-1p-azidoD-galactopyranosid&.according to Method B: pale yellow amorphous solid
(608 mg, 84%). R= 0.29 (DCM: methanol 9:1ja]3! -4.3 (c 0.7, DCM).*H NMR (500
MHz, CDCk): & 9.09 (s, 1H, MICOGHs), 8.21 (s, 2H, MCHtriaz), 7.97-7.95
(overlapping of 2 s, 4H, Ar-H and trid#}, 7.78 (s, 1H, Ar-H), 5.89 (dl = 9.2 Hz, 2H, H-1),
5.54 (t,J=9.7 Hz, 2H, H-2), 5.49 (d,= 3.2 Hz, 2H, H-4), 5.27 (dd,= 10.3, 3.2 Hz, 2H, H-
3), 4.59 (ddJ) = 15.5, 5.2 Hz, 4H, By-triaz), 4.29 (tJ = 6.5 Hz, 2H, H-5), 4.16 — 4.05 (m,
4H, H-6 and H-6"), 2.30 (q] = 7.5 Hz, 2H, E,CHs), 2.14 (s, 3H, OAc), 1.93 (s, 6H, OAC x
2), 1.76 (s, 3H, OAc), 1.06 (8 = 7.5 Hz, 3H, CHCHs). °C NMR (125 MHz, CDG)): &

173.4 COC,Hs), 170.4 (CO of OAC), 170.2 (CO of OAc), 169.9 (BDOAC), 169.3 (CO of



OACc), 166.9 CONHCH,-triaz), 145.4 C-triaz), 139.1, 134.7 (each Ar-C), 121CQH-triaz),
121.4, 120.9 (each AtH), 86.0 (C-1), 73.8 (C-5), 70.8 (C-3), 68.1 (C-8Y.0 (C-4), 61.2
(C-6), 35.3 CHy-triaz), 30.2 CH,CHs), 20.6( CH of OAc), 20.6 (CH of OAc), 20.5 (CH
of OAc), 20.2 (CH of OAc), 9.4 (CHCHs). IR (film on NaCl): 3290, 2979, 2940, 2120,
1753, 1655, 1599, 1536 ¢mHRMS (ESI+): m/z calcd. for GsHsgNgOo1 +H' [M+H]*

1058.3591, found 1058.3602.

N,N’-di-(2,3,4-tri-O-acetyl$-L -fucopyranosyl-1,2,3-triazol-4-ylmethylamide)N"-
propyl-5-aminobenzene-1,3-dicarboxamide (7bPrepared front and 2,3,4-tri©-acetyl-1-
B-azidoi-fucopyranosid® according to Method B: yellow amorphous solid (98, 62 %).
R=0.44 (DCM:MeOH 9:1)[a]% +1.6 (c 0.9, DCM)*H NMR (500 MHz, CDC}): & 8.37 (s,
1H, NHCOGHs), 7.97 (s, 2H, triaz-H), 7.94 (s, 2H, Ar-H), 7.48 J = 5.1 Hz, 2H,
CONHCH,-triaz), 7.70 (s, 1H, Ar-H), 5.84 (d,= 9.2 Hz, 2H, H-1), 5.58 — 5.51 (m, 2H, H-
2), 5.38 (dJ = 3.3 Hz, 2H, H-4), 5.27 — 5.23 (m, 2H, H-3), 4@@,J = 15.3, 5.7 Hz, 4H,
CHy-triaz), 4.15 (qJ = 6.4 Hz, 2H, H-5), 2.38 (qd, = 7.7, 3.7 Hz, 2H, B,CHs), 2.22 (s,
6H, OAc), 1.99 (s, 6H, OAc), 1.83 (s, 6H, OAc),4@,J = 6.4 Hz, 6H, H-6), 1.17 (] =
7.5 Hz, 3H, CHCHs). **C NMR (125 MHz, CDGJ): § 172.8 (NHCOC,Hs), 170.5 (CO of
OAc), 169.9 (CO of OAc), 169.4 (CO of OAc), 166 GOQNHCH,-triaz), 145.5 C-triaz),
139.1 (Ar-C), 135.0 (Ar-C), 121.4CH-triaz), 121.2 (Ar€H), 120.5 (ArCH), 86.3 (C-1),
72.8 (C-5), 71.3 (C-3), 69.9 (C-4), 68.2 (C-2),BfCH,-triaz), 30.4 CH,CHs), 20.7 (CH of
OAc), 20.5 (CH of OAc), 20.3 (CH of OAc), 16.1 (C-6), 9.5 (C¥CHs). IR (film on NaCl):
3318, 2924, 1749, 1656, 1535 ¢nHRMS (ESI+):m/zcalcd for GiHsiNgO17 + H [M+H]*

942.9130, found 942.9142.

N,N’-di-[2-O-(2,3,4,6-tetraO-acetyl$-D-galactopyranosyl)-ethyl-1,2,3-triazol-4-
ylmethylamide)-N"-propyl-5-aminobenzene-1,3-dicarboxamide (7c).Prepared from6

and 20-(2,3,4,6-tetrad-acetylf8-D-galactopyranosyl)ethyl azitfeaccording to Method B:



yellow amorphous solid (545 mg, 82 %) R0.38 (DCM:MeOH 9:1)[«]3’ -9.1 (c 1.1,
DCM). *H NMR (500 MHz, CDGJ): & 9.11 (s, 1H, MCOGHs), 8.14 (s, 2H, CONCH,-

triaz), 7.96 (s, 2H, Ar-H), 7.64 (d,= 16.6 Hz, 3H, Ar-H and triaz-H), 5.30 (@= 3.2 Hz,

2H, H-4), 5.07 (dd,J = 10.3, 8.1 Hz, 2H, H-2), 4.94 (dd= 10.5, 3.2 Hz, 2H, H-3), 4.66
4.36 (M, 10H, El,-triaz and &1,CH,0 and H-1), 4.15 (dd] = 13.6, 6.4 Hz, 2H, BO-Gal),
4.09-4.01 (m, 4H, H-6 and H-6"), 3.88 (a@t 6.4 Hz, 4H, €IO-Gal and H-5), 2.27 (d =
7.0 Hz, 2H, ®i,CHg), 2.06 (s, 6H, OAc), 1.95 (s, 6H, OAc), 1.89 Jds 2.1 Hz, 12H, OAc
x2), 1.03 (tJ = 7.3 Hz, 3H, CHCH3). 3C NMR (125 MHz, CDG): § 173.2 (NHCOC,Hs),
170.4 (CO of OAc), 170.2 (CO of OAc), 170.0 (CO@Ac), 169.7 (CO of OAc), 166.8
(CONHCH,-triaz), 144.7 C-triaz), 139.3 (Ar-C), 134.7 (Ar-C), 123.6 (CH-tzja 121.1 (Ar-
CH), 120.2 (ArCH), 100.8 (C-1), 70.7 (C-5), 70.6 (C-3), 68.5 (C-@J.5 (CHCH,0), 66.9
(C-4), 61.1 (C-6), 50.000H,CH;0), 35.5 CHo-triaz), 30.2 CH,CHs), 20.7 (CH of OAc),
20.6 (CH of OAc), 20.6 (CH of OAc), 20.5 (CH of OAc), 9.5 (CHCH3). IR (film on
NaCl): 3311, 3148, 3071, 2980, 1750, 1656, 15983141 . HRMS (ESI+):m/zcalcd for

CagHeaNogO23+ H' [M+H] © 1146.4115, found 1146.4208.

N,N’-di-(2,3,4,6-tetra-O-acetyl-a-D-mannopyranosyl-1,2,3-triazol-4-ylmethylamide)-

N -propyl-5-aminobenzene-1,3-dicarboxamide (7d)}Prepared front and 2,3,4,6-tetr&®-
acetyl-1e-azidoD-mannopyranosidé according to Method B: sticky, yellow amorphous
solid (110 mg, 82 %).R= 0.42 (DCM:MeOH 9:1)[a]%? +3 (¢ 1, DCM).*H NMR (500
MHz, CDCh): & 8.93 (s, 1H, MICOGHs), 8.23 (s, 2H, MCH,-triaz), 7.94 (s, 2H, triaz-H),
7.78 (s, 2H, Ar-H), 7.55 (s, 1H, Ar-H), 6.11 (s, 2H-1), 5.99 (s, 2H, H-2), 5.90 (d,= 9.8
Hz, 2H, H-3), 5.41 () = 9.6 Hz, 2H, H-4), 4.65 —4.54 (m, 4HHGtriaz), 4.27 (dd,) = 12.5,
2.9 Hz, 2H, H-6), 4.05 (dd] = 12.4, 3 Hz, 2H, H-6’), 3.97 (dd,= 6.0, 3.5 Hz, 2H, H-5),
2.48 — 2.33 (m, 4H, B,CHy), 2.17 (d,J = 1.2 Hz, 6H, OAc), 2.06 (d, = 1.6 Hz, 6H, OACc),

