Acce pted Manuscrl pt Carbohydrate

RESEARCH

Synthesis of B-galactosylamides as ligands of the peanut lectin. Insights into the
recognition process

Maria Emilia Cano, Oscar Varela, Maria Isabel Garcia-Moreno, José Manuel Garcia
Fernandez, José Kovensky, Maria Laura Uhrig

PII: S0008-6215(16)30674-7
DOI: 10.1016/j.carres.2017.03.018
Reference: CAR 7347

To appearin:  Carbohydrate Research

Received Date: 29 December 2016
Revised Date: 16 March 2017
Accepted Date: 22 March 2017

Please cite this article as: M.E. Cano, O. Varela, M.l. Garcia-Moreno, J.M. Garcia Fernandez, J.
Kovensky, M.L. Uhrig, Synthesis of 3-galactosylamides as ligands of the peanut lectin. Insights into the
recognition process, Carbohydrate Research (2017), doi: 10.1016/j.carres.2017.03.018.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.



http://dx.doi.org/10.1016/j.carres.2017.03.018

UNIVERSIDAD DE BUENOS AIRES
CIHIDECAR FACULTAD DE CIENCIASEXACTASY NATURALES

A DEPARTAMENTO DE QUIMICA ORGANICA

Pabellén 2-Ciudad Universitaria-C1428EHA-Buenos Aires
b TEL/FAX: 5411-4576-3346/ 5411-4576-3352
CONICET

Synthesis of p-Galactosylamides as ligands of the Peanut lectin. I nsights

into the recognition process.

Maria Emilia Can@ Oscar Varefa Maria Isabel Garcia-MorehaJosé Manuel Garcia Fernantelnsé

Kovensky and Maria Laura Uhrfg

o
< 5 AcO _OAc AcO,
{0}

AcO. NH  + \[io N + No—GCaffold—N;
o

Aco™




Synthesis off-Galactosylamides as ligands of the

Peanut lectin. Insights into the recognition proces

Maria Emilia Cand) Oscar Varefa Maria Isabel Garcia—MoreP]o]osé Manuel Garcia

FernandeZ José KovensKyand Maria Laura Uhrfg

%Universidad de Buenos Aires. CONICET. Centro deesitigacion en Hidratos de
Carbono (CIHIDECAR). Facultad de Ciencias Exactadayurales. Departamento de
Quimica Orgéanica. Buenos Aires, Argentina.

Departamento de Quimica Organica, Facultad de @ajnuniversidad de Sevilla, c/
Profesor Garcia Gonzéalez 1, 41012, Sevilla, Spain.

“Instituto de Investigaciones Quimicas (11Q), CSI@niversidad de Sevilla, Avda.

Ameérico Vespucio 49, 41092, Sevilla, Spain.

d_aboratoire de Glycochimie, des Antimicrobiens e$ égroressources (LG2A)-CNRS
UMR 7378, Université de Picardie Jules Verne, 383aint Leu, 80039 Amiens Cedex,

France.

*Corresponding author: E-mail:__mluhrig@qgo.fcen.@ba. CIHIDECAR-CONICET,
Departamento de Quimica Organica, Facultad de @GenExactas y Naturales,
Universidad de Buenos Aires, Pabellon 2, Ciudadvelsitaria, 1428 Buenos Aires,
Argentina.




Abstract

The synthesis of mono and divalghgalactosylamides linked to a hydroxylated chain
having a C2 symmetry axis derived frarrtartaric anhydride is reported. Reference
compounds devoid of hydroxyl groups in the linkeerg also prepared fromi-
galactosylamine and succinic anhydride. After fiordlization with an alkynyl
residue, the resulting building blocks were grafteto different azide-equipped
scaffolds through the copper catalyzed azide-alkyyetoaddition. Thus, a family of
structurally related mono and divalgiiN-galactopyranosylamides was obtained and
fully characterized. The binding affinities of thgands towards the model lectin PNA
were measured by the enzyme-linked lectin assayLAELThe IG5, values were
significantly higher than that of galactose but gresence of hydroxyl groups in the
aglycone chain improved lectin recognition. Dockirmgnd molecular dynamics
experiments were in accordance with the hypothéss a hydroxyl group properly
disposed in the linker could mimic the Glc O3 ie tiecognition process. On the other

hand, divalent presentation of the ligands lectttih affinity enhancements.

Keywords: Peanut agglutinir-galactosylamides, divalent ligands, ELLA assay,
Molecular Dynamics.



1. Introduction

A number of biological events are triggered bg thcognition of a glycosidic
fragment by a complementary protein, such as aobgdrate processing enzyme, a
lectin or an antibody. This process is highly specific and depends styong the
configurational pattern of the sugar ligaitiLegume lectins provide excellent models
for the study of the recognition process. Amongléuéins, theArachis hypogaea lectin
(peanut agglutinin, PNA) is a relevant one, becaises specificity forf-galactosides
over other monosaccharides, showing high affinityr fthe disaccharides\-
acetyllactosamine and lactosebeing the highest affinity ligand for the disacdtie -
D-Galp-(1—3)-D-GalNAc? known as the ThomseRriedenreich (TF) antigen. The
PNA lectin has been extensively used in the glyaloly field on inhibition studies,
including our own, of a variety ggalactoside anfi-lactoside ligand§*

The recognition of carbohydrates by PNA has been ghbject of varied
experimental and theoretical studies. Thus, crggedphic and computational
investigations revealed that the PNA-lactose compestabilized by interaction of the
Gal O3 with Asp83, Gly104 and Asn127, while the Gdl and O6 interact with Asp83
and Asp80, respectively. Gal O4 and Gal O5 alseraat with Ser211 and the side
chain of the aromatic residue Tyr125 presentsaCitdcking interactions with the more
hydrophobicp-face of the Gal ring. In addition, the Glc O3 éits hydrogen bonding
with Ser211, Gly213 and Leu212, interactions thgtl@n the lower affinity off-
galactosides when compared to lactosithes'®*In fact, we have previously shown
that the affinity of 3-deoxylactoside ligands acaa. 15 times lower than the
corresponding lactosides, due to the lack of Glc, @Bich participates in the
recognition proces$The conformation of the Gal residue in the TFganiiis identical
to that of lactose, but the orientation of the @dg end with respect to the non-
reducing Gab differ in these disaccharid&However, the hydroxyl groups vicinal to
the glycosidic linkages (4-OH axial in the TF aptigand 3-OH equatorial in lactose)
occupy the same polar region defined by Ser21121@yand Leu21 This brings up
the question of whether the integrity of the glecossidue is required for this additional
interaction, or if a hydroxyl group properly posited in the aglycone or spacer linker
could mimic this OH. One possibility is to use exible glycosidic bond as connection
to the hydroxylated spacer, which should be abladimpt a suitable conformation that

must facilitate the interaction with the lectin. Wever, it has been reported that the



flexibility of the aglycone may be detrimental fine affinity. For example, the affinity
of lactitol for several human galectins drops sabgally compared to that of
lactose'*!* The higher flexibility of the sorbitol moiety shidualso impact on the
hydration of this residue, an a higher interactoth the solvent would account for the
lower affinity.*®> Thus, a balance in the rigidity imparted by therofcal bonds seems to
be crucial for the activity. Therefore, we specelttat the rather flexible disposition of
a hydroxyl group in the linker should be compergdby a fragment imparting a
conformational restriction to the glycosidic boiathis context, compounds bearing an
amide function linked to the anomeric position cbghtisfy this requirement. The
conformational restrictions imposed by the higfthybridation character of amide-type
nitrogen atom$ and the hydrogen bonding donor and acceptor chitjesbbf the amide
group can potentially be exploited to modulateléutin binding properties.

