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

Bruker AVIII 400 MHz spectrometer and a Varian MR-400 spectrometer. The chemical shifts were reported in
(ppm) using the 7.26 signal of CDCl; (‘"H-NMR) as internal standards and the 77.00 signal of CDCI; ('3C-NMR)
as internal standards. ESI Mass spectra (MS) was obtained on a Waters ACQUITY TQD Mass Spectrometer.

Compounds 4a-4n are synthesized as reference!

II. Preparation of Compounds 6a-6n

Ethyl 6-chlorothieno[2,3-b]quinoline-2-carboxylate (62a)

The compound 4a (678.3 mg, 3 mmol) was dissolved in GVL (6 mL) followed by addition of triethylamine
(2.5 mL, 18 mmol) and ethyl mercaptoacetate (395 uL,3.6 mmol) consequently. The mixture was heated to 90 °C
and stirred at that temperature for 1 h. After the reaction finished, the mixture was dropped into ice water (10 mL).
The precipitate was isolated by filtration, washed with ethanol (10 mL) and cold water (2 mL) successively, and
dried to afford the white solid 6a (717.3 mg, 82%)).

'"H NMR (400 MHz, CDCls) o: 8.58 (s, 1H), 8.11 — 8.09 (m, 2H), 7.97 (d, J = 2.4 Hz, 1H), 7.72 (dd, /= 9.2,
2.4 Hz, 1H), 4.46 (q, J = 7.2 Hz, 2H), 1.45 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl;) ¢: 163.64, 162.16,
146.27, 135.95, 131.81, 131.66, 131.53, 131.45, 130.04, 127.42, 126.89, 126.12, 62.17, 14.28; MS (ESI): m/z
calcd. For C14H;;CINO,S [M+H]* 292.0/294.0, found 292.0/294.0.
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Ethyl 7-chlorothieno[2,3-b]quinoline-2-carboxylate (6b)

The compound 4b (678.3 mg, 3 mmol) was dissolved in GVL (6 mL) followed by addition of triethylamine
(2.5 mL, 18 mmol) and ethyl mercaptoacetate (395 uL, 3.6 mmol) consequently. The mixture was heated to 90 °C
and stirred at that temperature for 1 h. After the reaction finished, the mixture was dropped into ice water (10 mL).
The precipitate was isolated by filtration, washed with ethanol (10 mL) and cold water (2 mL) successively, and
dried to afford the white solid 6b (656.4 mg, 75%). '"H NMR (400 MHz, CDCls) ¢: 8.65 (s, 1H), 8.16 (d, J= 1.6
Hz, 1H), 8.10 (s, 1H), 7.94 (d, J= 8.8 Hz, 1H), 7.53 (dd, /= 8.8, 2.0 Hz, 1H), 4.46 (q, /= 7.2 Hz, 2H), 1.45 (t, J =
7.2 Hz, 3H); 3C NMR (100 MHz, CDCl;) d: 164.44 , 162.20 , 148.03 , 136.47 , 135.38 , 132.72, 131.18 , 129.76
, 127.54 ,127.33 ,127.07 , 124.00 , 62.14 , 14.29; MS (ESI): m/z calcd. For C;4H;;CINO,S [M+H]" 292.0/294.0,
found 291.9/293.9.
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Ethyl 6-bromothieno[2,3-b]quinoline-2-carboxylate (6¢)

The compound 4¢ (811.5 mg, 3 mmol) was dissolved in GVL (6 mL) followed by addition of triethylamine
(2.5 mL, 18 mmol) and ethyl mercaptoacetate (395 pL, 3.6 mmol) consequently. The mixture was heated to 90 °C
and stirred at that temperature for 1 h. After the reaction finished, the mixture was dropped into ice water (10 mL).
The precipitate was isolated by filtration, washed with ethanol (10 mL) and cold water (2 mL) successively, and
dried to afford the yellow solid 6¢ (786.7 mg, 78%), 'H NMR (400 MHz, CDCl;) & 8.57 (s, 1H), 8.15 (d, J = 2.4
Hz, 1H), 8.10 (s, 1H), 8.03 (d, /= 8.8 Hz, 1H), 7.84 (dd, /=9.2, 2.4 Hz, 1H), 4.46 (q, J= 7.2 Hz, 2H), 1.45 (t, J =
7.2 Hz, 3H); 13C NMR (100 MHz, CDCl;) ¢: 163.78 , 162.17 , 146.46 , 136.02 , 133.90, 131.75 , 131.64 , 130.34
,130.13 ,127.48 ,126.70, 119.62 , 62.19 , 14.29; MS (ESI): m/z calcd. For C4H;1BrNO,S [M+H]" 336.0/338.0,
found 335.8/337.9.
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Ethyl 6-fluorothieno[2,3-b]quinoline-2-carboxylate (6d)

