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Figure S1. Molecular dynamics simulation (20 ns) of CXCR4 (PDB code 3OE0) in complex with 

compound 24. The RMSD of the protein backbone of αC atom of amino acids during the simulation 

are shown in Figure S1. 
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Figure S2. Molecular dynamics simulation (10ns) of CXCR4 (PDB code 3OE0) in complex with 

compound 25. A. Structure of CXCR4-25 complex after 10 ns of molecular dynamics (MD) 

simulations. The hydrogen bonding network (yellow lines) reveals strong hydrogen bondings around 

the compound 25 (green) with the residues of Cys186, Asp187, Glu277, and Glu288 (cyan). B. 

Ligplot diagram showing hydrophobic interactions between the indicated CXCR4 amino acid 

residues and compound 25 after 10 ns of MD simulation. The RMSD of the protein backbone of αC 

atom of amino acids during the simulation are shown in C. 
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Figure S3. SDF-1α-dependent β-arrestin assay of CXCR7. A. Determination of effective 

concentration (EC50 = 26 nM) of SDF-1α to activate β-arrestin signalling. B. Both compound 24 and 

AMD3100 did not antagonize SDF-1α-dependent CXCR7 β-arrestin signalling at various 

concentrations: 10nM, 100nM, and 1000nM (40X).     
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Radioligand Binding Assay and CXCR7 β-arrestin assay. 

The CXCR7 β-arrestin assays were performed following the procedures by the DiscoveRX kit 

(PathHunter® eXpress β-Arrestin), which can be obtained at: 

http://www.discoverx.com/products-applications/assay-ready-kits 

The binding assays of CXCR2, CCR2, CCR4, and CCR5 were performed by Eurofins Panlabs, Inc. 

The reagents, methods, and results are shown below:  
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General Procedure for the Synthesis of Compounds IIa-IIc. The general procedure is illustrated 

immediately below with compound IIa as a specific example. 

 

6-Methoxy-quinazoline-2,4-diol (IIa). A mixture of amino acid (Ia) (2.01 g, 11.88 mmole) and urea 

(4.03g, 67.10 mmole) was heated at 200 
o
C in an oiled bath for 3 h and then cooled to 70 

o
C. The 

resulting mixture was added 1M NaOH(aq) (50 mL) and stirred for 1h, and then was acidified with 

12N HCl (aq) (8 mL) at 70 
o
C. The suspension solution was stirred at 25 

o
C for 2 h and then filtered 

to get the cake, which was dried at 80 
o
C for 15h to give Ia (1.94 g, 85%) as a pale yellow solid. 

Compounds IIb-IIc were synthesized respectively from Ib-Ic with urea following a similar synthetic 

procedure for IIa as pale yellow solids. 

 

General Procedure for the Synthesis of Compounds IVa-IVc. The general procedure is illustrated 

immediately below with compound IVa as a specific example. 

 

4-(2-Chloro-6-methoxy-quinazolin-4-ylamino)-piperidine-1-carboxylic acid tert-butyl ester 

(IVa). To a magnetically stirred solution of 6-Methoxy-quinazoline-2,4-diol (IIa) (1.02 g, 5.31 

mmol) in POCl3 (7 mL) was added 2-ethylpyridine (1 mL) dropwise at 25 
o
C under an atmosphere of 

argon. The resulting mixture was heated to 110 
o
C for 4h and then cooled to room temperature. The 

reaction mixture was poured into ice−water and the aqueous layer was extracted with CH2Cl2 (2 × 

100 mL). The combined organic extracts were washed with NaHCO3, water and brine, dried over 

anhydrous Na2SO4, filtered to afford filtrate with compound IIIa. To a magnetically stirred filtrate of 

IIIa in DCM was added 4-amino-1-Boc-piperidine (1.03 g, 5.14 mmole) and TEA (0.91 g, 9.01 

mmole ) sequentially at 0 
o
C under an atmosphere of argon. The resulting mixture was warmed to 

room temperature for 15h and quenched with NH4Cl(aq). The aqueous layer was extracted with 

CH2Cl2 (2 × 100 mL). The combined organic extracts were washed with water and brine, dried over 

anhydrous Na2SO4, filtered, and concentrated under reduced pressure to give a crude residue, which 

was purified by crystallization with n-hexane/ethyl acetate (1:1) as solvent system to afford 

compound IVa (1.23 g, 59% over two steps) as a pale yellow solid: mp 249.5–250.5 
o
C; 

1
H-NMR 

(300 MHz, CDCl3) δ 7.69 (d, J = 9.0 Hz, 1H), 7.37 (dd, J = 9.0, 2.4 Hz, 1H), 6.94 (d, J = 2.4 Hz, 1H), 

5.72 (m, 1H), 4.44 (m, 1H), 4.13 (m, 2H), 3.90 (s, 3H), 2.96 (m, 2H), 2.14 (m, 2H), 1.49 (m, 2H), 

1.47 (s, 9H); ESMS m/z: 393.1 (M+1).   

