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Abstract

O-GIcNAcylation or O-GIcNAc modification is a post-translational modédtion of several
proteins responsible for fundamental cellular psses. Dysregulation of th®-GICNAc
pathway has been linked to the etiology of sevdis¢ases such as neurodegenerative and
cardiovascular diseases, type 2 diabetes and ca@e@icNAcase (OGA) catalyzes the
removal of O-GIcNAc from the modified proteinand several carbohydrate-based OGA
inhibitors have been synthesized to understanddlee of O-GIcNAc-modified proteins in
physiological and pathological conditions. Howeuagny of the inhibitors lack selectivity
for OGA over lysosomal hexosaminidases A and B. iAgnthe selectively inhibition of
OGA, we propose herein the synthesis of twelve hghieopyranoside derivatives exploring
the bioisosteric replacement of the GICNAc 2-acédengroup by 1,4-disubstituted 1,2,3-
triazole ring, bearing a variety of central chawgh different shapes. Compounds were
readily prepared through "Copper(l) Catalyzed A#dleyne Cycloaddition” (CuAAC)
reaction between a sugar azide and different tenalkynes. Initial Western Blot analyses
and further inhibitory assays proved that compoual$§lCso= 0.50+ 0.02 uM, OGA),6k
(ICs0= 0.52+ 0.01 pM, OGA) andl (IC50= 0.72+ 0.02 uM, OGA) were the most potent
and selective compounds of the series. Structureitgaelationship analyses and molecular
docking simulations demonstrated that the bridgdwad-carbon atoms between the C-4
position of the triazole and the phenyl rirg), which may be replaced by heteroatoms such
asN (6k) or O (6l), is fundamental for accommodation and inhibitwithin OGA catalytic
pocket.
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1. Introduction

O-GIcNAcylation or O-GIcNAc modification of proteins has been recogdizs an
important event in the post-translational modificatof approximately 4,000 proteins that
are responsible for fundamental cellular processash as cellular signaling, transcription,
protein stability and degradation, among other8][1)-GIcNAcylation is directly regulated
by two enzymes, a glycosyltransferase naf@e@IcNAc transferase (OGT), which transfers
the sugamN-acetylglucosamine (GIcNAc) from uridine 5’-diphdse N-acetylglucosamine
(UDP-GIcNAC) substrate to target proteins, and ycatide hydrolase referred to &5
GIcNAcase (OGA), which catalyzes the removalGsGIcNAc from the modified proteins
[3].

Dysregulation of th®-GIcNAcylation pathway may affect innumerable catjnaling
processes [4], contributing to the etiology of sal/diseases such as neurodegenerative and
cardiovascular diseases, type 2 diabetes and c@5@e6]. A range of carbohydrate-based
inhibitors of OGA has allowed identification of thele of O-GIcNAc-modified proteins in
physiological and pathological conditions [7,8].€Blk inhibitors, which have emerged as
novel therapeutic candidates, include PUGNAc, $ompocin, NAG-thiazoline, NButGT,
Thiamet-G, NAGstatin [8], NAM-thiazolines [9] andnore recently, the thioglycosyl-
naphthalimide hybrid molecules CAUS-A and CAUS-B][{Figure 1). However, many of
them lack selectivity for OGA over lysosomal hexosadases,p-N-hexosaminidase A
(HexA) andp-N-hexosaminidase (HexB).

Figure 1.

The cellular activities of OGA and HexA and B cam distinguished owing to the
environmental pH and substrate specificity, as niesefor OGA activity at neutral pH and
GIcNAc substrate, and for HexA and B at acidic ¢seme) pH with affinity for GalNAc
units [11]. The role played by the latter on celktabolism implies that any nonspecific
inhibition can give rise to lysosomal gangliosidecamulation that leads to the
neurodegenerative Tay-Sachs and Sandhoff diseBlses [

Based on the evidence that the catalytic site oR@Gcommodates more flexible and
bulky substituents near the 2-acetamide group efcthrresponding substrate, compared to
HexA and B enzymes, the methyl substituent of tW&Nhiazoline compoundkK; 80 nM)
was extended to a propyl group, leading to NBut@&igyre 1) with higher selectivity



(approximately 600-folds for OGA), although withwler potency K, 600 nM) [7,12].
Further modifications of the alkyl chain of NButGfrough the insertion of an amine group
provided Thiamet-G with remarkable poten&y 21 nM) and selectivity (37,000-folds) [12].

The achievements on thiazoline-based GIcNAc devieatencouraged us to pursue an
alternative approach to selectively target OGA kplering the bioisosteric replacement of
the GIcNAc 2-acetamide by 1,4-disubstituted 1,2i&zble bearing a variety of side chains
with different shapes, length and polarity. In faittazole-based ring systems have been
intensively used in biomedical research in thealiscy of new drug candidates and chemical
optimization of prototypes [13,14] due to its ridyg stability and readily preparation using
"Copper(l) Catalyzed Azide/Alkyne Cycloaddition" {8AC) reaction as a click chemistry
strategy [15, 16] to produce easily purified pradun good yields.

2. Resultsand Discussion

2.1. Synthesis of glucopyranoside triazoles library

For the synthesis of glucopyranoside triazole @grves we followed the 1,3-dipolar
cycloaddition (CUAAC) reaction that enables thepimg of the sugar azide with terminal
alkynes to afford the acetylated triazole derivetivwhich were then deacetylated to give the
target compounds.

Based on previously described methods [17,18,1@ogamine hydrochloridel)
was treated with acetyl bromide to give the highhstable glycosyl bromide, which was
immediately used in the next glycosidation stepgive the methyl 3,4,6-t®-acetyl-2-
amine-2-deoxyp-glucopyranoside?), containingthe free amine group at the C-2 position
(61% yield over two steps, Scheme 1). This appredidrded produc® as a mixture of:a
anomers in a 10:1 ratio, respectively, that weréntamed during its conversion to azi@e
(37%) using diazotransfer reaction in the presaricefreshly prepared triflyl azide solution
in pyridine [20,21].

Scheme 1.

For the synthesis of the acetylenic precurségs 4h, 4j-l, different previously
reported synthetic approaches were applied. Thexeficeatment of propargylic alcohol with
benzyl bromide in dry tetrahydrofuran (THF) [22jaafled alkynedg (66%), while reductive
amination between benzaldehyde and propargylant¢ ynder the presence of glacial
acetic acid (1.0 eq.) [24] gave produttt in low yield (24%), though producth was

obtained in adequate proportion to proceed withféHewing cycloaddition reaction. On the



other hand, the amide group of alkyfje(63%) was obtained by the treatment of 4-fluoro-
benzoic acid with propargylamine in triethylamimedahe coupling reage@-(benzotriazol-
1-y)-N,N,N,N"-tetramethyluronium hexafluorophosphdt¢BTU) [25]. For the acetylenes
4k and4l, two similar approaches were used, e.g. potassanmonate in the presence of 3-
bromopropyne treated with aniline [26] to give ailkylk (71%) or with phenol [27] to afford
alkyne 4l (47%). For all the alkyne precursors it was pdsstb identify the characteristic
acetylenesH NMR signals, in the range & 2.39-2.21 ppm and@ 4.70-3.44 ppm, both
presenting propargylic coupling constart2 6 — 2.1 Hz).

The CuAAC reactions were carried out with azidecprsor 3 and a series of
acetylenic precursors4d-f and 4i, commercially available andg, 4h, 4j-I previously
synthesized). In general, the acetylated triazokrivdtives 5a- (Figure 1) were
straightforward obtained in moderate to good yi¢#t&79%) under microwave irradiation at
70 °C for 10 minutes (min) idimethylformamide (DMF), in the presence of 0.04 efj
CuSQ and 0.1 eq. sodium ascorbate [28]. However, thglony of acetylenegh and 4k
with azide3 under thesestablished conditions did not give the correspogdiiazoles %h,
5k), even after two sequential irradiations of 10 .milmerefore, an alternative CuAAC
procedure [29] was attempted using the 1,10-phénalitie monohydrate ligand, in EtOH-
H,O at room temperature in order to increase CuAA&xtien’s efficiency, as the 1,10-
phenanthroline ligand has been reported to compidx copper(l) allowing its stabilization
for the cycloaddition reaction [30,31]. After 18ure (h), the reaction was completed and
products 5h and 5k were obtained in 63% and 93% vyields, respectivedjter
chromatographic purification. TH&l NMR spectra of compoundi&-| showed characteristic
singlet signals in a range 6f7.55-7.42 ppm for triazole proton, whereas theaswgignals
were also observed in all derivatives with typicalltiplicity, coupling constant and
integrals, notably indicating the downfield shift the hydrogen at C-25(4.55-4.28 ppm)
compared to their azide precur§o® 3.51-3.45 ppm).

Finally, deacetylation reaction under standard ¢t (catalytic NaOMe/MeOH)
[28] gave the glucopyranoside triazokss! (Figure 1) in good to excellent yields (59-98%).
The absence ofH NMR singlet signals corresponding to the threetycgroups was
confirmed for all products. Furthermore, it was @lved that the hydrogen signals of the free
carbohydrate were slightly shifted upfield compatedthe acetylated derivatives. The
accurate mass of the final compourtsl was also confirmed by high-resolution mass

spectrometry and the data were in accordance twatlcalculated mass for each compound.