So far, the rather few studies performed on mond @dmalentN-conjugates
have evidenced a different behavior in their intBoms with the lectin, in comparison
with those ofO- or Sglycosides™®*"?°In fact, is has been shown that the type of
linkage can strongly affect the mobility and oregian of the putative sugar ligands
about the glycosidic linkage.

On the other hand, the affinity bDfgalactopyranosides for the PNA lectin may
be enhanced by means of their multivalent presentanto a suitable platform. The
mechanisms governing the cluster effect in theiboadf bothD-galactose and lactose
glycotopes to PNA have been previously studfewith respect to multivalency, the
glycoside cluster effect clearly depends on the lmenmof copies (valency) of the
carbohydrate residues but their spatial dispositosiso a determinant featuffeThus,
the topology of the scaffold and the flexibility ¢fie spacer segments can play a
decisive role in the recognition procé&g®

As part of our ongoing research project on tha&lsssis of multivalent ligands
with modified glycosidic bonds, we report here siyathesis of mono and divaleiN-
galactosylamides linked through hydroxylated and hgdroxylated flexible linkers to
scaffolds differing in their rigidity. Their affities toward PNA lectin were determined
by enzyme-linked lectin assay (ELLA). Structuraliglated mono and divalert-
lactosides were also tested for comparative pugpoBarthermore, initial docking
studies and molecular dynamics simulations wertopeaed in order to shed some light
on the interactions involved in the carbohydratgmition domain and to explain the

differences in the affinities observed.



2. Results and discussion
2.1. Synthesis

Taking into consideration the interactions thatetgiface in the carbohydrate
recognition domain of PNA lectin with disaccharibetos&’ and in an attempt to
validate our hypothesis on the role of an hydroggbup adequately placed in the
proximities of the Gal residue mimicking the Glc @3discussed above, the structire
(Fig. 1¢) was designed to be used in preliminary modekituglies. Model compourd
arises from the retrosynthetic analysis shown ig. Eb, where an anomeric amide
function was selected for the linkage between ther€sidue and the flexible linker. It
should be noted that there is a range of methodedo efficiently form amide or
pseudoamide functionalities compatible with multjgmation strategies. Tartaric
anhydride was chosen as the source of hydroxylpgoun a sequence that resulted
compatible with previous synthetic methodologieveleped in our group? The
carboxylic acid released by ring-opening of tagdanhydride may be condensed with
propargyl amine for further multivalent conjugatierth azide scaffolds. The analogous
compound (synthesized for comparative purposes), lackingharoxyl groups in the
linker can be obtained by a similar route from sniccanhydride. The structurés and
B were employed for docking studies, taking intocart that the distal triazol ring

might provide extra contacts with the protein asvfpusly shown in other sisterfis.
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Fig. 1. (a) Representation of PNA-lactose complex. Hydrelgend interactions are depicted
with dotted line<. (b) Retrosynthetic analysis of the proposed stmect(c)Model compound#
andB for docking studies.



Thus, the major conformers &f andB (obtained as explained in the Materials
and methods section, Fi§l), were docked into the binding site of peanut amgin
using the program AUTODOCK 43 The best docking poses of model compoufds
andB bound to PNA are shown in Fig.andS2 It was observed that for both model
compounds, the Gal residues are surrounded by A<pi§204 and Asn127 similar to
the Gal residue in the lactose-PNA complex. Thetjposof the Tyrl25 was compatible
with the stabilizing CHf stacking interactions (Fig2. Regarding the aglycone linker,
docking experiments show a similar disposition loé tartaramidyl chain i\, with
respect to that of the succinimidyl B1 Interestingly, as expected, one of the hydroxyl
groups inA is located in the polar environment defined by23&r Leu212 anly213
(Fig. 2a).

Fig. 2.  Docking results of PNA with (a) compourd (b) compound. The lectin is shown
in NewCartoon representation with key side chaingbrice. The images were prepared by
using the VMD program.

The auspicious docking results prompted us to gitle ligands containing
these structural motifs, according to the retrdsgtit analysis depicted in Figuté.
The synthesis of the pivotal alkynyl precur§owas readily accomplished in two steps
starting from 2,3,4,6-tetr®-acetylf-D-galactopyranosylamine 2), which was
quantitatively obtained by catalytic hydrogenatiaf the correspondingp-D-
galactopyranosyl azidd)*' As 2 was unstable in solution, it was immediately teeat
with di-O-acetyl+-tartaric anhydride 3) to give the acid derivativd in 76% yield
(Scheme 1).
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Scheme 1. Synthesis of alkynyl precursér

Compound4 was obtained as a single stereoisomer, as a retuhe C,
symmetry of the anhydrid8. Compound5 was obtained by condensation dfwith
propargylamine, promoted by dicyclohexylcarbodiilm{@CC). The alkynyl derivative
5 was properly functionalized for theopper(l)-catalyzed azide-alkyne cycloaddition
(CUAAC), a ligation reaction broadly employed i thlycoscience&'*?which leads to
the formation of 1,4-disubstituted 1,2,3-triazol@gs. The succinic acid diamide
analogueb,® previously obtained in our laboratory, was usedagrol ligand.

The 'H NMR spectra of4, 5 and6 showed the signals of the amide protons directly
linked to the sugar residue as doublets a00 ppm J = 9.2 Hz). The anomeric proton
was also coupled to the axial H-2, and appearedtaplet in the range 5.13-5.10 ppm,
shielded by the proximity of the amide nitrogennato

As azide counterparts for click reactions we sel@@ monoazide carbohyhdrate
platform as a precursor of monovalent species,tarek diazide scaffolds that would
give rise to divalent compounds, having similarersaccharide distances. We and
others demonstrated the suitability of sugars affalds for multivalent ligand§?2%3%

37 Methyl 6-azido-2,3,4-tri@-acetylf-D-glucopyranoside 7) and 6,6"-diazido-
2,3,4,2',3' 4-hexaO-acetyla,o’-trehalose 8), were prepared as previously described
The diazide® or 10 derived respectively from isomannifi@r diethylenglycol, were
prepared by tosylation of the precursor diol folkmlvby displacement of the tosyl
groups with sodium azide (FiguBg.
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Fig. 3. Azide scaffolds, precursors of monovalent and ldivieligands

The typical CUAAC reaction conditions (Cug&bdium ascorbate), applied to
the alkyne-armed compourisland azide scaffold$-10, led to the correspondin@-
protected triazol adductsl, 14, 17 and 21 (Figure 4). The *H-NMR spectrum ofl1
showed the signals corresponding to the galactosylglucosyl groups. The diagnostic
signal of the triazole proton at7.66 ppm and the two signals corresponding to the
amide NH groups ab 6.91 ppm (dJ = 8.9 Hz) and 6.83 ppm @,= 5.7 Hz) were also
observed. The small value (2.4 Hz) of the proton signals of the linlseiggested a
planar zig-zag conformation for this segment. Ie ttase of the divalent -
galactopyranosyl derivatived4, 17 and 21, the *H and *C NMR spectra were
consistent with theC, symmetry of the molecules. The protected prodwatse O-
deacetylated by treatment with triethylamine inemus methanol, then desalted with an
exchange resin and finally purified by reverse-ghelsromatography to give the fully
unprotected monovaleni?) and divalent ligandslb, 18 and22). In parallel series of
reactions, the succinyl diamide monovalelf) (and divalent16, 20 and24) analogues
were obtained. Compound$3 and 16 had been previously reported and were
synthesized again for the purpose of this stiidyhereas compound and24 were
obtained by click coupling 0® and 6 (—19) or 10 and 6 (—23) and subsequent

deacetylation.
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Fig. 4.p-N-galactosylamine glycoclusters synthesized



For the free ligand42, 15, 18, 20, 22 and 24, the signals of the anomeric
protons of theN-linked BGal residues appeared in a narrow region of thetispét.74-
4.98 ppm) as doublets with~ 9.0 Hz, consistent with thg anomeric configuration.
The anomeric protons of the sugar scaffolds tredgaland glucose oi2 and 15
appeared at 4.73 and 4.54 ppm withwalue ¢ 4.0 Hz) characteristic @fGIc moieties.
The signals corresponding to the S H, tether of the tartaramide unit were observed
as doublets withlyamp = 1.7-2.0 Hz. In contrast, the GHCH, system of succinic-
derived B-N-galactosides showed complex multiplets with~ 5.00-7.00 Hz. The
averaged] values are indicative of a more flexible chain floe succinamide segment
compared with that of the tartaramide analogues.

