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5-苯基-1,3,4-噻二唑衍生物的合成及含 SH2 结构域 
蛋白酪氨酸磷酸酶 1 (SHP1)抑制活性研究 
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摘要  作为细胞信号转导通路的关键节点分子, 含 SH2 结构域蛋白酪氨酸磷酸酶 1 (SHP1)是潜在的抗肿瘤靶点. 已知

的 SHP1 抑制剂屈指可数. 设计并合成了 11 个 5-苯基-1,3,4-噻二唑衍生物. 活性测试结果表明, 部分衍生物对 SHP1 显

示了一定强度的抑制活性. 其中, 化合物 5b [IC50＝(1.33±0.16) μmol/L]对 SHP1 显示了中等强度的抑制活性, 对
PTP1B 和 TCPTP 不显示抑制活性, 对 SHP2 显示了 2 倍的选择性, 为发现新型 SHP1 抑制剂提供了新的骨架类型. 
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Abstract  The Src homology 2 domain-containing protein tyrosine phosphatase 1 (SHP1) is a convergent node for oncogenic 
cell-signaling cascades. Consequently, SHP1 represents a potential target for drug development in cancer treatment. Mean-
while only countable SHP1 inhibitors have been reported. A new type of SHP1 inhibitors with 5-phenyl-1,3,4-thiadiazole 
scaffold was developed. The representative compound 5b exhibited SHP1 inhibitory activity with IC50 of (1.33±0.16) μmol/L, 
exhibited about 2-fold selectivity for SHP1 over SHP2, and had no detectable activity against PTP1B and TCPTP, and offered 
a novel scaffold to develop new SHP1 inhibitors. 
Keywords  5-phenyl-1,3,4-thiadiazole derivatives; Src homology 2 domain-containing protein tyrosine phosphatase 1
(SHP1); inhibitors; structure-activity relationships 
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1  Introduction 
Reversible protein tyrosine phosphorylation, catalyzed 

by the opposing actions of protein tyrosine kinases (PTKs) 
and protein tyrosine phosphatases (PTPs), is a key regula-
tory mechanism in eukaryotic cell physiology.[1] Dysregu-
lation of PTKs and PTPs is highly correlated with numerous 
human diseases, including diabetes, obesity, infection, au-
toimmune, and neuropsychiatric disorders and cancer.[2-3] 
Two important non-receptor PTPs, SHP1 and Src homology 
2 (SH2) domain-containing protein tyrosine phosphatase 2 
(SHP2), have high similarity in basic structure and work as 
key hubs to connect several intracellular oncogenic signal-
ing pathways, such as Jak/STAT, PI3K/AKT, and PD-1/  
PD-L1.[4-5] Malfunctions of SHP1 and SHP2 have been 
associated with hematological malignancies and solid tu-
mors, and viewed as valuable targets for cancer therapy.[6] 
Compared to significant progress in identifying chemotypes 
of SHP2 inhibitors,[7] developing potent and selective SHP1 
inhibitors is unsatisfied.[8] Only countable SHP1 inhibitors 
have been reported, including NSC-87877,[9] tyrosine 
phosphatase inhibitor 1 (TPI-1),[10] α-bromo-4'-hydroxy-  
acetophenone (PI-1),[11] sodium stibogluconate (SSG),[12] 
oxovanadium complex,[13] copper complexes,[14] and lumi-
nescent Tb(III) complex[15] (Figure 1), and their potency 
and selectivity are disappointed. Therefore, the imminent 
development of potent and specific SHP1 inhibitor remains 
necessary. 

The 1,2,4-thiadiazole scaffold represents an important 
class of pharmacophores in medicinal chemistry due to its 
myriad bioactivities[16] and 1,2,4-thiadiazole derivatives are 
well documented with antifungal, anti-inflammatory, anti-
bacterial, antioxidant, anticancer activities.[17] Our efforts to 
develop modulators of protein tyrosine phosphatases 
(PTPs) started from 1H-2,3-dihydroperimidines.[18-23] Using 
the scaffold hopping strategy, we developed 3-aryl-1-oxa- 
2,8-diazaspiro[4.5]dec-2-enes as PTP1B inhibitors,[19] bis- 

aryl amides[20] and benzo[c][1,2,5]thiadiazoles as SHP2 
inhibitors.[21] To explore novel scaffolds for modulators of 
PTPs, we designed and synthesized a series of 1,3,4-thia- 
diazole derivatives (Figure 2), evaluated their inhibitory 
activities against SHP1. Among them, several 1,3,4-thia-  
diazole derivatives exhibited potent inhibitory activities 
against SHP1. The representative compound 5b showed 
good potency against SHP1 with IC50 of (1.33±0.16) 
μmol/L and was also subjected to selectivity analyses to 
determine whether its biological properties made it suitable 
for further development. 