Because of the OGA specificity fo substrates, separation of the anomeric mixture
was mandatory. Thus, an expedient separation d§ streomer by reversed phase HPLC was
accomplished using polar deacetylated derivatézel though it was laborious and afforded
very low quantity of the pure products. To circumivéhis issue, we managed to crystallize
the precursor azide in EtOH, obtaining the purg anomer as white needles with 34% vyield.
Hence, triazole product8a-l were promptly obtained as a singleanomer as depicted in

Scheme 1 and then, further submitted to biologasahys.

2.2. Cytotoxicity Assay

Prior to testing the potential OGA inhibitory adtjvof the glucopyranoside triazole
library, the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphgtetrazolium bromide (MTT) assay was
performed. The potential toxicity of the glucopyoaite triazole compounds was assessed in
cultured vascular smooth muscle cells (VSMC) isalatrom aorta of male Wistar rats. The
results shown in figure 2 indicate that none of tmenpounds was cytotoxic against the
evaluated cells and, therefore, the compounds wensidered suitable for the subsequent
studies of inhibitory activity.

Figure 2.

2.3.Inhibitory Activity

The glucopyranoside triazol€s-1 were initially obtained as a set of ten compounds
6a-j and their inhibitory activity over OGA was assessy Western Blot analysis @-
GlcNAc-modified proteins in lysates of cultured V&M from aorta of Wistar rats using an
antibody antiB-O-linked N-acetylglucosamine (Sigma-Aldrich Inc., Germany}. ghown in
figure 3A, compoundba, but not the other compounds from the librébyl, increasedO-
GIcNAc-modified proteins. The Compouid and Thiamet-G produced qualitatively similar
increases iIM-GIcNAc-modified proteins. This preliminary resu#d us to an interesting
structure-activity relationship (SAR) analysis. Amgocompoundsa-j, 6a is the unique
derivative bearing a central chain extension of-badbon atoms bridging the C-4 position of
the triazole core to the phenol ring, suggestingt tthis length might be critical for
accommodation of the inhibitors in the OGA catalyiocket. Conversely, three-carbon chain
displayed by compound&f-j may not adopt the correct orientation within tlutive site
pocket based on the weak ability to enhance pr@e@IicNAcylation, as determined in the

Western Blot experiments. Further evidence revealpdsitive contribution of the aromatic



ring on the activity of compoun@a, as compounde was not efficient in increasin@-
GlcNAcylated protein levels. In fact, novel derivas 6k and6l, containing heteroatom(

or O, respectively) that preserve the two carbons lkridgtension of6a linked to the
aromatic ring, exhibited similar activities in tNeestern Blot assays. These results indicate
that compound$a, 6k and 6l may create strong interactions at the OGA catalyticket,
which would enable them to qualitatively augm@nGIcNAc levels through OGA inhibition
(Figure 3B).

Figure 3.

In order to confirm the ability of the compounds itereaseO-GIcNAcylation of
VSMCs proteins, observed in the Western Blot expents, OGA enzymatic activity was
determined using cell lysates from Wistar ratspieviously described [32]. The enzymatic
activity was detected by the fluorescence intensgsulting from the breakdown of 4-
methylumbelliferyl N-acetyl$-D-glucosaminide (4-MUNAG) substrate. The percentafe
inhibition was calculated by comparing the enzymatitivity in the presence of vehicle or
0.1, 1.0, 10 and 100 uM of the inhibitors. ThiarGetvas used as the reference compound.

Results shown in figure 4 are consistent with trener data, since only compouéal
decreased OGA activity, by 91% to 93%, at concépotra of 1.0, 10 and 100 pM.
Compoundba did notdisplay inhibitory activity at lower concentratigng. at 0.1 uM.

Figure4.

Potential OGA inhibitory activity for compoundi and6l was assessednder the
same conditionshut using 0.1 and 1.0 uM of the compounds. For @ispns, compound
6a and Thiamet-G were used. All three compounds wéfreient at inhibiting OGA activity
at 1.0 uM (Figure 5). Likewise, compound& and 6l were equally inactive at the
concentration of 0.1 puM. Furthermore, compowhdbearing an additional oxygen atom,
showed a lower percentage of inhibition (76%), welasr compound®k, bearing an amine
group, was very effective, producing inhibitoryeafts similar to compoungh (92%).

Figureb.

Determination of IGycorroborated the inhibitory activity of compourtis 6k andél
at micromolar concentrations, with compousal (ICso = 0.50+ 0.02 puM) andek (ICsp=
0.52+ 0.01 uM) being the most potent followed by compb6h (ICs5o= 0.72+ 0.02 uM)
(Figure 6).

Figure®6.

2.4. Selectivity Assays



The three most active compound®, 6k and 6l were tested againsp-N-
hexosaminidases A and B (HexA and B — GH20 famibyrf prokaryotes) in order to assess
their potential selectivity for OGA.

Based on the formerly results obtained in cell tysacompound6a, 6k and6l were
initially evaluated at the concentration of 1.0 phhereas Thiamet-G was assayed at 1.0 mM
to ensure complete inhibition of tifieN-hexosaminidases A and B [33]. Compousds6k
and 6l did not inhibit HexA or B at 1.0 uM concentratighigure 7A). These promising
results led us to subsequently evaluate the congsoaha higher concentration (1.0 mM).
Figure 7B demonstrates that compoufidstk and6l inhibited approximately 87% of HexA
and B at this concentration.

Figure7.

ICso determination revealed that compourgas(ICso= 550+ 0,004 uM),6k (ICso=
569+ 0,009uM) andél (ICsp= 571+ 0,015uM) are weak inhibitors of HexA and B (Figure
8), which allowed us to infer a high selective mtory effect of these three compounds for
OGA over HexA and B.

Figure8.

2.5.Docking Studies

Molecular docking simulations were performed inertb analyze the binding mode
of the most potent inhibitors into the OGA catalysite. The notable crystal structure of
Bacteroides thetaiotaomicron OGA (BtOGA) in complex with Thiamet-G (PDB code

2VVN) [33] was chosen to conduct the docking stadieased on its significant sequence
identity with the humanO-GIcNAcase (hOGA) [34]. It is noteworthy that thbrde-
dimensional structure of hOGA was recently deteediby Roth and co-workers, revealing
addition knowledge of the hOGA active site [35,36].

According to the structural similarity between Bt®@@nd hOGA, catalytic residues
in BtOGA were proposed to be Asp242 and Asp243 333, The docking of compounds,
6k and6l were performed at BtOGA active site in parallelhwithiamet-G [12,33] (Figure
9).

Figure.

The docking studies indicated that the two-carbtmma central chain, bridging the
triazole to the phenol ring, from compoun@s 6k and6l, perfectly fit BtOGA catalytic



pocket, being in agreement with the biological gssdoreover, three compounds display
similar conformation within the catalytic site, @sn be observed by the superposition of the
three structures represented on Figure 9A. FigBreslws the conformation of Thiamet-G
within BtOGA active site. Figures 9C-E represeninpounds6a, 6k and6l, respectively,
and their interactions with the critical residueghe catalytic pocket.

The phenol ring from compound®, 6k and6l preserved hydrophobic interactions
with Cys278, Tyr282 and Trp337 residues. In addijtitne sugar moiety allowed important
hydrogen bond interaction with catalytic residug243, and only compoungk is capable
to perform an addition hydrogen bond interactiothwhsp242 (Figure 9D), due to the
presence ofNH group in the central chain bridge, similar to arnet-G. Despite the
additional interaction of compoun@k with Asp242, it is observed that it does not
significantly influence the inhibitory potency.

Superposition of Thiamet-G and compougadinto BtOGA active site, represented on
Figure 9F, showed that both compounds occupy thiFophobic pocket displayed as an
extension of the catalytic site of the OGA enzyHewever, the sugar moiety from the
triazole derivatives does not occupy the same sgagnition region of Thiamet-G, as well
as of the natural substra@ GIcNAc [38], being displaced outside the catalypiocket
(Figure 9F). On the other hand, the triazole caakes place performing additional
interactions that contributes to the activity, aalfhough the carbohydrate portion is shifted
outside the binding region, it is still able to reagtrong interactions with the key catalytic
residues. This observation allows us to the suggesiat the length of the central chain is
indeed critical for accommodation of the inhibitansthe OGA catalytic pocket and tightly

influence the inhibitory activity of the triazoledvatives over OGA enzyme.

3. Conclusions

We have synthesized twelve novel glucopyranosidedle derivative$a-l, readily
prepared through CuAAC reaction between a sugateaand different terminal alkynes.
MTT assay indicated that none of the compounds eyéstoxic. Screening with Western
Blot experiments revealed that compou6a, 6k and 61 were qualitatively similar to
Thiamet-G in augmer®-GlcNAc-modified proteins levels. Further inhibiyoassays showed
that compound$a, 6k and6l presented micromolar activity towards OGA wéh (ICso =
0.50+ 0.02 puM) andék (ICso = 0.524+ 0.01 uM) being the most potent followed by
compounds anddl (ICsp = 0.72+ 0.02 puM). Moreover, compoundsa, 6k and 6l



demonstrated highly selectivity for OGA accordingltie weak inhibition obtained for HexA
and B. Additionally, molecular docking studies dissgd the interaction mode of the
derivatives6a, 6k and6l within the OGA catalytic pocket, allowing us tonotude that these
compounds occupy all the extension of the catalgtie, being critical for the activity.
Furthermore, the sugar moiety from the triazolevdgives occupies a different region in the
active site, whilst performing strong interactionghich represents a great factor for the
inhibitory activity obtained for the triazole glysgranoside compounds. These findings
provided promising clues for developing more pot@@®A inhibitors.

