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Figure S1. Inhibition of E. coli B-galactosidase upon incubation with probes 10 or 11.
Absorbance changes upon ONPG hydrolysis by E. coli B-gal. Enzyme (2 uM) was incubated with
a) Probe 10 (500 uM) or b) Probe 11 (500 uM) at 37 °C in buffer (100 mM MOPS pH 7.5, MgCl,
10mM, NaCl 10 mM each and TCEP 1 mM). Aliquots were taken at the indicated time points
and added to a cuvette containing ONPGal (0.6 mM) in the same buffer. Absorbance (420 nm)
after addition was monitored. The rates of ONPGal release did not change significantly over the



course of probe incubation.
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Figure S2: NMR spectra measuring the stability of 10 (10 mM) over 24 h at room temperature.
The signal corresponding to a tellurophene proton was chosen as the analyte reference peak.
Sodium maleate (10 mM) was used as an internal integration standard. Buffer conditions: 100

mM deuterated sodium phosphate, 10 mM MgCl,, 10 mM NaCl, 1 mM TCEP, pH 7.5, ~20% d;-
DMSO.
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Figure S3: NMR spectra measuring the stability of 11 (10 mM) over 24 h at room temperature. The signal
corresponding to a tellurophene proton was chosen as the analyte reference peak. Sodium maleate (10 mM) was
used as an internal integration standard. Buffer conditions: 100 mM deuterated sodium phosphate, 10 mM MgCl,,
10 mM NaCl, 1 mM TCEP, pH 7.5, ~20% ds-DMSO.

Materials

Dry solvents (Acros Organics), reagent-grade solvents (Fisher), 2,3,4,6-tetraacetyl-a-D-
galactopyranosyl bromide (Carbosynth), diethylaminosulfur trifluoride (Alfa Aesar), E. coli B-
galactosidase (Worthington) and all other compounds (Sigma-Aldrich) were used as supplied.
Silica chromatography was performed with SiliCycle Silica-P Flash Silica Gel. Desalting of organic
compounds was performed using Varian Bond Elute C18 cartridges. Centrifugal spin-filters were



supplied by Millipore. PD-10 size-exclusion columns were supplied by GE Life Sciences. Buffers
for studies using E. coli B-galactosidase were supplemented with 10 mM MgCl,, 10 mM NaCl
and 1 mM TCEP, unless otherwise stated.

Synthesis

1-(2-formyl-4-nitrophenyl)-2-3,4,6-tetraacetyl-B-o-galactopyranose (1)
Cheng, T.-C.; et al. J. Am. Chem. Soc., 2012, 134, 3103-3110.
2,3,4,6-tetraacetyl-a-D-galactopyranosyl bromide (1.0 g, 2.4
AcO _0 mmol), 2-hydroxy-5-nitrobenzaldehyde (0.43 g, 2.7 mmol),
%O and Ag,0 (0.84 g, 3.6 mmol) were added to an oven-dried
AcO round-bottom flask, kept under a steady flow of N,. The flask
was covered with aluminum foil, and anhydrous CH;CN (43
mL) was added. The mixture was stirred at room temperature
for 22.5 h in the dark, then filtered through a pad of celite. The filtrate was concentrated on a
rotary evaporator. The crude product was purified via flash chromatography (stationary phase,
silica gel; mobile phase, DCM, gradient of 1%—2% MeOH) to afford compound 1 (1.05 g, 87%) as
a light yellow solid. (Spectra in agreement with literature). *H NMR (500 MHz, CDCl3) 6 10.33 (s,
1H, CHO), 8.71 (d, J = 3.0 Hz, 1H, Ar-H), 8.42 (dd, J = 9.0 Hz, 3.0 Hz, 1H, Ar-H), 7.25 (d, J = 9.0 Hz,
1H, Ar-H), 5.61 (dd, J = 10.5 Hz, 8.0 Hz, 1H, H-2), 5.51 (dd, /= 3.5 Hz, 1.0 Hz, 1H, H-4), 5.28 (d, J =
7.5 Hz, H-1), 5.18 (dd, J = 10.5 Hz, 3.5 Hz, 1H, H-3), 4.15-4.25 (m, 3H, H-5, H-6a, H-6b), 2.20,
2.08, 2.07, 2.03 (s, 3H, 4 x COCHs).

NO,

1-(2-acetyl-4-nitrophenyl)-2-3,4,6-tetraacetyl-B-o-galactopyranose (2)

OAc Tetrabutylammonium bromide (0.285 g, 0.883 mmol), 2-

AcO o) .
o hydroxy-5-nitroacetophenone (0.400 g, 2.21 mmol) and
AcO o) 2,3,4,6-tetraacetyl-a-D-galactopyranosyl bromide (0.363 g,
AcO 0.883 mmol) were added to a 100 mL round-bottom flask.

NO, DCM (8.7 mL) and 1 M NaOH (8.7 mL) were added and the
mixture was stirred vigorously overnight at 35 °C. The mixture
was cooled to room temperature, diluted with DCM (200 mL) and washed with 1 M NaOH (2 x
200 mL), water (200 mL) and brine (200 mL). The organic layer was dried over MgSQ,, filtered
and concentrated to yield a pale yellow solid. The crude product was purified via column
chromatography (stationary phase, silica gel; mobile phase, 3:2 EtOAc:pentanes, 0.1%
triethylamine) to afford 6 (0.229 g, 51%) as a pale yellow solid. 'H NMR (500 MHz, CDCls) 6 8.46
(d, J=3.0 Hz, 1H, Ar-H), 8.26 (dd, J = 4.0 Hz, 3.0 Hz, 1H, Ar-H), 7.21 (d, J = 9.5 Hz, 1H, Ar-H), 5.54
(dd, J = 10.5 Hz, 7.5 Hz, 1H, H-2), 5.46 (dd, J = 3.5 Hz, 0.5 Hz, 1H, H-4), 5.30 (d, J = 8.0 Hz, 1H, H-
1), 5.14 (dd, J = 10.5 Hz, 3.5 Hz, 1H, H-3), 4.12-4.20 (m, 3H, H-5, H-6a, H-6b), 2.56 (s, 3H,
ArCOCHs), 2.17, 2.03, 2.02, 1.98 (s, 3H, 4 x -COOCHz). 3C NMR (126 MHz, CDCl3) & 197.24,
170.22, 170.03, 169.94, 169.24, 159.01, 142.99, 130.45, 127.92, 126.01, 115.44, 98.58, 77.24,
71.70, 70.58, 68.00, 66.59, 61.27, 31.35, 20.62, 20.60, 20.48. ESI-MS m/z calcd. for Cy;H,5NO43
511.13, found 534.11 [M+Na]*.