2  Results and discussion 
2.1  Chemistry 

Eleven 5-phenyl-1,3,4-thiadiazole derivatives (2a～2e, 4 
and 5a～5e, Table 1) were designed and synthesized. A 
series of aromatic carboxylic acids (1a～1e) were con-
densed with thiosemicarbazide to give 1,3,4-thiadiazoles 
(2a～2e)[24] (Scheme 1). By coupling of 3-((tert-butoxy-
carbonyl)amino)benzoic acid with compound 2a in the 
presence of 2-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetrame-
thyluronium hexafluorophosphate (HATU) and N,N-diiso-
propylethylamine (DIPEA), compound 3 was obtained in 
40% isolated yield. The compounds 5a～5c were obtained 
from compound 3 in two-step sequential reactions with 
deprotection of Boc group and coupling reaction with cor-
responding carboxylic acids in N,N-dimethylformamide 
(DMF). The compounds 5d～5e were yielded using similar 
protocol to compound 3. 
2.2  Biochemical activities 
2.2.1  SHP1 inhibitory activities and structure-activity 
relationships 

The inhibitory activities of all the synthesized com-
pounds against SHP1 were measured using 6,8-difluoro-4-  
thylumbelliferyl phosphate (DiFMUP) as substrate,[25-26]  
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Figure 1  Chemical structures of reported SHP1 inhibitors 
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Figure 2  Structures of modulators of PTPs 

 

Reagents and conditions: (a) thiosemicarbazide, POCl3, 80 ℃, 2.5 h, 48%～90%; (b) 3-((tert-butoxycarbonyl)amino)benzoic acid, HATU, 
DIPEA, DMF, r.t., overnight, 40%; (c) HCl-dioxane, r.t., overnight, 90%; (d) furan-2-carboxylic acid (5-methylfuran-2-carboxylic acid, tetrahy-
drofuran-2-carboxylic acid) HATU, DIPEA, DMF, r.t., overnight, 64%～68%; (e) 3-(furan-2-carboxamido)benzoic acid, HATU, DIPEA, DMF, r.t., 
overnight, 49%; (f) 3-(furan-2-carboxamido)benzoic acid, HATU, DIPEA, DMF, r.t., overnight, 26%. 

Scheme 1  Synthetic route of compounds 2a～2e, 4 and 5a～5e

and the results were detailed in Table 1. Among amine 
compounds 2a～2e, compounds with nitro group (2a～2c) 
showed slightly better potency than compounds without 
nitro group (2d～2e). Among compound 4 and its deriva-
tives 5a～5c, compound 5a with furan-2-carbonyl group, 
compound 5b with 5-methylfuran-2-carbonyl group 
showed inhibitory activities against SHP1 in low mi-
cromolar range, especially compound 5b with IC50 ＝
(1.33±0.16) μmol/L, significantly improving the potency 
compared to compound 4 and NSC-87877. Compound 5c 
with tetrahydrofuran-2-carbonyl group exhibited similar 
activities against SHP1 compared to compound 4. These 
results indicated that introduction of furan-carbonyl group 

to the amino group on compound 4 benefited for the im-
provement of inhibitory activities against SHP1. By re-
placing the methylamino group with isopropylamino group 
and methoxy group on R2 position respectively, the inhibi-
tory activities of compounds 5d and 5e dropped signifi-
cantly compared to compound 5a. 
2.2.2  Selectivity against other PTPs 

In addition to potency improvements, we investigated the 
selectivity of compound 5b against the other PTPs (PTP1B, 
TCPTP).[27] As shown in Table 2, compound 5b showed 
about 2-fold selectivity for SHP1 over SHP2 and no visible 
activity against PTP1B and TCPTP at the dose of 50 μmol/  
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Table 1  SHP1 inhibitory activities of compounds 2a～2e, 4 and 5a～5e 

 

Compd. R1 R2 R3 SHP1 
Inhibition/% at 50 μmol/L IC50/(μmol•L－1) 

2a 3-NO2 4-NHMe NH2 27.5±19.1 — 

2b 3-NO2 
 

NH2 20.9±16.9 — 

2c 3-NO2 4-OMe NH2 21.6±5.1 — 
2d 3-OMe 4-OMe NH2 －2.4±7.2 — 
2e 3-OH 3-OH NH2 8.6±1.8 — 