4. Experimental section

4.1. General Information:

All chemicals were acquired as reagent grade (Sigldach) and employed without
further purification. Solvents were treated acaogdo standard procedures [39]. Reactions
were monitored by thin layer chromatography (TL®@) aluminum plates pre-coated with
silica gel (60 GEs4, Sigma-Aldrich) using the indicated eluents. T&@bts were visualized
under ultraviolet (UV) light of 254 nm and/or byasting with ethanol-sulfuric acid (95:5,
v/v), ninhydrin or p-anisaldehyde solution followeg heating. Flash chromatography was
performed with a column with silica gel 60 (35 — fh) with the indicated eluents. The
microwave-assisted reactions were carried out oM €Biscover System using sealed tubes.
'H and’*C Nuclear Magnetic Resonance spectra were obtaimeBruker Avance DRX 300,
DPX 400, DPX 500 spectrometers or Bruker Ultraghi80D0 FT-NMR spectrometer.
Chemical shifts ) were reported in parts per million (ppm) dowrdielfrom
tetramethylsilane (TMS) or relative to the deutedasolvent residual signal (Chloroformed:
= 7.26 tH), 77.16 £°C); Methanol-d: & = 3.31 {H), 49.00 {°C); Deuterium oxide: 4.79
(*H)). Assignments were made with the aid of COSY,Qd€Sand HMBC experiments.
Optical rotations were measured on a Jasco P-20@0impeter at 20 °C, using sodium lamp
and wavelength of 588m. High Performance Liquid Chromatograph (HPLC}¥werformed
on a Shimadzu SCL-10AVP, equipped with software SBAVP 5.0 andSDP-M10A diode
array detector (DAD), using C-18 column (250 x 10nm10 um, Macherey-Nagel
Nucleodur®). High-resolution mass spectra (HRMSyawvebtained on a Bruker Daltonics
MicrOTOF-Q Il ESI-TOF mass spectrometer.

4.2. Synthesis:



4.2.1. Preparation of azide precursor 3

Methyl 3,4,6-tri-O-acetyl-2-amino-2-deoxy-D-glucopyranoside (2): [17,18,19] Acetyl
bromide (3.20 mL; 42.9 mmol) was added to 2-amirse@xyD-glucose hydrochloride (1.0
g; 4.6 mmol) and the mixture was stirred for 3 dayysoom temperature. The crude product
was dissolved in hot chloroform (distilled from@2) and filtered while still hot. Brown
crystals were formed as the solution cooled ofsmall quantity of diethyl ether was added
until the solid precipitated from the solution. Theoduct was filtered and washed with
diethyl ether. The resulting product was subsedyeigsolved in methanol (44 mL) and dry
pyridine (0.44 mL) and the mixture was allowed tw ®r 1 h at room temperature. The
mixture was concentrated by co-evaporation witludok, diluted in chloroform (60 mL),
washed with NgCOs (aq) (5%, 2 x 100 mL) and water (100 mL), drieceoN&SO,, and
concentrated. The crude product was recrystallizexhloroform/hexane affording produ2t
as a pale yellow solid as a mixture 36 anomers in the ratio of 10/1, respectively (903.3
mg; 61% vield after two stepsH NMR (500 MHz, CDCJ) &y: 5.03 — 4.95 (2H, m, H-3, H-
4), 4.29 (1H, ddJs624.7 Hz,Jsa6p12.2 Hz, H-6a), 4.16 (1H, d; 8.0 Hz, H-1), 4.11 (1H,
dd, Js 6v2.2 Hz,Jsa6612.2 Hz, H-6b), 3.68 (1H, ddds 49.4 Hz,J5644.7 Hz,Js5 60 2.2 Hz, H-
5), 3.55 (3H, s, O83), 2.91 (1H, ddJ, > 8.0 Hz,J,39.4 Hz, H-2), 2.07, 2.07, 2.0BH, 3s, 3
CH3CO).

Methyl 3,4,6-tri-O-acetyl-2-azide-2-deoxy-D-glucopyranoside (3): [20,21] A solution of
triflyl azide was prepared dissolving sodium az{d€0.5 mg; 2.6 mmol) in pyridine (2.9
mL), slowly adding trifluoromethanesulfonic anhytki(0.35 mL; 2.1 mmol) to the mixture
at 0 °C. The mixture was stirred for 2 h at 0 °@ #me precipitated salts were filtered off
through celite. The freshly prepared triflyl aziselution was added dropwise at 0 °C to a
solution of compoun@ (578 mg; 1.8 mmol), trimethylamine (0.5 mL; 3.6 wijrand CuSQ®

X 5 H,0 (4.6 mg; 0.018 mmol) in pyridine (2.9 mL). Theacgon was carried out for 16 h at
room temperature. The mixture was concentrated runeduced pressure followed by
purification by flash chromatography [Hexane:EtO@Acl)] affording producB as a yellow
oil as a mixture off/a (10/1) (233.8 mg; 37% yield). Further crystallinat of the B:a
mixture with ethanol afforded thg anomer 3p) as white needles with 34% vieftH NMR
(300 MHz, CDC}) 64: 5.05 — 4.96 (2H, m, H-3, H-4), 4.32 — 4.26 (2H,HA1, H-6a), 4.12
(1H, dd, Js 6p2.3 HZz, Jsa6vb12.3 Hz, H-6b), 3.66 (1H, ddds 49.6 Hz,J5644.6 HZz,J56, 2.3
Hz, H-5), 3.60 (3H, s, Od3), 3.51 — 3.45 (1H, m, H-2), 2.07 (6H, s, BILO), 2.02 (3H, s,



CH3CO). *C NMR (75 MHz, CDC}) 8¢: 170.8 COCH), 170.1 COCHg), 169.7 COCH),
103.0 (C-1), 72.6 (C-5), 71.8 (C-2), 68.4 (C-3),88C-4), 62.9 (C-6), 57.6 (CH3), 20.8
(COCHs), 20.8 (CQCHs), 20.7 (CQCH3). IR (KBr) vmas 3330, 3231, 2122, 1750, 1392,
1236, 1152, 1048, 607, 496 ¢m

4.2.2. Synthesis of 1,2,3-triazole-modified glucopyranosides by CuAAC click

reaction

General procedure for the synthesis of compounds 5a-g, 5i-j and 5l: [28] Compound3
containing the azide group (1.0 eq.) was dissolvedMF (0.3 mL), followed by the
addition of sodium ascorbate (0.1 eq.), CyED% aqueous solution; 0.04 eq.) and one of
the acetylene derivatives (1.0 eq.). The mixtures wtrred for 10 min at 70 °C under
microwave irradiation (sealed microwave tube) (Y80 The reaction mixture was then
concentrated under reduced pressure by co-evaporafth toluene, diluted in water (20
mL) and extracted with EtOAc (3 x 25 mL). The condd organic layers were dried over
MgSQ,, concentrated under reduced pressure and purifiedflash chromatography
[Hexane:EtOAc (1:1)] to afford the desired produdesg, 5i-j and5l).

General procedure for the synthesis of compounds 5h and 5k: [29] A solution of
CuSQ 1.0 M (5 mol%), 1,10-phenanthroline monohydraten@%), and sodium ascorbate
(2.02 eq.) in EtOH-KD (2:1 v/v, 6 mL) was allowed to stir for 5 minraom temperature.
Subsequently, compoun@l containing the azide group (1.0 eq.) and one ef dbetylene
derivatives4h or 4k (1.0 eq.) were dissolved in EtOH-®I (2:1 v/v, 1 mL) and added to the
mixture and the reaction was carried out for 18 roam temperature. The reaction mixture
was then concentrated under reduced pressure aifiégpby flash chromatography [EtOAc
100%)] to afford productsbh and5k).

Methyl 3,4,6-tri-O-acetyl-2-[ (4-(phenethyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-p-D-
glucopyranoside (5a): White solid (108 mg; 73% vyieldfH NMR (300 MHz, CDCY) 8:
7.29 — 7.10 (6H, m, H-triazole, H-Ar5,81 (1H, ddJ;310.7 Hz,J3 49.3 Hz,H-3), 5.14 (1H,
t, J34 9.3 Hz, H-4), 4.91 (1H, d}; », 8.2 Hz, H-1), 4.38 (1H, dds 6a4.4 HZ,J6a6v12.3 Hz, H-
6a), 4.29 (2H, ddJ1 8.2 Hz,J,310.7 Hz, H-2), 4.19 (1H, dds e 2.1 Hz,Jsa612.3 Hz, H-
6b), 3.91 (1H, dddJs49.9 Hz,J562 4.4 Hz,Js6p 2.1 Hz, H-5), 3.41 (3H, s, O), 3.08 —
2.97 (4H, m, EI,CH,), 2.11, 2.03, 1.80 (9H, 3s, 3H3CO).*C NMR (75 MHz, CDC}) é¢:
170.8 COCHs), 169.9 COCHg), 169.1 COCHg), 146.8 (C-Ar.), 141.2 (C-triazole), 128.6



(CH-Ar.), 128.5 CH-Ar.), 126.1 CH-Ar.), 122.7 CH-triazole), 101.8 (C-1), 72.3 (C-3), 71.9
(C-5), 68.8 (C-4), 63.8 (C-2), 61.9 (C-6), 57.7Q1®), 35.4 CH,), 27.4 CHy), 20.8
(COCHs), 20.7 (CQCH5), 20.4 (CQCH5).

