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Figure S1 NAMPT facilitates the expansion of MDSCs independent of its enzymatic activity. (A) FK866 

sensitivity. Cells were treated with FK866 at gradient concentrations for 72 h and cell viability was 

examined by (sulforhodamine B) SRB assay. (B) Growth of MC38 cells with stable knockdown of 

NAMPT. Left, MC38 scramble control (shNC) or shNAMPT cell confluency assessed by incuCyte 

proliferation assay; Right, immunoblot analysis of NAMPT knockdown efficiency. (C) Intracellular 

NAD+ level change in CT26 and MC38 cells with stable knockdown of NAMPT. (D) Tumor growth 

curve in nude mice. CT26 scramble control or shNAMPT cells were inoculated subcutaneously in 

BALB/c nude mice (n = 10). (E) MC38 scramble control or shNAMPT cells were inoculated 

subcutaneously in C57BL/6 mice (n = 5). Tumor infiltrating immune cells were analyzed by flow 

cytometry. The proportion of the indicated immune cells in tumor infiltrating CD45+ cells. (F) MDSCs 

from mouse bone marrow were treated with recombinant NAMPT (200 ng) for 2 h and immunoblot 

analysis was performed. All data depict the means ± SEM; *P<0.05, **P<0.01. 
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Figure S2 The rational design of NAMPT-specific PROTACs. (A–F) Immunoblot analysis of NAMPT 

in A2780 (A, C, E) or CT26 (B, D, F) cells. Cells were treated with Compound A1–7, B1–5 or C1–5 at 

10 nmol/L or 100 nmol/L for 24 h. (G) Semi-quantification of NAMPT expression level versus that of 

GAPDH based on repeated immunoblot analysis. 
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Figure S3 PROTAC A7 is a selective degrader of NAMPT. (A, B) The proteomic analysis of A7-caused 

protein degradation in A2780 cells. Cells were treated with A7 (10 nM, 24 h) or vehicle control. 

Proteomic analysis was performed to compare the protein level change between A7 and the control group. 

(C) Immunoblot analysis of the indicated proteins in A2780 cells treated with cycloheximide (CHX, 25 

μg/mL) at different timepoints. 
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Figure S4 The impact of compound A7 on NAD+-relating pathway. (A) Intracellular NAD+  levels in 

A2780 cells. Cells were treated with PROTAC A7 as indicated for 24 h. (B) RNAseq analysis of CT26 

cells treated with A7  (100 nmol/L, 24 h) using Gene Set Enrichment Analysis (GSEA). 
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Figure S5 PROTAC A7 inhibits MDSCs infiltration and revives antitumor immunity. CT26 tumor 

bearing BALB/c or nude mice were treated with PROTAC A7 (16 mg/kg, i.p), MS7 (16 mg/kg, i.p.) or 

vehicle for 12 consecutive days. (A) Body weight in BALB/c mice (n = 6). (B) Body weight in nude 

mice (n = 6). (C) The proportion of the indicated immune cells in tumor infiltrating CD45+ cells. CT26 

tumor-bearing BALB/c mice (n = 7 or 8) were treated as in (A) for 7 consecutive days. Tumor infiltrating 

immune cells were analyzed by flow cytometry. 
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Scheme S1 Synthetic routes of target compounds A1–5, B1–5 and C1–5a. 

aReagents and conditions: (a) tert-butyl piperazine-1-carboxylate, Et3N, CH2Cl2, rt, 2 h, 89%; (b) Pd/C, 

H2, CH2Cl2, rt, overnight, 96%; (c) di(1H-imidazol-1-yl)methanethione, CH2Cl2, rt, overnight, 85%; (d) 

pyridin-3-ylmethanamine, CH2Cl2, rt, 6 h, 92%; (e) CF3COOH, CH2Cl2, rt, overnight, 90%; (f) (i) 

substituted methyl (bromomethyl)benzoate, Et3N, CH2Cl2, rt, 4 h; (ii) LiOH, THF/MeOH/H2O, rt, 2 h, 

40%–56%; (g) (i) amino acid esters, HATU, DIPEA, DMF, rt, 4 h; (ii) LiOH, THF/MeOH/H2O, rt, 4 h, 

15%–30%; (h) VHL ligand, HATU, DIPEA, DMF, rt, 5 h, 17%–26%. 
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Scheme S2 Synthetic routes of target compounds A6 and A7a. 

aReagents and conditions: (a) VHL ligand, HATU, DIPEA, DMF, rt, 5 h, 21%–28%; (b) Pd/C, H2, 

CH2Cl2, rt, overnight, 96%; (c) compound 8a, HATU, DIPEA, DMF, rt, 5 h, 23%–29%.
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Scheme S3 Synthetic route of target compound D1a 

aReagents and conditions: (a) VHL ligand analog, HATU, DIPEA, DMF, rt, 5 h, 18%; (b) Pd/C, H2, CH2Cl2, 

rt, overnight, 95%; (c) compound 8a, HATU, DIPEA, DMF, rt, 5 h, 31%.
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Scheme S4 Synthetic Route of Target Compound E1a 

aReagents and conditions: (a) phenylmethanamine, CH2Cl2, rt, 6 h, 90%; (b) CF3COOH, CH2Cl2, rt, 

overnight, 92%; (c) (i) substituted methyl (bromomethyl)benzoate, Et3N, CH2Cl2, rt, 4 h; (ii) LiOH, 

THF/MeOH/H2O, rt, 2 h, 46%; (d) compound 12b, HATU, DIPEA, DMF, rt, 5 h, 14%.
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Supporting methods 

1. Chemistry  

General information. The materials used in the experiments were commercially available. Column 

chromatography was performed on 200–300 mesh silica gel. 1H NMR and 13C NMR spectra were recorded 

on Bruker AVANCE300 or AVANCE600 spectrometer (Bruker Company, Germany) with DMSO-d6, 

CD3OD or CDCl3 as the solvents and TMS as the internal standard. Chemical shift (δ) was given in ppm and 

the coupling constant (J) is reported in hertz (Hz).  

The VHL ligand analog was prepared according to the literature14. Intermediate 13 was obtained through 

amidation between the VHL ligand analog and compound 10b. Then, intermediate 13 was reduced under a 

H2 atmosphere to afford compound 14. Target compound D1 was obtained through amidation between 

compound 8a and intermediate 14 (Scheme S3). Intermediate 15 was obtained through the reaction between 

intermediate 5 and phenylmethanamine. After the removal of the Boc protecting group with trifluoroacetic 

acid, intermediate 16 was obtained. Then, substituted methyl (bromomethyl)benzoate was added to give 

esters, which were converted to the corresponding acid intermediate 17 under basic conditions. Amidation 

of compound 17 with intermediate 12b afforded the negative control compound E1 (Scheme S4). 

 

tert-Butyl-4-((4-nitrophenyl)sulfonyl)piperazine-1-carboxylate (3). The mixture of compound 2 (500 mg, 

2.3 mmol), tert-butyl piperazine-1-carboxylate (840 mg, 4.6 mmol) and Et3N (230 mg, 2.3 mmol) was 

dissolved in CH2Cl2 (20 mL) and stirred at room temperature for 2 h. Then, the mixture was washed with 1 

mol/L HCl aqueous solution (10 mL) twice. The organic phase was dried over anhydrous Na2SO4 and 

concentrated under reduced pressure to afford the desired compound 3 (760 mg, 89%). 1H-NMR (DMSO-d6, 

600 MHz) δ: 7.78 (d, J = 8.78 Hz, 2H), 7.67 (d, J = 8.78 Hz, 2H), 3.37–3.40 (m, 4H), 2.85–2.89 (m, 4H), 

1.34 (s, 9H). 

 

tert-Butyl-4-((4-aminophenyl)sulfonyl)piperazine-1-carboxylate (4). The intermediate 3 (750 g, 2.0 mmol) 

was dissolved in CH2Cl2 (20 mL) and Pd/C (200 mg, 1.2 mmol, 45% purity) was added. The mixture was 

stirred at room temperature and maintained overnight under the atmosphere of hydrogen. Then the resulting 

mixture was filtrated through diatomite and the filtrate was concentrated under reduced pressure to afford the 

intermediate 4 (650 mg, 96%) as a white solid. 1H NMR (DMSO-d6, 600 MHz) δ: 7.33 (d, J = 8.7 Hz, 2H), 

6.64 (d, J = 8.9 Hz, 2H), 6.11 (s, 2H), 3.33-3.41 (m, 4H), 2.73 (t, J = 4.9 Hz, 4H), 1.34 (s, 9H). 
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tert-Butyl-4-((4-(1H-imidazole-1-carbothioamido)phenyl)sulfonyl)piperazine-1-carboxylate (5). The 

intermediate 4 (650 mg, 1.9 mmol) was previously dissolved in CH2Cl2 and stirred for 5 min at 0 C. Then, 

TCDI (462 mg, 2.9 mmol) was added and the solution was allowed to slowly warm to room temperature and 

stirred overnight. The solvent was removed under reduced pressure and the crude product was purified by 

silica gel flash chromatography (PE:EA = 20: 1) to afford intermediate 5 (730 mg, 85%) as a white solid. 1H 

NMR (600 MHz, DMSO-d6) δ: 7.76–7.79 (m, 2H), 7.64–7.66 (m, 2H), 3.38 (t, J = 8.7 Hz, 4H), 2.87 (t, J = 

5.1 Hz, 4H), 1.33 (s, 9H). 

 

tert-Butyl-4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazine-1-carboxylate (6) To a 

solution of the intermediate 5 (780 mg, 1.59 mmol) in DCM (10 mL) was added 3-aminomethylpyridine (171 

mg, 1.59 mmol) and then the mixture was reacted at room temperature for 6 h. The solid is filtered to obtain 

the intermediate 6 (720 mg, 92%) as a white solid. 1H NMR (600 MHz, CD3OD) δ: 8.55–8.56 (m, 1H), 8.43 

(m, 1H), 7.86–7.89 (m, 1H), 7.69–7.74 (m, 4H), 7.39–7.42 (m, 1H), 4.88 (s, 2H), 3.48 (s, 4H), 2.94 (t, J = 

5.03 Hz, 4H), 1.39 (s, 9H). 

 