4 3-NO2 4-NHMe 
 

80.6±6.5 23.42±3.17 

5a 3-NO2 4-NHMe NH

O

O

O

HN
64.3±11.0 4.40±1.09 

5b 3-NO2 4-NHMe NH

O

O

O

HN
92.8±2.1 1.33±0.16 

5c 3-NO2 4-NHMe 69.7±2.7 21.56±2.61 

5d 3-NO2 
 

36.4±8.4 — 

5e 3-NO2 4-OMe 38.6±39.4 — 

NSC-87877 — — — — 34.76±4.46 
 
L, exhibiting better potency and selectivity than NSC- 
87877. 
2.2.3  Characterization of 5b on enzyme kinetics 

A kinetic study was performed in order to identify the 
inhibitory mechanism of compound 5b (Figure 3), using the 
reported enzyme kinetics assays.[28] As shown in Figure 3A, 
5b demonstrated a fast-binding inhibition of SHP1. The 

fast-binding inhibition of 5b toward SHP1 may also exclude 
that 5b is a nonspecific inhibitor, because nonspecific in-
hibitors always show time-dependent behavior and steep 
inhibition curve.[29] We further determined the inhibition 
modality of 5b which inhibited SHP1 with the characteris-
tics typical of a competitive inhibitor, as indicated by in-
creased Km values and unchanged Vmax values when the   
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Table 2  IC50a (μmol•L－1) values of compound 5b against PTPs 

Compd. SHP1 SHP2 SHP2/SHP1 PTP1B TCPTP 

5b 1.33±0.16 2.99±0.36 2.25 NAb NAb 

NSC-87877 34.76±4.46 33.71±0.72  50.04±11.91 40.70±6.50 
a PTP1B (Protein tyrosine phosphatase 1B); TCPTP (T-cell protein tyrosine phosphatase). The DiFMUP substrates were utilized in PTP1B/TCPTP assay, and 
SHP1/SHP2 assay, respectively; IC50 values were determined by regression analyses and expressed as means±SD of three replications; b NA: No activity (compound 
inhibitory ratio lower than 50% at the dose of 50 μmol/L).

inhibitor concentration was increased (Figure 3C). Mean-
while, the result of the Lineweaver-Burk plot confirmed 5b 
as a competitive inhibitor of SHP1 for intersecting at y-axis 
of a nest of lines with increased inhibitor concentration 
(Figure 3B). The results indicated that 5b binds the catalytic 
pocket of SHP1 and behaves as a competitor to the sub-
strate.   
2.3  Predicted binding mode of 5b 

To clarify the good activity and selectivity of compound 
5b against SHP1, the molecular character and molecular 
docking was performed using DFT method in Gaussian 09 
software and the Lamarckian genetic algorithm local search 
method in the AutoDock 4.2 program, respectively.[30-31] As 
shown in Figure 4A, the molecular electrostatic properties 
of 5b were obtained based on the stable geometry (cartesian 
coordinates listed in Supporting Information). It can be 
found that carbonyl and nitro groups were electron-withd-
rawing groups, and 1,3,4-thiadiazole and benzene ring were 
filled with π-electrons, which may benefit for molecular 
activity and selectivity for SHP1. In the process of molec-
ular docking with AutoDock 4.2 software, semi empirical 
free energy calculation method was used to evaluate the 

energy matching between protein and small molecule 5b, 
and then the binding ability between protein and 5b was 
scored. Additionally, the charge was added by Kollman in 
AutoDock 4.2, all the rotatable torsional bonds of com-
pound 5b were set free, the size of grid box was set to 12.6 
nm×12.6 nm×12.6 nm points with a 0.038 nm spacing 
and box centre (19.281, 1.872, 8.208), and the other pa-
rameters were maintained at their default settings. Here, the 
X-ray crystallographic structures of SHP1 (PDB Entry: 
1FPR) and SHP2 (PDB Entry: 3ZM1) were selected for 
molecular docking.[32] The lowest energy conformation in 
the distinctly distributed cluster was selected as the repre-
sentation of the docking pose of 5b with SHP1 with －
37.55 kJ/mol of binding free energy (Figure 4B). We found 
four residues closer to the compound 5b as shown in Figure 
4B, indicating that these residues are likely to have a crucial 
role in higher activity and selectivity of 5b for SHP1. Ob-
viously, there are stronger stabilizing interactions between 
these residues and 5b, and the residues K259 and V258 have 
strong hydrogen-bonding interactions with acceptor nitro 
group of 5b (Figure 4C), respectively. At the same time, the 
partially negative charge of carbonyl group in Q256 and 

  