1-(2-(1-hydroxyethyl)-4-nitrophenyl)-2-3,4,6-tetraacetyl-B-D-galactopyranose (3)

OAc 2 (0.229 g, 0.447 mmol) was dissolved in dry methanol (20
AcO OH mL) in a 50 mL round-bottom flask. Sodium borohydride
%O (0.017 g, 0.45 mmol) was added over five minutes with
AcO stirring. After 15 minutes, 1 M HCl (1 mL) was added to
guench the reaction. The mixture was concentrated, diluted
with DCM (100 mL), washed with 1 M HCI (100 mL), saturated
sodium bicarbonate (100 mL) and brine (100 mL). The organic layer was dried over Na,SO,,
filtered, and concentrated to afford 3 (0.195 g, 78%) as a pale yellow solid. *H NMR (500 MHz,
CDCl5) 6 8.33 (dd, J = 2.5 Hz, 0.5 Hz, 1H, Ar-Ha), 8.29 (dd, J = 2.5 Hz, 0.5 Hz, 1H, Ar-Hb), 8.04 (dd,
J=5.5Hz, 5.0 Hz, 1H, Ar-Ha), 8.02 (dd, J = 5.5 Hz, 5.0 Hz, 1H, Ar-Hb), 7.06 (d, J = 9.0 Hz, 1H, Ar-
Ha), 7.04 (d, J = 9.0 Hz, 1H, Ar-Hb), 5.50 (dd, J = 10.5 Hz, 6.0 Hz, 1H, Ha-2), 5.48 (dd, J = 10.5 Hz,
6.0 Hz, 1H, Hb-2), 5.45 (app. d, J = 3.0 Hz, 2H, Ha/b-4), 5.22 (d, J = 8.0 Hz, 1H, Ha-1), 5.18 (d, J =
8.0 Hz, Hb-1), 5.16 (app. t, J = 4.0 Hz, 1H, Ha-3), 5.13 (app. t, J = 4.0 Hz, 1H, Hb-3), 5.09 (g, / = 5.5
Hz, 1H, ArCHa(OH)-), 5.01 (q, J = 5.5 Hz, 1H, ArCHb(OH)-), 4.10-4.20 (m, 6H, H-5a/b, Ha/b-6a,
Ha/b-6b), 2.15, 2.11, 2.05, 2.03, 2.02, 2.00, 1.97, 1.97 (s, 3H, 8 x -COOCHs), 1.44 (d, J = 6.5 Hz,
3H, -CH,(F)-CHas), 1.34 (d, J = 6.5 Hz, 3H, -CH,(F)-CHb). 13C NMR (126 MHz, CDCl;) & 170.31,
170.29, 170.14, 170.11, 169.95, 169.94, 169.74, 169.40, 157.62, 157.12, 143.12, 143.07, 137.10,
136.69, 123.86, 123.79, 122.21, 122.00, 114.11, 113.82, 98.68, 97.96, 77.39, 71.39, 71.35,
70.45, 70.35, 68.33, 68.19, 66.80, 66.78, 63.97, 63.90, 61.38, 61.34, 23.56, 23.41, 20.59, 20.57,

20.50, 20.49, 20.39, 20.39. ESI-MS m/z calcd. for C,,H,7NO13 513.15, found 536.14 [M+Na]*.

AcO
NO,

1-(2-(1-fluoroethyl)-4-nitrophenyl)-2-3,4,6-tetraacetyl-B-o-galactopyranose (4)

AcO OAc F Diethylaminosulfur trifluoride (0.06 mL, 0.456 mmol) was
o added to a solution of 3 (0.195 g, 0.380 mmol) in dry DCM (5.4

AcO o mL). The reaction was stirred at room temperature under N,
AcO overnight, then quenched by the addition of ice (50 mL) and

NO, extracted into DCM (2 x 50 mL). The combined organic
extracts were washed with water (100 mL) and brine (100 mL),
dried over MgSQ,, filtered and concentrated to yield a pale yellow solid. The crude product was
purified via flash chromatography (stationary phase, silica gel; mobile phase, DCM, 5% MeOH,
0.1% triethylamine) to afford compound 4 (0.162 g, 83%) as a pale yellow solid. *H NMR (500
MHz, CDCl3) 6 8.33 (app. d, J = 3.0 Hz, 2H, Ar-Ha/b), 8.15 (m, 2H, Ar-Ha/b), 7.13 (m, 2H, Ar-
Ha/b), 5.79 (app. q, / = 6.5 Hz, 1H, ArCHa(F)-), 5.70 (app. g, / = 6.5 Hz, 1H, ArCHb(F)-), 5.52 (dd, J
= 10.5 Hz, 8.0 Hz, 2H, Ha/b-2), 5.48 (m, 2H, Ha/b-4), 5.12-5.15 (m, 4H, Ha/b-1, Ha/b-4), 4.14-
4.24 (m, 6H, H-5a/b, Ha/b-6a, Ha/b-6b) 2.18, 2.07, 2.00 (s, 3H, 8 x -COOCHjs), 1.65 (d, J = 6.0 Hz,
-CH,(F)-CHazs), 1.60 (d, J = 6.5 Hz, -CH,(F)-CHbs). 3C NMR (126 MHz, CDCl;) 6 170.19, 170.04,
169.87, 169.42, 157.36, 157.31, 143.19, 132.38, 132.22, 125.00, 124.99, 121.87, 121.79, 114.32,
99.05, 85.75, 84.40, 77.32, 71.52, 70.29, 68.04, 66.71, 61.38, 21.28, 21.09, 20.55, 20.53, 20.43.
ESI-MS m/z calcd. for Cy,H,6FNO1¢515.14, found 533.18 [M+NH,]*.



