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Abstract

Biofilm formation is one of main causes of bacterial antimicrobial resistance infections. It is known that
the soluble lectins LecA and LecB, produced by Pseudomonas aeruginosa, play a key role in biofilm
formation and lung infection. Bacterial lectins are therefore attractive targets for the development of new
antibiotic-sparing anti-infective drugs. Building synthetic glycoconjugates for the inhibition and
modulation of bacterial lectins have shown promising results. Light-sensitive lectins ligands could allow
the modulation of lectins activity with precise spatiotemporal control. Despite the potential of
photoswitchable tools, few photochromic lectin ligands have been developed. We have designed and
synthesized several O- and S-galactosyl azobenzenes as photoswitchable ligands of LecA and evaluated
their binding affinity with isothermal titration calorimetry. We show that the synthesized monovalent
glycoligands possess excellent photophysical properties and strong affinity for targeted LecA with Kg
values in the micromolar range. Analysis of the thermodynamic contribution indicates that the Z-
azobenzene isomers have systematically stronger favorable enthalpy contribution than the
corresponding E-isomers, but due to stronger unfavorable entropy, they are in general of lower affinity.
The validation of this proof-of-concept and the dissection of thermodynamics of binding will help for
the further development of lectins ligands that can be controlled by light.

Introduction

Bacterial infection is a growing health problem due to antimicrobial resistance (AMR) among others.
AMR causes approximately 33,000 deaths per annum in Europe only, [1] and costs between €1.5 and
€9 billion in healthcare and associated activities. Many bacterial infections occur by adhesion to host
tissues through receptor-ligand interaction between bacterial carbohydrate-binding proteins (lectins) and
oligosaccharides at the host cell surface. Pseudomonas aeruginosa (PA), a Gram-negative, opportunistic
and ubiquitous environmental bacterium, is known as the leading cause of morbidity and mortality in
cystic fibrosis and immunocompromised patients and as one of the leading causes of nosocomial
infections. [1] Due to the existence of numerous molecular mechanisms conferring resistance to multiple
classes of antibiotics, therapeutic options are increasingly limited for treatment of infections. PA has
been classified as a Priority 1 pathogen by the WHO. [2,3] Various approaches to treating PA, in addition
to traditional antibiotics, have been developed including inhibition of quorum sensing, biofilm-
formation, iron chelation and interfering with biosynthetic pathways of the bacterium. [2,3] Soluble
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lectins LecA and LecB produced by PA play a key role in the infection. [4] PA LecA is demonstrated
to be crucial for biofilm formation and internalization, while the extracellular LecB plays a key role in
bacterial adhesion to the host and biofilm formation. [5-8] Building synthetic glycoconjugates for the
inhibition and modulation of bacterial lectins responsive for biofilm formation have shown promising
results. [9,10] Unlike antibiotics, lectin inhibitors could prevent pathogenicity by interfering with
virulence factors instead of killing the bacteria. Bacterial lectins are therefore attractive targets for the
development of new antibiotic-sparing anti-infective drugs. For example, some Escherichia coli fimbrial
lectin FimH inhibitors are currently in clinical development to treat and prevent urinary tract infections.
[9,10] Large number of glycomimetic inhibitors of PA LecA and LecB have also been reported, with
anti-biofilm formation activity for some of them. [5-8]

Photochromic molecules, which may be reversibly converted between different isomers upon
illumination, offer numerous opportunities for reversibly photomodulating chemical, biological or
pharmacological activities or properties. [11,12] Light is generally noninvasive and orthogonal toward
most elements of living systems. It can be easily and precisely controlled in time, location, wavelength
and intensity, thus enabling the precise activation and deactivation of biological function. It also offers
the potential to change the properties of defined molecules in biological systems with minimal
disturbance to the rest of the system. There is an increasing use of the photoisomerization to control the
conformation as well as the activities of various biomolecules with the development of
photopharmacology. [11-16] The group of Lindhorst has reported a series of mannosyl azobenzenes
targeting E. Coli lectin FimH, demonstrating the possibility to control the type 1 fimbriae-mediated
bacterial adhesion to a self-assembled monolayers of mannosyl azobenzene on a gold surface [17,18]
or to mannosylazobenzene-modified human cells [19] through photoswitching the orientation of the
attached mannoside [20]. Photoswitchable glycooligomers [21] or glycodentrimers [22] have been
investigated for the inhibition of PA lectin PA-IL or LecA and LecB. A variation of I1Csg value by a
factor up to 1.6 has been observed for the divalent ligand [21]; while almost no difference of inhibition
was observed for LecA and LecB upon irradiation, probably due to the low photoisomerization of
glycodentrimers [22]. Very recently, the group of Wittmann reported an arylazopyrazole-linked divalent
N-acetylglucosamine targeting lectin wheat germ agglutinin [23]. The binding affinity kq evaluated by
isothermal titration calorimetry (ITC) showed a variation by a factor of 12.5 upon the
photoisomerization. However, direct photo modulation of monovalent lectin ligand has not been
achieved up to date. Based on our experiences in photoswitchable glycosides and bacterial lectins, [4,6-
8,24-29] we have designed, synthesized and characterized the first generation of O- and S-galactosyl
azobenzenes as photoswitchable monovalent ligands targeting PA LecA. Their binding affinity with
LecA evaluated by isothermal titration calorimetry (ITC) showed Kg values in micromolar range with
significant thermodynamics difference between E- and Z-azobenzene isomers, demonstrating the proof-
of-concept of photomodulation of the ligand-lectin interactions.

Results and Discussion

Design of LecA photoswitchable ligands

The cytotoxic LecA which has a tetrameric structure, displays a high affinity for D-galactose (D-Gal,
with Kg = 34 uM) and galactosides. The 3- and 4-hydroxyl function on the D-Gal unit are involved in
the coordination of Ca?* in the binding site. [5-8,30] A large range of galactosyl conjugates have been
synthetized, with kq value from micromolar (for monovalent galactosides) to nanomolar ranges (for di-
and multivalent derivatives). [5-8] For the monovalent system, it has been shown that aromatic aglycons



favored “T-shaped” CH 7 interactions with the protons of the His50 imidazole in the carbohydrate-
binding pocket, with the g-linked aromatic aglycons having five-fold higher affinity compared to
aliphatic analogues. [31,32] Beside p-O-aryl galactosides, enzymatically more stable p-S-aryl
galactosides have also been successfully developed as monovalent LecA ligands (Figure 1A). [28,33]
Since different sizes and substituents are tolerated on the aryl aglycon, we decided to replace the aryl
aglycon by photoswitchable azobenzene in both O- and S-galactosides (Figure 1B) to investigate their
binding affinity and the influence of the photoisomerization on the lectin interaction. The ammonium
group is introduced on the azobenzene to increase the water solubility. The influence of ortho, meta and
para-substitution pattern of the azobenzene on the lectin binding has also been studied.
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Figure 1. (A) Selected monovalent inhibitors for PA LecA; (B) Designed general structure of
photoswitchable ligands targeting LecA 1-5.

