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Supplementary Methods
The synthesis routes of final compounds


The synthesis of the ﬁnal PROTAC compounds was shown in Series I and Series II. Reagents and conditions: (a) K2CO3, KI, DMF, 50 - 90 ℃, 1 - 12 h; (b) NaHCO3, DMF, 90 ℃, 3 - 5 h; (c) DIPEA, HATU, DMF, r.t., 30 min; (d) NaH, DMF, r.t., 12 h; (e) TsCl, Et3N, DMAP, DCM, r.t., 2 h; (f) TFA, DCM, r.t., 0.5 - 2 h.
The PROTACs 38a-h were obtained through a two-stage reaction of E3 ligase ligand 27 and acids of different chain lengths. First, the two substrates under the action of the HATU produce the corresponding compounds 37a-h, which react at 90 °C with the compounds 37a-h and the small molecular derivative 9, and then obtain the target PROTACs 38a-h. The synthesis of 44 is the same as that of the compounds 38a-h, and the synthesis route is as shown in Series Ia. 
PROTAC 49 with pomalidomide as an E3 ligase ligand is obtained by a three-step continuous reaction. The synthetic route is shown in Scheme Ia. Compound 36d reacts with oxalyl chloride to activate the carboxyl group, and then reacts with pomadomide at night to obtain 48. Finally, compound 49 is obtained by nucleophilic substitution with compound 9.
Compound 53 with thalidomide as an E3 ligase ligand was obtained by two nucleophilic substitution reactions, and the synthetic route is shown in Series Ia. The synthetic process of PROTACs 56a-c with lenalidomide as an E3 ligase ligand is the same as that of compound 49.
PROTACs 63a-b based on ether chain were obtained by five steps of the reaction, and its synthesis route was shown in Scheme Ib. First, compound 57 was dehydrogenated and reacted with 58 under the action of NAH to obtain 59. Compound 59 activated its hydroxyl to obtain 60. Compound 61 was obtained by nucleophilic substitution with 9. Subsequently, compound 61 was dehydrogenated with tert-butyl alcohol under the action of TFA and further condensed with VHL ligand 27 to obtain the corresponding PROTAC 63.
The heterocycle-based PROTACs 70a and 70b are respectively based on piperazine heterocycles and piperidine heterocycles, with a total of six steps. The route is shown in Scheme Ic. First, compound 64 was substituted to obtain compound 65. It is worth noting that 64a was mainly chlorinated and 64b was mainly OTs substituted. Then compound 65 was nucleophilic substituted with small molecule derivatives to obtain 66. Compound 66 removed the Boc protective group to expose the amino group and reacted with tert-butyl bromoacetate to obtain 68. Then 68 was decoupled from tert-butyl alcohol under the action of TFA and then condensed with VHL ligand 27 under the action of condensation agent HATU to obtain the target compound 70.
PROTACs 42a-d were synthesized through a three-step reaction with E3 ligase ligand 27 and Boc amino acids of different chain lengths, as shown in Series II. Firstly, compound 27 is condensed with the corresponding acid of chain length under the conditions of DIPEA as a base and HATU as a condensing agent. The condensed product removes the Boc protective group and exposes the amino group to obtain compounds 41a-d. Further condensation with compound 18 yields the target PROTACs 42a-d.

The synthesis of small molecule derivative 9
The design of the synthesis route for small molecule derivative 9 refers to the synthesis route reported by Wang et al [1] in the study of AXL inhibitors. As the initial synthesis step in the PROTACs synthesis process, to accelerate the later stage of the experiment, we designed two synthesis routes for compound 9. In synthesis route one, 2-fluoro-5-nitrobenzyl ether first undergoes a substitution reaction with 1-tert-butoxycarbonyl piperazine at 90 ° C to obtain 3. Compound 3 is reduced to 4 by the reaction of iron powder and ammonium chloride. Compound 4 undergoes two substitution reactions to form 8. Finally, compound 8 removes the Boc protective group by the action of trifluoroacetic acid (TFA) to obtain 9.
Synthesis route one:


Reagents and conditions: (a) K2CO3, DMF, 90 ℃, 4 h; (b) Fe, NH4Cl, EtOH, H2O, 80 ℃, 1 h; (c) DIPEA, NMP, 170 ℃, 2 h; (d) DIPEA, NMP, 120 ℃, MW., 2 h; (e) CF3COOH, DCM, r.t., 1 h.
Synthesis route two:


Reagents and conditions: (a) 2N HCl/MeOH, 70 ℃, 12 h; (b) Et3N, DMF, r.t., 2 h; (c) Pd(OAc)2, Xant-phos, Cs2CO3, THF, 100 ℃, 1 h, MW.; (d) LiOH·H2O, 80 ℃, 12 h; (e) NH4Cl, HATU, DIPEA, DMF, r.t., 12 h; (f) CF3COOH, DCM, r.t., 30 min.
3,5-dichlorine-6-ethiocarbon-2-methylamine 5 reacts with methanol in acidic conditions to generate ester 10, compound 10 and 4-amino tetrachloride are pro-nuclear and are replaced by 11. Compounds 11 and 4 occur under the microwave to replace 12. Compound 12 is hydrolyzed and synthesized with inorganic potassium chloride, and finally with the synthesis route, as soon as the Boc protective base is removed, the target molecule 9 is obtained.

The synthesis of small molecule derivatives 18


Reagents and conditions: (a) K2CO3, DMF, 95 ℃, 4 h; (b) Fe, NH4Cl, EtOH, H2O, 80 ℃, 4 h; (c) Pd(OAc)2, Xant-phos, Cs2CO3,THF, 100 ℃, MW., 1 h; (d) LiOH·H2O, 80 ℃, 12 h.
The synthesis of compound 18 is achieved through four-part reactions of the raw material 2-flu-5-nitrogen-benzethyrene and N-methyl-bromide, the specific reaction type is similar to that of compound 13.

The synthesis of E3 ligase ligand 27


Reagents and conditions: (a) di-tert-butyl dicarbonate, Et3N, DCM, r.t., 2 h; (b) Pd(OAc)2, KOAc, DMAC, 150 ºC, reflux, 18 h; (c) TFA, DCM, r.t., 30 min; (d) Boc-Hyp-OH, DIPEA, HATU, DMF, r.t., 30 min; (e) TFA, DCM, r.t., 30 min; (f) Boc-L-tert-leucine, DIPEA, HATU, DMF, r.t., 30 min; (g) TFA, DCM, r.t., 30 min.
Firstly, compound 20 was obtained by reacting (S)-(-)-1- (4-bromobenzene) ethylamine with di-tert-butyl-dicarbonate to protect the amino group. Compound 20 and 4-methylthiazole 21 were refluxed with palladium acetate catalyst for 18 h to obtain 22. Subsequently, after removing the Boc protective group, Boc-L-hydroxyproline was condensed, and Boc-L-tert-leucine was condensed again to obtain compound 26. Finally, the Boc protective group was removed from 26 to obtain the final compound 27.

The synthesis of E3 ligase ligand 35


Reagents and conditions: (a) di-tert-butyl dicarbonate, Et3N, DCM, r.t., 2 h; (b) Pd(OAc)2, KOAc, DMAC, 150 ºC, reflux, 18 h; (c) TFA, DCM, r.t., 30 min; (d) Boc-Hyp-OH, DIPEA, HATU, DMF, r.t., 30 min; (e) TFA, DCM, r.t., 30 min; (f) Boc-L-tert-leucine, DIPEA, HATU, DMF, r.t., 30 min; (G) TFA, DCM, r.t., 30 min.
Compound 35 was obtained from p-bromobenzylamine as the starting material through a seven-step reaction. The synthesis method is the same as that of compound 27.

Synthetic Chemistry 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Commercially available materials were used as received without further purification. All solvents were dried to avoid water according to appropriate protocols. Reactions were monitored by analytical thin-layer chromatography (TLC). 1H NMR and 13C NMR spectra were obtained on Bruker Biospin AV400 or Bruker Biospin AV 600 instruments. Melting points were measured on X-4 Beijing Tech melting point apparatus. Mass information was obtained by Ultra High-Resolution Mass Spectrometer of Q Exactive. All compounds were identified as >95% purity in both normal and reverse phase HPLC systems.  
The synthesis of small molecule derivative 9
Methyl-3,5-dichloro-6-ethylpyrazine-2-carboxylate(10). 3.5-dichlorine-6-ethiocarbon -2-methyl amine (600 mg, 1.0 eq) is dissolved in a 50 ml round-bottom boiler with a solution of 2 mol/L of methanol acid (14 mL), and the round bottom boiler is placed at 70 °C in an oil-bath pot with a reflux response 24 h. After the TLC detection reaction is complete, the pressure distillation removes the solvent, saturates the NaHCO3 solution (40 mL) with the solution, extracts with DCM (3×30 mL), combines the organic layer and washes with saturated salt water (2×40 mL). 1H NMR (400 MHz, Chloroform-d) δ 4.01 (s, 3H), 3.00 (q, J = 7.5 Hz, 2H), 1.32 (t, J = 7.5 Hz, 3H).
Methyl-3-chloro-6-ethyl-5-((tetrahydro-2H-pyran-4-yl)amino)pyrazine-2-carbo-xylate (11). Take the compound 10 (446 mg, 1.0 eq) in a single bottle of 50 mL, add 4-amino tetrachloride (383.8 mg, 2.0 eq), then add DMF (3 mL) and TEA (576.0 mg, 3.0 eq) respectively, mix at r.t. for 2 h. TLC monitoring reaction is complete, water (30 mL) dilute solution, extract the reactive with EA (3×30 mL), combine the organic layer and rinse with saturated salt water (2×40 mL) remove DMF, no water Na2SO4 dry, pressure distillation remove the solvent obtained crude, column layer purification obtain 469 mg of pure white solid 11, yield of 82.40%. 1H NMR (400 MHz, Chloroform-d) δ 5.02 (d, J = 7.5 Hz, 1H), 4.28 – 4.17 (m, 1H), 4.02 – 3.95 (m, 2H), 3.92 (s, 3H), 3.59 – 3.50 (m, 2H), 2.65 (q, J = 7.5 Hz, 2H), 2.07 – 2.00 (m, 2H), 1.64 – 1.49 (m, 2H), 1.27 (t, J = 7.5 Hz, 3H). 
Methyl-3-((4-(4-(tert-butoxycarbonyl)piperazin-1-yl)-3-methoxyphenyl)amino)-6-ethyl-5-((tetrahydro-2H-pyran-4-yl)amino)pyrazine-2-carboxylate (12). Take a 40 mL specified container, named the compounds 11 (214,5 mg, 1.1 eq), 4 (200.0 mg, 1.0 eq), 4.5-double (diphenocarbonate)-9,9-di-methyl oxide hybrid (Xant-phos, 113,0 mg, 0.3 eq), manganese carbonate (636.0 mg,3.0 eq) and acetic potassium (43,8 mg, 0.0 eq), and add the solvent THF (1.5 mL) under N2 protection. The reaction system reacts for 1 h in a microwave reactor at 100 °C. After the reaction is restored to r.t., add about 40 mL of water, extract the reactive with EA (3×30 mL) and combine the organic layer, the organic layer is washed with saturated salt water (40 mL), and saturated NaHCO3 solution, no water Na2SO4 drying, reducing distillation removes the solvent obtained crude, column layer purification obtains 306 mg of yellow solid 12, yielding 82.41%. 1H NMR (400 MHz, Chloroform-d) δ 10.78 (s, 1H), 7.53 (t, J = 3.7 Hz, 1H), 7.50 (d, J = 2.4 Hz, 1H), 6.92 (d, J = 2.3 Hz, 1H), 6.84 (d, J = 8.6 Hz, 1H), 5.41 (d, J = 4.6 Hz, 1H), 4.72 (d, J = 7.3 Hz, 1H), 4.24 – 4.15 (m, 1H), 4.07 – 4.00 (m, 2H), 3.89 (s, 3H), 3.63 (t, J = 5.0 Hz, 4H), 3.56 – 3.47 (m, 2H), 2.98 (dd, J = 8.2, 3.5 Hz, 4H), 2.53 (q, J = 7.4 Hz, 2H), 2.11 – 2.04 (m, 2H), 1.63 – 1.55 (m, 2H), 1.50 (s, 9H), 1.30 (t, J = 7.4 Hz, 3H). 
3-((4-(4-(tert-butoxycarbonyl)piperazin-1-yl)-3-methoxyphenyl)amino)-6-ethyl-5-((tetrahydro-2H-pyran-4-yl)amino)pyrazine-2-carboxylic acid (13). Take compound 12 (306 mg, 1.0 eq) in a single bottle of 50 mL, add methanol (8 ml) solution, add LiOH-H2O (101.2 mg, 4.0 eq) and react at 80 °C for 18 h. The TLC monitoring reaction is complete, with EA (3×30 mL) extracted with a saturated NH4Cl (50 ml) solution, the organic layer is combined and washed with saturated salt water (2×40 mL), Na2SO4 is dried without water, and the pressure distillation removes the EA from the raw brown solid 13 (315.5 mg), without further purification directly for the next reaction. 
tert-Butyl-4-(4-((3-carbamoyl-5-ethyl-6-((tetrahydro-2H-pyran-4-yl)amino)pyra-zin-2-yl)amino)-2-methoxyphenyl)piperazine-1-carboxylate (8). Take compound 13 (315.5 mg, 1.0 eq) in a single bottle of 50 ml, add the solvent DMF (5 ml) solution, then drip into DIPEA (293.0 mg, 4.0 eq), stir for a few minutes and then add NH4Cl (45.5mg, 1.5 eq) and HATU (237.1 mg, 1.1 eq), the reactive mix overnight at r.t.. After the TLC shows the complete reaction, extract the reactive with EA (3×30 mL) and water (40 ml), combine the organic layer and rinse with saturated salt water (2×40 mL), no water Na2SO4 dry, pressure distillation removes the EA, column layer purification obtained 300.0 mg yellow solid 8, yielding 95.40%. 1H NMR (400 MHz, Chloroform-d) δ 10.78 (s, 1H), 7.53 (t, J = 3.7 Hz, 1H), 7.50 (d, J = 2.4 Hz, 1H), 6.92 (d, J = 2.3 Hz, 1H), 6.84 (d, J = 8.6 Hz, 1H), 5.41 (d, J = 4.6 Hz, 1H), 4.72 (d, J = 7.3 Hz, 1H), 4.26 – 4.16 (m, 1H), 4.07 – 4.00 (m, 2H), 3.89 (s, 3H), 3.63 (t, J = 5.0 Hz, 4H), 3.58 – 3.49 (m, 2H), 2.98 (dd, J = 8.2, 3.5 Hz, 4H), 2.53 (q, J = 7.4 Hz, 2H), 2.12 – 2.06 (m, 2H), 1.63 – 1.55 (m, 2H), 1.50 (s, 9H), 1.30 (t, J = 7.4 Hz, 3H). 
6-Ethyl-3-((3-methoxy-4-(piperazin-1-yl)phenyl)amino)-5-((tetrahydro-2H-pyran-4-yl)amino)pyrazine-2-carboxamide (9). Take compound 8 (300.0 mg, 1.0 eq) in a single bottle of 50 ml, add the solvent DCM (1.5 ml) solution, drip TFA (1,5 ml, overdose), stir at r.t. for 30 min. TLC monitoring reaction is complete, pressure reduction distillation removes solvent and TFA. Columnal isolation purification obtained yellow solid 9,230.0 mg, yielding 93.52%. 1H NMR (400 MHz, Chloroform-d) δ 10.76 (s, 1H), 7.57 – 7.52 (m, 1H), 7.49 (dd, J = 8.6, 2.3 Hz, 1H), 6.92 (d, J = 2.3 Hz, 1H), 6.86 (d, J = 8.7 Hz, 1H), 5.47 (s, 1H), 4.69 (d, J = 7.3 Hz, 1H), 4.27 – 4.17 (m, 1H), 4.06 – 4.01 (m, 2H), 3.88 (s, 3H), 3.58 – 3.50 (m, 2H), 3.15 – 3.11 (m, 4H), 3.09 – 3.02 (m, 4H), 2.53 (q, J = 7.4 Hz, 2H), 2.13 – 2.06 (m, 2H), 1.64 – 1.52 (m, 2H), 1.32 (t, J = 7.4 Hz, 3H).
The synthesis of small molecule derivatives 18