Methyl 3,4,6-tri-O-acetyl-2-[(4-(benzyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-f-D-
glucopyranoside (5b): Colorless oil (115.7 mg; 84% yieldH NMR (300 MHz, CDCY) 84
7.33 = 7.20 (5H, m, H-Ar.), 7.15 (1H, s, H-triazp!8.75 (1H, dd,J,310.6 Hz,J349.3 Hz H-
3), 5.14 (1H, t,J349.3 Hz, H-4), 5.00 (1H, d}; 8.2 Hz, H-1), 4.38 (1H, ddls6, 4.6 Hz,
Jea6p12.4 Hz, H-6a), 4.29 (2H, dd; 8.2 Hz,J,310.6 Hz, H-2), 4.19 (1H, dds e, 2.2 Hz,
Jsasp 12.4 Hz, H-6b), 4.13 (1H, dlag = 15.9 Hz, ®,), 4.05 (1H, dJag = 15.9 Hz, Ey),
3.91 (1H, dddJs 410.1 Hz,J564 4.6 Hz,J56 2.2 Hz, H-5), 3.44 (3H, s, ), 2.11, 2.03,
1.77 (9H, 3s, 3 H3CO).**C NMR (75 MHz, CDC}) 8¢: 170.7 COCH), 169.8 COCH),
169.0 COCHg), 147.3 (C-triazole), 139.1 (C-Ar.), 128.TH-Ar.), 126.6 CH-Ar.), 123.2
(CH-triazole), 101.5 (C-1), 72.5 (C-3), 71.9 (C-58.B (C-4), 63.9 (C-2), 61.9 (C-6), 57.7
(OCH3), 32.1 CH,), 20.8 (CQCH3), 20.7 (CQCH3), 20.2 (CCCHy).

Methyl 3,4,6-tri-O-acetyl-2-[ (4-(phenyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-D-
glucopyranoside (5¢c): White solid (128.9 mg; 43% yield)H NMR (300 MHz, CDCJ) 84:
7.84 — 7.81 (2H, m, H-Ar.), 7.75 (1H, s, H-tria2pl@.45 — 7.40 (2H, m, H-Ar.), 7.37 — 7.31
(1H, m, H-Ar.), 5.97 (1H, ddJ, 5 10.4 Hz,J;49.0 Hz,H-3), 5.26 (1H, ddJs4 9.0 Hz,J5 9.8
Hz, H-4), 5.04 (1H, d)1»7.9 Hz, H-1), 4.55 — 4.47 (2H, m, H-2, H-6a), 4(3H, dd, Js e
2.2 Hz,Jsacp11.9 Hz, H-60)4.06 (1H, dddJs 49.8 Hz,Js 62 4.4 Hz,Js 60 2.2 Hz, H-5), 3.56
(3H, s, OGHs), 2.28, 2.21, 2.02 (9H, 3s, HICO). °C NMR (101 MHz, CDGJ) 5¢: 170.7
(COCHg), 169.9 COCHs), 169.2 COCHy), 147.4 (C-triazole), 130.3 (C-Ar.), 129.GH-
Ar.), 128.5 CH-Ar.), 125.8 CH-Ar.), 121.3 CH-triazole), 101.8 (C-1), 72.2 (C-5J2.1 (C-
3), 69.0 (C-4), 64.2 (C-2), 61.9 (C-6), 57.8Q8%), 20.8 (CATHs), 20.7 (CQTH3), 20.4
(COCHS).

Methyl 3,4,6-tri-O-acetyl-2-[ (4-(p-tolyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-D-
glucopyranoside (5d): White solid (143.9 mg; 55% vyieldH NMR (400 MHz, CDCJ) 84:
7.74 — 7.72 (3H, m, H-triazole, H-Ar.), 7.24 (2H,Jd7.9 Hz, H-Ar.),5.92 (1H, ddJ,310.7
Hz, J349.3 Hz,H-3), 5.19 (1H, tJ34 9.3 Hz, H-4), 4.97 (1H, d}; 28.2 Hz, H-1), 4.45 — 4.39
(2H, m, H-2, H-6a), 4.22 (1H, dds e 2.3 Hz,Jsa.6012.3 Hz, H-6b), 3.96 (1H, ddds 410.1
Hz, Js6a4.5 Hz,J5 60 2.3 Hz, H-5), 3.44 (3H, s, O), 2.12, 2.05, 1.85 (9H, 3s, 3HCO).



13C NMR (101 MHz, CDGJ) 8c: 170.7 COCHs), 169.9 COCHy), 169.2 COCHs), 147.4
(C-triazole), 138.3 (C-Ar.), 129.6CH-Ar.), 127.5 (C-Ar.), 125.7 GQH-Ar.), 121.0 CH-
triazole), 101.8 (C-1), 72.2 (C-5), 72.0 (C-3), ®YC-4), 64.1 (C-2), 61.9 (C-6), 57.8
(OCHs), 21.4 (ACH3), 20.8 (CQCHs), 20.7 (CQCH3), 20.4 (CGTHS).

Methyl 3,4,6-tri-O-acetyl-2-[(4-(propyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-D-
glucopyranoside (5€): White solid (124.6 mg; 57% vieldH NMR (400 MHz, CDC}) &y
7.27 (1H, s, H-triazole), 5.81 (1H, ddh3 10.6 Hz,J349.4 Hz,H-3), 5.16 (1H, tJ349.4 Hz,
H-4), 4.96 (1H, dJ;,8.2 Hz, H-1), 4.41 — 4.32 (2H, m, H-2, H-6a), 4261, dd, Js gy 2.2
Hz, Jsaen 12.3 Hz, H-6b), 3.92 (1H, ddds 410.1 Hz,J5644.5 Hz,J56, 2.2 Hz, H-5), 3.43
(3H, s, OQH3), 2.69 (2H, tJ7.4 Hz, tH,), 2.11, 2.04, 1.84 (9H, 3s, HICO), 1.69 (2H, m,
CH,), 0.94 (3H, tJ7.4 Hz, G3). *C NMR (101 MHz, CDGJ) &c: 170.7 COCHs), 169.9
(COCHg), 169.1 COCHg), 147.8 (C-triazole), 122.3CH-triazole), 101.8 (C-1), 72.5 (C-5),
72.0 (C-3), 68.9 (C-4), 63.9 (C-2), 62.0 (C-6), 5{OCH3), 27.6 CH,), 22.6 CH,), 20.8
(COCHg3), 20.7 (CCCH3), 20.3 (CQCH3), 13.7 CHy).

Methyl 3,4,6-tri-O-acetyl-2-[(4-(3-phenylpropyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-D-
glucopyranoside (5f): White solid (157.6 mg; 54% vyieldH NMR (300 MHz, CDCJ) 84:
7.08 — 6.94 (6H, m, H-triazole, H-Ar.), 5.64 (1H],d» 3 10.3 Hz,J349.0 Hz,H-3), 5.00 (1H,
t, J34 9.0 Hz, H-4), 4.79 (1H, d]; 8.0 Hz, H-1), 4.28 — 4.18 (2H, m, H-2, H-6a), 4(QH,
dd, Js 6 2.2 Hz,Jsa,6012.0 Hz, H-6b), 3.80 (1H, ddds49.8 Hz,J5624.3 Hz,J5 6, 2.2 Hz, H-
5), 3.32 (3H, s, OB3), 2.66 (2H, tJ7.4 Hz, G1,), 2.58 (2H, t,J7.4 Hz, GH1,), 2.05, 1.78
(6H, 2s, 2 E15CO), 1.97 — 1.89 (5H, m, BsCO; CH,). 1*C NMR (75 MHz, CDCJ) 5¢: 170.7
(COCHg), 169.9 COCHg), 169.1 COCHs), 147.5 (C-triazole), 141.9 (C-Ar.), 128.6H-
Ar.), 128.5 CH-Ar.), 126.0 CH-Ar.), 122.4 CH-triazole), 101.7 (C-1), 72.4 (C-3), 72.0 (C-
5), 68.8 (C-4), 63.9 (C-2), 61.9 (C-6), 57.7418s), 35.4 CH,), 31.0 CH.,), 25.1 CH,), 20.9
(COCHg), 20.7 (CCCH3), 20.4 (CCQCHS).