 
Figure 3  Characterization of 5b to SHP1 

(A) Time-independent inhibition of SHP1 by 5b; (B) typical competitive inhibition of 5b shown by Lineweaver-Burk plot; (C) the initial velocity deter-
mined with various concentrations of 6,8-difluoro-4-methylumbelliferyl phosphate (DiFMUP) at various fixed concentrations of 5b  
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Figure 4  Calculated results of molecular properties for 5b and docking simulation 
(A) Molecular electrostatic properties of mapped on the 0.001 a.u. contour of the electronic density at the DFT//B3LYP/6-31G(d) level; (B) docking pose 
of 5b with SHP1 (PDB Entry: 1FPR): relative position of 5b and WPD_loop (orange), Q_loop (purple), P_loop (Yellow) and PTyr_loop (green) in SHP1; 
(C) strong interactions between 5b and the nearest residues  

Q487 could stabilize the π-electrons of 5b (Figure 4C) 
according to π-π stacking interaction.[33] At the other hand, 
the interaction mode of 5b and SHP2 was obtained. Com-
pared to the binding mode of 5b and SHP1, there are less 
H-bond and none π-π stacking interaction between 5b and 
SHP2, which might to some extent account for the good 
selectivity of 5b against SHP1. Lastly, the predicted AD-
MET properties of 5b were displayed in Figure S15 by 
applying SwissADME software.[34] We hope that the pre-
dicted results could help for more drug molecules design in 
the future. The calculated results might to some extent ac-
count for the good activity and selectivity of 5b for SHP1.  

3  Conclusions 
In conclusion, this work offered a completely new type of 

SHP1 inhibitors with 5-phenyl-1,3,4-thiadiazole scaffold. 
The representative compound 5b exhibited significantly 
better potency and selectivity for SHP1 compared to that of 
the control compound NSC-87877. These preliminary re-
sults could provide a possible opportunity for the devel-
opment of novel SHP1 inhibitors with promising cell per-
meability, bioavailability, and improved pharmacological 
properties. 

4  Experimental section 
4.1  Material 

All chemicals were reagent grade and used as purchased. 
1H NMR (400 MHz) spectra were recorded on a Bruker 

AVⅢ 400 MHz spectrometer. The chemical shifts were 
reported in using the δ 7.26 signal of CDCl3 (1H NMR) and 
the δ 2.50 signal of DMSO-d6 (1H NMR) as internal stand-
ards and the 40.00 signal of DMSO-d6 (13C NMR) as in-
ternal standards. ESI mass spectra (MS) was obtained on a 
Shimadzu LCMS-2020. High Resolution Mass Spectrome-
try (HRMS) was obtained on an ESI-QTOF maxis impact. 
High Performance Liquid Chromatography (HPLC) was 
obtained on a Shimdzu2030c 3D plus. 
4.2  General procedure for preparation of com-
pounds 2a～2e, 4 and 5a～5e 
4.2.1  General procedure for preparation of compounds 
2a～2e 

Carboxylic acid (5.6 mmol), thiosemicarbazide (0.51 g, 
5.6 mmol) and phosphorus oxychloride (10 mL) were added 
successively to a 50 mL round-bottom flask. The mixture 
was stirred at 85 ℃ for 2.5 h. The reaction solution was 
cooled to room temperature, then the solution was concen-
trated under reduced pressure. The residue was washed with 
saturated sodium bicarbonate solution, the mixture was 
filtered and the filter cake was dried in vacuo to give crude 
product. The crude product was adsorbed onto silica (2 g, 
100～200 mesh) to form a dry sample, purified by silica gel 
column chromatography (20 g, 3 cm×30 cm, 100～200 
mesh, petroleum ether/EtOAc, V∶V＝91∶9～50∶50) to 
give compound 2a～2e.  

5-(4-(Methylamino)-3-nitrophenyl)-1,3,4-thiadiazol-2- 
amine (2a): Red solid, yield 78%. m.p. 266.7～268.3 ℃; 
1H NMR (400 MHz, DMSO-d6) δ: 8.43～8.41 (m, 1H), 8.29 
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(d, J＝2.0 Hz, 1H), 7.93 (dd, J＝9.2, 2.4 Hz, 1H), 7.36 (s, 
2H), 7.09 (d, J＝9.2 Hz, 1H), 3.01 (d, J＝4.8 Hz, 3H); 13C 
NMR (100 MHz, DMSO-d6) δ:167.8, 155.0, 146.2, 133.8, 
130.5, 123.6, 117.9, 115.4, 29.9; MS (ESI) m/z: 252 [M＋
H]＋; HRMS calcd for C9H10N5O2S [M＋H]＋ 252.0555, 
found 252.0543.  