 

4-(2-Chloro-7-methoxy-quinazolin-4-ylamino)-piperidine-1-carboxylic acid tert-butyl ester 

(IVb). Compound IVb was synthesized from IIb (1.05 g, 5.46 mmol) with POCl3 (7 mL) and 

4-amino-1-Boc-piperidine (1.03 g, 5.14 mmole) following a similar synthetic procedure for IVa and 

obtained as a white solid (1.16 g, 54% over two steps): mp: 265.5–266.5 
o
C; 

1
H NMR (300 MHz, 

CDCl3) δ 7.58 (d, J = 8.7 Hz, 1H), 7.11 (d, J = 2.1 Hz, 1H), 7.04 (dd, J = 8.7, 2.1 Hz, 1H), 5.63 (m, 

1H), 4.42 (m, 1H), 4.13 (m, 2H), 3.89 (s, 3H), 2.97 (m, 2H), 2.13 (m, 2H), 1.49 (m, 2H), 1.47 (s, 9H); 
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ESMS m/z: 393.1 (M+1).  

 

4-(2-Chloro-6,7-dimethoxy-quinazolin-4-ylamino)-piperidine-1-carboxylic acid tert-butyl ester 

(IVc). Compound IVc was synthesized from IIc (1.05 g, 4.95 mmol) with POCl3 (7 mL) and 

4-amino-1-Boc-piperidine ( 1.01 g, 5.04 mmole) following a similar synthetic procedure for IVa and 

obtained as a white solid (1.21 g, 58% over two steps): mp 208.5–209.5 
o
C; 

1
H NMR (300 MHz, 

CDCl3) δ 6.99−6.98 (m, 2H), 5.83 (m, 1H), 4.43 (m, 1H), 4.06 (m, 2H), 3.99 (s, 3H), 3.96 (s, 3H), 

2.94 (m, 2H), 2.12 (m, 2H), 1.49 (m, 2H), 1.46 (s, 9H); ESMS m/z: 423.1 (M+1). 

 

General Procedure for the Synthesis of Compounds Va−Vc. The general procedure is illustrated 

immediately below with compound Va as a specific example. 

 

4-{2-[4-({tert-Butoxycarbonyl-[3-(tert-butoxycarbonyl-cyclohexyl-amino)-propyl]-amino}-met

hyl)-benzylamino]-6-methoxy-quinazolin-4-ylamino}-piperidine-1-carboxylic acid tert-butyl 

ester (Va). A solution of IVa (0.4 g, 1.02 mmole) and side chain amine D (0.5 g, 1.05 mmole) in 

1-pentanol (3 mL) was heated at 120 
o
C for 15 min by microwave radiation. After the completion of 

reaction, the solvent was removed under reduced pressure to give crude residue, which was purified 

with flash chromatography with n-hexane/ethyl acetate (1:9) to afford Va (0.53 g, 63%) as a sticky 

oil; 
1
H NMR (300 MHz, CDCl3) δ 7.42 (d, J = 9.0 Hz, 1H), 7.33 (d, J = 8.1 Hz, 2H), 7.22 (dd, J = 

9.0, 2.4 Hz, 1H), 7.16 (m, 2H), 6.82 (d, J = 2.4 Hz, 1H), 5.38 (m, 1H), 4.63 (s, 2H), 4.39 (s, 2H), 

4.21 (m, 1H), 4.09 (m, 2H), 3.84 (s, 3H), 3.11 (m, 2H), 2.99 (m, 2H), 2.86 (m, 2H), 2.03 (m, 2H), 

1.78−1.47 (m, 9H), 1.46 (s, 18H), 1.41 (s, 9H), 1.27−1.22 (m, 5H), 1.02 (m, 1H); ESMS m/z: 832.5 

(M+1). 