Methyl 3,4,6-tri-O-acetyl-2-[(4-(benzyloxymethyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-D-
glucopyranoside (5g): Yellow oil (203 mg; 79% yield)'H NMR (300 MHz, CDCJ) &y
7.55 (1H, s, H-triazole), 7.36 — 7.29 (5H, m, H)AB.84 (1H, tJ349.6 HzH-3), 5.17 (1H, t,
J349.6 Hz, H-4), 4.94 (1H, d}; ,8.2 Hz, H-1), 4.67 (2H, s, i@-triazole), 4.58 (2H, s, OBn),
4.38 (2H, ddJs 624.3 Hz,Jsa6p12.3 Hz, H-2, H-6a), 4.20 (1H, dd ey 2.2 Hz,Jsa6012.3 Hz,
H-6b), 3.92 (1H, dddJs 410.0 Hz,J56,4.3 Hz,J56» 2.2 Hz, H-5), 3.42 (3H, s, Qg), 2.11,
2.03, 1.83 (9H, 3s, 3 K3CO). *C NMR (101 MHz, CDGJ) 8¢ 170.7 COCHz), 169.8



(COCHg), 169.2 COCHs), 137.8 (C-Ar.), 128.6QH-Ar.), 128.0 CH-Ar.), 128.0 CH-Ar.),
124.2 CH-triazole), 101.6 (C-1), 72.3 (C-3), 72.6 (OBn}.0 (C-5), 68.9 (C-4), 64.2 (C-2),
63.7 CHy-triazole), 61.9 (C-6), 57.7 (CHs), 20.8 (CQCHs3), 20.7 (CQCH3), 20.4 (CQCHs).

Methyl 3,4,6-tri-O-acetyl-2-[(4-((benzylamino)methyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-
B-D-glucopyranoside (5h): Yellow oil (214 mg; 63% yield):H NMR (400 MHz, CDC}) &y:
7.47 (1H, s, H-triazole), 7.33 — 7.28 (5H, m, H)AB.83 (1H, ddJ;,10.7 Hz,J3 49.3 Hz H-
3), 5.17 (1H, tJs34 9.3 Hz, H-4), 4.93 (1H, d},»8.2 Hz, H-1), 4.41 — 4.33 (2H, m, H-2, H-
6a), 4.19 (1H, ddJ)s b 2.2 HZ,Jsa6012.3 Hz, H-6b), 3.94 — 3.89 (3H, m, H-5HENH), 3.80
(2H, s, GHy-triazole), 3.42 (3H, s, Ody), 2.11, 2.03, 1.84 (9H, 3s, 3HCO)."*C NMR (101
MHz, CDCk) dc: 170.7 COCHg), 169.8 COCHg), 169.2 COCHg), 146.4 (C-triazole), 139.8
(C-Ar.), 128.6 CH-Ar.), 128.4 CH-Ar.), 127.2 CH-Ar.), 123.4 CH-triazole), 101.7 (C-1),
72.4 (C-3), 72.1 (C-5), 68.9 (C-4), 64.1 (C-2),%(C-6), 57.7 (TH3), 53.4 CH,NH), 44.1
(CHa-triazole), 20.8 (C@H3), 20.7 (CQCH3), 20.4 (CCCHy).

Methyl 3,4,6-tri-O-acetyl-2-[(4-((benzyl(methyl)amino)methyl)-1H-1,2,3-triazole-1-yl)]-
2-deoxy-D-glucopyranoside (5i): Yellow oil (131.5 mg; 60% yield))H NMR (300 MHz,
CDCl3) éy: 7.51 (1H, s, H-triazole), 7.33 — 7.27 (5H, m, H)A5.82 (1H, ddJ, 3 10.6 Hz,
J349.4 Hz H-3), 5.18 (1H, tJ349.4 Hz, H-4), 4.98 (1H, dl, 8.2 Hz, H-1), 4.42 — 4.35 (2H,
m, H-2, H-6a), 4.20 (1H, ddsep 2.2 Hz,Jsa6012.3 Hz, H-6b), 3.93 (1H, ddds 4,10.1 Hz,
Js6ad.4 Hz,J56, 2.2 Hz, H-5), 3.73 (2H, s, K3-triazole), 3.52 (2H, s, N&-benzyl), 3.43
(3H, s, O®3), 2.22 (3H, s, NE3), 2.12, 2.04, 1.79 (9H, 3s, 3H3CO).>*C NMR (75 MHz,
CDCl3) 6¢c: 170.7 COCHg), 169.8 COCHg), 169.1 COCHg), 129.1 CH-Ar.), 128.4 CH-
Ar.), 127.2 CH-Ar.), 124.3 CH-triazole), 101.7 (C-1), 72.4 (C-3), 72.0 (C-58.5 (C-4),
64.0 (C-2), 61.9 (C-6), 61.3 @H,-benzyl), 57.7 (CH3), 52.0 CH,-triazole), 42.1 (KCH3),
20.8 (CQCH3), 20.7 (CQCH3), 20.3 (CCCHa).

Methyl 3,4,6-tri-O-acetyl-2-[(4-((p-fluor obenzamido)methyl)-1H-1,2,3-triazole-1-yl)]-2-
deoxy-D-glucopyranoside (5j): White solid (121.2 mg; 71% vyieldjJH NMR (400 MHz,
CDCl3) 6y: 7.82 — 7.79 (2H, m, H-Ar.), 7.62 (1H, s, H-tridgp 7.12 — 7.08 (2H, m, H-Ar.),
7.01 (1H, tJchenn 5.6 Hz, NH), 5.76 (1H, ddJo310.6 Hz,J549.3 Hz,H-3), 5.16 (1H, tJ34
9.3 Hz, H-4), 4.99 (1H, d);» 8.2 Hz, H-1), 4.72 (1H, ddlag = 15.2 Hz,Jynn = 5.6 Hz,
CHy), 4.65 (1H, ddJag = 15.2 Hz,Jynn = 5.6 Hz, GHp), 4.40 — 4.33 (2H, m, H-2, H-6a),
4.20 (1H, ddJs 65 2.3 HZ,Jsa6p12.4 Hz, H-6b), 3.91 (1H, ddds 410.1 Hz,J5 624.5 Hz,J5 61



2.3 Hz, H-5), 3.43 (3H, s, O®), 2.11, 2.02, 1.81 (9H, 3s, 3HCO).*C NMR (101 MHz,
CDCly) ¢c: 170.7 COCHs), 169.7 COCHs), 169.2 COCHs), 166.4 CONH), 144.1 (C-
triazole), 130.3 (C-Ar., dJr.qpara) 3.2 HZz), 129.5 (€H-Ar., d, Jr.ometa) 8.7 Hz), 124.1 CH-
triazole), 115.8 (€H-Ar., d, Je qortno) 21.9 Hz), 101.5 (C-1), 72.5 (C-3), 72.1 (C-5), 663
4), 64.2 (C-2), 61.9 (C-6), 57.7 @ls), 35.4 CH,), 20.8 (CQHz), 20.7 (CCCHs), 20.3
(COCHb,).

Methyl 3,4,6-tri-O-acetyl-2-[(4-((phenylamino)methyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-
B-D-glucopyranoside (5k): Yellow oil (136.3 mg; 93% yield)'"H NMR (300 MHz, CDC}))
on: 7.42 (1H, s, H-triazole), 7.19 — 7.14 (2H, m, H)A6.75 — 6.71 (1H, m, H-Ar.), 6.66 —
6.62 (2H, m, H-Ar.), 5.78 (1H, dd;310.7 Hz,J;49.3 Hz,H-3), 5.14 (1H, t,J34 9.3 Hz, H-
4), 4.96 (1H, dJ; 8.2 Hz, H-1), 4.46 (2H, s,;-triazole),4.41 — 4.32 (2H, m, H-2, H-6a),
4.19 (1H, ddJs e 2.2 Hz,Jsa 60 12.4 Hz, H-6b), 3.91 (1H, ddds 410.1 Hz,J5624.5 Hz,Js.6p
2.2 Hz, H-5), 3.41 (3H, s, Q&), 2.11, 2.03, 1.74 (9H, 3s, 3HgCO).*C NMR (75 MHz,
CDCl3) éc: 170.7 COCHg), 169.8 COCHg), 169.2 COCHg), 147.5 (C-Ar.), 145.9 (C-
triazole), 129.4CH-Ar.), 123.3 CH-triazole), 118.2CH-Ar.), 113.3 CH-Ar.), 101.6 (C-1),
72.3 (C-3), 72.0 (C-5), 68.7 (C-4), 64.0 (C-2),8(C-6), 57.7 (@H3), 39.9 CH,-triazole),
20.8 (CQCHs3), 20.7 (CQCH3), 20.2 (CCCHa).

Methyl  3,4,6-tri-O-acetyl-2-[(4-(phenoxymethyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-p-D-
glucopyranoside (51): White solid (104.3 mg; 75% yield)H NMR (300 MHz, CDC}) 84:
7.59 (1H, s, H-triazole), 7.32 — 7.26 (2H, m, HJAG.99 — 6.95 (3H, m, H-Ar.), 5.82 (1H,
dd, J,310.7 Hz,J349.3 Hz,H-3), 5.23 (2H, s, @i -triazole),5.16 (1H, t,J34 9.3 Hz, H-4),
4.97 (1H, dJ;28.2 Hz, H-1), 4.42 — 4.34 (2H, m, H-2, H-6a), 4(261, dd,Js 6b 2.2 HZ,Jsa,6p
12.4 Hz, H-6b), 3.92 (1H, dddk410.1 Hz,J564 4.5 Hz,Js56, 2.2 Hz, H-5), 3.43 (3H, s,
OCHs3), 2.11, 2.03, 1.76 (9H, 3s, 3HICO).*C NMR (75 MHz, CDCJ) 8c: 170.8 COCHy),
169.9 COCHg), 169.2 COCHg), 158.1 (C-Ar.), 144.1 (C-triazole), 129.6H-Ar.), 124.4
(CH-triazole), 121.4¢H-Ar.), 114.9 CH-Ar.), 101.6 (C-1), 72.3 (C-3), 72.0 (C-5), 68B-(
4), 64.3 (C-2), 62.1GHy-triazole), 62.0 (C-6), 57.8 (CH3), 20.8 (CACH3), 20.7 (CCCH3),
20.3 (CCCHy).