The synthesis method is similar to that of compound 13, with the data characterization of each intermediate as follows. 
1-(2-methoxy-4-nitrophenyl)-4-methylpiperazine (15). Yellow, solid, 42.77% yield; 1H NMR (400 MHz, Chloroform-d) δ 7.80 (dd, J = 8.8, 2.5 Hz, 1H), 7.65 (d, J = 2.5 Hz, 1H), 6.85 (d, J = 8.8 Hz, 1H), 3.91 (s, 3H), 3.23 (t, J = 4.9 Hz, 4H), 2.59 (t, J = 4.9 Hz, 4H), 2.33 (s, 3H).
3-methoxy-4-(4-methylpiperazin-1-yl)aniline (16). Brown solid, 70.00% yield; 1H NMR (400 MHz, Chloroform-d) δ 6.62 – 6.56 (m, 1H), 6.06 – 5.99 (m, 2H), 3.59 (s, 2H), 3.56 (s, 3H), 2.82 (s, 4H), 2.43 (s, 4H), 2.16 (s, 3H).
methyl 6-ethyl-3-((3-methoxy-4-(4-methylpiperazin-1-yl)phenyl)amino)-5-((tetra-hydro-2H-pyran-4-yl)amino)pyrazine-2-carboxylate (17). Yellow solid, 94.38% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.13 (s, 1H), 7.34 (dd, J = 8.6, 2.3 Hz, 1H), 6.83 (d, J = 2.4 Hz, 1H), 6.80 (d, J = 8.6 Hz, 1H), 4.97 (d, J = 7.2 Hz, 1H), 4.16 – 4.06 (m, 1H), 3.97 – 3.91 (m, 2H), 3.86 (s, 3H), 3.80 (s, 3H), 3.46 – 3.38 (m, 2H), 3.04 – 3.02 (m, 4H), 2.57 (q, J = 7.4 Hz, 6H), 2.28 (s, 3H), 2.02 – 1.93 (m, 2H), 1.57 – 1.44 (m, 2H), 1.18 (t, J = 7.5 Hz, 3H).
6-ethyl-3-((3-methoxy-4-(4-methylpiperazin-1-yl)phenyl)amino)-5-((tetrahy-dro-2H-pyran-4-yl)amino)pyrazine-2-carboxylic acid (18). Brown solid, 55.61% yield. The compound is directly used for the next step of the reaction without further purification.
Synthesis of E3 ligase ligand 27


tert-Butyl-(S)-(1-(4-bromophenyl)ethyl)carbamate (20). Add (S)-(-)-1-(4-phosphate) etamine 19 (5 g,1.0 eq) in a 100 mL single bottle, add the solvent DCM (15 mL) solution, then add Et3N (2,8 g,1.1 eq), after a few minutes in the fridge, stir and slowly add the dissolved DCM (5 ml) solution with dioxin ester (6.0 g, 1.1 eq). Drain, remove the ice bath and react at r.t. for 2 h. After the TLC monitoring reaction is complete, the extraction operation is carried out with water and DCM (3×30 mL), the organic layer is combined and the water is rewashed twice (2×40 mL) without water Na2SO4 drying, the pressure reduction distillation removes DCM that obtains a crude white solid product 20, 7.57 g, yielding 100%. 
tert-Butyl (S)-(1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamate (22). Take the compounds 20 (6 g, 1.0 eq), 4-methyl mercury (4.0 g, 2.0 eq), acetic mercurio (44.8 mg, 0.01 eq) and acetic mercury (3.9 g, 2.0 eq) respectively in a single bottle of 150 mL, replace the nitrogen, add the solvent DMAC (15 mL) solution under inert gas protection, heated to 90 °C reaction 18 h. After the reaction ended, put the silicon algae soil filter inside the leak, filter scraps with DMAC (20 mL) wash, remove the filter, in ice bath conditions into the filter add 4-5 times the filter liquid accumulation of water, stir 1 h, there is a grey-white solid dissolved. Filtration of filtering scrap, PE washing, and drying of column purification operation obtained pure white product 22, 3.3 g, yielding 52%.
1H NMR (400 MHz, Chloroform-d) δ 8.68 (s, 1H), 7.42 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.1 Hz, 2H), 4.94 (s, 1H), 2.54 (s, 3H), 1.48 (d, J = 6.8 Hz, 3H), 1.44 (s, 9H).
tert-Butyl-(2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)car-bamoyl)pyrrolidine-1-carboxylate (24). Take compound 22 (6.0 g, 1.0 eq) in a single bottle of 50 mL, add DCM (6 mL) solution, then drop TFA (12 mL), mix at r.t. for 30 min. After the TLC monitoring reaction is complete, the pressure distillation removes the solvent with TFA, and the brown oil-like liquid 23 is obtained, directly for the next reaction. Dissolve in DMF (10 mL), then drip DIPEA (9.7 g, 4.0 eq), mix at r.t. for a few minutes, and then add Boc-L-Methanolate (4.8 g, 1.1 eq) and HATU (7.9 g, 1,1 eq) in a row, reacting 30 min. After the TLC monitoring reaction is completed, the reactive is extracted with EA (3 × 40 mL) and water, and the organic phase is combined with organic compounded salt water (2 × 40 ml) and washed with waterless Na2SO4, and the pressure distillation removes the EA, and further column purification results in a white solid product of 24, 5.8 g, yielding 71%.
tert-Butyl-((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-yl)phenyl)et-hyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)carbamate (26). Take the compound 24 (5.8 g, 1.0 eq) in a single bottle of 50 mL, add the DCM (10 mL) solution, then drop TFA (10 ml) and stir at r.t. for 30 minutes. After the TLC monitoring reaction is complete, the pressure distillation removes the solvent with TFA, and the brown oil-like liquid 25 is obtained, directly for the next reaction. Dissolve in DMF (6 mL), then drip DIPEA (10.4 g, 6.0 eq), mix at r.t. for a few minutes and then add Boc-L-Aminic acid (4.7 g, 1.5 eq) and HATU (5.6 g, 1.1 eq) in a row for 30 min. After the TLC monitoring reaction is completed, the reactive is extracted with EA (3 × 40 mL) and water, and the organic phase is combined with organic saturated salt water (2 × 40 ml) and washed with water-free Na2SO4, and the pressure distillation removes the EA, and further column purification results in a white solid product of 26, 2.6 g, yielding 36%。
(2S,4R)-1-((S)-2-amino-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylt-hiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (27). Take 26 (3.0 g, 1.0 eq) in a single bottle of 50 mL, add DCM (6 mL) solution, then drip TFA (6 ml), mix at r.t. for 30 min. After the TLC monitoring reaction is complete, the solvent and most of the TFA are removed by vacuum distillation. The pH is adjusted to 9-10 using a saturated NaHCO3 solution, and DCM: MeOH=10:1 solvent extraction is prepared (3 × 30 mL) and combined with the organic phase, the organic phase was dried with anhydrous Na2SO4, the solvent was removed by vacuum distillation, and further column chromatography purification was carried out to obtain a white solid product of 27, 2.0 g, yielding 82%. 1H NMR (400 MHz, Chloroform-d) δ 8.66 (s, 1H), 8.22 (d, J = 7.3 Hz, 1H), 7.37 (s, 4H), 5.07 (p, J = 7.0 Hz, 1H), 4.78 (t, J = 8.3 Hz, 1H), 4.41 (d, J = 3.7 Hz, 1H), 3.79 (d, J = 11.3 Hz, 1H), 3.62 – 3.55 (m, 1H), 3.38 (s, 1H), 2.51 (s, 3H), 2.22 – 2.12 (m, 2H), 1.50 (d, J = 6.9 Hz, 3H), 0.99 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.26, 170.77, 150.40, 148.28, 143.97, 131.66, 130.52, 129.46, 126.27, 69.84, 60.33, 58.77, 56.87, 48.87, 37.13, 35.67, 26.13, 22.42, 16.08.
Synthesis of E3 ligase ligand 35

The synthesis method is the same as compound 27, characterized as follows.
(2S,4R)-1-((S)-2-amino-3,3-dimethylbutanoyl)-4-hydroxy-N-(4-(4-methylthiazol-5-yl)benzyl)pyrrolidine-2-carboxamide (35). White solid. 1H NMR (400 MHz, Chloroform-d) δ 8.66 (s, 1H), 7.82 (t, J = 6.1 Hz, 1H), 7.34 – 7.28 (m, 4H), 4.71 (t, J = 8.2 Hz, 1H), 4.46 – 4.39 (m, 2H), 4.30 (dd, J = 15.2, 5.7 Hz, 1H), 3.73 (d, J = 11.2 Hz, 1H), 3.57 (dd, J = 11.1, 3.5 Hz, 1H), 3.38 (s, 1H), 2.48 (s, 3H), 2.25 – 2.20 (m, 1H), 2.17 (d, J = 7.9 Hz, 1H), 0.92 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.33, 171.63, 150.33, 148.33, 138.41, 131.64, 130.66, 129.35, 127.83, 69.93, 60.26, 58.97, 56.89, 45.75, 42.91, 37.08, 35.60, 26.08, 16.05, 8.90.
Synthesis of PROTAC molecules 
Synthesis of PROTACs based on VHL and compound 9 
General synthesis of compounds 37a-h. Take the compound 27 (1.0 eq) with the corresponding chain length of acid (1.2 eq) in a single bottle of 50 mL, add the solvent DMF solution, then drop DIPEA (6.0 eq), stir a few minutes after adding the cluster HATU (1.1 eq), at r.t. for 30 minutes. After the TLC monitoring reaction is complete, extract the reactive with EA (3×30 mL) and water, combine the organic phase, wash with organic compound saturated salt water (2×40 mL), to remove excess DMF, then dry with water-free Na2SO4, pressure reduction distillation removes the EA, further column layer purification to obtain the corresponding white solid products 37a-h.