Synthesis

The p-O-galactosyl p,p-bis-substituted azobenzene derivative 1 was prepared from galactose and
commercially available p,p -bishydroxy azobenzene 6, by using our recently developed DMC (2-chloro-
1,3-dimethylimidazolinium chloride)-mediated one-pot glycosylation method in water, [26] followed by
O-alkylation of the remaining hydroxyl group with BrCH.CH>NHBoc and acidic deprotection (Scheme
1). 3 equivalents of bishydroxy azobenzene 6 were used for the selective mono-glycosylation step, with
the excess of azobenene being recovered after column chromatography. The same strategy was applied
for the m,m *-substituted derivative 2, starting from the glycosylation of m,» -bishydroxy azobenzene 9,
[34] followed by O-alkylation and Boc deprotection to afford the galacoside 2 in 19% total yield.
Unfortunately all our attempts to synthesize the 0,0 -bis-substituted derivative failed. For the f-S-
galactosyl azobenzene derivatives which are accessible by our previously reported Pd-catalyzed cross-
coupling methodology between glycosyl thiols and iodoaryl partners, [28,35] the required p-, m- or o-
iodo-p -hydroxy-azobenzenes (12, 17 and 21) were prepared by the diazonium coupling method
according to a reported procedure. [36,37] Then the coupling with tetra-O-acetylated S-galactosylthiol
13 catalysed by Xantphos Pd-Gs [35] precatalyst followed by post-functionalisation furnished the
desired S-S-galactosyl azobenzenes 3-5 in 37-71% total yields (Scheme 1).
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Scheme 1. Synthesis of photoswitchable LecA inhibitors. Reagents and conditions: (i) DMC, EtsN, H-0, -10 °C to rt, 8h,
50% for 7, 40% for 10; (ii) BrCH,CH,NHBoc, K,CO3;, DMF, 60 °C, 15h, 91% for 8, 80% for 11, 88% for 16, 50% for 20,
88% for 24; (iii) AcCl, MeOH, 0°C to rt, 15h, 58% for 1 and 2, 90% for 3, 85% for 4, 77% for 5; (iv) Xantphos Pd-Gs (5
mol%), EtsN, THF, 6-8 h, rt 90% for 14, 98% for 18, 54% for 22; (v) MeONa/MeOH, 30 mn-2 h, rt >99% for 15, 19 and 23.

Photophysical characterization

The photoswitching properties of galactosyl azobenzenes 1-5 were realized in water or in Tris buffer
containing 5 to 10% DMSO, in accordance with the biophysical evaluation conditions by using ITC. All
these compounds underwent readily reversible photoisomerization under UV-visible irradiation in
aqueous solution. As shown in Figure 2, the O-galactosyl azobenzene 1 underwent reversible
photoisomerization under UV (370 nm) and visible (485 nm) irradiations in water, with a high fatigue
resistance as no degradation has been observed after more than 10 irradiation cycles (Figure 2). It showed
a relatively strong n—n* transition (Amax = 353 nm) and a weaker forbidden n—n* transition (Amax =
440 nm) (Figure 2, black line). Irradiation at 370 nm resulted in the decrease of the band at 353 nm and
appearance of new bands at 312 and 438 nm, revealing the E to Z isomerization (Figure 2, blue line).
Two isosbestic points can also be observed at 310 and 429 nm. The back Z—E photoisomerization can
be achieved by illumination at 485 nm (Figure 2, red line). Varying Z/E ratios during irradiation can be
determined by *H NMR, with an excellent photoconversion yield of Z/E = 99/1 at PSSa7, and E/Z =
87/13 at PSSags in D20 (Figure 3). The Z-isomer is thermostable, with the half-life determined to be 44.4
h in water at room temperature (Figure S9). The photophysical properties of compounds 1-5 are
summarized in Table 1 (Figures S1 to S24). For the meta-substituted azobenzene 2, a blue-shifted of 30
nm for the n—n* transition (Amax = 321 nm) and a lower absorption coefficient have been observed
compared to the para-derivative 1 (Table 1, entries 3,4 vs entries 1,2) probably due to less-conjugated
azobenzene. The better Z—E photoconversion was achieved by illumination at 438 nm instead of 485
nm. An increased thermostability has also been observed (ti2 = 29 days) for 2. The S-galactosyl
azobenzenes 3-5 also displayed excellent photoswitching properties, with a red-shift for the n—n*
transition (Amax = 348-364 nm) compared to the O-galactosyl derivatives (Table 1, entries 5-8). However,



the absorption coefficient and the thermostability of the Z-isomers are highest for the meta-derivative
(4), compared to the ortho- (5) and para-substituted 3.
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Figure 2 (Left) Absorption spectra and (right) fatigue resistance of 1 under alternated 370/485 nm irradiations in Tris buffer:

DMSO (95:5) at rt: E-1 (black line), PSSa7o (blue line), PSSsgs (red line). Irradiation condition at 370 nm: 12.8 mW-cm2, 20
s; at 485 nm: 1.5 mW-cm2, 480 s.
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Table 1. Steady-state absorption, photostationary state composition and half-life of Z-isomers of 1-5.

Entry | Compound Solvent 1€c r[n'\’{] [}F] ”;;’i Pglsfm PSES% tie
1 H.O 25632 353 99/1 87/13 44.4 h
2 ! Tris?-DMSO 5% 24400 354 n.d.” n.d. n.d.
3 ) Tris-DMSO 5% 14155 321 87/13 71/29 29.1 d¢
4 Tris-DMSO 10% 15288 321 87/13 74/26° n.d.
5 H20 18111 362 99/1 73/27 30.4h
6 3 Tris-DMSO 10% | 16991 364 99/1 71/29 25.9h
7 4 Tris-DMSO 10% | 22358 348 99/1 72/28 9.0d
8 5 Tris-DMSO 10% | 17336 348 92/8 60/40 73.3h

aTris buffer: Tris 20 mM (pH = 7.5), NaCl 100 mM, CaClz 100 uM. °not determined. °PSSass for 2.

ddays.

Biophysical evaluation by ITC



The interaction of compounds 1-5 with LecA was characterized by ITC analysis for both the E- and Z-
isomers. As the initial isomer state of the galactosyl azobenzenes is the E-form, ITC measurements made
on E-isomers correspond to 100% purity of it. After 370 nm irradiation to induce the photoizomerisation
process, a photostationary state is reached between E- and Z-isomers. For ITC measurements made on
Z-isomers, the percentage of isomers is shown in the column Z/E (PSSa7o) of the Table 1. Depending on
the corresponding galactosyl azobenzenes, Z-isomer is pure from 87 to 99%. Spectroscopy
measurements were performed on ligand solution just before each experiment to check the efficiency of
the isomerization, with results as indicated in Table 2. In all experiments, strong exothermic peaks were
observed for the first injection, followed by titration corresponding to stoichiometry of 1, in agreement
with known structure (Figure 4). Control experiment with injection of compounds in buffer only did not
show significant heat of dilution.

Affinity values, as well as thermodynamics contribution could be extracted through fitting
procedure with a one site model and data are reported in Table 2. All compounds have strong affinity
for LecA with kg values ranging from 1.9 uM to 13.6 uM. These values are in the range of those
observed previously for aromatic galactoside derivatives, [31,32] confirming the favorable interaction
of the aryl group with the protein surface. For all compounds, no significant differences of affinities are
observed between E- and Z-isomer, with the exception of compounds 1 and 3 with para orientation
between the two aryl groups. The affinity of the E-isomer is twice better than for its Z-counterpart for
the S-linked compound (3) and three times better for the O-glycoside (1). Even though the other
compounds do not exhibit significant variations of affinities between E- and Z-isomers, a closer look at
the thermodynamic values indicates that the mechanisms of binding display significant variations (Table
2). All of the Z-isomers display stronger favorable enthalpy of binding, i.e. a more negative AH
contribution (AH varying from -41.1 to -49.4 kJ/mol) than their E-counterpart (AH from -38.0 to -43.5
kJ/mol). This is fully counterbalanced by a stronger unfavorable entropy barrier, i.e. a more positive
entropy contribution (-TAS). Varying from 10.3 to 18.5 kJ/mol for the Z-isomers, and from 8.8 to 13.1
kJ/mol for the E-isomers. As displayed in Figure 4, this enthalpy-entropy compensation results in limited
variation of AG and therefore in the observed rather similar Kq values.
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Figure. 4 ITC titration of LecA with E- (up) and Z-isomers (bottom) of compounds 1-5 in Tris buffer containing 5 to 10%
DMSO. The plot in the lower panel shows the total heat released as a function of total ligand concentration for the titration
shown in the upper panel. The solid line represents the best least-square fit to experimental data using a one site model.