1-(2-difluoromethyl-4-nitrophenyl)-2-3,4,6-tetraacetyl-B-o-galactopyranose (5)

OAc Dimethylaminosulfur trifluoride (0.146 mL, 1.50 mmol) was
AcO ; ;
F._F added to a solution of 1 (0.622 g, 1.25 mmol) in dry DCM (16
0 0 mL). The reaction was stirred at room temperature under N,
AcO AcO for 6.5 h, then quenched by the addition of ice (100 mL) and

NO, extracted into DCM (2 x 100 mL). The combined organic

extracts were washed with water (100 mL) and brine (100 mL),

dried over MgSQ,, filtered and concentrated to yield a yellow oil. The crude product was

purified via flash chromatography (stationary phase, silica gel; mobile phase, DCM, 5% MeOH,

0.1% triethylamine) to afford compound 5 (0.577 g, 89%) as a viscous yellow liquid. *H NMR

(500 MHz, CDCls) 6 8.49 (dd, J = 3.0 Hz, 1.5 Hz, 1H, Ar-H), 8.33 (dd, J = 9.0 Hz, 2.0 Hz, 1H, Ar-H),

7.22 (d, J=9.5 Hz, 1H, Ar-H), 6.85 (t, J = 54.5 Hz, 1H, CHF,), 5.57 (dd, J = 10.5 Hz, 8.0 Hz, 1H, H-

2), 5.50 (app d, J = 3.5 Hz, 1H, H-4), 5.16 (d, J = 8.0 Hz, H-1), 5.15 (dd, J = 11.0 Hz, 3.5 Hz, 1H, H-
3), 4.15-4.25 (m, 3H, H-5 H-6a, H-6b), 2.20, 2.09, 2.06, 2.03 (s, 3H, 4xCOCHs).

1-(2-difluoromethyl-4-aminophenyl)-2-3,4,6-tetraacetyl-B-o-galactopyranose (6)

aco OAc FE Pd/C (5% Pd, 0.220 g) was added to a stirring solution of 5
o (1.08 g, 2.08 mmol) in ethyl acetate (5 mL) in a 25 mL three-

AcO o) necked round-bottom flask. The flask was purged with N,,
AcO then H,, then placed under 2.04 atm of fresh H, overnight at

NH, room temperature with stirring. Pd/C was filtered through

celite, and the filtrate was concentrated to afford pure 6

(0.990 g, 97%) as an orange solid. 'H NMR (400 MHz, CDCl;) § 6.94 (s, 1H, Ar-H), 6.87 (dd, /= 2.8

Hz, 1.6 Hz, 1H, Ar-H), 6.80 (t, J = 55.6 Hz, 1H, CHF,), 5.47 (dd, J = 10.8 Hz, 8.0 Hz, 1H, H-2), 5.44

(dd, J = 3.2 Hz, 0.8 Hz, 1H, H-4), 5.08 (dd, J = 10.8 Hz, 3.6 Hz, 1H, H-3), 4.86 (d, J = 8.0 Hz, 1H, H-

1), 4.00-4.26 (m, 3H, H-5, H-6a, H-6b), 2.19, 2.08, 2.06, 2.01 (s, 3H, 4 x COCHs). °F NMR (376
MHz, CDCl;) § —=108.43 (dd, J = 300.8 Hz, 56.4 Hz, 1F), —=122.67 (dd, J = 300.8 Hz, 56.4 Hz, 1F).

1-(2-(1-fluoroethyl)-4-aminophenyl)-2-3,4,6-tetraacetyl-B-o-galactopyranose (7)
Pd/C (5% Pd, 0.049 g) was added to a stirring solution of 4
AcO OAc F (0.162 g, 0.315 mmol) in ethyl acetate (3 mL) in a 25 mL three-
% necked round-bottom flask. The flask was purged with N,,
AcO o then H,, then placed under 2.04 atm of fresh H, overnight at
room temperature with stirring. Pd/C was filtered out with
celite, and the filtrate was concentrated to yield a yellow solid.
The crude product was purified via flash chromatography (stationary phase, silica gel; mobile
phase, DCM, 6% MeOH, 0.1% triethylamine) to afford 7 (0.126 g, 52%) as a yellow solid. *H NMR
(500 MHz, CDCls) & 6.89 (app. d, J = 8.5 Hz, 2H, Ar-Ha/b), 6.75 (s, 2H, Ar-Ha/b), 6.56 (m, 2H, Ar-
Ha/b) 5.79 (app. g,/ = 6.5 Hz, 1H, ArCHa(F)), 5.69 (app. q, J = 6.5 Hz, 1H, ArCHb(F)), 5.42 (m, 4H,
Ha/b-2, Ha/b-4), 5.07 (m, 2H, Ha/b-3), 4.83 (d, J = 7.5 Hz, 2H, Ha/b-1), 4.00-4.21 (m, 6H, Ha/b-5,
Ha/b-6a, Ha/b-6b), 3.61 (br s, 4H, -NH,), 2.16, 2.07, 2.04, 1.99 (s, 3H, 8 x -COOCHjs), 1.55 (d, J =
6.5 Hz, -CH,(F)-CHas), 1.51 (d, J = 6.5 Hz, -CH,(F)-CHb3). DART-MS m/z calcd. for Cy,H,sFNO1g

485.17, found 508.2 [M+Na]*.