2.02 — 1.96 (m, 12H, OAc x2), 1.14 (dbs 9.4, 5.5 Hz, 6H, CKCH3). **C NMR (125 MHz,



CDClg): 6 173.5 COC,Hs), 170.7 CO of OAc), 170.0 CO of OAc), 169.9 CO of OAc),
169.7 CO of OAc), 166.6 CONHCH,-triaz), 145.6 C-triaz), 138.9 (Ar-C), 134.4 (Ar-C),
123.5 CH-triaz), 121.4 (ArcH), 120.2 (ArCH), 84.2 (C-1), 71.8 (C-5), 69.3 (C-3), 68.3 (C-
2), 65.6 (C-4), 61.7 (C-6), 35.1 Kz-triaz), 30.3 CH,CHj3), 20.8 (CH of OAc), 20.7 (CH of
OAc), 20.7 (CH of OAc), 20.6 (CH of OAc), 20.4 (CH of OAc), 9.5 (CHCHj3). IR (film

on NaCl): 3429, 2115, 1748, 1646 ¢mHRMS (ESI+):m/z calcd for GsHsgNgOo1 + HY

[M+H]* 1058.3591, found 1058.3593.

N,N’-di-(2-Acetamido-2-deoxy-3,4,6-triO-acetyl$-D-glucopyranosyl-1,2,3-triazol-4-
ylmethylamide)-1,2,3-triazol-4-ylmethylamide)N’’-propyl-5-aminobenzene-1,3-
dicarboxamide (7e). Prepared from6 and 2-acetamido-2-deoxy-,3,4,6-@®+acetyl-1$-
azidoD-glucopyranosid¥ according to Method B: yellow amorphous solid (60, M2 %).
Ri = 0.36 (DCM:MeOH 9:1)[a]Z® -30 (c 0.4, DCM)*H NMR (500 MHz,ds-Pyr): & 10.87
(s, 1H, NH), 9.88 (tJ = 5.6 Hz, 2H, NH), 9.74 (d} = 9.0 Hz, 2H, NH), 8.90 (s, 2H, triaz-H),
8.62 (s, 2H, Ar-H), 8.57 (s, 1H, Ar-H), 6.77 @= 9.9 Hz, 2H, H-1), 6.06 (f = 9.6 Hz, 2H,
H-3 or 4), 5.61 (t) = 9.7 Hz, 2H, H-2), 5.23 — 5.14 (m, 2H, H-3 or4}8 (ddJ = 12.3, 5.0
Hz, 2H, H-6), 4.38 (dJ = 8.2 Hz, 2H, H-5), 4.32 (d,= 12.3 Hz, 2H, H-6'), 2.43 (4l = 7.5
Hz, 2H, (H,CHg), 2.10 (s, 3H, OAc), 2.01 (s, 3H, OAc), 1.89 (8, DAc), 1.72 (s, 3H,
OAc), 1.19 (t,J = 7.6 Hz, 3H, CHCHs). IR (ATR): 3305, 3078, 2924, 2850, 1743, 1667,
1651, 1529 ci. HRMS (ESI+):m/zcalcd for GsHs/N11019+ H' [M+H] *1056.3910, found

1056.3942.

N,N’-di-[{4- O-(2,3,4,6-tetraO-acetyl$-D-galactopyranosyl)-2,3,6-triO-acetyl$-D-
glucopyranosyl}-1,2,3-triazol-4-ylmethylamide)N” -propyl-5-aminobenzene-1,3-
dicarboxamide (7f). Prepared fron® and 40-(2,3,4,6-tetra®-acetyl$-D-galactopyranosyl)-
2,3,6-tri-O-acetyl-18-azidoD-glucopyranosid€ according to Method B: sticky, yellow

amorphous solid (102mg, 72 %) R 0.62 (DCM:MeOH 9:1)[a]%? 11 (c 1, DCM).’H



NMR (500 MHz, CDCJ): § 8.55 (s, 1H, MICOGHs), 7.93 — 7.84 (m, 6H, NCH,-triaz,
triaz-H and Ar-H), 7.68 (s, 1H, Ar-H), 5.84 (@= 9.2 Hz, 2H, H-1 Gal), 5.53 — 5.45 (m, 2H,
H-2 Gal), 5.40 (ddJ = 11.2, 7.2 Hz, 2H, H-3 Gal), 5.35 (dii= 7.0, 3.5 Hz, 2H, H-4 Glc),
5.11 (dd,J = 10.3, 7.9 Hz, 2H, H-2 GIc), 5.02 — 4.96 (m, 2H3 Glc), 4.63 (ddJ = 6.8, 4.3
Hz, 4H, (Hy-triaz), 4.57 (dJ = 7.9 Hz, 2H, H-1 Glc), 4.47 (dd,= 11.1, 7.8 Hz, 2H, H-6
Glc), 4.18 — 4.05 (m, 6H, H-6’ Glc and H-6 and H{&al)), 4.04 — 3.99 (m, 2H, H-4 Gal),
3.93 (dd,J = 14.4, 8.4 Hz, 4H, H-5 Gal and H-5 Glc), 2.40Jg, 7.2 Hz, 2H, E&,CHs), 2.19
—1.92 (m, 42H, OAc x14), 1.81 (s, 3H), 1.19Jt 7.5 Hz, 2H, CHCHs). **C NMR (125
MHz, CDCh): § 173.1 COC;Hs), 170.4 CO of OAc), 170.1 CO of OAc), 170.1 CO of
OAc), 169.6 CO of OAc), 169.5 CO of OAc), 169.1 CO of OAc), 166.6 CONHCH,-
triaz), 145.6 (C-triaz), 138.9 (Ar-C), 134.7 (Ar;()21.5 (CH-triaz), 121.2 (A€H), 120.7
(Ar-CH), 101.1 (C-1 Glc), 85.5 (C-1 Gal), 76.0 (C-5 G&lp.6 (C-4 Gal), 72.6 (C-3 Gal),
70.9 (C-3 Glc), 70.8 (C-2 Gal), 70.7 (C-5 Glc) ,.BIC-2 Glc), 66.7 (C-4 Glc), 61.9 (C-6
Glc), 60.8 (C-6 Gal), 35.5 (@-triaz), 30.4 CH,CHjs), 20.7 (CH of OAc), 20.6 (CH of
OACc), 20.6 (CH of OAc), 20.5 (CH of OAc), 20.4 (CH of OAc), 20.3, 9.5 (CkKCH3). IR
(flm on NaCl): 3293, 2942, 1749, 1656, 1599, 1537 . HRMS (ESI+):m/z calcd for

CooHgaNoOs7+ H' [M+H] " 1634.5281, found 1634.5287.

N,N’-di-(p-D-galactopyranosyl-1,2,3-triazol-4-ylmethylamide)N" -propyl-5-
aminobenzene-1,3-dicarboxamide (2a)White amorphous solid (60 mg, 94 %}]2°> +12.7
(c 0.5, HO). *H NMR (500 MHz, DO): § 8.24 (s, 2H, triaz-H), 7.85 (s, 2H, Ar-H), 7.79 (s
1H, Ar-H), 5.66 (dJ = 8.8 Hz, 2H, H-1), 4.64 (s, 4HHz-triaz), 4.20 (tJ = 9.2 Hz, 2H, H-
2), 4.08 (d,J = 8.6 Hz, 2H, H-4), 3.97 (s, 2H, H-5), 3.86 J&k 9.7 Hz, 2H, H-3), 3.75 (d,=
4.7 Hz, 2H, H-6 and H-6"), 2.37 (d, = 7.4 Hz, 2H, @,CH3), 1.12 (t,J = 7.3 Hz, 3H,
CH,CHs). °C NMR (125 MHz, BO): § 176.8 COC,Hs), 169.0 CONHCH,-triaz), 145.2

(C-triaz), 138.2, 134.6 (AG), 123.0 CH-triaz), 122.9, 122.1 (AGH), 88.1 (C-1), 78.3 (C-



5), 72.9 (C-3), 69.8 (C-2), 68.6 (C-4), 60.9 (C-85.1 (QGHy-triaz), 29.9 CH,CHa), 9.2
(CH,CHs). IR (KBr): 3368, 2940, 2121, 1649, 1598, 1546'ciHRMS (ESI+):m/zcalcd. for

C29H40N9013'*'HJr [M+H] * 722.2746, found 722.2730.