General procedure for deacetylation reactions. [28] Compoundsa-|I were dissolved in
MeOH and treated with sodium methoxide (1.0 M inQ# until pH 9-10 was achieved.



The mixtures were stirred for 1 h at room tempeggtoeutralized with Dowex 50WX8-200

(H"), filtered and concentrated under reduced pressftoeding product$a-|.

Methyl  2-[(4-(phenethyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-B-D-glucopyranoside  (6a):
Colorless oil (55.2 mg; 40% yield)]3?° -1.9 € 1.29, HO). *H NMR (300 MHz, RO) d4:
7.51 (1H, s, H-triazole), 7.21 — 7.00 (5H, m, H)AA.75 (1H, dJ; 28.2 Hz, H-1), 4.12 (1H,
dd, J1 8.2 Hz,J, 3 10.5 Hz, H-2), 3.97 (1H, tl348.5 Hz,H-3), 3.85 (1H, dJsaep12.3 Hz, H-
6b), 3.67 (1H, ddJsea 5.4 Hz,Jsaep 12.3 Hz, H-6a), 3.54 — 3.49 (1H, i;5), 3.43 (1H, t,
J348.5 Hz, H-4), 3.21 (3H, s, O&), 2.97 — 2.83 (4H, m, IG,CH,). *C NMR (75 MHz,
D,0) éc: 147.3 (C-triazole), 140.9 (C-Ar.), 128.CH-Ar.), 128.4 CH-Ar.), 126.1 CH-Ar.),
123.6 CH-triazole), 101.1 (C-1), 76.0 (C-5), 73.3 (C-39.% (C-4), 66.0 (C-2), 60.4 (C-6),
57.4 (OCHs), 34.4 CH,), 26.0 CH,). HRMS-ESI: calcd for GH»aNsNaGs [M + NaJ':
372.1530; found: 372.1532.

Methyl 2-[(4-(benzyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-p-D-glucopyranoside (6b):
Colorless oil (51.9 mg; 62% yieldx]3*° -1.2 € 0.76, HO). *H NMR (300 MHz, RO) &4
7.86 (1H, s, H-triazole), 7.38 — 7.25 (5H, m, H)AA.91 (1H, dJ); 8.3 Hz, H-1), 4.31 (1H,
t, J1.,8.3 Hz, H-2), 4.12 (1H, 1)548.6 Hz,H-3), 4.07 (2H, s, &), 3.96 (1H, ddJs6, 1.3 Hz,
Jsa6p12.3 Hz, H-6b), 3.79 (1H, dds645.4 Hz,Ja6,12.3 Hz, H-6a), 3.67 — 3.61 (1H, i;
5), 3.56 (1H, tJ348.6 Hz, H-4), 3.34 (3H, s, G&). **C NMR (75 MHz, RO) &¢: 147.6 (C-
triazole), 138.9 (C-Ar.), 128.8CH-Ar.), 128.5 CH-Ar.), 126.7 CH-Ar.), 123.7 CH-
triazole), 101.0 (C-1), 76.0 (C-5), 73.4 (C-3), ®94C-4), 66.1 (C-2), 60.4 (C-6), 57.2
(OCHs), 30.8 CH,). HRMS-ESI: calcd for @H.oNsOs [M + H]": 336.1554; found:
336.1553.

Methyl 2-[(4-(phenyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-B-D-glucopyranoside (6¢): White
solid (73 mg; 98% yield)a]3*® +4.3 € 0.41, HO).'H NMR (300 MHz, BO) 84: 8.44 (1H,
S, H-triazole), 7.84 — 7.82 (2H, m, H-Ar.), 7.5542 (3H, m, H-Ar.), 5.03 (1H, d; 8.2
Hz, H-1), 4.43 (1H, dd}; »8.2 Hz,J,5 10.2 Hz, H-2), 4.23 (1H, dd,310.2 Hz,J;48.8 Hz,
H-3), 4.00 (1H, ddJsep 1.9 HZ,Jsaer 12.2 Hz, H-6b), 3.82 (1H, ddsea5.3 Hz,Jsaep12.2
Hz, H-6a), 3.70 (1H, dddls 410.4 Hz,J5645.3 Hz,J56p 1.9 Hz, H-5), 3.61 (1H, 11548.8 Hz,
H-4), 3.41 (3H, s, OH3). **C NMR (101 MHz, BO) &¢: 147.6 (C-triazole), 129.3 (C-Ar.),
129.2 CH-Ar.), 129.0 CH-Ar.), 125.8 CH-Ar.), 122.5 CH-triazole), 101.0 (C-1), 76.2 (C-



5), 73.5 (C-3), 69.9 (C-4), 66.4 (C-2), 60.6 (C-6).3 (QCHs). HRMS-ESI: calcd for
Ci1sH20N30s [M + H]*: 322.1397; found: 322.1396.

Methyl 2-[(4-(p-tolyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-p-D-glucopyranoside (6d): White
solid (49.9 mg; 67% yieldJa]3*5 +5.1 € 0.55, CHOH)."H NMR (300 MHz, CROD) &:
8.31 (1H, s, H-triazole), 7.71 (2H, d7.9 Hz, H-Ar.), 7.26 (2H, dJ 7.9 Hz, H-Ar.), 4.24
(1H, dd,J1.28.0 Hz,J25 10.5 Hz, H-2), 4.15 (1H, dd;310.5 Hz,J548.0 Hz, H-3), 3.97 (1H,
dd, Js60 1.9 Hz,Jsa6p11.9 Hz, H-6b), 3.79 (1H, ddsea5.1 HZ,Jsa6p11.9 Hz, H-6a), 3.56 —
3.46 (2H, m, H-4, H-5), 3.42 (3H, s, ®E), 2.37 (3H, s, ArEls). °C NMR (75 MHz,
CD;0D) §¢c: 148.3 (C-triazole), 139.3 (C-Ar.), 130.6H-Ar.), 128.8 CH-Ar.), 126.6 CH-
Ar)), 123.1 CH-triazole), 102.8 (C-1), 78.1 (C-5), 75.6 (C-32.0 (C-4), 68.3 (C-2), 62.5
(C-6), 57.3 (@Hs), 21.2 (AICH3). HRMS-ESI: calcd for GeH2oN3Os [M + H]*: 336.1554;
found: 336.1551.

Methyl 2-[(4-(propyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-p-D-glucopyranoside (6e):
Colorless oil (65.5 mg; 94% yieldy]%?° -3.5 € 1.16, HO). *H NMR (300 MHz, RO) d4:
7.85 (1H, s, H-triazole), 4.93 (1H, &,,8.3 Hz, H-1), 4.30 (1H, ddl; 8.3 Hz,J,3 10.5 Hz,
H-2), 4.12 (1H, ddJ,310.5 Hz J3 48.7 Hz, H-3), 3.96 (1H, ddls ¢, 1.6 Hz,Jsa6012.3 Hz, H-
6b), 3.78 (1H, ddJs645.4 Hz,Jsa6012.3 Hz, H-6a), 3.67 — 3.61 (1H, m, H-5), 3.55 (1H
J348.7 Hz, H-4), 3.36 (3H, s, O&), 2.66 (2H, tJ 7.4 Hz, GH,), 1.69 — 1.57 (2H, m, Ig,),
0.87 (3H, t,J 7.4 Hz, G3). *C NMR (75 MHz, DO) &¢: 148.6 (C-triazole), 123.20H-
triazole), 101.0 (C-1), 76.0 (C-5), 73.4 (C-3), ®9C-4), 66.0 (C-2), 60.4 (C-6), 57.2
(OCHa), 26.3 CH2), 21.9 CHy), 12.6 CH3). HRMS-ESI: calcd for C1oH2oN3O0s [M + H]™:
288.1554; found: 288.1554.

Methyl 2-[(4-(3-phenylpropyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-B-D-glucopyranoside
(6f): Colorless oil (87.8 mg; 96% vyieldx]3*® +2.3 € 1.33, CHOH)."H NMR (300 MHz,
D,0) 64: 7.82 (1H, s, H-triazole), 7.36 — 7.23 (5H, m, H)A4.93 (1H, d)J; »8.3 Hz, H-1),
4.30 (1H, ddJ); »8.3 Hz,J,3 10.5 Hz, H-2), 4.13 (1H, dd,310.5 Hz J;48.6 Hz, H-3), 3.97
(1H, dd,Js 65 1.9 Hz,Jsaep12.3 Hz, H-6b), 3.79 (1H, ddsea5.5 Hz,Jsaen 12.3 Hz, H-6a),
3.68 — 3.62 (1H, m, H-5), 3.56 (1H,J;48.6 Hz, H-4), 3.37 (3H, s, O), 2.70 (2H, tJ 7.5
Hz, CHy), 2.62 (2H, tJ 7.5 Hz, G4,), 1.96 (2H, quint]) 7.5 Hz, G4,). °C NMR (75 MHz,
D,0) 8c: 148.2 (C-triazole), 142.3 (C-Ar.), 128.8H-Ar.), 125.9 CH-Ar.), 123.4 CH-
triazole), 101.1 (C-1), 76.0 (C-5), 73.4 (C-3), &4C-4), 66.0 (C-2), 60.4 (C-6), 57.2



(OCHs), 34.0 CH5), 30.0 CHy), 23.7 CH,). HRMS-ESI: calcd for CigH26NsOs [M + H]*:
364.1867; found: 364.1865.