AcO
NH,



1-(2-difluoromethyl-4-(3-(tellurophen-2-yl)propanamido)phenyl)-2-3,4,6-tetraacetyl-B-o-
galactopyranose (8)
3-(tellurophen-2-yl)propanoic acid (0.36 g, 1.43

AcO OAc F. F mmol) was added to a solution of 6 (0.78 g, 1.6
a mmol) in anhydrous ethyl acetate (8 mL) under a
AcO ° 0 steady flow of N,. After cooling the solution to 0
AcO Te °C, pyridine (0.44 mL) and propylphosphonic

N | ) anhydride (T3P, 1.9 mL, 2.79 mmol, 50% wt. % in

ethyl acetate) were added sequentially. The
mixture was stirred at room temperature for 48 h, then diluted with DCM (100 mL), and
washed with saturated NaHCO3 (3 x 100 mL), water (100 mL), and brine (100 mL). The organic
extract was dried over MgSQ,, filtered, and concentrated to yield 8 (0.938 g, 81%) as a light
yellow solid. 8 was sufficiently pure and used in the next step without purification. *H NMR (400
MHz, CDCl;) & 8.64 (dd, /= 6.8 Hz, 1.2 Hz, 1H, TeAr-H), 7.96 (app. s, 1H, TeAr-H), 7.76 (dd, J = 9.2
Hz, 0.4 Hz, 1H, Ar-H), 7.53 (dd, J = 10.8 Hz, 4.0 Hz, 1H, TeAr-H), 7.45 (br s, 1H, NH), 7.33 (d, J =
2.8 Hz, 1H, Ar-H), 7.04 (d, J = 9.2 Hz, 1H, Ar-H), 6.77 (t, J = 55.2 Hz, 1H, -CHF,), 5.47 (dd, J = 10.8
Hz, 8.0 Hz, 1H, H-2), 5.44 (app. d, J = 2.8 Hz, 1H, H-4), 5.09 (dd, J = 10.4 Hz, 3.2 Hz, 1H, H-3), 4.95
(d, 4= 8.0 Hz, 1H, H-1), 4.04-4.22 (m, 3H, H-5, H-6a, H-6b), 3.25 (t, J = 6.8 Hz, 2H, -OC-CH,-CH,),
2.64 (t, J = 6.8 Hz, 2H, -CH,-CH,-CTe), 2.15, 2.03, 2.02, 1.98 (s, 3H, 3 x -COCHjs). 3C NMR (126
MHz, CDCl3) 6 170.33, 170.15, 170.04, 169.98, 169.59, 148.53, 136.96, 135.93, 133.27, 125.23,
124.03, 118.00, 116.20, 110.76, 101.07, 100.22, 77.20, 71.23, 70.53, 68.11, 66.76, 61.36, 40.85,
32.27, 20.67, 20.64, 20.57, 20.55. DART-MS m/z calcd. for C,gH3:F,NO;;Te 725.09, found 726.1
[M+H]*.

1-(2-(fluoroethyl)-4-(3-(tellurophen-2-yl)propanamido)phenyl)-2-3,4,6-tetraacetyl-B-o-
galactopyranose (9)

7 (0110 g, 0.227 mmol), 3-(tellurophen-2-
OAc

AcO F yl)propanoic acid (0.052 g, 0.206 mmol), pyridine
% (0.06 mL) and ethyl acetate (0.13 mL) were added
AcO 0 o to a 25 mL round-bottom flask at 0 °C under N,.
AcO Te T3P (50 wt. % in ethyl acetate, 0.27 mL) was added

H | ,) dropwise and the solution was stirred at room

temperature for 20 h. The solution was diluted
with DCM (40 mL) and washed with saturated sodium bicarbonate (3 x 40 mL), water (40 mL)
and brine (40 mL). The organic extract was dried over MgSQ,, filtered and concentrated to yield
a pale yellow solid. The crude product was purified via column chromatography (stationary
phase, silica gel; mobile phase, 3:2 EtOAc:pentanes, 0.1% triethylamine) to afford 9 (0.090 g,
55%) as a pale yellow solid. *H NMR (500 MHz, CDCls) 6 8.69 (dd, J = 7.0 Hz, 1.5 Hz, 2H, TeAr-
Ha/b), 7.62 (dd, J = 8.5 Hz, 2.5 Hz, 2H, Ar-Ha/b), 7.57 (dd, J = 7.0 Hz, 4.0 Hz, 2H, TeAr-Ha/b), 7.44
(br s, 2H, NHa/b), 7.37 (dd, J = 3.5 Hz, 1.0 Hz, 2H, TeAr-Ha/b), 7.32 (app. d, J = 3.0 Hz, 2H Ar-
Ha/b), 7.02 (dd, J = 9.0 Hz, 1.0 Hz, 2H, Ar-Ha/b), 5.81 (app. q, / = 6.0 Hz, 1H, ArCHa(F)-), 5.71
(app. q,J = 6.5 Hz, 1H, ArCHb(F)-), 5.49 (dd, J = 10.5 Hz, 8.0 Hz, 2H, Ha/b-2), 5.45 (dd, J = 3.5 Hz,
0.5 Hz, 2H, Ha/b-4), 5.10 (dd, J = 10.5 Hz, 3.0 Hz, 2H, Ha/b-3), 4.94 (d, J = 8.0 Hz, 2H, Ha/b-1),



4.03-4.23 (m, 6H, Ha/b-5, Ha/b-6a, Ha/b-6b), 3.29 (t, J = 7.0 Hz, 4H, -OC-CH,-CH,), 2.66 (t, J = 7.0
Hz, -CH,-CH,-CTe), 2.18, 2.07, 2.05, 2.00 (s, 3H, 8 x -COOCH;), 1.57 (d, J = 6.5 Hz, -CH,(F)-CHas),
1.52 (d, J = 6.0 Hz, -CH,(F)-CHbs). 3C NMR (126 MHz, CDCl,) 6 170.35, 170.20, 170.05, 170.01,
169.52, 149.83, 148.78, 136.91, 135.77, 133.47, 131.91, 131.75, 125.14, 121.36, 117.66, 115.92,
100.38, 86.10, 84.77, 71.13, 70.68, 68.41, 66.86, 61.41, 40.76, 32.29, 21.72, 21.52, 21.05. ESI-
MS m/z calcd. for CygH3,FNO1,13%Te 721.12, found 722.13 [M+H]*.