For the purpose of our structure-PNA binding atffirrelationship study, we
decided to test the affinity of the previously degized mono and divalent lactosyl
derivatives25 and 26 (Fig. 5)>* Compound<5 and26 share the same sugar-derived

central scaffold as the galactosyl conjugdi@and16.

25 26

Fig. 5. Mono and divalenN-lactose derivative5 and26.

2.2. PNA binding affinity studies

The relative binding affinities of thég-galactosyl {2, 13, 15, 16, 18, 20, 22 and
24) and N-lactosyl 5 and 26) conjugates for PNA were assessed by a competitive
enzyme-linked lectin assay (ELLA}.This assay measures the ability of the synthetic
ligands to inhibit the association of the peanuttite (labeled with horseradish
peroxidase, HRP-PNA) to a polymeric ligand thatsed as a coating material at the

surface of a welf? The 1G, values were assumed to be proportional to the



corresponding binding affinities. The experimentrevreproduced three times for each
ligand and the individual values did not differ tmore than 15%. The corresponding
inhibition plots and |Gy values are collected figure6 and Tablel. As compound.3

showed the highest value ofsiCit was taken as reference, and its relative mytevas
defined as 1.
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Fig. 6.Inhibition curves obtained from ELLA experiments:f(A) p-N-galactosyl
compoundd2, 13, 15, 16, 18, 20, 22 and24; (B) B-N-lactosyl derivative25 and26.



Table 1. Inhibition of lactose glycopolymer — PNA binding byono and divalent galactosyl and lactosyl ligatelermined by ELLA.

Compound
Compound Compound P
OH Ho O
HO _OH HO OH
OH OH
0
HO o HO o HO
NH Val?  1Cs (MM)° Rel. Pot NH Val?  ICs (MM)°  Rel. Pof HOO Val?  ICso (MM)P Rel. Pot
o »OH o OH
o
HO™ o HO
. NH
HN o
2 : oA
12 1 7.391£0.07 1.2 13 1 9.02+0.10 1 25 1 3.37£0.05 2.6
15 2 2.19+0.06 4.1 16 2 4.90+£0.06 1.8 26 2 0.69+0.02 13.1
18 2 0.87+0.03 104 20 2 1.39+0.05 6.5
22 2 0.82+0.03 11.0 24 2 1.174£0.05 7.7

a/alency.’The 1G, values are expressed as mean values + SD obtaamacht least three independent determinatitRelative
values are compared to the monovalent compdand



Lactose (IG 1.05 mM) and galactose (6£1.60 mM) were used in the ELLA
experiments as control compounds. As a generad ti@mpounds incorporating the
tartaric acid diamide segmerity 18 and22) behaved as better PNA ligands than the
homologous succinic acid diamide derivativés, 0 and24). For monovalent ligands
(12 and13), despite the geometric constraints provided leyahomeric amide linkage,
which seems to perturb in some way the lectin retmy (ICso for galactose: 1.60
mM), these results are in accordance with our ahitiypothesis that a properly
positioned hydroxyl group in the aglycone moietyweoimprove the binding affinities.
On the other hand, as can be deduced from thetsesulicated in Tablel, PNA
binding affinity increased after presenting theagtdsyl motifs in divalent form. For
example, the affinities of5, 18 and22 resulted higher than that @a2. The same was
observed with the succinic acid diamide derivati¥6s20 and24 with respect tdl3.
Remarkably, the relative affinity enhancements wstngly dependent on the
structure of the linker, and, again, compoundsnpating theL-tartaric acid diamide
segment 15, 18, 22) were better PNA ligands than the homologous succacid
diamide derivativesl, 20, 24).

The divalent compounds also experienced a scgmifi cluster effect when
referred to the corresponding monovalent conidlor 13. Within each series, the
cluster effect increased on going from derivatibedt on thea,a’-trehalose scaffold
(15, 16) to the isomannidel, 20) and diethylenglycol centered representati@® (
24). Thus, compound22 (ICsp 0.82 mM), combining the tartaric acid and
diethylenglycol structural elements in the connectwas 9-fold (11.0/1.2) a better
ligand for PNA than the monovalent counterge2t(ICso 7.39 mM) meaning that each
galactosylamide moiety is recognized with a 4.8Hdligher efficiency. Indeed,
compoundsl8 and 22 presented approximately 2-fold higher affinity rihgalactose
itself, showing that divalent presentation can oware the initial low affinity of a given
carbohydrate motif. The preference of the lectinlé@tosyl over galactosyl epitopes is
observed when comparing the mono- andNdjalactopyranosyl conjugatd8 and16

with the homologous mono- and Miactosyl derivative25 and26, respectively.

2.3 Molecular Dynamics Smulations

To get further insight into the dynamics and engcgeof the PNA-sugar
systems, we performed 100 ns long Molecular Dynari¢D) simulations of PNA in



complex with either lactosel2 or 13, and analyzed the resulting protein-ligand
interactions® The results show that PNA interacts predominatiigough Asp80,
Asp83 and Ser21l1, with the Gal O3, Gal O4 and GB&l @hich retains this
monosaccharide tightly in place. On the contrdrg, Glc residue -in the case of lactose-
and the linkers fot2 and13 are much more loosely bound, and show key diffggsrin
their interactions (Fig. and Fig. S3). As observed in the preliminary dogkstudies,
the OH group of the linker vicinal to the galacteasnide in12, shows a hydrogen
bond with Leu212 amide (and with lle1l01 carbonylygen to a lesser extent). This
interaction should be responsible for the increaasf@idity of the ligand12 respect to
13, which lacks of such a hydroxyl group (Fig. S4)ende, the absence of this
interaction, results in a softer binding and highmobility even for the bound
monosaccharide (the Gal residue). The linket3ris shown to be highly flexible and

stretches out to the solvent (Fig. S3).
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3. Conclusion

In the present work, we try to establish if the Wehglucose residue is required
for the stabilizing interaction provided by the @& in the complex of lactose with the
PNA lectin, or if a hydroxyl group properly posiied in the aglycone or spacer linker
could mimic the Glc O3. We took into account thae flexibility of the hydroxylated
linker should be compensated by a function impgranconformational restriction to
the glycosidic bond, as highly flexible ligands shdecreased affinity by their receptor
proteins in other systems. We speculate that gemds with an amide group
connecting the anomeric position and a hydroxylatdin could satisfy such
requirements. Therefore, we have (a) designed Rythted amide-linked galactosides,
(b) performed preliminary docking studies on moskelictures, (c) synthesized mono
and divalent ligands grafted on different scaffol@y determined their affinities toward
PNA lectin by ELLA, and finally, (e) accomplishedotecular dynamic simulations to
rationalize the obtained results from a structdgelamics viewpoint.

Globally analyzed these results are in accordanteour initial hypothesis that
a hydroxyl group properly disposed could mimic &le O3 in the recognition process.
Regarding the multivalent effect, divalent specks®wed an increased affinity with
respect to their monomeric counterparts. Even thdaidendate binding is not possible
as the linkers are not long enough to span thamtst between two binding sites in the
tetrameric lectin (57-79 AY*?the most interesting result is the notable clusféct
observed for some of them. Probably, for divalemhpounds, the “bind and recapture”

mechanism could be operatitig.