 

4-{2-[4-({tert-Butoxycarbonyl-[3-(tert-butoxycarbonyl-cyclohexyl-amino)-propyl]-amino}-met

hyl)-benzylamino]-7-methoxy-quinazolin-4-ylamino}-piperidine-1-carboxylic acid tert-butyl 

ester (Vb). Compound Vb was synthesized from IVb (0.42 g, 1.07 mmol) and side chain amine D 

(0.51 g, 1.05 mmole) following a similar synthetic procedure for Va and obtained as a sticky oil 

(0.56 g, 63%); 
1
H NMR (300 MHz, CDCl3) δ 7.36 (d, J = 8.7 Hz, 1H), 7.33 (d, J = 7.8 Hz, 2H), 7.19 

(m, 2H), 6.84 (d, J = 2.4 Hz, 1H), 6.70 (dd, J = 8.7, 2.4 Hz, 1H), 5.19 (m, 1H), 4.66 (d, J = 5.7 Hz, 

2H), 4.40 (s, 2H), 4.21 (m, 1H), 4.10 (m, 2H), 3.87 (s, 3H), 3.12 (m, 2H), 3.00 (m, 2H), 2.87 (m, 2H), 

2.04 (m, 2H), 1.78−1.47 (m, 9H), 1.46 (s, 18H), 1.42 (s, 9H), 1.28−1.21 (m, 5H), 1.03 (m, 1H); 

ESMS m/z: 832.5 (M+1). 

 

4-{2-[4-({tert-Butoxycarbonyl-[3-(tert-butoxycarbonyl-cyclohexyl-amino)-propyl]-amino}-met

hyl)-benzylamino]-6,7-dimethoxy-quinazolin-4-ylamino}-piperidine-1-carboxylic acid 

tert-butyl ester (Vc). Compound Vc was synthesized from IVc (0.44 g, 1.04 mmol) and side chain 

amine D (0.51 g, 1.05 mmole) following a similar synthetic procedure for Va and obtained as a 
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sticky oil (0.53 g, 59%); 
1
H NMR (300 MHz, CDCl3) δ 7.31 (d, J = 7.8 Hz, 2H), 7.15 (d, J = 7.8 Hz, 

2H), 6.88 (s, 1H), 6.86 (s, 1H), 5.54 (m, 1H), 4.63 (d, J = 4.8 Hz, 2H), 4.38 (s, 2H), 4.22 (m, 1H), 

4.08 (m, 2H), 3.91 (s, 3H), 3.88 (s, 3H), 3.11 (m, 2H), 2.99 (m, 2H), 2.82 (m, 2H), 2.02 (m, 2H), 

1.71−1.46 (m, 9H), 1.45 (s, 18H), 1.40 (s, 9H), 1.27−1.21 (m, 5H), 1.02 (m, 1H); ESMS m/z: 862.5 

(M+1). 

 

2,6-Dichloro-9-(tetrahydro-pyran-2-yl)-9H-purine (18-I). To a magnetically stirred solution of 

2,6-dichloropurine (10 g, 52.9 mmole) in ethyl acetate (100 mL) was added p-toluenesulfonic acid 

monohydrate (0.08 g, 0.4 mmole), and the resultant mixture was heated to 50 °C under an 

atmosphere of nitrogen. To the stirred mixture was added 3,4-dihydro-2H-pyran (7.5 g, 89.2 mmole) 

over a period of 2 h. The mixture was stirred at 25 
o
C for 15 hours. The suspension mixture was 

filtrated by removing filtrate to give the crude solid, which was washed with n-hexane / ethyl acetate 

(1:1) to afford the product 18-I (14.4 g, 100%) as a colorless solid. 
1
H NMR (400 MHz, CDCl3) δ 

8.33 (s, 1H), 5.76 (dd, J = 10.8, 2.4 Hz, 1H), 4.20 (ddd, J = 12.0, 4.0, 2.0 Hz, 1H), 3.78 (ddd, J = 

12.0, 11.6, 3.2 Hz, 1H), 2.19 (m, 1H), 2.04 (m, 1H), 1.98 (m, 1H), 1.82−1.65 (m, 10H). 