5-(4-(Isopropylamino)-3-nitrophenyl)-1,3,4-thiadiazol- 
2-amine (2b): Red solid, yield 74%. m.p. 225.3～227.6 ℃; 
1H NMR (400 MHz, DMSO-d6) δ: 8.29 (d, J＝2.0 Hz, 1H), 
8.07 (d, J＝8.0 Hz, 1H), 7.92 (dd, J＝9.2, 2.0 Hz, 1H), 7.36 
(s, 2H), 7.20 (d, J＝9.2 Hz, 1H), 4.02～3.97 (m, 1H), 1.29 
(d, J＝6.4 Hz, 6H); 13C NMR (100 MHz, DMSO-d6) δ: 
167.9, 154.9, 144.7, 133.9, 130.4, 123.7, 118.2, 115.8, 43.9, 
22.2; MS (ESI) m/z: 280.1 [M＋H]＋; HRMS calcd for 
C11H13N5NaO2S [M＋Na]＋ 302.0688, found 302.0676. 

Compounds 2c～2e have been reported.[35-37] 
5-(4-Methoxy-3-nitrophenyl)-1,3,4-thiadiazol-2-amine  

(2c): Yellow solid, yield 48%. Purity 95.0%, m.p. 186.8～
187.4 ℃ (lit.[35] 210 ℃); 1H NMR (400 MHz, DMSO-d6) 
δ: 7.97 (d, J＝8.4 Hz, 1H), 7.68 (s, 2H), 7.66 (d, J＝1.6 Hz, 
1H), 7.43 (dd, J＝8.4, 1.6 Hz, 1H), 4.01 (s, 3H); 13C NMR 
(100 MHz, DMSO-d6) δ: 169.9, 154.2, 152.5, 139.1, 136.4, 
126.2, 118.5, 110.7, 56.8; MS (ESI) m/z: 253 [M＋H]＋; 
HRMS calcd for C9H8N4NaO3S [M＋Na] ＋  275.0215, 
found 275.0203. 

5-(3,4-Dimethoxyphenyl)-1,3,4-thiadiazol-2-amine (2d): 
White solid, yield 84%. Purity 95.6%, m.p. 122.7 ～
123.6 ℃  (lit.[36] 195～197 ℃ ); 1H NMR (400 MHz, 
DMSO-d6) δ: 7.36 (d, J＝2.0 Hz, 1H), 7.30 (s, 2H), 7.20 
(dd, J＝8.4, 2.0 Hz, 1H), 7.01 (d, J＝8.4 Hz, 1H), 3.82 (s, 
3H), 3.80 (s, 3H); 13C NMR (100 MHz, DMSO-d6) δ: 168.0, 
156.5, 150.1, 149.0, 123.8, 119.9, 111.9, 108.7, 55.6, 55.5; 
MS (ESI) m/z: 238 [M＋H]＋; HRMS calcd for C10H11N3- 
NaO2S [M＋Na]＋ 260.0470, found 260.0472. 

4-(5-Amino-1,3,4-thiadiazol-2-yl)benzene-1,2-diol (2e): 
White solid, yield 90%. Purity 97.9%, m.p. 253.9 ～
255.4 ℃; 1H NMR (400 MHz, DMSO-d6) δ: 7.22 (d, J＝
2.0 Hz, 1H), 7.04 (dd, J＝8.0, 2.0 Hz, 1H), 6.85 (d, J＝8.4 
Hz, 1H); 13C NMR (100 MHz, DMSO-d6) δ: 167.4, 156.9, 
147.2, 145.6, 122.4, 118.4, 115.9, 113.2; MS (ESI) m/z: 210 
[M ＋ H] ＋ ; HRMS calcd for C8H8N3O2S [M ＋ H] ＋ 
210.0337, found 210.0327. 
4.2.2  General procedure for preparation of compound 
4 

To the solution of 3-((tert-butoxycarbonyl)amino)ben- 
zoic acid (201 mg, 0.85 mmol), HATU (195 mg, 0.51mmol) 
and DIPEA (372 μL, 2.14 mmol) in DMF (4 mL) add 
compound 2a (100 mg, 0.40 mmol), the mixture was stirred 
at room temperature overnight. Then add water (5 mL) to 
the reaction solution, the aqueous layer was extracted with 
EtOAc (20 mL×3). The combined organic layers were 
washed with water and dried over Na2SO4. The crude 
product was adsorbed onto silica (0.5 g, 100～200 mesh) to 
form a dry sample, purified by silica gel column chroma-
tography (5 g, 1 cm diameter×20 cm height, 100～200 
mesh, petroleum ether/EtOAc, V∶V＝83∶17～50∶50) 