N,N’-di-(p-L-fucopyranosyl-1,2,3-triazol-4-ylmethylamide)N"-propyl-5-aminobenzene-
1,3-dicarboxamide (2b).Pale yellow amorphous solid (76 mg, 92 %®]3* +4.3 (c 0.4,
H,0). *H NMR (500 MHz, BO): § 8.22 (d,J = 4.1 Hz, 2H, triaz-H), 7.88 (d,= 1.5 Hz, 2H,
Ar-H), 7.81 (s, 1H, Ar-H), 5.65 — 5.61 (d,= 9.2 Hz, 2H, H-1), 4.65 (s, 4H H>-triaz), 4.15
(t, 3= 9.5 Hz, 2H, H-2), 4.08 — 4.02 (m, 2H, H-5), 3:98.82 (m, 4H, H-3 and H-4), 2.37 (q,
J=7.6 Hz, 2H, ©,CHs), 1.25 — 1.22 (m, 6H, CBk), 1.12 (t,J = 7.6 Hz, 3H, CHCHa). °C
NMR (125 MHz, DO): § 176.6 COC,Hs), 168.7 CONHCH,-triaz), 144.8 C-triaz), 138.2
(Ar-C), 134.4 (Ar-C), 123.0QH-triaz), 122.7 (Ar€H), 121.9 (ArCH), 88.1 (C-1), 74.4 (C-
5), 73.1 (C-3), 71.2 (C-4), 69.5 (C-2), 35.0H&triaz), 29.9 CH,CHs), 15.5 (C-6), 9.1
(CH,CHs). IR (ATR): 3261, 2917, 2851, 1646, 1601, 1536'cHRMS (ESI+):m/zcalcd for

ngH39N9011+ H+ [M+H] * 690.6910, found 690.6923.

N,N’-di-[2-O-(p-D-galactopyranosyl)-ethyl-1,2,3-triazol-4-yImethylanide)-N"-propyl-5-
aminobenzene-1,3-dicarboxamide (2cPale brown amorphous solid (55 mg, 91 $)3°
+2.9 (c 0.3, HO). *H NMR (500 MHz, DO): § 8.10 (s, 2H, triaz-H), 8.00 (d,= 1.5 Hz, 2H,
Ar-H), 7.93 (s, 1H, Ar-H), 4.73 — 4.67 (m, 8HH&triaz and &1,CH,), 4.39 — 4.27 (m, 4H,
H-1 and GICH,), 4.18 — 4.10 (m, 2H, IGCH,), 3.90 (dd,J = 3.4, 0.8 Hz, 2H, H-4), 3.77 —
3.68 (M, 4H, H-6 and H-6’), 3.68 — 3.61 (m, 2H, H-8.59 (dd,J = 9.9, 3.4 Hz, 2H, H-3),
3.48 (ddJ = 10.0, 7.8 Hz, 2H, H-2), 2.47 (d,= 7.6 Hz, 2H, ®,CHs), 1.20 (tdJ = 7.6, 1.6
Hz, 3H, CHCH3). *C NMR (125 MHz, BO): § 176.8 COC,Hs), 168.8 CONHCH,-triaz),
144.3 C-triaz), 138.1 (Ar-C), 134.6 (Ar-C), 124.&H-triaz), 123.0 (Ar€H), 122.1 (Ar-
CH), 103.0 (C-1), 75.1 (C-5), 72.6 (C-3), 70.6 (C&8.5 (C-4), 60.9 (C-6), 35.CH,-triaz),

29.9 CH2CHg), 9.2 (CHCH3). IR (KBr): 3365, 3323, 3117, 3053, 2977, 29428281691,



1651, 1614, 1564 ¢ HRMS (ESI+):m/z calcd for GaHagNgOis + H [M+H]* 810.3270,

found 810.3322.

N,N’-di-(a-D-mannopyranosyl-1,2,3-triazol-4-ylmethylamide)N’-propyl-5-
aminobenzene-1,3-dicarboxamide (2dPale yellow amorphous solid (42 mg, 88 Ja)}3>
+19.1 (c 0.4, KHO). 'H NMR (500 MHz, DO): § 8.14 (s, 2H, triaz-H), 7.85 (s, 2H, Ar-H),
7.78 (s, 1H, Ar-H), 6.08 (s, 2H, H-1), 4.75 (s, H12), 4.64 (s, 4H, B,-triaz), 4.14 (dd,) =
9.0, 3.2 Hz, 2H, H-3), 3.86 — 3.74 (m, 6H, H-4 &h® and H-6"), 3.38 — 3.29 (m, 2H, H-5),
2.37 (9,J = 7.6 Hz, 2H, ®,CHs), 1.12 (t,J = 7.6 Hz, 3H, CHCHa3). **C NMR (125 MHz,
D,0): § 176.4 COC,Hs), 168.5 CONHCH,-triaz), 145.0 C-triaz), 138.2 (ArC), 134.4 (Ar-
C), 123.7 CH-triaz), 122.4 (Ar€H), 121.7 (ArCH), 86.7 (C-1), 76.2 (C-5), 70.6 (C-3), 68.3
(C-2), 66.6 (C-4), 60.5 (C-6), 35.0 (Gitiaz), 29.9 CH,CHs), 9.1 (CHCHs). IR (KBr):
3375, 2941, 1649, 1555 ¢mHRMS (ESI+): m/z calcd for GeHagNgOi13 + H' [M+H]*

722.2746, found 722.2740.

N,N’-di-(2-Acetamido-2-deoxyp-D-glucopyranosyl-1,2,3-triazol-4-ylmethylamide)-1,3-
triazol-4-ylmethylamide)-N" -propyl-5-aminobenzene-1,3-dicarboxamide  (2e). Pale
yellow amorphous solid (34 mg, 75 %]% -5.2 (c 0.3, HO). *H NMR (500 MHz, RO): &
8.20 (s, 2H, triaz-H), 8.01 (8, = 3.9 Hz, 2H, Ar-H), 7.96 — 7.89 (m, 1H, Ar-H)86.(d,J =
9.7 Hz, 2H, H-1), 4.72 — 4.66 (m, 4HHgtriaz), 4.27 (tJ = 10.0 Hz, 2H, H-2), 4.01 — 3.64
(m, 10H, H-3, H-4, H-5, H-6 and H-6"), 2.48 (@,= 7.6 Hz, 2H, ©,CHs), 1.79 (s, 3H,
NHAC), 1.21 (t,J = 7.6 Hz, 3H, CHCH3). 1*C NMR (125 MHz, DO): & 176.8 COCHs),
174.1 CO of NHAC), 168.9 CONHCH,-triaz), 123.2 (Ar€H), 122.8 (CH-triaz), 122.2 (Ar-
CH), 86.4 (C-1), 78.9 (C-5), 73.5 (C-3), 69.3 (C-@0.4 (C-6), 55.4 (C-2), 35.0 KG-triaz),
30.0 CH,CHs), 21.6 (CH of NHAC), 9.2 (CHCHa). IR (ATR): 3370, 2943, 1648, 1557 tm

! HRMS (ESI+):m/zcalcd for GsHasN1:0:3+ Na' [M+Na]* 826.3096, found 826.3102.



N,N’-di-[{4-O- B-D-galactopyranosylf-D-glucopyranosyl}-1,2,3-triazol-4-
ylmethylamide)-N"- propyl-5-aminobenzene-1,3-dicarboxamide (2f).White amorphous
(65 mg, 90 %)[a]Y +1.5 (c 0.6, HO). *H NMR (500 MHz, DO): 6 8.16 (s, 2H, triaz-H),
7.91 (s, 2H, Ar-H), 7.84 (s, 1H, Ar-H), 5.72 @z= 9.2 Hz, 2H, H-1 Glc), 4.64 (s, 4HHz
triaz), 4.45 (dJ = 7.8 Hz, 2H, H-1 Gal), 4.00 (8, = 9.0 Hz, 2H, H-2 Glc), 3.93 — 3.87 (m,
3H, H-6 Glc and H-4 Gal), 3.85 — 3.79 (m, 4H, H-B,G1-4 Glc, H-5 Glc and H-6" Glc),
3.78 — 3.65 (m, 4H, H-6 Gal, H-6" Gal and H-5 G&)65 — 3.57 (m, 2H, H-3 Gal), 3.56 —
3.49 (m, 2H, H-2 Gal), 2.38 (d, = 7.6 Hz, 1H, El,CHs), 1.12 (dd,J = 9.4, 5.8 Hz, 3H,
CH,CHs). *C NMR (125 MHz, BO): § 168.8 CONHCH,-triaz), 145.0 C-triaz), 138.2 (Ar-
C), 134.4 (ArC), 123.1 CH-triaz), 122.8 (Ar€H), 102.8 (C-1 Gal), 87.2 (C-1 Glc), 77.6 (C-
4/5 Glc), 77.2 (C-4/5 Glc), 75.3 (C-5 Gal), 74.43G3Ic), 72.4 (C-3 Gal), 71.9 (C-2 Glc),
70.9 (C-2 Gal), 68.5 (C-4 Gal), 61.0 (C-6 Gal), BYC-6 Glc), 35.0 (B-triaz), 29.8
(CH,CHs), 9.1 (CHCHs). IR (KBr): 3412, 2923, 2125, 1644, 1548 tnRMS (ESI+):m/z

calcd for GiHsoNgO23+ H' [M+H] " 1046.3802, found 1046.2788.