4. Experimental
4.1. General methods

Analytical thin layer chromatography (TLC) was merhed on Silica Gel 60 F254
aluminum supported plates (layer thickness 0.2 mitf) solvent systems given in the
text. Visualization of the spots was effected bgasure to UV light and charring with a
solution of 5% (v/v) sulfuric acid in EtOH, contaig 0.5% p-anisaldehyde. Column
chromatography was carried out with Silica Gel 880400 mesh). Optical rotations
were measured at 20 °C in a 1 dm cell with a Pelgkmer 343 polarimeter. Microwave

irradiation was carried out in a CEM Discover MWstiument with a System Internal



IR probe type, at 70 °C (power max 300 W). Highohetson mass spectra (HRMS)
were obtained by Electrospray lonization (ESI) a&@drOF. *H and **C nuclear
magnetic resonance (NMR) spectra were recorded &ftC2at 500 and 125.7 MHz,
respectively, using a Bruker Avance |l 500 specttm For'H, *C nuclear magnetic
resonance (NMR) spectra, chemical shifts are redart parts per million relative to
tetramethylsilane or a residual solvent peak (GHtE: § 7.26 ppm*C: & 77.2 ppm).
Assignments ofH and**C were assisted by 2lH—COSY and 20H-"*C experiments.

In the description of the spectra, the signalsesponding to the glucose or trehalose
moieties were labeled as “G” or “T”, respectiveMzide-sugar scaffoldg and8, and

compoundd3, 16, 25 and26 were prepared as previously reported.

4.2. Synthesis of the precursors

4.2.1. 2,3-diO-acetyl-N-(2,3,4,6-tetraO-acetyl{f3-D-galactopyranosyl)+ -tartaric
acid monoamide (4)

To a solution of 2,3,4,6-tetr@-acetylf-D-galactosylamine?) (389 mg, 1.12 mmol) in
anhydrous MeCN (1.3 mL), was addd®jR)-tartaric anhydrid® (1.34 mmol, 290 mg).
The reaction proceeded for 15 min, when TLC shows@tiplete consumption of the
starting 2. The solution was evaporated and compodndias purified by column
chromatography, using Toluene : EtOAc (2 : 1) tdO&t : MeOH (7 : 3) containing
1% AcOH as eluting solvents. Yield: 478 mg (76%)}£° + 30.7 € 0.5, CHC}); R;
0.24 (CHC} : MeOH 10:1);*H NMR (CDCh): 6 7.03 (d, 1HJ1nn 9.2 Hz, NH), 6.28
(br s, 1H, ®), 5.70 (d, 1HJcHa cHb 2.6 Hz, GHa), 5.68 (d, 1HJcHachp2.6 Hz, GHb),
5.45 (dd, 1HJ450.7,J343.0 Hz, H-4), 5.17-5.07 (m, 3H, H-1, H-2, H-3), @-4.03 (m,
3H, H-5, H-6a, H-6b), 2.25, 2.15, 2.13, 2.02 (2xR9 (6 s, 18 H, BCO). *C NMR
(CDClg): 6 172.2, 170.7, 170.2, 169.9, 169.5, 169.4, 169.3,11@x CO), 78.5 (C-1),
72.6 (C-5), 72.3¢Hb), 70.6 CHa), 71.5 (C-3), 67.9 (C-2), 67.3 (C-4), 61.1 (CH).7
(3x), 20.6, 20.2 CH3CO). HRMS (ESI):m/z [M+Na] calcd for GoHogNNaOy:
586.1379, found: 586.1401

4.2.2. 2,3-diO-acetyl-N-(2,3,4,6-tetraO-acetylf3-D-galactopyranosyl)N-propargyl-
L-tartaric diamide (5)

To a solution o# (0.85 mmol, 480 mg) in anh GA&l,, DCC (1.07 mmol, 220 mg) was
added under Ar atmosphere. After stirring for 2@ npropargylamine (1.02 mmol, 56.4
mg) was added and the mixture was stirred at roempérature for 24 h and then



filtered. The solution was concentrated and thedgpets purified by column
chromatography using CH£1 MeOH (50 : 1 to 35 : 1) as eluting solvents. [¥ie130
mg (84%); mp 107-111 °Ca]p?° +46.5 € 1.0, CHC}):; R 0.46 (CHC} : MeOH 10:1);
'H NMR (CDCk): 6 6.95 (d, 1HJinn 9.2 Hz, NH), 6.49 (t, 1H Jcrann 5.4 Hz, NH),
5.79 (d, 1HJchacHb2.5 Hz, GHa), 5.62 (d, 1 HichacHb2.5 Hz, Gib), 5.43 (d, 1HJs4
3.2 Hz, H-4), 5.15 (ddls 4 3.4,J,5 10.2 Hz, H-3), 5.13 (t, 1Hl » = Jinn 9.2 Hz, H-1),
5.06 (t, 1H,J12 = J239.7 Hz, H-2), 4.17 (ddd, 1Hchz, och 2.5, JcHanmz 6.2, Jgem 17.5
Hz, CH.N), 4.09-4.02 (m, 3H, H-5, H-6a, H-6b), 3.92 (dd#], Jcrz.c=cH 2.5, Jorz.NH2
4.7,Jgem 17.5 Hz |, ®i2N), 2.25 (t, 1HJchz,=cH 2.5 Hz, GCH), 2.20, 2.15, 2.13, 2.02,
2.00, 1.98 (6 s, 18H, KzCO). 3¢ NMR (CDCh): 0 172.2, 170.6, 170.0, 169.8, 169.2,
168.7, 167.1, 165.6 (8 CO), 79.0 (HEC), 78.3 (C-1), 73.0GHa), 72.5 (C-5), 72.1
(HC=C), 72.0 CHb), 70.5 (C-3), 67.8 (C-2), 67.3 (C-4), 61.1 (G-BY.2 CH.N), 20.7
(3x), 20.6 (2x), 20.5 GH3CO). HRMS (ESI):m/z [M+H]" calcd for GsH3sNoOss:
601.1875, found: 601.1877.

4.3. General Procedure for the Click Reaction

The click reaction was conducted under the conuftipreviously described. The
azide/derivative¥, 8, 9 or 10 (0.20 mmol) and the alkynyl derivativésor 6 (0.20
mmol per mole of reacting azide) were dissolvea idioxane/HO mixture (8 : 2, 2.5
mL). Copper sulfate (0.05 mmol per mole of reactagle) and sodium ascorbate (0.10
mmol per mole of azide group) were added, and tixtune was stirred at 70 °C under
microwave irradiation during 40 min. The mixture svéhen poured into a 1:1
NH4CI/H,0 solution (20 mL) and extracted with EtOAc (4 xrhk). The organic layer
was dried (Ng5O,) and filtered, and the solvent was evaporated mumdduced
pressure. The residue was purified by flash chrography, using the solvent systems

indicated in each case.