(37a). White solid. 62% yield. 1H NMR (400 MHz, Chloroform-d) δ 8.70 (s, 1H), 7.51 (d, J = 7.9 Hz, 1H), 7.41 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.5 Hz, 2H), 6.39 (d, J = 8.9 Hz, 1H), 5.10 (p, J = 7.0 Hz, 1H), 4.68 (t, J = 7.9 Hz, 1H), 4.59 (d, J = 8.9 Hz, 1H), 4.51 (s, 1H), 4.03 (d, J = 11.3 Hz, 1H), 3.64 (dd, J = 11.3, 3.8 Hz, 1H), 3.39 (t, J = 6.4 Hz, 2H), 2.53 (s, 3H), 2.44 – 2.36 (m, 1H), 2.25 – 2.17 (m, 2H), 2.12 – 2.03 (m, 1H), 1.90 – 1.81 (m, 2H), 1.79 – 1.70 (m, 2H), 1.50 – 1.48 (m, 3H), 1.05 (s, 9H).
(37b). White solid. 60% yield. 1H NMR (400 MHz, Chloroform-d) δ 8.70 (s, 1H), 7.49 (d, J = 7.9 Hz, 1H), 7.42 (d, J = 8.6 Hz, 2H), 7.38 (d, J = 8.5 Hz, 2H), 6.36 (d, J = 8.8 Hz, 1H), 5.10 (p, J = 7.0 Hz, 1H), 4.68 (t, J = 7.9 Hz, 1H), 4.60 (d, J = 8.9 Hz, 1H), 4.49 – 4.54 (m, 1H), 4.07 – 4.01 (m, 1H), 3.64 (dd, J = 11.2, 3.8 Hz, 1H), 3.39 (t, J = 6.7 Hz, 2H), 2.53 (s, 3H), 2.48 – 2.39 (m, 1H), 2.18 (t, J = 7.5 Hz, 2H), 2.10 – 2.02 (m, 1H), 1.90 – 1.79 (m, 2H), 1.66 – 1.57 (m, 2H), 1.49 (d, J = 6.9 Hz, 3H), 1.47 – 1.40 (m, 2H), 1.05 (s, 9H).
(37c). White solid. 65% yield. 1H NMR (400 MHz, Chloroform-d) δ 8.69 (s, 1H), 7.55 (d, J = 7.9 Hz, 1H), 7.38 (d, J = 2.0 Hz, 4H), 6.39 (d, J = 8.9 Hz, 1H), 5.09 (p, J = 7.1 Hz, 1H), 4.65 (t, J = 7.9 Hz, 1H), 4.59 (d, J = 8.9 Hz, 1H), 4.48 (d, J = 5.4 Hz, 1H), 4.00 (d, J = 11.2 Hz, 1H), 3.64 (dd, J = 11.2, 3.7 Hz, 1H), 3.37 (t, J = 6.8 Hz, 2H), 2.51 (s, 3H), 2.40 – 2.32 (m, 1H), 2.14 (t, J = 7.5 Hz, 2H), 2.05 (dd, J = 13.5, 8.2 Hz, 1H), 1.81 (p, J = 6.9 Hz, 2H), 1.63 – 1.54 (m, 2H), 1.48 (d, J = 6.9 Hz, 3H), 1.36 – 1.45 (m, 2H), 1.34 – 1.25 (m, 2H), 1.03 (s, 9H).
(37d). White solid. 69% yield. 1H NMR (400 MHz, Chloroform-d) δ 8.70 (s, 1H), 7.51 (d, J = 7.9 Hz, 1H), 7.40 (d, 2H), 7.38 (d, J = 8.6 Hz, 2H), 6.37 (d, J = 8.9 Hz, 1H), 5.10 (p, J = 7.0 Hz, 1H), 4.67 (t, J = 7.9 Hz, 1H), 4.59 (d, J = 8.9 Hz, 1H), 4.48 – 4.53 (m, 1H), 4.05 (d, J = 11.3 Hz, 1H), 3.64 (dd, J = 11.3, 3.7 Hz, 1H), 3.39 (t, J = 6.8 Hz, 2H), 2.53 (s, 3H), 2.44 – 2.36 (m, 1H), 2.15 (t, J = 7.6 Hz, 2H), 2.07 (dd, J = 13.4, 8.3 Hz, 1H), 1.86 – 1.79 (m, 2H), 1.63 – 1.54 (m, 2H), 1.49 (d, J = 6.9 Hz, 3H), 1.44 – 1.38 (m, 2H), 1.33 – 1.27 (m, 4H), 1.05 (s, 9H).
(37e). White solid. 53% yield. 1H NMR (400 MHz, Chloroform-d) δ 8.68 (s, 1H), 7.58 (d, J = 7.9 Hz, 1H), 7.37 (s, 4H), 6.38 (d, J = 8.8 Hz, 1H), 5.09 (p, J = 7.0 Hz, 1H), 4.64 (t, J = 7.9 Hz, 1H), 4.59 (d, J = 8.9 Hz, 1H), 4.50 – 4.45 (m, 1H), 3.99 (d, J = 11.2 Hz, 1H), 3.64 (dd, J = 11.2, 3.9 Hz, 1H), 3.37 (t, J = 6.8 Hz, 2H), 2.50 (s, 3H), 2.38 – 2.29 (m, 1H), 2.11 (t, J = 7.6 Hz, 2H), 2.03 (dd, J = 13.6, 8.1 Hz, 1H), 1.85 – 1.76 (m, 2H), 1.55 (dd, J = 14.1, 7.0 Hz, 2H), 1.47 (d, J = 6.9 Hz, 3H), 1.42 – 1.33 (m, 2H), 1.26 – 1.23 (m, 6H), 1.03 (s, 9H).
(37f). White solid. 63% yield. 1H NMR (400 MHz, Chloroform-d) δ 8.71 (s, 1H), 7.49 (d, J = 7.9 Hz, 1H), 7.42 (d, J = 8.6 Hz, 2H), 7.39 (d, J = 8.5 Hz, 2H), 6.30 (d, J = 8.8 Hz, 1H), 5.11 (p, J = 7.0 Hz, 1H), 4.70 (t, J = 7.9 Hz, 1H), 4.59 (d, J = 8.8 Hz, 1H), 4.54 – 4.49 (m, 1H), 4.09 (d, J = 11.6 Hz, 1H), 3.63 (dd, J = 11.3, 3.7 Hz, 1H), 3.41 (t, J = 6.8 Hz, 2H), 2.54 (s, 3H), 2.50 – 2.42 (m, 1H), 2.17 (t, J = 7.6 Hz, 2H), 2.11 – 2.04 (m, 1H), 1.89 – 1.80 (m, 2H), 1.63 – 1.55 (m, 2H), 1.52 – 1.48 (m, 3H), 1.43 (d, J = 7.6 Hz, 2H), 1.31 – 1.26 (m, 8H), 1.06 (s, 9H).
(37g). White solid. 39% yield. 1H NMR (400 MHz, Chloroform-d) δ 8.68 (s, 1H), 7.58 (d, J = 7.9 Hz, 1H), 7.38 (s, 4H), 6.34 (d, J = 8.8 Hz, 1H), 5.09 (p, J = 7.1 Hz, 1H), 4.64 (t, J = 7.9 Hz, 1H), 4.58 (s, 1H), 4.47 (d, J = 4.2 Hz, 1H), 3.99 (d, J = 11.2 Hz, 1H), 3.64 (dd, J = 11.2, 3.8 Hz, 1H), 3.38 (t, J = 6.8 Hz, 2H), 2.51 (s, 3H), 2.39 – 2.30 (m, 1H), 2.11 (t, J = 7.7 Hz, 2H), 2.08 – 2.00 (m, 1H), 1.86 – 1.78 (m, 2H), 1.61 – 1.51 (m, 2H), 1.48 (d, J = 6.9 Hz, 3H), 1.42 – 1.35 (m, 2H), 1.29 – 1.23 (m, 10H), 1.03 (s, 9H).
(37h). White solid. 46% yield. 1H NMR (400 MHz, Chloroform-d) δ 8.67 (s, 1H), 7.62 (d, J = 7.9 Hz, 1H), 7.36 (s, 4H), 6.39 (d, J = 8.8 Hz, 1H), 5.08 (p, J = 7.1 Hz, 1H), 4.62 (t, J = 7.9 Hz, 1H), 4.58 (d, J = 9.0 Hz, 1H), 4.45 (d, J = 3.9 Hz, 1H), 3.97 (d, J = 11.2 Hz, 1H), 3.63 (dd, J = 11.1, 3.9 Hz, 1H), 3.36 (t, J = 6.9 Hz, 2H), 2.48 (s, 3H), 2.33 – 2.25 (m, 1H), 2.10 (t, J = 7.6 Hz, 2H), 2.03 (dd, J = 13.4, 8.4 Hz, 1H), 1.85 – 1.76 (m, 2H), 1.59 – 1.49 (m, 2H), 1.46 (d, J = 6.9 Hz, 3H), 1.37 (dd, J = 9.5, 5.5 Hz, 2H), 1.26 – 1.20 (m, 12H), 1.01 (s, 9H).
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Synthesis of the PROTACs 38a-h: The corresponding compound 37 (1.2 eq), K2CO3 (4.0 eq), and KI (1.4 eq) are added to the solvent DMF solution in a single bottle, mixed for a few minutes to add the compound 9 (1.0 eq), heated to 90 ° C for the night. After the TLC monitoring reaction is complete, the reactive is extracted with EA (3×30 mL) and water, and the organic phase is combined with organic compounded salt water (2×40 mL), washed to remove excess DMF, then dried with waterless Na2SO4, and the pressure distillation removes EA, and further column purification results in the final products 38a-h.