The compound 4d (628.8 mg, 3 mmol) was dissolved in GVL (6 mL) followed by addition of triethylamine
(2.5 mL, 18 mmol) and ethyl mercaptoacetate (395 pL, 3.6 mmol) consequently. The mixture was heated to 90 °C
and stirred at that temperature for 1 h. After the reaction finished, the mixture was dropped into ice water (10 mL).
The precipitate was isolated by filtration, washed with ethanol (10 mL) and cold water (2 mL) successively, and
dried to afford the white solid 6d (760 mg, 92%). '"H NMR (400 MHz, CDCls) ¢: 8.61 (s, 1H), 8.18— 8.14 (m,
1H), 8.09 (s, 1H), 7.61— 7.57 (m, 2H), 4.46 (q, J = 7.2 Hz, 2H), 1.46 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz,
CDCl,) o0: 162.82 , 162.23 , 159.75(d, J = 247.0 Hz, 1C), 145.24 , 135.92 , 132.07(d, J = 6.4 Hz, 1C), 131.61 ,
130.95(d, J=9.2 Hz,1C), 127.27 , 126.08(d, J = 10.2 Hz,1C), 121.30(d, J = 26.6 Hz, 1C), 110.86 (d, J=21.9 Hz,
1C), 62.14 , 14.29; MS (ESI): m/z calcd. For C14H;FNO,S [M+H]" 276.0, found 276.0.
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Ethyl 6-(trifluoromethyl)thienof2,3-b]quinoline-2-carboxylate (6e)

The compound 4e (778.8 mg, 3 mmol) was dissolved in GVL (6 mL) followed by addition of triethylamine
(2.5 mL, 18 mmol) and ethyl mercaptoacetate (395 pL, 3.6 mmol) consequently. The mixture was heated to 90 °C
and stirred at that temperature for 1 h. After the reaction finished, the mixture was dropped into ice water (10 mL).
The precipitate was isolated by filtration, washed with ethanol (10 mL) and cold water (2 mL) successively, and
dried to afford the white solid 6e (497.8 mg, 51%). '"H NMR (400 MHz, CDCl;) ¢ :8.77 (s, 1H), 8.33 (s, 1H), 8.28
(d, J=9.2 Hz, 1H), 8.15 (s, 1H), 7.95 (dd, /= 8.8, 2.0 Hz, 1H), 4.48 (q, /= 7.2 Hz, 2H), 1.46 (t,J = 7.2 Hz, 3H);
13C NMR (100 MHz, CDCl) o: 165.56 , 162.07 , 148.43 , 136.36 , 133.78 , 132.00 , 129.82 ,127.73 (d, J = 32.6
Hz, 1C), 127.37 ,126.75 (d, J = 3.0 Hz, 1C), 125.88 (d, /= 1.2 Hz, 1C), 125.40 (q, J = 217.8 Hz, 1C), 124.40 ,
62.28 , 14.29; MS (ESI): m/z calcd. For C;sH;,;F;NO,S [M+H]* 326.0, found 326.0.
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Ethyl thieno[2,3-b]quinoline-2-carboxylate (6f)*

The compound 4f (574.8 mg, 3 mmol) was dissolved in GVL (6 mL) followed by addition of triethylamine
(2.5 mL, 18 mmol) and ethyl mercaptoacetate (395 pL, 3.6 mmol) consequently. The mixture was heated to 90 °C
and stirred at that temperature for 1 h. After the reaction finished, the mixture was dropped into ice water (10 mL).
The precipitate was isolated by filtration, washed with ethanol (10 mL) and cold water (2 mL) successively, and
dried to afford the white solid 6f (617.3 mg, 80%). 'H NMR (400 MHz, CDCls) o: 8.65 (s, 1H), 8.15 (d, J = 8.4
Hz, 1H), 8.09 (s, 1H), 7.99 — 7.97 (m, 1H), 7.82 — 7.78 (m, 1H), 7.59 —7.55 (m, 1H), 4.46 (q, J = 7.2 Hz, 2H), 1.45
(t, J=7.2 Hz, 3H); 3C NMR (100 MHz, CDCl3) d: 163.56 , 162.42 , 148.11 , 135.07 , 133.01, 131.17 , 130.58 ,
128.67 , 128.48 , 127.77 , 125.88 , 125.77 , 62.06 , 14.32; MS (ESI): m/z calcd. For C14H;;NO,S [M+H]* 258.1,
found 258.0.
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Ethyl 6-methylthieno[2,3-b]quinoline-2-carboxylate (6g)

