Description of the Synthetic Process
The synthesis of the target compound (S)-N-(3-(4-(7-chloroquinolin-4-yl)piperazin-1-yl)-1-phenylpropyl)-4,4-difluorocyclohexane-1-carboxamide(8)  consists of eight reaction steps. The detailed technological process is described as follows:
[bookmark: OLE_LINK4]Step one：Synthesis of Intermediate 7-Chloro-4-(piperazin-1-yl)quinoline (1).
[bookmark: OLE_LINK10][bookmark: OLE_LINK9]    A mixture of 4,7-dichloroquinoline (0.5g, 2.5mmol), piperazine (2.5 g, 12.6 mmol), K2CO3 (0.1g, 0.72mmol), triethylamine (0.1mL, 0.71mmol) in N-methyl-2-pyrrolidinone (10 mL) was stirred under nitrogen at 135°C for 4h. After cooling to room
temperature, the mixture was diluted with CH2Cl2 (20mL) and washed with brine. The organic layer was separated, dried, filtered and condensed. The residue was purified by flash column chromatography on silica gel, eluted with a mixture of MeOH/EtOAc (1:4, v/v). to afford 7-Chloro-4-(piperazin-1-yl)quinoline(1).
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Step Two：Synthesis of Intermediate Methyl 3-amino-3-phenylpropanoate(2).
[bookmark: OLE_LINK11][bookmark: OLE_LINK13]Benzaldehyde (5g, 47.2mmol) and NH4OAc (7.3 g, 94.8 mmol) were dissolved in EtOH (50 mL). The solution was stirred at 45°C for 12h and then was added to a solution of malonic acid (4.9 g, 47.1 mmol) in MeOH (25mL). The mixture was stirred
[bookmark: OLE_LINK14][bookmark: OLE_LINK12]overnight at 60°C and then at reflux for 6 h. The reaction mixture was cooled to r.t. . To this mixture was added dropwise SOCl2 (2.5mL) and the mixture was stirred overnight at r.t. The solution was refluxed for 2h and subsequently concentrated to dryness. To the white residue was added 2M Na2CO3 (20mL) and the mixture was extracted with EtOAc (3 x 20mL). The combined organic layers were dried over Na2SO4 and concentrated in vacuo, to give Methyl 3-amino-3-phenylpropanoate(2) (3.88g, 46%) as white oil.
[bookmark: OLE_LINK3]Step Three：Synthesis of Intermediate (S)-Methyl 3-amino-3-phenylpropanoate(3).
[bookmark: OLE_LINK15]    A solution of  Methyl 3-amino-3-phenylpropanoate(2) (1g, 5.6mmol) in MeOH (5mL) was added to a refluxing soln. of (+)- L -tartaric acid (0.84 g, 5.6mmol) in MeOH (6mL). The product crystallized overnight at -20°C and was filtered, to give tartrate as a white powder. The tartrate was dissolved in 1N aq. NaOH at r.t., then was extracted with CHCl3 (3 x 10 mL). The organic layer was dried with Na2SO4 and concentrated, to give (S)-Methyl 3-amino-3-phenylpropanoate(3) (0.30g, 60%) as a colorless oil.
Step Four：Synthesis of Intermediate methyl (S)-3-((tert-butoxycarbonyl)amino)-3-phenylpropanoate(4).
    To a cold (0°C) mixture of Na2CO3 (2.8g, 26.5mmol) in THF/H2O (5mL, 2:1, v/v) was added (S)-Methyl 3-amino-3-phenylpropanoate in one portion(3) (0.85g, 4.7mmol). A solution of (BOC)2O (1.2g, 5.5mmol) in THF (4mL) was added in one portion and the reaction stirred at 0°C for 1h, then at 25°C for 2h, extracted with EtOAc (3 x 20 mL). The combined organic extracts were dried and concentrated in vacuo. The crude white solid product (S)-3-((tert-butoxycarbonyl)amino)-3-phenylpropanoate(4) was used in the next step without further purification.
Step Five：Synthesis of Intermediate tert-butyl (S)-(3-oxo-1-phenylpropyl)carbamate(5).