N-(prop-2-yn-1-yl)-3-propionamidobenzamide (9).3-aminobenzoic acid (2 g, 14.6 mmol)
was dissolved in anhydrous THF (15 mL) underaxd propionyl chloride (3.19 mL, 36.5
mmol) was added dropwise. The mixture was allowedtir for 5 min and NEt(6.1 mL,
43.8 mmol) was added slowly. The reaction was tefistir for 16 h. The solvent was
removedin vacuo The crude mixture was dissolved in ethyl acef@@emL), washed with
0.5 M HCI (30 mL), and dried (MgS2 The mixture was filtered and the solvent was
removed under reduced pressure to yield the praghijptopionylamino)benzoic acid as an
off-white amorphous (0.637 g, 23 %) which was usgtiout further purification. This acid
(0.307 g, 1.59 mmol) and TBTU (0.56 g, 1.75 mmodrevdissolved in anhydrous DMF (15
mL) under N. NEt (0.3 mL, 2.38 mmol) was added, and the reactiorturéxwas stirred for

10 min on ice. Propargylamine (0.15 mL, 2.38 mma}s added, and the reaction was stirred



for 16 h at rt. The solvent was removadvacuo The crude mixture was dissolved in ethyl
acetate (30 mL), washed with 0.5 M HCI (30 mL), $&HCQ (30 mL) and brine (30 mL),
and dried (MgSQ). The mixture was filtered and the solvent wasaeed in the rotatory
evaporator to yield produ& pale yellow amorphous (0.359 g, 98 %). NMR (500 MHz,
ds-DMSO0): § 9.99 (s, 1H, MICH,CCH), 8.86 (s, 1H, NCOGHs), 8.04 (s, 1H, Ar-H), 7.77
(d,J=8.2Hz, 1H, Ar-H), 7.48 (d] = 7.7 Hz, 1H, Ar-H), 7.37 ({ = 7.9 Hz, 1H, Ar-H), 4.03
(dd,J = 5.5, 2.4 Hz, 2H, B,CCH), 3.10 (tJ = 2.3 Hz, 1H, CKHCCH), 2.32 (q,J = 7.5 Hz,
2H, CH,CHs), 1.08 (t,J = 7.5 Hz, 3H, CHCHs). **C NMR (125 MHz,de-DMSO): § 172.6
(COC;Hs), 166.4 CONHCH,-triaz), 139.9 (Ar-C), 135.0 (Ar-C), 129.1 (A&H), 122.3 (Ar-
CH), 121.8 (ArCH), 118.9 (ArCH), 81.8 (CHCCH), 73.2 (CHCCH), 30.0 CH,CHs), 29.0
(CH,CCH), 10.1 (CHCH3). IR (KBr): 3365, 3321, 3298, 3117, 2977, 29429061652,

1562 cnt. HRMS (ESI+):m/zcalcd for GaH1sN,0, +H' [M+H]* 231.1134, found 231.1135.

N-(2,3,4,6-tetraO-acetyl$-D-galactopyranosyl-1,2,3-triazol-4-ylmethylamide)N’-
propyl-3-aminobenzene-1-carboxamide (10aPrepared fron® and 2,3,4,6-tetr®-acetyl-
1-B-azidoD-galactopyranosid® according to Method A: Off-white amorphous soliB%2
mg, 83%). = 0.45 (DCM:MeOH 9:1).[a]¥ -6.9 (c 0.9, DCM)."H NMR (500 MHz,
CDCly): 6 8.62 (s, 1H, ICOGHs), 7.95 (s, 1H, triaz-H), 7.89 — 7.78 (m, 2H, AnxBl), 7.72
(s, 1H, NHCH,-triaz), 7.48 (d,J) = 7.4 Hz, 1H, Ar-H), 7.28 () = 7.8 Hz, 1H, Ar-H), 5.91 (d,
J = 9.2 Hz, 1H, H-1), 5.56 (m, 2H, H-2 and H-4),4635.24 (m, 2H, H-3), 4.68 (dd,=
14.5, 3.5 Hz, 2H, 8,-triaz), 4.31 (tJ = 6.1 Hz, 1H, H-5), 4.15 (dd,= 11.5, 6.8 Hz, 2H, H-
6 and H-6"), 2.39 (q) = 7.4 Hz, 2H, E&1,CHa), 2.18 (s, 3H, OAc), 2.00 (s, 6H, OAc x2), 1.82
(s, 3H, OAc), 1.18 (tJ = 7.5 Hz, 3H, CHCHs). **C NMR (125 MHz, CDGJ): 5 173.0
(NHCOGC,Hs), 170.4 (CO of OAc), 170.1 (CO of OAc), 169.9 (@OOAc), 169.1 (CO of
OAc), 167.5 CONHCH,-triaz), 145.4 (C-triaz), 138.8 (Ar-C), 134.5 (A}C129.1 (ArCH),

123.1 (ArCH), 122.3 (ArCH), 121.6 (CH-triaz), 118.5 (AGH), 86.1 (C-1), 73.9 (C-5), 70.8



(C-3), 68.0 (C-2), 66.9 (C-4), 61.2 (C-6), 35BH;-triaz), 30.4 (CHCH3), 20.6 (CH of
OAc), 20.6 (CH of OAc), 20.5 (CH of OAc), 20.2 (CH of OAc), 9.6 (CHCHs). IR (film
on NaCl): 3311, 2980, 1753, 1652, 1591, 1553'chIRMS (ESI+):m/z calcd for G/Hz4N-

5011 +H" [M+H] " 604.2255, found 604.2262.

N-(2,3,4-tri-O-acetyl$-L-fucopyranosyl-1,2,3-triazol-4-ylmethylamide)N’-propyl-3-
aminobenzene-1-carboxamide (10b)Prepared from® and 2,3,4-tri©-acetyl-18-azido-L-
fucopyranosid& according to Method A: Off-white amorphous soli@) (@g, 76 %). R-0.56
(DCM:MeOH 9:1). [a]2°. +16.1 (c 1, DCM)H NMR (500 MHz, CDC)): & 8.32 (s, 1H,
NHCOGHs), 7.90 (s, 1H, triaz-H), 7.87 (d,= 8.0 Hz, 1H, Ar-H), 7.77 (s, 1H, Ar-H), 7.46
(m, 2H, Ar-H and NHCH,-triaz), 7.28 (tJ = 8.0 Hz, 1H, Ar-H), 5.78 (d] = 9.2 Hz, 1H, H-
1), 5.52 — 5.46 (m, 1H, H-2), 5.35 @= 2.9 Hz, 1H, H-4), 5.24 (dd,= 10.3, 3.4 Hz, 1H, H-
3), 4.66 (dd,J = 15.2, 5.6 Hz, 2H, B,-triaz), 4.11 (q,) = 6.4 Hz, 1H, H-5), 2.37 (g = 7.5
Hz, 2H, GH,CHs), 2.20 (s, 3H, OAc), 1.97 (s, 3H, OAc), 1.81 (8, ®AC), 1.26 — 1.13 (m,
6H, C6H; and CHCHs). **C NMR (125 MHz, CDGJ): § 171.8 COCHs), 169.5 (CO of
OAc), 168.9 (CO of OAc), 168.2 (CO of OAc), 166@QNHCH,-triaz), 144.3 (CH-triaz),
137.8 (Ar-C), 133.6 (Ar-C), 128.2 (ABH), 122.1 (ArCH), 121.4 (ArCH), 120.4 (CH-
triaz), 117.4 (Ar€H), 85.3 (C-1), 71.7 (C-5), 70.2 (C-3), 68.9 (C-8J,2 (C-2), 34.4QH.-
triaz), 29.5 CH.CHg), 19.7 (CH of OAc), 19.5 (CH of OAc), 19.3 (CH of OAc), 15.0 (C-
6), 8.6 (CHCHs3). IR (film on NaCl): 3308, 3146, 3085, 2985, 292248, 1750, 1647, 1591,
1553 cnt. HRMS (ESI+): m/z calcd for GsHaoNsOg + H' [M+H]* 546.2200, found

546.2197.