1-(2-difluoromethyl-4-(3-(tellurophen-2-yl)propanamido)phenyl)-B-o-galactopyranose (10)

OH 8 (0.076 g, 0.106 mmol) was dissolved in dry

OH F_F methanol (2 mL) and a 0.5 M solution of NaOMe in
HO%O methanol (0.20 mL) was added dropwise to the
OH o stirring solution. After 3 h, the reaction was

Te quenched by the addition of Dowex® 50WX2
\ / hydrogen form resin (50-100 mesh) until neutral
pH, and the solution was concentrated to yield a
pale yellow solid. The crude product was desalted using a reverse-phase cartridge (stationary
phase, C18; mobile phase, H,0, 50%-100% MeOH) to yield 10 (0.044 g, 75%) as a pale yellow
solid. 'TH NMR (500 MHz, CD;0D) & 8.71 (dd, J = 6.8 Hz, 1.2 Hz, 1H, TeAr-H), 7.77 (d, J = 2.5 Hz,
1H, TeAr-H), 7.63 (dd, J = 9.0 Hz, 2.0 Hz, 1H, Ar-H), 7.54 (dd, J = 7.0 Hz, 4.0 Hz, 1H, TeAr-H), 7.39
(dd, J = 4.0 Hz, 1.5 Hz, 1H, Ar-H), 7.27 (s, 1H, Ar-H), 7.16 (t, J = 55.5 Hz, 1H, -CHF,) 4.83 (d, J = 8.0
Hz, 1H, H-1), 3.56-3.90 (m, 6H, H-2, H-3, H-4, H-5, H-6a, H-6b), 3.27 (t, J = 8.0 Hz, 2H, -OC-CH;-
CH,), 2.69 (t, J = 7.0 Hz, 2H, -CH,-CH,-CTe). 13C NMR (126 MHz, CD;OD) & 171.58, 148.43,
136.07, 135.13, 133.49, 124.14, 123.54, 117.29, 116.75, 112.97, 111.11, 109.24, 102.64, 75.70,
73.43, 70.77, 68.76, 60.94, 39.81, 31.91. DART-MS m/z calcd. for CyoH,3F,NO,13Te 557.05,
found 575.09 [M+NH,]*.

Iz

1-(2-(fluoroethyl)-4-(3-(tellurophen-2-yl)propanamido)phenyl)-B-o-galactopyranose (11)

OH OH E 9 (0.062 g, 0.062 mmol) was dissolved in dry
o methanol (1.0 mL) and a 0.5 M solution of NaOMe
HO&O o in methanol (0.13 mL) was added dropwise to the
OH Te stirring solution. After 1 h, the reaction was
H% quenched by the addition of Dowex® 50WX2

hydrogen form resin (50-100 mesh) until neutral pH,

and the solution was concentrated to yield a pale yellow solid. The crude product was desalted
using a reverse-phase cartridge (stationary phase, C18; mobile phase, H,0, 50%-100% MeOH)
to yield 11 (0.033 g, 96%) as a pale yellow solid. 'H NMR (400 MHz, CD;0D) 6 8.68 (dd, /= 9.0
Hz, 1.5 Hz, 2H, TeAr-Ha/b), 7.54 (app. d, J = 2.4 Hz, 2H, TeAr-Ha/b), 7.53 (dd, J = 7.2 Hz, 4.0 Hz,
2H, TeAr-Ha/b), 7.46 (dd, J = 9.2 Hz, 2.8 Hz, 2H, Ar-Ha/b), 7.36 (dd, J = 3.6 Hz, 1.2 Hz, 2H, Ar-
Ha/b), 7.15 (dd, J = 8.8 Hz, 1.2 Hz), 6.15 (q, J = 6.4 Hz, 1H, ArCHa(F)-), 6.04 (q, J = 6.4 Hz, 1H,
ArCHb(F)-), 4.78 (d, J = 8.0 Hz, 2H, Ha/b-1), 3.87 (dd, J = 3.2 Hz, 0.4 Hz, 2H, Ha/b-4), 3.73-3.78
(m, 6H, Ha/b-2, Ha/b-3, Ha/b-6a), 3.63 (ddd, J = 6.4 Hz, 5.2 Hz, 0.8 Hz, 2H, Ha/b-5), 3.54 (dd, J =
9.6 Hz, 3.6 Hz, 2H, Ha/b-6b), 3.23 (t, J = 7.2 Hz, 4H, -OC-CH,-CH,), 2.66 (t, J = 6.8 Hz, -CH,-CH,-
CTe), 1.57 (d, J = 6.0 Hz, -CH,(F)-CHas), 1.51 (d, J = 6.4 Hz, -CH,(F)-CHb3). *C NMR (126 MHz,
CDs0D) 6 171.47, 150.10, 150.05, 148.53, 136.07, 135.10, 133.25, 132.30, 132.14, 124.11,



120.69, 117.14, 117.06, 115.72, 102.53, 86.42, 85.09, 75.59, 73.55, 70.87, 68.78, 60.97, 39.83,
31.99, 21.52, 21.31. 1F NMR (376 MHz, CD;0D) 6 -177.58 (app. sextet, J = 23.3 Hz, 1F, -CH,(F)).
ESI-MS m/z calcd. for Cy1H,6FNO,13%Te 553.08, found 576.06 [M+Na]*.