4.3.1. Methyl 2,3,4-triO-acetyl-6-deoxy-6-{4-[2,3-di©-acetylN’-(2,3,4,6-tetra-O-
acetyl$-D-galactopyranosyl)+ -tartaramidoyl- N-methyl]-1,2,3-triazol-1-yl}  a-D-
glucopyranoside (11)

Compoundll was obtained by reaction &fand7. Column solvent system: CH{CI
MeOH (50 : 1 to 35 : 1), 176 mg (93%); mp 124-1€6[&]p>° +76.9 € 1.0, CHCh); R;
0.53 (CHC} : MeOH 9:1);'H NMR (CDCk): § 7.66 (s, 1H, H-triazole), 6.91 (d, 1H,



Jinn 8.9 Hz, NH), 6.83 (t, 1HJcranmz 5.7 Hz, NH), 5.75 (d, 1HJcracrb2.4 Hz, GHa),
5.60 (d, 1HJcHachb2.4 Hz, GHb), 5.47 (dd, 1HJsc 46 9.3,J26.36 10.2 Hz, H-3G), 5.44
(dd, 1H,J450.8,J343.5 Hz, H-4), 5.13 (dd, 1Hk 4 3.5,J,5 10.3 Hz, H-3), 5.12 (t, 1H,
J12=Jinn 8.8 Hz, H-1), 5.07 (dd, 1H; 29.3,J,5310.0 Hz, H-2), 4.92 (d, 1H;6.263.6
Hz, H-1G), 4.83 (dd, 1H}ic 26 3.7, Joc .36 10.3 Hz, H-2G), 4.78 (dd, 1Hlg 46 9.3,
Jacsc 10.2 Hz, H-4G), 4.54 (dd, 1HcH2,nH 5.9, Jgem 15.2 Hz, Gi2N), 4.53 (dd, 1H,
Js,6a62.4,J6ac,6bc14.4 Hz, H-6aG), 4.49 (dd, 1BgH2,nH 5.9,Jgem 15.3 Hz, GH2N), 4.41
(dd, 1H, Js6pc 7.8, Jsac.6bc 14.4 Hz, H-6bG), 4.16 (ddd, 1Hsc6ac 2.4, Jsc6bc 7.9,
Jacsc 10.2 Hz, H-5G), 4.10 (dd, 1Hs 62 8.8, Jsaen 12.8 Hz, H-6a), 4.04 (dd, 1Hsep
6.1, Jeasb 12.8 Hz, H-6b), 4.03 (ddd, 1H45 1.0, Js 6p 6.1, J562 8.2 Hz, H-5), 3.17 (s,
3H, OCHs), 2.15, 2.14, 2.12, 2.10, 2.06, 2.03, 2.00 (2x991(9 s, 27H, E5CO).**C
NMR (CDCk): 6 172.0, 170.4, 170.1, 169.9 (2x), 169.7, 169.6, 0,6268.6, 167.0,
165.9 CO), 143.9 (C-4 triazole), 123.7 (C-5 triazole), PGC-1G), 78.3 (C-1), 72.7
(CHa), 72.5 (C-5), 72.1GHb), 70.5 (C-2G), 70.4 (C-3G), 69.8, 69.7 (C-3, G}467.7
(2x) (C-2, C-5G), 67.1 (C-4), 60.9 (C-6), 55.608%), 50.7 (C-6G), 34.8GH.N), 20.7
(2x), 20.6 (4x), 20.5, 20.4 (2x)CHsCO). HRMS (ESI):mv¥z [M+Na]" calcd for
CsgHs51NsNaOy3: 968.2873, found: 968.2849.

4.3.2. 2,2',3,3,4,4'-Hexad-acetyl-6,6’-dideoxy-6,6’-bis-{4-[2,3-diO-acetyl-N’-
(2,3,4,6-tetraO-acetylf-D-galactopyranosyl)+ -tartaramidoyl -N-methyl]-1,2,3-
triazol-1-yl} a,a’-trehalose (14)

Compoundl4 was obtained by reaction 6fand8. Column solvent system: CH(CI
MeOH (50 : 1 to 20 : 1), 170 mg (46%); mp 141-1@3 fx]p*° + 46.2 € 1.0, CHC});
R 0.52 (CHC} : MeOH 9:1);*H NMR (CDCh): 6 7.63 (s, 1H, H-triazole), 7.03-7.01
(m, 2H, 2x NH), 5.68 (d, 1H,JcHacrbl.8 Hz, GHa), 5.60 (d, 1HJcHachb1.9 Hz, GHb),
5.44 (d, 1HJ34 2.2 Hz, H-4), 5.42 (t, 1Hlsr 47 = Jo7 37 10.0 Hz, H-3T), 5.17 (dd, 1H,
J3.43.6,32510.6 Hz, H-3), 5.16 (dd, 1H;9.3,J,310.6 Hz, H-2), 5.11 (t, 1H},, 9.7
Hz, H-1), 5.06 (dd, 1HJ11 o1 3.5, o137 10.5 Hz, H-2T), 4.97 (t, 1Hl37.47 = J47 57 9.8
Hz, H-4T), 4.92 (d, 1HJi1or 3.4 Hz, H-1T), 4.594.49 (m, 3H, Ei,N, H-6aT), 4.29
(dd, 1H,Js7 6ot 9.1,J6at 607 14.3 Hz, H-6bT), 4.074.00 (m, 4H, H-5T + H-5 + H-6a +
H-6b), 2.21, 2.14 (2x), 2.11, 2.01 (2x), 2.00, 1.9®6 (9 s, 27H, B;CO). *C NMR
(CDCly): 6 172.2, 170.5, 170.3, 170.1, 169.9 (2x), 169.8,.3,69269.4, 169.3, 165.8
(CO), 144.8 (C-4 triazole); 123.7 (C-5 triazole), ®1C-1T), 78.5 (C-1), 72.9CHDb),
72.4 (C-5), 72.2GHa), 70.5 (C-3), 69.7 (C-4T), 69.6 (C-5T), 69.53T), 69.1 (C-2T),



67.9 (C-2), 67.2 (C-4), 60.9 (C-6), 50.7 (C-6T),BBH,N), 20.9, 20.8, 20.7 (6x), 20.6
(COCHs). HRMS (ESI) m/z [M + Na] calcd for GsHoeN1oNaQys 1867.5429, found
1867.5436.

4.3.3. 1,4:3,6-Dianhydro-2,5-dideoxy-2,5-bis-{4-[2;di-O-acetyl-N-(2,3,4,6-tetra-O-
acetyl{f3-D-galactopyranosyl)+ -tartaramidoyl- N-methyl]-1,2,3-triazol-1-yl}-L -iditol
(17).

Compoundl7 was obtained by reaction &6fand9. Column solvent system: CH(CI
MeOH (50 : 1 to 25 : 1), 151 mg (54%); mp 468 °C; fi]p*° + 63.2 € 1.0, CHC});

R: 0.27 (CHC} : MeOH 9:1);*H NMR (CDCh): 6 7.68 (s, 1H, H-triazole), 7.10 (t, 1H,
Jehznn 5.9 Hz, NH), 7.04 (d, 1HJ1 ny 9.1 Hz, NH), 5.71 (d, 1HJcHacHb2.5 Hz, GHa),
5.61 (d, 1HJcHa,cHb 2.5 Hz, GHb), 5.44 (d, 1HJ3 4 3.4 Hz, H-4), 5.22 (dd, 1 Hy' 3
2.7,y 3 5.3 Hz, H-2"), 5.18 (dd, 1Hl34 3.4,J,3 10.2 Hz, H-3), 5.14 (t, 1H);, =
Jinn 9.2 Hz, H-1), 5.13 (s, 1H, H-1"), 5.08 (dd, 1, 9.2,J,310.2 Hz, H-2), 4.53 (dd,
1H, JchznH2 6.0,Jgem 15.3 Hz, GH2N), 4.41 (dd, 1HJcH2,NH2 5.9, Jgem 15.3 Hz, GH2N),
4.38 (dd, 1HJy 34 5.4,J34 30 10.4 Hz, H-3a"), 4.29 (dd, 1H; 3v 2.6, J3a" 3 10.4 Hz,
H-3b"), 4.09-4.03 (m, 3H, H-5, H-6a, H-6b), 2.1413 2.08, 2.02, 2.00, 1.99 (6 s,
18H, CH;CO). **C NMR (CDCE): 6 172.0, 170.4, 169.9, 169.7, 169.1, 168.8, 167.1,
166.1 CO), 144.6 (C-4 triazole), 122.0 (C-5 triazole), B1C-1"), 78.3 (C-1), 72.6,
72.5, 72.4, 72.1 (C-5, C-EHa, CHb), 70.4 (C-3), 67.8 (C-2), 67.1 (C-4), 65.7 (§;2
60.9 (C-6), 34.7 CH,N), 20.6 (3x), 20.5, 20.4 (2x)CH3CO). HRMS (ESI):m/z
[M+Na]" calcd for GeH72N1gNaOs,: 1419.4206, found: 1419.4158.