 

{3-[tert-Butoxycarbonyl-(4-{[2-chloro-9-(tetrahydro-pyran-2-yl)-9H-purin-6-ylamino]-methyl}

-benzyl)-amino]-propyl}-cyclohexyl-carbamic acid tert-butyl ester (18-II). To a magnetically 

stirred solution of 18-I (1.3 g, 4.76 mmole) in ethyl acetate (35 mL) under an atmosphere of nitrogen 

was added amine side chain D (2.3 g, 4.83 mmole) and TEA (1.5 g, 14.85 mmole). The mixture was 

heated to 50 
o
C for 4 h, and then quenched with NH4Cl (aq) at 25 

o
C. The combined extracts were 

washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated to give the crude 

residue. The residue was subjected to purification by flash chromatography on silica gel with MeOH 

/ DCM (1:9) to afford the product 18-II (2.1g, 62%) as a light yellow solid. 
1
H NMR (400 MHz, 

CDCl3) δ 7.91 (s, 1H), 7.31 (d, J = 8.0 Hz, 2H), 7.19 (m, 2H), 5.68 (dd, J = 10.8, 2.0 Hz, 1H), 4.78 (s, 

2H), 4.41 (s, 2H), 4.13 (m, 1H), 3.78 (m, 1H), 3.22−2.92 (m, 4H), 2.14−2.01 (m, 2H), 1.92 (m, 1H), 

1.80−1.59 (m, 10H), 1.53−1.24 (m, 23H), 1.02 (m, 1H). 

 

{3-[tert-Butoxycarbonyl-(4-{[2-piperazin-1-yl-9-(tetrahydro-pyran-2-yl)-9H-purin-6-ylamino]-

methyl}-benzyl)-amino]-propyl}-cyclohexyl-carbamic acid tert-butyl ester (18-III). A solution 

of 18-II (350 mg, 0.49 mmole) and piperazine (350 mg, 4.07 mmole) in 1-pentanol (2 mL) was 

heated at 100 
o
C for 15 hours. After the completion of reaction, the resulting mixture was 

concentrated under reduced pressure by removing 1-pentanol to give crude residue, which was 

purified with flash chromatography with MeOH / DCM (1:1) to afford the product 18-III (240 mg, 

64%). 
1
H NMR (300 MHz, CDCl3) δ 7.67 (s, 1H), 7.29 (m, 2H), 7.17 (m, 2H), 5.58 (m, 1H), 4.77 (s, 

2H), 4.39 (s, 2H), 4.16 (m, 1H), 3.84 (br s, 4H), 3.75 (m, 1H), 3.22−2.93 (m, 8H), 2.14−1.94 (m, 3H), 

1.80−1.57 (m, 10H), 1.53−1.24 (m, 23H), 1.02 (m, 1H). 
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[3-(tert-Butoxycarbonyl-cyclohexyl-amino)-propyl]-{4-[(2-chloro-9H-purin-6-ylamino)-methyl]

-benzyl}-carbamic acid tert-butyl ester (19-I). To a magnetically stirred solution of 

2,6-dichloropurine (0.5 g, 2.64 mmole) in t-BuOH (30 mL) under an atmosphere of nitrogen was 

added amine side chain D (1.51 g, 3.17 mmole) and TEA (0.5 g, 4.95 mmole ). The mixture was 

heated to 50 
o
C for 4 h, and then quenched with NH4Cl (aq). The combined extracts were washed 

with brine, dried over anhydrous sodium sulfate, filtered, and concentrated to give the residue. The 

residue was subjected to purification by flash chromatography on silica gel with MeOH / DCM (1:9) 

to afford the product 19-I (1.49 g, 89%) as white solid. 
1
H NMR (300 MHz, CD3OD) δ 7.98 (s, 1H), 

7.35 (d, J = 7.8 Hz, 2H), 7.18 (d, J = 7.8 Hz, 2H), 4.64 (s, 2H), 4.36 (s, 2H), 3.12−2.88 (m, 4H), 

1.63−1.54 (m, 7H), 1.53−1.24 (m, 23H), 1.02 (m, 1H). 

 

[3-(tert-Butoxycarbonyl-cyclohexyl-amino)-propyl]-{4-[(2-chloro-9-methyl-9H-purin-6-ylamin

o)-methyl]-benzyl}-carbamic acid tert-butyl ester (19-II). 19-I (300 mg, 0.48 mmole) and K2CO3 

(72 mg, 0.52 mmole) were taken into DMF (6 mL) and dissolved completely into the DMF by 

heating it. After that the reaction mixture was allowed to cool at room temperature, then to this MeI 

(200 mg, 1.41 mmole) was added and the reaction mixture was stirred at rt for 6h, then reaction 

mixture was poured into water. The resulting mixture was extracted with ethyl acetate and the 

combined extracts were washed with brine, dried over anhydrous sodium sulfate, filtered, and 

concentrated to afford the residue. The residue was subjected to purification by flash 

chromatography on silica gel with MeOH / DCM (1:9) to afford the product 19-II (297 mg, 97%). 
1
H NMR (300 MHz, CDCl3) δ 7.57 (s, 1H), 7.29 (d, J = 7.8 Hz, 2H), 7.16 (m, 2H), 4.74 (s, 2H), 4.38 

(s, 2H), 3.75 (s, 3H), 3.19−2.93 (m, 4H), 1.78−1.57 (m, 7H), 1.53−1.23 (m, 23H), 1.02 (m, 1H). 

