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Part I. Chemisty: experimental procedures and chemical data for 

compounds 1-28 

General methods. Unless otherwise noted, reagents and materials were obtained 

from commercial suppliers and were used without further purification. All solvents 

were purified according to reported procedures. Reactions were monitored by 

thin-layer chromatography (TLC), and column chromatography purifications were 

performed using a 230−400 mesh silica gel. NMR spectra were measured on a Bruker 

Biospin AV400 instrument at 400 MHz for 
1
H NMR spectra, 100 MHz for 

13
C NMR 

spectra and calibrated from the residual solvent signal. High-resolution mass spectra 

were obtained from the Shanghai Mass Spectrometry Center. Melting points were 

determined by an X-4 Beijing Tech melting point apparatus and were uncorrected. All 

compounds assayed were > 95% pure, as determined by an HPLC analysis conducted 

on an Agilent Technologies 1220 Infinity system with UV detection at 254 nm using a 

normal-phase column and a reversed-phase column. The normal-phase HPLC was 

recorded on a Thermo Scientific Hypersil Silica column using hexane/ethyl acetate 

(90:10) as the eluent, and the reversed-phase HPLC was recorded on an Agilent 

ZORBAX SB-C18 column using MeOH/H2O/CF3COOH (95:5:0.01%) as the eluent. 

Synthesis. All types of gossypol Schiff bases were obtained by the reaction of the 

corresponding commercially available primary amine or modified amine with 

gossypol acetate, respectively (Scheme 1). Single enantiomers (+)-gossypol and 

(-)-gossypol were obtained by using L-tryptophan methyl ester as the resolution 

reagent as previously described.
1 

Scheme 1. Synthetic route for gossypol Schiff bases. 

 

Reagents and conditions: (i) EtOH, r.t.; (ii) Et3N, EtOH, r.t.; (iii) KOH, MeOH/H2O, 
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70 °C. 

General procedure for the preparation of target compounds (1-11, 20-25). 

Primary amine or amino acid (3.0 eq) was added to a suspension of gossypol acetate 

(1.0 eq) in EtOH, the resulting suspension was stirred at room temperature and 

monitored by TLC. After the reaction was completed, the precipitate was filtered off 

and washed three times with EtOH, and dried under vacuum overnight. 

General procedure for the preparation of target compounds (12-19). SOCl2 

was added dropwise to dry MeOH at 0 °C, the resulting solution was stirred at room 

temperature for 1 h, amino acids were then added to the solution, and reflux at 90 °C 

for another 15 h. The reaction mixture was cooled to room temperature and 

evaporated, the crude amino acid methyl ester salts were recrystallized from 

MeOH/Et2O. Et3N (6.0 eq) was added to a solution of amino acid methyl ester salts 

(3.0 eq) in EtOH, the resulting mixture was stirred at room temperature for 15 min, 

gossypol acetate (1.0 eq) was then added, the resulting suspension was stirred at room 

temperature and monitored by TLC. After the reaction was completed, the precipitate 

was filtered off and washed three times with EtOH, and dried under vacuum overnight. 

(+)-16 And (-)-16 were prepared from (+)-gossypol and (-)-gossypol follow this 

procedure, respectively. 

General procedure for the preparation of target compounds 26. To a solution of 

methyl 6-aminocaproate hydrochloride in MeOH was added benzylamine, the 

resulting solution was heated to 80 °C and stirred for 24 h. The solution was 

concentrated under reduced pressure, and the crude product was purified by silica gel 

chromatography (MeOH/DCM = 1:15) to afford 6-amino-N-benzylhexanamide. 

6-Amino-N-benzylhexanamide (3.0 eq) was added to a suspension of gossypol acetate 

(1.0 eq) in EtOH, the resulting suspension was stirred at room temperature and 

monitored by TLC. After the reaction was completed, the precipitate was filtered off 

and washed three times with EtOH, and dried under vacuum overnight. 

General procedure for the preparation of target compounds 27 and 28. Taurine 

or tramiprosate dissolved in water was added to a solution of KOH in MeOH/H2O 

(v/v = 4:1), the resulting mixture was heated to 70 °C. Then gossypol acetate was 
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added, the resulting mixture was heated and refluxed for 2 h. The precipitate was 

filtered off and washed three times with hot water, and dried under vacuum overnight. 

 (±)-Gossypol bis-(tert-Butylamine) Schiff base (1). Reacting of tert-butylamine 

and (±)-gossypol yielded compound 1. Yellow solid, 88% yield, mp 274-276 °C. 

(lit.
2
) HPLC purity > 99%, tR = 4.162 min. 

1
H NMR (400 MHz, CDCl3) δ 13.65 (d, J 

= 12.8 Hz, 1H), 9.82 (d, J = 13.2 Hz, 1H), 8.04 (brs, 1H), 7.62 (s, 1H), 5.59 (s, 1H), 

3.82-3.66 (m, 1H), 2.12 (s, 3H), 1.53 (dd, J = 6.8, 5.2 Hz, 6H), 1.44 (s, 9H). 
13

C 

NMR (100 MHz, CDCl3) δ 171.94, 158.92, 148.86, 147.28, 131.59, 128.88, 127.04, 

118.17, 115.61, 114.91, 102.84, 54.41, 29.79, 27.44, 20.41, 20.36, 20.13. HRMS 

(ESI): m/z (M + H)
+
 calcd for C38H49N2O6 629.3591, found 629.3594. 

(±)-Gossypol bis-(tert-octylamine) Schiff base (2). Reacting of tert-octylamine and 

(±)-gossypol yielded compound 2. Yellow solid, 73% yield, mp 295-297 °C. HPLC 

purity > 99%, tR = 4.160 min. 
1
H NMR (400 MHz, CDCl3) δ 13.74 (d, J = 13.2 Hz, 

1H), 9.78 (d, J = 13.2 Hz, 1H), 8.06 (brs, 1H), 7.62 (s, 1H), 5.60 (s, 1H), 3.80-3.68 (m, 

1H), 2.13 (s, 3H), 1.72 (s, 2H), 1.56-1.51 (m, 6H), 1.47 (s, 6H), 1.00 (s, 9H).
  13

C 

NMR (100 MHz, CDCl3) δ 171.84, 158.84, 148.93, 147.35, 131.52, 128.80, 126.89, 

118.18, 118.13, 115.61, 114.98, 102.85, 57.85, 55.36, 31.82, 31.48, 29.77, 29.64, 

27.43, 20.42, 20.37, 20.18. HRMS (ESI): m/z (M + H)
+ 

calcd for C46H65N2O6 

741.4843, found 741.4837. 

(±)-Gossypol bis-(cyclohexylamine) Schiff base (3). Reacting of cyclohexylamine 

and (±)-gossypol yielded compound 3. Yellow solid, 91% yield, mp 291-292 °C. (lit.
2
) 

HPLC purity 97.04%, tR = 4.106 min.
1
H NMR (400 MHz, CDCl3) δ 13.40 (s, 1H), 

9.72 (d, J = 7.6 Hz, 1H), 8.04 (s, 1H), 7.59 (s, 1H), 5.64 (s, 1H), 3.86-3.64 (m, 1H), 

3.48-3.28 (m, 1H), 2.12 (s, 3H), 1.94-2.07 (m, 2H), 1.85-1.75 (m, 2H), 1.66-1.57 (m, 

2H), 1.54-1.48 (m, 7H), 1.39-1.39 (m, 3H). 
13

C NMR (100 MHz, CDCl3) δ 172.12, 

160.88, 148.90, 147.22, 131.62, 128.86, 127.08, 118.18, 118.13, 115.66, 114.82, 

103.01, 59.06, 33.60, 27.42, 25.09, 24.38, 20.40, 20.36, 20.08. HRMS (ESI): m/z (M 

+ H)
+ 

calcd for C42H53N2O6 681.3904, found 681.3898. 