to obtain compound 3 (75 mg, 40%): Yellow solid, m.p.＞
300 ℃; 1H NMR (400 MHz, DMSO-d6) δ: 9.58 (s, 1H), 
8.57 (d, J＝2.0 Hz, 1H), 8.48～8.47 (m, 1H), 8.22 (s, 1H), 
8.13～8.10 (m, 1H), 7.75 (d, J＝8.0 Hz, 1H), 7.66～7.64 
(m, 1H), 7.45 (t, J＝8.0 Hz, 1H), 7.16 (d, J＝9.2 Hz, 1H), 
3.04 (d, J＝4.8 Hz, 3H), 1.50 (s, 9H).  

Compound 3 (70 mg, 0.15 mmol) was dissolved in 
HCl-dioxane (4 mol/L, 2 mL), stirred overnight at room 
temperature. After removal of dioxane, the solid was 
washed with saturated sodium bicarbonate solution, filtered 
and dried to obtain compound 4 (50 mg, 90%): Yellow 
solid, m.p.＞300 ℃; 1H NMR (400 MHz, DMSO-d6) δ: 
12.86 (s, 1H), 8.58 (d, J＝2.0 Hz, 1H), 8.48 (d, J＝5.2 Hz, 
1H), 8.12 (dd, J＝9.2, 2.4 Hz, 1H), 7.31 (d, J＝8.0 Hz, 1H), 
7.27 (s, 1H), 7.23～7.15 (m, 2H), 6.84 (dd, J＝8.0, 2.4 Hz, 
1H), 3.04 (d, J＝4.8 Hz, 3H); 13C NMR (100 MHz, DMSO- 
d6) δ: 158.5, 146.7, 144.6, 144.5, 136.9, 134.2, 132.2, 130.8, 
129.2, 124.4, 116.9, 116.1, 115.6, 29.9; MS (ESI) m/z: 371 
[M＋H]＋; HRMS calcd for C16H14N6NaO3S [M＋Na]＋ 
393.0746, found 393.0746. 
4.2.3  General procedure for preparation of compounds 
5a～5e 

To the solution of amine (0.14 mmol mmol), HATU (76 
mg, 0.20 mmol) and DIPEA (122 μL, 0.70 mmol) in DMF 
(2 mL) was added carboxylic acid (0.27 mmol), the mixture 
was stirred at room temperature overnight. Then water (5 
mL) was added to the reaction solution, and the aqueous 
layer was extracted with EtOAc (20 mL) 3 times. The 
combined organic layers were washed with water and dried 
over Na2SO4. The crude product was adsorbed onto silica 
(0.5 g, 100～200 mesh) to form a dry sample, purified by 
silica gel column chromatography (5 g, 1 cm×20 cm, 
100～200 mesh, DCM/MeOH, V∶V＝99∶1～95∶5) to 
obtain compounds 5a～5e. 

N-(3-((5-(4-(Methylamino)-3-nitrophenyl)-1,3,4-thiadi- 
azol-2-yl)carbamoyl)phenyl)furan-2-carboxamide (5a): 
Yellow solid, yield 64%. Purity 95.3%, m.p. 272.7 ～
273.6 ℃; 1H NMR (400 MHz, DMSO-d6) δ: 13.17 (s, 1H), 
10.43 (s, 1H), 8.59 (d, J＝2.4 Hz, 1H), 8.51～8.49 (m, 2H), 
8.13 (dd, J＝9.6, 2.4 Hz, 1H), 8.03 (d, J＝8.0 Hz, 1H), 7.97 
(s, 1H), 7.90 (d, J＝8.0 Hz, 1H), 7.54 (t, J＝8.0 Hz, 1H), 
7.40 (d, J＝3.2 Hz, 1H), 7.16 (d, J＝8.8 Hz, 1H), 6.73 (dd,  
J＝3.6, 2.0 Hz, 1H), 3.04 (d, J＝4.8 Hz, 3H); 13C NMR 
(100 MHz, DMSO-d6) δ: 160.5, 156.4, 147.3, 146.7, 146.0, 
138.9, 134.2, 132.5, 132.4, 130.8, 129.0, 124.5, 124.4, 
123.4, 120.5, 117.0, 115.5, 115.1, 112.2, 29.9; MS (ESI) 
m/z: 465 [M＋H]＋; HRMS calcd for C21H16N6NaO5S [M＋
Na]＋ 487.0801, found 487.0796. 

