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Chemical synthesis and analytical data 

Reagents and methods 

All reagents were purchased from commercial sources. Organic solutions were 

concentrated in a rotary evaporator (BüchiRotavapor) below 55 °C under reduced pressure. 

Reactions were monitored by thin-layer chromatography (TLC) on 0.25 mm silica gel plates 

(GF254) and visualized under UV light. Melting points were determined with a Melt-Temp II 

apparatus. The 1H NMR and 13C NMR spectra were measured on a Bruker AV-300 instrument 

using deuterated solvents with tetramethylsilane (TMS) as internal standard. EI-MS was 

collected on shimadzu GCMS-2010 instruments. ESI-mass and high resolution mass spectra 

(HRMS) were recorded on a Water Q-Tofmicro mass spectrometer. Analytical results are 

within 0.40% of the theoretical values. The purity (≥95%) of the compounds is verified by 

the HPLC study performed on Agilent C18 (4.6 mm × 150 mm, 3.5 μm) column using a 

mixture of solvent methanol/water with bits of trifluoroacetic acid at a flow rate of 0.5 

mL/min and peak detection at 254 nm under UV. Some of our derived compounds may exist 

enantiomers. 

 

 

2-Benzamido-5-methoxy-5-oxopentanoic acid (DDO-5702). To a stirred mixture of 1 (4.0 g, 

24.8 mmol) and sodium bicarbonate (5.2 g, 62.0 mmol) in diethyl ether/H2O (v:v = 1:1) was 

added dropwise benzoyl chloride 2 (5.2 g, 37.2 mmol) at 0 oC. The mixture was stirred 

overnight at room temperature. The reaction mixture was acidizing with hydrochloric acid. 

Then, the mixture was extracted with EtOAc and the combined organic layer was washed 

with brine and dried over anhydrous Na2SO4, filtered and concentrated to afford a crude 

product which was recrystallized from diethyl ether to give the titled compound as a white 

solid (5.6 g, 85.1%). M.p.150-152 oC. 1HNMR (300 MHz, CDCl3) δ 7.78 (d, J = 7.2 Hz, 2H, 

-Ar-H), 7.45-7.59 (m, 4H, -Ar-H, -NH), 4.79-4.80 (m, 1H, -CH), 3.70 (s, 3H, -OCH3), 

2.56-2.67 (m, 2H, -CH2), 2.23-2.39 (m, 2H, -CH2); HRMS (ESI): calcd. for C13H15NO5 [M + 

H]
+
 266.1023, found 266.1026. HPLC (80% methanol in water): tR = 2.77 min, 98.83%. 

 

General procedure for preparation of DDO-5703~DDO-5709. To a stirred solution of 

DDO-5702 (0.3 g, 1.13 mmol) in dry dichloromethane (15 mL) was added 

1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDCI, 0.43 g, 2.26 mmol) 



and 1-hydroxybenzotriazole (HOBT, 0.36 g, 2.26 mmol) at room temperature for 1 h. Then 

amines (1.70mmol) was added and stirred overnight at room temperature. The micture was 

poured into ice water and extracted with EtOAc. The combined organic layer was washed 

with NaHCO3 solution and brine solution, dried over Na2SO4, and concentrated under 

vacuum. The residue was purified by silica gel column chromatography to afford products.   

Methyl 4-benzamido-5-(diethylamino)-5-oxopentanoate (DDO-5703). Yield: 69%. M.p. 

106-108 oC. 1HNMR(300 MHz, CDCl3) δ 7.83 (d, J = 6.96 Hz, 2H, -Ar-H), 7.31-7.52(m, 1H, 

-Ar-H), 7.29-7.31(m, 2H, -Ar-H), 5.17-5.18(m,1H, -CH), 3.61(s, 3H, -OCH3), 3.27-3.48(m, 

4H, -CH2), 2.45-2.52(m, 2H, -CH2), 2.06(m, 2H, -CH2), 1.31(t, J = 7.14 Hz, 3H, -CH3), 1.16(t, 

J = 7.12Hz, 3H, -CH3); 
13CNMR (75 MHz, DMSO) δ 172.97, 170.28, 166.22, 133.76, 131.33, 

127.47, 51.31, 48.56, 40.97, 29.59, 26.62, 14.20, 12.85; HRMS (ESI): calcd. for C17H24N2O4 

[M + H]+ 321.1809, found 321.1808. HPLC (80% methanol in water): tR = 4.12 min, 99.37%. 