The compound 4g (616.8 mg, 3 mmol) was dissolved in GVL (6 mL) followed by addition of triethylamine
(2.5 mL, 18 mmol) and ethyl mercaptoacetate (395 pL, 3.6 mmol) consequently. The mixture was heated to 90 °C
and stirred at that temperature for 1 h. After the reaction finished, the mixture was dropped into ice water (10 mL).
The precipitate was isolated by filtration, washed with ethanol (10 mL) and cold water (2 mL) successively, and
dried to afford the white solid 6g (675.3 mg, 83%). '"H NMR (400 MHz, CDCls) d: 8.56 (s, 1H), 8.09 (s, 1H), 8.05
(d, J=8.8 Hz, 1H), 7.73 (s, 1H), 7.63 (dd, J = 8.8, 2.0 Hz, 1H), 4.45 (q, J = 7.2 Hz, 2H), 2.58 (s, 3H), 1.45 (t, J =
7.2 Hz, 3H); 3C NMR (100 MHz, CDCl;) 6: 162.72, 162.48 , 146.97 , 135.72 , 134.76 , 133.17, 132.18 , 131.17
, 128.09 , 127.85, 127.08 , 125.86 , 62.00 , 21.61 , 14.31; MS (ESI): m/z calcd. For C;sH4NO,S [M+H]* 272.1,
found 272.0.
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Ethyl 7-methylthieno[2,3-b]quinoline-2-carboxylate (6h)

The compound 4h (616.8 mg, 3 mmol) was dissolved in GVL (6 mL) followed by addition of triethylamine
(2.5 mL, 18 mmol) and ethyl mercaptoacetate (395 pL, 3.6 mmol) consequently. The mixture was heated to 90 °C
and stirred at that temperature for 1 h. After the reaction finished, the mixture was dropped into ice water (10 mL).
The precipitate was isolated by filtration, washed with ethanol (10 mL) and cold water (2 mL) successively, and
dried to afford the white solid 6h (610.3 mg, 75%). 'H NMR (400 MHz, CDCls) ¢: 8.57 (s, 1H), 8.05 (s, 1H),
7.90 (s, 1H), 7.85 (d, J= 8.4 Hz, 1H), 7.39 (d, J = 8.4, 1H), 4.45 (q, J = 7.2 Hz, 2H), 2.60 (s, 3H), 1.44 (t,J=7.2
Hz, 3H); 3C NMR (100 MHz, CDCl;) d: 163.62 , 162.50 , 148.44 , 141.29 , 134.21 , 132.68 , 130.50 , 128.40 ,
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128.24 ,127.92 , 127.20 , 123.97 , 61.97 , 22.20 , 14.32; MS (ESI): m/z calcd. For C;sH;4NO,S [M+H]" 272.1,
found 272.0.
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Ethyl 8-methylthieno[2,3-b]quinoline-2-carboxylate (6i)

The compound 4i (616.8 mg, 3 mmol) was dissolved in GVL (6 mL) followed by addition of triethylamine
(2.5 mL, 18 mmol) and ethyl mercaptoacetate (395 pL, 3.6 mmol) consequently. The mixture was heated to 90 °C
and stirred at that temperature for 1 h. After the reaction finished, the mixture was dropped into ice water (10 mL).
The precipitate was isolated by filtration, washed with ethanol (10 mL) and cold water (2 mL) successively, and
dried to afford the white solid 6i (667.2 mg, 82%). 'H NMR (400 MHz, CDCls) ¢: 8.63 (s, 1H), 8.10 (s, 1H), 7.83
(d, J=8.0 Hz, 1H), 7.64 (d, /= 7.2 Hz, 1H), 7.46 (m, 1H), 4.46 (q, J = 7.2 Hz, 2H), 2.88 (s, 3H), 1.45 (t,J="7.2
Hz, 3H); 3C NMR (100 MHz, CDCl;) d: 162.70 , 162.56 , 147.50 , 136.48 , 134.85 , 133.09 , 130.79 , 130.34 ,
127.73 , 126.61 , 125.72 , 125.59 , 61.96 , 18.33 , 14.32; MS (ESI): m/z caled. For C;sH;4NO,S [M+H]" 272.1,
found 272.0.
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Ethyl 6-methoxythieno[2,3-b]quinoline-2-carboxylate (6j)?