(±)-Gossypol bis-(4-tert-Butylcyclohexylamine) Schiff base (4). Reacting of 

4-tert-butylcyclohexylamine and (±)-gossypol yielded compound 4. Brown solid, 
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76% yield, mp 276-277 °C. HPLC purity > 99%, tR = 4.166 min. 
1
H NMR (400 MHz, 

CDCl3) δ 13.85 (s, 1H), 9.70 (d, J = 12.4 Hz, 1H), 8.08 (brs, 1H), 7.59 (s, 1H), 5.74 (s, 

1H), 3.90-3.61 (m, 2H), 2.11 (s, 3H), 2.01-1.84 (m, 2H), 1.74-1.67 (m, 2H), 1.57-1.48 

(m, 6H), 1.43-1.33 (m, 2H), 1.25 (s, 1H), 1.14-1.03 (m, 2H), 0.87 (s, 9H). 
13

C NMR 

(100 MHz, CDCl3) δ 172.06, 161.35, 149.02, 148.96, 147.30, 131.58, 128.73, 126.84, 

118.02, 115.72, 114.81, 103.36, 59.64, 55.43, 47.57, 46.85, 34.14, 32.62, 32.34, 31.96, 

31.79, 29.73, 27.52, 27.47, 25.94, 21.54, 21.52, 20.40, 20.37, 20.14. HRMS (ESI): 

m/z (M + H)
+ 

calcd for C46H65N2O6 793.5156, found 793.5150. 

(±)-Gossypol bis-(amantadine) Schiff base (5). Reacting of amantadine and 

(±)-gossypol yielded compound 5. Yellow solid, 79% yield, mp > 300 °C. HPLC 

purity > 99%, tR = 4.112 min. 
1
H NMR (400 MHz, CDCl3) δ 13.57 (d, J = 13.6 

Hz,1H), 9.80 (d, J = 12.4 Hz, 1H), 7.61 (s, 1H), 5.60 (brs, 1H), 3.79-3.66 (m, 1H), 

2.15-2.21 (m, 3H), 2.12 (s, 3H), 1.90-1.96 (m, 5H), 1.82-1.62 (m, 7H), 1.51-1.54 (m, 

6H). 
13

C NMR (100 MHz, CDCl3) δ 171.77, 158.07, 148.84, 147.30, 131.49, 128.87, 

126.94, 118.16, 118.11, 115.58, 114.98, 102.90, 54.56, 42.93, 35.81, 29.23, 27.43, 

20.41, 20.37, 20.11. HRMS (ESI): m/z (M + H)
+ 

calcd for C50H61N2O6 785.4530, 

found 785.4524. 

(±)-Gossypol bis-((-)-isopinocampheylamine) Schiff base (6). Reacting of 

(-)-isopinocampheylamine and (±)-gossypol yielded compound 6. Yellow solid, 69% 

yield, mp 286-288 °C. HPLC purity > 99%, tR = 4.080 min. 
1
H NMR (400 MHz, 

CDCl3) δ 13.46 (s, 1H), 9.70 (d, J = 10.4 Hz, 1H), 8.02 (brs, 1H), 7.60 (s, 1H), 5.64 (d, 

J = 8.4 Hz, 1H), 3.81–3.64 (m, 2H), 2.6-2.53 (m, 1H), 2.51-2.46 (m, 1H), 2.19-2.16 

(m, 1H), 2.13 (s, 3H), 2.04-1.93 (m, 2H), 1.88 (t, J = 5.5 Hz, 1H), 1.56-1.48 (m, 6H), 

1.44 (dd, J = 6.8, 3.2 Hz, 1H), 1.24 (s, 3H), 1.12 (dd, J = 7.2, 4.0 Hz, 3H), 1.07-1.05 

(m, 1H), 0.99 (m, 3H). 
13

C NMR (100 MHz, CDCl3) δ = 172.19, 161.59, 148.95, 

147.23, 131.70, 131.63, 128.87, 127.15, 118.16, 115.65, 114.81, 102.75, 60.91, 47.31, 

45.83, 41.32, 38.54, 37.02, 35.22, 27.93, 27.42, 23.41, 20.41, 20.36, 20.22, 20.14. 

HRMS (ESI): m/z (M + H)
+ 

calcd for C50H65N2O6 789.4843, found 789.4837. 

(±)-Gossypol bis-(anthranilic acid methyl ester) Schiff base (7). Reacting of 

anthranilic acid methyl ester and (±)-gossypol yielded compound 7. Yellow solid, 
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93% yield, mp 249-250 °C. HPLC purity > 99%, tR = 4.249 min. 
1
H NMR (400 MHz, 

CDCl3) δ 14.99 (d, J = 12.4 Hz, 1H), 10.20 (d, J = 12.4 Hz, 1H), 8.08 (d, J = 8.0 Hz, 

1H), 7.96 (s, 1H), 7.60 (s, 1H), 7.53-7.45 (m, 2H), 7.19-7.12 (m, 1H), 5.88 (s, 1H), 

4.04 (s, 3H), 3.74-3.63 (m, 1H), 2.16 (s, 3H), 1.56-1.50 (m, 6H). 
13

C NMR (100 MHz, 

CDCl3) δ 175.77, 166.63, 151.37, 149.52, 147.19, 141.66, 134.38, 133.31, 132.07, 

130.47, 128.84, 124.22, 118.89, 118.26, 116.72, 116.53, 114.53, 106.62, 52.73, 27.57, 

20.26, 20.21, 20.14. HRMS (ESI): m/z (M + H)
+
 calcd for C46H45N2O10 785.3074, 

found 785.3068. 

(±)-Gossypol bis-(benzylamine) Schiff base (8). Reacting of benzylamine and 

(±)-gossypol yielded compound 8. Yellow solid, 93% yield, mp 259-261 °C. (lit.
3
) 

HPLC purity > 99%, tR = 4.164 min. 
1
H NMR (400 MHz, CDCl3) δ 13.60 (d, J = 12.0 

Hz, 1H), 9.73 (d, J = 12.0 Hz, 1H), 7.95 (brs, 1H), 7.59 (s, 1H), 7.38-7.27 (m, 5H), 

5.59 (s, 1H), 4.67 (d, J = 4.3 Hz, 2H), 3.81-3.65 (m, 1H), 2.11 (s, 3H), 1.52 (dd, J = 

6.4, 4.4 Hz, 6H). 
13

C NMR (100 MHz, CDCl3) δ 172.98, 163.00, 149.04, 147.12, 

136.24, 132.01, 129.07, 128.24, 127.60, 127.37, 118.23, 115.89, 114.67, 103.48, 

77.40, 77.28, 77.08, 76.76, 54.49, 27.47, 20.39, 20.35, 20.13. HRMS (ESI): m/z (M + 

H)
+ 

calcd for C44H45N2O6 697.3278, found 697.3272. 

(±)-Gossypol bis-(4-tert-Butylaniline) Schiff base (9). Reacting of 

4-tert-butylaniline and (±)-gossypol yielded compound 9. Yellow solid, 88% yield, 

mp 293-295 °C. HPLC purity > 99%, tR = 4.092 min. 
1
H NMR (400 MHz, CDCl3) δ 

14.88 (d, J = 11.2 Hz, 1H), 10.17 (d, J = 11.2 Hz, 1H), 7.90 (s, 1H), 7.62 (s, 1H), 7.37 

(d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.8 Hz, 2H), 5.95 (s, 1H), 3.79-3.63 (m, 1H), 2.16 (s, 

3H), 1.51-1.56 (m, 6H), 1.29 (s, 9H). 
13

C NMR (100 MHz, CDCl3) δ 173.84, 154.33, 

149.43, 149.29, 147.03, 136.91, 132.63, 129.60, 128.58, 126.74, 118.57, 117.99, 

116.37, 114.54, 104.97, 34.56, 31.28, 27.57, 20.35, 20.17. HRMS (ESI): m/z (M + H)
+
 

calcd for C50H57N2O6 781.4217, found 681.4211. 