Stability studies

Deuterated phosphate buffer was prepared by the lyophilization of phosphate buffer (pH 7.5),
followed by three additional cycles of reconstitution in D,O and lyophilization. GalTe (~10 mM)
was incubated at room temperature or at 37 °Cin a 5 mm NMR tube in deuterated phosphate
buffer supplemented with ~20% ds-DMSO and 10 mM sodium maleate, as an internal standard.
The tube was opened every hour for exchange of air. H NMR spectra were obtained every 4 h.

Nucleophile tagging studies

GalTe (1 mM) was incubated with L-lysine or L-cysteine (500 mM) for four hours in buffer (100
mM MOPs pH 7.5, MgCl, 10mM, NaCl 10 mM each and TCEP 1 mM) in the presence or absence
of B-galactosidase (2 uM). Reaction mixtures were loaded onto an HPLC equipped with a
reverse-phase C18 column. Reaction products were eluted on a gradient of 100% to 0% water
in acetonitrile, with a flow rate of 0.5 mL/min and detection by UV absorbance at 280 nm.
Fractions containing compound were lyophilized and analyzed by ESI-MS.

Protein tagging studies

Thiolated maltose-binding protein (MalE) was accessed through the treatment of MalE with
Traut’s reagent (111 eq.; 3 eq. for every lysine residue in MalE) in PBS (pH 8.0) supplemented
with EGTA (2 mM) for one hour. Unreacted Traut’s reagent was separated from protein using a
PD-10 size-exclusion column, and protein was eluted with MOPS buffer (pH 7.5) supplemented
with EGTA (2 mM).

GalTe (50 uM) was incubated with unfunctionalized or thiolated maltose-binding protein (MalE,
100 uM) for four hours in buffer (100 mM MOPs pH 7.5, MgCl, 10mM, NaCl 10 mM each and
TCEP 1 mM ) in the presence or absence of B-galactosidase (2 uM). The reaction mixture was
loaded onto amylose resin (200 uL), the resin was rinsed with MOPS buffer (10 mL), and protein
was eluted with a solution of maltose (10 mM, 10 mL). Collected eluates were lyophilized, then
treated with 35% HNO3 (500 pL) and tellurium counts were quantified by ICP-MS on a Perkin-
Elmer SCIEX Elan 9000 ICP-MS equipped with autosampler.

Cell studies
Retinal pigment epithelium (RPE) cells as well as primary human skin fibroblasts (GM05757,

Coriell Institute, NJ) were cultured under standard conditions (37 °C, 5% CO,, balance air) Cells
were incubated in D-MEM (4.5 g/L) supplemented with 10 % FBS.



Senescence was induced by treating cells with 150 uM H,0, at 37°C for 2 h then incubating cells
in serum free D-MEM for 72 h, as previously described (Frippiat, et al. J. Biol. Chem 2001
276:2531-2537). Senescent and control cells were treated with 50 uM probe in serum-free
media for 8 or 24 h, washed three times with PBS, and lifted with trypsin-EDTA. Cells were fixed
in 10% formalin at room temperature for 20 min, then washed three times with cold PBS and
stained with an iridium DNA intercalator (0.25 nM) at room temperature for 10 min. Cells were
washed three times, and analyzed by mass cytometry (Fluidigm Inc., Markham, ON). Data were
collected in FCS format and processed using FlowJo LLC software (Ashland, OR).

NMR spectra

20150916_vnmrs_400_SS1_003P_H_CDCI3_09_16_15-PROTON_01
SS1_003P_H_CDCI3_09_16_15

~1100

1000

o -

AcO OAc H (@) 700

Acog&o .,
AcO I
1 NO, 500

400

300

200
A 1 100
M /IS o
. I

F-100

e

—

-
s

1.01—=
1.00=
112z
122
2,66z
1.22/%

1.11
3.32
6.62.
3.31

T T T T T T T T T T T T T T T T T T T T T T T
14 13 12 11 10 9 8

(&)
IN
w
e
-
o
N

6
1 (ppm)

TH-NMR Compound 1, (500 MHz, CDCl3)



[=] [=] [=] [=] (=] (=] (=] [=] [=] [=] [=] [=] o
o o o o o o o o o o o o o [=] o [=) o [=]
wn (=] wn o wn o wn o wn o wn o o wn wn o wn o (=]
© b i v b b " ° o o - - 0 2 ! N i - b il ?
wn
e
1
— L2
o
n
F S
28t'02 —
LS momdNW <
22902
L 0gETE—
26T\ /S6'2 o
5207 — {562 2
. — £0°9
£€0 N\ M/oo.m
9912 Gt
Jecg = 100 02219
2 06599y =
™ €0089~
Lo £8S0L7
(Y4 = 10L1L
221°S o 8€722
IvT'S — lm rerg ¥
8PS |
162°S ¥2 9/586—
L0E’S i -
. SO'T- 28
19v’s - — Y007 "=
Nww.m — = Mmo.ﬁ\ﬁ LEV'STTI—
Soy 00°% _ v10921
69%°S ° \
925°S [© S26LC21—
1bS'S S . ESPOET/
L¥S'S > I )
Zocc o Y66TrI-
S6T'Z~ ) _ BN
viez’/ R —— =507 - Nﬁo.mm._”/
F e 0bT69T
97’8 o 6£6691
1528 o 4 F& 820°0/T —_—
978 ~€0°T L12°02
- . () N u w7260 1701
0228 g 26'0- 2
mmw.& o010
. o
19°8 o &
n ObZTL6T— —
[ &
$¢ :
< E
n
IS

-10

0

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

10

50 40 30 20

f1 (ppm)

Compound 2 'H NMR (500 MHz, CDCl3) (Top) and '3C NMR (126 MHz, CDCl3)(Bottom)



o © ©o© ©o [~ =) [~ =) (=2 =) o
S e RERLETLITI888 8888 8 8 8 S
BRI NI AT TR T . SR L L A I I
1261

€26°T] L
10021

020°Z{ L
620°Z]