Methyl 4-benzamido-5-(ethylamino)-5-oxopentanoate (DDO-5704). Yield: 72.15%. 

M.p.:129-131 oC. 1HNMR(300 MHz, DMSO) δ 8.43 (d, J = 6.96 Hz, 1H, -NH), 7.87-7.97(m, 

3H, -Ar-H), 7.43-7.53(m, 3H, -Ar-H), 4.37(d, J = 7.68 Hz, 1H, -CH), 3.56(d, J = 2.7 Hz, 3H, 

-OCH3), 3.05-3.09(m, 2H, -CH2), 2.34-2.49(m, 2H, -CH2), 1.92-2.02(m, 2H, -CH2), 

0.98-1.01(m, 3H, -CH3); HRMS (ESI): calcd. for C15H20N2O4 [M + H]+ 293.1496, found 

293.1494. HPLC (80% methanol in water): tR = 3.65 min, 98.38%. 

Methyl 4-benzamido-5-(dimethylamino)-5-oxopentanoate (DDO-5705). Yield: 63.52%. 

M.p.:112-114 oC. 1HNMR(300 MHz, CDCl3) δ 7.82(d, J = 7.05 Hz, 2H, -Ar-H), 7.41-7.53(m, 

1H, -Ar-H), 7.26(d, J = 4.86 Hz, 2H, -Ar-H), 5.19-5.26(m, 1H, -CH), 3.69(s, 3H, -OCH3), 

3.22(s, 3H, -CH3), 3.00(s, 3H, -CH3), 2.84(s, 3H, -CH3), 2.43-2.54(m, 2H, -CH2), 2.19-2.26(m, 

1H, -CH2), 1.74-1.92(m, 1H, -CH2); HRMS (ESI): calcd. for C15H20N2O4 [M + H]+ 293.1496, 

found 293.1497. HPLC (80% methanol in water): tR = 3.62 min, 99.28%. 

Methyl 4-benzamido-5-oxo-5-(piperidin-1-yl)pentanoate (DDO-5706). Yield: 66.5%. 

M.p.:108-110 oC. 1HNMR(300 MHz, DMSO) δ 8.57(d, J = 7.02 Hz, 1H, -NH), 7.87 (d, J = 

7.14 Hz, 2H, -Ar-H), 7.45-7.53(m, 3H, -Ar-H), 4.92(s, 1H, -CH), 3.81(s, 3H, -CH3), 

3.33-3.57(m, 4H, -CH2), 2.38-2.71(m, 2H, -CH2), 1.88-1.93(m, 2H, -CH2), 1.44-1.56(m, 6H, 

-CH2); HRMS (ESI): calcd. for C18H24N2O4 [M + H]+ 333.1809, found 333.181. HPLC (80% 

methanol in water): tR = 4.33 min, 99.39%. 

Methyl 4-benzamido-5-((4-bromophenyl)amino)-5-oxopentanoate (DDO-5707). Yield: 

73.81%. M.p.:156-157 oC. 
1HNMR(300 MHz, DMSO) δ 10.26(s, 1H, -NH), 8.66(d, J = 7.26 

Hz, 1H, -NH), 7.89 (d, J = 6.90 Hz, 2H, -Ar-H), 7.47-7.60(m, 7H, -Ar-H), 4.54 (dd, J = 7.68 

Hz, 1H, -CH), 3.56(s, 3H, -OCH3), 2.48-2.50(m, 2H, -CH2), 2.03-2.13(m, 2H, -CH2); HRMS 

(ESI): calcd. for C19H19BrN2O4 [M + H]+ 419.0601, found 419.0596. HPLC (80% methanol 

in water): tR = 6.14 min, 99.59%. 