(±)-Gossypol bis-(piperonylamine) Schiff base (10). Reacting of piperonylamine 

and (±)-gossypol yielded compound 10. Yellow solid, 90% yield, mp 263-365 °C. 

HPLC purity > 99%, tR = 4.148 min. 
1
H NMR (400 MHz, CDCl3) δ 13.51 (s, 1H), 

9.70 (d, J = 12.0 Hz, 1H), 7.94 (s, 1H), 7.59 (s, 1H), 6.84-6.63 (m, 3H), 5.94 (s, 2H), 
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5.59 (s, 1H), 4.55 (d, J = 4.0, 2H), 3.79-3.63 (m, 1H), 2.11 (s, 3H), 1.56-1.47 (m, 6H). 

13
C NMR (100 MHz, CDCl3) δ 172.97, 162.67, 148.99, 148.24, 147.61, 147.10, 

131.99, 129.93, 129.04, 127.59, 121.03, 118.24, 115.81, 114.62, 108.61, 107.94, 

103.41, 101.30, 54.30, 27.44, 20.36, 20.31, 20.10. HRMS (ESI): m/z (M + H)
+ 

calcd 

for C46H45N2O10 785.3074, found 785.3069. 

(±)-Gossypol bis-(furfurylamine) Schiff base (11). Reacting of furfurylamine and 

(±)-gossypol yielded compound 11. Yellow solid, 85% yield, mp 267-268 °C. HPLC 

purity 99.05%, tR = 4.165 min. 
1
H NMR (400 MHz, CDCl3) δ 13.46 (s, 1H), 9.71 (d, J 

= 11.2 Hz, 1H), 7.92 (brs, 1H), 7.59 (s, 1H), 7.39-7.34 (m, 1H), 6.35-6.27 (m, 2H), 

5.63 (s, 1H), 4.62 (s, 2H), 3.76-3.66 (m, 1H), 2.11 (s, 3H), 1.52 (dd, J = 6.8, 3.2 Hz, 

6H).
 13

C NMR (100 MHz, CDCl3) δ 173.16, 162.81, 149.13, 149.04, 147.05, 143.29, 

132.07, 129.08, 127.73, 115.87, 114.60, 110.65, 108.79, 103.58, 46.92, 27.45, 20.36, 

20.32, 20.10. HRMS (ESI): m/z (M + H)
+ 

calcd for C40H41N2O8 677.2863, found 

677.2857. 

(±)-Gossypol bis-(L-valine methyl ester) Schiff base (12). Start from L-valine, by 

reacting of L-valine methyl ester hydrochloride and (±)-gossypol yielded compound 

12. Yellow solid, 85% yield, mp 284-285 °C. HPLC purity 97.78%, tR = 4.158 min. 

1
H NMR (400 MHz, CDCl3) δ 13.64 (s, 1H), 9.56 (s, 1H), 7.95 (s, 1H), 7.59 (brs, 1H), 

5.61 (s, 1H), 3.94-3.86 (m, 1H), 3.79 (s, 3H), 3.75-3.66 (m, 1H), 2.40-2.31 (m, 1H), 

2.11 (s, 3H), 1.54-1.49 (m, 6H), 1.05-0.99 (m, 6H). 
13

C NMR (100 MHz, CDCl3) δ 

173.48, 170.35, 162.08, 149.05, 149.03, 147.11, 132.12, 129.19, 127.82, 118.29, 

115.90, 114.54, 103.64, 69.22, 52.72, 32.13, 27.44, 20.28, 20.11, 20.08, 19.17, 17.54. 

HRMS (ESI): m/z (M + H)
+ 

calcd for C42H53N2O10 745.3700, found 745.3695. 

(±)-Gossypol bis-(L-methionine methyl ester) Schiff base (13). Start from 

L-methionine, by reacting of L-methionine methyl ester hydrochloride and 

(±)-gossypol yielded compound 13. Yellow solid, 78% yield, mp 271-272 °C. HPLC 

purity > 99%, tR = 4.133 min. 
1
H NMR (400 MHz, CDCl3) δ 13.54 (s, 1H), 9.62 (d, J 

= 11.6 Hz, 1H), 7.91 (s, 1H), 7.59 (s, 1H), 5.62 (s, 1H), 4.44-4.36 (m, 1H), 3.79 (s, 

3H), 3.75-3.67 (m, 1H), 2.72-2.62 (m, 1H), 2.59 -2.49 (m, 1H), 2.35-2.25 (m, 1H), 

2.22-2.15 (m, 1H), 2.11 (s, 3H), 2.07 (s, 3H), 1.55-1.49 (m, 6H). 
13

C NMR (100 MHz, 
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CDCl3) δ 173.72, 170.68, 162.02, 149.09, 147.01, 132.31, 129.26, 128.12, 118.35, 

115.98, 114.42, 103.88, 61.01, 53.05, 31.97, 29.67, 27.45, 20.28, 20.10, 15.17. HRMS 

(ESI): m/z (M + H)
+ 

calcd for C42H53N2O10S2 809.3142, found 809.3136. 

(±)-Gossypol bis-(glycine methyl ester) Schiff base (14). Start from glycine, by 

reacting of glycine methyl ester hydrochloride and (±)-gossypol yielded compound 14. 

Yellow solid, 91% yield, mp 233-235 °C. (lit.
4
) HPLC purity > 99%, tR = 4.096 min. 

1
H NMR (400 MHz, CDCl3) δ 13.36 (s, 1H), 9.56 (s, 1H), 7.89 (brs, 1H), 7.57 (s, 1H), 

5.68 (s, 1H), 4.23 (s, 2H), 3.77 (s, 3H), 3.74-3.65 (m, 1H), 2.10 (s, 2H), 1.51 (dd, J = 

6.4 Hz, 4.8, 6H). 
13

C NMR (100 MHz, CDCl3) δ 173.79, 168.58, 163.16, 149.08, 

146.99, 132.32, 129.25, 128.09, 118.29, 116.07, 114.45, 104.01, 52.85, 50.88, 27.45, 

20.31, 20.28, 20.07. HRMS (ESI): m/z (M + H)
+ 

calcd for C36H41N2O10 661.2761, 

found 661.2756. 

(±)-Gossypol bis-(β-alanine methyl ester) Schiff base (15). Start from β-alanine, by 

reacting of β-alanine methyl ester hydrochloride and (±)-gossypol yielded compound 

15. Yellow solid, 87% yield, mp 236-237 °C. HPLC purity > 99%, tR = 4.252 min. 
1
H 

NMR (400 MHz, CDCl3) δ 13.37 (s, 1H), 9.66 (s, 1H), 7.99 (brs, 1H), 7.58 (s, 1H), 

5.61 (s, 1H), 3.82-3.73 (m, 3H), 3.71 (s, 3H), 2.72 (t, J = 7.6 Hz, 2H), 2.10 (s, 3H), 

1.57-1.47 (m, 6H). 
13

C NMR (100 MHz, CDCl3) δ 173.03, 171.20, 163.13, 148.99, 

147.11, 131.93, 129.03, 127.54, 118.20, 115.80, 114.62, 103.32, 52.21, 46.18, 34.90, 

27.42, 20.36, 20.31, 20.07. HRMS (ESI): m/z (M + H)
+ 

calcd for C38H45N2O10 

689.3074, found 689.3069. 