(38a). Yellow solid. 31% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.74 (s, 1H), 8.67 (s, 1H), 7.59 (d, J = 7.9 Hz, 1H), 7.54 (d, J = 4.8 Hz, 1H), 7.46 (dd, J = 8.6, 2.3 Hz, 1H), 7.38 (d, J = 1.4 Hz, 4H), 6.91 (d, J = 2.3 Hz, 1H), 6.85 (d, J = 8.6 Hz, 1H), 6.60 (d, J = 8.9 Hz, 1H), 5.60 (d, J = 4.6 Hz, 1H), 5.10 (t, J = 7.2 Hz, 1H), 4.75 – 4.69 (m, 2H), 4.64 (d, J = 9.0 Hz, 1H), 4.51 (s, 1H), 4.23 – 4.15 (m, 1H), 4.07 (d, J = 11.3 Hz, 1H), 4.05 – 3.97 (m, 2H), 3.85 (s, 3H), 3.66 – 3.62 (m, 1H), 3.55 – 3.47 (m, 4H), 3.16 – 3.02 (m, 4H), 3.68 – 2.79 (m, 4H), 2.53 – 2.50 (m, 5H), 2.43 – 2.37 (m, 1H), 2.30 – 2.23 (m, 2H), 2.16 – 2.11 (m, 1H), 2.07 (dd, J = 11.4, 3.2 Hz, 2H), 1.65 (d, J = 8.4 Hz, 2H), 1.60 – 1.54 (m, 4H), 1.49 (d, J = 6.9 Hz, 3H), 1.33 – 1.29 (m, 3H), 1.06 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.50, 171.95, 170.37, 170.00, 152.37, 151.92, 151.03, 150.39, 148.39, 143.28, 136.00, 135.90, 131.62, 130.78, 130.72, 129.53, 126.45, 117.94, 112.62, 112.51, 105.03, 69.81, 66.89, 58.74, 57.97, 57.55, 55.66, 53.25, 50.54, 48.81, 36.00, 35.34, 33.12, 31.93, 29.70, 29.37, 26.56, 25.82, 24.55, 23.47, 22.70, 16.09, 14.16, 10.51. HRMS (ESI) calculated for C51H71N11O7S [M+H]+, 982.5331; found 982.5368.
(38b). Yellow solid, 46% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.73 (s, 1H), 8.67 (s, 1H), 7.56 (d, J = 7.8 Hz, 1H), 7.53 (d, J = 4.6 Hz, 1H), 7.45 (dd, J = 8.6, 2.3 Hz, 1H), 7.40 – 7.33 (m, 4H), 6.91 (d, J = 2.3 Hz, 1H), 6.84 (d, J = 8.6 Hz, 1H), 6.60 (d, J = 9.0 Hz, 1H), 5.70 (d, J = 4.5 Hz, 1H), 5.12 – 5.06 (m, 1H), 4.76 – 4.70 (m, 2H), 4.64 (d, J = 9.0 Hz, 1H), 4.51 (s, 1H), 4.23 – 4.14 (m, 1H), 4.08 – 3.96 (m, 5H), 3.85 (s, 3H), 3.63 (dd, J = 11.2, 3.6 Hz, 1H), 3.55 – 3.46 (m, 2H), 3.16 – 3.30 (m, 4H), 2.78 – 2.62 (m, 4H), 2.54 – 2.47 (m, 5H), 2.45 – 2.37 (m, 3H), 2.26 – 2.17 (m, 2H), 2.11 – 2.03 (m, 3H), 1.67 – 1.61 (m, 2H), 1.50 – 1.46 (m, 4H), 1.48 (d, J = 6.9 Hz, 3H), 1.32 – 1.29 (m, 3H), 1.05 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.58, 171.95, 170.41, 170.05, 152.37, 151.92, 151.01, 150.40, 148.36, 143.30, 136.07, 135.86, 131.62, 130.75, 129.51, 126.46, 117.90, 112.59, 112.49, 105.02, 69.72, 66.90, 58.79, 58.34, 57.45, 56.95, 55.66, 53.29, 50.61, 48.79, 47.65, 45.68, 36.18, 35.99, 35.46, 34.46, 33.09, 31.91, 29.68, 29.35, 27.06, 26.56, 26.07, 25.39, 24.53, 22.69, 22.25, 16.09, 14.83, 14.15, 10.51, 9.32. HRMS (ESI) calculated for C52H73N11O7S [M+H]+, 986.5488; found 986.5491.
(38c). Yellow solid, 60% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.74 (s, 1H), 8.67 (s, 1H), 7.63 (d, J = 7.9 Hz, 1H), 7.53 (d, J = 4.5 Hz, 1H), 7.46 (dd, J = 8.6, 2.3 Hz, 1H), 7.38 (s, 4H), 6.90 (d, J = 2.3 Hz, 1H), 6.85 (d, J = 8.6 Hz, 1H), 6.51 (d, J = 9.0 Hz, 1H), 5.68 (d, J = 4.5 Hz, 1H), 5.12 – 5.07 (m, 1H), 4.77 – 4.70 (m, 2H), 4.64 (d, J = 9.0 Hz, 1H), 4.51 (s, 1H), 4.23 – 4.14 (m, 1H), 4.08 – 3.98 (m, 3H), 3.85 (s, 3H), 3.65 – 3.61 (m, 1H), 3.57 – 3.47 (m, 4H), 3.18 – 3.04 (m, 4H), 2.79 – 3.69 (m, 4H), 2.55 – 2.48 (m, 5H), 2.41 – 2.35 (m, 1H), 2.24 – 2.18 (m, 2H), 2.06 (dd, J = 13.1, 4.2 Hz, 3H), 1.61 (d, J = 6.4 Hz, 2H), 1.59 – 1.52 (m, 4H), 1.49 (d, J = 6.9 Hz, 3H), 1.43 (dd, J = 8.3, 6.3 Hz, 2H), 1.33 – 1.29 (m, 5H), 1.05 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.64, 171.76, 170.40, 170.17, 152.36, 151.93, 151.00, 150.38, 148.34, 143.43, 135.98, 135.86, 131.66, 130.80, 130.69, 129.49, 126.47, 118.01, 112.60, 112.45, 104.98, 69.80, 66.89, 58.84, 58.35, 57.40, 56.94, 55.66, 53.20, 52.83, 50.35, 48.79, 47.66, 36.31, 36.19, 35.46, 34.46, 33.09, 31.91, 31.50, 30.12, 29.68, 29.36, 28.87, 27.02, 26.54, 25.96, 25.48, 24.54, 22.28, 16.08, 14.82, 14.15, 7.92. HRMS (ESI) calculated for C53H75N11O7S [M+H]+, 1010.6544; found 1010.5665.
(38d). Yellow solid, 46% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.74 (s, 1H), 8.66 (s, 1H), 7.57 (d, J = 7.8 Hz, 1H), 7.52 (d, J = 4.6 Hz, 1H), 7.44 (dd, J = 8.6, 2.3 Hz, 1H), 7.37 (s, 4H), 6.90 (d, J = 2.3 Hz, 1H), 6.84 (d, J = 8.7 Hz, 1H), 6.48 (d, J = 9.0 Hz, 1H), 5.79 (d, J = 4.5 Hz, 1H), 5.12 – 5.05 (m, 1H), 4.78 – 4.69 (m, 2H), 4.64 (d, J = 9.0 Hz, 1H), 4.51 (s, 1H), 4.23 – 4.14 (m, 1H), 4.05 – 3.96 (m, 3H), 3.85 (s, 3H), 3.63 (dd, J = 11.1, 3.9 Hz, 1H), 3.53 – 3.46 (m, 2H), 3.18 – 3.00 (m, 4H), 2.79 – 2.64 (m, 4H), 2.54 – 2.46 (m, 5H), 2.45 – 2.38 (m, 3H), 2.22 – 2.15 (m, 2H), 2.09 – 2.02 (m, 3H), 1.62 – 1.50 (m, 6H), 1.47 (d, J = 6.9 Hz, 3H), 1.33 – 1.25 (m, 9H), 1.04 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.56, 171.87, 170.43, 170.14, 152.37, 151.92, 151.00, 150.40, 148.35, 143.33, 136.07, 135.87, 131.62, 130.76, 129.49, 126.47, 117.91, 112.59, 112.50, 105.01, 69.71, 66.90, 58.82, 58.64, 57.33, 56.89, 55.65, 53.35, 50.61, 48.78, 47.66, 45.83, 36.38, 35.51, 33.08, 31.90, 29.68, 29.34, 29.01, 28.90, 27.20, 26.54, 26.23, 25.50, 24.53, 22.68, 16.08, 14.83, 14.16, 10.51. HRMS (ESI) calculated for C54H77N11O7S [M+H]+, 1024.5801; found 1024.5806.
(38e). Yellow solid, 66% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.72 (s, 1H), 8.67 (s, 1H), 7.60 (d, J = 7.9 Hz, 1H), 7.52 (d, J = 4.6 Hz, 1H), 7.44 (dd, J = 8.5, 2.3 Hz, 1H), 7.38 (s, 4H), 6.90 (d, J = 2.3 Hz, 1H), 6.85 (d, J = 8.7 Hz, 1H), 6.48 (d, J = 8.9 Hz, 1H), 5.78 – 5.72 (m, 1H), 5.14 – 5.05 (m, 1H), 4.75 (d, J = 7.3 Hz, 1H), 4.70 (t, J = 7.9 Hz, 1H), 4.63 (d, J = 9.0 Hz, 1H), 4.49 (d, J = 5.5 Hz, 1H), 4.23 – 4.14 (m, 1H), 4.07 – 3.98 (m, 3H), 3.85 (s, 3H), 3.63 (dd, J = 11.2, 3.7 Hz, 1H), 3.55 – 3.46 (m, 2H), 3.17 – 2.99 (m, 6H), 2.74 – 2.58 (s, 4H), 2.54 – 2.46 (m 5H), 2.43 – 2.35 (m, 3H), 2.17 (t, J = 7.6 Hz, 2H), 2.10 – 2.03 (m, 3H), 1.56 (dd, J = 12.0, 4.3 Hz, 4H), 1.48 (d, J = 6.9 Hz, 3H), 1.30 – 1.27 (m, 5H), 1.26 – 1.23 (m, 6H), 1.04 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.73, 171.84, 170.42, 170.09, 152.38, 151.93, 151.03, 150.42, 148.37, 143.31, 136.18, 135.81, 131.62, 129.51, 126.49, 117.91, 112.60, 112.54, 105.05, 69.81, 66.91, 58.81, 58.74, 57.38, 56.84, 55.66, 53.50, 53.38, 50.70, 48.79, 47.66, 36.45, 35.99, 35.45, 33.10, 31.92, 31.51, 30.12, 29.69, 29.29, 29.13, 29.09, 27.42, 26.54, 25.64, 24.53, 22.69, 22.23, 16.09, 14.83, 14.15, 10.52. HRMS (ESI) calculated for C55H79N11O7S [M+H]+, 1038.5957; found 1038.5986.
(38f). Yellow solid, 63% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.73 (s, 1H), 8.67 (s, 1H), 7.58 (d, J = 7.8 Hz, 1H), 7.52 (d, J = 4.5 Hz, 1H), 7.44 (dd, J = 8.6, 2.3 Hz, 1H), 7.37 (s, 4H), 6.90 (d, J = 2.3 Hz, 1H), 6.85 (d, J = 8.6 Hz, 1H), 6.48 (d, J = 8.9 Hz, 1H), 5.84 (d, J = 5.3 Hz, 1H), 5.09 (t, J = 7.2 Hz, 1H), 4.77 (d, J = 7.2 Hz, 1H), 4.70 (t, J = 7.8 Hz, 1H), 4.62 (d, J = 8.9 Hz, 1H), 4.51 (s, 1H), 4.23 – 4.14 (m, 1H), 4.05 – 3.96 (m, 3H), 3.85 (s, 3H), 3.64 (dd, J = 11.2, 4.0 Hz, 1H), 3.53 – 3.47 (m, 2H), 3.16 – 2.96 (m, 4H), 2.77 – 2.63 (m, 4H), 2.53 – 2.46 (m, 5H), 2.45 – 2.37 (m, 3H), 2.17 (t, J = 7.6 Hz, 2H), 2.05 (dd, J = 13.7, 3.8 Hz, 3H), 1.60 – 1.51 (m, 6H), 1.47 (d, J = 6.9 Hz, 3H), 1.31 – 1.25 (m, 13H), 1.04 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.65, 171.84, 170.45, 170.14, 152.38, 151.93, 151.01, 150.43, 148.34, 143.33, 136.14, 135.84, 131.62, 130.78, 130.75, 126.49, 117.92, 112.58, 105.03, 69.79, 66.91, 58.87, 58.75, 57.37, 56.83, 55.65, 53.38, 50.67, 48.77, 47.66, 38.84, 36.07, 35.50, 33.07, 29.67, 29.41, 29.33, 29.20, 28.95, 27.49, 25.70, 24.52, 23.95, 22.96, 22.23, 16.09, 14.08, 10.52. HRMS (ESI) calculated for C56H81N11O7S [M+H]+, 1052.6114; found 1052.6117.
(38g). Yellow solid, 44% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.71 (s, 1H), 8.67 (s, 1H), 7.56 (d, J = 7.8 Hz, 1H), 7.52 (d, J = 4.7 Hz, 1H), 7.45 (dd, J = 8.6, 2.3 Hz, 1H), 7.38 (d, J = 1.7 Hz, 4H), 6.90 (d, J = 2.3 Hz, 1H), 6.85 (d, J = 8.6 Hz, 1H), 6.41 (d, J = 9.1 Hz, 1H), 5.65 (d, J = 4.6 Hz, 1H), 5.12 – 5.07 (m, 1H), 4.75 – 4.68 (m, 2H), 4.62 (d, J = 9.0 Hz, 1H), 4.52 – 4.49 (m, 1H), 4.25 – 4.14 (m, 1H), 4.07 – 3.97 (m, 3H), 3.86 (s, 3H), 3.63 (dd, J = 11.2, 3.7 Hz, 1H), 3.55 – 3.47 (m, 2H), 3.16 – 2.99 (m, 6H), 2.73 – 2.65 (m, 4H), 2.54 – 2.47 (m, 5H), 2.42 – 2.37 (m, 3H), 2.17 (t, J = 7.6 Hz, 2H), 2.10 – 2.04 (m, 3H), 1.56 (dd, J = 12.5, 4.4 Hz, 4H), 1.48 (d, J = 6.9 Hz, 3H), 1.31 – 1.25 (m, 15H), 1.04 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.79, 171.89, 170.39, 170.02, 152.39, 151.93, 151.04, 150.40, 148.40, 143.28, 136.08, 135.88, 131.61, 130.80, 130.72, 129.53, 126.48, 117.97, 112.63, 112.53, 105.06, 69.85, 66.90, 58.75, 57.39, 56.81, 55.66, 53.49, 53.34, 50.56, 48.80, 47.65, 36.51, 35.87, 33.12, 31.92, 29.69, 29.46, 29.41, 29.35, 29.24, 29.19, 26.53, 26.41, 25.65, 24.54, 22.69, 22.22. HRMS (ESI) calculated for C57H83N11O7S [M+H]+, 1066.6270; found 1066.6302.
(38h). Yellow solid, 52% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.72 (s, 1H), 8.68 (s, 1H), 7.59 (d, J = 7.9 Hz, 1H), 7.53 (d, J = 4.5 Hz, 1H), 7.45 (dd, J = 8.5, 2.3 Hz, 1H), 7.39 (s, 4H), 6.91 (d, J = 2.3 Hz, 1H), 6.86 (d, J = 8.6 Hz, 1H), 6.44 (d, J = 8.9 Hz, 1H), 5.71 (d, J = 4.5 Hz, 1H), 5.10 (p, J = 7.0 Hz, 1H), 4.74 (d, J = 7.3 Hz, 1H), 4.68 (d, J = 8.0 Hz, 1H), 4.62 (d, J = 8.9 Hz, 1H), 4.50 (s, 1H), 4.24 – 4.15 (m, 1H), 4.08 – 3.99 (m, 3H), 3.86 (s, 3H), 3.63 (dd, J = 11.3, 3.6 Hz, 1H), 3.55 – 3.47 (m, 2H), 3.16 – 3.00 (m, 4H), 2.76 – 2.64 (m, 4H), 2.54 – 2.47 (m, 5H), 2.45 – 2.36 (m, 3H), 2.17 (t, J = 7.6 Hz, 2H), 2.12 – 2.03 (m, 3H), 1.62 – 1.52 (m, 6H), 1.49 (d, J = 6.9 Hz, 3H), 1.31 – 1.23 (m, 17H), 1.05 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.87, 171.84, 170.40, 170.06, 152.39, 151.92, 151.04, 150.43, 148.38, 143.27, 136.23, 135.78, 131.60, 130.80, 130.69, 129.52, 126.49, 117.90, 112.59, 112.54, 105.04, 69.86, 66.91, 58.80, 57.39, 56.83, 55.65, 53.41, 50.76, 48.80, 47.65, 36.52, 35.90, 35.38, 33.11, 29.69, 29.54, 29.52, 29.49, 29.43, 29.28, 29.24, 27.60, 26.64, 26.53, 25.68, 24.54, 22.21, 16.09, 10.51. HRMS (ESI) calculated for C58H85N11O7S [M+H]+, 1080.6427; found 1080.6427.
Synthesis of PROTAC molecules based on micromolecular derivatives 18 and VHL
General synthesis of compound 40a-d
Compound 27 (1.0 eq) with corresponding compound 39 (1.1 eq) in a single bottle, add the solvent DMF solution, then drop DIPEA (4.0 eq), mix for a few minutes and add HATU (1.1 eq), reaction at r.t. 1 h. After the TLC monitoring reaction is complete, extract the reactive with EA (3×30 mL) and water, combine the organic phase, wash with organic compound saturated salt water (2×40 mL), to remove excess DMF, then dry with waterless Na2SO4, pressure distillation removes the EA, further pillar purification to the corresponding intermediates 40a-d.



(40a). White solid, 97% yield; 1H NMR (400 MHz, Chloroform-d) δ 8.64 (s, 1H), 7.63 (d, J = 7.7 Hz, 1H), 7.33 (d, J = 2.3 Hz, 4H), 6.69 (d, J = 8.3 Hz, 1H), 5.08 – 5.01 (m, 1H), 4.65 (t, J = 8.0 Hz, 1H), 4.59 (d, J = 9.2 Hz, 1H), 4.45 (s, 1H), 3.96 (d, J = 11.0 Hz, 1H), 3.67 – 3.58 (m, 1H), 3.01 (d, J = 6.7 Hz, 2H), 2.46 (s, 3H), 2.33 – 2.20 (m, 1H), 2.20 – 2.10 (m, 2H), 2.06 (dd, J = 16.9, 8.6 Hz, 1H), 1.59 – 1.49 (m, 2H), 1.42 (d, J = 7.0 Hz, 3H), 1.38 (s, 9H), 1.25 – 1.20 (m, 2H), 0.99 (s, 9H).
(40b). White solid, 71% yield; 1H NMR (400 MHz, Chloroform-d) δ 8.67 (s, 1H), 7.61 (d, J = 7.7 Hz, 1H), 7.35 (d, J = 7.5 Hz, 4H), 6.47 (d, J = 10.2 Hz, 1H), 5.11 – 5.03 (m, 1H), 4.64 (t, J = 7.9 Hz, 1H), 4.59 (d, J = 8.8 Hz, 1H), 4.46 (s, 1H), 3.99 (d, J = 11.0 Hz, 1H), 3.62 (dd, J = 11.2, 3.8 Hz, 1H), 3.04 (t, J = 6.7 Hz, 2H), 2.49 (s, 3H), 2.38 – 2.22 (m, 1H), 2.16 – 2.08 (m, 2H), 2.05 (d, J = 12.3 Hz, 1H), 1.60 – 1.50 (m, 2H), 1.46 (d, J = 6.7 Hz, 3H), 1.40 (s, 9H), 1.29 – 1.16 (m, 8H), 1.00 (s, 9H).
(40c). White solid, 47% yield; 1H NMR (400 MHz, Chloroform-d) δ 8.65 (s, 1H), 7.59 (d, J = 7.7 Hz, 1H), 7.34 (s, 4H), 6.40 (d, J = 8.8 Hz, 1H), 5.09 – 5.00 (m, 1H), 4.63 (t, J = 7.9 Hz, 1H), 4.56 (d, J = 8.9 Hz, 1H), 4.45 (s, 1H), 3.96 (d, J = 11.2 Hz, 1H), 3.60 (dd, J = 11.1, 4.0 Hz, 1H), 3.04 (d, J = 6.8 Hz, 2H), 2.47 (s, 3H), 2.34 – 2.25 (m, 1H), 2.10 (t, J = 7.6 Hz, 2H), 2.04 (d, J = 13.2 Hz, 1H), 1.56 – 1.48 (m, 2H), 1.44 (d, J = 6.9 Hz, 3H), 1.38 (s, 9H), 1.25 – 1.18 (m, 12H), 0.99 (s, 9H).
(40d). White solid, 77% yield; 1H NMR (400 MHz, Chloroform-d) δ 8.67 (s, 1H), 7.57 (d, J = 8.0 Hz, 1H), 7.36 (s, 4H), 6.42 (d, J = 8.7 Hz, 1H), 5.10 – 5.04 (m, 1H), 4.64 (t, J = 7.8 Hz, 1H), 4.58 (d, J = 8.8 Hz, 1H), 4.47 (s, 1H), 3.98 (d, J = 11.1 Hz, 1H), 3.63 (dd, J = 11.2, 3.7 Hz, 1H), 3.10 – 3.03 (m, 2H), 2.49 (s, 3H), 2.38 – 2.30 (m, 1H), 2.11 (t, J = 7.6 Hz, 2H), 2.03 (dd, J = 13.3, 8.2 Hz, 1H), 1.58 – 1.50 (m, 2H), 1.46 (d, J = 6.9 Hz, 3H), 1.41 (s, 9H), 1.27 – 1.20 (m, 16H), 1.01 (s, 9H).
Synthesis of Compounds 42a-d: Take the corresponding compound 40 (1.0 eq), add DCM solution, then drop excess TFA, and react at r.t. for 30 min. The TLC monitoring reaction is complete, and the pressure reduction distillation removes DCM and TFA, and gets brown oil-like liquid 41, without further purification, directly to the next reaction. First, add a moderate dose of solvent DMF to dissolve it, drip DIPEA (8.0 eq) and stir for a few minutes, then add the compound 18 (1.1 eq) with HATU (1.1 eq) respectively, reacting at r.t. for 30 min. After the TLC monitoring reaction is complete, the reactive is extracted with EA (3×30 mL) and water, and the organic phase is combined with organic compounded salt water (2×40 mL), washed to remove excess DMF, then dried with waterless Na2SO4, and the pressure distillation removes EA, further purifying the corresponding target PROTAC molecules 42a-d through column layer analysis.