Methyl 4-benzamido-5-((4-chlorophenyl)amino)-5-oxopentanoate (DDO-5708). Yield: 

73.13%. M.p.:150-152 oC. 
1HNMR(300 MHz, DMSO) δ 10.26(s, 1H, -NH), 8.65(d, J = 7.44 

Hz, 1H, -NH), 7.90 (d, J = 6.90 Hz, 2H, -Ar-H), 7.64(d, J = 8.82 Hz, 2H, -Ar-H), 7.44-7.55(m, 

3H, -Ar-H), 7.36(d, J = 8.79 Hz, 2H, -Ar-H) 4.54(dd, J = 6.75 Hz, 1H, -CH), 3.56(s, 3H, 

-CH3), 2.42-2.49(m, 2H, -CH2), 2.06-2.11(m, 2H, -CH2); HRMS (ESI): calcd. for 

C19H19ClN2O4 [M + H]+ 375.1106, found 375.1106. HPLC (80% methanol in water): tR = 

5.73 min, 99.86%. 

Methyl 4-benzamido-5-((4-methoxyphenyl)amino)-5-oxopentanoate (DDO-5709). Yield: 



78.78%. M.p.:139-141 oC. 1HNMR(300 MHz, DMSO) δ 9.97(s, 1H, -NH), 8.60(d, J = 7.38 

Hz, 1H, -NH), 7.90 (d, J = 6.99 Hz, 2H, -Ar-H), 7.44-7.54(m, 5H, -Ar-H), 6.87(d, J = 9.06 Hz, 

2H, -Ar-H), 4.54 (dd, J = 6.54 Hz, 1H, -CH), 3.70(s, 3H, -CH3), 3.56(s, 3H, -CH3), 

2.41-2.50(m, 2H, -CH2), 2.05-2.12(m, 2H, -CH2); 
13CNMR (75 MHz, CDCl3) δ 173.61, 

168.89, 167.38, 155.92, 132.83, 131.54, 130.40, 128.14, 126.78, 121.21, 113.53, 54.95, 53.14, 

51.44, 29.91, 27.29; HRMS (ESI): calcd. for C20H22N2O5 [M + H]+ 371.1601, found 

371.1603. HPLC (80% methanol in water): tR = 4.29 min, 98.45%. 

4-Benzamido-5-(diethylamino)-5-oxopentanoic acid (DDO-5710). Yield: 83.66%. 

M.p.:165-167 oC. 1HNMR(300 MHz, DMSO) δ 12.17(s, 1H, -OH), 8.52 (d, J = 8.13 Hz, 1H, 

-NH), 7.88(d, J = 7.08 Hz, 2H, -Ar-H), 7.43-7.53(m, 3H, -Ar-H), 4.85(dd, J = 7.38 Hz, 1H, 

-CH), 3.44-3.54(m, 1H, -CH2), 3.34-3.42(m, 2H, -CH2), 3.08-3.15(m, 1H, -CH2), 2.33(t, J = 

6.90 Hz, 2H, -CH2), 1.85-1.92(m, 2H, -CH2), 1.18(t, J = 6.84 Hz, 3H, -CH3), 1.01(t, J = 6.96 

Hz, 3H, -CH3)；13CNMR (75 MHz, CDCl3) δ 175.49, 170.43, 167.14, 132.94, 131.38, 128.04, 

126.82, 48.21, 41.49, 40.17, 29.30, 28.28, 13.95, 12.34; HRMS (ESI): calcd. for C16H22N2O4 

[M + H]+ 307.1652, found 307.1657. HPLC (80% methanol in water): tR = 2.85 min, 99.10%. 