1-(4-(Piperazin-1-ylsulfonyl)phenyl)-3-(pyridin-3-ylmethyl)thiourea(7) Compound 6 (500 mg, 1.01 

mmol) was dissolved in dry CH2Cl2 (5 mL) containing 20% TFA, and then the mixture was stirred overnight 

at room temperature. The reaction solution was washed with saturated brine (20 mL), and the organic The 

phase was concentrated to obtain intermediate 7 as a white solid (360 mg, 90%).1H NMR (600 MHz, DMSO-

d6) δ: 10.13 (s, 1H), 8.61(s, 1H), 8.56-8.58 (m, 1H), 8.46–8.49 (m, 1H), 7.82 (d, J = 8.8 Hz, 2H), 7.66 (d, J 

= 8.8 Hz, 2H), 7.49 (d, J = 8.3 Hz, 2H), 4.79 (d, J = 5.3 Hz, 2H), 4.30 (s, 1H), 3.74–3.37 (m, 4H), 2.86–3.03 

(m, 4H). 
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4-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)meth- 

yl)benzoic acid (8a) Compound 7 (75 mg, 0.14 mmol) and methyl 4-bromomethylbenzoate (70 mg, 0.31 

mmol) were dissolved in dry CH2Cl2 (6 mL) containing TEA (100 L), then the mixture was stirred at room 

temperature for 4 h. The solution was concentrated and purified by silica gel column chromatography 

(CH2Cl2/MeOH = 100/1) to obtain a white solid (110 mg). Then it was then dissolved in THF/MeOH/H2O 

(v/v/v = 3/2/1, 15 mL) containing LiOH (20 mg, 0.84 mmol). The mixture was stirred at room temperature 

for 2 h, the organic phase is evaporated under vacuum. Then pH was adjusted to about 3 with 1 mol/L HCl. 

The precipitant was filtered and dried to obtain the intermediate 8a as a white solid (75 mg, 56%). 1H NMR 

(600 MHz, DMSO-d6) δ: 12.82 (s, 1H), 10.17 (s, 1H), 8.63-8.68 (m, 1H), 8.57 (d, J = 1.8 Hz, 1H), 8.48 (dd, 

J = 4.7, 1.6 Hz, 1H), 7.83 (d, J = 8.1 Hz, 2H), 7.81 (d, J = 9.1 Hz, 2H), 7.77 (d, J = 7.7 Hz, 1H), 7.65 (d, J = 

9.1 Hz, 2H), 7.34–7.40 (m, 3H), 4.79 (d, J = 5.4 Hz, 2H), 3.57 (s, 2H), 2.83–2.95 (m, 4H), 2.39–2.49 (m, 

4H). 

The synthetic routes of compounds 8b and 8c were similar to 8a. 

 

3-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benzoic acid (8b) 

White solid, 40%. 1H NMR (600 MHz, DMSO-d6) δ: 12.91 (s, 1H), 10.13 (s, 1H), 8.64 (s, 1H), 8.55–8.59 

(m, 1H), 8.47 (dd, J = 4.6, 1.0 Hz, 1H), 7.80–7.83 (m, 2H), 7.78–7.83 (m, 2H), 7.76–7.78 (m, 1H), 7.65 (d, 

J = 7.6 Hz, 2H), 7.48 (d, J = 7.6 Hz, 1H), 7.41 (t, J = 15.4, 7.9 Hz, 1H), 7.38 (dd, J = 7.8, 4.7 Hz, 1H), 4.79 

(d, J = 5.4 Hz, 2H), 3.54 (s, 2H), 2.89 (s, 4H), 2.45 (s, 4H).  

 

4-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benzoic acid (8c) 

White solid, 48%. 1H NMR (600 MHz, DMSO-d6) δ: 10.13 (s, 1H), 8.64 (s, 1H), 8.47–8.57 (m, 1H), 8.47–

8.48 (m, 1H), 7.80–7.82 (m, 2H), 7.76–7.78 (m, 1H), 7.72–7.73 (m, 1H), 7.64–7.66 (m, 2H), 7.45–7.47 (m, 

1H), 7.35–7.39 (m, 3H), 4.80 (d, J = 5.1 Hz, 2H), 3.82 (s, 2H), 2.79-2.91 (m, 4H), 2.30–2.40 (m, 4H). 
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4-(4-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl) benzami-

do)butanoic acid (9a). The compound 8 (75 mg, 0.14 mmol), methyl butyrate (15 mg, 0.14 mmol), HATU 

(81 mg, 0.22 mmol), DIPEA (28 mg, 0.22 mmol) were dissolved in dry DMF (5 mL) and then the mixture 

was stirred at room temperature for 4 h. The mixture was poured saturated NaCl solution (20 mL) and then 

extracted with ethyl acetate (10 mL  3). The organic phases were combined and washed with of saturated 

NaCl solution (10 mL). After dried over sodium sulfate, it was concentrated and purified by silica gel column 

chromatography (dichloromethane/methanol=100/1) to obtain 80 mg of white solid. The obtained product 

was dissolved in THF/MeOH/H2O (v/v/v = 3/2/1, 10 mL) containing LiOH (15 mg, 0.63 mmol). The mixture 

was stirred at room temperature for 4 h, the organic phase is evaporated under vacuum. Then pH was adjusted 

to about 3 with 1 mol/L HCl. The precipitant was filtered and dried to obtain the intermediate 9a as a white 

solid (26 mg, 30%). 1H NMR (600 MHz, DMSO-d6) δ: 12.08 (s, 1H), 10.39 (s, 1H), 8.79 (s, 1H), 8.41–8.61 

(m, 2H), 7.85 (d, J = 8.1 Hz, 2H), 7.77 (d, J = 7.5 Hz, 2H), 7.63 (d, J = 8.8 Hz, 2H), 7.24–7.46 (m, 5H), 4.78 

(d, J = 5.2 Hz, 2H), 3.59 (s, 2H), 3.11 (d, J = 4.8 Hz, 2H), 2.76–3.01 (m, 4H), 2.27–2.49 (m, 4H), 2.22 (t, J 

= 7.1 Hz, 2H), 1.62 (t, J = 6.3 Hz, 2H). 

The synthetic routes of 9b–o were similar to that of 9a. 

 

5-(4-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benz-

amido)pentanoic acid (9b). White solid, 21%. 1H NMR (600 MHz, DMSO-d6) δ: 11.97 (s, 1H), 10.45 (s, 

1H), 8.76–8.91 (m, 1H), 8.55 (d, J = 1.7 Hz, 1H), 8.46 (dd, J = 4.7, 1.3 Hz, 1H), 8.37 (t, J = 4.9 Hz, 1H), 

7.84 (d, J = 7.4 Hz, 2H), 7.72–7.77 (m, 3H), 7.63 (d, J = 8.7 Hz, 2H), 7.36 (dd, J = 7.7, 4.9 Hz, 1H), 7.31 (d, 

J = 7.3 Hz, 2H), 4.78 (d, J = 5.6 Hz, 2H), 3.46–3.69 (m, 4H), 3.20 (q, J = 6.4 Hz, 2H), 2.88 (s, 4H), 2.36–

2.57 (m, 4H), 1.45–1.49 (m, 4H). 
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6-(4-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benz-

amido)hexanoic acid(9c). White solid, 26%. 1H NMR (600 MHz, DMSO-d6) δ: 10.27 (s, 1H), 8.71 (s, 1H), 

8.55 (s, 1H), 8.46 (d, J = 4.4 Hz, 1H), 8.38 (s, 1H), 7.70–7.84 (m, 6H), 7.63 (d, J = 1.6 Hz, 2H), 7.37 (dd, J 

= 7.7, 4.7 Hz, 1H), 7.31 (s, 1H), 4.77 (d, J = 5.4 Hz, 2H), 3.17–3.22 (m, 3H), 2.86 (s, 4H), 2.35–2.48 (m, 

4H), 2.18 (t, J = 7.4 Hz, 2H), 1.34–1.52 (m, 5H), 1.25–1.30 (m, 2H). 

 

7-(4-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benz-

amido)heptanoic acid(9d) White solid, 27%. 1H NMR (600 MHz, DMSO-d6) δ: 11.94 (s, 1H), 10.47 (s, 1H), 

8.84 (s, 1H), 8.55 (d, J = 1.6 Hz, 1H), 8.46 (dd, J = 4.9, 1.3 Hz, 1H), 8.37–8.43 (m, 1H), 7.85 (d, J = 8.4 Hz, 

2H), 7.76 (d, J = 7.3 Hz, 3H), 7.63 (d, J = 8.8 Hz, 2H), 7.32-7.42 (m, 3H), 4.78 (d, J = 5.6 Hz, 2H), 3.72 (s, 

2H), 3.20 (q, J = 6.6 Hz, 2H), 2.93 (s, 4H), 2.65 (s, 4H), 2.17 (t, J = 7.1 Hz, 2H), 1.43–1.51 (m, 4H), 1.23-

1.31 (m, 4H). 

 

8-(4-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benz-

amido)octanoic acid(9e) White solid, 15%. 1H NMR (600 MHz, DMSO-d6) δ: 12.88 (s, 1H), 11.69 (s, 1H), 
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8.53 (s, 1H), 8.43 (d, J = 4.2 Hz, 1H), 8.35 (t, J = 4.8 Hz, 1H), 8.00 (d, J = 8.2 Hz, 2H), 7.67–7.78 (m, 3H), 

7.55 (d, J = 8.8 Hz, 2H), 7.34 (dd, J = 7.8, 4.8 Hz, 1H), 7.28 (d, J = 7.8 Hz, 2H), 4.76 (s, 2H), 3.45 (s, 2H), 

3.17–3.25 (m, 2H), 2.75 (s, 4H), 2.41 (s, 4H), 1.94 (t, J = 7.6 Hz, 2H), 1.30–1.53 (m, 4H), 1.18–1.31 (m, 6H). 

 

4-(3-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benz-

amido)butanoic acid (9f) White solid, 28%. 1H NMR (600 MHz, DMSO-d6) δ: 12.08 (s, 1H), 10.13 (s, 1H), 

8.64 (s, 1H), 8.57 (d, J = 1.5 Hz, 1H), 8.47 (dd, J = 4.7, 1.4 Hz, 1H), 8.44 (t, J = 5.6 Hz, 1H), 7.75–7.80 (m, 

3H), 7.68-7.70 (m, 2H), 7.64 (d, J = 8.9 Hz, 2H), 7.35–7.40 (m, 3H), 4.79 (d, J = 5.5 Hz, 2H), 3.51 (s, 2H), 

3.24 (q, J = 6.6 Hz, 2H), 2.89 (s, 4H), 2.45 (s, 4H), 2.26 (t, J = 7.5 Hz, 2H), 1.70–1.75 (m, 2H). 