N-[2-O-(2,3,4,6-tetraO-acetyl$-D-galactopyranosyl)-ethyl-1,2,3-triazol-4-
ylmethylamide)-N’-propyl-3-aminobenzene-1-carboxamide (10cPrepared fron® and2-
0-(2,3,4,6-tetrad@-acetyl$-D-galactopyranosyl)ethyl azitfeaccording to Method A: Off-

white amorphous solid (97 mg, 88 %)=R.36 (DCM:MeOH 9:1)[a]Z®-3.1 (c 1, DCM)H



NMR (500 MHz, CDC}): 6 8.41 (s, 1H, MICOG,Hs), 7.90 (d,J = 8.0 Hz, 1H, ArH), 7.80
(s, 1H, ArH), 7.63 (s, 1H, tria#d), 7.56 (t,J = 5.1 Hz, 1H, MCH,-triaz), 7.46 (dJ = 7.7
Hz, 1H, ArH), 7.27 (tJ = 8 Hz, 1H, ArH), 5.34 (ddJ = 3.4, 1.0 Hz, 1H, H-4), 5.11 (dd=
12.5, 6.2 Hz, 1H, H-2), 4.96 (dd,= 10.5, 3.4 Hz, 1H, H-3), 4.69 —4.59 (m, 2H&riaz),
4.56 — 4.44 (m, 2H, B,CH;0), 4.42 (d, J=7.9, 1H, H-1), 4.18 (dt= 10.5, 4.1 Hz, 1H,
CHO-Gal), 4.08 (dd)) = 11.3, 6.6 Hz, 2H, H-6 and H-6"), 3.95 — 3.85 @h|, CHO-Gal and
H-5), 2.36 (qJ = 7.5 Hz, 2H, EI,CHs), 2.09 (s, 3H, OAc), 1.99 (s, 3H, OAc), 1.93 (s, 3
OAc), 1.90 (s, 3H, OAc), 1.16 (3,= 7.6 Hz, 3H, CHCHs). *C NMR (125 MHz, CDGJ): §
172.8 COC;Hs), 170.4 (CO of OAc), 170.2 (CO of OAc), 170.0 (6OOAc), 169.7 (CO of
OAcC), 167.3 CONHCH,-triaz), 144.5 C-triaz), 138.9 (Ar-C), 134.6 (Ar-C), 129.1 (/GH),
123.8 (CH-triaz), 123.0 (AGH), 122.2 (ArCH), 118.5 (ArCH), 100.9 (C-1), 70.9 (C-5),
70.6 (C-3), 68.6 (C-2), 67.5 (GHH,O-Gal), 66.9 (C-4), 61.2 (C-6), 50.CH,CH,O-Gal),
35.5 CHyx-triaz), 30.5 CH,CHs), 20.6 (CH of OAc), 20.6 (CH of OAc), 20.6 (CH of
OAc), 20.5 (CH of OAc), 9.6 (CHCHs). IR (film on NaCl): 3312, 3146, 2980, 2941, 2250,
2111, 1750, 1649, 1591, 1552 ¢nHRMS (ESI+):m/zcalcd for GoHsNsO12 + H [M+H] *

648.2517, found 648.2581.

N-(B-D-galactopyranosyl-1,2,3-triazol-4-ylmethylamide)N’-propyl-3-aminobenzene-1-
carboxamide (1a). White amorphous solid (73 mg, 92 %¥]Y +11.6 (c 0.7, HO). *H
NMR (500 MHz, BO): & 8.09 (s, 1H, triaz-H), 7.55 @,= 1.8 Hz, 1H, Ar-H), 7.34 (ddd}, =
8.0, 2.1, 1.0 Hz, 1H, Ar-H), 7.32 — 7.29 (m, 1H/HA), 7.21 (t,J = 7.9 Hz, 1H, Ar-H), 5.53
(d,J= 9.2 Hz, 1H, H-1), 4.48 (s, 2H Hx-triaz), 4.07 (tJ = 9.5 Hz, 1H, H-2), 3.93 (dd, =
3.3, 0.6 Hz, 1H, H-4), 3.83 (td,= 6.0, 0.8 Hz, 1H, H-5), 3.72 (dd~ 9.8, 3.3 Hz, 1H, H-3),
3.62 (d,J = 6.1 Hz, 2H, H-6 and H-6), 2.24 — 2.18 (o= 7.7 Hz, 2H, E,CHs), 0.99 (t,J =
7.6 Hz, 3H, CHCH3). 13C NMR (125 MHz, DO): § 176.5 (NHCOC;Hs), 169.7 CONHCH,-

triaz), 145.0 C-triaz), 137.5 (Ar-C), 133.7 (Ar-C), 129.4 (AGH), 124.8 (ArCH), 123.5 (Ar-



CH), 123.1 CH-triaz), 119.8 (ArCH), 88.2 (C-1), 78.3 (C-5), 72.9 (C-3), 69.8 (C-83.6
(C-4), 60.9 (C-6), 34.9QH-triaz), 29.8 CH,CHs), 9.2 (CHCHs). IR (ATR): 3268, 1643,
1588, 1542 cm. HRMS (ESI+):m/z calcd for GgHagNsO7 +H [M+H] " 436.1882, found

436.1826.

N-(B-L-fucopyranosyl-1,2,3-triazol-4-ylmethylamide)N’-propyl-3-aminobenzene-1-
carboxamide (1b).Yellow amorphous solid (63 mg, 94 %]3° -6.3 (c 0.6, HO). *H NMR
(500 MHz,ds-DMSO): § 10.02 (s, 1H, NCOGHs), 9.01 (t,J = 5.6 Hz, 1H, MCH,-triaz),
8.07 (m, 2H, triaz-H and Ar-H), 7.82 (d= 8.2 Hz, 1H, Ar-H), 7.56 (d] = 7.7 Hz, 1H, Ar-
H), 7.40 (t,J = 7.9 Hz, 1H, Ar-H), 5.47 (d) = 9.2 Hz, 1H, H-1), 5.20 (d] = 5.9 Hz, 1H,
OH), 4.96 (dJ = 5.4 Hz, 1H, OH), 4.67 (dl = 5.7 Hz, 1H, OH), 4.61 — 4.49 (m, 2HHE
triaz), 3.99 (dd) = 15.0, 9.1 Hz, 1H, H-2), 3.89 (4,= 6.4 Hz, 1H, H-5), 3.56 (m, 2H, H-3
and H-4), 2.36 (q) = 7.6 Hz, 2H, E1,CHs), 1.16 (dJ = 6.4 Hz, 3H, C6H3), 1.12 (t,J= 7.5
Hz, 3H, CHCHs). °C NMR (125 MHz,ds-DMSO): § 172.6 COC,Hs), 166.7 CONHCH,-
triaz), 145.6 (C-triaz), 139.9 (Ar-C), 135.3 (Ar;aR9.1 (ArCH), 122.3 (ArCH), 122.0 (Ar-
CH), 122.0 CH-triaz), 119.0 (Ar€H), 88.5 (C-1), 74.4 (C-3), 73.7 (C-5), 71.6 (C-89.5
(C-2), 35.4 CHy-triaz), 30.0 CH,CHs), 16.9 (C-6), 10.1 (CKCH5). IR (KBr): 3401, 2925,
1645, 1589, 1542 cih HRMS (ESI+):m/z caled for GoHasN,O; + HY [M+H] " 436.1832,

found 436.1849.

N-[2-O-(p-D-galactopyranosyl)-ethyl-1,2,3-triazol-4-ylmethylane)-N’-propyl-3-
aminobenzene-1-carboxamide (1cDff-white amorphous solid (104 mg, 87 %]3* +3.8

(c 1, MeOH).'H NMR (500 MHz, BO): § 8.00 (s, 1H, triaz-H), 7.75 (s, 1H, Ar-H), 7.56-
7.53 (m, 2H, Ar-H), 7.40 (t) = 7.8 Hz, 1H, Ar-H), 4.50-4.46 (m, 4H,Hz-triaz and
CH,CHy), 4.29-4.20 (m, 2H, H-1 andHCH,), 4.15-4.10 (m, 1H, BCH,), 3.89 (s, 1H, H-4),
3.80-3.40 (m, 5H, H-6, H-6', H-2, H-3 and H-5), 2.3s, 2H, ®&,CHs), 1.08 (s, 3H,

CH,CHs). °C NMR (125 MHz, BO) § 176.9 COC,Hs), 168.8 CONHCH-triaz), 144.4 C-



triaz), 137.3 (Ar-C), 134.0 (Ar-C), 130.7 (AH), 129.6, 127.8 (AEH), 126.6 (ArCH),
125.2 CH-triaz), 123.8, 122.1 (AGH), 103.0 (C-1), 75.1 (C-5), 72.6 (C-3), 70.6 (G-@3.5
(C-4), 67.8 CH2CHy), 60.9 (C-6), 50.8 GHCH,), 34.8 CHy-triaz), 29.8 CH,CHa), 9.3
(CHCHa). IR (KBr): 3400, 2934, 2615, 1648, 1590, 1549'ctHRMS (ESI+):m/zcalcd for

C21H29Ns0g + H [M+H] © 480.2094, found 480.2107.