(42a). Yellow solid, 67% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.89 (s, 1H), 8.65 (s, 1H), 7.79 – 7.71 (m, 1H), 7.53 (d, J = 8.7 Hz, 1H), 7.52 – 7.46 (m, 1H), 7.34 (d, J = 7.3 Hz, 4H), 6.86 (t, J = 2.8 Hz, 1H), 6.82 (dd, J = 9.3, 5.1 Hz, 1H), 6.46 – 6.35 (m, 1H), 5.05 (q, J = 6.8 Hz, 1H), 4.76 – 4.69 (m, 1H), 4.67 (d, J = 7.4 Hz, 1H), 4.59 (d, J = 8.8 Hz, 1H), 4.48 (s, 1H), 4.20 – 4.16 (m, 1H), 4.03 – 3.93 (m, 3H), 3.83 (s, 3H), 3.62 (dd, J = 11.0, 3.8 Hz, 1H), 3.55 – 3.46 (m, 2H), 3.38 – 3.31 (m, 2H), 3.18 – 3.00 (m, 4H), 2.75 – 2.65 (m, 4H), 2.53 – 2.46 (m, 5H), 2.42 – 2.30 (m, 4H), 2.20 – 2.13 (m, 2H), 2.10 – 2.00 (m, 3H), 1.67 – 1.50 (m, 6H), 1.45 (d, J = 6.7 Hz, 3H), 1.28 – 1.21 (m, 5H), 1.01 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.41, 171.73, 170.07, 167.55, 152.42, 151.60, 150.51, 150.41, 148.33, 143.29, 136.01, 135.95, 131.60, 130.73, 130.33, 129.49, 126.46, 117.92, 113.13, 111.98, 104.68, 69.77, 66.93, 58.80, 57.39, 56.78, 55.63, 55.30, 50.83, 48.77, 47.67, 46.07, 45.86, 38.81, 38.66, 36.29, 36.02, 35.41, 33.12, 30.31, 29.72, 28.89, 26.56, 26.50, 25.36, 24.60, 23.69, 22.97, 22.21, 16.07, 14.08, 10.71, 9.63. HRMS (ESI) calculated for C53H75N11O7S [M+H]+, 1010.5644; found 1010.5658.
(42b). Yellow solid, 44% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.94 (s, 1H), 8.67 (s, 1H), 7.77 (t, J = 6.1 Hz, 1H), 7.58 – 7.50 (m, 2H), 7.41 – 7.35 (m, 4H), 6.88 (d, J = 2.3 Hz, 1H), 6.85 (d, J = 8.6 Hz, 1H), 6.28 (d, J = 8.8 Hz, 1H), 5.08 (q, J = 7.2 Hz, 1H), 4.72 – 4.64 (m, 2H), 4.59 (d, J = 8.8 Hz, 1H), 4.50 (s, 1H), 4.25 – 4.15 (m, 1H), 4.05 – 3.98 (m, 3H), 3.85 (s, 3H), 3.62 (dd, J = 11.3, 3.8 Hz, 1H), 3.58 – 3.49 (m, 2H), 3.38 (q, J = 6.9 Hz, 2H), 3.18 – 3.01 (m, 4H), 2.75 – 2.63 (m, 4H), 2.51 (d, J = 4.3 Hz, 5H), 2.43 (t, J = 6.9 Hz, 1H), 2.39 (s, 3H), 2.16 (t, J = 7.5 Hz, 2H), 2.11 – 2.05 (d, J = 15.3 Hz, 3H), 1.64 – 1.53 (m, 6H), 1.48 (d, J = 6.9 Hz, 3H), 1.30 – 1.24 (m, 9H), 1.03 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.60, 171.71, 170.08, 167.51, 152.42, 151.58, 150.50, 150.43, 148.35, 143.29, 136.18, 135.73, 131.60, 130.77, 130.26, 129.50, 126.49, 118.01, 113.25, 111.89, 104.62, 69.80, 66.94, 58.82, 57.36, 56.77, 55.64, 55.22, 50.64, 48.77, 47.68, 45.90, 38.97, 36.43, 36.02, 35.43, 33.14, 31.91, 29.88, 29.68, 29.09, 28.98, 26.86, 26.51, 25.56, 24.58, 22.69, 22.20, 16.08, 14.16, 10.67. HRMS (ESI) calculated for C55H79N11O7S [M+H]+, 1038.5957; found 1038.5945.
(42c). Yellow solid, 42% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.99 (s, 1H), 8.66 (s, 1H), 7.76 (t, J = 6.0 Hz, 1H), 7.58 (dd, J = 8.6, 2.3 Hz, 1H), 7.50 (d, J = 7.8 Hz, 1H), 7.37 (d, J = 2.8 Hz, 4H), 6.86 – 6.82 (m, 2H), 6.26 (d, J = 8.7 Hz, 1H), 5.10 – 5.05 (m, 1H), 4.73 – 4.66 (m, 2H), 4.58 (d, J = 8.8 Hz, 1H), 4.51 – 4.48 (m, 1H), 4.24 – 4.15 (m, 1H), 4.03 – 3.98 (m, 3H), 3.84 (s, 3H), 3.62 (dd, J = 11.1, 3.9 Hz, 1H), 3.57 – 3.49 (m, 2H), 3.40 – 3.35 (m, 2H), 3.23 – 3.16 (m, 4H), 2.83 – 2.97 (m, 4H), 2.55 – 2.51 (m, 5H), 2.50 (s, 3H), 2.46 – 2.37 (m, 1H), 2.14 (t, J = 7.6 Hz, 2H), 2.10 – 2.04 (m, 3H), 1.64 – 1.51 (m, 6H), 1.47 (d, J = 6.9 Hz, 3H), 1.29 – 1.24 (m, 13H), 1.02 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.52, 171.81, 169.97, 167.47, 152.40, 151.57, 150.41, 148.37, 143.26, 136.67, 134.86, 131.59, 130.77, 130.37, 129.50, 126.46, 118.32, 113.33, 111.65, 104.42, 77.48, 77.16, 69.80, 66.93, 58.75, 57.34, 56.69, 55.66, 54.88, 53.51, 49.76, 48.77, 47.69, 45.85, 45.18, 39.00, 36.51, 35.91, 35.40, 33.14, 29.89, 29.67, 29.37, 29.21, 26.99, 26.51, 25.64, 24.58, 22.23, 16.09, 10.63, 8.67. HRMS (ESI) calculated for C57H83N11O7S [M+H]+, 1066.6270; found 1066.6302.
(42d). Yellow solid, 47% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.99 (s, 1H), 8.65 (s, 1H), 7.75 (t, J = 6.0 Hz, 1H), 7.58 (dd, J = 8.6, 2.3 Hz, 1H), 7.51 (d, J = 7.9 Hz, 1H), 7.36 (d, J = 1.9 Hz, 4H), 6.85 – 6.81 (m, 2H), 6.28 (d, J = 8.8 Hz, 1H), 5.10 – 5.03 (m, 1H), 4.75 (d, J = 7.3 Hz, 1H), 4.66 (t, J = 7.8 Hz, 1H), 4.57 (d, J = 8.8 Hz, 1H), 4.50 – 4.45 (m, 1H), 4.22 – 4.13 (m, 1H), 4.03 – 3.93 (m, 3H), 3.82 (s, 3H), 3.62 (dd, J = 11.2, 4.1 Hz, 1H), 3.55 – 3.48 (m, 2H), 3.39 – 3.34 (m, 2H), 3.24 – 3.16 (m, 4H), 3.00 – 2.84 (m, 4H), 2.56 – 2.51 (m, 5H), 2.49 (s, 3H), 2.42 – 2.33 (m, 1H), 2.12 (t, J = 7.6 Hz, 2H), 2.08 – 2.02 (m, 3H), 1.63 – 1.50 (m, 6H), 1.46 (d, J = 6.9 Hz, 3H), 1.28 – 1.21 (m, 17H), 1.01 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.47, 171.74, 170.04, 167.45, 152.38, 151.56, 150.38, 148.33, 143.30, 136.76, 134.68, 131.58, 130.74, 130.42, 129.48, 126.45, 118.36, 113.31, 111.58, 104.37, 77.55, 77.23, 76.91, 69.78, 66.93, 58.79, 57.33, 56.69, 55.65, 54.82, 49.59, 48.75, 47.69, 45.89, 45.05, 38.98, 36.52, 35.44, 33.11, 29.88, 29.50, 29.47, 29.43, 29.29, 29.24, 27.00, 26.51, 25.68, 24.56, 22.22, 16.08, 10.61, 8.65. HRMS (ESI) calculated for C59H87N11O7S [M+H]+, 1094.6583; found 1092.6616.
Synthesis of PROTAC molecules based on different E3 ligase ligands.
Synthesis of PROTAC molecule 44
[bookmark: _Hlk103107738]The synthesis generalization of the synthetic reference compound 38 of the PROTAC molecule 44, in which the intermediate and PROTAC are characterized as follows:


(43). White solid, 71% yield; 1H NMR (400 MHz, Chloroform-d) δ 8.67 (s, 1H), 7.51 (t, J = 5.9 Hz, 1H), 7.37 – 7.26 (m, 4H), 6.34 (d, J = 8.8 Hz, 1H), 4.65 (t, J = 7.8 Hz, 1H), 4.55 (d, J = 8.9 Hz, 1H), 4.52 – 4.46 (m, 2H), 4.32 (dd, J = 15.1, 5.5 Hz, 1H), 3.96 (d, J = 11.1 Hz, 1H), 3.65 (dd, J = 11.1, 3.9 Hz, 1H), 3.36 (t, J = 6.8 Hz, 2H), 2.48 (s, 3H), 2.40 – 2.32 (m, 1H), 2.13 (t, J = 7.3 Hz, 2H), 2.11 – 2.03 (m, 1H), 1.84 – 1.75 (m, 2H), 1.61 – 1.50 (m, 2H), 1.42 – 1.34 (m, 2H), 1.29 – 1.22 (m, 4H), 0.93 (s, 9H).


(44). Yellow solid, 37% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.72 (s, 1H), 8.67 (s, 1H), 7.52 (d, J = 4.6 Hz, 1H), 7.48 (t, J = 6.0 Hz, 1H), 7.44 (dd, J = 8.6, 2.3 Hz, 1H), 7.35 (s, 4H), 6.92 (d, J = 2.3 Hz, 1H), 6.85 (d, J = 8.7 Hz, 1H), 6.41 (d, J = 9.0 Hz, 1H), 5.63 (d, J = 4.6 Hz, 1H), 4.74 – 4.69 (m, 2H), 4.60 (d, J = 8.9 Hz, 1H), 4.57 – 4.51 (m, 2H), 4.34 (dd, J = 15.0, 5.3 Hz, 1H), 4.24 – 4.15 (m, 1H), 4.07 – 3.98 (m, 3H), 3.86 (s, 3H), 3.64 (dd, J = 11.2, 3.6 Hz, 1H), 3.55 – 3.48 (m, 2H), 3.14 – 3.00 (m, 4H), 2.72 – 2.60 (m, 4H), 2.52 – 2.49 (m, 5H), 2.48 – 2.43 (m, 1H), 2.37 (t, J = 7.9 Hz, 2H), 2.23 – 2.13 (m, 3H), 2.10 – 2.04 (m, 2H), 1.63 – 1.54 (m, 4H), 1.50 (d, J = 10.3 Hz, 2H), 1.31 – 1.27 (m, 9H), 0.95 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.66, 171.74, 171.07, 170.36, 152.39, 151.91, 151.04, 150.37, 148.38, 138.18, 136.31, 135.74, 131.64, 130.84, 130.65, 129.46, 128.04, 117.82, 112.63, 112.56, 105.07, 69.80, 66.91, 58.79, 57.30, 56.93, 55.66, 53.48, 50.89, 47.65, 46.02, 43.17, 36.41, 36.29, 35.31, 33.13, 29.69, 29.00, 28.85, 27.23, 26.43, 25.45, 24.54, 16.07, 10.51. HRMS (ESI) calculated for C53H75N11O7S [M+H]+, 1010.5644; found 1010.5645.


(43). White solid, 71% yield; 1H NMR (400 MHz, Chloroform-d) δ 8.67 (s, 1H), 7.51 (t, J = 5.9 Hz, 1H), 7.37 – 7.26 (m, 4H), 6.34 (d, J = 8.8 Hz, 1H), 4.65 (t, J = 7.8 Hz, 1H), 4.55 (d, J = 8.9 Hz, 1H), 4.52 – 4.46 (m, 2H), 4.32 (dd, J = 15.1, 5.5 Hz, 1H), 3.96 (d, J = 11.1 Hz, 1H), 3.65 (dd, J = 11.1, 3.9 Hz, 1H), 3.36 (t, J = 6.8 Hz, 2H), 2.48 (s, 3H), 2.40 – 2.32 (m, 1H), 2.13 (t, J = 7.3 Hz, 2H), 2.11 – 2.03 (m, 1H), 1.84 – 1.75 (m, 2H), 1.61 – 1.50 (m, 2H), 1.42 – 1.34 (m, 2H), 1.29 – 1.22 (m, 4H), 0.93 (s, 9H).