The compound 4j (664.8 mg, 3 mmol) was dissolved in GVL (6 mL) followed by addition of triethylamine
(2.5 mL, 18 mmol) and ethyl mercaptoacetate (395 pL, 3.6 mmol) consequently. The mixture was heated to 90 °C
and stirred at that temperature for 1 h. After the reaction finished, the mixture was dropped into ice water (10 mL).
The precipitate was isolated by filtration, washed with ethanol (10 mL) and cold water (2 mL) successively, and
dried to afford the white solid 6j (723.7 mg, 84%). '"H NMR (400 MHz, CDCls) o: 8.55 (s, 1H), 8.08 (s, 1H), 8.05
(d, J=8.8 Hz, 1H), 7.47 (dd, J=9.2, 2.8 Hz, 1H), 7.19 (d, /= 2.8 Hz, 1H), 4.46 (q, J= 7.2 Hz, 2H), 3.97 (s, 3H),
1.45 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCl;) J: 162.47 , 161.09 , 157.13 , 144.80 , 134.90 , 131.30 ,
131.25, 129.79 , 127.57 , 126.74 , 124.42 , 104.73 , 61.98 , 55.56 , 14.31; MS (ESI): m/z caled. For C;5H4NO3S
[M+H]* 288.1, found 288.0.
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Ethyl 7-methoxythieno[2,3-b]quinoline-2-carboxylate (6K)
The compound 4k (664.8 mg, 3 mmol) was dissolved in GVL (6 mL) followed by addition of triethylamine
(2.5 mL, 18 mmol) and ethyl mercaptoacetate (395 pL, 3.6 mmol) consequently. The mixture was heated to 90 °C
and stirred at that temperature for 1 h. After the reaction finished, the mixture was dropped into ice water (10 mL).
The precipitate was isolated by filtration, washed with ethanol (10 mL) and cold water (2 mL) successively, and
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dried to afford the white solid 6k (706.5 mg, 82%). 'H NMR (400 MHz, CDC]ls) ¢: 8.55 (s, 1H), 8.07 (s, 1H), 7.85
(d, /J=9.2 Hz, 1H), 7.43 (d,J=2.4 Hz, 1H), 7.23 (dd, /= 8.8, 2.4 Hz, 1H), 4.45 (q, J = 7.2 Hz, 2H), 3.99 (s, 3H),
1.44 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCl;) d: 164.09 , 162.57 , 161.75 , 150.09 , 133.05 , 132.64 ,
129.70, 129.39, 128.09 , 121.46, 120.15 , 105.66 , 61.90 , 55.65 , 14.33; MS (ESI): m/z calcd. For C;5H4,NO3S
[M+H]* 288.1, found 288.0.
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Ethyl 8-methoxythieno[2,3-b]quinoline-2-carboxylate (61)

The compound 41 (664.8 mg, 3 mmol) was dissolved in GVL (6 mL) followed by addition of triethylamine
(2.5 mL, 18 mmol) and ethyl mercaptoacetate (395 pL, 3.6 mmol) consequently. The mixture was heated to 90 °C
and stirred at that temperature for 1 h. After the reaction finished, the mixture was dropped into ice water (10 mL).
The precipitate was isolated by filtration, washed with ethanol (10 mL) and cold water (2 mL) successively, and
dried to afford the white solid 61 (689.4 mg, 80%). '"H NMR (400 MHz, CDCls) ¢: 8.64 (s, 1H), 8.10 (s, 1H), 7.58-
7.56 (m, 1H), 7.51-7.47 (m, 1H), 7.15-7.12 (m, 1H), 4.45 (q, J = 7.2 Hz, 2H), 4.15 (s, 3H), 1.45(t, J = 7.2 Hz,
3H); *C NMR (100 MHz, CDCl3) d: 162.72 , 162.42 , 154.52 , 140.36 , 135.64 , 132.88 , 131.60 , 127.41 , 126.81
, 125.81 , 120.44 , 108.01 , 62.02 , 56.19 , 14.31; MS (ESI): m/z calcd. For C;5H4,NO3S [M+H]* 288.1, found
288.0.