N,N’,N” -tri-(2,3,4,-tri- O-acetyl$-L -fucopyranosyl-1,2,3-triazol-4-ylmethylamide)-
benzene-1,3,5-tricarboxamide (12b)Prepared froml1*® and 2,3,4-tri©-acetyl-1$-azido-
L-fucopyranosid® according to Method A: yellow amorphous solid (98,2 %).[«]3
+24.7 (c 0.9, DCM)*H NMR (500 MHz, CDCJ): § 8.22 (s, 3H, Ar-H), 8.06 (s, 3H,HCH,-
triaz), 8.00 (s, 3H, triaz-H), 5.89 (d= 9.2 Hz, 3H, H-1), 5.55 (] = 9.7 Hz, 3H, H-2), 5.36
(d, J = 3.0 Hz, 3H, H-4), 5.25 (dd}, = 10.2, 3.3 Hz, 3H, H-3), 4.68 (dd,= 58.5, 10.9 Hz,
6H, CH,-triaz), 4.17 (qJ = 6.2 Hz, 3H, H-5), 2.21 (s, 9H, OAc), 1.98 (s,, IAc), 1.77 (s,
9H, OAc), 1.21 (dJ = 6.3 Hz, 9H, C6-h). **C NMR (125 MHz, CDGJ): 5 169.5 (CO of
OAc), 168.9 (CO of OAc), 168.2 (CO of OAc), 165AQNHCH,-triaz), 144.4 C-triaz),
127.7 (Ar-CH), 120.6QH-triaz), 85.3 (C-1), 71.7 (C-5), 70.2 (C-3), 68®4), 67.2 (C-2),
34.4 CHy-triaz), 19.7 (CH of OAc), 19.6 (CH of OAc), 19.3 (CH of OAc), 15.0 (C-6). IR
(KBr): 3411, 2989, 2942, 2115, 1751, 1659, 1537 cHRMS (ESI+): m/z calcd for

CsoHe7N 15020+ H [M+H] y 1179.4595, found 1179.4610.

N,N’,N” -tri-[2- O-(2,3,4,6-tetraO-acetylf-D-galactopyranosyl)-ethyl-1,2,3-triazol-4-
ylmethylamide)-benzene-1,3,5-tricarboxamidg12c). Prepared fronll and 20-(2,3,4,6-
tetraO-acetyl8-D-galactopyranosyl)ethyl azitfe according to Method A: Off-white
amorphous solid (69 mg, 50 %n]3* -5.8 (¢ 0.7, DCM).!H NMR (500 MHz, CDCJ): &
8.22 (s, 3H, MICH,-triaz), 8.16 (s, 3H, triakt), 7.67 (s, 3H, AiH), 5.34 (d,J = 3.2 Hz, 3H,
H-4), 5.12 (ddJ = 10.4, 8.0 Hz, 3H, H-2), 4.98 (dd~ 10.5, 3.4 Hz, 3H, H-3), 4.79 — 4.50

(m, 12H, G -triaz and G1,CH,0), 4.47 (d,J = 7.9 Hz, 3H, H-1), 4.28 — 4.18 (m, 3HHO-



Gal), 4.09 (ddJ = 11.3, 6.6 Hz, 6H, H-6 and H-6'), 4.00-3.86 (nh,8HO-Gal and H-5),
2.11 (s, 9H, OACc), 2.00 (s, 9H, OAc), 1.93 (s, 18#c x 2).°C NMR (125 MHz, CDG)):

6 170.4 (CO of OAc), 170.1 (CO of OAc), 170.0 (COAC), 169.7 (CO of OAc), 165.9
(CONHCH,-triaz), 144.7 C-triaz), 134.6 (Ar-C), 128.50H-triaz), 123.6 (ArcH), 100.9 (C-
1), 70.6 (C-5), 68.6 (C-3), 67.5 (C-2), 67.0 ({CH,O-Gal), 61.2 (C-4), 50.1 (C-6), 35.5
(CHy-triaz), 20.7 (CH of OAc), 20.6 (CH of OAc), 20.6 (CH of OAc), 20.5 (CH of OAc).
IR (film on NaCl): 3391, 2939, 1748, 1661, 1537 tnHRMS (ESI+): m/z calcd for

CesHgaN 15033+ H [M+H] " 1573.5342, found 1574.5422.

N, N, N”-tri-( p-D-galactopyranosyl-1,2,3-triazol-4-ylmethylamide)-bezene-1,3,5-
tricarboxamide (39). Prepared from N,N’,N”-tri-(2,3,4,6-tetra©-acetyl$-D-
galactopyranosyl-1,2,3-triazol-4-ylmethylamide)-bene-1,3,5-tricarboxamide 12a).%’
Yellow amorphous solid (63 mg, 89 %x]3 +11.1 (c 0.6, HO). *H NMR (500 MHz, DO):
§ 8.24 (s, 3H, triaH), 8.19 (s, 3H, AH), 5.65 (d,J = 9.2 Hz, 3H, H-1), 4.64 (s, 6H,H-
triaz), 4.19 (tJ = 9.5 Hz, 3H, H-2), 4.06 (d, = 3.2 Hz, 3H, H-4), 3.96 (f = 6.1 Hz, 3H, H-
5), 3.85 (dd,) = 9.8, 3.3 Hz, 3H, H-3), 3.74 (d= 6.0 Hz, 6H, H-6 and H-6"}°C NMR (125
MHz, D,0): § 168.1 CONHCH-triaz), 144.8 (C-triaz), 134.3 (AB), 129.2 (ArCH), 123.2
(CH-triaz), 88.2 (C-1), 78.3 (C-5), 73.0 (C-3), 9C-2), 68.6 (C-4), 60.9 (C-6), 35.CH»-
triaz). IR (KBr): 3402, 1658, 1539, cmMHRMS (ESI+):m/z calcd for GgHagN1,015 + H

[M+H]* 937.3288, found 937.3201.

N,N’,N” -tri-( B-L-fucopyranosyl-1,2,3-triazol-4-ylmethylamide)-benzee-1,3,5-
tricarboxamide (3b). Yellow amorphous solid (53 mg, 88 %x]3"° -5.6 (c 0.5, HO). 'H
NMR (500 MHz, DO): & 8.26 (s, 3H, AH), 8.25 (s, 3H, triat), 5.66 (d,J = 9.2 Hz, 3H,
H-1), 4.70 (s, 6H, Btriaz), 4.19 (tJ = 9.4 Hz, 3H, H-2), 4.10 — 4.06 (m, 3H, H-5), 3.91
(dd,J = 3.4, 0.8 Hz, 3H, H-4), 3.88 (dd,= 9.7, 3.4 Hz, 3H, H-3), 1.28 — 1.26 (m, 9H, C6-

Hs). C NMR (125 MHz, BO): § 168.3 CONHCH-triaz), 144.9 (C-triaz), 134.3 (AD),



129.2 (ArCH), 123.0 (CH-triaz), 88.1 (C-1), 74.4 (C-5), 73Q-3), 71.2 (C-4), 69.5 (C-2),
35.1 CH.-triaz), 15.6 (C-6). IR (KBr): 3381, 1659, 1536 ¢nHRMS (ESI+):m/zcalcd for

C3zgH54N 15015+ Na [M+Na]+ 941.3729, found 941.37009.

N,N’,N” -tri-[2- O-(B-D-galactopyranosyl)-ethyl-1,2,3-triazol-4-yImethylanide)-benzene-
1,3,5-tricarboxamide (3c). Pale yellow amorphous solid (34 mg, 83 a)2° +5.9 (c 0.7,
H,0). 'H NMR (500 MHz, DO): § 8.31 (bs, 3H, triaz-H), 8.18 (s, 2H, Ar-H), 8.12 (H,
Ar-H), 4.71 (bs, 6H, E-triaz), 4.58-4.56 (m, 3H, ECH,), 4.37 — 4.26 (m, 6H, H-1 and
CHCHy), 4.12 (m, 3H, EICH,), 3.96 — 3.90 (m, 3H, IGCH,), 3.87 (d,J = 3.3 Hz, 3H, H-4),
3.76 — 3.68 (m, 6H, H-6 and H-6’), 3.65 — 3.60 @H|, H-5), 3.59-3.56 (m, 3H, H-3), 3.49-
3.42 (m, 3H, H-2)*C NMR (125 MHz, RO): § 167.8 CONHCH,-triaz), 143.8 (C-triaz),
134.4 (Ar-C), 129.3 (CH-triaz), 125.3 (A&3H), 124.9 (ArCH) 103.0 (C-1), 96.5, 75.1 (C-5),
72.8 (H-3), 72.6, 71.9, 70.6 (C-2), 68.6 (C-4),8%{CH,CH,), 61.0, 60.9 (C-6), 60.0, 53.1,
51.0 CH.CH,), 34.8 (GH,-triaz). IR (ATR): 3267, 2931, 1655, 1537 ¢mHRMS (ESI+):

m/zcalcd for GoHgoN1:021+ H [M+H] * 1069.4074, found 1069.4091.