 

5-(3-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benz-

amido)pentanoic acid (9g) White solid, 27%. 1H NMR (600 MHz, DMSO-d6) δ: 10.28 (s, 1H), 8.77 (s, 1H), 

8.54 (d, J = 1.7 Hz, 1H), 8.44 (dd, J = 4.8, 1.4 Hz, 1H), 8.40 (t, J = 5.6 Hz, 1H), 7.77 (d, J = 8.7 Hz, 2H), 

7.70–7.76 (m, 1H), 7.63–7.69 (m, 2H), 7.60 (d, J = 8.7 Hz, 2H), 7.29–7.38 (m, 3H), 4.76 (d, J = 5.3 Hz, 2H), 

3.41–3.55 (m, 4H), 3.21 (q, J = 6.8 Hz, 2H), 2.80–2.93 (m, 4H), 2.39 (s, 4H), 2.21 (t, J = 7.6 Hz, 2H), 1.66–

1.75 (m, 2H). 
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6-(3-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benz-

amido)hexanoic acid (9h) White solid, 22%. 1H NMR (600 MHz, DMSO-d6) δ: 11.99 (s, 1H), 10.37 (s, 1H), 

8.81 (s, 1H), 8.57 (s, 1H), 8.47 (d, J = 4.1 Hz, 1H), 8.40 (t, J = 5.6 Hz, 1H), 7.80–7.85 (m, 2H), 7.77 (d, J = 

8.3 Hz, 1H), 7.66–7.70 (m, 2H), 7.64 (d, J = 8.8 Hz, 2H), 7.34–7.40 (m, 3H), 4.79 (d, J = 5.1 Hz, 2H), 3.49 

(s, 2H), 3.32 (q, J = 6.6 Hz, 2H), 2.88 (s, 4H), 2.43 (s, 4H), 2.19 (t, J = 7.5 Hz, 2H), 1.47–1.53 (m, 4H), 1.26–

1.31 (m, 2H). 

 

7-(3-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benz-

amido)heptanoic acid (9i) White solid, 27%. 1H NMR (600 MHz, DMSO-d6) δ: 12.00 (s, 1H), 10.23 (s, 1H), 

8.70 (s, 1H), 8.57 (d, J = 1.9 Hz, 1H), 8.47 (dd, J = 4.7, 1.3 Hz, 1H), 8.38–8.43 (m, 1H), 7.79–7.85 (m, 2H), 

7.75–7.79 (m, 1H), 7.71 (s, 2H), 7.65 (d, J = 8.8 Hz, 2H), 7.33–7.43 (m, 3H), 4.79 (d, J = 5.5 Hz, 2H), 3.55 

(s, 2H), 3.21 (q, J = 6.8 Hz, 2H), 2.89 (s, 4H), 2.37-2.49 (m, 4H), 2.19 (t, J = 7.4 Hz, 2H), 1.46–1.51 (m, 4H), 

1.26–1.30 (m, 4H). 
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8-(3-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benz-

amido)octanoic acid (9j) White solid, 21%. 1H NMR (600 MHz, DMSO-d6) δ: 11.97 (s, 1H), 10.35 (s, 1H), 

8.78 (s, 1H), 8.47 (s, 1H), 8.40 (t, J = 5.2 Hz, 1H), 7.83 (d, J = 8.5 Hz, 2H), 7.77 (d, J = 7.8 Hz, 1H), 7.69–

7.75 (m, 2H), 7.65 (d, J = 8.7 Hz, 2H), 7.34–7.43 (m, 2H), 7.79 (d, J = 5.4 Hz, 2H), 3.60 (s, 2H), 3.32 (q, J 

= 6.3 Hz, 2H), 2.91 (s, 4H), 2.50–2.68 (m, 4H), 2.18 (t, J = 7.0 Hz, 2H), 1.43–1.53 (m, 4H), 1.25–1.29 (m, 

8H). 

 

4-(2-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benz-

amido)butanoic acid (9k) White solid, 28%. 1H NMR (600 MHz, DMSO-d6) δ: 10.75 (s, 1H), 9.27 (s, 1H), 

8.56 (d, J = 1.6 Hz, 1H), 8.49 (t, J = 11.0, 5.7 Hz, 1H), 8.46 (dd, J = 4.6, 1.1 Hz, 1H), 7.84 (d, J = 8.6 Hz, 

2H), 7.76 (d, J = 7.9 Hz, 1H), 7.71 (d, J = 8.7 Hz, 2H), 7.25–7.39 (m, 5H), 4.78 (d, J = 4.4 Hz, 2H), 3.54 (s, 

2H), 3.30 (q, J = 6.5 Hz, 2H), 2.84 (s, 4H), 2.39 (s, 4H), 2.16 (t, J = 7.3 Hz, 2H), 1.56–1.63 (m, 2H). 

 

5-(2-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benz-

amido)pentanoic acid (9l) White solid, 18%. 1H NMR (600 MHz, DMSO-d6) δ: 12.05 (s, 1H), 10.23 (s, 1H), 
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8.66 (s, 2H), 8.57 (d, J = 1.7 Hz, 1H), 8.44–8.50 (m, 1H), 7.85 (d, J = 8.6 Hz, 2H), 7.78 (d, J = 7.6 Hz, 1H), 

7.66 (d, J = 8.6 Hz, 2H), 7.33–7.55 (m, 5H), 4.79 (d, J = 5.3 Hz, 2H), 3.6–4.15 (m, 2H), 3.16 (s, 3H), 2.60–

3.10 (m, 6H), 2.22 (t, J = 7.0 Hz, 2H), 1.34–1.60 (m, 5H). 

 

6-(2-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benz-

amido)hexanoic acid (9m) White solid, 29%. 1H NMR (600 MHz, DMSO-d6) δ: 10.20 (s, 1H), 8.67 (s, 1H), 

8.54 (d, J = 1.5 Hz, 1H), 8.44 (dd, J = 4.7, 1.3 Hz, 1H), 7.79 (s, 1H), 7.78 (s, 1H), 7.69–7.76 (m, 2H), 7.62 

(s, 1H), 7.61 (s, 1H), 7.43–7.48 (m, 1H), 7.33–7.38 (m, 4H), 4.75 (d, J = 5.5 Hz, 2H), 3.88 (s, 4H), 3.02–3.30 

(m, 4H), 2.76-3.10 (m, 8H), 2.65 (s, 4H). 

 

7-(2-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benz-

amido)heptanoic acid (9n) White solid, 18%. 1H NMR (600 MHz, DMSO-d6) δ: 12.00 (s, 1H), 10.34 (s, 

1H), 8.73 (s, 1H), 8.52–8.60 (m, 2H), 8.47 (dd, J = 4.7, 1.3 Hz, 1H), 7.86 (d, J = 8.4 Hz, 2H), 7.75–7.78 (m, 

1H), 7.63 (d, J = 8.7 Hz, 2H), 7.27–7.41 (m, 4H), 4.79 (d, J = 5.9 Hz, 2H), 3.56 (s, 2H), 3.05 (d, J = 4.2 Hz, 

2H), 2.84 (s, 4H), 2.43 (s, 4H), 2.19 (t, J = 7.4 Hz, 2H), 1.43–1.49 (m, 2H), 1.29–1.38 (m, 2H), 1.17–1.23 

(m, 4H). 
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8-(2-((4-((4-(3-(Pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benz-

amido)octanoic acid (9o) White solid, 29%. 1H NMR (DMSO-d6, 600MHz) δ: 11.95 (s, 1H), 10.38 (s, 1H), 

8.53–8.83 (m, 3H), 8.48 (dd, J = 1.2 Hz, 4.6 Hz, 1H), 7.88 (d, J = 8.0 Hz, 2H), 7.77 (d, J = 8.0 Hz, 1H), 7.64 

(d, J = 8.6 Hz, 2H), 7.25–7.54 (m, 5H), 4.79 (d, J = 5.6 Hz, 2H), 3.57 (s, 2H), 2.98–3.28 (m, 4H), 2.64–2.96 

(m, 4H), 2.28–2.48 (m, 2H), 2.19 (t, J = 7.6 Hz, 2H), 1.45–1.51 (m, 2H), 1.37 (s, 2H), 1.19–1.28 (m, 6H). 

 

(2S,4R)-1-((S)-3,3-Dimethyl-2-(4-(4-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfo-nyl)pi-

perazin-1-yl)methyl)benzamido)butanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxa-mide1 (A1). The compound 9a (25 mg, 0.04 mmol), VHL ligand 

(18 mg, 0.04 mmol), HATU (30 mg, 0.08 mmol), DIPEA (10 mg, 0.08 mmol) were dissolved in dry DMF 

(5 mL) and then the mixture was stirred at room temperature for 6 h. The mixture was poured saturated NaCl 

solution (20 mL) and then extracted with ethyl acetate (10 mL  3). The organic phases were combined and 

washed with of saturated NaCl solution (10 mL). After dried over sodium sulfate, it was concentrated and 

purified by silica gel column chromatography (dichloromethane/methanol=100/3) to obtain 80 mg of white 

solid (11 mg, yield 26%, purity 99.5%).  1H NMR (600 MHz, DMSO-d6) δ:10.13 (s, 1H), 8.96 (s, 1H), 8.62 

(s, 1H), 8.56 (s, 1H), 8.46 (d, J = 4.1 Hz, 1H), 8.31–8.36 (m, 2H), 7.73–7.80 (m, 7H), 7.63 (d, J = 4.4 Hz, 

2H), 7.41 (d, J = 3.8 Hz, 2H), 7.35–7.37 (m, 3H), 7.29 (d, J = 3.9 Hz, 2H), 5.05–5.10 (m, 1H), 4.88–4.93 (m, 

1H), 4.78 (d, J = 5.0 Hz, 2H), 4.49 (d, J = 9.1 Hz, 1H), 4.40 (t, J = 7.9 Hz, 1H), 4.26 (s, 1H), 3.56–3.61 (m, 

2H), 3.51 (s, 2H), 3.16–3.21 (m, 2H), 2.83–2.93 (m, 4H), 2.40–2.47 (m, 6H), 2.19–2.26 (m, 1H), 2.08–2.13 

(m, 1H), 1.97–2.02 (m, 1H), 1.75–1.80 (m, 1H), 1.35 (d, J = 6.8 Hz, 3H), 1.22–1.27 (m, 2H), 0.90 (s, 9H); 
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13C NMR (150 MHz, DMSO-d6) δ: 181.22, 172.46, 171.07, 170.07, 166.29, 151.88, 149.39, 148.65, 148.21, 

145.08, 144.49, 135.75, 134.61, 134.08, 131.56, 130.15, 129.26, 128.98, 128.86, 127.57, 126.83, 123.88, 

121.95, 69.22, 61.31, 59.00, 56.82, 56.68, 51.89, 48.14, 46.29, 45.18, 38.16, 35.60, 35.36, 29.36, 26.89, 26.65, 

25.67, 22.84, 16.42; HRMS (ESI, positive) m/z calcd for C52H65N10O7S3 (M+H)+ 1037.4194, found 

1037.4211. 