4-Benzamido-5-(ethylamino)-5-oxopentanoic acid (DDO-5711). Yield: 83.84%. M.p.: 

170-172 oC. 1HNMR(300 MHz, DMSO) δ 12.17(s, 1H, -OH), 8.45 (d, J = 7.77 Hz, 1H, -NH), 

7.97-8.01(m, 1H, -Ar-H), 7.91(d, J = 7.11 Hz, 2H, -Ar-H), 7.46-7.56(m, 2H, -Ar-H), 

4.39-4.40(m, 1H, -CH), 3.03-3.12(m, 2H, -CH2), 2.23-2.33(m, 2H, -CH2), 1.91-2.04(m, 2H, 

-CH2), 1.02(t, J = 7.20 Hz, 3H, -CH3); HRMS (ESI): calcd. for C14H18N2O4 [M + H]+ 

279.1339, found 279.1342. HPLC (80% methanol in water): tR = 2.79 min, 98.47%. 

4-Benzamido-5-(dimethylamino)-5-oxopentanoic acid (DDO-5712). Yield: 56.02%. M.p.: 

156-158 oC. 1HNMR(300 MHz, DMSO) δ 8.54 (d, J = 7.08 Hz, 1H, -NH), 7.88(d, J = 7.20 Hz, 

2H, -Ar-H), 7.43-7.53(m, 3H, -Ar-H), 4.90(d, J = 7.38 Hz, 1H, -CH), 3.09(s, 3H, -CH3), 

2.84(s, 3H, -CH3), 1.88-1.90(m, 2H, -CH2), 1.82(s, 2H, -CH2); HRMS (ESI): calcd. for 

C14H18N2O4 [M + H]+ 279.1339, found 279.1343. HPLC (80% methanol in water): tR = 2.79 

min, 98.56%. 

4-Benzamido-5-oxo-5-(piperidin-1-yl)pentanoic acid (DDO-5713). Yield: 76.56%. M.p.: 

202-204 oC. 1HNMR(300 MHz, DMSO) δ 12.18(s, 1H, -OH), 8.58(d, J = 8.10 Hz, 1H, -NH), 

7.90 (d, J = 6.96 Hz, 2H, -Ar-H), 7.45-7.58(m, 3H, -Ar-H), 4.93-4.97 (m, 1H, -CH), 

3.37-3.59(m, 4H, -CH2), 2.31-2.52(m, 2H, -CH2), 1.83-1.96(m, 2H, -CH2), 1.48-1.60(m, 6H, 

-CH2); HRMS (ESI): calcd. for C17H22N2O4 [M + H]+ 319.1652, found 319.1649. HPLC (80% 

methanol in water): tR = 2.90 min, 98.82%. 

4-Benzamido-5-((4-bromophenyl)amino)-5-oxopentanoic acid (DDO-5714). Yield: 

75.87%. M.p.: 194-196 oC. 1HNMR(300 MHz, DMSO) δ 10.39(s, 1H, -NH), 8.71(d, J = 6.63 

Hz, 1H, -NH), 7.92 (d, J = 6.66 Hz, 2H, -Ar-H), 7.46-7.83(m, 7H, -Ar-H), 4.55 (d, J = 5.25 

Hz, 1H, -CH), 2.36-2.64(m, 2H, -CH2), 2.06-2.20(m, 2H, -CH2); HRMS (ESI): calcd. for 

C18H17BrN2O4 [M + H]+ 405.0444, found 405.0438. HPLC (80% methanol in water): tR = 

3.14 min, 98.92%. 

4-Benzamido-5-((4-chlorophenyl)amino)-5-oxopentanoic acid (DDO-5715). Yield: 

76.18%. M.p.: 195-197 oC. 
1HNMR(300 MHz, DMSO) δ 12.24(s, 1H, -OH), 10.29(s, 1H, 

-NH), 8.68(d, J = 7.29 Hz, 1H, -NH), 7.93 (d, J = 7.02 Hz, 2H, -Ar-H), 7.67(d, J = 8.88 Hz, 

2H, -Ar-H), 7.47-7.57(m, 3H, -Ar-H), 7.38(d, J = 8.79 Hz, 2H, -Ar-H), 4.56 (dd, J = 6.45 Hz, 

1H, -CH), 2.35-2.52(m, 2H, -CH2), 2.05-2.10(m, 2H, -CH2); HRMS (ESI): calcd. for 



C18H17ClN2O4 [M + H]+ 361.095, found 361.095. HPLC (80% methanol in water): tR = 3.04 

min, 99.92%. 