4.3.4. 1,4:3,6-dianhydro-2,5-dideoxy-2,5-bis-{4N-(2,3,4,6-tetraO-acetyl{f3-D-
galactopyranosyl)-succinamoyIN-methyl]-1,2,3-triazol-1-yl}-L -iditol (19)
Compoundl9 was obtained by reaction 6fand9. Column solvent system: CH(CI
MeOH (50 : 1 to 20 : 1), 182 mg (78%); mp £388 °C; pi]p*° + 56.7 € 1.0, CHC});

R 0.33 (CHC}: MeOH 9:1);*H NMR (CDCh): d 7.66 (s, 1H, H-triazole), 6.78 (m, 2H,
2 x NH), 5.44 (d, 1HJs 4 3.4 Hz, H-4), 5.29 (t, 1H}1 » = Jy nn 9.3 Hz, H-1), 5.29 (dd,
1H, Jp 34 2.3,J2 3y 5.6 Hz, H-2"), 5.23 (dd, 1H)z 4 3.4,J,310.2 Hz, H-3), 5.12 (t, 1H,
Ji2=3239.3 Hz , H-2), 5.09 (s, 1H, H-1"), 4.54 (dd, 1Ko nH 6.0, Jgem 15.4 Hz,
CH2N), 4.41 (dd, 1HJcH2,NH2 5.6,Jgem 15.2 Hz, GH2N), 4.40 (dd, 1HJ2 32 5.2, I3 30
10.4 Hz, H-3a"), 4.30 (dd, 1Hy 3y 2.2,J32 3p 10.4 Hz, H-3b"), 4.11-4.09 (m, 3H, H-5,
H-6a, H-6b), 2.552.45 (m, 4H, Ei,-CH,), 2.14, 2.04, 2.02, 1.98 (4 s, 12HH4CO).
3%C NMR (CDCE): 6 172.6, 171.8, 171.3, 170.5, 170.1, 169G0), 145.8 (C-4



triazole), 121.3 (C-5 triazole), 87.5 (C-1"), 78&31), 72.5, 72.2 (C-5, C-3"), 70.8 (C-
3), 68.3 (C-2), 67.3 (C-4), 65.7 (C-2), 61.2 (G-83.0 CH2N), 31.2, 30.5CH,—CH,),
20.7 (2x), 20.6 (2x)@H3CO). HRMS (ESI):m/z [M+Na]" calcd for GgHeaN1gNaOsq:
1187.3993, found: 1187.4023.

4.3.5. 2,2-bis-{4-[2,3-diO-acetyl-N-(2,3,4,6-tetraO-acetylf-D-galactopyranosyl)-
L-tartaramidoyl- N-methyl]-1,2,3-triazol-1-yl}-diethylether (21).

Compound21 was obtained by reaction 6fand10. Column solvent system: EtOAc :
MeOH (98 : 2 to 90 : 10), 120 mg (44%); mp 388 °C; fi]p?° + 35.7 € 0.3, CHC});

Rr 0.13 (EtAcO : MeOH 9:1)'H NMR (CDCh): 6 7.83 (t, 1H,Jchznn 5.8 Hz, NH),
7.39 (s, 1H, H-triazole), 7.10 (d, 1By Ny 9.5 Hz, NH), 5.77 (d, 1HJcHacHb 2.4 Hz,
CHa), 5.72 (d, 1HJchachp 2.5 Hz, GHb), 5.44 (d, 1HJs 4 3.1 Hz, H-4), 5.17 (dd, 1H,
J3.44.4,3, 39.4 Hz, H-3), 5.16 (t, 1H} > = J; np 9.4 Hz, H-1), 5.10 (dd, 1Hl » 9.5,
J39.8 Hz , H-2), 4.51 (dd, 2HichznH 2.1, Jgem 5.5 Hz, GH2N), 4.43 (m, 2H, E1LAr),
4.11-4.00 (m, 3H, H-5, H-6a, H-6b), 3.77 (t, 281,4.8 Hz, G1,0), 2.16, 2.14, 2.08,
2.01 2(x), 1.99 (6 s, 18H,HCO). *C NMR (CDCk): 6 172.0, 170.5, 170.1, 169.9,
169.7, 169.5, 167.6, 166.8Q), 144.3 (C-4 triazole), 123.8 (C-5 triazole), 4 8C-1),
72.9 CHb), 72.4 (C-5), 72.3GHa), 70.6 (C-3), 69.20H,0), 67.9 (C-2), 67.2 (C-4),
60.9 (C-6), 50.2 CH,Ar), 35.0 CH2N), 20.8 (3x), 20.7, 20.6 (2x)CH3CO). HRMS
(ESI):mvVz [M+Na] calcd for G4H7-N1gNaOs;: 1379.4263, found: 1379.4243.

4.3.6. 2,2'-bis-{4-N-(2,3,4,6-tetraO-acetyl$-D-galactopyranosyl)-succinamoyIN-
methyl]-1,2,3-triazol-1-yl}-diethylether (23).

Compound23 was obtained by reaction 6fand10. Column solvent system: EtOAc to
EtOAc : MeOH (80 : 20), 135 mg (60%)]p>° + 20.3 € 0.3, CHC}); R 0.12 (EtOAC :
MeOH 9:1);*H NMR (CDCL): J 7.69 (br s, 1H, H-triazole), 7.47 (br s, 1HHN 7.04
(d, 1H,J3 N 9.2 Hz, NH), 5.42 (d, 1HJ34 1.8 Hz, H-4), 5.28 (t, 1H); 2 = J1.nw 9.0 Hz,
H-1), 5.16 (dd, 1HJ34 1.9, J,3 10.4 Hz, H-3), 5.11 (t, 1H); 2 = J,3 9.7 Hz , H-2),
4.58-4.32 (m, 4H, B2N, CHAr), 4.11-4.02 (m, 3H, H-5, H-6a, H-6b), 3.83.72 (m,
2H, CH,0), 2.66-2.46 (M, 4H, B,-CH,), 2.12, 2.02, 2.00, 1.96 (4 s, 12HA40).*C
NMR (CDCk): 6 172.9, 172.1, 171.1, 170.5, 170.2, 16OY, 78.5 (C-1), 72.4 (C-5),
71.1, (C-3), 69.2 @H,0), 68.3 (C-2), 67.3 (C-4), 61.2 (C-6), 50.8HzAr), 35.1
(CH2N), 31.3, 30.6 CH,—CH,), 20.8 (2x), 20.7, 20.60H3CO). HRMS (ESI):m/z
[M+Na] calcd for GeHeaN1gNaOys: 1147.4043, found: 1147.4001.



4.4. General procedure for the O-deacetylation

Compoundsll, 14, 17, 19, 21 and23 were suspended in a mixture of MeOH 3;NEt
H,O 4:1:5 (3 mL/0.10 mmol of starting acetylated pmsor) and stirred at room
temperature. After 1 h, TLC (EtOAc or EtOAc : MeOWH;1) showed complete
consumption of the starting material. The soluti@as concentrated and the residue was
dissolved in water (1 mL) and passed through ansoldilled with Dowex MR-3C
mixed bed ion-exchange resin. The eluate was carated and further purified by
filtration through an Octadecyl C18 minicolumn. wegation of the solvent afforded
the free product, which showed a single spot by ThéBuOH : EtOH : HO, 1:1:1)

whose Rare indicated in each case.