The synthetic routes of A2–5, B1–5 and C1–5 were similar to that of A1. 

 

(2S,4R)-1-((S)-3,3-Dimethyl-2-(5-(4-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfon-yl)pi-

perazin-1-yl)methyl)benzamido)pentanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (A2) White solid, yield 21%, purity 99.0%. 1H NMR (600 

MHz, DMSO-d6) δ: 10.18 (s, 1H), 8.99 (s, 1H), 8.67 (s, 1H), 8.59 (s, 1H), 8.49 (d, J = 3.6 Hz, 1H), 8.40 (s, 

1H), 8.37 (d, J = 7.9 Hz, 1H), 7.74-7.86 (m, 6H), 7.66 (d, J = 8.7 Hz, 2H), 7.33-7.45 (m, 7H), 5.10 (s, 1H), 

4.93 (t, J = 7.6 Hz, 1H), 4.81 (d, J = 5.4 Hz, 2H), 4.51 (d, J = 9.1 Hz, 1H), 4.43 (t, J = 8.0 Hz, 1H), 4.29 (s, 

1H), 3.60–3.65 (m, 2H), 3.20–3.27 (m, 3H), 2.76–3.02 (m, 4H), 2.52–2.56 (m, 2H), 2.46 (s, 3H), 2.25–2.31 

(m, 1H), 2.12–2.17 (m, 1H), 1.99–2.03 (m, 1H), 1.76–1.82 (m, 1H), 1.43–1.56 (m, 5H), 1.38 (d, J = 7.0 Hz, 

3H), 1.24–1.26 (m, 2H), 0.93 (s, 9H); 13C NMR (150 MHz, CD3OD) δ:181.84, 174.38, 171.82, 170.93, 

168.50, 151.42, 148.11, 147.68, 147.31, 144.22, 143.91, 141.81, 140.66, 136.45, 135.17, 133.59, 131.93, 

130.13, 129.09, 129.01, 128.42, 128.03, 126.98, 126.22, 125.92, 125.33, 123.77, 122.20, 117.29, 110.23, 

69.57, 61.32, 59.17, 57.73, 56.55, 51.73, 48.74, 45.71, 44.81, 39.10, 37.36, 35.10, 34.76, 28.55, 25.67, 22.97, 

20.99, 14.41; HRMS (ESI, positive) m/z calcd for C53H67N10O7S3 (M+H)+ 1051.4351, found 1051.4334. 

 

(2S,4R)-1-((S)-3,3-Dimethyl-2-(6-(4-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfon-yl)pi-

perazin-1-yl)methyl)benzamido)hexanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-



 

 

12 

 

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (A3) White solid, yield 26%, purity 99.0%. 1H NMR (600 

MHz, DMSO-d6) δ: 10.09 (s, 1H), 8.97 (s, 1H), 8.60 (s, 1H), 8.56 (d, J = 1.9 Hz, 1H), 8.44–8.48 (m, 1H), 

8.29–8.36 (m, 2H), 7.72–7.80 (m, 6H), 7.63 (d, J = 8.8 Hz, 2H), 7.41–7.43 (m, 2H), 7.35–7.38 (m, 3H), 7.29 

(d, J = 8.1 Hz, 2H), 5.06 (d, J = 3.6 Hz, 1H), 4.88–4.92 (m, 1H), 4.78 (d, J = 5.4 Hz, 2H), 4.49 (d, J = 9.4 

Hz, 1H), 4.41 (t, J = 8.1 Hz, 1H), 4.25–4.29 (m, 1H), 3.60–3.56 (m, 2H), 3.49 (s, 2H), 3.17–3.23 (m, 2H), 

2.81–2.93 (m, 4H), 2.40 (s, 3H), 2.39–2.43 (m, 4H), 2.20–2.26 (m, 1H), 2.09–2.13 (m, 1H), 1.98–2.01 (m, 

1H), 1.76–1.81 (m, 1H), 1.44–1.51 (m, 4H), 1.36 (d, J = 6.9 Hz, 3H), 0.91 (s, 9H), 0.85 (t, J = 7.2 Hz, 1H); 

13C NMR (150 MHz, DMSO-d6) δ:181.21, 172.48, 171.09, 170.08, 166.30, 151.93, 149.38, 148.66, 148.21, 

145.11, 144.52, 135.77, 131.57, 130.15, 129.28, 128.89, 127.59, 126.84, 123.91, 121.93, 69.22, 61.29, 59.00, 

56.82, 56.71, 51.88, 48.15, 46.29, 45.17, 38.18, 35.62, 35.36, 29.38, 26.90, 26.66, 25.69, 22.88, 16.44; HRMS 

(ESI, positive) m/z calcd for C54H69N10O7S3 (M+H)+ 1065.4507, found 1065.4521. 

 

(2S,4R)-1-((S)-3,3-dimethyl-2-(7-(4-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfon-yl)pi-

perazin-1-yl)methyl)benzamido)heptanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (A4) White solid, yield 17%, purity 98.9%. 1H NMR (600 

MHz, DMSO-d6) δ: 10.46 (s, 1H), 8.99 (s, 1H), 8.85 (s, 1H), 8.59 (s, 1H), 8.49 (d, J = 4.0 Hz, 1H), 8.35–

8.40 (m, 2H), 7.83–7.90 (m, 2H), 7.76–7.81 (m, 4H), 7.65 (d, J = 8.7 Hz, 2H), 7.43–7.45 (m, 2H), 7.36–7.39 

(m, 3H), 7.32 (d, J = 7.6 Hz, 2H), 5.10 (d, J = 3.0 Hz, 1H), 4.92 (t, J = 7.2 Hz, 1H), 4.80 (d, J = 5.1 Hz, 2H), 

4.51 (d, J = 9.4 Hz, 1H), 4.44 (t, J = 8.1 Hz, 1H), 4.26–4.31 (m, 1H), 3.60–3.62 (m, 2H), 3.52 (s, 2H), 3.18–

3.25 (m, 2H), 3.11–3.15 (s, 1H), 2.74–3.00 (m, 4H), 2.40–2.49 (m, 7H), 2.22–2.27 (m, 1H), 2.07–2.15 (m, 

1H), 1.98–2.04 (m, 1H), 1.74–1.83 (m, 1H), 1.45–1.52 (m, 4H), 1.38 (d, J = 3.9 Hz, 3H), 1.18 (t, J = 7.2 Hz, 

1H), 0.94 (s, 9H), 0.85–0.87 (m, 1H); 13C NMR (150 MHz, DMSO-d6) δ: 181.26, 172.49, 171.07, 170.08, 

166.13, 151.89, 149.11, 148.41, 148.21, 135.98, 134.76, 131.56, 130.14, 129.26, 128.86, 127.72, 126.83, 

124.00, 121.72, 69.20, 58.99, 56.81, 56.68, 53.90, 48.14, 45.00, 38.16, 35.61, 35.31, 29.48, 28.88, 26.90, 

26.70, 25.83, 18.49, 17.18, 16.42; HRMS (ESI, positive) m/z calcd for C56H71N10O7S3 (M+H)+ 1079.4664, 

found 1079.4675. 
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(2S,4R)-1-((S)-3,3-Dimethyl-2-(8-(4-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfon-yl)pi-

perazin-1-yl)methyl)benzamido)octanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (A5) White solid, yield 23%, purity 95.2%. 1H NMR (600 

MHz, DMSO-d6) δ: 10.17 (s, 1H), 8.98 (s, 1H), 8.68 (s, 1H), 8.57 (s, 1H), 8.47 (d, J = 3.8 Hz, 1H), 8.33-8.38 

(m, 2H), 7.73-7.81 (m, 6H), 7.64 (d, J = 8.2 Hz, 2H), 7.36-7.44 (m, 5H), 7.27-7.31 (m, 2H), 5.09 (s, 1H), 

4.91 (t, J = 6.8 Hz, 1H), 4.79 (s, 2H), 4.51 (d, J = 9.5 Hz, 1H), 4.42 (t, J = 7.8 Hz, 1H), 4.27 (s, 1H), 4.03–

4.14 (m, 1H), 3.59 (s, 2H), 3.49 (s, 2H), 3.13–3.27 (m, 5H), 2.88 (s, 4H), 2.45 (s, 3H), 2.42 (s, 4H), 2.21–

2.27 (m, 1H), 2.07–2.13 (m, 1H), 1.96–2.03 (m, 1H), 1.75–1.81 (m, 1H), 1.44–1.50 (m, 4H), 1.37 (d, J = 7.0 

Hz, 1H), 1.22–1.24 (m, 2H), 0.92 (s, 9H); 13C NMR (150 MHz, DMSO-d6) δ: 181.20, 172.50, 171.07, 170.07, 

166.33, 151.89, 149.42, 148.66, 148.20, 145.08, 144.48, 141.30, 135.72, 134.61, 134.02, 131.55, 130.14, 

129.26, 129.03, 128.89, 127.54, 126.82, 123.87, 121.93, 69.20, 61.39, 58.99, 56.79, 56.68, 51.93, 49.04, 

48.13, 46.38, 45.18, 38.16, 35.61, 35.32, 29.57, 29.07, 28.95, 26.88, 25.82, 22.84, 16.42; HRMS (ESI, 

positive) m/z calcd for C56H73N10O7S3 (M+H)+ 1093.4820, found 1093.4848. 

