
Sheriff et al., “Small Molecule RPTPγ Ligands …” Supporting Information S1 

Supporting Information 

Small Molecule Receptor Protein Tyrosine Phosphatase γ (RPTP γ) 

Ligands That Inhibit Phosphatase Activity via Perturbation of the 

Tryptophan-Proline-Aspartate (WPD)-Loop 

Steven Sheriff,, Brett R. Beno, Weixu Zhai, Walter A. Kostich, Patricia A. McDonnell, Kevin 

Kish, Valentina Goldfarb, Mian Gao, Susan E. Kiefer, Joseph Yanchunas, Yanling Huang, 

Shuhao Shi, Shirong Zhu, Carolyn Dzierba, Joanne Bronson, John E. Macor, Kingsley K. 

Appiah, Ryan S. Westphal, Jonathan O'Connell, Samuel W. Gerritz 

 

Table of Contents 

Topic Pages 

Procedure for the synthesis of 3-mercaptothiophene-2-carboxylic acid S3-S4 

Figure S1.  Effect of compounds 1 and 15 on the thermal stability of PTPγ S5 

Table S1.  Refinement statistics S6-S7 

Figures showing X-ray co-crystal structures of RPTPγ with compound 1 analogs S8 

Figure S2. Compound S1 bound to RPTPγ S9 

Figure S3. Compound 12 bound to RPTPγ. S10 

Figure S4. Compound 14 bound to RPTPγ. S11 

Figure S5. Compound 15 bound to RPTPγ. S12 

Figure S6. Compound 17 bound to RPTPγ. S13 

Figure S7. Compound 20 bound to RPTPγ. S14-S15 



Sheriff et al., “Small Molecule RPTPγ Ligands …” Supporting Information S2 

Figure S8. Compound S2 bound to RPTPγ. S16-S17 

NMR spectra for compounds 2-23 S18-S36 

LC/MS spectra for compounds 2-23 S37-S96 



Sheriff et al., “Small Molecule RPTPγ Ligands …” Supporting Information S3 

Procedure for the synthesis of 3-mercaptothiophene-2-carboxylic acid: 

3-Mercaptothiophene-2-carboxylic acid was prepared according to the literature procedure 

(Corral, C.; Lissavetzky, J.; Alvarrez-Insua, A. S.; Valdeolmillos, A. M. Org. Prep. Proc. Int. 

1985, 17, 163) as shown below: 
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To 14 mL of 6 M HCl solution was added 3-amino-2-methoxycarbonylthiophene (2.5 g, 16 

mmol, 1.0 eq.) gradually at room temperature. The resulting mixture was stirred at room 

temperature for 30 min, cooled to 0 °C, then diazotized with NaNO2 ( 1.1 g, 16 mmol, 1.0 eq.) in 

8 mL of water. After the resulting mixture was stirred at 0 °C for an additional 1 h, the mixture 

was slowly poured into a well-stirred solution of Na2CO3 (2.2 g, 19 mmol) and potassium 

ethylxanthogenate in 25 mL of water. The resulting mixture was warmed and maintained at 60-

70 °C until the evolution of nitrogen ceased. After cooling to room temperature, the mixture was 

extracted with EtOAc (3x). The combined organic layer was washed with 10% sodium 

hydroxide (20 mL) and water (2 x 20 mL), dried (anh. sodium sulfate) and evaporated under 

reduced pressure to afford an oil, which was dissolved in ethanol (15 mL), then 125 mL of 4M 

sodium hydroxide was added. The resulting mixture was heated to reflux for 2 h. It was then 

cooled to room temperature and ethanol was removed by evaporation. Water was added and the 

mixture was extracted with ether (2x) to remove impurities. The aqueous layer was acidified 

with 6N HCl to pH = 3, then extracted with EtOAc (3x). The combined organic layer was dried 

and evaporated to leave 2.29 g of solid as the product. 1H NMR (DMSO-d6) 
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δ: 1.15 (1Η, s), 7.2 (1Η, d, J = 5 Hz), 7.95 (1H, d, J = 5 Hz). LC/MS (ESI) m/z (M+H)+: 319.05, 

tR = 0.840 min. 

 

General procedure for preparation of compound 1: 
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To a solution of 3-mercaptothiophene-2-carboxylic acid (1.07 g, 6.69 mM, 1.0 eq.) and 3,4-

dichlorobenzyl bromide (1.6 g, 6.69 mmol, 1.0 eq.) in DMSO (15 mL) was added NaOMe (25 

wt. % in methanol, 3.06 mL, 13.375 mM, 2.0 eq.) dropwise at room temperature. The resulting 

mixture was stirred at room temperature for 6 h, then poured into water (10 mL), acidified with 

6M HCl to pH = 4, then extracted with EtOAc (3x). The combined organic layer was washed 

with water (3x), brine, dried over Na2SO4  and evaporated under reduced pressure to afford 1.81 

g (85% yield) of 3-(3,4-dichlorobenzylthio)thiophene-2-carboxylic acid 1 as off-white solid. 1H 