4.4.1. Methyl 6-deoxy-6-[4’-B-D-galactopyranosyl-L-tartaramidoyl-N-methyl)
1,2,3-triazol-1-yl]-a-D-glucopyranose (12)

Yield: 61 mg (85%), obtained frorhl (120 mg, 0.127 mmol);of o*° + 110.9 ¢ 0.7,
H,0); R 0.53;'"H NMR (D,0): 6 7.97 (s, 1H, H-triazole), 4.98 (d, 1B,, 8.8 Hz, H-1),
4.84-4.79 (m, H-6aG, under the signal of HDO), 4.731(d, J1c 2c 3.8 Hz, H-1G), 4.65
(d, 1H,JcHa,cHb 1.8 Hz, GHa), 4.62 (d, 1HJcHacrp 2.0 Hz, GHb), 4.61 (dd, 1HJsc 6bc
8.0, Jsac,6bc14.6 Hz, H-6bG), 4.55 (s, 2H,HGN), 3.98 (d, 1HJ34 2.1 Hz, H-4), 3.92
(ddd, 1H,J566a62.3,J56.6b68.1,Jac 56 10.2 Hz, H-5G), 3.81 (t, 1Hp 6a= Js6v 6.2 HZ),
3.77-3.71 (m, 4H, H-2, H-3, H-6a, H-6b), 3.65 (t, 1¥¢ 3¢ = J3c4c 9.5 Hz, H-3G),
3.53 (dd, 1H16263.8,J26369.8 Hz, H-2G), 3.22 (dd, 1H36.469.2,J46569.9 Hz, H-
4G), 3.12 (s, 3H, B30). °*C NMR (D:0): 6 175.3, 173.5C0), 144.6 (C-4 triazole),
124.8 (C-5 triazole), 99.1 (C-1G), 79.7 (C-1), 7@295), 73.3 (C-3), 73.0 (C-3G), 72.5
(2x) (CHa, CHb), 71.0 (C-2G), 70.8 (C-4G), 69.9 (C-5G), 69.2268.7 (C-4), 61.0
(C-6), 54.7 (-@Hs3), 50.9 (C-6G), 34.3C¢H,N). HRMS (ESI):mVz [M+Na]" calcd for
CooH3z3sNsNaOy,: 590.1922, found: 590.1948.

4.4.2. 6,6"-dideoxy-6,6'-bis-[44( -p-D-galactopyranosyl+ -tartaramidoyl- N-
methyl)-1,2,3-triazol-1-yl]-a,a’-trehalose (15)

Yield: 43 mg (87%) obtained fror4 (84 mg, 0.046 mmol);ofp° + 112.4 ¢ 0.7,
H.0); R 0.38;'H NMR (D;0) 6 7.91 (s, 1H, H-triazole), 4.98 (d, 184, 8.9 Hz, H-1),
4.80 (dd, 1HJst6ar 2.2, Jsat 6ot 14.5 Hz, H-6aT), 4.67 (d, 1Hchacrp 1.8 Hz, GHa),
4.62 (d, 1H,JcHa,cHp 1.8 Hz, Gb), 4.57 (dd, 1HJs76pt 8.4, Jsat 607 14.9 Hz, H-6DT),
4.55 (s, 2H, EN), 4.54 (d, 1HJi7 27 4.1 Hz, H-1T), 4.01 (ddd, 1H5s7 gat 2.3, Js7 60T



8.4,J4757 10.3 Hz, H-5T), 4,03 (dd, 1H,50.7,J34 2.9 Hz, H-4), 3.81 (ddd, 1H,5
0.7,J5646.0,J5 65 6.9 Hz, H-5), 3.77#3.72 (m, 5H, H-2, H-3, H-3T, H-6a, H-6b), 3.49
(dd, 1H,J17 27 3.9,Jo1.37= 9.9 Hz, H-2T), 3.25 (dd, 1H3a7 47 9.1,J4757 10.0 Hz, H-4T).
13C NMR (D:0): § 175.3, 173.5Q0), 144.7 (C-4 triazole), 124.7 (C-5 triazole), D3.
(C-1T), 79.8 (C-1), 76.9 (C-5), 73.3 (C-3), 72.&)2C-3T,CHa), 72.5 CHb), 70.9 (C-
4T), 70.6, 70.5 (C-2T, C-5T), 69.2 (C-2), 68.7 (}>-81.0 (C-6), 50.9 (C-6T), 34.3
(CH2N). HRMS (ESI) m/z M + HJ" calcd for GgHgiN1gO27 1089.3702, found
1089.3695.

4.4.3. 1,4:3,6-dianhydro-2,5-dideoxy-2,5-bis-[AN(B-D-galactopyranosyli -
tartaramidoyl- N-methyl)-1,2,3-triazol-1-yl]-L-iditol (18)

Yield: 49 mg (78%) obtained fro7 (96 mg, 0.07 mmol):d]p?° + 111.3 € 0.5, HO);
Rr 0.40;*H NMR (D,0): 6 7.79 (s, 1H, H-triazole), 5.28 (dd, 1B 3 2.2, J» 34 5.1
Hz, H-2"), 5.01 (s, 1H, H-1"), 4.82 (d, 1Bk, 8.9 Hz, H-1), 4.48 (d, 1Hlchachp 2.0
Hz, CHa), 4.47 (d, 1HJchachb 2.0 Hz, Gib), 4.42 (d, 1HJgem 15.7 Hz, G&,N), 4.37
(d, 1H,Jgem 15.7 Hz, Gi2N), 4.29 (dd, 1HJo 34 5.2, 327,30 10.9 Hz, H-3a"), 4.21 (dd,
1H, J2 3p 2.2,J3a4" 3 10.8 Hz, H-3b"), 3.81 (dd, 1H,50.7,J34 2.8 Hz, H-4), 3.59 (ddd,
1H, J45 0.6, J5 62 6.2, 5,60 6.5 Hz, H-5), 3.633.56 (m, 4H, H-2, H-3, H-6a, H-6b)°C
NMR (D;0): § 175.3, 173.6Q0O), 144.9 (C-4 triazole), 123.0 (C-5 triazole), BTC-
1), 79.7 (C-1), 77.0 (C-5), 73.3, (C-3), 72.5 (Z&Ha, CHb), 72.1 (C-3"), 69.2 (C-2),
68.7 (C-4), 65.7 (C-2"), 61.0 (C-6), 3438H:N). HRMS (ESI):mVz [M+H]" calcd for
Ca2H49N10020: 893.3119, found: 893.3113.

4.4.4. 1,4:3,6-dianhydro-2,5-dideoxy-2,5-bis-[4N-3-D-galactopyranosyl-
succinamoylN-methyl)-1,2,3-triazol-1-yl]-L-iditol (20)

Yield: 150 mg (86%) obtained frorh9 (245 mg, 0.21 mmol);o]p?° + 46.9 € 0.9,
H.0); R 0.47;'H NMR (D;0): 6 7.78 (s, 1H, H-triazole), 5.28 (dd, 18 s 1.9,J> 3
5.1 Hz, H-2"), 5.04 (s, 1H, H-17), 4.74 (d, 1H,, 9.0 Hz, H-1), 4.334.26 (m, 3H, H-
3a’, H.N), 4.24 (dd, 1HJy 3p 1.9, J34 30 10.8 Hz, H-3b"), 3.81 (dd, 1H,50.6,J34
3.3 Hz, H-4), 3.59 (ddd, 1H,50.8,J5626.0,J5 6, 6.8 Hz, H-5), 3.583.52 (m, 3H, H-3,
H-6a, H-6b), 3.46 (t, 1HJ12 = J3 9.6 Hz, H-2), 2.532.40 (m, 4H, ®,-CH,). *C
NMR (D20): § 176.0, 174.8CO), 145.1 (C-4 triazole), 123.0 (C-5 triazole), BC-
1), 79.7 (C-1), 76.7 (C-5), 73.3, (C-3), 72.1 (§;89.3 (C-2), 68.6 (C-4), 65.7 (C-2),
60.9 (C-6), 34.5@H,N), 30.7, 30.3 CHx>-CH,). HRMS (ESI):m/z [M+H]" calcd for
Ca2H49N10016: 829.3323, found: 829.3348.