4-Benzamido-5-((4-methoxyphenyl)amino)-5-oxopentanoic acid (DDO-5716). Yield: 

76.22%. M.p.: 192-194 oC. 1HNMR(300 MHz, DMSO) δ 9.97(s, 1H, -NH), 8.59(d, J = 7.62 

Hz, 1H, -NH), 7.91 (d, J = 7.11 Hz, 2H, -Ar-H), 7.45-7.56(m, 5H, -Ar-H), 6.86(t, J = 8.85 Hz, 

2H, -Ar-H) 4.54(dd, J = 7.29 Hz, 1H, -CH), 3.70(s, 3H, -OCH3), 2.26-2.49(m, 2H, -CH2), 

2.02-2.21(m, 2H, -CH2); 
13CNMR (75 MHz, DMSO) δ 179.22, 169.85, 166.94, 151.95, 

142.17, 134.26, 131.55, 128.16, 127.53, 120.85, 113.77, 55.11, 53.69, 26.44, 24.56; HRMS 

(ESI): calcd. for C19H20N2O5 [M + H]+ 357.1445, found 357.145. HPLC (80% methanol in 

water): tR = 2.74 min, 98.97%. 

2-Benzamidopentanedioic acid (DDO-5717). Yield: 81.83% ； M.p.: 140-142 oC. 
1HNMR(300 MHz, D2O) δ 7.63-7.66(m, 2H, -Ar-H), 7.48(t, J = 6.12 Hz, 1H, -Ar-H), 7.39(t, J 

= 7.74 Hz, 2H, -Ar-H), 4.49(dd, J = 5.13 Hz, 1H, -CH), 2.44(t, J = 7.23 Hz, 2H, -CH2), 

2.17-2.19(m, 1H, -CH2), 2.03-2.06(m, 1H, -CH2); HRMS (ESI): calcd. for C12H13NO5 [M + 

H]+ 252.0866, found 252.0867. HPLC (80% methanol in water): tR = 2.70 min, 99.27%. 

2-Benzamido-N1,N1,N5,N5-tetraethylpentanediamide (DDO-5718). Yield: 59.8%; M.p.: 

97-98 oC. 1HNMR(300 MHz, DMSO) δ 8.55 (d, J = 7.59 Hz, 1H, -NH), 7.88(d, J = 7.26 Hz, 

2H, -Ar-H), 7.42-7.52(m, 3H, -Ar-H), 4.81(d, J = 7.38 Hz, 1H, -CH), 3.59-3.66(m, 1H, -CH2), 

3.41-3.47(m, 2H, -CH2), 3.20-3.36(m, 4H, -CH2), 3.04-3.14(m, 1H, -CH2), 2.31-2.49(m, 2H, 

-CH2), 1.95(d, J = 19.32 Hz, 2H, -CH2), 1.02-1.07(m, 12H, -CH3); HRMS (ESI): calcd. for 

C20H31N3O3 [M + H]+ 362.2438, found 362.2436. HPLC (80% methanol in water): tR = 4.32 

min, 98.83%. 