(±)-Gossypol bis-(γ-aminobutyric acid methyl ester) Schiff base (16). Start from 

γ-aminobutyric acid, by reacting of γ-aminobutyric acid methyl ester hydrochloride 

and (±)-gossypol yielded compound 16. Yellow solid, 89% yield, mp 211-213 °C. 

HPLC purity > 99%, tR = 4.097 min. 
1
H NMR (400 MHz, CDCl3) δ 13.34 (s, 1H), 

9.63 (s, 1H), 7.97 (brs, 1H), 7.59 (s, 1H), 5.62 (s, 1H), 3.7-3.78 (m, 1H), 3.65 (s, 3H), 

3.55 (t, J = 6.8 Hz, 2H), 2.43 (t, J = 7.2 Hz, 2H), 2.11 (s, 3H), 2.07-1.99 (m, 2H), 1.53 

(dd, J = 6.8, 4.4 Hz, 6H). 
13

C NMR (100 MHz, CDCl3) δ 172.83, 172.78, 163.04, 

148.95, 147.10, 131.88, 128.98, 127.48, 118.26, 118.20, 115.77, 114.62, 103.26, 51.82, 

49.74, 30.65, 27.43, 25.84, 20.37, 20.33, 20.06. HRMS (ESI): m/z (M + H)
+ 

calcd for 
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C38H49N2O6 717.3387, found 717.3381. 

(+)-Gossypol bis-(γ-aminobutyric acid methyl ester) Schiff base ((+)-16). Start 

from γ-aminobutyric acid, by reacting of γ-aminobutyric acid methyl ester 

hydrochloride and (+)-gossypol yielded compound (+)-16. Yellow solid, % yield. [α]
20 

D  

= (+)-484.3° (c = 0.24, CHCl3), 
1
H NMR (400 MHz, CDCl3) δ 13.35 (s, 1H), 9.63 (d, 

J = 10.0, 1H), 7.97 (s, 1H), 7.59 (s, 1H), 5.59 (s, 1H), 3.77-3.70 (m, 1H), 3.65 (s, 3H), 

3.60-3.50 (m, 2H), 2.43 (t, J = 7.2, 2H), 2.11 (s, 3H), 2.07-2.00 (m, 2H), 1.53 (dd, J = 

6.8, 4.4, 6H).  

(-)-Gossypol bis-(γ-aminobutyric acid methyl ester) Schiff base ((-)-16). Start from 

γ-aminobutyric acid, by reacting of γ-aminobutyric acid methyl ester hydrochloride 

and (-)-gossypol yielded compound (-)-16. Yellow solid, % yield. [α]
20 

D  = (-)-478.1° (c 

= 0.24, CHCl3), 
1
H NMR (400 MHz, CDCl3) δ 13.34 (s, 1H), 9.63 (s, 1H), 7.98 (s, 

1H), 7.59 (s, 1H), 5.61 (s, 1H), 3.75-3.68 (m, 1H), 3.65 (s, 3H), 3.58-3.52 (m, 2H), 

2.42 (t, J = 7.2, 2H), 2.11 (s, 3H), 2.06-1.98 (m, 2H), 1.52 (dd, J = 6.9, 4.4, 6H). 

 (±)-Gossypol bis-(5-aminovaleric acid methyl ester) Schiff base (17). Start from 

5-aminovaleric acid, by reacting of 5-aminovaleric acid methyl ester hydrochloride 

and (±)-gossypol yielded compound 17. Yellow solid, 89% yield, mp 210-212 °C. 

HPLC purity > 99%, tR = 4.266 min. 
1
H NMR (400 MHz, CDCl3) δ 13.32 (s, 1H), 

9.63 (s, 1H), 7.59 (s, 1H), 5.66 (s, 1H), 3.77-3.68 (m, 1H), 3.64 (s, 3H), 3.53-3.43 (s, 

2H), 2.38-2.30 (m, 2H), 2.11 (s, 3H), 1.79-1.66 (m, 4H), 1.52 (dd, J = 6.0, 3.2 Hz, 6H). 

13
C NMR (100 MHz, CDCl3) δ 173.45, 172.53, 162.97, 148.96, 147.13, 131.83, 

128.90, 127.39, 118.15, 115.80, 114.68, 103.18, 51.68, 50.45, 33.35, 30.04, 27.43, 

21.87, 20.39, 20.34, 20.10. HRMS (ESI): m/z (M + H)
+ 

calcd for C42H53N2O10 

745.3700, found 745.3695. 

(±)-Gossypol bis-(6-aminocaproic acid methyl ester) Schiff base (18). Start from 

6-aminocaproic acid, by reacting of 6-aminocaproic acid methyl ester hydrochloride 

and (±)-gossypol yielded compound 18. Yellow solid, 88% yield, mp 174-175 °C. 

HPLC purity > 99%, tR = 4.299 min. 
1
H NMR (400 MHz, CDCl3) δ 13.32 (s, 1H), 

9.63 (s, 1H), 7.59 (s, 1H), 5.62 (s, 1H), 3.76-3.67 (m, 1H), 3.64 (s, 3H), 3.48 (t, J = 

6.4 Hz, 2H), 2.30 (t, J = 7.2 Hz, 2H), 2.11 (s, 3H), 1.74-1.60 (m, 4H), 1.55-1.49 (m, 



S10 

 

6H), 1.47-1.38 (m, 2H). 
13

C NMR (100 MHz, CDCl3) δ 173.85, 172.47, 162.98, 

148.94, 147.14, 131.78, 128.88, 127.32, 118.15, 115.73, 114.68, 103.11, 51.58, 50.53, 

33.73, 30.28, 27.42, 26.03, 24.37, 20.39, 20.34, 20.09. HRMS (ESI): m/z (M + H)
+
 

calcd for C44H57N2O10 773.4013, found 773.4008. 

(±)-Gossypol bis-(7-aminoheptanoic acid methyl ester) Schiff base (19). Start from 

7-aminoheptanoic acid, by reacting of 7-aminoheptanoic acid methyl ester 

hydrochloride and (±)-gossypol yielded compound 19. Yellow solid, 81% yield, mp 

202-203 °C. HPLC purity > 99%, tR = 4.259 min. 
1
H NMR (400 MHz, CDCl3) δ 

13.31 (s, 1H), 9.64 (s, 1H), 7.59 (s, 1H), 5.67 (s, 1H), 3.79-3.69 (m, 1H), 3.61 (s, 3H), 

3.51-3.40 (m, 2H), 2.28 (t, J = 6.8 Hz, 2H), 2.11 (s, 3H), 1.77-1.67 (m, 2H), 1.66-1.57 

(m, 2H), 1.56-1.48 (m, 6H), 1.46-1.29 (m, 4H). 
13

C NMR (100 MHz, CDCl3) δ 

174.05, 172.39, 163.01, 148.98, 147.15, 131.77, 128.86, 127.29, 118.10, 115.79, 

114.72, 103.12, 51.50, 50.65, 33.84, 30.36, 28.56, 27.42, 26.19, 24.64, 20.39, 20.34, 

20.09. HRMS (ESI): m/z (M + H)
+
 calcd for C46H61N2O10 801.4326, found 801.4321. 

(±)-Gossypol bis-(glycine) Schiff base (20). Reacting of glycine and (±)-gossypol 

yielded compound 20. Yellow solid, 73% yield, mp 275-277 °C. (lit.
5
) HPLC purity > 

99%, tR = 5.091 min. 
1
H NMR (400 MHz, DMSO-d6) δ 13.13 (brs, 1H), 9.66 (d, J = 

9.6 Hz, 1H), 8.44 (brs, 1H), 7.86 (brs, 1H), 7.44 (s, 1H), 4.38 (s, 2H), 3.73-3.66 (m, 

1H), 1.93 (s, 3H), 1.44 (dd, J = 6.8, 5.6 Hz, 6H).
 13

C NMR (100 MHz, DMSO-d6) δ 

173.36, 171.34, 163.68, 150.60, 147.21, 132.29, 127.95, 127.61, 121.11, 117.50, 

116.69, 104.48, 51.62, 27.44, 21.99, 21.25, 21.22, 21.12. HRMS (ESI): m/z (M + H)
+ 

calcd for C34H37N2O10 633.2448, found 633.2443. 