4.4.5. 2,2’-bis-[4-N-p-D-galactopyranosyli -tartaramidoyl- N-methyl)-1,2,3-triazol-
1-yl] diethylether (22).

Yield: 25 mg (73%) obtained fro&l (50 mg, 0.04);d]p*° + 73.0 € 1.1, HO); R; 0.41;
'H NMR (D;0): 6 7.73 (s, 1H, H-triazole), 4.97 (d, 1Bk, 8.5 Hz, H-1), 4.66 (d, 1H,
Jenachp 1.8 Hz, GHa), 4.64 (d, 1HJchacrp 1.7 Hz, GHb), 4.54 (s, 2H, E,N), 4.51 (t,
2H, Jchzarch20 4.9 Hz, GHLAr), 3.98 (d, 1H,J34 2.0 Hz, H-4), 3.87 (t, 2H]cH2ar.cH20
4.9 Hz, G4,0), 3.81 (t, 1H,J5 6a= Js.60 6.0 Hz, H-5), 3.75-3.72 (m, 4H, H-2, H-3, H-6a,
H-6b). *C NMR (D;0): 6 175.3, 173.6€0), 144.3 (C-4 triazole), 124.0 (C-5 triazole),
79.7 (C-1), 76.9 (C-5), 73.3 (C-3), 72.5 (29Ha, CHb), 69.2 (C-2), 68.7 (C-4), 68.5
(CH20), 61.0 (C-6), 49.9QH,Ar), 34.3 CH2N). HRMS (ESI):mVz [M+Na]" calcd for
CsoHagN1oNaO g 875.2995, found: 875.2965.

4.4.6. 2,2’-bis-4-[N-p-D-galactopyranosyl-succinammoylN-methyl)-1,2,3-triazol-1-
yl]-diethylether (24).

Yield: 62 mg (76%), obtained fro@8 (116 mg, 0.10 mmol):d]o*° + 7.5 € 1.0, HO);
R 0.36;'H NMR (D;0): 6 7.71 (s, 1H, H-triazole), 4.89 (d, 1Bk 2 9.0 Hz, H-1), 4.51
(t, 2H, Jchzar.chzo 5.0 Hz, GHLAr), 4.42 (s, 2H, E;N), 3.97 (dd, 1HJ,50.4,J34 3.2
Hz, H-4), 3.87 (t, 2HJcH2arcH20 5.0 Hz, GH,0), 3.76 (ddd, 1HJ45 0.5, J564 6.0, J5 6
6.5 Hz, H-5), 3.71-3.70 (m, 2H, H-6a, H-6b), 3.@@,(1H,J: 4 3.4, 3,3 9.7 Hz, H-3),
3.62 (t, 1H,J12 = J 3 9.5 Hz, H-2), 2.66—2.58 (m, 4H,H3-CH,). *C NMR (D;0): ¢
176.0, 174.6 CO), 144.5 (C-4 triazole), 123.9 (C-5 triazole), 79C-1), 76.7 (C-5),
73.3 (C-3), 69.3 (C-2), 68.6, 68.6K,0, C-4), 60.9 (C-6), 49.90HAr), 34.5 CH2N),
30.7, 30.3 CH,-CH,). HRMS (ESI): m/z [M+Na]" calcd for GgHsgNioNaO;s:
811.3198, found: 811.3185.

4.5. Enzyme Linked Lectin Assay (ELLA)

Nunc-Inmuno™ plates (MaxiSorp™) were coated ovdmigvith click lactose-
polystyrene glycopolymét at 100uL/well diluted from a stock solution of 30y-mL*

in 0.01 m phosphate buffer saline (PBS, pH 7.3aiaitg 0.1 mm C& and 0.1 mm
Mn®") at room temperature. The wells were then washeeettimes with 30QL of
washing buffer (containing 0.05% (v/v) Tween 20B8T). The washing procedure was
repeated after each of the incubations throughbet @ssay. The wells were then
blocked with 150uL/well of 1% BSA/PBS for 1 h at 37 °C. After wasgirthe wells

were filled with 100uL of serial dilutions of horseradish peroxidaseeléd peanut



(Arachis hypogaea) lectin (PNA-HRP) from 18 to 10° mg mL* in PBS, and incubated
at 37 °C for 1 h. The plates were washed andub@vell of 2,2-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) diammoniumt S@®BTS) (0.25 mg-mL) in
citrate buffer (0.2 m, pH 4.0 with 0.015%®}) was added. The reaction was stopped
after 20 min by adding 50L/well of 1 m H,SO, and the absorbances were measured at
415 nm. Blank wells contained citrate-phosphatdeoufThe concentration of lectin-
enzyme conjugate that displayed an absorbance bet@e8 and 1.0 was used for
inhibition experiments. ELLA is considered to priinformation on the intrinsic
multivalent effect, devoid of aggregation phenomesace the presence of the
voluminous HRP enzyme prevents cross-linking tletineunless very long spacer arms
are incorporated in the divalent ligatfd

In order to carry out the inhibition experimentagcle inhibitor was added in a
serial of 2-fold dilutions (6@.L/well) in PBS with 60uL of the desired PNA-peroxidase
conjugate concentration on Nunclon™ (Delta) mit¢eotplates and incubated for 1 h at
37 °C. The above solutions (100) were then transferred to the lactose polymerteamba
microplates, which were incubated for 1 h at 37 P@e plates were washed and the
ABTS substrate was added (gD/well). Color development was stopped after 20 min
and the absorbances were measured. The percenthibition was calculated as
follows: % Inhibition = Ao inhibitory Awith inhibitor))/ Ao inhibitory X 100. The Gy values
corresponding to lactose and galactose were detedmin the same conditions. A
positive control of a high affinity multivalent lasylated cyclodextrin (valency: 21)
ligand was also tested to validate the methodolddpe 1G, value obtained for this
ligand was 25 + M (Lit.: 21 + 2 uM).*

Results in triplicate were used for plotting thehibition curves for each
individual ELLA experiment. Typically, the Kg values (concentration required for
50% inhibition of the Con A-coating lactose polynassociation) obtained from several
independently performed tests were in the range ©5%. Nevertheless, the relative
inhibition values calculated from independent seakdata were highly reproducible.

4.6. Docking and Molecular Dynamics calculations

Dockign and Molecular Dynamics (MD) calculationsrevgerformed as in previous
works™ using modified AUTODOCR® version for carbohydrates and AMBER MD
package (Ref amber). Briefly, minimized structuné$actose, and compoundsandB



(represented in Fig. S1), were docked into the ataytirate-binding site of the PNA
lectin (PDBIid 1CR7) using previously reported pagesens. The available X-ray PNA-
Lactose structure was used as a positive contarl.MD simulations Amberffo9SB
force field was used for the protein and Glycamplss GAFF (Refs Glycam y Gaff)
for the ligands. Production simulations were run I00 ns and analyzed with VMD
1.8.7 program (Fig. 2a and S2b, Fig. S3a and S3b).
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Highlights

B-Galactosylamine was coupled to L-tartaric anhydride as a precursor of a hydroxylated linker.
An analogous succinimidyl B-galactosylamine moiety was synthesized for comparative purposes.
Mono and divalent ligands were synthesized by click chemistry.

The affinity of the compounds obtained for the PNA lectin was determined by ELLA.

Docking and molecular dynamics calculations were in agreement with affinities observed.