 

 

 

 

 

 

  



  

 

Supplementary Fig. 1 1H NMR (300 MHz, CDCl3) of DDO-5702 

 
Supplementary Fig. 2 HR-MS (ESI) of DDO-5702 

 

 



 

Supplementary Fig. 3 HPLC of DDO-5702 

 

Supplementary Fig. 4 1H NMR (300 MHz, CDCl3) of DDO-5703 



 

Supplementary Fig. 5 13C NMR (75 MHz, CDCl3) of DDO-5703 

 

 

Supplementary Fig. 6 HPLC of DDO-5703 



 
Supplementary Fig. 7 1H NMR (300 MHz, DMSO) of DDO-5704 

 
Supplementary Fig. 8 HR-MS (ESI) of DDO-5704 

 

 

 



 

Supplementary Fig. 9 HPLC of DDO-5704 

 
Supplementary Fig. 10 1H NMR (300 MHz, CDCl3) of DDO-5705 



 

Supplementary Fig. 11 HR-MS (ESI) of DDO-5705 

 

 

Supplementary Fig. 12 HPLC of DDO-5705 



 
Supplementary Fig. 13 1H NMR (300 MHz, DMSO) of DDO-5706 

 
Supplementary Fig. 14 HR-MS (ESI) of DDO-5706 

 

 

 



 

Supplementary Fig. 15 HPLC of DDO-5706 

 

Supplementary Fig. 16 1H NMR (300 MHz, DMSO) of DDO-5707 



 
Supplementary Fig. 17 HR-MS (ESI) of DDO-5707 

 

 

Supplementary Fig. 18 HPLC of DDO-5707 



 
Supplementary Fig. 19 1H NMR (300 MHz, DMSO) of DDO-5708 

 
Supplementary Fig. 20 HR-MS (ESI) of DDO-5708 

 

 

 



 
Supplementary Fig. 21 HPLC of DDO-5708 

 
Supplementary Fig. 22 1H NMR (300 MHz, DMSO) of DDO-5709 



 

Supplementary Fig. 23 13C NMR (75 MHz, CDCl3) of DDO-5709

 

Supplementary Fig. 24 HPLC of DDO-5709 



 

Supplementary Fig. 25 1H NMR (300 MHz, DMSO) of DDO-5710 

 

Supplementary Fig. 26 13C NMR (75 MHz, CDCl3) of DDO-5710 

 

 

 



 
Supplementary Fig. 27 HPLC of DDO-5710 

 

Supplementary Fig. 28 1H NMR (300 MHz, DMSO) of DDO-5711 



 
Supplementary Fig. 29 HR-MS (ESI) of DDO-5711 

 

 

Supplementary Fig. 30 HPLC of DDO-5711 



 
Supplementary Fig. 31 1H NMR (300 MHz, DMSO) of DDO-5712 

 

Supplementary Fig. 32 HR-MS (ESI) of DDO-5712 

 

 



 

Supplementary Fig. 33 HPLC of DDO-5712 

 

Supplementary Fig. 34 1H NMR (300 MHz, DMSO) of DDO-5713 



 

Supplementary Fig. 35 HR-MS (ESI) of DDO-5713 

 

 

Supplementary Fig. 36 HPLC of DDO-5713 



 

Supplementary Fig. 37 1H NMR (300 MHz, DMSO) of DDO-5714 

 

Supplementary Fig. 38 HR-MS (ESI) of DDO-5714 

 

 



 

Supplementary Fig. 39 HPLC of DDO-5714 

 

Supplementary Fig. 40 1H NMR (300 MHz, DMSO) of DDO-5715 



 
Supplementary Fig. 41 HR-MS (ESI) of DDO-5715 

 

 
Supplementary Fig. 42 HPLC of DDO-5715 



 
Supplementary Fig. 43 1H NMR (300 MHz, DMSO) of DDO-5716 

 

Supplementary Fig. 44 13C NMR (75 MHz, CDCl3) of DDO-5716 

 



 

Supplementary Fig. 45 HPLC of DDO-5716 

 

Supplementary Fig. 46 1H NMR (300 MHz, D2O) of DDO-5717 



 

Supplementary Fig. 47 HR-MS (ESI) of DDO-5717 

 

 

Supplementary Fig. 48 HPLC of DDO-5717 



 

Supplementary Fig. 49 1H NMR (300 MHz, DMSO) of DDO-5718 

 

Supplementary Fig. 50 HR-MS (ESI) of DDO-5718 

 

 



 

Supplementary Fig. 51 HPLC of DDO-5718 