L¥0°Z] |
60121

IST'Zy — +80°¢
£21'S B ~00'E
I€ET'S €8'S
SET'S|E — —= 96'¢-
YIS | Ay
IST'S| og'g.
6ST'S] ST'g
0.1°S{ €18
S8T'S 'y
€12

622'S i
vhpS

0SS NS
£9°S1 D = 859
SLP'SH szl
6.°S LT'T
¥8°S o _J Jso1
16°S = ==== 1871
961°S . _ OB
0£0°21 | st
8021 68'T
5021 N 1d
2L0°L7 o

2108, 4 +
M:o.ﬁ

£20°81 60T
620'8 ) AB.H
1£0°81 i
9£0°81

Ng.i. m 3 60T
Ly0'8 — o™ M 660
8878 — o < =~10'T
mww.wwﬂ < O/ O ANH.H‘
€628 @)

v62°8] |
vze'g] o)

SzE'8] 2 Q |
628/ <

0£€'g’

0.0

1.0 0.5

3.0 25 20 15

3.5

4.0

\n
<

<
1A

70 65 6.0 55

7.5

8.0

8.5

9.0

0.0 95

F3uu
280
r260

r240

r220

r200

r180

r160

r140

r120

r100

r80

r60

r40

r20

r-20

80T,
Z6£°07]
98402
00502
025029
7265°02
ZIv'ETy
LSSE€2
SPET9,
v8E 191
868°€9]
126°€9]
28299
£08°99
hwa.ww;
€EE8I\
9rE 0Lt
6b1°0Z

SSE'TZ

—

[=
[
)
~—
N
—

o 1007221
202°221
S8/°€CT
658'€2T

E vmw.mS/
mo:.vi/
W

LITEVI
STTLST~
129/S17
007691~
8€/°69T
0v6°691
056691
ZIT'0L1
6€T°0T
987°0/1
80€°0.1

et N et 1)

-10

0

10

f1 (ppm)

Compound 3 'H NMR (500 MHz, CDCl3) (Top) and '3C NMR (126 MHz, CDCl3)(Bottom)

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20



r3200
3000
r2800

r2600
2400
r2200
r2000
r1800
r1600
r1400

r1200

r1000

800

r600

r400

r200

r-200

€00
990°¢1
I81°¢
LETV
|8 244
81T°S
€CT’S

NO,

OAc

AcO OAc
AcO

L6
00

M

166°T
! 8S

— K
[ 8§
[=X=N=)

8T

66

0.0 -0.5

1.0 0.5

TN
1.5

-o O
8.0

9.0 85

10.0 9.5

r380
r360
r340

r320
r300

r280

r260

r240

r220

r200

r180

r160

r140
r120
r100
r80

r40
r20
r-20

r60

(113 4114
92s°0¢
615°0¢
S80°I¢C
6.2°1¢C

—_

9/£'19
90299
6£0°89~\
wwm.omw
02S'1Z \
€222
86E V87
LYL'S8

SS0'66—

PZeEVIT
26.°I¢C1
€8'1I¢C1
omm.vN._”v
6661
L1 N.NMﬁN
€8E°CET
26T EVI—

mﬁm.hmav
SGE/LST
mH¢.mw._u/
28691
wmo.omﬁw
Z8T°0LT

0 -10

10

50 40 30 20

f1 (ppm)

Compound 4 'H NMR (500 MHz, CDCl3) (Top) and '3C NMR (126 MHz, CDCl3)(Bottom)

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60



20151002_vnmrs_500_SS1_009CR_H_CDCI3_10_02_15-PROTON_01 L 1400
SS1_009CR_H_CDCI3_10_02_15

1300
1200
1100

Jor )

900

AcO _OAc F_F
800
AcO 0

700

AcO
5 N 02 =600

500
400

300

200

100

-100

2.0 9.5 9.0 8.5 8.0 7.5 74

2015100P_vnmrs_50!

fR_C_CDCI3510.02_15- 50

170.8
o
1

170.
169.!
20.54

T o
3%
I

;
X

Fas

F40

35

30

25

20

15

10

RN T | ' )

T T T T T T T T T T T T T 1 T T
00 190 180 | 1j0 60 150 140 | [130 12D 1%\ 00 90 80 70 60 5 40 30 20 10
fl (ppm)

Compound 5 'H NMR (500 MHz, CDCl3) (Top) and '3C NMR (126 MHz, CDCl3)(Bottom)




20151002_vnmrs_500_SS1_009CR_H_CDCI3_10_02_15-PROTON_01 L 1400
SS1_009CR_H_CDCI3_10_02_15

1300
1200
r 1100

[or !

900

AcO _oac F~F

ACONZ. o=
OAc \g /" NH, 600

500

400

300

200

~4

‘ FT{
~
o

o

§ 43 Y £43
S P e | ISR t-100
T T T T T T T T T T T T T T T T T T T T T
)10 95 9.0 8.5 8.0 7.5 70 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
2015100p_vnmrs_5008S%8 J09CR_C_CPCI3510 %2 15-CARBOR 815 8 2222838 nowule oo o = L s0
FEEES g ¢ grennqodda-tgg RREalsdd o 2
SERE S ¥ || 9985598 =sz2H28 RRERRR8S 3 <
N\ [ NN Ng— ~N N
L]
40
L]
30
t25
+20
15
t10
\ Ls
! |
|
J j | ‘ f(F—- :
| ‘
F-5
T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 920 80 70 60 5 40 30 20 10
f1 (ppm)

Compound 6 'H NMR (500 MHz, CDCl3) (Top) and *C NMR (126 MHz, CDCl3)(Bottom)



r400

r350

r300

r250

r200

r150

r100

r50

N
(=]
]
n

AcO _OAc
AcO

OAc

30 25 20 15 10 05 0.0

40 3.5

5.0 4.5
f1 (ppm)