 

[3-(tert-Butoxycarbonyl-{4-[(9-methyl-2-piperazin-1-yl-9H-purin-6-ylamino)-methyl]-benzyl}-

amino)-propyl]-cyclohexyl-carbamic acid tert-butyl ester (19-III). A solution of 19-II (210 mg, 

0.33 mmole) and piperazine (87 mg, 1.01 mmole) in ethylene glycol monomethyl ether (6 mL) was 

heated at 120 
o
C for 15 hours. After the reaction was complete, the reaction mixture was poured into 

water. The resulting mixture was extracted with ethyl acetate and the combined extracts were washed 

with brine, dried over anhydrous sodium sulfate, filtered, and concentrated to afford the residue, 

which was purified with flash chromatography with MeOH / DCM (1:1) to afford the product 19-III 

(156 mg, 69%). 
1
H NMR (400 MHz, CDCl3) δ 7.39 (s, 1H), 7.29 (d, J = 8.0 Hz, 2H), 7.16 (m, 2H), 

4.73 (s, 2H), 4.38 (s, 2H), 3.85 (br s, 4H), 3.63 (s, 3H), 3.19−2.81 (m, 8H), 1.78−1.56 (m, 7H), 

1.53−1.27 (m, 23H), 1.02 (m, 1H). 

 

{3-[(4-Aminomethyl-benzyl)-tert-butoxycarbonyl-amino]-propyl}-cyclohexyl-carbamic acid 

tert-butyl ester (side chain D). Compound side chain D was synthesized from 

(4-Formyl-benzyl)-carbamic acid benzyl ester (2.05 g, 7.6 mmole) following a similar synthetic 

procedure in previous reference 18 and obtained as a oil (2.18 g, 65% over three steps); 
1
H NMR 
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(300 MHz, CDCl3) δ 7.27 (d, J = 7.8 Hz, 2H), 7.20 (m, 2H), 4.41 (s, 2H), 3.86 (s, 2H), 3.21−2.91 (m, 

4H), 1.81−1.63 (br s, 2H), 1.78−1.58 (m, 7H), 1.56−1.41 (m, 18H), 1.37−1.22 (m, 5H), 1.04 (m, 1H); 

ESMS m/z: 476.3 (M+1). 

 

{3-[(4-Aminomethyl-benzyl)-tert-butoxycarbonyl-amino]-propyl}-cycloheptyl-carbamic acid 

tert-butyl ester (side chain E). Compound side chain E was synthesized from 

(4-Formyl-benzyl)-carbamic acid benzyl ester (2.05 g, 7.6 mmole) following a similar synthetic 

procedure in previous reference 18 and obtained as a oil (2.24 g, 60% over three steps); 
1
H NMR 

(300 MHz, CDCl3) δ 7.41 (m, 2H), 7.22 (m, 2H), 4.42 (s, 2H), 3.86 (s, 2H), 3.21−2.94 (m, 4H), 

1.78−1.49 (m, 13H), 1.48−1.46 (m, 20H); ESMS m/z: 490.3 (M+1). 

 

(4-Aminomethyl-benzyl)-(3-piperidin-1-yl-propyl)-carbamic acid tert-butyl ester (side chain F). 

Compound side chain F was synthesized from 4-cyano-benzaldehyde (1.01 g, 7.6 mmole) following 

a similar synthetic procedure in previous reference 18 and obtained as a oil (1.70 g, 62% over three 

steps);  
1
H NMR (400 MHz, CDCl3) δ 7.27 (m, 2H), 7.18 (m, 2H), 4.42 (s, 2H), 3.84 (s, 2H), 

3.21−3.06 (m, 2H), 2.40−2.22 (m, 6H), 2.01−1.83 (m, 2H), 1.78−1.53 (m, 6H), 1.47−1.43 (m, 9H); 

ESMS m/z: 362.3 (M+1). 
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