(±)-Gossypol bis-(β-alanine) Schiff base (21). Reacting of β-alanine and 

(±)-gossypol yielded compound 21. Yellow solid, 68% yield, mp 243-244 °C. (lit.
6
) 

HPLC purity > 99%, tR = 4.952 min. 
1
H NMR (400 MHz, DMSO-d6) δ 13.16 (brs, 

1H), 9.76 (d, J = 7.6 Hz, 1H), 8.41 (brs, 1H), 7.44 (s, 1H), 3.72-3.64 (m, 3H), 2.65 (t, 

J = 6.0 Hz, 2H), 1.93 (s, 3H), 1.47-1.38 (m, 6H).
 13

C NMR (100 MHz, DMSO-d6) δ 

172.49, 171.88, 149.61, 146.25, 138.31, 131.14, 126.84, 126.38, 120.15, 115.85, 

109.50, 103.05, 46.28, 34.78, 26.46, 20.30, 20.27, 20.19. HRMS (ESI): m/z (M + H)
+ 

calcd for C36H41N2O10 661.2761, found 661.2756. 
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(±)-Gossypol bis-(γ-aminobutyric acid) Schiff base (22). Reacting of 

γ-aminobutyric acid and (±)-gossypol yielded compound 22. Yellow solid, 70% yield, 

mp 172-174 °C. HPLC purity 96.52%, tR = 5.782 min. 
1
H NMR (400 MHz, DMSO-d6) 

δ 13.27 (brs, 1H), 9.78 (s, 1H), 8.43 (brs, 1H), 7.44 (s, 1H), 3.74-3.67 (m, 1H), 

3.60-3.48 (m, 2H), 2.29 (t, J = 7.2 Hz, 2H), 1.94 (s, 3H), 1.90-1.81 (m, 2H), 1.44 (dd, 

J = 6.8, 6.0 Hz, 6H). 
13

C NMR (100 MHz, DMSO-d6) δ 173.86, 171.69, 162.45, 

149.81, 146.19, 131.16, 126.75, 126.44, 120.41, 115.93, 103.18, 49.16, 30.66, 25.69, 

20.31, 20.28, 20.22. HRMS (ESI): m/z (M + H)
+ 

calcd for C38H45N2O10 689.3074, 

found 689.3069. 

(±)-Gossypol bis-(5-aminovaleric acid) Schiff base (23). Reacting of 

5-aminovaleric acid and (±)-gossypol yielded compound 23.  Yellow solid, 76% 

yield, mp 279-280 °C. HPLC purity 98.1%, tR = 6.146 min. 
1
H NMR (400 MHz, 

DMSO-d6) δ 13.32 (s, 1H), 12.07 (brs, 1H), 9.76 (d, J = 10.8 Hz, 1H), 8.42 (brs, 1H), 

7.85 (s, 1H), 7.45 (s, 1H), 3.74-3.67 (m, 1H), 3.55-3.48 (m, 2H), 2.27 (t, J = 7.2 Hz, 

2H), 1.93 (s, 3H), 1.69-1.52 (m, 4H), 1.48-1.38 (m, 6H). 
13

C NMR (100 MHz, 

DMSO-d6) δ 174.21, 171.62, 162.44, 149.58, 146.25, 131.12, 126.80, 126.36, 120.09, 

115.84, 103.09, 49.58, 33.05, 29.50, 26.46, 21.51, 20.32, 20.29, 20.20. HRMS (ESI): 

m/z (M + H)
+ 

calcd for C40H49N2O10 717.3387, found 717.3382. 

(±)-Gossypol bis-(6-aminocaproic acid) Schiff base (24). Reacting of 

6-aminocaproic acid and (±)-gossypol yielded compound 24. Yellow solid, 85% yield, 

mp 235-236 °C. HPLC purity 96.24%, tR = 5.746 min. 
1
H NMR (400 MHz, DMSO-d6) 

δ 13.27 (brs, 1H), 9.83 (s, 1H), 8.40 (brs, 1H), 7.42 (s, 1H), 3.76-3.64 (m, 1H), 

3.59-3.41 (m, 2H), 2.24-2.12 (m, 2H), 1.93 (s, 3H), 1.68-1.59 (m, 2H), 1.56-1.49 (m, 

2H), 1.47-1.37 (m, 6H), 1.37-1.27 (m, 2H). 
13

C NMR (100 MHz, DMSO-d6) δ 174.56, 

171.53, 162.50, 150.04, 146.13, 131.03, 126.60, 126.33, 120.98, 116.18, 113.81, 

103.16, 49.62, 33.74, 29.77, 25.47, 24.09, 20.32, 20.30, 20.24. HRMS (ESI): m/z (M 

+ H)
+ 

calcd for C42H53N2O10 745.3700, found 745.3695. 

(±)-Gossypol bis-(7-aminoheptanoic acid) Schiff base (25). Reacting of 

7-aminoheptanoic acid and (±)-gossypol yielded compound 25. Yellow solid, 75% 

yield, mp 264-265 °C. (lit.
6
) HPLC purity 97.43%, tR = 6.161 min. 

1
H NMR (400 
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MHz, DMSO-d6) δ 13.31 (s, 1H), 11.96 (brs, 1H), 9.77 (d, J = 9.6 Hz, 1H), 8.43 (brs, 

1H), 7.85 (brs, 1H), 7.45 (s, 1H), 3.78-3.65 (m, 1H), 3.57-3.47 (m, 2H), 2.18 (t, J = 

7.2 Hz, 2H), 1.93 (s, 3H), 1.68-1.58 (m, 2H), 1.53-1.47 (m, 2H), 1.47-1.41 (m, 6H), 

1.38-1.26 (m, 4H). 
13

C NMR (100 MHz, DMSO-d6) δ 174.42, 171.58, 149.57, 146.26, 

131.11, 126.79, 126.31, 120.06, 115.85, 103.06, 49.76, 33.50, 29.85, 28.04, 26.45, 

25.70, 24.31, 20.32, 20.29, 20.19. HRMS (ESI): m/z (M + H)
+
 calcd for C44H57N2O10 

773.4013, found 773.4008. 

(±)-Gossypol bis-(6-amino-N-benzylhexanamide) Schiff base (26). Yellow solid, 

76% yield, mp 195-196 °C. HPLC purity > 99%, tR = 4.283 min. 
1
H NMR (400 MHz, 

CDCl3) δ 13.28 (s, 1H), 9.63 (d, J = 8.8 Hz, 1H), 7.97 (s, 1H), 7.59 (s, 1H), 7.33-7.27 

(m, 2H), 7.25-7.16 (m, 3H), 5.99-5.85 (m, 1H), 5.76 (s, 1H), 4.33 (d, J = 5.6 Hz, 2H), 

3.79-3.66 (m, 1H), 3.54-3.42 (m, 2H), 2.17 (t, J = 7.2 Hz, 2H), 2.11 (s, 3H), 1.74-1.67 

(m, 4H), 1.55-1.48 (m, 6H), 1.46-1.37 (m, 2H). 
13

C NMR (100 MHz, CDCl3) δ 

172.48, 172.42, 163.07, 149.00, 147.08, 138.24, 131.84, 128.81, 128.69, 127.78, 

127.50, 127.39, 115.99, 114.75, 103.14, 50.43, 43.54, 36.27, 30.16, 27.42, 26.09, 

25.03, 20.40, 20.35, 20.12. HRMS (ESI): m/z C56H67N4O8 (M + H)
+ 

calcd for 

923.4959, found 923.4953. 