Compound 7 'H NMR (500 MHz, CDCl5)

5.5

80 75 70 6.5 6.0

9.0 85

10.0 9.5



20151007_vnmrs_400_SS1_010CR_H_CDCI3_10_07_15-PROTON_01 -850
SS1_010CR_H_CDCI3_10_07_15
800
k750
700
650
) ol / /f [ ]
I 550
500
F
AcO _OAc F I 450
(0]
ACO%S/O 9] 400
Te
OAc N 350
8 H \
300
1250
I-200
I 150
‘ k100
| 1 m{ \J M A\ | -
L\ M a_J‘ A‘( " ‘ M}L 'A L 5
gy e PR 1 T TS L -s0
@ = Scagsonm 8 =9 a S 3 a6 T
S Z338RE3 8 =3 - a 2z a 3w
T T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 |50 45 40 35 30 25 20| 15 10 05 00 -05
f1 (ppm
20151007_nmrs_5@958 1@ qCR |€_COEIF 10_07i{ b ARBOG BL | 2 S snwdoown ¥ < L < [
S olg ola 3 bl w o || v o © =3 QR AN @ ] v <@
SRS 53 daq 83y |2 ] REAREE & g < k21
NAT \ O N I NN
20
k19
18
F17
k16
l15
k14
F13
F12
11
10
ko
&
L7
6
ks
4
| -3
| ! |
| ) F2
l ' J I
. . i - , ) f | " | | Lo
il i ‘ el Wi o f ol ’ 1‘ i
F-1
-2
T T T T T T T T T T T T I T T
190| 180  [po| |16 15 14 130 12 110 100 80 70 60 50 40 0 20 10
f1 (ppm)

Compound 8 'H NMR (500 MHz, CDCl3) (Top) and *C NMR (126 MHz, CDCl3)(Bottom)



r9000
r8000
7000
r6000
r5000
r4000
r3000
2000
r1000
r0
--1000

r120
r110

0.0

1.0 0.5

1.5

2.0

0 45 40 35 3.0 25

5
(ppm)

5

Hmo.HN/
ONm.HNN
VA VAN ¥

162°2e—

2920V —

STV w/
mww.ww/
L0¥"'89
wnw.omﬂ
CET'TL
T2L¥8~
86098~
Z8€°00T
616'STI
85911

o 8SETCT

5

6.0

70 6.5

7.5

=

8.0

F

(6]
9

(e}
OAc
9.0 85

AcO _OAc
AcO
10.0 9.5

mma.mwﬁ/
¢mn.HMH/
MHm.ﬁMH/
89V EETL
mhn.mMHM
£069€1

472814 BN
€861

L1S°691
Z¢10°04T
0S0°0Z1
9617041
0S€0L1

100
90
-80
70
-60
50
40
30
20
10
F-10

-10

0o

10

50 40 30 20

f1 (ppm)

Compound 9 'H NMR (500 MHz, CDCl3) (Top) and 3C NMR (126 MHz, CDCl3)(Bottom)

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60




20151013_vnmrs_400_SS1_011P_H_CDCI3_10_13_15-PROTON_01
SS1_011P_H_CDCI3_10_13_15 1900

1800
1700
1600
1500
Pl —
1300

1200

HO _oOH FF
é O 1100
H
O O O 1000
HO 900
N
H

800
700

\ Te I 600

500

300

200

+-100

—
1=
P
=
-
.
{

113

3487 %

1133

1191

2101
F‘-

k L 100
L . A o

g

<

075
=i |
61

B!

T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5|5 5.0 45 4.0 35 3.0 25 0 1.5 1.0 0.5
1 (ppm)
ARBQN3 015

20151013_vnmrs_50@ SS1_011P_C_ E: 120
&
R

11903

—104.93
63.22
50.71
50
50.
50.
49,
49,
4952
49.35

4

1357
5
_-119.61

—77.98
—75.75

|

~110

100

90

80

70

60

50

k40

30

20

T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 12 110

9 8p 70 60 5 40 30| 20 10

100
1 (Rpm)

Compound 10 'H NMR (500 MHz, CD30D) (Top) and 3C NMR (126 MHz, CD30D)(Bottom)



(=) (=] (=) o (=

(=) o o o (=) (=) (=] (=) o (=) (=) (=] (=) o

m N - (=] (=] o (=] (=) (=] (=) (=] (=) o - n (=] n o n (=]

AR LI L . L SR LA ! 1 1 N N - - ?

20S°T, o

8TS'T S

€99°T1 n

8.S'T) p

9£9°Z; o

¥S9°Z; 3

129°Cy PIETZ

NHN.MF s007¢ v Ry

L) S Sm.:

ST € N 886'TE—

9ZSE, £28°6€—

mmw.mé n

0SS°€ ez N

6SS°E <) .

zeoey Igp® VL6009
: / 92'89

SE9'E 1SV, ar\

G8/ €~ =69’ m¢m.mmM

€8S Amm. m €6S°SZ

G/9'€ 260°S8~

288 n  STP987

£88'€ 4 ¥ pESToT

897 TCTT JE 02LSTT

88/'v Wa 6S0LTT

8ET" L, e 6ET LT

1R AWA A www.ON._u/

fo12] OTES opTeeTy
7] ~rt € togzer

6YEL) /i

25€2 M YSTEET

85€° /1 00T'SET

19§71 H\z‘. o 8909€1

ol | e ™ mmm.wq%
A 9 SS0°0ST

mwwm& LE. R T0T'0ST

v w LA )

wmv.i S 69VTLI-

805°2

915 i

szss] Q i

0€S5°2] 2

9€5°2 %

%w.& i

298

1898 Q 2

069'8 ~

-10

0

10

50 40 30 20

70 60

f1 (ppm)

Compound 11 'H NMR (500 MHz, CD;0D) (Top) and 3C NMR (126 MHz, CD;0D)(Bottom)

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80