5-Methyl-N-(3-((5-(4-(methylamino)-3-nitrophenyl)- 
1,3,4-thiadiazol-2-yl)carbamoyl)phenyl)furan-2-carbox- 
amide (5b): Yellow solid, yield 68%. Purity 99.2%, m.p. 
273.2～274.3 ℃; 1H NMR (400 MHz, DMSO-d6) δ :13.12 
(s, 1H), 10.24 (s, 1H), 8.60 (d, J＝2.4 Hz, 1H), 8.49 (d, J＝
5.2 Hz, 1H), 8.46 (s, 1H), 8.13 (dd, J＝8.8, 2.0 Hz, 1H), 
8.03 (d, J＝8.0 Hz, 1H), 7.89 (d, J＝8.0 Hz, 1H), 7.53 (t,   
J＝8.0 Hz, 1H), 7.29 (d, J＝3.2 Hz, 1H), 7.17 (d, J＝9.2 
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Hz, 1H), 6.35 (dd, J＝3.2, 0.8 Hz, 1H), 3.04 (d, J＝4.8 Hz, 
3H), 2.40 (s, 3H); 13C NMR (100 MHz, DMSO-d6) δ: 156.4, 
155.5, 146.7, 145.7, 139.1, 134.3, 130.8, 129.7, 128.9, 
124.4, 123.2, 120.4, 117.0, 116.3, 115.6, 108.7, 29.9, 13.6; 
MS (ESI) m/z: 479 [M＋H]＋; HRMS calcd for C22H18N6- 
NaO5S [M＋Na]＋ 501.0957, found 501.0961. 

N-(3-((5-(4-(Methylamino)-3-nitrophenyl)-1,3,4-thia- 
diazol-2-yl)carbamoyl)phenyl)tetrahydrofuran-2-carbox- 
amide (5c): Yellow solid, yield 65%. Purity 95.5%, m.p. 
219.9～221.1 ℃; 1H NMR (400 MHz, DMSO-d6) δ: 13.10 
(s, 1H), 9.90 (s, 1H), 8.59 (d, J＝2.0 Hz, 1H), 8.49 (d, J＝
5.2 Hz, 1H), 8.43 (s, 1H), 8.13 (dd, J＝8.8, 2.0 Hz, 1H), 
8.14～8.11 (m, 1H), 7.95 (d, J＝8.0 Hz, 1H), 7.86 (d, J＝
8.0 Hz, 1H), 7.50 (t, J＝8.0 Hz, 1H), 7.17 (d, J＝9.2 Hz, 
1H), 4.43 (dd, J＝8.0, 5.6 Hz, 1H), 4.06～3.99 (m, 1H), 
3.88～3.83 (m, 1H), 3.04 (d, J＝4.8 Hz, 3H), 2.27～2.18 
(m, 1H), 2.06～1.97 (m, 1H), 1.92～1.85 (m, 2H); 13C 
NMR (100 MHz, DMSO-d6) δ: 171.9, 146.7, 138.8, 134.2, 
130.8, 128.9, 124.4, 123.3, 120.2, 116.8, 115.5, 77.9, 68.9, 
30.0, 27.3, 25.1; MS (ESI) m/z: 469 [M＋H]＋; HRMS calcd 
for C21H20N6NaO5S [M＋Na]＋ 491.1114, found 491.1108. 

N-(3-((5-(4-(Isopropylamino)-3-nitrophenyl)-1,3,4-thia- 
diazol-2-yl)carbamoyl)phenyl)furan-2-carboxamide (5d): 
Yellow solid, yield 49%. m.p.＞300 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 13.17 (s, 1H), 10.41 (s, 1H), 8.59 (d,   
J＝2.0 Hz, 1H), 8.49～8.48 (m, 1H), 8.13～8.10 (m, 2H), 
8.03～8.01 (m, 1H), 7.97 (s, 1H), 7.91 (d, J＝7.6 Hz, 1H), 
7.53 (t, J＝8.0 Hz, 1H), 7.40 (d, J＝3.6 Hz, 1H), 7.28 (d,   
J＝9.2 Hz, 1H), 6.73 (dd, J＝3.6, 1.6 Hz, 1H), 4.05～4.03 
(m, 1H), 1.31 (d, J＝6.4 Hz, 6H); 13C NMR (100 MHz, 
DMSO-d6) δ: 165.4, 160.9, 156.4, 155.2, 153.9, 147.2, 
146.0, 139.0, 132.2, 129.0, 126.7, 125.0, 124.7, 123.4, 
121.8, 120.5, 116.1, 115.1, 113.6, 112.3, 48.0, 18.9; MS 
(ESI) m/z: 493.1 [M＋H]＋; HRMS calcd for C23H20N6- 
NaO5S [M＋Na]＋515.1114, found 515.1107.  