(±)-Gossypol bis-(potassium taurine) Schiff base (27). Reacting of taurine and 

(±)-gossypol yielded compound 27. Brown solid, 66% yield, mp > 300 °C. 
1
H NMR 

(400 MHz, DMSO-d6) δ 12.92 (d, J = 10.2 Hz, 1H), 9.71 (d, J = 13.2 Hz, 1H), 8.42 (s, 

1H), 7.84 (s, 1H), 7.43 (s, 1H), 3.77 (dd, J = 11.7, 5.7 Hz, 2H), 3.73-3.65 (m, 1H), 

2.83 (s, 2H), 1.92 (s, 3H), 1.53-1.33 (m, 6H).
 13

C NMR (100 MHz, DMSO-d6) δ 

195.94, 171.72, 161.79, 149.51, 146.49, 131.02, 126.84, 126.42, 120.24, 116.42, 

116.11, 103.12, 50.93, 47.66, 26.48, 20.32, 20.19.  

(±)-Gossypol bis-( potassium homotaurine) Schiff base (28). Reacting of 

homotaurine and (±)-gossypol yielded compound 28.  Yellow solid, 71% yield, mp > 

300 °C. 
1
H NMR (400 MHz, DMSO-d6) δ 13.19 (d, J = 10.4, 1H), 9.76 (d, J = 10.0 

Hz, 1H), 8.43 (s, 1H), 7.88 (s, 1H), 7.44 (s, 1H), 3.72-3.69 (m, 1H), 3.68-3.62 (m, 2H), 

2.57 (t, J = 7.6 Hz, 2H), 2.01-1.94 (m, 2H), 1.92 (s, 3H), 1.43 (dd, J = 6.4, 4.8 Hz, 

6H). 
13

C NMR (100 MHz, DMSO-d6) δ 171.59, 162.51, 149.66, 146.32, 131.07, 
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126.77, 126.43, 120.22, 116.38, 115.97, 103.19, 48.90, 47.78, 26.47, 20.33, 20.21.  

 

 

 

 

 

 

 

 

 

 

 

 

 

PART 2. Molecular modeling and biochemical assays 

Molecular modeling. The coordinates of Bcl-2 were extracted from tis complex 

crystal structure PDB code: 4LVT. Small molecule 3D structures were generated by 

Chemaxon Sketch and Space. The 3D conformation of the small molecule could be 

adjusted manually by Moloc. The protein receptor and small molecules files were 

prepared by Chimera. Spheres were generated by SPHGEN of dock 6.6 package. All 

spheres with 10.0 Angstroms RMSD from ligand were selected. Automatically 

constructing box was chosen with 8.0 Angstroms extra margin. Grid was created with 

the default grin parameters. Rigid and flex ligand docking were used to evaluate the 

pose of the molecule. Amber score was applied to analyze the complex binding 

difference with consideration MD of the receptor and ligand.  

Cell viability assays. The assay relied upon the spectrophotometric measurement 

of solubilized purple formazan, produced by the mitochondrial reduction of MTT in 

viable cells. First, cancer cell lines (5000 per well) were seeded into 96-well plates 

and incubated for 24 h (37 °C, 95% air/5% CO2). Then, medium containing 0.33 µM, 
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1.0 µM, 3.3 µM, 10 µM, 33 µM, and 100 µM of the tested compounds (compounds 

dissolved in DMSO were added to the culture medium, and the control medium 

received an equivalent dilution of DMSO; the final concentration of DMSO was < 1%, 

with four wells for each experiment concentration) were introduced into wells. After 

incubation for 72 h, 20 µL of MTT (5 µg/mL) was added into each well, and the 

cancer cell lines were incubated for 4 h. Consequently, the culture medium containing 

MTT was removed, and 160 µL of DMSO was added into each well. The absorbance 

was tested with a multi-scan spectrophotometer MK3 (Thermo Electron Corporation) 

at 492 nm. Each compound’s IC50 value was calculated using the Probit analysis 

program in SPSS10.0. For the purpose of comparison, the activities of (-)-gossypol 

and (+)-gossypol were also determined using the same method described above. 

Fluorescence polarization assays (FPAs).  

A 21-residue Bid BH3 peptide (QEDIIRNIARHLAQVGDSMDR, residues 79–99)
7
 bearing 

a 6-carboxy-fluorescein succinimidyl ester fluorescence tag (FAM-Bid) was 

synthesized at HD Biosciences (Shanghai, China). A 21-residue Bid BH3 peptide 

(QEDIIRNIARHLAQVGDSMDR, residues 79–99)
7
 Gene sequence of human Mcl-1 

(Uniprot: Q07820) and human Bcl-2 (Uniprot: P10415) were purchased from General 

Biosystems Inc. (Xuzhou, China) and subcloned into an expression vector 

pGEX-4T-1. Soluble Mcl-1 and Bcl-2 proteins were expressed in E. coli BL21 and 

purified according to published procedures.
8
. 

For the competitive binding assay for Bcl-2 protein, FAM-Bid peptide (10 nM) 

and Bcl-2 protein (140 nM) were preincubated in the assay buffer (100 mM potassium 

phosphate, pH 7.5; 100 mg/mL bovine gamma globulin; 0.02% sodium azide, 1% 

Triton X-100). Each inhibitor was first dissolved in pure DMSO to obtain a 4 mM 

stock solution. Then the stock solution was diluted successively to get the solution 

with different concentration gradients (400 mM, 200 mM, 100 mM, 50 mM, 25 mM, 

12.5 mM, 6.25 mM, 3.125 mM, 1.5625 mM and 0.78125 mM). Next, serial dilutions 

of compounds were added. After 30 min incubation, the polarization values were 

measured using the Spectra Max M5 Detection System in a black 96-well plate. 

Saturation experiments determined that FAM-Bid binds to the Bcl-2 protein with a Kd 
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value of 125 nM. For Mcl-1, assays were performed in the same manner as that for 

Bcl-2 with the following exceptions: 55 nM Mcl-1 and 10 nM FAM-Bid peptide were 

used in the assay buffer (25 mM Tris, pH 8.0; 150 mM NaCl). FAM-Bid peptide binds 

to the Mcl-1 protein with a Kd value of 13 nM. (±)-Gossypol was used as comparison 

in our assay. The Ki value for each inhibitor was calculated using the equation 

developed for FP-based assays.
9
 The computer program for calculating values for 

FP-based assays is available free of charge at 

http://sw16.im.med.umich.edu/software/calc_ki/. 

Liver Microsomal Stability. Pooled human (Mongolian, DXOV, Research Institute 

for Liver Diseases, Shanghai) or rat liver microsomes (BDVH, Research Institute for 

Liver Diseases, Shanghai) were preincubated with test compounds at 37 °C for 5 min 

in the absence of NADPH. The reaction was initiated by addition of NADPH and then 

incubated under the same conditions. The final incubation concentrations were 4.75 

µM test compound, 4 mM NADPH, and 0.5 mg/mL (total protein) liver microsomes 

in phosphate-buffered saline (PBS) at pH 7.4. One aliquot (100 µL) of the incubation 

mixture was withdrawn at 1 h and combined immediately with 200 µL of ACN. After 

mixing, the sample was centrifuged at approximately 13,000 rpm for 20 min. The 

supernatant (100µL) was extracted with mobile phase EA (200 µL), and the amount of 

test compound (20 µL) was quantified using the HPLC (Agilent Technologies 1220 

Infinity system). The change of the AUC (area under the curve) of the control group 1 

(blank) as function of time was used as a measure of microsomal stability. 