 

(2S,4R)-1-((S)-3,3-Dimethyl-2-(4-(3-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfon-yl)-

piperazin-1-yl)methyl)benzamido)butanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (B1) White solid, yield 25%, purity 100%. 1H NMR (600 MHz, 

DMSO-d6) δ: 10.42 (s, 1H), 8.98 (s, 1H), 8.74–8.86 (m, 1H), 8.57 (s, 1H), 8.47 (d, J = 4.4 Hz, 1H), 8.44 (t, 

J = 4.5 Hz, 1H), 8.39 (d, J = 7.9 Hz, 1H), 7.89 (d, J = 9.1 Hz, 1H), 7.82-7.86 (m, 2H), 7.77 (d, J = 7.9 Hz, 

1H), 7.67–7.73 (m, 2H), 7.63 (d, J = 8.3 Hz, 2H), 7.43 (d, J = 8.0 Hz, 1H), 7.35–7.40 (m, 5H), 5.12 (d, J = 

2.9 Hz, 1H), 4.91 (t, J = 6.8 Hz, 1H), 4.79 (d, J = 5.2 Hz, 2H), 4.52 (d, J = 9.1 Hz, 1H), 4.42 (t, J = 8.0 Hz, 
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1H), 4.25–4.31 (m, 1H), 3.56–3.65 (m, 2H), 3.50 (s, 2H), 3.19–3.24 (m, 2H), 2.88 (s, 4H), 2.45 (s, 3H), 2.37–

2.44 (m, 4H), 2.26–2.32 (m, 1H), 2.16–2.21 (m, 1H), 2.00–2.02 (m, 1H), 1.69–1.75 (m, 2H), 1.62 (s, 1H), 

1.36 (d, J = 7.0 Hz, 3H), 0.93 (s, 9H); 13C NMR (150 MHz, DMSO-d6) δ:181.22, 172.26, 171.06, 170.01, 

166.53, 151.92, 149.36, 148.64, 148.20, 145.10, 144.56, 135.69, 135.04, 134.62, 131.87, 131.56, 130.13, 

129.26, 128.84, 128.60, 128.02, 126.82, 126.36, 123.89, 121.75, 69.21, 61.64, 58.99, 56.93, 56.69, 51.92, 

48.14, 46.34, 45.05, 38.16, 35.65, 33.10, 26.90, 22.87, 16.42; HRMS (ESI, positive) m/z calcd for 

C52H65N10O7S3 (M+H)+ 1037.4194, found 1037.4192. 

 

(2S,4R)-1-((S)-3,3-Dimethyl-2-(5-(3-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfon-yl)pi-

perazin-1-yl)methyl)benzamido)pentanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (B2) White solid, yield 20%, purity 99.4%. 1H NMR (600 

MHz, DMSO-d6) δ: 10.17 (s, 1H), 8.66 (s, 1H), 8.58 (s, 1H), 8.48 (d, J = 4.5 Hz, 1H), 8.3-8.41 (m, 2H), 7.81 

(d, J = 8.7 Hz, 3H), 7.78 (d, J = 7.8 Hz, 1H), 7.75 (d, J = 8.2 Hz, 2H), 7.66 (s, 1H), 7.65 (s, 1H), 7.37–7.45 

(m, 5H), 7.30 (d, J = 8.1 Hz, 2H), 5.13 (d, J = 3.5 Hz, 1H), 4.88–4.95 (m, 1H), 4.80 (d, J = 5.2 Hz, 2H), 4.51 

(d, J = 9.3 Hz, 1H), 4.43 (t, J = 8.2 Hz, 1H), 4.26–4.30 (m, 1H), 3.58–3.63 (m, 1H), 3.51 (s, 2H), 3.19–3.24 

(m, 2H), 2.82–2.96 (m, 4H), 2.45 (s, 3H), 2.41–2.45 (m, 4H), 2.22–2.28 (m, 1H), 2.09–2.15 (m, 1H), 1.96–

2.05 (m, 2H), 1.77–1.83 (m, 1H), 1.47–1.53 (m, 4H), 1.38 (d, 3H), 0.92 (s, 9H), 0.82–0.89 (m, 1H); 13C NMR 

(150 MHz, DMSO-d6) δ:181.20, 172.54, 171.10, 170.08, 166.36, 151.94, 149.38, 148.67, 148.21, 145.10, 

144.16, 141.33, 135.76, 134.64, 133.97, 131.58, 130.15, 129.28, 128.93, 127.56, 126.84, 126.72, 123.92, 

121.97, 69.22, 61.39, 59.01, 56.84, 56.71, 51.93, 48.16, 46.40, 45.18, 40.48, 38.16, 35.61, 35.36, 26.89, 25.68, 

22.87, 16.43; HRMS (ESI, positive) m/z calcd for C53H67N10O7S3 (M+H)+ 1051.4351, found 1051.4346. 
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(2S,4R)-1-((S)-3,3-Dimethyl-2-(6-(3-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl) 

piperazin-1-yl)methyl)benzamido)hexanamido)butanoyl)-4-hydro-xy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (B3) White solid, yield 21%, purity 97.1%. 1H NMR (600 

MHz, DMSO-d6) δ: 10.29 (s, 1H), 8.98 (s, 1H), 8.73 (s, 1H), 8.58 (s, 1H), 8.47 (d, J = 3.8 Hz, 1H), 8.36–

8.40 (m, 2H), 7.71–7.89 (m, 6H), 7.62–7.66 (m, 2H), 7.42–7.44 (m, 2H), 7.35–7.40 (m, 4H), 7.30 (d, J = 8.3 

Hz, 2H), 5.10 (s, 1H), 4.89–4.94 (m, 1H), 4.79 (d, J = 5.4 Hz, 2H), 4.50 (d, J = 9.2 Hz, 1H), 4.42 (t, J = 8.3 

Hz, 1H), 4.27 (s, 1H), 3.56–3.63 (m, 2H), 3.50 (s, 2H), 3.20–3.24 (m, 2H), 2.79–2.94 (m, 4H), 2.45 (s, 3H), 

2.40–2.44 (m, 4H), 2.24–2.30 (m, 1H), 2.11–2.16 (m, 1H), 1.95–2.03 (m, 2H), 1.76–1.82 (m, 1H), 1.45–1.55 

(m, 4H), 1.37 (d, J = 7.1 Hz, 3H), 0.93 (s, 9H), 0.84–0.86 (m, 1H); 13C NMR (150 MHz, DMSO-d6) δ: 181.23, 

172.42, 171.08, 170.07, 166.36, 151.93, 149.41, 148.68, 148.22, 145.11, 144.54, 141.37, 135.73, 134.63, 

133.99, 131.57, 130.16, 129.28, 128.92, 127.56, 126.85, 124.23, 123.90, 121.85, 119.22, 110.59, 69.23, 61.40, 

59.02, 56.85, 56.71, 55.37, 51.96, 48.15, 46.40, 45.14, 39.38, 38.17, 35.65, 35.13, 29.33, 26.92, 23.53, 22.88, 

16.44; HRMS (ESI, positive) m/z calcd for C54H69N10O7S3 (M+H)+ 1065.4507, found 1065.4492. 

 

(2S,4R)-1-((S)-3,3-Dimethyl-2-(7-(3-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfon-

yl)piperazin-1-yl)methyl)benzamido)heptanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-

5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (B4) White solid, yield 26%, purity 97.4%. 1H NMR (600 

MHz, DMSO-d6) δ: 10.19 (s, 1H), 8.99 (s, 1H), 8.68 (s, 1H), 8.58 (s, 1H), 8.48 (d, J = 4.6 Hz, 1H), 8.36–

8.42 (m, 2H), 7.76–7.82 (m, 4H), 7.64–7.71 (m, 4H), 7.44 (d, J = 7.9 Hz, 2H), 7.35–7.41 (m, 5H), 5.12 (d, J 

= 3.2 Hz, 1H), 4.88–4.94 (m, 1H), 4.80 (d, J = 5.4 Hz, 2H), 4.52 (d, J = 9.4 Hz, 1H), 4.43 (t, J = 8.0 Hz, 1H), 

4.29 (s, 1H), 3.60–3.63 (m, 2H), 3.50 (s, 3H), 3.18–3.25 (m, 2H), 2.83–2.96 (m, 4H), 2.46 (s, 3H), 2.40–2.45 

(m, 4H), 2.22–2.30 (m, 1H), 2.09–2.15 (m, 1H), 1.99–2.03 (m, 1H), 1.77–1.82 (m, 1H), 1.40–1.61 (m, 6H), 

1.37 (d, J = 7.1 Hz, 3H), 0.94 (s, 9H), 0.86 (s, J = 7.1 Hz, 1H); 13C NMR (600 MHz, DMSO-d6) δ:181.19, 

172.52, 171.07, 170.07, 166.45, 151.92, 149.38, 148.65, 148.20, 145.10, 144.44, 138.35, 135.73, 135.12, 

134.62, 131.81, 131.56, 130.13, 129.26, 128.87, 128.58, 127.99, 126.82, 126.31, 123.88, 121.98, 69.20, 61.65, 

58.99, 56.81, 56.69, 51.93, 48.14, 46.38, 45.18, 38.16, 35.61, 35.30, 29.48, 28.86, 26.89, 26.71, 25.84, 22.86, 

16.42; HRMS (ESI, positive) m/z calcd for C55H71N10O7S3 (M+H)+ 1079.4664, found 1079.4651. 
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(2S,4R)-1-((S)-3,3-Dimethyl-2-(8-(3-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfon-

yl)piperazin-1-yl)methyl)benzamido)octanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-

5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (B5) White solid, yield 19%, purity 98.9%. 1H NMR (600 

MHz, CD3OD) δ: 8.88 (s, 1H), 8.59 (d, J = 1.7 Hz, 1H), 8.46 (dd, J = 4.8, 1.5 Hz, 1H), 7.90–7.92 (m, 1H), 

7.76–7.79 (m, 2H), 7.73 (s, 1H), 7.72 (s, 1H), 7.71 (s, 1H), 7.68–7.70 (m, 1H), 7.40–7.46 (m, 7H), 5.34–5.37 

(m, 1H), 5.00 (q, J = 7.0 Hz, 2H), 4.92 (s, 2H), 4.64 (s, 1H), 4.56–4.58 (m, 2H), 4.42–4.46 (m, 1H), 3.87–

3.90 (m, 1H), 3.75 (dd, J = 10.9, 4.4 Hz, 1H), 3.66 (s, 1H), 3.57 (s, 2H), 3.36 (t, J = 7.2 Hz, 2H), 3.03 (s, 4H), 

2.54 (s, 4H), 2.49 (s, 3H), 2.26–2.31 (m, 2H), 2.20 (t, J = 7.4 Hz, 2H), 2.02-2.07 (m, 2H), 1.94–1.98 (m, 1H), 

1.58–1.65 (m, 6H), 1.50 (d, J = 7.0 Hz, 1H), 1.04 (s, 9H), 1.02 (s, 1H); 13C NMR (150 MHz, DMSO-d6) δ: 

172.61, 171.09, 170.08, 166.52, 155.30, 149.13, 148.49, 145.35, 145.07, 138.36, 136.02, 135.47, 135.13, 

131.79, 131.49, 130.10, 129.31, 129.26, 128.59, 127.92, 126.82, 126.48, 126.30, 123.93, 117.69, 69.19, 61.62, 

58.99, 56.82, 56.67, 51.91, 48.15, 40.94, 38.13, 35.60, 35.55, 35.33, 31.70, 29.50, 29.44, 29.24, 29.16, 29.11, 

29.05, 28.99, 28.93, 26.98, 26.87, 25.81, 25.54, 22.82, 22.52, 16.40, 14.37; HRMS (ESI, positive) m/z calcd 

for C56H73N10O7S3 (M+H)+ 1093.4820, found 1093.4827. 