(44). Yellow solid, 37% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.72 (s, 1H), 8.67 (s, 1H), 7.52 (d, J = 4.6 Hz, 1H), 7.48 (t, J = 6.0 Hz, 1H), 7.44 (dd, J = 8.6, 2.3 Hz, 1H), 7.35 (s, 4H), 6.92 (d, J = 2.3 Hz, 1H), 6.85 (d, J = 8.7 Hz, 1H), 6.41 (d, J = 9.0 Hz, 1H), 5.63 (d, J = 4.6 Hz, 1H), 4.74 – 4.69 (m, 2H), 4.60 (d, J = 8.9 Hz, 1H), 4.57 – 4.51 (m, 2H), 4.34 (dd, J = 15.0, 5.3 Hz, 1H), 4.24 – 4.15 (m, 1H), 4.07 – 3.98 (m, 3H), 3.86 (s, 3H), 3.64 (dd, J = 11.2, 3.6 Hz, 1H), 3.55 – 3.48 (m, 2H), 3.14 – 3.00 (m, 4H), 2.72 – 2.60 (m, 4H), 2.52 – 2.49 (m, 5H), 2.48 – 2.43 (m, 1H), 2.37 (t, J = 7.9 Hz, 2H), 2.23 – 2.13 (m, 3H), 2.10 – 2.04 (m, 2H), 1.63 – 1.54 (m, 4H), 1.50 (d, J = 10.3 Hz, 2H), 1.31 – 1.27 (m, 9H), 0.95 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 173.66, 171.74, 171.07, 170.36, 152.39, 151.91, 151.04, 150.37, 148.38, 138.18, 136.31, 135.74, 131.64, 130.84, 130.65, 129.46, 128.04, 117.82, 112.63, 112.56, 105.07, 69.80, 66.91, 58.79, 57.30, 56.93, 55.66, 53.48, 50.89, 47.65, 46.02, 43.17, 36.41, 36.29, 35.31, 33.13, 29.69, 29.00, 28.85, 27.23, 26.43, 25.45, 24.54, 16.07, 10.51. HRMS (ESI) calculated for C53H75N11O7S [M+H]+, 1010.5644; found 1010.5645.
Synthesis of PROTAC molecule 49
Take the compound 36d (1.5 g, 1.0 eq) with a single bottle, replace the nitrogen, add the solvent DCM (5 mL) solution under inert gas protection, slowly drop the composite 45 i.e. acetylchloride (1.7 g, 2.0 eq), then drop in a drop of DMF, mix under the ice bath for a few minutes after reacting at r.t. for 2 h. At the end of the reaction, the solvent is removed by pressure distillation and the compound 46b is obtained, without purification, to be used directly for the next step. Add the solvent THF (5 ml) to the solution, then add the compound 47 (0.92 g, 0.5 eq) to react at r.t. overnight. At the end of the reaction, the solvent was removed by pressure distillation, and the columnized purification resulted in 48, 850 mg of white solid product, with a two-step total yield of 26%.



(48). 1H NMR (400 MHz, Chloroform-d) δ 9.42 (s, 1H), 8.83 (d, J = 8.9 Hz, 2H), 7.72 (dd, J = 8.5, 7.3 Hz, 1H), 7.55 (d, J = 7.3 Hz, 1H), 5.03 – 4.94 (m, 1H), 3.41 (t, J = 6.8 Hz, 2H), 2.94 – 2.85 (m, 1H), 2.85 – 2.72 (m, 2H), 2.47 (t, J = 7.5 Hz, 2H), 2.21 – 2.14 (m, 1H), 1.90 – 1.82 (m, 2H), 1.80 – 1.71 (m, 2H), 1.47 – 1.33 (m, 6H).
Synthesis of PROTAC molecule 49. Take the compounds 48 (100.8 mg, 1.2 eq), 9 (80 mg, 1.0 eq) in a single bottle of 50 mL, add the solvent DMF (3 mL) solution, then add NaHCO3 solid (29.5 mg, 2.0 eq), and heat to 90 °C reaction for 3 h. After the TLC monitoring reaction is complete, the reactive liquid is extracted with EA (3×30 mL) and water, and the organic phase is combined with organic compounded salt water (2×40 mL), washed to remove excess DMF, then dried with waterless Na2SO4, and the pressure distillation removes EA, and further purification by column layer obtains the final yellow solid 49, 62.4 mg, with a yield rate of 42%.


(49). 1H NMR (400 MHz, Chloroform-d) δ 10.71 (d, J = 5.4 Hz, 1H), 9.45 (s, 1H), 8.78 (d, J = 8.5 Hz, 1H), 7.72 – 7.63 (m, 1H), 7.50 (dd, J = 9.6, 5.6 Hz, 2H), 7.44 (dd, J = 8.6, 2.3 Hz, 1H), 6.89 (d, J = 2.3 Hz, 1H), 6.84 (d, J = 8.7 Hz, 1H), 5.66 (d, J = 4.6 Hz, 1H), 4.97 – 4.91 (m, 1H), 4.75 (d, J = 7.3 Hz, 1H), 4.21 – 4.13 (m, 1H), 4.03 – 3.96 (m, 2H), 3.83 (s, 3H), 3.54 – 3.46 (m, 2H), 3.13 – 3.02 (m, 4H), 2.85 – 2.82 (m, 1H), 2.80 – 2.58 (m, 6H), 2.52 – 2.44 (m, 2H), 2.43 – 2.37 (m, 2H), 2.18 – 2.12 (m, 1H), 2.08 – 2.02 (m, 2H), 1.78 – 1.68 (m, 2H), 1.60 – 1.50 (m, 4H), 1.45 – 1.28 (m, 8H), 1.28 – 1.26 (m, 3H). 13C NMR (100 MHz, Chloroform-d) δ 172.46, 171.88, 170.45, 169.28, 168.89, 166.80, 152.36, 151.92, 151.01, 137.71, 136.35, 136.26, 135.73, 131.13, 130.70, 125.17, 118.37, 117.82, 115.34, 112.47, 104.99, 66.88, 58.72, 55.61, 53.32, 50.67, 49.34, 47.67, 45.86, 37.80, 33.06, 31.47, 29.67, 29.21, 28.89, 27.59, 26.51, 25.29, 24.50, 22.78, 14.83, 14.15, 10.49, 9.62. HRMS (ESI) calculated for C44H56N10O8 [M+H]+, 853.4355; found 853.4352.
Synthesis of PROTAC molecule 53
Synthesis of compound 52: Take compounds 50 (300 mg, 1.0 eq) and 51 (357.1 mg, 1.2 eq) in a single bottle of 50 mL, add the solvent DMF (5 mL) solution, then drop DIPEA (424.2 mg, 3.0 eq), heated to 90 °C reaction 3 h. After the TLC monitoring reaction is complete, the reactive is extracted with EA (3×30 mL) and water, and the organic phase is combined with organic compounded salt water (2×40 mL), washed to remove excess DMF, then dried with waterless Na2SO4, and the pressure distillation removes EA, and further column layer purification obtains 52, 165.0 mg of white solid compounds, with a yield of 32%.


(52). 1H NMR (400 MHz, Chloroform-d) δ 9.12 (d, J = 5.7 Hz, 1H), 7.60 (t, J = 7.9 Hz, 1H), 7.34 (dd, J = 7.5, 2.6 Hz, 1H), 7.16 (d, J = 8.5 Hz, 1H), 4.50 – 4.92 (m, 1H), 4.10 (t, J = 6.6 Hz, 2H), 3.36 (t, J = 6.8 Hz, 2H), 2.83 – 2.68 (m, 3H), 2.12 – 2.01 (m, 1H), 1.85 – 1.75 (m, 4H), 1.50 – 1.41 (m, 2H), 1.40 – 1.26 (m, 6H).

Compound 53 is synthesized as a compound 49 and is characterized as follows.
(53). Yellow solid, 29% yield. 1H NMR (400 MHz, Chloroform-d) δ 10.73 (s, 1H), 7.65 (dd, J = 8.5, 7.3 Hz, 1H), 7.50 (d, J = 4.6 Hz, 1H), 7.46 (dd, J = 8.6, 2.3 Hz, 1H), 7.42 (d, J = 7.2 Hz, 1H), 7.19 (d, J = 8.5 Hz, 1H), 6.89 (d, J = 2.3 Hz, 1H), 6.85 (d, J = 8.6 Hz, 1H), 5.60 (d, J = 4.6 Hz, 1H), 4.97 – 4.92 (m, 1H), 4.74 (d, J = 7.2 Hz, 1H), 4.22 – 4.10 (m, 3H), 4.04 – 3.97 (m, 2H), 3.84 (s, 3H), 3.55 – 3.46 (m, 2H), 3.17 – 3.01 (m, 4H), 2.89 – 2.64 (m, 7H), 2.53 – 2.47 (m, 2H), 2.46 – 2.41 (m, 2H), 2.14 – 2.03 (m, 3H), 1.91 – 1.82 (m, 2H), 1.59 – 1.46 (m, 6H), 1.39 – 1.31 (m, 6H), 1.29 – 1.27 (m, 3H). 13C NMR (100 MHz, Chloroform-d) δ 171.89, 170.45, 168.94, 167.18, 165.78, 156.64, 152.37, 151.92, 151.02, 136.48, 136.16, 135.81, 133.76, 130.72, 118.94, 117.86, 117.03, 115.62, 112.50, 112.39, 104.93, 69.51, 66.89, 58.73, 55.62, 53.29, 50.69, 49.12, 47.68, 45.87, 33.05, 31.49, 29.68, 29.39, 29.11, 28.77, 27.51, 26.44, 25.88, 24.50, 22.69, 14.83, 10.49, 9.32. HRMS (ESI) calculated for C44H57N9O8 [M+H]+, 840.4403; found 840.4427.
Synthesis of the PROTAC molecule 56a-c 
The synthesis generalized of the compounds 55a-c with compounds 48 is characterized as follows.



(55a). White solid, 84% yield. 1H NMR (400 MHz, DMSO-d6) δ 11.07 (s, 1H), 9.83 (s, 1H), 7.82 (dd, J = 7.1, 1.9 Hz, 1H), 7.55 – 7.48 (m, 2H), 5.17 (dd, J = 13.3, 5.1 Hz, 1H), 4.41 (d, J = 17.5 Hz, 1H), 4.34 (d, J = 17.5 Hz, 1H), 3.57 (t, J = 6.6 Hz, 2H), 2.99 – 2.88 (m, 1H), 2.62 (dd, J = 16.6, 3.6 Hz, 1H), 2.52 – 2.51 (m, 1H), 2.38 (t, J = 7.2 Hz, 2H), 2.09 – 2.00 (m, 1H), 1.85 (p, J = 6.8 Hz, 2H), 1.65 (p, J = 7.4 Hz, 2H), 1.50 – 1.40 (m, 2H).
(55b). White solid, 49% yield. 1H NMR (400 MHz, DMSO-d6) δ 11.07 (s, 1H), 9.81 (s, 1H), 7.83 (dd, J = 7.0, 2.0 Hz, 1H), 7.55 – 7.46 (m, 2H), 5.17 (dd, J = 13.3, 5.1 Hz, 1H), 4.38 (s, 1H), 4.34 (d, J = 17.5 Hz, 1H), 3.54 (t, J = 6.7 Hz, 2H), 2.99 – 2.88 (m, 1H), 2.62 (dd, J = 17.3, 3.7 Hz, 1H), 2.53 – 2.51 (m, 1H), 2.37 (t, J = 7.5 Hz, 2H), 2.08 – 2.00 (m, 1H), 1.81 (p, J = 6.8 Hz, 2H), 1.67 – 1.58 (m, 2H), 1.46 – 1.36 (m, 2H), 1.35 – 1.27 (m, 4H).
(55c). White solid, 11% yield. 1H NMR (400 MHz, DMSO-d6) δ 11.07 (s, 1H), 9.80 (s, 1H), 7.83 (dd, J = 7.0, 2.0 Hz, 1H), 7.57 – 7.46 (m, 2H), 5.17 (dd, J = 13.3, 5.1 Hz, 1H), 4.40 (d, J = 17.4 Hz, 1H), 4.34 (d, J = 17.5 Hz, 1H), 3.53 (t, J = 6.7 Hz, 2H), 2.99 – 2.88 (m, 1H), 2.67 – 2.58 (m, 1H), 2.52 (p, J = 1.9 Hz, 1H), 2.36 (t, J = 7.3 Hz, 2H), 2.07 – 2.01 (m, 1H), 1.79 (p, J = 6.8 Hz, 2H), 1.66 – 1.57 (m, 2H), 1.42 – 1.23 (m, 10H).



(55a). White solid, 84% yield. 1H NMR (400 MHz, DMSO-d6) δ 11.07 (s, 1H), 9.83 (s, 1H), 7.82 (dd, J = 7.1, 1.9 Hz, 1H), 7.55 – 7.48 (m, 2H), 5.17 (dd, J = 13.3, 5.1 Hz, 1H), 4.41 (d, J = 17.5 Hz, 1H), 4.34 (d, J = 17.5 Hz, 1H), 3.57 (t, J = 6.6 Hz, 2H), 2.99 – 2.88 (m, 1H), 2.62 (dd, J = 16.6, 3.6 Hz, 1H), 2.52 – 2.51 (m, 1H), 2.38 (t, J = 7.2 Hz, 2H), 2.09 – 2.00 (m, 1H), 1.85 (p, J = 6.8 Hz, 2H), 1.65 (p, J = 7.4 Hz, 2H), 1.50 – 1.40 (m, 2H).
(55b). White solid, 49% yield. 1H NMR (400 MHz, DMSO-d6) δ 11.07 (s, 1H), 9.81 (s, 1H), 7.83 (dd, J = 7.0, 2.0 Hz, 1H), 7.55 – 7.46 (m, 2H), 5.17 (dd, J = 13.3, 5.1 Hz, 1H), 4.38 (s, 1H), 4.34 (d, J = 17.5 Hz, 1H), 3.54 (t, J = 6.7 Hz, 2H), 2.99 – 2.88 (m, 1H), 2.62 (dd, J = 17.3, 3.7 Hz, 1H), 2.53 – 2.51 (m, 1H), 2.37 (t, J = 7.5 Hz, 2H), 2.08 – 2.00 (m, 1H), 1.81 (p, J = 6.8 Hz, 2H), 1.67 – 1.58 (m, 2H), 1.46 – 1.36 (m, 2H), 1.35 – 1.27 (m, 4H).
(55c). White solid, 11% yield. 1H NMR (400 MHz, DMSO-d6) δ 11.07 (s, 1H), 9.80 (s, 1H), 7.83 (dd, J = 7.0, 2.0 Hz, 1H), 7.57 – 7.46 (m, 2H), 5.17 (dd, J = 13.3, 5.1 Hz, 1H), 4.40 (d, J = 17.4 Hz, 1H), 4.34 (d, J = 17.5 Hz, 1H), 3.53 (t, J = 6.7 Hz, 2H), 2.99 – 2.88 (m, 1H), 2.67 – 2.58 (m, 1H), 2.52 (p, J = 1.9 Hz, 1H), 2.36 (t, J = 7.3 Hz, 2H), 2.07 – 2.01 (m, 1H), 1.79 (p, J = 6.8 Hz, 2H), 1.66 – 1.57 (m, 2H), 1.42 – 1.23 (m, 10H).
Compound 56a-c is generally synthesized with compound 49 and is characterized as follows.