Chemical stability of compound 16  

Compound 16 in THF (100 µL, 0.1 mmol/mL) was added to the stirred hydrochloric 

acid solution with different pH (2 mL). After 3 h, the reaction mixture (100 µL) was 

extract with mobile phase EA (200 µL), and determined by normal phase HPLC. The 

change of the AUC (area under the curve) of the control group (pH = 7) as function of 

time was used as a measure of chemical stability. 
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PART 3. 
1
H NMR and 

13
C NMR spectra of final compounds

 

1
H NMR of compound 1 
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H NMR of compound 3 
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H NMR of compound 4 
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1
H NMR of compound 5 
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1
H NMR of compound 6 
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H NMR of compound 7 
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H NMR of compound 8 
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1
H NMR of compound 9 
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1
H NMR of compound 10 
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1
H NMR of compound 11 
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1
H NMR of compound 12 
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1
H NMR of compound 13 
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1
H NMR of compound 14 
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1
H NMR of compound 15 
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1
H NMR of compound 16 
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1
H NMR of compound (+)-16 
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H NMR of compound (-)-16 
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1
H NMR of compound 17 

 

 

 

 

 

13
C NMR of compound 17 

 



S34 

 

1
H NMR of compound 18 
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1
H NMR of compound 19 
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1
H NMR of compound 20 
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1
H NMR of compound 21 
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1
H NMR of compound 22 
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1
H NMR of compound 23 
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1
H NMR of compound 24 
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1
H NMR of compound 25 
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1
H NMR of compound 26 
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1
H NMR of compound 27 
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C NMR of compound 27 
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1
H NMR of compound 28 

 
 

 

 

 

13
C NMR of compound 28 
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PART 4. HPLC spectra of final compounds 

 
Normal phase (Lyz001-157 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)    Area(Mau*s)    Height(mAU)    Area(%)   

1             4.162           1795.5            48         100.00 

O

HO
OH

O

OH
OH

HN

NH

2

 
Normal phase (Lyz001-158 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)    Area(Mau*s)    Height(mAU)   Area(%)   

1            4.16              1734           46.6        100.00 

Total                                                     100.00 
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Normal phase (Lyz001-134 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak    Retention Time(min)    Area(Mau*s)    Height(mAU)   Area(%)   

1          4.106               1613.9          44.3        97.044 

2          6.02                49.2            7.3         2.956 

Total                                                     100.00 

 

Normal phase (Lyz001-159 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)    Area(Mau*s)    Height(mAU)   Area(%)   

1            4.166              1852.8        49.8        100.00 

Total                                                     100.00 
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Normal phase (Lyz001-135 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1           4.112             1601.1             44.6        100.00 

Total                                                        100.00 

 

Normal phase (Lyz001-142 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          4.08                1879.4            51.6        100.00 

Total                                                        100.00 
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Normal phase (Lyz001-140 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          4.249               972.4           27.4         100.00 

Total                                                       100.00 
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Normal phase (Lyz001-119 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)    Area(Mau*s)   Height(mAU)     Area(%)  

1          4.164              1742.1           46.2        100.00 

Total                                                      100.00 



S49 

 

 

Normal phase (Lyz001-141 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          4.092               1794.5            48.7        100.00 

Total                                                        100.00 

 

Normal phase (Lyz002-09 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)   Area(Mau*s)   Height(mAU)     Area(%)   

1            4.148            1625.7          45.9        100.00 

Total                                                     100.00 
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Normal phase (Lyz002-02 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)    Area(Mau*s)    Height(mAU)   Area(%)   

1          4.165               1926.8         49.8        98.051 

2          6.478               38.3           5.5         1.949 

Total                                                    100.00 

 

Normal phase (Lyz001-151 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)    Area(Mau*s)    Height(mAU)    Area(%)   

1           4.158             1753.1        46.7           97.776 

2           6.008              39.9         8.7            2.224 

Total                                                     100.00 
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Normal phase (Lyz002-03 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)   Area(Mau*s)    Height(mAU)    Area(%)   

1           4.133             1767.4          49.3        100.00 

Total                                                        100.00 

 

Normal phase (Lyz001-143 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak    Retention Time(min)    Area(Mau*s)    Height(mAU)    Area(%)   

1             4.096             1679.4          47.3        100.00 

Total                                                       100.00 
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Normal phase (Lyz002-83 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          4.252               1099.9           30.6          100.00 

Total                                                        100.00 

 
Normal phase (Lyz001-136 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          4.097               1709.6           47.4         100.00 

Total                                                        100.00 
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Normal phase (Lyz002-84 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          4.266               1123.1            31.4         100.00 

Total                                                        100.00 

 

Normal phase (Lyz002-79 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          4.299               855.7             24.3         100.00 

Total                                                        100.00 
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Normal phase (Lyz002-94 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          4.259               990.4             28.2         100.00 

Total                                                         100.00 

 

Reverse phase (MeOH:H2O:CF3COOH = 95:5:0.01%, flow rate = 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          5.091              191808.1         2603.4         100.00 

Total                                                        100.00 
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Reverse phase (MeOH:H2O:CF3COOH = 95:5:0.01%, flow rate = 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          4.952               139847          2362.8        100.00 

Total                                                        100.00 

 

Reverse phase (MeOH:H2O:CF3COOH = 95:5:0.01%, flow rate = 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          5.782              235974.6         2848.8         96.524 

2          8.727               8498.2           93.2           3.476 

Total                                                        100.00 
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Reverse phase (MeOH:H2O:CF3COOH = 95:5:0.01%, flow rate = 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          6.146              137342.5          1660         98.098 

2          9.166               2663.3           31.9          1.902 

Total                                                        100.00 

 

Reverse phase (MeOH:H2O:CF3COOH = 95:5:0.01%, flow rate = 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          5.746              129077.4         2239.2         96.236 

2           8.12               5049.2           57.4           3.764 

Total                                                        100.00 
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Reverse phase (MeOH:H2O:CF3COOH = 95:5:0.01%, flow rate = 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          6.161               89520          1122.8         97.432 

2          8.237               2359.9          34.7           2.568 

Total                                                        100.00 

 
Normal phase (Lyz002-106 Method EA:Hexane = 10:90, flow rate 1.0 mL/min) 

 

Peak   Retention Time(min)     Area(Mau*s)     Height(mAU)    Area(%)   

1          4.283               1087             29.6         100.00 

Total                                                        100.00 
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Table S1. NCI60 one dose (10 µM) screening data for compounds 1-3, 8, 9, 11, 14, 

16-20, 23-26, 28 

 

Compounds 
Growth percent 

Range 
Mean Delta 

1 91.76 37.63 60.66 

2 94.48 18.28 37.83 

3 96.92 21.44 38.26 

8 83.90 35.01 70.96 

9 100.70 21.10 34.20 

11 53.43 24.07 67.09 

14
a
 22.21 35.77 71.04 

16
a
 -0.20 85.40 135.21 

17
a
 19.35 29.46 62.89 

18
a
 20.54 42.39 83.63 

19 26.09 32.58 83.74 

20 98.01 59.71 79.24 

23 46.01 23.54 62.65 

24 72.73 40.61 86.39 

25 30.21 25.74 70.24 

26 50.20 31.50 73.59 

28 65.19 28.97 64.96 
“a” 

Compounds have detailed NCI-60 information. 
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Figure S1. Details of the one dose (10 µM) information (example: compound 16) 
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Table S2. Cell growth inhibition data for compounds 14 and 16-18 (GI50, µM) against 

a panel of 60 human cancer cells. 