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]To a soln. of (S)-3-((tert-butoxycarbonyl)amino)-3-phenylpropanoate(4) (1.5g, 5.4mmol) in DCM (10mL) cooled to -78°C was added DIBAL-H (8.7mL of 25% W/W in hexane, 12.0mmol) dropwise at a rate that maintained the temperature below -70°C. After 2h the reaction was quenched by the addition of MeOH (1.7mL) and H2O (1mL) at -78°C, then allowed to warm to 25°C. The mixture was filtered. The filtrate was dried and concentrated in vacuo. The crude colorless oil tert-butyl (S)-(3-oxo-1-phenylpropyl)carbamate(5) (0.76g, 56%) was used in the next step without further purification.
[bookmark: OLE_LINK5][bookmark: OLE_LINK21]Step Six：Synthesis of Intermediate tert-butyl tert-butyl (S)-(3-(4-(7-chloroquinolin-4-yl)piperazin-1-yl)-1-phenylpropyl)carbamate(6).
[bookmark: OLE_LINK18]To a solution of tert-butyl (S)-(3-oxo-1-phenylpropyl)carbamate(5) (0.25g, 1mmol), 7-Chloro-4-(piperazin-1-yl)quinoline(1) (0.25g, 1mmol) and HOAc (0.14mL) in DCM (10mL) was added NaBH(OAc)3 (0.26g, 1.2mmol) in one portion and the mixture was stirred at 25℃ for 5h. The reaction was quenched by adding 10% K2CO3 soln. (20mL) and stirred for an additional 30 min, extracted with DCM (3 x 20mL). The combined organic layer was dried and concentrated in vacuo. The residue was purified by flash column chromatography on silica gel, eluted with a mixture of MeOH/DCM (1:12, v/v), to afford tert-butyl (S)-(3-(4-(7-chloroquinolin-4-yl)piperazin-1-yl)-1-phenylpropyl)carbamate(6) (0.32g, 67%) as a yellow foam.
[bookmark: OLE_LINK6]Step Seven：Synthesis of Intermediate (S)-3-(4-(7-chloroquinolin-4-yl)piperazin-1-yl)-1-phenylpropan-1-amine (7).
[bookmark: OLE_LINK7][bookmark: OLE_LINK19]A solution of tert-butyl (S)-(3-(4-(7-chloroquinolin-4-yl)piperazin-1-yl)-1-phenylpropyl)carbamate(6) (0.19g, 0.40mmol) in saturated HCl in MeOH (6mL) heated at 65°C for 2h. The MeOH was evaporated under reduced pressure and the residue cautiously partitioned between DCM (20 mL) and 20% K2CO3 solution (20mL). The aqueous layer was reextracted with DCM (3 x 20mL). The combined organic layer was dried and concentrated in vacuo, to afford (S)-3-(4-(7-chloroquinolin-4-yl)piperazin-1-yl)-1-phenylpropan-1-amine(7) (0.14g, 93%) as a straw yellow oil which was used in the next step without further purification.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Step Eight：Synthesis of Target product (S)-N-(3-(4-(7-chloroquinolin-4-yl)piperazin-1-yl)-1-phenylpropyl)-4,4-difluorocyclohexane-1-carboxamide(8).
[bookmark: OLE_LINK20][bookmark: OLE_LINK8]To a solution of (S)-3-(4-(7-chloroquinolin-4-yl)piperazin-1-yl)-1-phenylpropan-1-amine(7) (0.11g, 0.29mmol) and 4,4-difluorocyclohexanecarboxylic acid (0.06g, 0.37 mmol) in DCM (5mL) was added EDCI (0.07g, 0.36mmol), HOBt (0.05g, 0.37mmol) and DIPEA (0.15mL, 0.85 mmol). The mixture was stirred at 25°C for 4 h. The reaction mixture washed with brine and dried, then concentrated in vacuo. The residue was purified by flash column chromatography on silica gel, eluted with a mixture of MeOH/DCM (1:12, v/v), to afford (S)-N-(3-(4-(7-chloroquinolin-4-yl)piperazin-1-yl)-1-phenylpropyl)-4,4-difluorocyclohexane-1-carboxamide(8) (0.12 g, 76%) as a yellow foam.