Methyl  2-[(4-(benzyloxymethyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-B-D-glucopyranoside
(6g): Yellow oil (80 mg; 75% yield)[a]3*5 -2.7 € 0.91, HO).'H NMR (300 MHz, BO)
dn: 8.09 (1H, s, H-triazole), 7.43 — 7.34 (5H, m, H)A4.96 (1H, dJ; 8.3 Hz, H-1), 4.71
(2H, s, GH,-triazole), 4.61 (2H, s, OBn), 4.36 (1H, d4,,8.3 Hz,J,3 10.1 Hz, H-2), 4.17
(1H, t,J348.8 Hz, H-3), 3.97 (1H, ddlsep 1.2 Hz,Jsa6p 12.4 Hz, H-6b), 3.79 (1H, dds6a
5.4 Hz,Jsa 60 12.4 Hz, H-6a), 3.69 — 3.63 (1H, m, H-5), 3.57 (1H); 48.8 Hz, H-4), 3.37
(3H, s, OG®3). °C NMR (75 MHz, DO) d¢: 144.0 (C-triazole), 136.8 (C-Ar.), 128.CH-
Ar.), 128.5 CH-Ar.), 128.3 CH-Ar.), 125.5 CH-triazole), 101.0 (C-1), 76.0 (C-5), 73.3 (C-
3), 72.1 (OBn), 69.7 (C-4), 66.1 (C-2), 62AH;-triazole), 60.4 (C-6), 57.2 (€CH3). HRMS-
ESI: calcd forCi7H2aN3NaOs [M + NaJ': 388.1479; found: 388.1480.

Methyl 2-[(4-((benzylamino)methyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-p-D-
glucopyranoside (6h): Yellow oil (35 mg; 59% yield)[a]3*5 -1.9 € 1.07, HO).'H NMR
(300 MHz, BO) dy: 7.96 (1H, s, H-triazole), 7.41 — 7.29 (5H, m, H)A4.96 (1H, d)J); »8.3
Hz, H-1), 4.34 (1H, dd}; 8.3 Hz,J,310.5 Hz, H-2), 4.15 (1H, dd;310.5 Hz,J348.6 Hz,
H-3), 3.96 (1H, ddJs er 2.0 HZz,Jsa6012.3 Hz, H-6b)3.88 (2H, s, El,-triazole),3.81 — 3.75
(3H, m, H-6a, &,NH), 3.68 — 3.62 (1H, m, H-58.56 (1H, t,J348.6 Hz, H-4),3.37 (3H, s,
OCHj3). *C NMR (75 MHz, DO) &c: 145.2 (C-triazole), 138.2 (C-Ar.), 128.€H-Ar.),
127.5 CH-Ar.), 124.6 CH-triazole), 101.0 (C-1), 76.0 (C-5), 73.3 (C-39,5(C-4), 66.1 (C-
2), 60.4 (C-6), 57.2 (OH3), 51.4 CH.NH), 41.8 CH-triazole). HRMS-ESI: calcd for
C17H25N405 [M + H]™: 365.1819; found: 365.1819

Methyl 2-[(4-((benzyl(methyl)amino)methyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-p-D-
glucopyranoside (6i): Yellow oil (66 mg; 98% vyield)[a]3?® -1.5 € 1.53, HO).'H NMR
(500 MHz, BO) &4: 8.04 (1H, s, H-triazole), 7.44 — 7.34 (5H, m, #H)A4.99 (1H, dJ;»8.4
Hz, H-1), 4.39 (1H, dd}; 8.4 Hz,J,5 10.2 Hz, H-2), 4.20 (1H, dd;310.2 Hz,J349.3 Hz,
H-3), 4.00 (1H, dJsaen12.4 Hz, H-6b), 3.82 (1H, dds6.5.7 Hz,Jsa6n12.4 Hz, H-6a), 3.78
(2H, s, NCH,-triazole), 3.70 — 3.67 (1H, m, H-5), 3.62 — 3.8H( m, H-4; NCH,-benzil),
3.41 (3H, s, OBl3), 2.22 (3H, s NE). **C NMR (126 MHz, RO) &¢: 130.1 CH-Ar.), 128.7
(CH-Ar.), 127.9 CH-Ar.), 125.8 CH-triazole), 101.3 (C-1), 76.3 (C-5), 73.5 (C-30,0 (C-



4), 66.3 (C-2), 60.7 (C-6), 60.1 Q¥,-benzil), 57.5 (@H3), 50.0 (NCH_-triazole), 40.8
(NCHs). HRMS-ESI:calcd forCigHo7N4Os [M + H]*™: 379.1976; found: 379.1975.

Methyl 2-[(4-((p-fluor obenzamido)methyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-p-D-
glucopyranoside (6j): Colorless oil (52.5 mg; 98% vyield)]3*5 -2.3 ¢ 0.57, HO). 'H
NMR (300 MHz, BO) d4: 8.04 (1H, s, H-triazole), 7.80 — 7.76 (2H, m, H)A7.23 — 7.17
(2H, m, H-Ar.), 4.96 (1H, d}: »8.3 Hz, H-1), 4.65 (2H, s,18), 4.34 (1H, ddJ: »8.3 Hz,J» 5
10.0 Hz, H-2), 4.15 (1H, 8548.7 Hz, H-3), 3.96 (1H, ddlsep 1.1 Hz,Jsa6012.4 Hz, H-6b),
3.78 (1H, ddJs 62 5.1 Hz,Jsa6p12.4 Hz, H-6a), 3.68 — 3.63 (1H, m, H-5), 3.56 (LH548.7
Hz, H-4), 3.36 (3H, s, O5). 1*C NMR (75 MHz, DO) §¢: 169.8 CONH), 164.8 (C-Ar., d,
Jr.clipso) 250.3 Hz), 144.7 (C-triazole), 129.6 CH-Ar., d, Jr.qmeta) 9.4 Hz), 129.4 (C-Ar., d,
Jr.cipara) 3.2 Hz), 124.1 CH-triazole), 115.6 (ZH-Ar., d, Jr.qortho) 22.3 Hz),100.9 (C-1),
76.0 (C-5), 73.3 (C-3), 69.7 (C-4), 66.1 (C-2),48(C-6), 57.2 (CH3), 34.9 CH,). HRMS-
ESI: calcd forCi7H21FNyNaQs [M + Na]™: 419.1337; found: 419.1338.

Methyl 2-[(4-((phenylamino)methyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-p-D-
glucopyranoside (6k): Yellow oil (81.4 mg; 81% yield)a]3?*° +1.4 € 1.22, HO).'H NMR
(300 MHz, BO) on: 7.92 (1H, s, H-triazole), 7.25 — 7.20 (2H, m, H)A6.85 — 6.80 (3H, m,
H-Ar.), 4.84 (1H, d,); »8.3 Hz, H-1), 4.43 (2H, s, @-triazole),4.28 (1H, dd)); »8.3 Hz,J»3
10.5 Hz, H-2), 4.12 (1H, dd;310.5 Hz,J548.4 Hz, H-3), 3.95 (1H, ddls e, 1.9 Hz, Jsaeb
12.4 Hz, H-6b), 3.78 (1H, ddJs 62 5.4 Hz,Jsa6b12.4 Hz, H-6a), 3.64 — 3.59 (1H, m, H-5),
3.54 (1H, t,J548.4 Hz, H-4),3.25 (3H, s, OBs). *C NMR (75 MHz, DO) &¢: 146.9 (C-
triazole), 146.0 (C-Ar.), 129.4CH-Ar.), 124.0 CH-triazole), 119.4 CH-Ar.), 115.1 CH-
Ar.), 101.0 (C-1), 76.0 (C-5), 73.2 (C-3), 69.7 45;-66.1 (C-2), 60.4 (C-6), 57.3 @bi3),
38.8 (CHa-triazole). HRMS-ESI: calcd for CieH2sN4Os [M + H]™: 351.1663; found:
351.1663.

Methyl 2-[(4-(phenoxymethyl)-1H-1,2,3-triazole-1-yl)]-2-deoxy-B-D-glucopyranoside
(6): White solid (86.3 mg; 98% vyieldja]3*° -0.13 € 0.85, HO). *H NMR (300 MHz,
D,0) &u: 8.12 (1H, s, H-triazole), 7.36 — 7.31 (2H, m, )A7.06 — 7.01 (3H, m, H-Ar.),
5.23 (2H, s, Elx-triazole),4.89 (1H, d,J; 8.3 Hz, H-1), 4.33 (1H, dd} »8.3 Hz,J, 3 10.6
Hz, H-2), 4.15 (1H, dd}, 310.6 Hz,J548.5 Hz, H-3), 3.96 (1H, ddls e, 2.0 Hz,Jsaep 12.4
Hz, H-6b), 3.78 (1H, ddJsea 5.4 Hz, Jsaep 12.4 Hz, H-6a), 3.65 — 3.60 (1H, m, H-5), 3.55
(1H, t,J548.5 Hz, H-4), 3.29 (3H, s, O). *C NMR (75 MHz, BO) &¢: 168.2 (C-triazole),



157.0 (C-Ar.), 143.2¢H-triazole), 129.8 CH-Ar.), 122.0 CH-Ar.), 115.5 CH-Ar.), 101.0
(C-1), 76.1 (C-5), 73.3 (C-3), 69.9 (C-4), 66.92%-61.1 CH,-triazole), 60.5 (C-6), 57.3
(OCHs). HRMS-ESiI:calcd forCiH21:N3NaQs [M + NaJ': 374.1323; found: 374.1320.