Table 2. Microcalorimetry data and thermodynamics contribution for binding to LecA. The experiments

were realized in duplicate at 298 K unless otherwise stated.

. -AG -AH TAS
Ligand | K¢ [uM] | n [kimol] | [ky/mol] | [ki/mol]
E-1 | 48203 |0.98:001| 303 | 40805 -105
741 | 13.6+1.2 | 1.04¥0.04| 278 | 413t05| -135
E2 | 51#07 | 1.012005| 302 | 43310 -13.1
Z-2% | 51+0.7 | 09740.04| 30.2 | 458%06| -156
E3 | 19t01 | I 326 | 435204 -10.9
Z-3 | 4.1+0.02 1° 30.7 49.4+0.4 | -18.7
E-4 | 7.7+1.3 | 096007 | 292 | 38.0t13| -8.8
Z4 | 51201 |0.9620.02| 302 | 47102 | -169
E-5 | 43%0.2 | 1.02¢005| 306 | 4010.6| -9.5
Z5% | 41+0 |096:003| 308 | 411204 | -103

aZ-isomer of compound 2 is mixed with 13% E-isomer and compound 5 is mixed with 8% E-isomer as established by PSSs70.
This contamination is less than 2% for the other compounds. *Concentration of compound 3 could not be determined from
weight products due to aggregation. Active concentration was determined fitting ITC data to stoichiometry of 1, value
confirmed from other compounds. For all other compounds, concentration was calculated from weighted compound and
confirmed by spectroscopy (see Table S1 in Supp info).

In order to rationalize this difference in binding mechanism, molecular models were obtained for
selected low energy conformations of E and Z isomers of a “model” scaffold of the para-azobenzene
derivative in the binding site of LecA, by simple superposition on known crystal structure. The extended
E-isomer establishes contact through galactoside and the first aryl ring only, while bended Z-isomer has
proper conformation to wrap around the central His53 residue and to establish more extended interaction
with protein surface. This would be in agreement with stronger enthalpy of interaction, while the entropy
barrier could arise from limitation of flexibility and/or blocking of water molecules at the new interface.
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Figure 5. (A) Enthalpy-entropy compensation plot of compounds 1-5 from ITC analysis. The dotted green line represents a
AG value of -30 kJ/mol, corresponding to a Kq of approx 5 uM in the experimental conditions. (B) Manual docking of scaffold
for compound 3 with selected low energy conformations of E-isomer (yellow sticks) and Z-isomer (cyan sticks) superimposed
on conserved position of galactose in all LecA crystalline complexes. The protein is represented by orange ribbon, His53 by
lines and calcium by green sphere.

Conclusion

We have designed and synthesized in three to five steps O- and S-galactosyl azobenzenes targeting
the Pseudomonas aeruginosa lectin LecA. The five synthesized glycoconjugates can be reversibly
photoconverted between E and Z isomers under UV and Vis irradiation, with good to excellent



photoconversion yields, and high fatigue resistance in aqueous media. Furthermore, all the Z-isomers
displayed good thermostability, with the half-live varied from 26 h to 29 days at room temperature
depending on the type of glycosidic linkage and the substitution pattern on the azobenzene moiety. The
bistability of the azobenzene derivatives is suitable for the investigation of azobenzene isomers on the
binding affinity with LecA. All the galactosyl azobenzenes bound to LecA in the low micromolar range.
Interestingly, the para-substituted O- (1) and S- (3) galactosides displayed 2 to 3-fold difference in
affinity between E and Z isomers (3-fold difference for 1 and 2-fold for 3), demonstrating the proof-of-
concept of tuning the LecA binding by light. Few differences were observed for the meta- (2 and 4) and
ortho-substituted azobenzenes (5). Thermodynamics contributions exhibit larger variations with
stronger enthalpy of binding for the Z-isomer, probably in relation with folded conformation generating
additional contact with the surface. Due to enthalpy-entropy compensation, that is a general effect in
protein-carbohydrate interactions, [38] this does not reflect in differences in affinity. However, these
observations, together with future modeling study, will help in designing future compounds with more
selective binding of one isomer only.

Experimental

General Experimental Details. Commercially available solvents and reagents were used without
further purification. The reactions carried out under anhydrous conditions are performed under argon in
glassware previously dried in an oven. DMF and THF were previously dried through alumina or
molecular sieves cartridge using a solvent purificator MBRAUN SPS-800. All the reactions with
azobenzene-containing substrates were carried out in the dark. Reactions were monitored by TLC on
Silica Gel 60F-254 plates with detection by UV (254 nm or 365 nm) or by spraying with 10% H2SO4 in
EtOH and heating about 30 s at 400-600 °C. Column chromatography purification was performed on
CombiFlash®Rf+ and RediSep® RF or RF Gold normal phase silica columns (with UV detection at 254
and 350 nm for all azobenzene-derivatives), or by flash column chromatography employing silica gel
(60 A pore size, 40-63 um). *H and **C-NMR spectra were recorded on a JEOL ECS-400 spectrometer
or on Bruker Avance 300 and 400 spectrometers. Structural assignments were made with additional
information from gCOSY, HMBC and gHMQC experiments. High-resolution mass spectra (HRMS)
were performed on a Bruker maXis mass spectrometer by the SALSA platform from ICOA laboratory
or on an Agilent 1260 Infinity system with a quadrupole time-of-light (Q-TOF) mass analyser. Melting
points were measured with a Kofler bench previously calibrated using the usual standard references or
on a digital melting point capillary apparatus. Specific optical rotations were measured in solution using
sodium light at 589 nm where no absorption occurred for all compounds. Absorption spectra were
recorded on a Cary-5000 spectrophotometer from Agilent Technologies. Photochromic reactions were
induced in situ by a continuous irradiation Hg/Xe lamp (Hamamatsu, LC6- or LC8-Lightningcure, 200
W) equipped with narrow band interference filters of appropriate wavelengths: Semrock BP-370/36 for
Airr = 370 nm, Semrock FF01-438/24-25 for Lir = 438 nm, Semrock FF01-485/20-25 for Air = 485 nm.
The irradiation power was measured using a photodiode from Ophir (PD300-UV) and corrected after a
measurement with an additional Schott long pass filter (LP-545) to measure NIR contribution (P.p) that
is let through the Semrock filter (Ptotal), considering a 90% transmittance: Pairr = Protai - (L0/9%Prp). The
photoconversion reaction was followed by a combination of *H NMR and UV-visible absorption spectra,
realized by successive irradiations at 370 nm (438 or 485 nm). The E/Z ratios were determined by
integration of the azobenzene proton signals of each isomer. A quartz cell of 10 mm path length has
been used for solution measurement.