N-(3-((5-(4-Methoxy-3-nitrophenyl)-1,3,4-thiadiazol-2- 
yl)carbamoyl)phenyl)furan-2-carboxamide (5e): White 
solid, yield 26%. m.p. 280.2～281.1 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 13.24 (s, 1H), 10.44 (s, 1H), 8.50 (s, 
1H), 8.48 (d, J＝2.4 Hz, 1H), 8.27 (dd, J＝8.8, 2.0 Hz,1H), 
8.03 (d, J＝8.0 Hz, 1H), 7.98 (d, J＝1.6 Hz, 1H), 7.91 (d,   
J＝7.6 Hz, 1H), 7.51 (t, J＝7.6 Hz, 2H), 7.40 (d, J＝3.6 Hz, 
1H), 6.73 (dd, J＝3.6, 2.0 Hz, 1H), 4.02 (s, 3H); 13C NMR 
(100 MHz, DMSO-d6) δ: 165.3, 156.4, 152.5, 147.2, 146.0, 
140.0, 139.0, 135.5, 131.9, 129.1, 126.2, 124.8, 123.4, 
120.6, 119.1, 115.1, 112.3, 112.0, 57.0; MS (ESI) m/z: 466 
[M＋H]＋; HRMS calcd for C21H15N5NaO6S [M＋Na]＋ 
488.0641, found 488.0624. 
4.3  SHP1 and related PTPs biological assay 

A colorimetric assay to measure inhibition against SHP2 
and SHP1 was performed in 384-well plates. Briefly, the 
tested compounds were solubilized in DMSO and serially 
diluted into concentrations for the inhibitory test and the 
enzymatic activities of the SHP2 and SHP1 were deter-
mined at room temperature by monitoring the dephosphor-
ylation of 6,8-difluoro-4-methylumbelliferyl phosphate 

(DiFMUP), products were then detected at a 355 nm exci-
tation wavelength and 460 nm emission wavelength by the 
EnVision multilabe plate reader (Perkin-Elmer Life Sci-
ences, Boston, MA, USA). The assays were carried out in a 
final volume of 50 μL containing 60 mmol/L HEPES, pH 
7.2, 75 mmol/L NaCl, 75 mmol/L KCl, 1 mmol/L ethylene 
diamine-N,N,N',N'-tetraacetate (EDTA), 0.05% Tween-20, 
5 mmol/L dithiothreitol (DTT), 2 nmol/L enzyme, and 
indicating compound concentration. The substrate was then 
added to a final concentration of their respective Km 
(Michaelis constant) concentrations. The initial rate of the 
dephosphorylation was presented by the early linear region 
of the enzymatic reaction kinetic curve, the inhibitory ac-
tivity of the compound was continuously monitored. The 
inhibitor dose-response curves were analyzed using nor-
malized IC50 regression curve fitting with control based 
normalization. 
4.4  Characterization of compound 5b on SHP1 

In the time-independent inhibition experiment, 2 nmol/L 
SHP1 was incubated by 1.5 μmol/L of compound 5b (2% 
DMSO as blank) for different times, and then 30 μL of 
mixture of enzyme and compounds was added to a final 50 
μL of assay system to initiate the enzyme reaction. The 
dissociation of the enzyme-inhibitor complex was moni-
tored by substrate hydrolysis by measuring the fluorescence 
using Envision microplate reader using excitation and 
emission wavelengths of 355 and 460 nm, respectively. 

In the enzymatic kinetic experiment, the assay was car-
ried out in a 50 μL system containing 60 mmol/L HEPES, 
pH 7.2, 75 mmol/L NaCl, 75 mmol/L KCl, 1 mmol/L 
EDTA, 0.05% Tween-20, 5 mmol/L DTT, 2 nmol/L SHP1, 
substrate DiFMUP in 2-fold dilution from 400 μmol/L to 
3.125 μmol/L, and different concentrations of the inhibitors. 
In the presence of the competitive inhibitor, the Michae-
lis-Menten equation is described as: 

1/v＝(Km/[Vmax[S]])(1＋[I]/Ki)＋1/Vmax 
where Km is the Michaelis constant, v is the initial rate, Vmax 
is the maximum rate, and [S] is the substrate concentration. 
[I] is concentration of free inhibitor, Ki is inhibition con-
stant. 

 
Supporting Information  1H NMR, 13C NMR, LC-MS, 
HRMS and HPLC spectra for new compounds and com-
putational details of 5b. The Supporting Information is 
available free of charge via the Internet at http://sioc- 
journal.cn/. 
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