(56a). Yellow solid, 37% yield. 1H NMR (400 MHz, Chloroform-d) δ 10.73 (s, 1H), 8.86 (s, 1H), 7.78 (d, J = 7.9 Hz, 1H), 7.63 (d, J = 7.4 Hz, 1H), 7.53 (d, J = 4.8 Hz, 1H), 7.46 – 7.39 (m, 2H), 6.92 (d, J = 2.3 Hz, 1H), 6.83 (d, J = 8.7 Hz, 1H), 5.59 (d, J = 4.6 Hz, 1H), 4.99 (dd, J = 12.7, 5.4 Hz, 1H), 4.74 (d, J = 7.2 Hz, 1H), 4.40 – 4.31 (s, 2H), 4.23 – 4.13 (m, 1H), 4.04 – 3.96 (m, 2H), 3.84 (s, 3H), 3.55 – 3.46 (m, 2H), 3.17 – 2.96 (m, 4H), 2.76 – 2.61 (m, 5H), 2.53 – 2.39 (m, 6H), 2.11 – 2.03 (m, 3H), 1.80 – 1.69 (m, 2H), 1.62 – 1.51 (m, 4H), 1.41 – 1.34 (m, 2H), 1.32 – 1.24 (m, 5H). 13C NMR (100 MHz, Chloroform-d) δ 172.30, 172.00, 170.42, 169.15, 152.38, 151.95, 151.04, 136.15, 135.80, 134.11, 133.29, 132.58, 130.82, 126.26, 117.88, 112.54, 105.07, 66.88, 58.25, 55.67, 53.28, 52.07, 50.61, 47.68, 36.43, 34.50, 33.09, 31.92, 29.70, 26.93, 26.05, 25.34, 24.53, 23.11, 10.50. HRMS (ESI) calculated for C42H54N10O7 [M+H]+, 811.4250; found 811.4273.
(56b). Yellow solid, 43% yield. 1H NMR (400 MHz, Chloroform-d) δ 10.72 (s, 1H), 9.14 (s, 1H), 7.74 (d, J = 7.6 Hz, 1H), 7.59 (d, J = 7.1 Hz, 1H), 7.52 (s, 1H), 7.40 (d, J = 8.9 Hz, 2H), 6.90 (s, 1H), 6.80 (d, J = 8.6 Hz, 1H), 5.83 (s, 1H), 5.10 – 5.01 (m, 1H), 4.87 (d, J = 6.8 Hz, 1H), 4.50 – 4.25 (m, 2H), 4.14 (s, 1H), 4.02 – 3.93 (m, 2H), 3.80 (s, 3H), 3.47 (t, J = 10.9 Hz, 2H), 3.19 – 3.02 (m, 4H), 2.97 (q, J = 7.3 Hz, 1H), 2.92 – 2.70 (m, 4H), 2.69 – 2.60 (m, 1H), 2.53 – 2.41 (m, 5H), 2.07 – 1.96 (m, 3H), 1.72 – 1.61 (m, 2H), 1.59 – 1.46 (m, 4H), 1.33 – 1.18 (m, 11H). 13C NMR (100 MHz, Chloroform-d) δ 172.67, 172.51, 170.69, 170.53, 169.28, 152.34, 151.97, 150.95, 136.13, 135.50, 134.28, 133.41, 132.47, 131.12, 118.10, 112.35, 104.97, 66.86, 55.69, 53.55, 53.01, 49.90, 47.68, 45.98, 32.94, 29.68, 28.96, 27.07, 25.56, 24.50, 10.50, 8.86. HRMS (ESI) calculated for C44H58N10O7 [M+H]+, 839.4563; found 839.4581.
(56c). Yellow solid, 38% yield. 1H NMR (400 MHz, Chloroform-d) δ 10.73 (s, 1H), 8.62 (s, 1H), 7.68 (t, J = 6.1 Hz, 2H), 7.56 – 7.50 (m, 1H), 7.49 – 7.43 (m, 2H), 6.90 (s, 1H), 6.85 (d, J = 8.7 Hz, 1H), 5.43 – 5.37 (m, 1H), 5.17 (dd, J = 13.5, 5.5 Hz, 1H), 4.72 (d, J = 7.3 Hz, 1H), 4.50 (d, J = 16.8 Hz, 1H), 4.35 (d, J = 16.6 Hz, 1H), 4.24 – 4.15 (m, 1H), 4.03 (d, J = 11.3 Hz, 2H), 3.86 (s, 3H), 3.53 (t, J = 11.5 Hz, 2H), 3.17 – 3.05 (m, 5H), 2.88 – 2.71 (m, 4H), 2.57 – 2.44 (m, 6H), 2.18 – 2.07 (m, 3H), 1.73 (p, J = 7.4 Hz, 2H), 1.62 – 1.52 (m, 4H), 1.42 – 1.29 (m, 15H). 13C NMR (100 MHz, Chloroform-d) δ 172.48, 172.36, 170.59, 170.41, 169.23, 152.34, 151.96, 151.04, 136.03, 135.84, 134.44, 133.22, 132.54, 130.84, 128.93, 126.42, 120.58, 117.92, 112.58, 112.49, 105.04, 66.88, 62.51, 58.45, 55.66, 53.14, 51.76, 50.45, 47.65, 46.72, 45.84, 36.74, 33.06, 32.58, 31.61, 29.70, 29.32, 29.24, 29.18, 27.35, 26.11, 25.68, 24.54, 23.33, 10.50, 9.40. HRMS (ESI) calculated for C46H62N10O7 [M+H]+, 867.4876; found 867.4902.
Synthesis of PROTAC molecules based on different Linker structures 
(1) The synthesis method of the compound 59a-b is: the corresponding compound 57 (1.0 eq) is placed in two bottles, the nitrogen replacement preserves the inert gas protection environment, then the solvent DMF solution is added, NaH (1.2 eq) is slowly added under the ice bath, mixing 1 h at r.t.. Subsequently, compound 58 chlorine acetate thyroxide (1.0 eq) is added under the ice bath, and it is transferred to the cold bath and reacts at r.t. for the night. After the reaction is finished, slowly add water to the antiperspirant reaction, then extract the reactive with EA and water, combine the organic phase and dry with waterless Na2SO4, pressure reduction distillation removes the EA, and the compound 59a-b is purified by column layer. 



(59a). Light yellow oil liquid, 6% yield; 1H NMR (400 MHz, Chloroform-d) δ 3.99 (s, 2H), 3.72 – 3.67 (m, 6H), 3.61 – 3.57 (m, 2H), 1.44 (s, 9H).
(59b). Light yellow oil liquid, 14% yield; 1H NMR (400 MHz, Chloroform-d) δ 3.98 (s, 2H), 3.70 – 3.65 (m, 6H), 3.64 (s, 4H), 3.59 – 3.53 (m, 2H), 1.43 (s, 9H).
The synthesis of the compound 60a-b is generalized by taking the corresponding compound 59 (1.0 eq) in a single bottle, adding the solvent DCM solution, and then adding respectively to methylphenocloride (1.1 eq), Et3N (3.5 eq) and DMAP (0.06 eq), reacting 2 h at r.t.. After TLC monitoring the reaction with DCM and water extracting the reagent, combine the organic layer and dry with water-free Na2SO4, further by column layer purification to obtain the compound 60a-b.
(60a). Colorless liquid, 48% yield; 1H NMR (400 MHz, Chloroform-d) δ 7.81 – 7.74 (m, 2H), 7.33 (d, J = 8.1 Hz, 2H), 4.19 – 4.12 (m, 2H), 3.97 (s, 2H), 3.72 – 3.65 (m, 2H), 3.66 – 3.62 (m, 2H), 3.62 – 3.59 (m, 2H), 2.43 (s, 3H), 1.46 (s, 9H).
(60b). Colorless liquid, 82% yield; 1H NMR (400 MHz, Chloroform-d) δ 7.81 – 7.75 (m, 2H), 7.36 – 7.31 (m, 2H), 4.16 – 4.12 (m, 2H), 3.99 (s, 2H), 3.69 – 3.63 (m, 6H), 3.58 (s, 4H), 2.43 (s, 3H), 1.45 (s, 9H).
Synthesis of compounds 61a-b: The corresponding compounds 60 (1.1 eq), K2CO3 (4.0 eq), KI (1.3 eq) are taken in a single bottle, the solvent DMF is dissolved and mixed for several minutes, then compound 9 (1.0 eq) is added, and the reaction is heated to 85 °C overnight. After the TLC monitoring reaction is complete, the reactive is extracted with EA (3×30 mL) and water, and the organic phase is combined with organic compounded salt water (2×40 mL), washed to remove excess DMF, then dried with water-free Na2SO4, and the pressure distillation removes EA, further purified by column layer purification.



(61a). Yellow solid, 68% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.74 (s, 1H), 7.49 (d, J = 4.5 Hz, 1H), 7.45 (dd, J = 8.6, 2.3 Hz, 1H), 6.86 (d, J = 2.3 Hz, 1H), 6.82 (d, J = 8.6 Hz, 1H), 5.58 (s, 1H), 4.78 (d, J = 7.3 Hz, 1H), 4.20 – 4.13 (m, 1H), 4.02 – 3.98 (m, 2H), 3.97 – 3.94 (m, 2H), 3.82 (s, 3H), 3.76 (t, J = 5.5 Hz, 2H), 3.70 – 3.67 (m, 2H), 3.67 – 3.64 (m, 2H), 3.52 – 3.45 (m, 2H), 3.19 – 3.11 (m, 4H), 2.96 – 2.85 (m, 4H), 2.83 (t, J = 5.6 Hz, 2H), 2.49 (q, J = 7.3 Hz, 2H), 2.07 – 2.01 (m, 2H), 1.60 – 1.52 (m, 2H), 1.43 (s, 9H), 1.35 (t, J = 7.4 Hz, 3H).
(61b). Yellow solid, 60% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.72 (s, 1H), 7.47 (d, J = 4.4 Hz, 1H), 7.40 (dd, J = 8.6, 2.4 Hz, 1H), 6.83 (d, J = 2.3 Hz, 1H), 6.76 (d, J = 8.5 Hz, 1H), 5.87 (d, J = 4.7 Hz, 1H), 4.96 (d, J = 7.3 Hz, 1H), 4.15 – 4.06 (m, 1H), 3.97 – 3.90 (m, 4H), 3.78 (s, 3H), 3.69 (t, J = 5.4 Hz, 2H), 3.66 – 3.60 (m, 6H), 3.60 – 3.56 (m, 4H), 3.44 (t, J = 11.6 Hz, 2H), 3.13 – 3.05 (m, 4H), 2.99 – 2.87 (m, 4H), 2.45 (q, J = 7.5 Hz, 2H), 2.01 – 1.95 (m, 2H), 1.59 – 1.47 (m, 2H), 1.38 (s, 9H), 1.19 (t, J = 7.3 Hz, 3H).
Synthesis generalization of the PROTAC molecule 63a-b: The corresponding compound 61 (1.0 eq) is called, the solvent is added to the DCM solution, then an excess of TFA is added, and the reaction is 2 h at r.t.. After the reaction, the pressure reduction distillation obtained brown oily liquid 62, without further purification, directly for the next step. Add the solvent DMF soluble compound 62, drip DIPEA (6.0 eq) and stir for a few minutes, then add 27 (1.2 eq) with HATU (1.1 eq) respectively, reacting at r.t. for 30 min. After the TLC monitoring reaction is complete, the reactive is extracted with EA (3×30 mL) and water, and the organic phase is combined with organic saturated salt water (2×40 mL), washed to remove excess DMF, then dry with water-free Na2SO4, and the pressure distillation removes EA, further purifying the target PROTAC 63 through column layer analysis.



(63a). Yellow solid, 44% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.74 (s, 1H), 8.67 (s, 1H), 7.57 (d, J = 7.7 Hz, 1H), 7.53 (d, J = 4.6 Hz, 1H), 7.46 (dd, J = 8.6, 2.3 Hz, 1H), 7.38 (d, J = 2.6 Hz, 4H), 7.35 (s, 1H), 6.91 (d, J = 2.3 Hz, 1H), 6.85 (d, J = 8.6 Hz, 1H), 5.52 (d, J = 4.5 Hz, 1H), 5.12 – 5.04 (m, 1H), 4.78 – 4.74 (m, 1H), 4.70 (d, J = 7.3 Hz, 1H), 4.60 (d, J = 8.8 Hz, 1H), 4.24 – 4.14 (m, 1H), 4.06 – 3.98 (m, 5H), 3.85 (s, 3H), 3.73 – 3.69 (m, 2H), 3.68 – 3.62 (m, 6H), 3.55 – 3.47 (m, 2H), 3.13 – 3.04 (m, 4H), 2.76 – 2.67 (m, 6H), 2.55 – 2.49 (m, 5H), 2.48 – 2.42 (m, 1H), 2.10 – 2.03 (m, 3H), 1.61 – 1.53 (m, 2H), 1.48 (d, J = 6.9 Hz, 3H), 1.29 (t, J = 7.4 Hz, 3H), 1.08 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 171.31, 170.35, 170.29, 169.97, 152.39, 151.91, 151.02, 150.35, 148.37, 143.34, 136.24, 135.78, 131.65, 130.71, 130.67, 129.50, 126.42, 117.84, 112.64, 112.52, 105.06, 71.20, 70.47, 70.31, 69.86, 68.92, 66.91, 58.64, 57.72, 57.03, 56.78, 55.66, 53.89, 50.84, 48.85, 47.66, 45.95, 35.84, 35.47, 33.12, 29.69, 26.52, 24.54, 22.35, 16.10, 10.53. HRMS (ESI) calculated for C52H73N11O9S [M+H]+, 1028.5386; found 1028.5391.
(63b). Yellow solid, 49% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.72 (s, 1H), 8.65 (s, 1H), 7.67 (d, J = 7.7 Hz, 1H), 7.50 (d, J = 4.4 Hz, 1H), 7.42 (dd, J = 8.6, 2.3 Hz, 1H), 7.38 (d, J = 4.5 Hz, 1H), 7.37 – 7.32 (m, 4H), 6.89 (d, J = 2.3 Hz, 1H), 6.82 (d, J = 8.6 Hz, 1H), 5.77 (d, J = 4.4 Hz, 1H), 5.06 (p, J = 7.0 Hz, 1H), 4.77 – 4.69 (m, 2H), 4.60 (d, J = 8.9 Hz, 1H), 4.21 – 4.12 (m, 1H), 4.03 – 3.95 (m, 5H), 3.83 (s, 3H), 3.74 – 3.58 (m, 13H), 3.52 – 3.45 (m, 2H), 3.25 – 3.16 (m, 1H), 3.09 – 3.01 (m, 4H), 2.74 – 2.65 (m, 4H), 2.53 – 2.47 (m, 6H), 2.42 – 2.34 (m, 1H), 2.05 – 2.01 (m, 2H), 1.60 – 1.50 (m, 2H), 1.46 (d, J = 6.9 Hz, 3H), 1.26 (t, J = 7.4 Hz, 3H), 1.04 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 171.17, 170.38, 170.20, 170.12, 152.37, 151.90, 151.01, 150.36, 148.33, 143.41, 136.27, 135.74, 131.65, 130.67, 130.65, 129.46, 127.84, 126.40, 117.85, 112.61, 112.53, 105.07, 76.92, 71.11, 70.60, 70.43, 70.32, 69.81, 68.72, 66.89, 58.75, 57.81, 56.95, 56.77, 55.64, 53.81, 50.81, 48.80, 47.64, 46.09, 36.02, 35.50, 33.08, 26.49, 24.51, 22.33, 16.07, 11.36, 10.53. HRMS (ESI) calculated for C54H77N11O10S [M+H]+, 1072.5648; found 1072.6564.
Synthesis of PROTACs 70a-b
Compounds 65a-b is generally synthesized with compounds 60a-b, characterized as follows.