Isothermal titration calorimetry: LecA was expressed and purified as previously described. [39] All
experiments were performed at 25 °C with an ITC200 isothermal titration calorimeter (Microcal-
Malvern Panalytical, Grenoble, France). The lyophilized LecA protein was dissolved in a buffer



composed of 20 mM TrisHCI (pH 7.5), 100 mM NaCl and 100 uM CaCl with 5% or 10% DMSO final.
All compounds were first dissolved in DMSO then in same buffer for a final concentration of 5% or
10% DMSO. The 200 uL sample cell containing LecA (concentrations ranging from 200 to 300 uM)
was subjected to injections of ligand solution: 20 injections of 2 uL (2-3 mM, depending on the ligand)
at intervals of 120s while stirring at 850 rpm. Control experiments were performed by repeating the
same protocol, but injecting the ligand into buffer solution. The supplied software Origin 7 or MicroCal
PEAQ-ITC was used to fit the experimental data to a theoretical titration curve allowing the
determination of affinity (i.e., dissociation constant, Kg), binding enthalpy (AH), and stoichiometry (n).
Values for free energy change (AG) and entropy contributions (TAS) were derived from the equation
AG = AH - TAS =-RT In Kg (with T = 298.15 K and R = 8.314 J mol*K™).

General procedure | for the O-alkylation with BrCH2CH2NHBoc: A solution of glycosyl
azobenzene (1.0 equiv.) in anhydrous DMF (~3.5 mL per mmol) was added K>COs3 (2.0-4 equiv.) and
BocNHCH,CHBr (1.5-4 equiv.), then stirred for overnight at 60°C. After the reaction was completed
(TLC monitoring), the solvent was evaporated to dryness under reduced pressure. The residue was
dissolved in EtOAc, neutralized with HCI (1 M), and extracted with EtOAc (3 times). The organic phase
was washed with brine, dried over anhydrous Na>SOa, evaporated under reduced pressure in vacuo, and
purified by CombiFlash Rf+ (CH2Cl,/MeOH = 15/1).

General procedure Il for the Boc deprotection: To a solution of Boc-protected compound in
anhydrous MeOH (~10 mL per mmol) was added dropwise AcCl (1.0-3.0 equiv.) at 0°C, slowly warmed
to rt and stirred overnight. After the reaction was completed (TLC monitoring), the solvent was
evaporated to dryness under reduced pressure. The residue was dissolved in MeOH, acetone was added,
and a precipitate was obtained, which was washed with CH2Cl> and n-pentane successively to give a
pure compound.

General procedure 111 for the syhthesis of S-galactosyl azobenzenes: A round bottom flask was
charged with Xantphos Pd-Gs (5 mol %), acetylated B-thiogalactoside 13 [35] (1.1 equiv) and iodinated
azobenzene (1 equiv). After Ar flushing, dry THF (0.25 M) was added and the mixture stirred for 5 min
before NEts (1.1 equiv.) was added. The reaction mixture was stirred at rt under Ar for 6-8 h, diluted
with EtOAC, filtered over celite and washed with EtOAc. The collected organic layers were concentrated
under reduced pressure, and purified by flash chromatography (cyclohexane/EtOAc = 7/3) to give
thioglycoside.

General procedure 1V for the Zemplén deacetylation: To a seal tube containing galactose derivatives
in dry MeOH (0.15 M), NaOMe (30 mol %, 0.5 M sol. in MeOH) was added. The mixture was stirred
at room temperature until total deprotection. The solution was neutralized using Amberlite IR-120 (H),
filtered, concentrated and used without further purification to give the product in quantitative yield.
(E)-4-[4'-(2-tert-Butyloxycarbonylaminoethyloxy)-phenylazo)phenyl-p-D-galactopyranoside (E-
8): From 7 [26] (100 mg, 0.26 mmol) and BocNHCH2CH2Br (87 mg, 0.39 mmol), K.COs (72 mg, 0.52
mmol) according to the General procedure I, compound 8 (123 mg, 91%) was isolated as a yellow solid.
Rf=0.5 (CH2Clo/MeOH =5/1), mp: 132°C, [a]5 : -28.6 (¢ =0.5, MeOH); *H NMR (400 MHz, CD3;0D):
0 7.85(d, J=9.2 Hz, 2H, Hpn), 7.83 (d, J = 9.2 Hz, 2H, Hpp), 7.23 (d, J = 9.2 Hz, 2H, Hpn), 7.07 (d, J =
8.8 Hz, 2H, Hpn), 4.97 (d, J = 8.0 Hz, 1H, H1), 4.09 (t, J = 5.6 Hz, 2H, OCH>), 3.92 (d, J = 3.2 Hz, 1H,
Hs), 3.83 (dd, J = 10.0, 7.6 Hz, 1H, He), 3.81-3.71 (m, 3H, H»5¢), 3.61 (dd, J = 9.6, 3.2 Hz, 1H, H3),
3.46 (t, J = 6.0 Hz, 2H, NCHy>), 1.45 (s, 9H, 3xCHs); 3C NMR (100 MHz, CD30D): § 162.6, 161.1,
149.3, 148.4 (Cq); 125.4, 125.1, 118.0, 115.9 (CHpn); 102.6 (C1); 77.1 (C2or5); 74.8 (C3); 72.2 (Cs or 2);
70.2 (Cy); 68.3 (OCHy2); 62.4 (Ce); 40.9 (NCHy); 28.7 (CH3). HRMS (ESI) m/z: Calcd for CosH34N30g
[M+H]*: 520.2290, Found 520.2281.
(E)-4-[4'-(2-Aminoethyloxy)-phenylazo)phenyl-g-D-galacto-pyranoside-HCI (E-1): From 8 (70 mg,
0.13 mmol) and AcClI (11 mg, 0.13 mmol) according to the General procedure Il, compound 1 (34 mg,
58%) was isolated as a yellow solid. mp: 226°C, [a]5 : -49.0 (¢ = 0.2, H20); *H NMR (400 MHz,
CDs0D): 6 7.90 (d, J = 7.2 Hz, 2H, Hpn), 7.85 (d, J = 8.8 Hz, 2H, Hpn), 7.24 (d, J = 9.2 Hz, 2H, Hpy),
7.16 (d, J =9.2 Hz, 2H, Hpn), 4.98 (d, J = 7.6 Hz, 1H, H1), 4.32 (t, J = 4.8 Hz, 2H, OCH), 3.92 (d, J =
3.2 Hz, 1H, Hy), 3.85 (dd, J = 9.6, 7.6 Hz, 1H, He), 3.81-3.74 (m, 3H, H25,), 3.61 (dd, J = 10.0, 3.6 Hz,
1H, Hs), 3.40 (t, J = 5.2 Hz, 2H, NCH,); *C NMR (100 MHz, CD3;0D): & 161.5, 161.3, 149.2, 148.9



(Cq); 1255, 125.2, 118.0, 116.0 (CHpn); 102.6 (C1); 77.1 (C2ors); 74.8 (C3); 72.2 (Csor2); 70.2 (Ca);
65.6 (OCH>); 62.4 (Cs); 40.3 (NCH.); HRMS (ESI) m/z: Calcd for CooH26N30O7 [M+H]": 420.1765,
Found 420.1763.