4.3. Biological Assays

4.3.1. Cytotoxicity assay

To determine potential cytotoxic effects of the gmmnds, the colorimetric assay
with 4,5-dimethylthiazol-2-yl)-2,5-diphenyltetraz@in bromide (MTT) was performed [40].
Cultured vascular smooth muscle cells (VSMCs) tsolafrom aorta of Wistar rats were
seeded (10Ql/well) at seeding densities of 1XX16ells/ml into 96-well plates and allowed to
adhere for 24 h. VSMCs were incubated with 0.1@50.0.50, 0.75, 1.0, 10.0 uM of
compoundsa-| for 6 h in a CQ (5%) chamber, at 37 °C. Following the incubatieniqd, 20
pL of MTT (5 mg/mL) were added to the wells and pit@tes were incubated at 37 °C for 4
h. Then, 50 pL isopropanol/HCl were added to théswand the plates were kept at room
temperature for 1 h. The absorbance at 570 nm efpthtes was read with the Epoch
Microplate Spectrophotometer (BioTek®, Winooski, MIUSA). Absorbance values were
blanked against dimethyl sulfoxid®@MSO) and the absorbance of cells exposed to mediu

only (i.e. no compounds or vehicle added) was taseh00 % cell viability (i.e. the control).

4.3.2. Western Blot analysis

Western Blot analysis was assessed in lysates lafred VSMCs from aorta from
Wistar rats using antibodies aftO-linked N-acetylglucosamine, anti-OGA and anti-

GAPDH (Sigma-Aldrich Inc., Germany), according e fpreviously reported method [32].

4.3.3. Enzymatic Activity Assays

O-GlcNAcase OGA) andp-N-Acetylhexosaminidase A and B activity were
performed as previously described [32]. Proteinsevextracted (319), quantified using the
Bradford method [41] and eluted in citrate buffeldwing the procedure reported [32].51C
measurements of OGA activity against the compoudal$ were performed using the
fluorogenic 4-methylumbelliferylN-acetyl$-D-glucosaminide (4-MUNAG, 300 pg/ml,
Sigma-Aldrich Inc., Germany) substrate. After auati the OGA substrate 4-MUNAG,



compoundsa-l or the OGA inhibitor Thiamet-G (positive contradt, concentrations of 0.10,
0.25, 0.50, 0.75, 1.0, 10.0 uM were added. Protemre kept in a chamber at 37 °C for 30
min and the reaction was stopped by addition oftigky buffer (0.1 M, pH 12). The
fluorescence of the released 4-MU was quantifiéer afxcitation of 362 nm and emission of
448 nm in a FlexStation 3 Multi-Mode Microplate Rea (Molecular Devices®, San Jose,
CA, USA). Percent of inhibition was calculated campg the enzyme activity in the absence
of the inhibitors with the activity in the presenakethe inhibitors. Assays were performed in
triplicate under identical conditions.

B-N-Acetylhexosaminidase A and B from prokaryote (E@.B52, Megazyme,
Ireland, UK) assays toward compourtids 6k and6l were measured in duplicate under the

same conditions as described above

4.4 Molecular Docking

Ligands were docketh silico into the proposed active site of BtOGA (PDB code
2VVN) [33]. All docking runs were performed withelGOLD 5.2 software [42,43]. For the
calculations, the orientation of highest score ftapked) was selected for each of
compounds here investigated. Top-ranked orientatimere selected by GOLD via an
empirical energy function (the ChemPLP) [44]. Basadhis function, the software classifies
the orientations of the molecules by a decreasmgrong of affinity (the fitness) with the
binding site of theD-GIcNAcase. The simulations were performed insicsplaere of 10 A
radius in a point centered among Asp242 and Asp24dytic residues and Cys278, Tyr282,
TRp337, Asn339 and Asp334 residues, with 100 cateortis (docking runs) for each

molecule.
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Figure 1. O-GIcNAcase (OGA) inhibitors previously reported.
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Figure 2. Cell viability assay. Cultured vascular smoothsgia cells were incubated for 6 h with
1.0 uM of the glucopyranoside triazole compouridsl. The potential cytotoxicity of the
compounds was determined with the MTT assay. Reavd#t expressed as mean £ SEM for n=5

in each experimental group. One-way ANOVA.
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Figure 3. O-GIcNAc-modified proteins, determined by WesternotBhanalysis, in vascular
smooth muscle cells (VSMCs) from Wistar rat&) Upper panel: representative Western Blot
image ofO-GIcNAc-modified proteins; Lower panel: bar graptwresponding to the relative
expression ofO-GIcNAc-modified proteins after normalization wiBAPDH. VSMCs were
treated for 24 h with 1.0 uM of compoun@sj and Thiamet-G (used as positive contr(B)
Upper panel: representative Western Blot image; dropanel: bar graphs corresponding to the
relative expression oD-GIcNAc-modified proteins after normalization wiBAPDH. VSMC
were treated for 24 h with 1.0 uM of compourtids 6k, 61 and Thiamet-G (positive control).
Results are expressed as mean + SEM for n=5 ineqmrimental group. One-way ANOV2p

< 0.05vs. vehicle.
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Figure 4. Inhibition of OGA activity, evaluated by a fluoretric assayCultured VSMCs were
treated with 4-MUNAG substrate (300 pg/ml), in gresence of vehicle or compourti#sj and
Thiamet-G (positive control) at various concentiasi (0.1, 1.0, 10 and 100 pM). Results are
expressed as mean + SEM for n=3 in each experiingmtap. One-way ANOVA:p < 0.05vs.

vehicle.
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Figure 5. Inhibition of OGA activity, evaluated by a fluoretric assayVSMCs were treated
with the 4-MUNAG substrate (300 pg/ml), in the pnese of vehicle or compounds, 6k, 6l



and Thiamet-G (positive control) at the concentragiof 0.1 and 1.0 uM. Results are expressed

as mean + SEM for n=3 in each experimental groure-®ay ANOVA: p < 0.05vs. vehicle.
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Figure 6. Concentration-response curves depicting inhibimdrOGA activity. OGA activity
was determinedy a fluorimetricassayVSMCs were treated with the 4-MUNAG substrate (300



png/ml), in the presence of vehicle or compoudalk, 6l at the concentrations of 0.1, 0.25, 0.5,
0.75, 1.0 and 10 pMResults are expressed as mean £ SEM for n=3 ine@gmdrimental group.

Nonlinear regression: Log (inhibitor) vs. responsariable slope.
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Figure 7. Inhibition of B-N-hexosaminidases A and &ctivity. HexA and B activities were
determined by a fluorimetric assay. HexA and B weceibated with 4-MUNAG substrate (300



pa/ml) in the presence of vehicle or Thiamet-G {fpges control) at concentration of 1.0 mM and
compounds6a, 6k and 6l at the concentrations of 1.0 pfA) or 1.0 mM (B) Results are
expressed as mean = SEM for n=2 in each experingnuap.
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Figure 8. Concentration-response curves depicting inhibindf-N-hexosaminidases A and B
activity. HexA and B activities were determined ayfluorimetric assay. HexA and B were
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Figure 9. Diagram of Thiamet-G (crystallographic structuaey triazole compoundsa, 6k and
6l docked into BtOGA active sit€A). Superposition of conformation of compour@ds(pink),
6k (yellow) andél (blue) obtained from docking studys). Thiamet-G in greer{C). Compound
6a in pink. (D). Compound6k in yellow. (E). Compound6l in blue. (F). Superposition of
Thiamet-G and compounda (pink) in core catalytic domain of BtOGA. Interaat colors: in
green, hydrogen bond interactions; pink, n=-r T-shape interaction; ipurple: o— = interaction;

in oranger-anion interaction.
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Scheme 1. Synthesis of a library of glucopyranoside tri@afla-|. Reagents and condition(s)
AcBr, r.t.; (b) MeOH, pyridine, r.t.,, 1 h, 61% aftéwo steps; (c) TfH triethylamine,
CuSQ.5H,0, pyridine, 16 h, 37%; (d) CugONa ascorbate, 43 — 93%; (e) NaOMe, MeOH, 59
— 98%.



Highlights:

* Twelve nove glucopyranoside C2-derived 1,2,3-triazoles were synthesi zed.

* Three derivatives were qualitatively similar to Thiamet-G in augmenting O-
GIcNAc-modified proteins levels.

* The most potent inhibitors exhibited low micromolar activity toward OGA and
high selectivity for OGA over HexA and B.

* The centra chain extension bridging the C-4 position of the triazole core to the
phenol ring plays a critical role for accommodation of the inhibitors in the OGA
catal ytic pocket.

*  Glucopyranoside C2-derived 1,2,3-triazoles may be novel promising therapeutic
candidates