 

(2R,4S)-1-((R)-3,3-Dimethyl-2-(4-(2-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfonyl) 

piperazin-1-yl)methyl)benzamido)butanamido)butanoyl)-4-hydroxy-N-((R)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (C1) White solid, yield 21%, purity 96.7%. 1H NMR (600 

MHz, DMSO-d6) δ: 10.15 (s, 1H), 8.97 (s, 1H), 8.64 (s, 1H), 8.57 (s, 1H), 8.47 (d, J = 4.6 Hz, 2H), 8.36 (d, 
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J = 7.6 Hz, 1H), 7.76–7.90 (m, 4H), 7.64 (d, J = 8.8 Hz, 2H), 7.41–7.44 (m, 2H), 7.30–7.39 (m, 7H), 5.09–

5.15 (m, 1H), 4.92 (t, J = 7.1 Hz, 1H), 4.80 (d, J = 5.0 Hz, 2H), 4.53 (d, J = 9.3 Hz, 1H), 4.44 (t, J = 8.2 Hz, 

1H), 4.29 (s, 1H), 3.55–3.65 (m, 4H), 3.07–3.02 (m, 2H), 2.86 (s, 4H), 2.45 (s, 3H), 2.41 (s, 4H), 2.24–2.29 

(m, 1H), 2.09–2.15 (m, 1H), 2.00–2.05 (m, 1H), 1.78–1.83 (m, 1H), 1.58–1.64 (m, 2H), 1.37 (d, J = 6.9 Hz, 

3H), 0.95 (s, 9H); 13C NMR (150 MHz, DMSO-d6) δ:181.19, 172.15, 171.05, 170.04, 168.99, 151.90, 149.39, 

148.66, 148.21, 145.09, 144.44, 137.91, 135.73, 135.46, 134.61, 131.56, 130.47, 130.15, 129.65, 129.27, 

128.83, 128.39, 127.52, 126.90, 126.83, 123.88, 121.92, 69.23, 59.33, 59.02, 56.99, 56.70, 51.72, 48.16, 

46.32, 45.19, 40.89, 40.52, 39.03, 38.18, 35.68, 33.08, 26.91, 26.14, 22.85, 16.42; HRMS (ESI, positive) m/z 

calcd for C52H65N10O7S3 (M+H)+ 1037.4194, found 1037.4175. 

 

(2S,4R)-1-((S)-3,3-Dimethyl-2-(5-(2-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfon-yl)pi-

perazin-1-yl)methyl)benzamido)pentanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (C2) White solid, yield 25%, purity 94.8%. 1H NMR (600 

MHz, DMSO-d6) δ: 10.29 (s, 1H), 8.98 (s, 1H), 8.74 (s, 1H), 8.58 (s, 1H), 8.47 (d, J = 3.8 Hz, 1H), 8.36–

8.40 (m, 2H), 7.73–7.83 (m, 6H), 7.62–7.66 (m, 2H), 7.42–7.45 (m, 2H), 7.35–7.40 (m, 4H), 7.30 (d, J = 8.2 

Hz, 2H), 5.10 (s, 1H), 4.91 (q, J = 7.1 Hz, 1H), 4.79 (d, J = 5.5 Hz, 2H), 4.50(d, J = 9.3 Hz, 1H), 4.42 (t, J = 

8.4 Hz, 1H), 4.27 (s, 1H), 3.56–3.64 (m, 2H), 3.50 (s, 2H), 3.20–3.24 (m, 2H), 2.79–2.94 (m, 4H), 2.45 (s, 

3H), 2.40–2.44 (m, 4H), 2.24–2.30 (m, 1H), 2.11–2.17 (m, 1H), 1.94–2.03 (m, 2H), 1.76–1.82 (m, 1H), 1.47–

1.50 (m, 2H), 1.37 (d, J = 7.0 Hz, 3H), 0.93 (s, 9H); 13C NMR (150 MHz, DMSO-d6) δ: 181.23, 172.42, 

171.08, 170.07, 166.36, 151.93, 149.41, 148.68, 148.22, 145.12, 144.54, 141.37, 135.73, 134.63, 133.99, 

131.57, 130.16, 129.28, 128.92, 127.58, 126.85, 124.23, 123.90, 121.85, 119.22, 110.59, 69.23, 61.40, 59.02, 

56.85, 56.71, 55.37, 51.95, 48.15, 46.40, 39.38, 38.17, 35.65, 35.13, 23.33, 26.92, 23.53, 22.88, 16.44; HRMS 

(ESI, positive) m/z calcd for C53H67N10O7S3 (M+H)+ 1051.4351, found 1051.4346. 
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(2S,4R)-1-((S)-3,3-Dimethyl-2-(6-(2-(2-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfo-nyl) 

piperazin-1-yl)methyl)phenyl)acetamido)hexanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-

methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (C3) White solid, yield 23%, purity 97.9%. 

1H NMR (600 MHz, DMSO-d6) δ: 10.71 (s, 1H), 8.99 (s, 1H), 8.97 (s, 1H), 8.52-8.61 (m, 2H), 8.47 (d, J = 

4.7 Hz, 1H), 8.40 (d, J = 7.3 Hz, 1H), 7.93 (d, J = 8.0 Hz, 2H), 7.79 (d, J = 9.4 Hz, 1H), 7.77 (d, J = 7.3 Hz, 

2H), 7.63 (d, J = 8.4 Hz, 2H), 7.42–7.44 (m, 2H), 7.36–7.39 (m, 2H), 7.26–7.33 (m, 5H), 5.14 (s, 1H), 4.88–

4.96 (m, 1H), 4.80 (d, J = 4.9 Hz, 2H), 4.53 (d, J = 9.1 Hz, 1H), 4.44 (t, J = 8.0 Hz, 1H), 4.3 (s, 1H), 3.61 (s, 

4H), 3.06 (s, 2H), 2.85 (s, 4H), 2.29–2.48 (m, 7H), 2.21–2.28 (m, 1H), 2.08–2.15 (m, 1H), 2.00–2.05 (m, 

1H), 1.78–1.83 (m, 1H), 1.42–1.49 (m, 2H), 1.36 (d, J = 7.0 Hz, 3H),1.17–1.26 (m, 3H), 0.94 (s, 9H), 0.80–

0.87 (m, 1H); 13C NMR (150 MHz, DMSO-d6) δ: 181.24, 172.56, 171.07, 170.08, 168.71, 151.90, 149.29, 

148.60, 148.20, 145.11, 144.84, 135.70, 134.64, 131.56, 130.13, 129.26, 128.77, 128.56, 126.83, 123.90, 

121.35, 69.21, 59.01, 56.88, 56.70, 55.36, 51.51, 48.16, 44.87, 39.31, 38.17, 35.64, 35.36, 29.23, 26.90, 26.63, 

25.55, 22.87, 16.43; HRMS (ESI, positive) m/z calcd for C54H69N10O7S3 (M+H)+ 1065.4507, found 

1065.4508. 
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(2S,4R)-1-((S)-3,3-Dimethyl-2-(7-(2-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phe-nyl)sulfonyl) 

piperazin-1-yl)methyl)benzamido)heptanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (C4) White solid, yield 18%, purity 98.5%. 1H NMR (600 

MHz, DMSO-d6) δ: 10.17 (s, 1H), 8.99 (s, 1H), 8.63 (s, 1H), 8.53-8.60 (m, 2H), 8.49 (d, J = 4.4 Hz, 1H), 

8.40 (d, J = 7.7 Hz, 1H), 7.80–7.86 (m, 3H), 7.78 (d, J = 7.7 Hz, 1H), 7.64 (d, J = 8.6 Hz, 2H), 7.44 (d, J = 

8.1 Hz, 2H), 7.29–7.40 (m, 7H), 5.14 (d, J = 3.5 Hz, 1H), 4.92 (q, J = 7.2 Hz, 1H), 4.80 (d, J = 5.3 Hz, 2H), 

4.54 (d, J = 9.0 Hz, 1H), 4.44 (t, J = 8.1 Hz, 1H), 4.27–4.31 (m, 1H), 3.59–3.64 (m, 2H), 3.56 (s, 2H), 3.06 

(q, J = 6.6 Hz, 2H), 2.85 (s, 4H), 2.46 (s, 3H), 2.43 (s, 4H), 2.22–2.30 (m, 1H), 2.10-2.15 (m, 1H), 1.98–2.05 

(m, 2H), 1.76–1.83 (m, 1H), 1.41–1.52 (m, 2H), 1.38 (d, J = 7.0 Hz, 3H), 1.30–1.35 (m, 2H), 1.19–1.22 (m, 

2H), 0.95 (s, 9H), 0.86 (t, J = 6.4 Hz, 1H); 13C NMR (150 MHz, DMSO-d6) δ:181.15, 172.61, 171.07, 170.07, 

168.74, 151.92, 149.37, 148.66, 148.20, 145.07, 144.54, 138.03, 135.73, 135.21, 134.60, 131.55, 130.67, 

130.13, 129.21, 129.26, 128.81, 128.54, 127.63, 126.82, 123.89, 121.71, 69.20, 59.47, 59.00, 56.83, 56.69, 

51.60, 48.14, 46.36, 45.12, 38.17, 35.64, 35.35, 29.32, 28.784, 26.89, 26.65, 25.83, 22.87, 16.42; HRMS 

(ESI, positive) m/z calcd for C55H71N10O7S3 (M+H)+ 1079.4664, found 1079.4657. 