(E)-3-(3'-Hydroxy-phenylazo)phenyl-g-D-galactopyranoside (E-10): To a solution of D-galactose
(500 mg, 2.77 mmol) in water (20 mL) was added 3,3’-dihydroxyazobenzene 9 [33] (1.78 g, 8.33 mmol,
3.0 equiv.) and EtsN (10.4 mL, 74.79 mmol) at -10 °C. After stirring for 10 min, DMC (2.8 g, 16.60
mmol) was added and stirred for another 2 h. EtsN (10.4 mL) was added again at -10°C and stirred for
10 min, then DMC (2.8 g) was added and stirred for 2 h. after repeating one again the additition of EtsN
and DMC, and stirred for 2 h, the reaction was completed as monitored by TLC. Aqueous NH4OH
solution (3x10 mL) was added and co-evaporated to remove EtsHN*CI- at 50 °C. The residue was further
purified by CombiFlash Rf+ (eluted with EtOAc/MeOH = 15/1) to afford the compound 9 as an orange
solid (416 mg, 40%), along with 1.42 g of recovered azobenzene 8 (80%). Rf = 0.43 (CH2Cl,/MeOH =
5/1), mp: 78°C, [0]5 : -60.8 (¢ = 1.0, MeOH); *H NMR (400 MHz, CD3z0D): § 7.64 (t, J = 2.4 Hz, 1H,
Hpp), 7.58 (dt, J = 8.4, 0.8 Hz, 1H, Hpn), 7.46 (t, J = 8.0 Hz, 1H, Hen), 7.42 (dt, J = 8.0, 1.6 Hz, 1H, Hpy),
7.35(t,J=7.6 Hz, 1H, Hpn), 7.30 (t, J = 2.4 Hz, 1H, Hpx), 7.26 (ddd, J = 8.0, 2.0, 0.4 Hz, 1H, Hpn), 6.94
(ddd, J=8.0, 2.4, 0.6 Hz, 1H, Hpn), 4.97 (d, J = 7.6 Hz, 1H, H1), 3.92 (d, J = 3.6 Hz, 1H, Ha), 3.85 (dd,
J=9.6, 8.0 Hz, 1H, He), 3.82-3.73 (M, 3H, H25¢), 3.61 (dd, J = 10.0, 3.6 Hz, 1H, Hs); *C NMR (100
MHz, CDsOD): 8 159.9, 159.4, 155.1, 155.0 (Cq); 130.9, 120.6, 119.5, 118.9, 116.8, 110.8, 108.9
(CHepn); 103.0 (C1); 77.0 (C2or5); 74.8 (Cs); 72.2 (C2ors); 70.2 (Ca); 62.4 (Cs); HRMS (ESI) m/z: Calcd
for C18H21N207 [M+H]*: 377.1343, Found 377.1341.
(E)-3-[3'-(2-tert-Butyloxycarbonylaminoethyloxy)-phenylazo)phenyl-p-D-galactopyranoside (E-
11): From 10 (200 mg, 0.53 mmol) and BocNHCH2CH:Br (475 mg, 2.12 mmol), K2COs (293 mg, 2.12
mmol) according to the General procedure I, compound 11 (220 mg, 80%) was isolated as an orange
solid. Rf = 0.5 (CH2Cl2/MeOH = 5/1), mp: 90°C, [a]5: -29.0 (¢ = 0.5, MeOH); *H NMR (400 MHz,
CD30D): 6 7.66 (t, J = 2.4 Hz, 1H, Hpn), 7.60 (ddd, J = 8.0, 1.6, 0.8 Hz, 1H, Hpn), 7.53 (d, J = 8.4 Hz,
1H, Hpn), 7.48-7.42 (m, 3H, Hpn), 7.27 (ddd, J = 8.4, 2.4, 0.8 Hz, 1H, Hph), 7.10 (ddd, J = 8.0, 2.4, 0.8
Hz, 1H, Hen), 4.97 (d, J = 7.6 Hz, 1H, Hy), 4.09 (t, J = 5.2 Hz, 2H, OCH>), 3.93 (d, J = 3.2 Hz, 1H, Ha),
3.88-3.70 (m, 4H, Hx566°), 3.62 (dd, J = 9.6, 3.2 Hz, 1H, Hz3), 3.47 (t, J = 5.2 Hz, 2H, NCH>), 1.44 (s,
9H, 3xCHs); *C NMR (100 MHz, CDs0D): § 160.9, 160.0, 158.5, 154.9 (Cq); 131.0, 130.9, 120.8,
119.1, 119.0, 118.2, 110.9, 107.8 (CHpn); 102.9 (Cy); 80.2 (Cq); 77.0 (C2ors); 74.7 (Cs); 72.2 (Cs or 2);
70.1 (Ca); 68.2 (OCHy); 62.3 (Cs); 41.0 (NCHy>); 28.7 (CHs3); HRMS (ESI) m/z: Calcd for C25H34N309
[M+H]*: 520.2290, Found 520.2286.
(E)-3-[3'-(2-Aminoethyloxy)-phenylazo)phenyl-g-D-galactopyranoside HCI (E-2): From 11 (200
mg, 0.38 mmol) and AcCl (45 mg, 0.57 mmol) according to the General procedure I, compound 2 (80
mg, 46%) was isolated as a yellow solid, along with 93 mg of recovered compound 11 (47%). mp:
140°C, [a]5: -46.1 (c = 0.5, H20) ; *H NMR (400 MHz, CD3s0D): § 7.67 (t, J = 1.6 Hz, 1H, Hpp), 7.63-
7.60 (m, 2H, Hepn), 7.55-7.46 (m, 3H, Hen), 7.29 (ddd, J = 8.4, 2.4, 0.4 Hz, 1H, Hpn), 7.20 (ddd, J = 8.4,
2.4,0.6 Hz, 1H, Hpp), 4.97 (d, J = 7.6 Hz, 1H, Hy), 4.33 (t, J = 4.8 Hz, 2H, OCHy), 3.93 (d, J = 3.2 Hz,
1H, Ha), 3.87-3.73 (m, 4H, H256¢), 3.61 (dd, J = 9.6, 3.2 Hz, 1H, H3), 3.41 (t, J = 5.2 Hz, 2H, NCH>);
13C NMR (100 MHz, CD3s0D): § 160.2, 160.0, 155.1, 154.9 (Cq); 131.3, 131.0, 120.9, 119.2, 119.1,
119.0, 110.9, 107.8 (CHpn); 103.0 (Cy); 77.1 (C2or5); 74.8 (C3); 72.3 (Csor2); 70.2 (C4); 65.5 (OCH2);
62.4 (Cs); 40.3 (NCH2); HRMS (ESI) m/z: Calcd for C20H26N307 [M+H]*: 420.1765, Found 420.1762.