   Cell growth inhibition (GI50, µM)a 

Cell type 

 
Cell line ABT-199b (±)-Gossypolb 14 16 17 18 

Leukemia CCRF-CEM 2.51 2.00 2.14 0.33 0.75 0.95 

 HL-60(TB) 0.25 2.00 NDc 0.93 1.13 1.09 

 K-562 3.16 3.16 1.88 0.25 0.64 1.07 

 MOLT-4 2.00 2.00 1.36 ND 0.78 1.05 

 RPMI-8226 1.58 2.51 2.72 0.59 0.62 0.95 

 SR 3.16 3.16 1.32 0.71 0.92 1.09 

Non-Small Cell 

Lung Cancer 
A549/ATCC 2.51 3.16 2.13 0.26 0.98 1.35 

 EKVX ND 2.00 1.20 0.32 0.93 1.18 

 HOP-62 3.98 2.51 2.41 0.94 1.22 1.35 

 HOP-92 1.26 3.98 1.38 0.37 0.78 0.80 

 NCI-H226 2.51 3.61 ND 0.58 1.30 3.15 

 NCI-H23 3.16 2.51 1.53 0.36 1.07 1.32 

 NCI-H322M 3.16 3.16 1.74 0.70 1.30 2.02 

 NCI-H460 2.51 1.58 1.52 0.37 1.04 1.28 

 NCI-H522 2.51 3.16 1.32 0.38 0.84 0.97 

Colon Cancer COLO 205 2.00 2.51 1.28 0.38 0.85 1.18 

 HCC-2998 2.00 3.98 1.92 0.68 1.19 2.15 

 HCT-116 3.16 2.51 1.79 0.16 0.90 1.23 

 HCT-15 3.16 3.16 1.49 0.59 1.06 1.55 

 HT29 2.51 3.16 1.58 0.54 0.98 1.29 

 KM12 3.16 2.00 1.39 0.16 0.80 1.28 

 SW-620 3.98 5.01 1.96 0.74 1.27 1.37 

CNS Cancer SF-268 3.98 3.16 1.88 0.44 1.34 1.51 

 SF-295 2.51 2.51 1.46 0.25 0.83 0.91 

 SF-539 2.51 2.51 1.77 0.99 1.53 1.60 

 SNB-19 3.98 3.98 1.53 0.17 0.71 1.21 

 SNB-75 3.98 3.16 1.61 1.43 2.60 2.55 

 U251 3.16 2.51 1.53 0.30 0.58 1.00 

Melanoma LOX IMVI 2.00 1.58 1.56 0.54 0.82 1.28 

 MALME-3M 2.00 5.01 2.23 0.90 1.47 2.45 

 M14 2.51 2.51 2.09 0.75 1.23 2.30 

 MDA-MB-435 2.00 ND 2.46 1.06 1.46 1.82 

 SK-MEL-2 1.58 2.00 0.83 0.86 1.38 2.20 

 SK-MEL-28 1.26 5.01 2.00 1.10 1.77 1.95 

 SK-MEL-5 1.58 3.16 4.29 1.24 1.83 4.46 

 UACC-257 2.00 3.98 7.89 1.77 ND ND 

 UACC-62 0.79 2.51 2.23 0.66 ND ND 
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Ovarian Cancer IGROV1 3.16 5.01 1.92 0.50 1.41 1.76 

 OVCAR-3 2.51 3.16 1.61 0.32 1.02 1.27 

 OVCAR-4 3.16 3.16 1.29 0.23 0.89 1.05 

 OVCAR-5 3.16 3.98 1.56 0.78 ND ND 

 OVCAR-8 3.16 3.16 2.05 0.60 0.96 1.27 

 NCI/ADR-RES 5.01 ND 1.93 0.83 2.33 9.04 

 SK-OV-3 3.16 2.51 1.79 0.86 0.98 1.51 

Renal Cancer 786-0 3.16 3.16 2.35 1.07 1.34 1.77 

 A498 1.58 3.98 2.60 1.36 1.79 2.74 

 ACHN 3.16 3.16 1.42 0.21 1.15 1.42 

 CAKI-1 3.16 3.98 3.74 1.51 1.17 6.17 

 RXF 393 1.58 2.00 1.85 0.65 0.60 0.85 

 SN12C 3.16 5.01 1.97 0.84 1.14 1.30 

 TK-10 2.51 0.794 ND 0.34 1.05 1.15 

 UO-31 2.51 3.16 1.43 0.56 0.92 1.24 

Prostate Cancer PC-3 2.00 ND 1.84 0.26 0.79 1.03 

 DU-145 5.01 ND 1.99 0.56 1.39 1.78 

Breast Cancer MCF7 3.16 ND 1.64 0.64 0.92 1.04 

 
MDA-MB-231/A

TCC 
2.00 ND 1.99 0.74 1.08 1.36 

 HS 578T 3.16 ND 1.83 0.98 1.49 1.68 

 BT-549 3.16 ND 2.65 1.19 1.50 3.00 

 T-47D 3.16 ND 5.09 0.56 0.69 1.25 

 MDA-MB-468 2.00 ND 1.46 0.35 0.78 1.97 

a
 GI50: concentration required for 50% cell growth inhibition. 

b
 Data obtained from NCI’s in vitro 60 cell 5-dose screen. 

c
 ND: not determined. 
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Figure S2. Dose response curves of compound 14 
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Figure S3. Details of the in vitro testing results of compound 14 
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Figure S4. Dose response curves of compound 16 
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Figure S5. Details of the in vitro testing results of compound 16 

 

 

 

 



S66 

 

 

Figure S6. Dose response curves of compound 17 
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Figure S7. Details of the in vitro testing results of compound 17 
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Figure S8. Dose response curves of compound 18 
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Figure S9. Details of the in vitro testing results of compound 18 
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Figure S10. Details of the in vitro testing results of compound ABT-199 (venetoclax) 
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Table S3. Microsomal stability of compound 16. 

 Time = 1 h 

Groups 
Microsomal stability a (spectral 

purity%) 

Control 1 (16 + PBS) >99% 

Control 2 (16 + PBS + Microsomal) >99% 

Control 3 (16 + PBS + NADPH) >99% 

190 nM (16 + PBS + NADPH + Rat 

Microsomal) 
>99% 

190 nM (16 + PBS + NADPH + human 

Microsomal) 
>99% 

a 
Data was the means of two independent experiments. 

 

Table S4. Chemical stability of compound 16. 

 HPLC purity (%)/Time a  

No. pH 3 h 12 h 24 h 72 h 

1(control) 7 >99 >99 >99 >99 

2 10 >99 >99 99 99 

3 5 >99 >99 >99 >99 

4 3 >99 >99 98 98 

5 1 >99 >99 96 96 

6 Con. HCl in AcOH (37%) 0%    

 
a Also confirmed by TLC analysis. 
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Table S5. Toxicities of compounds in HEK 293T and Vero cells. 

 Cytotoxicity in HEK 293T cells Cytotoxicity in Vero cells 

Compounds TC50
 a

 (µM)   IC50
 a

 (µM) 

14 50 >100 

15 68 ND b 

16 >200 >100 

17 >200 >100 

18 >200 >100 

20 ~100 ND 

21 >200 ND 

22 60 ND 

23 69 ND 

24 ~100 ND 

25 70 ND 

26 75 ND 

Gossypol 75 7.3
 c
 

a
 TC50, IC50 values were the means of three independent experiments. 

b
 ND: not determined. 

c
 Similar observed results to Ref. 10 and 11.

10,11
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Figure S11. Enlarged pictures of Figure 4 in manuscript. 
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