Ethyl 6,7-dimethoxythieno[2,3-b]quinoline-2-carboxylate (6m)

The compound 4m (755.1 mg, 3 mmol) was dissolved in GVL (6 mL) followed by addition of triethylamine
(2.5 mL, 18 mmol) and ethyl mercaptoacetate (395 pL, 3.6 mmol) consequently. The mixture was heated to 90 °C
and stirred at that temperature for 1 h. After the reaction finished, the mixture was dropped into ice water (10 mL).
The precipitate was isolated by filtration, washed with ethanol (10 mL) and cold water (2 mL) successively, and
dried to afford the white solid 6m (849.9 mg, 89%). 'H NMR (400 MHz, CDCls) J: 8.46 (s, 1H), 8.05 (s, 1H),
7.43 (s, 1H), 7.15 (s, 1H), 4.44 (q, J = 7.2 Hz, 2H), 4.08 (s, 3H), 4.05 (s, 3H), 1.44 (t, /= 7.2 Hz, 3H); *C NMR
(100 MHz, CDCl;) : 162.63 , 161.57 , 153.85 , 149.63 , 145.97 , 132.93 , 130.68 , 129.61 , 127.87 , 121.78 ,
106.48 ,105.00, 61.84, 56.25, 56.07 , 14.32; MS (ESI): m/z caled. For C;cH;sNO4S [M+H]" 318.1, found 318.0.

O/

o N~ S <>

Ethyl 5,6,7-trimethoxythieno[2,3-b]quinoline-2-carboxylate (6n)
6



The compound 4n (845.1 mg, 3 mmol) was dissolved in GVL (6 mL) followed by addition of triethylamine
(2.5 mL, 18 mmol) and ethyl mercaptoacetate (395 pL, 3.6 mmol) consequently. The mixture was heated to 90 °C
and stirred at that temperature for 1 h. After the reaction finished, the mixture was dropped into ice water (10 mL).
The precipitate was isolated by filtration, washed with ethanol (10 mL) and cold water (2 mL) successively, and
dried to afford the white solid 6n (708.5 mg, 68%).'H NMR (400 MHz, CDCl;) ¢: 8.83 (s, 1H), 8.09 (s, 1H), 7.26
(s, 1H), 4.44 (q, J= 7.2 Hz, 2H), 4.14 (s, 3H), 4.05 (s, 3H), 4.00 (s, 3H), 1.44 (t, J= 7.2 Hz, 3H); 3C NMR (100
MHz, CDCl5) d: 163.31, 162.61 , 157.35, 147.16 , 146.30 , 140.05 , 132.89 , 129.23 , 128.34, 127.60 , 117.78 ,
102.48 ,61.88,61.66, 61.34 ,56.22 , 14.33; MS (ESI): m/z calcd. For C;;HsNOsS [M+H]* 348.1, found 348.0.

III. PTP1B and Related PTPs Biological Assay
A colorimetric assay to measure inhibition against PTP1B (1 — 321), TCPTP (13 — 358) and SHP2 (219 — 525)
was performed in OptiPlate-384 black plates (cat no. 6007279). Briefly, the tested compounds and NSC87877
(purchased from Selleck) were solubilized in DMSO and serially diluted into concentrations for the inhibitory test
and then incubated with enzymes for 20 minutes, followed by addition of 6,8-difluoro-4-methylumbelliferyl
phosphate (DiFMUP, Invitrogen, cat. no. D22065). The enzymatic activities of the PTP1B, TCPTP and SHP2
were determined at room temperature by monitoring the dephosphorylation of DiIFMUP, products were then
detected at a 340 nm excitation wavelength and 450 nm emission wavelength by the EnVision multilabe plate
reader (Perkin-Elmer Life Sciences, Boston, MA, USA) within 10 minutes. The assays were carried out in a final
volume of 50 uL containing 50 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), pH 7.2, 50 uM
DiFMUP, 1 nM enzyme, 1 mM dithiothreitol (DTT), 100 mM NaCl, 0.05% BSA and 1% DMSO. The enzyme
reaction rate (FI / min) was defined by the slope of the reaction curve that was linear at the beginning of the
reaction. The inhibitor dose-response curves were analyzed using a four-parameter concentration—response model

in GraphPad Prism 857,
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