(E)-4-(4'-Hydroxy-phenylazo)phenyl-2,3,4,6-tetra-O-acetyl-g-S-D-galactopyranoside (E-14):
From Xantphos Pd-Gs (22 mg, 0.023 mmol), 13 (186 mg, 0.51 mmol), azobenzene 12 [36,37] (150 mg,
0.46 mmol) and NEts (71 pL, 0.51 mmol) in THF (2 mL) according to the General procedure lll,
compound 14 was obtained as a brown solid (234 mg, 90%). Rf = 0.5 (cyclohexane/EtOAc = 1/1), mp:
155.1°C; [a]? =+ 6.0 (c = 0.1, CDClI3); *H NMR (300 MHz, CDCls3): § 7.85 (d, J = 8.7 Hz, 2H, Hpn),
7.80 (d, J = 8.4 Hz, 2H, Hpn), 7.62 (d, J = 8.5 Hz, 2H, Hen), 6.93 (d, J = 8.8 Hz, 2H, Hpn), 5.44 (d, J =
3.3 Hz, 1H, H4), 5.29 (t, J = 9.9 Hz, 1H, H»), 5.09 (dd, J = 9.9, 3.3 Hz, 1H, Hz3), 4.80 (d, J = 10.0 Hz,
1H, Hi), 4.18 (qd, J = 11.5, 6.7 Hz, 2H, Hee), 3.99 (t, J = 6.4 Hz, 1H, Hs), 2.13 (s, 3H, CHg), 2.11 (s,
3H, CHa), 2.06 (s, 3H, CHs), 1.98 (s, 3H, CH3); *C NMR (75 MHz, CDCls): § 170.7, 170.4, 170.3,
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169.8, 159.1, 152.2, 147.1, 135.1 (Cq); 132.6, 125.3, 123.1, 116.0 (CHpn); 86.1 (C1); 74.8 (Cs); 72.2
(Ca); 67.4 (C24); 61.9 (Ce); 21.0, 20.8, 20.8, 20.7 (CH3); HRMS (ESI) m/z: calcd for C2sH2sN2010S
[M+H]* 561.1537, Found 561.1545.