(65a). White solid, 55% yield; 1H NMR (400 MHz, Chloroform-d) δ 3.59 (t, J = 6.9 Hz, 2H), 3.45 (t, J = 5.0 Hz, 4H), 2.74 (t, J = 6.9 Hz, 2H), 2.46 (t, J = 5.0 Hz, 4H), 1.46 (s, 9H).
(65b). Brown liquid, 58% yield; 1H NMR (400 MHz, Chloroform-d) δ 7.78 (d, J = 8.3 Hz, 2H), 7.35 (d, J = 8.1 Hz, 2H), 4.05 (t, J = 6.0 Hz, 4H), 2.68 – 2.54 (m, 2H), 2.45 (s, 3H), 1.59 – 1.47 (m, 5H), 1.39 (s, 9H), 1.07 – 0.96 (m, 2H).
The synthesis of the compounds 66a-b is generalized with 61a-b, with a reaction time of only 12 h adjusted to 1 h, as follows.



(66a). Yellow solid, 84% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.71 (s, 1H), 7.47 (d, J = 4.5 Hz, 1H), 7.42 (dd, J = 8.6, 2.6 Hz, 1H), 6.83 (d, J = 2.3 Hz, 1H), 6.78 (d, J = 8.6 Hz, 1H), 5.78 (d, J = 5.6 Hz, 1H), 4.91 – 4.84 (m, 1H), 4.15 – 4.07 (m, 1H), 3.98 – 3.91 (m, 2H), 3.79 (s, 3H), 3.47 – 3.37 (m, 6H), 3.11 – 3.05 (m, 4H), 2.87 – 2.78 (m, 4H), 2.73 – 2.66 (m, 2H), 2.65 – 2.59 (m, 2H), 2.50 – 2.39 (m, 6H), 1.99 (dd, J = 12.6, 4.0 Hz, 2H), 1.59 – 1.47 (m, 2H), 1.38 (s, 9H), 1.31 (t, J = 7.3 Hz, 3H).
(66b). Yellow solid, 50% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.77 (s, 1H), 7.50 (dd, J = 8.6, 2.3 Hz, 2H), 6.86 (d, J = 2.3 Hz, 1H), 6.83 (d, J = 8.7 Hz, 1H), 5.53 (d, J = 4.5 Hz, 1H), 4.83 (d, J = 7.3 Hz, 1H), 4.22 – 4.13 (m, 1H), 4.11 – 3.97 (m, 4H), 3.84 (s, 3H), 3.55 – 3.46 (m, 2H), 3.20 – 3.14 (m, 4H), 3.00 – 2.88 (m, 4H), 2.78 – 2.66 (m, 4H), 2.51 (q, J = 7.3 Hz, 2H), 2.08 – 2.01 (m, 2H), 1.69 – 1.53 (m, 7H), 1.43 (s, 9H), 1.33 (t, J = 7.3 Hz, 3H), 1.17 – 1.06 (m, 2H).
Compounds 67a-b synthesis general method: take the corresponding compound 66 in a single bottle, add the solvent DCM solution, add an excess TFA, reaction at r.t. 30 min. After the reaction, the pressure distillation removes the excess TFA and solvent, the pH is adjusted to 9-10 with sodium hydrocarbonate, the reactive is extracted with DCM, the organic phase is combined and the water-free Na2SO4 is dried, and the DCM is removed from the pressure distillation to obtain the corresponding crude compound. Compound 67a was further purified by the column layer, and compound 67b was directly used for the next experiment.



(67a). Yellow solid, 50% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.73 (s, 1H), 7.51 (d, J = 4.5 Hz, 1H), 7.46 (dd, J = 8.6, 2.3 Hz, 1H), 6.87 (d, J = 2.3 Hz, 1H), 6.83 (d, J = 8.6 Hz, 1H), 5.62 (d, J = 4.6 Hz, 1H), 4.67 (d, J = 7.3 Hz, 1H), 4.23 – 4.12 (m, 1H), 4.03 – 3.96 (m, 2H), 3.85 (s, 3H), 3.54 – 3.45 m, 2H), 3.16 – 2.99 (m, 4H), 2.89 (t, J = 4.9 Hz, 4H), 2.75 – 2.65 (m, 4H), 2.62 – 2.58 (m, 2H), 2.57 – 2.53 (m, 2H), 2.49 (q, J = 7.0, 6.4 Hz, 6H), 2.08 – 2.02 (m, 2H), 1.60 – 1.50 (m, 2H), 1.27 (t, J = 7.4 Hz, 3H).
(67b). Yellow solid, 68% yield;
The synthesis of compounds 68a-b is generalized by taking the corresponding compound 67 (1.0 eq) and phosphoric acetate ester (1,0 eq) in a single bottle, adding solvent DMF solution and adding K2CO3 solid (4,0 eq), heated to 50 °C reaction for 2 h. After the TLC monitoring reaction is complete, the reactive is extracted with EA (3×30 mL) and water, and the organic phase is combined with organic compounded salt water (2×40 mL), washed to remove excess DMF, then dried with water-free Na2SO4, and the pressure distillation removes EA, further purified by column layer.



(68a). Yellow solid, 26% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.75 (s, 1H), 7.54 – 7.47 (m, 2H), 6.90 (d, J = 2.3 Hz, 1H), 6.86 (d, J = 8.6 Hz, 1H), 5.30 (s, 1H), 4.65 (d, J = 7.3 Hz, 1H), 4.25 – 4.16 (m, 1H), 4.06 – 4.00 (m, 2H), 3.87 (s, 3H), 3.57 – 3.49 (m, 2H), 3.13 – 3.05 (m, 6H), 2.82 – 2.73 (m, 4H), 2.71 – 2.57 (m, 12H), 2.56 – 2.49 (m, 2H), 2.12 – 2.06 (m, 2H), 1.62 – 1.53 (m, 2H), 1.47 (s, 9H), 1.31 (t, J = 7.3 Hz, 3H).
(68b). Yellow solid, 28% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.77 (s, 1H), 7.56 – 7.47 (m, 2H), 6.89 – 6.84 (m, 2H), 5.36 – 5.31 (m, 1H), 4.72 (d, J = 7.3 Hz, 1H), 4.24 – 4.15 (m, 1H), 4.05 – 3.98 (m, 2H), 3.86 (s, 3H), 3.57 – 3.48 (m, 2H), 3.28 – 3.22 (m, 4H), 2.99 – 2.90 (m, 5H), 2.73 – 2.67 (m, 2H), 2.52 (q, J = 7.4 Hz, 2H), 2.14 (t, J = 10.6 Hz, 2H), 2.10 – 2.04 (m, 2H), 1.72 – 1.63 (m, 4H), 1.62 – 1.52 (m, 2H), 1.46 (s, 9H), 1.44 – 1.41 (m, 6H), 1.29 (t, J = 7.3 Hz, 3H).
The synthesis generalization of the PROTACs 70a-b with the compounds 63a-b is characterized as follows.


(70a). Yellow solid, 16% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.73 (s, 1H), 8.69 (s, 1H), 7.92 (d, J = 8.6 Hz, 1H), 7.55 – 7.50 (m, 2H), 7.50 – 7.47 (m, 1H), 7.43 – 7.36 (m, 4H), 6.91 (d, J = 2.3 Hz, 1H), 6.86 (d, J = 8.6 Hz, 1H), 5.42 (d, J = 4.6 Hz, 1H), 5.08 (q, J = 7.2 Hz, 1H), 4.76 (t, J = 7.9 Hz, 1H), 4.69 (d, J = 7.3 Hz, 1H), 4.50 (d, J = 8.7 Hz, 2H), 4.25 – 4.18 (m, 1H), 4.14 (d, J = 11.3 Hz, 1H), 4.06 – 4.00 (m, 2H), 3.88 (s, 3H), 3.62 (dd, J = 11.3, 3.8 Hz, 1H), 3.57 – 3.49 (m, 2H), 3.15 – 3.01 (m, 6H), 2.77 – 2.69 (m, 4H), 2.67 – 2.55 (m, 12H), 2.54 – 2.51 (m, 5H), 2.15 – 2.02 (m, 4H), 1.62 – 1.54 (m, 2H), 1.50 (d, J = 6.9 Hz, 3H), 1.30 (t, J = 7.4 Hz, 3H), 1.08 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 171.53, 170.98, 170.32, 169.88, 152.40, 151.92, 151.05, 150.37, 148.44, 143.25, 136.21, 135.80, 131.64, 130.79, 130.65, 129.55, 126.43, 117.83, 112.64, 112.51, 105.03, 69.97, 66.93, 61.12, 58.39, 57.22, 55.69, 53.90, 53.78, 53.44, 50.89, 48.87, 47.68, 35.55, 34.92, 33.15, 29.71, 26.56, 24.55, 22.32, 16.12, 10.52. HRMS (ESI) calculated for C54H77N13O7S [M+H]+, 1052.5862; found 1052.5852.
(70b). Yellow solid, 45% yield; 1H NMR (400 MHz, Chloroform-d) δ 10.73 (s, 1H), 8.68 (s, 1H), 7.97 (d, J = 8.5 Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.52 (d, J = 4.6 Hz, 1H), 7.47 (dd, J = 8.6, 2.3 Hz, 1H), 7.41 – 7.36 (m, 4H), 6.91 (d, J = 2.3 Hz, 1H), 6.86 (d, J = 8.7 Hz, 1H), 5.54 – 5.48 (m, 1H), 5.12 – 5.05 (m, 1H), 4.77 (t, J = 7.8 Hz, 1H), 4.70 (d, J = 7.4 Hz, 1H), 4.49 (d, J = 8.6 Hz, 1H), 4.25 – 4.15 (m, 1H), 4.15 – 4.10 (m, 1H), 4.04 – 3.99 (m, 2H), 3.87 (s, 3H), 3.63 (dd, J = 11.3, 4.2 Hz, 1H), 3.55 – 3.49 (m, 2H), 3.14 – 3.03 (m, 4H), 2.89 – 2.77 (m, 4H), 2.71 – 2.62 (m, 4H), 2.56 – 2.47 (m, 7H), 2.44 (t, J = 6.8 Hz, 2H), 2.18 (dd, J = 31.8, 10.9 Hz, 2H), 2.11 – 2.03 (m, 4H), 1.74 (t, J = 11.6 Hz, 2H), 1.64 – 1.50 (m, 4H), 1.49 (d, J = 7.0 Hz, 3H), 1.30 (t, J = 7.3 Hz, 5H), 1.08 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 171.61, 171.39, 170.36, 169.89, 152.38, 151.93, 151.04, 150.44, 148.41, 143.33, 135.99, 135.87, 131.67, 130.71, 129.53, 126.44, 117.98, 112.64, 112.47, 105.01, 69.97, 66.91, 58.36, 57.24, 55.95, 55.68, 54.29, 53.10, 50.33, 48.86, 47.67, 45.14, 34.89, 33.63, 33.15, 32.68, 26.54, 24.55, 22.33, 16.10, 10.51, 8.70. HRMS (ESI) calculated for C55H78N12O7S [M+H]+, 1051.5910; found 1051.5922.
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Supplementary Tables
[bookmark: _Hlk152195535]Table S1. Structural overview of PROTAC molecular design.


	Cmpd.
	R
	linker
	E3 ligand
	Cmpd
	R
	linker
	E3 ligand

	38a
	R1
	

	A
	42d
	R2
	

	A

	38b
	R1
	

	A
	44
	R1
	

	B

	38c
	R1
	

	A
	49
	R1
	

	C

	38d
	R1
	

	A
	53
	R1
	

	D

	38e
	R1
	

	A
	56b
	R1
	

	E

	38f
	R1
	

	A
	56a
	R1
	

	E

	38g
	R1
	

	A
	56c
	R1
	

	E

	38h
	R1
	

	A
	63a
	R1
	

	A

	42a
	R2
	

	A
	63b
	R1
	

	A

	42b
	R2
	

	A
	70a
	R1
	

	A

	42c
	R2
	

	A
	70b
(Z29)
	R1
	

	A



Table S2. Drugcomb applies four models to calculate the synergy scores of the two combination regimens.

	Drug A
	Drug B
	Cell line
	Synergy Score*
	ZIP
	BLISS
	LOEWE
	HSA
	Test ID

	Ven
	Gil
	MOLM13
	24.47
	3.22
	3.30
	15.45
	14.63
	1

	Ven
	Gil
	MOLM13
	26.41
	3.50
	3.54
	11.63
	14.22
	2

	Ven
	Gil
	MOLM13
	24.01
	2.81
	2.86
	11.47
	13.59
	3

	Ven
	Z29
	MOLM13
	34.13
	8.10
	8.14
	15.33
	18.49
	1

	Ven
	Z29
	MOLM13
	35.38
	8.58
	8.65
	18.36
	18.54
	2

	Ven
	Z29
	MOLM13
	34.65
	7.58
	7.66
	21.85
	17.61
	3

	Ven
	Gil
	MV-4-11
	13.07
	-3.95
	-3.93
	3.85
	6.25
	1

	Ven
	Gil
	MV-4-11
	12.18
	-4.23
	-4.23
	3.46
	5.62
	2

	Ven
	Gil
	MV-4-11
	12.76
	-3.62
	-3.60
	3.88
	6.18
	3

	Ven
	Z29
	MV-4-11
	19.62
	-1.07
	-1.15
	4.60
	8.28
	1

	Ven
	Z29
	MV-4-11
	18.02
	-1.65
	-1.74
	4.06
	7.70
	2

	Ven
	Z29
	MV-4-11
	18.86
	-1.15
	-1.23
	4.23
	8.01
	3



Gil, Gilteritinib; Ven, Venetoclax; *Synergy Score: The synergy score obtained by comprehensively evaluating the ZIP, BLISS, HAS, and LOEWE model results in each parallel experiment. 









Supplementary Figures
[image: ]
Figure S1. Evaluation of the protein degradation capacity of all synthesized PROTACs. Western blot showing the degradation of FLT3-ITD protein in MOLM13 cells treated with all synthetic PROTACs. The levels of FLT3-ITD expression are represented by the optical density ratio of FLT3-ITD to GAPDH calculated by ImageJ software.
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Figure S2. Heart, lung and kidney index in each group of PDX model.
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