NMR (DMSO-d6) δ: 7.90 (1H, d, J = 5.2 Hz), 7.84 (1H, s), 7.70 (1H, d, J = 8 Hz), 7.61 (1H, d, J 

= 8.2 Hz), 7.34 (1H, d, J = 5.2 Hz), 4.53 (2H, s).  LC/MS (ESI) m/z (M+H)+: 318.0, tR = 0.915 

min. 
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Figure S1.  Effect of compounds 1 (■) and 15 (○) on the thermal stability of PTPγ.  Error bars 
represent standard deviation from multiple replicates.  Reactions contained 2.6 μM PTPγ, 25 mM 
MOPS, pH 7, 100 mM NaCl, 1 mM DTT, 0.2 mM EDTA, 200 μM 1,8-ANS, and 5% (v/v) 
DMSO. 
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Table S1.  Refinement statistics 
 

(a) “open” forms 

 
apo, 

orthorhombic 
apo, 

trigonal 
Resolution, Å 23.5-2.1 49.5-2.41 
R-work 0.254 0.198 
R-free 0.305 0.234 
r.m.s.d. bond distances, Å 0.005 0.010 
r.m.s.d. bond angles, ° 0.8 1.1 
Ramachandran favored and allowed, %* 99.0 98.5 
Ramachandran disallowed, %* 0 0 
PDB ID 3QCB 3QCN 

 

(b) “closed” forms 

 

 
Vanadate, 

orthorhombic 
Vanadate, 
trigonal 

Resolution, Å 40.7-2.1 26.4-1.8 
R-work 0.224 0.241 
R-free 0.266 0.258 
r.m.s.d. bond distances, Å 0.006 0.006 
r.m.s.d. bond angles, ° 0.9 0.9 
Ramachandran favored and allowed, %* 99.2 99.6 
Ramachandran disallowed, %* 0 0 
PDB ID 3QCC 3QCD 

 

 

(c) “super-open” forms 

 
Compound 1, 

co-crystal 
Compound 1, 

soak 
Compound S1, 

soak 
Resolution, Å 25.4-2.5 31.4.-2.1 27.6-2.05
R-work 0.264 0.233 0.218
R-free 0.324 0.261 0.254
r.m.s.d. bond distances, Å 0.007 0.006 0.006
r.m.s.d. bond angles, ° 1.4 1.3 1.3
Ramachandran favored and allowed, %* 99.0 99.2 99.6
Ramachandran disallowed, %* 0.0 0.0 0.0
PDB ID 3QCF 3QCE 3QCG
 



Sheriff et al., “Small Molecule RPTPγ Ligands …” Supporting Information S7 

 

 
Compound 12, 

soak 
Compound 14, 

soak 
Compound 15, 

soak 
Resolution, Å 33.9-2.4 40.1-2.26 40.2-2.26
R-work 0.240 0.241 0.217
R-free 0.271 0.289 0.245
r.m.s.d. bond distances, Å 0.007 0.007 0.006
r.m.s.d. bond angles, ° 1.4 1.0 1.3
Ramachandran favored and allowed, %* 99.2 98.8 99.2
Ramachandran disallowed, %* 0.0 0.4 0.0
PDB ID 3QCH 3QCI 3QCJ
 

 
Compound 17, 

soak 
Compound 20, 

soak 
Compound S2, 

co-crystal 
Resolution, Å 30.1-2.05 33.8-2.4 39.4-2.4
R-work 0.245 0.217 0.201
R-free 0.262 0.258 0.246
r.m.s.d. bond distances, Å 0.006 0.010 0.010
r.m.s.d. bond angles, ° 0.8 1.1 1.1
Ramachandran favored and allowed, %* 98.8 99.2 98.8
Ramachandran disallowed, %* 0.0 0.4 0.2
PDB ID 3QCK 3QCL 3QCM
 

* Laskowski, R. A.; MacArthur, M. W.; Moss, D. S.; Thornton, J. M. J. Appl. Crystallogr. 1993, 

26, 283-291. 

 

All structures except the trigonal apo and compounds 20 and S2 were refined with CNX 

(Brünger et al, 1998).  The apo trigonal structures and compounds 20 and S2 were refined with 

autoBUSTER (Blanc et al., 2004).
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Figures showing X-ray co-crystal structures of RPTPγ with compound 1 analogs: 