 

(2S,4R)-1-((S)-3,3-Dimethyl-2-(8-(2-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phenyl)sulfon-yl)pi-

perazin-1-yl)methyl)benzamido)octanamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (C5) White solid, yield 22%, purity 95.7%. 1H NMR (600 

MHz, DMSO-d6) δ: 10.15 (s, 1H), 8.97 (s, 1H), 8.53-8.64 (m, 3H), 8.48 (d, J = 4.5 Hz, 1H), 8.36 (d, J = 7.5 

Hz, 1H), 7.83 (m, J = 8.3 Hz, 2H), 7.74–7.80 (m, 2H), 7.64 (d, J = 8.7 Hz, 2H), 7.43 (d, J = 8.3 Hz, 2H), 

7.26–7.41 (m, 7H), 5.10 (s, 1H), 4.86–4.94 (m, 1H), 4.79 (d, J = 5.4 Hz, 2H), 4.52 (d, J = 9.3 Hz, 1H), 4.42 

(t, J = 8.0 Hz, 1H), 4.28 (s, 1H), 3.53-3.63 (m, 3H), 3.07 (s, 2H), 2.72–2.95 (m, 4H), 2.36–2.48 (m, 7H), 

2.22–2.28 (m, 1H), 2.08–2.13 (m, 1H), 1.99–2.03 (m, 1H), 1.77–1.81 (m, 1H), 1.44–1.52 (m, 2H), 1.37 (d, J 

= 7.0 Hz, 3H), 1.28–1.36 (m, 2H), 1.17–1.23 (m, 6H), 0.93 (s, 9H), 0.92 (s, 1H); 13C NMR (150 MHz, 

DMSO-d6) δ:181.16, 172.57, 171.06, 170.08, 168.70, 151.92, 149.33, 148.62, 148.20, 134.62, 131.55, 130.14, 

129.26, 128.82, 128.60, 126.83, 123.90, 121.71, 69.20, 59.44, 59.00, 56.81, 56.68, 51.59, 48.14, 45.11, 40.89, 

38.17, 36.64, 35.38, 29.36, 29.08, 28.83, 26.89, 26.81, 25.82, 22.84, 16.42; HRMS (ESI, positive) m/z calcd 

for C56H73N10O7S3 (M+H)+ 1093.4820, found 1093.4809. 
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(2S,4R)-1-((S)-14-Azido-2-(tert-butyl)-4-oxo-6,9,12-trioxa-3-azatetradecanoyl)-4-hydroxy-N-((S)-1-(4-

(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxam-ide (11a) The compound 10a (233 mg, 1 

mmol), VHL ligand (444 mg, 1 mmol), HATU (570 mg, 1.5 mmol), DIPEA (194 mg, 1.5mmol) were 

dissolved in dry DMF (15 mL) and then the mixture was stirred at room temperature for 5 h. The mixture 

was poured saturated NaCl solution (60 mL) and then extracted with ethyl acetate (20 mL  3). The organic 

phases were combined and washed with of saturated NaCl solution (20 mL). After dried over sodium sulfate, 

it was concentrated and purified by silica gel column chromatography (dichloromethane/methanol=100/2) to 

obtain the intermediate 11a as a colorless oil (138 mg, yield 21%). 1H NMR (600 MHz, DMSO-d6) δ: 8.99 

(s, 1H), 8.43 (d, J = 8.1 Hz, 1H), 8.23 (d, J = 9.4 Hz, 1H), 7.42 (dd, J = 34.0, 8.0 Hz, 4H), 5.14 (d, J = 3.4 

Hz, 1H), 4.93 (t, J = 7.3 Hz, 1H), 4.53 (d, J = 9.0 Hz, 1H), 4.45 (t, J = 8.2 Hz, 1H), 4.30 (s, 1H), 4.10 (q, J = 

5.1 Hz, 2H), 3.53–3.67 (m, 4H), 3.15–3.21 (m, 9H), 2.46 (s, 3H), 1.84–1.76 (m, 1H), 1.39 (d, J = 7.1 Hz, 

3H), 1.23–1.29 (m, 2H), 0.96 (s, 9H). 

The synthetic route of 11b is similar to that of 11a. 

 

(2S,4R)-1-((S)-17-Azido-2-(tert-butyl)-4-oxo-6,9,12,15-tetraoxa-3-azahepta-0decan-oyl)-4-hydroxy-N-

((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (11b) Colorless oil, yield 28%. 

1H NMR (600 MHz, CDCl3) δ: 7.59 (s, 1H), 7.38–7.48 (m, 4H), 7.31 (d, J = 7.9 Hz, 1H), 5.07 (t, J = 7.0 Hz, 

1H), 4.77 (t, J = 7.9 Hz, 1H), 4.46–4.52 (m, 2H), 4.17 (d, J = 10.6 Hz, 1H), 3.99–4.07 (m, 2H), 3.64–3.71 

(m, 16H), 3.38 (t, J = 4.8 Hz, 2H), 2.67–2.74 (m, 3H), 1.99–2.11 (m, 2H), 1.47 (d, J = 7.1 Hz, 3H), 1.07 (s, 

9H). 

 

(2S,4R)-1-((S)-14-amino-2-(tert-butyl)-4-oxo-6,9,12-trioxa-3-azatetradecanoyl)-4-hydroxy-N-((S)-1-(4-

(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (12a) The intermediate 11a (100 mg, 0.15 



 

 

21 

 

mmol) was dissolved in CH2Cl2 (15 mL) and Pd/C (100 mg, 0.6 mmol, 45% purity) was added. The mixture 

was stirred at room temperature and maintained overnight under the atmosphere of hydrogen. Then the 

resulting mixture was filtrated through diatomite and the filtrate was concentrated under reduced pressure to 

afford the intermediate 12a (96 mg, yield 96%) as a colorless oil. 1H NMR (600 MHz, CDCl3) δ: 8.67 (s, 

1H), 8.17 (s, 1H), 7.36–7.43 (m, 5H), 5.12 (t, J = 7.5 Hz, 1H), 4.82 (t, J = 8.3 Hz, 1H), 4.66 (d, J = 10.0 Hz, 

1H), 4.43 (s, 1H), 4.18 (d, J = 15.2 Hz, 1H), 3.99–4.06 (m, 2H), 3.58–3.81 (m, 14H), 3.08–3.20 (m, 2H), 

2.53 (s, 3H), 2.14–2.22 (m, 2H), 1.51 (d, J = 6.7 Hz, 3H), 1.44–1.49 (m, 1H), 0.95 (s, 9H). 

The synthetic route of 12b is similar to that of 12a. 

 

(2S,4R)-1-((S)-17-amino-2-(tert-butyl)-4-oxo-6,9,12,15-tetraoxa-3-azaheptadecan-oyl)-4-hydroxy-N-

((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-car-boxamide (12b) Colorless oil, yield 96%. 

1H NMR (600 MHz, CDCl3) δ: 8.75 (s, 1H), 7.48 (d, J = 7.8 Hz, 1H), 7.36–7.44 (m, 6H), 5.08 (t, J = 7.3 Hz, 

1H), 4.76 (t, J = 8.3 Hz, 1H), 4.50–4.54 (m, 2H), 4.17 (s, 1H), 4.13–4.17 (m, 1H), 3.75 (s, 1H), 3.66–3.72 

(m, 16H), 3.59 (dd, J = 11.5, 3.5 Hz, 1H), 3.39 (q, J = 6.3 Hz, 2H), 2.57–2.63 (m, 1H), 2.56 (s, 3H), 2.05–

2.09 (m, 1H), 1.47 (d, J = 7.0 Hz, 3H), 1.07 (s, 9H). 

The synthetic routes of A6 and A7 is similar to that of A1. 

 

(2S,4R)-1-((S)-15-(tert-Butyl)-1,13-dioxo-1-(4-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phen-yl) 

sulfonyl)piperazin-1-yl)methyl)phenyl)-5, 8, 11-trioxa-2, 14-diazahexade-can-16-oyl)-4-hydroxy-N-

((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (A6) White solid, yield 29%, 

purity 99.8%. 1H NMR (600 MHz, DMSO-d6) δ: 10.14 (s, 1H), 8.98 (s, 1H), 8.63 (s, 1H), 8.58 (s, 1H), 8.48 

(d, J = 7.1 Hz, 1H), 8.41 (d, J = 8.9 Hz, 1H), 8.12 (d, J = 9.0 Hz, 1H), 7.91 (d, J = 7.6 Hz, 2H), 7.74–7.84 

(m, 4H), 7.65 (d, J = 8.1 Hz, 2H), 7.37–7.44 (m, 7H), 5.12 (s, 1H), 4.67–5.00 (m, 7H), 4.53 (d, J = 9.0 Hz, 

1H), 4.44 (t, J = 7.7 Hz, 1H), 4.28 (s, 1H), 3.48–3.65 (m, 6H), 2.89 (m, 4H), 2.33–2.48 (m, 10H), 2.00–2.08 

(m, 1H), 1.74–1.83 (m, 1H), 1.38 (d, J = 6.4 Hz, 3H), 1.15–1.35 (m, 3H), 0.95 (s, 9H), 0.79–0.93 (m, 2H); 

13C NMR (150 MHz, DMSO-d6) δ:181.17, 170.96, 169.48, 166.66, 166.53, 151.86, 149.38, 148.64, 148.17, 

145.07, 144.44, 144.34, 135.70, 134.58, 131.53, 130.35, 129.78, 129.29, 128.86, 128.52, 126.79, 123.85, 
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121.95, 69.19, 62.97, 61.30, 59.03, 56.84, 51.98, 48.15, 46.37, 45.17, 38.14, 36.02, 26.77, 22.83, 16.40; 

HRMS (ESI, positive) m/z calcd for C56H73N10O10S3 (M+H)+ 1141.4668, found 1141.4675. 