N-(2,3,4,6-tetraO-acetyl$-D-mannopyranosy)l-1,2,3-triazol-4-ylmethylamideN’-prop-
2-yn-1-yl-N"-propyl-5-aminobenzene-1,3-dicarboxamide (13). 6435 mg, 1.40 mmol)
and 2,3,4,6-tetr®-acetyl-le-azido-mannosidé (131 mg, 0.349 mmol) were reacted
according to Method B: yellow amorphous solid (94, 34 %). R= 0.45 (DCM:MeOH 9:1).
[a]Z3+12.1 (c 0.9, MeOH)*H NMR (500 MHz, CDCY): § 9.15 (s, 1H, MICOGHs), 8.13 (s,
1H, NHCH.triaz), 8.07 (s, 1H, Ar-H), 8.02 (s, 1H, Ar-H), 7.8s, 1H, triaz-H), 7.78 (s, 1H,
Ar-H), 7.68 (s, 1H, MICH,-triaz), 6.04 (s, 1H, H-1), 5.91 — 5.84 (m, 2H, Hu& H-3), 5.40
(t, J= 9.5 Hz, 1H, H-4), 4.73 — 4.58 (m, 2HHGtriaz), 4.27 (dd,]) = 12.5, 4.7 Hz, 1H, H-6),
4.13 (s, 2H, ©,CCH), 4.03 (dJ = 10.6 Hz, 1H, H-6"), 3.96 — 3.87 (m, 1H, H-5)3@.(q,J =
7.4 Hz, 2H, ®,CHg), 2.19 (d,J = 7.6 Hz, 1H, CKHCCH), 2.17 (s, 3H, OAc), 2.05 (s, 3H,

OAc), 2.02 (s, 3H, OAc), 2.00 (s, 3H, OAc), 1.11Jt 7.5 Hz, 3H, CHCHa). *C NMR



(125 MHz, CDCY): § 173.5 COC,Hs), 170.6 CO of OAc), 170.0 CO of OAc), 169.7 CO
of OAc), 169.6 CO of OAc), 166.8 CONHCH,-triaz), 166.7 CONHCH,-triaz), 145.4 C-
triaz), 139.3 (Ar-C), 134.6 (Ar-C), 123.LK-triaz), 121.4 (Ar€H x2), 120.7 (ArcH), 84.0
(C-1), 79.7 (CHCCH), 71.9 (C-5), 69.3 (C-2/C-3), 68.3 (C-2/C-3),.6%C-4), 61.7 (C-6),
35.3 (CHy-triaz), 30.3 (CHCCH), 29.7 CH,CHs), 29.3 CH,CCH), 20.8 (CH of OAc), 20.7
(CHs of OAc), 20.7 (CH of OAc), 20.6 (CH of OAc), 9.4 (CHCH3). IR (film on NaCl):
3289, 3082, 2981, 1751, 1653, 1598, 1535 CHRMS (ESI+):m/zcalcd for GgHagNoOy3+

Na' [M+Na]" 744.2565, found 744.2575.

N-(2,3,4,6-tetraO-acetyl$-D-galactopyranosyl)-1,2,3-triazol-4-ylmethylamideN’-
(2,3,4,6-tetraO-acetyl-a-D-mannopyranosyl)-1,2,3-triazol-4-ylmethylamide-N"-propyl-
5-aminobenzene-1,3-dicarboxamidg14). 13 (77 mg, 0.112 mmol) and 2,3,4,6-te@a-
acetylB-D-galactopyranosyl azid&(50 mg, 0.134 mmol) were reacted according to Meth
B: yellow amorphous solid (100 mg, 84 %}.-R0.48 (DCM:MeOH 9:1)]a]3! +9.0 (c 1,
DCM). 'H NMR (500 MHz, CDCJ): & 8.89 (s, 1H, NH), 8.20 (s, 1H, NH), 8.14 (s, 2thz-
H), 8.02 (m, 3H, Ar-H x2 and NH), 7.81 (s, 1H, A)6.22 (d,J = 1.8 Hz, 1H, (H-1 Man)),
6.12 (dd,J = 3.6, 2.0 Hz, 1H, H-2 (Man)), 6.09 — 6.02 (m, 2##3 (Man) and H-1 (Gal)),
5.75 (t,J = 9.7 Hz, 1H, H-2 (Gal)), 5.67 (dd,= 3.3, 0.7 Hz, 1H, H-4 (Gal)), 5.55 (ddl=
12.5, 6.8 Hz, 1H, H-2 (Gal)), 5.44 — 5.39 (m, 1H3HGal)), 4.87 — 4.71 (m, 4H,H3-triaz
x2), 4.47 — 4.39 (m, 2H, H-6 (Man) and H-5 (Ga#)}29 (dd,J = 11.5, 6.5 Hz, 2H, H-6 and
H-6' (Gal)), 4.22 — 4.15 (m, 1H, H-6' (Man)), 4.0@dd, J = 9.6, 4.4, 2.5 Hz, 1H, H-5
(Man)), 2.52 (qJ = 7.4 Hz, 2H, ®,CHs), 2.32 (d,J = 4.0 Hz, 6H, OAc x2), 2.20 (s, 3H,
OAc), 2.16 (s, 3H, OAc), 2.14 (s, 3H, OAc), 2.1268l, OAc x2), 1.96 (s, 3H, OAc), 1.28 (t,
J = 7.5 Hz, 3H, CHCH3 ). °C NMR (125 MHz, CDGCJ): & 173.4 COC;Hs), 170.8 CO of
OAc), 170.5 CO of OAc), 170.3 CO of OAc), 170.0 CO of OAc), 170.0 CO of OAc),

169.8 CO of OAC), 169.4 CO of OAC), 166.9 CONHCH-triaz), 166.8 CONHCH-triaz),



145.8 (C-triaz), 145.7 (C-triaz), 139.2 (Ar-C), 134Ar-C), 134.8 (Ar-C), 123.6 (Ar-CH),
121.6 (CH-triaz), 120.7 (Ar-CH), 86.3 (C-1 Gal),.84C-1 Man), 74.1 (C-5 Gal), 72.0 (C-5
Man), 71.0 (C-3 Gal), 69.4 (C-3 Man), 68.5 (C-2 M&8.2 (C-2 Gal), 67.1 (C-4 Gal), 65.8
(C-4 Man), 61.9 (C-6 Man), 61.3 (C-6 Gal), 35.6H¢-triaz), 35.4 CHy-triaz), 30.5
(CH2CHs), 20.9 (CH of OAc), 20.8 (CH of OAc), 20.8 (CH of OAc), 20.8 (CH of OAc),
20.7 (CH of OAc), 20.4 (CH of OAc), 9.6 (CHCHy3). IR (film on NaCl): 3311, 3147, 3082,
2981, 1750, 1657, 1599, 1548 ¢nHRMS (ESI+):m/zcalcd for GsHsgNgO21 + H' [M+H]:

1058.3591, found 1058.3607.

N-p-D-galactopyranosyl-1,2,3-triazol-4-ylmethylamideN’ -a-D-mannopyranosyl-1,2,3-
triazol-4-ylmethylamide)-N"-propyl-5-aminobenzene-1,3-dicarboxamide  (4). Pale
yellow amorphous solid (84 mg, 89 %]2° +13.1 (c 0.8, KO). 'H NMR (500 MHz, RO):

6 8.23 (s, 1H, triaz-H), 8.14 (s, 1H, triaz-H), 7.5 1H, Ar-H), 7.83 (s, 1H, Ar-H), 7.77 (s,
1H, Ar-H), 6.07 (dJ = 2.2 Hz, 1H, H-1 Man), 5.65 (d,= 9.2 Hz, 1H, H-1 Gal), 4.72 (dd,

= 6.4, 3.6 Hz, 1H, H-2 Man), 4.62 (s, 4HHGtriaz x2), 4.18 (tJ = 9.5 Hz, 1H, H-2 Gal),
4.10 (dd,J = 9.0, 3.4 Hz, 1H, H-3 Man), 4.06 (d= 3.2 Hz, 1H, H-4 Gal), 3.96 (§,= 6.0
Hz, 1H, H-5 Gal), 3.85 (dd, = 9.8, 3.2 Hz, 1H, H-3 Gal), 3.81 — 3.70 (m, 5H4an, H-6,
H-6" Gal, H-6, H-6" Man), 3.30 (ddd} = 8.9, 5.1, 1.7 Hz, 1H, H-5 Man), 2.35 (¢ 7.6 Hz,
2H, CH,CHs), 1.10 (t,J = 7.6 Hz, 3H, ChHCHs). 1*C NMR (125 MHz, DO): & 176.3
(COC,Hs), 168.4 CONHCH,-triaz), 144.7 (C-triaz), 138.2 (Ar-C), 134.2 (AixC123.8 CH-
triaz), 123.1 CH-triaz), 122.3 (ArcH), 121.7 (ArCH), 88.2 (C-1 Gal), 86.8 (C-1 Man), 78.3
(C-5 Gal), 76.2 (C-2 Man), 72.9 (C-3 Gal), 70.53®4an), 69.8 (C-2 Gal), 68.6 (C-4 Gal),
68.3 (C-2 Man), 66.6 (C-4 Man), 60.9 (C-6 Gal),%0QC-6 Man), 35.0 QH,-triaz), 34.9
(CHy-triaz), 29.8 CH,CHs), 9.1 (CHCHa). IR (ATR): 3259, 2922, 2597, 1648, 1600, 1536

cm®. HRMS (ESI+):m/zcalcd for GgHagNgO13+ Na' [M+Na] * 744.2565, found 744.2575.