Although the structure of 1 in the trigonal crystal form was not determined, the 

structure of the closely related 3-(3-bromo-4-chlorobenzylthio)thiophene-2-carboxylic 

acid (S1) in the trigonal crystal form was determined to show that the same binding 

pattern occurs in the trigonal crystal form.  Moreover, the higher resolution of this 

structure clarified the nature of the disorder observed in one of the two molecules in the 

orthorhombic crystal form, namely that the site was only partially occupied by 1 when 

bound to chain A and the reminder of the molecules were in the “open” conformation. 
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Figure S2. Compound S1 (3-(3-bromo-4-chlorobenzylthio)thiophene-2-carboxylic 

acid) bound to RPTPγ. Selected portions of PTPγ are shown either as a worm 

representing the backbone or with side chain atoms represented by sticks.  RPTPγ carbon 

atoms are shown in cyan.  Compound S1 carbon atoms are shown in green.  Nitrogen 

atoms are shown in blue, oxygen atoms in red, sulfur atoms in yellow, chlorine atoms in 

S
S

Cl

Br

OHO
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light green, and bromine atoms in magenta.  Initial (i.e. prior to fitting S1) 2Fo-Fc 

electron density is shown as magenta caged contours at 1σ.  Image created with PyMOL.  

 

 

 

Figure S3. Compound 12 bound to RPTPγ. Selected portions of RPTPγ are shown 

either as a worm representing the backbone or with side chain atoms represented by 

S S Cl

Cl

HN O
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sticks.  RPTPγ carbon atoms are shown in cyan.  Compound 12 carbon atoms are shown 

in green.  Nitrogen atoms are shown in blue, oxygen atoms in red, sulfur atoms in yellow, 

and chlorine atoms in light green.  Initial (i.e. prior to fitting 12) 2Fo-Fc electron density 

is shown as magenta caged contours at 1σ.  Image created with PyMOL. 

 

Figure S4. Compound 14 bound to RPTPγ. Selected portions of RPTPγ are shown 

either as a worm representing the backbone or with side chain atoms represented by 
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sticks.  RPTPγ carbon atoms are shown in cyan. Compound 14 carbon atoms are shown 

in green.  Nitrogen atoms are shown in blue, oxygen atoms in red, sulfur atoms in yellow, 

and chlorine atoms in light green.  Initial (i.e. prior to fitting 14) 2Fo-Fc electron density 

is shown as magenta caged contours at 1σ.  Image created with PyMOL. 

 

Figure S5. Compound 15 bound to RPTPγ. Selected portions of RPTPγ are shown 

either as a worm representing the backbone or with side chain atoms represented by 
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sticks. RPTPγ carbon atoms are shown in cyan. Compound 15 carbon atoms are shown in 

green.  Nitrogen atoms are shown in blue, oxygen atoms in red, sulfur atoms in yellow, 

and chlorine atoms in light green.  Initial (i.e. prior to fitting 15) 2Fo-Fc electron density 

is shown as magenta caged contours at 1σ.  Image created with PyMOL. 

 

Figure S6. Compound 17 bound to RPTPγ. Selected portions of RPTPγ are shown 

either as a worm representing the backbone or with side chain atoms represented by 

S
Cl

Cl

O
OH
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sticks.  RPTPγ carbon atoms are shown in cyan. Compound 17 carbon atoms are shown 

in green.  Nitrogen atoms are shown in blue, oxygen atoms in red, sulfur atoms in yellow, 

and chlorine atoms in light green.  Initial (i.e. prior to fitting 17) 2Fo-Fc electron density 

is shown as magenta caged contours at 1σ.  Image created with PyMOL. 

 

Figure S7. Compound 20 bound to RPTPγ. Selected portions of RPTPγ are shown 

either as a worm representing the backbone or with side chain atoms represented by 
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sticks.  RPTPγ carbon atoms are shown in cyan. Compound 20 carbon atoms are shown 

in green.  Nitrogen atoms are shown in blue, oxygen atoms in red, sulfur atoms in yellow, 

and chlorine atoms in light green. Initial (i.e. prior to fitting 20) 2Fo-Fc electron density 

is shown as magenta caged contours at 1σ. Image created with PyMOL. 

 

Modeling suggested that a rather elaborated molecule would form interactions with the 

side chains of Glu1106 and Glu1107.  However, no improvement in binding potency was 

observed so the structure was determined to ascertain if the binding mode was different 

than predicted. This compound required co-crystallization (Kish et al., 2011).  Although 

the initial electron density was not very good for the ethynyl linker (Figure S8), it was 

clear that this molecule bound more or less as expected.  Although the electron density 

improved during refinement for the ethynyl linker, the electron density for the 2-

(methylamino)ethylamino moiety remained poor, the electron density that was 

presentwas relatively near the side chains of glutamate residues 1106 and 1107.
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Figure S8. Compound S2 bound to RPTPγ. Selected portions of RPTPγ are shown 

either as a worm representing the backbone or with side chain atoms represented by 

sticks.  RPTPγ carbon atoms are shown in cyan. Compound S2 carbon atoms are shown 

in green.  Nitrogen atoms are shown in blue, oxygen atoms in red, sulfur atoms in yellow, 

and chlorine atoms in light green. Initial (i.e. prior to fitting S2) 2Fo-Fc electron density 

is shown as magenta caged contours at 1σ. Image created with PyMOL.
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