 

(2S,4R)-1-((S)-18-(tert-Butyl)-1,16-dioxo-1-(4-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phe-nyl) 

sulfonyl)piperazin-1-yl)methyl)phenyl)-5, 8, 11, 14-tetraoxa-2, 17-diazanonadecan-19-oyl)-4-hydroxy-

N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)-pyroledine-2-carboxamide (A7) White solid, yield 23%, 

purity 99.7%. 1H NMR (600 MHz, DMSO-d6) δ: 10.15 (s, 1H), 8.99 (s, 1H), 8.64 (s, 1H), 8.58 (d, J = 1.7 

Hz, 1H), 8.49 (dd, J = 5.0, 1.4 Hz, 1H), 8.41–8.46 (m, 2H), 7.79 (dd, J = 24.7, 8.7 Hz, 4H), 7.78–7.79 (m, 

1H), 7.65 (d, J = 8.8 Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 7.34–7.40 (m, 4H), 7.31 (d, J = 8.2 Hz, 2H), 5.13 (d, 

J = 3.5 Hz, 1H), 4.88–4.93 (m, 1H), 4.80 (d, J = 5.4 Hz, 2H), 4.55 (d, J = 9.6 Hz, 1H), 4.45 (t, J = 8.3 Hz, 

1H), 4.27–4.31 (m, 1H), 3.96 (s, 2H), 3.51–3.61 (m, 18H), 3.39–3.42 (m, 2H), 2.89 (s, 4H), 2.46 (s, 3H), 2.43 

(s, 4H), 2.03–2.08 (m, 1H), 1.75–1.82 (m, 1H), 1.38 (d, J = 6.9 Hz, 3H), 0.94 (s, 9H); 13C NMR (150 MHz, 

DMSO-d6) δ:181.20, 170.90, 169.47, 168.95, 166.51, 151.89, 149.41, 148.67, 148.20, 145.14, 144.45, 141.49, 

135.72, 134.60, 133.69, 131.55, 130.14, 129.27, 129.07, 128.91, 127.60, 126.77, 123.87, 70.88, 70.29, 70.21, 

70.19, 70.05, 69.35, 69.22, 61.37, 59.01, 56.96, 56.15, 51.94, 48.19, 46.38, 45.19, 38.17, 36.17, 26.67, 22.88, 

16.43; HRMS (ESI, positive) m/z calcd for C58H76N10O11S3Na (M+Na)+ 1207.4749, found 1207.4753. 

The synthetic route of the intermediate 13 is similar to that of 11a. 

 

(2R,4S)-1-((S)-17-Azido-2-(tert-butyl)-4-oxo-6,9,12,15-tetraoxa-3-azahepta-decanoyl)-4-hydroxy-N-

((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (13) Colorless oil, yield 18%. 

1H NMR (600 MHz, DMSO-d6) δ: 8.98 (s, 1H), 8.14 (d, J = 8.1 Hz, 1H), 7.38–7.50 (m, 6H), 4.86–4.94 (m, 

1H), 4.49 (d, J = 8.7 Hz, 1H), 4.37–4.43 (m, 1H), 4.30–4.36 (m, 1H), 3.44–3.64 (m, 18H), 3.36 (t, J = 5.2 

Hz, 2H), 2.46 (s, 3H), 2.00–2.06 (m, 1H), 1.90–1.96 (m, 1H), 1.32 (d, J = 7.0 Hz, 3H), 0.99 (s, 9H). 

The synthetic route of the intermediate 14 is similar to that of 12a. 
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(2R,4S)-1-((S)-17-amino-2-(tert-butyl)-4-oxo-6,9,12,15-tetraoxa-3-azahepta-decanoyl)-4-hydroxy-N-

((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (14) Colorless oil, yield 95%. 

1H NMR (600 MHz, DMSO-d6) δ: 8.83–9.01 (m, 1H), 8.12–8.24 (m, 1H), 7.26–7.52 (m, 7H), 5.21 (s, 1H), 

4.83 (t, J = 6.7 Hz, 1H), 4.20–4.49 (m, 4H), 3.61–3.77 (m, 1H), 3.42–3.57 (m, 18H), 2.36 (s, 3H), 1.82–2.02 

(m, 2H), 1.27 (d, J = 6.8 Hz, 3H), 0.90 (s, 9H). 

The synthetic route of the intermediate D1 is similar to that of A1. 

 

(2R,4S)-1-((S)-18-(tert-Butyl)-1,16-dioxo-1-(4-((4-((4-(3-(pyridin-3-ylmethyl)thioureido)phe-nyl) 

sulfonyl)piperazin-1-yl)methyl)phenyl)-5, 8, 11, 14-tetraoxa-2, 17-diazanonadecan-19-oyl)-4-hydroxy-

N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)-pyrrolidine-2-carboxamide (D1) White solid, yield 31%, 

purity 99.3%. 1H NMR (600 MHz, DMSO-d6) δ: 10.12 (s, 1H), 8.95 (s, 1H), 8.61 (s, 1H), 8.56 (s, 1H), 8.46 

(d, J = 4.2 Hz, 1H), 8.40 (t, J = 5.4 Hz, 1H), 8.11 (d, J = 8.0 Hz, 1H), 7.72–7.80 (m, 5H), 7.63 (d, J = 8.6 Hz, 

2H), 7.35–7.44 (m, 6H), 7.28 (d, 2H), 5.11 (d, J = 3.7 Hz, 1H), 4.85-4.91 (m, 1H), 4.78 (d, J = 5.1 Hz, 2H), 

4.47 (d, J = 8.7 Hz, 1H), 4.38 (t, J = 6.5 Hz, 1H), 4.28–4.35 (m, 1H), 3.91 (q, J = 15.4 Hz, 2H), 3.70–3.76 

(m, 1H), 3.43–3.54 (m, 16H), 3.34–3.37 (m, 2H), 2.86 (s, 4H), 2.43 (s, 3H), 2.38–2.42 (m, 4H), 1.97–2.04 

(m, 1H), 1.88–1.95 (m, 1H), 1.37 (s, 1H), 1.30 (d, J = 7.0 Hz, 3H), 0.94 (s, 9H); 13C NMR (150 MHz, DMSO-

d6) δ: 181.20, 170.99, 169.61, 169.48, 166.51, 151.86, 149.41, 148.67, 148.20, 144.77, 144.46, 141.49, 

135.73, 134.60, 133.69, 131.57, 130.10, 129.18, 128.90, 127.59, 127.24, 127.03, 123.87, 121.94, 70.80, 70.22, 

70.17, 69.93, 69.34, 68.91, 61.38, 59.17, 56.54, 55.81, 51.94, 47.90, 46.38, 45.19, 38.27, 35.27, 26.77, 22.81, 

16.40; HRMS (ESI, positive) m/z calcd for C58H77N10O11S3 (M+H)+ 1185.4930, found 1185.4927. 

The synthetic route of the intermediate 15 is similar to that of 6. 
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tert-Butyl 4-((4-(3-benzylthioureido)phenyl)sulfonyl)piperazine-1-carboxylate (15) White solid, yield 

90%. 1H NMR (600 MHz, DMSO-d6) δ: 10.06 (s, 1H), 8.54 (s, 1H), 7.83 (d, J = 8.7 Hz, 2H), 7.65 (d, J = 8.7 

Hz, 2H), 7.35 (d, J = 4.4 Hz, 4H), 7.26–7.30 (m, 1H), 4.76 (s, 2H), 3.36–3.41 (m, 4H), 2.83 (t, J = 4.8 Hz, 

4H), 1.34 (s, 9H). 

The synthetic route of the intermediate 17 is similar to that of 8. 

 

4-((4-((4-(3-Benzylthioureido)phenyl)sulfonyl)piperazin-1-yl)methyl)benzoic acid (17) White solid, 

yield 46%. 1H NMR (600 MHz, DMSO-d6) δ: 12.81 (s, 1H) ,10.07 (s, 1H), 8.57 (s, 1H), 7.83-7.86 (m, 4H), 

7.64–7.65 (m, 2H), 7.34–7.36 (m, 6H), 7.26–7.29 (m, 1H), 4.76 (d, J = 4.7 Hz, 2H), 3.53 (s, 2H), 2.89 (s, 

4H), 2.44 (s, 4H). 

The synthetic route of compound E1 is similar to that of A1. 

 

(2S,4R)-1-((S)-1-(4-((4-((4-(3-benzylthioureido)phenyl)sulfonyl)piperazin-1-yl)-methyl)phen-yl)-18-

(tert-butyl)-1,16-dioxo-5, 8, 11, 14-tetraoxa-2,17-diazanonade-can-19-oyl)-4-hydroxy-N-((S)-1-(4-(4-

methylthiazol-5-yl)phenyl)ethyl)pyrrole-dine-2-carboxamide (E1) White solid, yield 14%, purity 95.8%. 

1H NMR (600 MHz, DMSO-d6) δ: 10.04 (s, 1H), 8.53 (s, 1H), 8.37–8.45 (m, 2H), 7.81 (d, J = 8.1 Hz, 2H), 

7.74 (d, J = 7.8 Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.40–7.43 (m, 1H), 7.23–7.38 (m, 10H), 7.06–7.21 (m, 

2H), 5.07–5.14 (m, 1H), 4.80–4.93 (m, 1H), 4.75 (d, J = 4.4 Hz, 2H), 4.53 (d, J = 9.4 Hz, 1H), 4.38–4.45 (m, 

1H), 4.26 (s, 1H), 3.86–3.97 (m, 2H), 3.47–3.60 (m, 18H), 3.35–3.41 (m, 2H), 2.86 (s, 4H), 2.43 (s, 1H), 2.41 

(s, 4H), 1.98–2.07 (m, 1H), 1.68–1.80 (m, 1H), 1.35 (d, J = 6.6 Hz, 3H), 1.18–1.24 (m, 2H), 0.92 (s, 9H); 13C 

NMR (150 MHz, DMSO-d6) δ: 206.47, 180.98, 170.90, 169.47, 168.96, 166.53, 151.89, 148.20, 145.13, 

144.61, 143.62, 141.50, 138.88, 133.69, 133.49, 131.56, 130.15, 129.87, 129.27, 128.80, 127.99, 127.60, 

127.50, 126.78, 126.17, 121.70, 70.89, 70.30, 70.22, 70.19, 70.06, 69.35, 69.22, 61.38, 60.19, 59.01, 56.96, 

56.15, 51.94, 49.66, 48.20, 48.10, 47.61, 46.39, 38.17, 36.17, 29.91, 29.46, 26.76, 26.68, 23.01, 22.88, 21.20, 

16.43, 14.53; HRMS (ESI, positive) m/z calcd for C59H78N9O11S3 (M+H)+ 1184.4977, found 1184.5001. 
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NMR spectra and HRMS reports 
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