N,N’-di-(2,3,4,6-tetra-O-acetylf-D-galactopyranosyl)N’’-propyl-5-aminobenzene-1,3-
dicarboxamide (15). 5-Propionamidoisophthalic acid (0.133 g, 5.61 mmahd TBTU
(0.396 g, 1.23 mmol) were dissolved in DMF (10 mider N. NEt (0.312 mL, 2.24
mmol) was added and the mixture was allowed tdfstil5 min. 2,3,4,6-tetr@®-acetyl$-D-
galactopyranosylamift&(0.487 g, 1.40 mmol) was dissolved in DMF (5 mLjlamas added
to the reaction mixture. The solution was stirredZ4 h. The crude mixture was dissolved in
DCM (30 MI), washed with 0.5 M HCI (30 mL), sat. NEO; (30 mL) and brine (30 mL),
and dried (MgS@). The mixture was filtered and the solvent wasaeedin vacuoto yield
the crude product, which was purified by silica gelumn chromatography (EtOAc) to give
the pure product. Yellow amorphous solid (343 m§, %). R = 0.64 (DCM:MeOH
9:1)[«]3°-18.1 (c 1.1, DCM)*H NMR (500 MHz, CDCY): & 8.41 (s, 1H, NH), 8.23 (s, 2H,
Ar-H), 7.86 (s, 1H, Ar-H), 7.54 (d] = 9.1 Hz, 2H, NH), 5.59 (] = 8.9 Hz, 2H, H-1), 5.47
(d,J = 1.5 Hz, 2H, H-4), 5.31-5.29 (m, 4H, H-2 and H-8Y0 (tJ = 6.6 Hz, 2H, H-5), 4.16
— 4.05 (m, 4H, H-6 and H6"), 2.42 (@= 7.5 Hz, 2H), 2.17 (s, 6 H GHdf OAc), 2.01 (s, 6H,
CHs of OAc), 1.99 (s, 6H, Cilof OAc), 1.97 (s, 6H, CHof OAc). °C NMR (125 MHz,
CDCL): § 172.8 COCHs), 171.3 CO of OAc), 170.5 CO of OAc), 170.2 CO of OAc),
170.1 €O of OAc), 166.2 CONH-Gal), 139.7 (Ar-C), 134.3 (Ar-C), 121.9 (AH), 120.7
(Ar-CH), 79.0 (C-1), 72.4 (C-5), 71.1 (C-2/3), 68.6 (B3)2 67.4 (C-4), 61.3 (C-6), 30.5
(CH,CHs), 20.8 (CH of OAc), 20.7 (CH of OAc), 20.7 (CH of OAc), 20.6 (CH of OAc),
9.4 (CHCHa). IR (film on NaCl): 3338, 1750, 1602, 1535, tmHRMS (ESI+):m/z calcd

for CaoHsgN3021 + H [M+H] * 896.2931, found 896.2956.

N, N’-di-(p-D-galactopyranosyl)N” -propyl-5-aminobenzene-1,3-dicarboxamide (5).
White amorphous solid (26 mg, 96 %)]3° +10.0 (c 1, MeOH)*H NMR (500 MHz, BO):
6 8.04 (d,J =1.4 Hz, 2H, Ar-H), 8.03 (d] = 1.5 Hz, 1H, Ar-H), 5.10 (d] = 8.4 Hz, 2H, H-

1), 3.97 (dJ = 3.0 Hz, 2H, H-4), 3.82 (§ = 6.2 Hz, 2H, H-5), 3.79 — 3.67 (m, 8H, H-2, H-3,



H-6, H-6), 2.47 — 2.37 (m, 2H, K,CHs), 1.19 — 1.11 (m, 3H, Ci€H3). °C NMR (126
MHz, D,0O) & 176.9 COC;Hs), 170.2 CONH-Gal), 137.6 (Ar-C), 134.4 (Ar-C), 124.1 (Ar-
CH), 123.0 (Ar-CH), 80.5 (C-1), 77.0 (C-5), 73.5-3%, 69.3 (C-2), 68.7 (C-4), 61.0 (C-6),
29.9 CH.CHs) 9.2 (CHCHa3). HRMS (ESI+): m/z calcd for GsH3gN3Oi3 + H [M+H] ™

560.2086, found 560.2072.



Biology. Sample PreparationAll glycoconjugates (with exception of monovalentcdsyl
derivative, compoundb) were dissolved in water at the required concéntrgd10 mg/mL)
and dilutions from these stock solutions were pertal as appropriate. Compouhld was
dissolved in DMSO and diluted with water to the ueegd concentration (10 mg/mL),
ensuring that the final DMSO content was below 10lutions from this stock solution

were performed as appropriate.

Fungal Strain: C. albicansvas maintained on sabouraud dextrose agar andresilivere
grow to the stationary phase (1 — 2 /) overnight in YEPD broth (1% (w/v) yeast
extract, 2% (w/v) bacteriological peptone, 2% (wglycose) at 3 and 200rpm. Stationary
phase yeast cells were harvested, washed with PBESesuspended at a density of 1 x

10°/mL in PBS.

Buccal epithelial cells: Buccal epithelial cells (BECs) were harvested frdrealthy
volunteers by gently scraping the inside of theekheith a sterile tongue depressor. Cells

were washed in PBS and resuspended at a dendity &f/ml.

Adherence assay¥east cells were mixed with BECs in a ratio of 5t A final volume of 2
mL and incubated at 80 and 200 rpm for 90 min. The BEC/yeast cell migtuvas
harvested by passing through a polycarbonate membcantaining 30 um pores which
trapped the BECs but allowed unattached yeast telsss through. This was washed x 2
with 10 mL PBS and cells remaining on the membnaeee collected and placed on glass
slides which were left to air dry overnight. Thdlgevere heat fixed and stained using 0.5%
(w/v) crystal violet, rinsed using cold water tormr@ve any surplus stain and left to air dry for
30 min. The number of. albicanscells adhering to a sample of 200 BECs per treatme
was assessed microscopically. In éxelusion assayhe yeast cells were incubated for 90

min in the presence of each compound (10 mg/mlierAhis time the cells were harvested



and washed twice with PBS before being resuspemd&anlL PBS before being mixed with
BECs (as described). In tikempetition assaformat yeast cells, BECs and compound (10, 1
or 0.1 mg/mL) were co-incubated for 90 min priorh@rvesting. In th&isplacment assay
adherence was allowed to occur by mixing the yealt and BECs together. BECs and
adherent yeast cells were harvested and re-inalilvate the compound (0.1 mg/mL) for a

further 90 min after which time the level of adhsre was measured.

Statistics:All experiments were performed on three independenasions. In each assay the
number of yeast cells adhering to 200 randomly ehd3ECs was determined. Results are

mean + SEM.

Fluorescence imagingAn Olympus Fluoview FV1000 confocal microscope weasployed
to visualise the binding of the fluorescently ldbélgalactoside3 to the C. albicanscell
surface. A wavelength of 488nm laser was use@xoitation and emission was detected at

500 - 600 nm.
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Inhibition of Adherence of the yeast Candida albicans to Buccal Epithelial Cells by

Synthetic Aromatic Glycoconjugates
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Highlights

» Small library of aromatic glycoconjugates (AGCs) readily prepared through CUAAC
reactions.

» AGCsfeaturing different terminal carbohydrates were tested as inhibitors of adhesion
of funga pathogen Candida albicans.

» Divaent galactosyl AGC displaced over 50% of yeast cells attached to buccal
epithelial cells.

»  Fluorescence microscopy imaging indicates that this compound may bind to structural
components of the fungal cell wall.