(E)-4-(4'-Hydroxy-phenylazo)phenyl-g-S-D-galactopyranoside (E-15): From 14 (156 mg, 0.28
mmol) and MeONa (280 pL, 0.14 mmol) according to the General procedure 1V, compound 15 was
obtained as a brown solid (105 mg, >99%). Rf = 0.4 (CH2Cl,/MeOH = 8:2), mp: 215°C; [a]5 = -100.0
(c=0.1, MeOH); 'H NMR (300 MHz, CD30D): § 7.91-7.77 (m, 4H, Hen), 7.76-7.66 (m, 2H, Hep), 7.02-
6.91 (m, 2H, Hpn), 4.77 (d, J = 9.7 Hz, 1H, Hi), 3.99 (dd, J = 3.3, 1.1 Hz, 1H, Ha), 3.92-3.64 (m, 4H,
Hzs.66), 3.60 (dd, J = 9.1, 3.3 Hz, 1H, H3); *C NMR (75 MHz, CDs0D): § 162.2, 152.6, 147.5, 139.3
(Cq); 131.6, 125.9, 123.7, 116.8 (CHpn); 89.5 (C1); 80.7 (Cs); 76.4 (C3); 71.0 (Cz); 70.5 (Cs); 62.7 (Ce);
HRMS (ESI) m/z: calcd for C1sH20N206S [M+H]* 393.1115, Found 393.1117.
(E)-4-[4'-(2-tert-Butyloxycarbonylaminoethyloxy)-phenylazo)phenyl-B-S-D-galactopyranoside
(E-16): From 15 (79 mg, 0.20 mmol) and BocNHCH2CHBr (212 mg, 0.50 mmol), K2COs (56 mg, 0.4
mmol) according to the General procedure I, compound 16 (95 mg, 88%) was isolated as a yellow solid.
Rf = 0.3 (CH2Clo/MeOH = 10/1), mp: 159°C, [0]5: -65.6 (¢ = 0.5, MeOH); H NMR (400 MHz,
CD30D): 6 7.88 (d, J = 8.8 Hz, 2H, Hen), 7.80 (d, J = 8.4 Hz, 2H, Hpp), 7.66 (d, J = 8.4 Hz, 2H, Hpn),
7.08 (d, J =9.2 Hz, 2H, Hpn), 4.73 (d, J = 9.6 Hz, 1H, H1), 4.10 (t, J = 5.6 Hz, 2H, OCHy), 3.94 (d, J =
3.2 Hz, 1H, H4), 3.79 (dd, J = 11.2, 6.8 Hz, 1H, He), 3.72 (dd, J = 11.2, 5.2 Hz, 1H, Hs’), 3.71-3.68 (m,
1H, Hs), 3.66 (d, J = 9.2 Hz, 1H, H»), 3.57 (dd, J = 9.2, 3.6 Hz, 1H, Hs), 3.46 (t, J = 5.6 Hz, 2H, NCH>),
1.44 (s, 9H, 3xCHs3); **C NMR (100 MHz, CD3OD): § 162.9, 158.5, 152.5, 148.3, 140.0 (Cq); 131.3,
125.7, 123.9, 115.9 (CHpn); 89.4 (C1); 80.8 (C20rs); 80.3 (CQq); 76.3 (Cs); 70.9 (Csor2); 70.5 (C4); 68.3
(OCHy); 62.7 (Cs); 40.9 (NCHy); 28.7 (CHs); HRMS (ESI) m/z: Calcd for C2sH34N30sS [M+H]™:
536.2061, Found 536.2057.
(E)-4-[4'-(2-Aminoethyloxy)-phenylazo)phenyl-g-S-D-galactopyranoside' HCI (E-3): From 16 (45
mg, 0.08 mmol) and AcCl (20 mg, 0.25 mmol) according to the General procedure Il, compound 3 (35
mg, 90%) was isolated as a yellow solid. Mp: 224°C, [a]5: -91.0 (c = 0.1, H20); *H NMR (400 MHz,
CD30D): 6 7.92 (d, J = 8.4 Hz, 2H, Hpn), 7.81 (d, J = 8.4 Hz, 2H, Hpp), 7.67 (d, J = 8.4 Hz, 2H, Hpn),
7.17 (d, J =9.2 Hz, 2H, Hpn), 4.74 (d, J = 9.6 Hz, 1H, H1), 4.33 (t, J = 4.8 Hz, 2H, OCHy), 3.93 (d, J =
2.8 Hz, 1H, H4), 3.80 (dd, J = 11.6, 6.8 Hz, 1H, He), 3.73 (dd, J =11.6, 5.2 Hz, 1H, He¢*), 3.70-3.64 (m,
2H, Hy5), 3.54 (dd, J = 9.2, 3.2 Hz, 1H, Hg3), 3.42 (t, J = 4.8 Hz, 2H, NCH,); *C NMR (100 MHz,
CD30D): 6 161.9, 152.4, 148.8, 140.3 (Cq); 131.2, 125.7, 124.0, 116.1 (CHpn); 89.3 (C1); 80.8 (C20r5);
76.3 (C3); 70.9 (Csor2); 70.5 (C4); 65.6 (OCHy>); 62.7 (Cs); 40.3 (NCH2); HRMS (ESI) m/z: Calcd for
C20H26N306S [M+H]": 436.1537, Found 436.1535.
(E)-3-(4’-Hydroxy-phenylazo)phenyl-2,3,4,6-tetra-O-acetyl-g-S-D-galactopyranoside (E-18):
From Xantphos Pd-Gs (19 mg, 0.02 mmol), 13 (161 mg, 0.44 mmol), azobenzene 17 [36,37] (130 mg,
0.4 mmol) and NEts (65 pL, 0.44 mmol) in THF (1.65 mL) according to the General procedure IlI,
compound 18 was obtained as an orange solid (219 mg, 98%). Rf = 0.5 (cyclohexane/EtOAc = 1:1), mp
170°C; [a]7 =-33.0 (c = 0.1, CDCls3); *H NMR (300 MHz, CDCls): § 8.03 (t, J = 1.9 Hz, 1H, Hen), 7.93-
7.82 (m, 2H, Hen), 7.82-7.77 (m, 1H, Hpn), 7.55 (dt, J = 7.8, 1.5 Hz, 1H, Hpn), 7.44 (t, J = 7.8 Hz, 1H,
Hpp), 6.99-6.85 (M, 2H, Hen), 5.44 (dd, J = 3.4, 1.1 Hz, 1H, H4), 5.30 (t, J = 9.9 Hz, 1H, H>), 5.09 (dd, J
=9.9, 3.3 Hz, 1H, H3), 4.82 (d, J =9.9 Hz, 1H, Ha), 4.21-4.11 (m, 2H, Hee*), 3.99 (ddd, J =7.0,5.8, 1.1
Hz, 1H, Hs), 2.11 (s, 3H, CHg), 2.09 (s, 3H, CHg3), 1.99 (s, 3H, CHg), 2.00(s, 3H, CH3); °C NMR (75
MHz, CDCls): 6 170.4, 170.5, 170.3, 169.7, 159.0, 153.2, 147.1, 133.9, 133.8, 129.6, 125.9 (Cq); 125.3,
122.7, 116.0 (CHpn); 86.5 (C1); 74.7 (Cs); 72.2 (Ca); 67.5 (C24); 61.9 (Ce);, 21.0, 20.8, 20.7 (CHa);
HRMS (ESI) m/z calcd for CasH2sN2010S [M+H]" 561.1537, found 561.1544.
(E)-3-(4'-Hydroxy-phenylazo)phenyl-g-S-D-galactopyranoside (E-19): From 18 (218 mg, 0.39
mmol) and MeONa (390 pL, 0.19 mmol) according to the General procedure 1V, compound 19 was
obtained as a red solid (150 mg, >99%). Rf = 0.3 (CH2Clo/MeOH = 8:2); mp: 187.5°C; [a]5 =-22.0 (c
=0.05, MeOH); H NMR (300 MHz, CD30D): § 8.09-8.03 (m, 1H, Hen), 7.90-7.82 (m, 2H, Hen), 7.77-
7.71 (m, 1H, Hepp), 7.69-7.63 (M, 1H, Hpn), 7.48 (t, J = 7.9 Hz, 1H, Hpp), 7.00-6.90 (M, 2H, Hen), 4.72
(d, J=9.6 Hz, 1H, H1), 3.97 (dd, J = 3.3, 1.0 Hz, 1H, H4), 3.89-3.62 (M, 4H, H25,6¢°), 3.57 (dd, J = 9.2,
3.3 Hz, 1H, Hs); C NMR (75 MHz, CD30D): § 147.5, 137. 5, 133.5, 130.4 (Cq); 126.1, 124.9, 122.6,
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116.8 (CHpn); 90.0 (Cy); 80.6 (Cs); 76.4 (C3); 71.0 (C2); 70.4 (C4); 62.6 (Ces); HRMS (ESI) m/z: calcd
for C18H20N206S [M+H]* 393.1115, Found 393.1189.
(E)-3-[4'-(2-tert-Butyloxycarbonylaminoethyloxy)-phenylazo)phenyl-B-S-D-galactopyranoside
(E-20): From 19 (150 mg, 0.38 mmol) and BocNHCH2CH2Br (213 mg, 0.95 mmol), K2COs (157 mg,
1.14 mmol) according to the General procedure I, compound 20 (101 mg, 50%) was isolated as an orange
solid. Rf = 0.28 (CH.Clz/MeOH = 10/1), mp: 114°C, [a]5 : -36.1 (c = 0.5, MeOH); *H NMR (400 MHz,
CD30D): 6 8.05 (t, J = 2.0 Hz, 1H, Hpn), 7.91 (d, J = 9.2 Hz, 2H, Hpn), 7.74 (ddd, J = 7.6, 1.6, 0.4 Hz,
1H, Hen), 7.65 (dt, J = 8.0, 0.8 Hz, 1H, Hen), 7.46 (t, J = 8.0 Hz, 1H, Hpn), 7.09 (d, J = 8.4 Hz, 2H, Hpn),
4.69 (d, J =9.6 Hz, 1H, Hi), 4.11 (t, J = 5.2 Hz, 2H, OCH>), 3.92 (d, J = 2.8 Hz, 1H, H4), 3.80 (dd, J =
11.6, 7.2 Hz, 1H, He), 3.73 (dd, J = 11.6, 5.2 Hz, 1H, H¢), 3.68-3.61 (m, 2H, H25), 3.52 (dd, J = 8.8, 3.2
Hz, 1H, Hs), 3.47 (t, J = 5.6 Hz, 2H, NCH>), 1.45 (s, 9H, 3xCHzs); *C NMR (100 MHz, CD30D): §
163.1, 158.5, 154.2, 148.2, 137.6 (Cq); 133.5, 130.5, 125.9, 124.8, 122.7, 115.9 (CHpn); 90.0 (C4); 80.6
(Cs); 80.3 (Cq); 76.3 (C3); 71.0 (C2); 70.4 (Cs); 68.3 (OCHy>); 62.5 (Cs); 40.9 (NCH>); 28.7 (CHa);
HRMS (ESI) m/z: Calcd for C2sH3aN3OsS [M+H]": 536.2061, Found 536.2055.
(E)-3-[4'-(2-Aminoethyloxy)-phenylazo)phenyl-g-S-D-galactopyranoside' HCI (E-4): From 20 (47
mg, 0.087 mmol) and AcCl (20 mg, 0.26 mmol) according to the General procedure 11, compound 1 (35
mg, 85%) was isolated as an orange solid. mp: 208°C, [a]5’: -17.9 (¢ = 0.2, H20); *H NMR (400 MHz,
CD30D): 6 8.06 (t, J = 1.6 Hz, 1H, Hpn), 7.96 (d, J = 8.8 Hz, 2H, Hpp), 7.75 (dt, J = 8.4, 1.2 Hz, 1H,
Hpn), 7.67 (dt, J=7.6, 1.6 Hz, 1H, Hpn), 7.47 (t, J = 8.4 Hz, 1H, Hpn), 7.18 (d, J = 8.8 Hz, 2H, Hph), 4.69
(d, J=10.0 Hz, 1H, Hy), 4.33 (t, J = 5.2 Hz, 2H, OCHz), 3.92 (d, J = 3.2 Hz, 1H, Ha), 3.80 (dd, J = 11.6,
7.2 Hz, 1H, He), 3.73 (dd, J = 11.6, 5.2 Hz, 1H, He¢’), 3.68-3.61 (m, 2H, Hz;5), 3.52 (dd, J = 9.2, 3.2 Hz,
1H, Hs), 3.42 (t, J = 5.2 Hz, 2H, NCH,); 3C NMR (100 MHz, CD30D): § 162.1, 154.2, 148.7, 137.7
(Cq); 133.7, 130.6, 125.9, 124.8, 122.8, 116.1 (CHpn); 89.9 (C1); 80.6 (Cs); 76.3 (Cs); 71.0 (Cy); 70.4
(Cs); 65.6 (OCHy); 62.6 (Ce); 40.2 (NCH2); HRMS (ESI) m/z: Calcd for CooH26N30sS [M+H]™:
436.1537, Found 436.1537.
(E)-2-(4'-Hydroxy-phenylazo)phenyl-2,3,4,6-tetra-O-acetyl--S-D-galactopyranoside (E-22):
From Xantphos Pd-Gs (24.5 mg, 0.0255 mmol), 13 (204 mg, 0.56 mmol), azobenzene 21 [36,37] (165
mg, 0.51 mmol) and NEts (65 pL, 0.44 mmol) in THF (2.1 mL) according to the General procedure IlI,
compound 22 was obtained as an orange solid (167 mg, 54%). Rf = 0.5 (cyclohexane/EtOAc = 1:1), mp:
165.6°C; [a]7 =-42.0 (c = 0.1, CDCl3); *H NMR (300 MHz, CDCl3): § 7.92-7.84 (m, 2H, Hepn), 7.71-
7.60 (m, 2H, Hpn), 7.37-7.32 (m, 2H, Hpp), 7.00-6.90 (m, 2H, Heh), 5.47 (dd, J = 3.4, 1.1Hz, 1H, Ha),
5.40 (t, J = 10.0Hz, 1H, H»), 5.10 (dd, J = 9.9, 3.4 Hz, 1H, Hs), 4.99 (d, J = 10.1Hz, 1H, H3), 4.18-4.10
(m, 2H, He¢°), 4.00 (ddd, J=7.1, 5.9, 1.1 Hz, 1H, Hs), 2.17 (s, 3H, CH3), 2.03 (s, 3H, CH3), 1.99 (s, 3H,
CHa), 1.97 (s, 3H, CH3); 3C NMR (75 MHz, CDCls): § 170.6, 170.5, 170.3, 169.8, 159.4, 150.9, 147.2,
130.6, 130.4, 127.8, 125.6, 117.6, 116.1(CHpn); 85.3 (C1); 74.7 (Cs); 72.3 (Cs); 67.6 (C2);, 67.5 (Ca);
61.9 (Ce); 21.2, 20.9, 20.8, 20.7 (CHz3); HRMS (ESI) m/z: calcd for Co6H28N2010S [M+H]* 561.1537,
Found 561.1543.

(E)-2-(4’-Hydroxy-phenylazo)phenyl-g-S-D-galactopyranoside (E-23): From 22 (156 mg, 0.28
mmol) and MeONa (280 pL, 0.14 mmol) according to the General procedure 1V, compound 23 was
obtained as a brown solid (105 mg, >99%). Rf = 0.2 (CH2Cl2/MeOH = 4/1); mp: 175.3°C; [o]5 = +43.0
(c=0.1, MeOH); *H NMR (300 MHz, CD30D):  7.95-7.90 (m, 2H, Hpn), 7.81 (dd, J = 8.0, 1.3 Hz, 1H,
Hen), 7.66 (dd, J = 8.0, 1.5 Hz, 1H, Hpn), 7.48-7.40 (m, 1H, Hen), 7.37-7.27 (m, 1H, Hpn), 7.04-6.93 (m,
2H, Hpn), 4.92 (d, J = 9.7 Hz, 1H, Hy), 4.04 (dd, J = 3.3 Hz, 1H, Ha), 3.91-3.73 (m, 4H, H256¢°), 3.66
(dd, J = 9.1, 3.3 Hz, 1H, Hs); *C NMR (75 MHz, CD30D): § 177.8, 138.1, 131.8, 129.8, 127.1, 126.4,
117.4,116.8 (CHpn); 87.5 (C1); 80.5 (Cs); 76.4 (C3); 71.1 (Cy); 70.6 (C4); 62.7 (Cs); HRMS (ESI) m/z:
calcd for C18H20N206S [M+Na]* 415.0934, Found 415.0941.
(E)-2-[4'-(2-Tert-butyloxycarbonylaminoethyloxy)-phenylazo)phenyl-g-S-D-galactopyranoside
(E-24): From 23 (30 mg, 0.076 mmol) and BocNHCH>CH2Br (26 mg, 0.12 mmol), K.COz (21 mg, 0.15
mmol) according to the General procedure 1, compound 24 (35 mg, 88%) was isolated as an orange solid
after purification by CombiFlash Rf+ (CH.Cl,/MeOH = 20/1). Rf = 0.3 (CH2Cl>/MeOH = 10/1), mp:
124°C, [a]>: +95.4 (¢ = 0.1, MeOH); *H NMR (400 MHz, CD30D): & 7.91 (d, J = 8.8 Hz, 2H, Hen),
7.74 (d, J = 6.8 Hz, 1H, Hen), 7.61 (dd, J = 8.0, 1.6 Hz, 1H, Hpn), 7.39 (td, J = 7.6, 2.0 Hz, 1H, Hpn),
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7.24 (td, J = 8.0, 0.8 Hz, 1H, Hpn), 7.08 (d, J = 8.8 Hz, 2H, Hen), 4.86 (d, J = 9.6 Hz, 1H, H1), 4.10 (t, J
=5.6 Hz, 2H, OCHy), 3.94 (d, J = 3.2 Hz, 1H, H4), 3.80-3.68 (m, 4H, H256¢), 3.57 (dd, J = 9.2, 3.6 Hz,
1H, Hs), 3.46 (t, J = 5.6 Hz, 2H, NCH>), 1.44 (s, 9H, 3xCHj3); 13C NMR (100 MHz, CD30D): § 163.1,
158.5, 150.7, 148.6, 139.0 (Cq); 132.2, 129.4, 126.9, 126.4, 117.3, 115.9 (CHpn); 87.3 (C1); 80.7 (Cs);
80.3 (Cq); 76.4 (C3); 71.1 (C2); 70.5 (Ca); 68.3 (OCHy>); 62.7 (Cs); 40.9 (NCHy); 28.7 (CH3); HRMS
(ESI) m/z: Calcd for C25H3aN30gS [M+H]*: 536.2061, Found 536.2057.
(E)-2-[4'-(2-Aminoethyloxy)-phenylazo)phenyl-g-S-D-galactopyranoside HCI (E-5): From 24 (55
mg, 0.10 mmol) and AcCl (24 mg, 0.30 mmol) according to the General procedure Il, compound 5 (36
mg, 77%) was isolated as a green solid. mp: 204°C, [a]5': +14.3 (¢ = 0.3, H20); 'H NMR (400 MHz,
CDs0D): 6 7.96 (d, J = 8.8 Hz, 2H, Hpy), 7.76 (dd, J = 8.4, 1.2 Hz, 1H, Hpn), 7.63 (dd, J = 7.6, 1.2 Hz,
1H, Hpn), 7.42 (td, J = 7.6, 1.6 Hz, 1H, Hen), 7.26 (td, J = 8.0, 1.2 Hz, 1H, Hpr), 7.17 (d, J = 9.2 Hz, 2H,
Hen), 4.89-4.88 (m, 1H, Ha), 4.34 (t, J = 4.8 Hz, 2H, OCH>), 3.96 (d, J =3.2 Hz, 1H, Ha4), 3.81-3.71 (m,
4H, Has66), 3.58 (dd, J = 9.2, 3.2 Hz, 1H, H3), 3.42 (t, J = 4.8 Hz, 2H, NCH); **C NMR (100 MHz,
CD30OD): 6 162.1, 150.6, 149.1, 139.2 (Cq); 132.4, 129.4, 126.9, 126.2, 117.3, 116.1 (CHpn); 87.2 (Cy);
80.7 (Cs); 76.4 (C3); 71.1 (C2); 70.5 (Ca); 65.7 (OCHz2); 62.7 (Cs); 40.2 (NCH2); HRMS (ESI) m/z: Calcd
for C20H26N306S [M+H]*: 436.1537, Found 436.1535.
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