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S1 Text 

General procedure for synthesis of Schiff base-thioguanine compounds 

The synthesis of 1-3 followed the general procedure for Schiff Base reactionPannerselvam et 

al., 20051 . An amount of 6-thioguanine (0.6 mmol) was mixed with an equal mol number of 

the corresponding aromatic aldehyde and stirred up to 15 minutes. The liquid mixture of 

ethanol-NaOH 10% (1.5 mL (1:1)) was added to the first mixture and then the stirring was 

continued until the yellowish mixture formed. Next, the second volume of ethanol-NaOH 

10% was added and the stirring was continued until the product was completely formed 

(monitored by TLC with CHCl3 – Methanol (2:2) as a mobile phase). The mixture was 

neutralized using HCl 6 M and the solid product was filtered out using filter paper. The 

product was collected, washed with water, followed by washing the product using ethyl 

acetate and then recrystallised from a hot methanol to afford the pure product. 

 

2-(4-nitrobenzylidene)amino-9H-purin-6-thiol (1) 

Yellow powder, yield 52%, decomps. 280oC.; ʋmax/ cm-1 (KBr) 3375 (NH; 1H-NMR (DMSO-D6) δH 

8.18 (2H, d, Jortho= 9 Hz, H14 and H18), 8.33 (2H, d, Jortho= 9 Hz, H14 and H18), 8.79 (1H, s, H12), 

12.55 (1H, br, s, H1); δC 120.8 (C15 and C17), 124.2 (C14 and C18), 131.1 (C4), 136.8 (C13), 140.8 

(C2), 148.7 (C16), 150.5 (C9), 154.6 (C7), 166.2 (C12), 172.0 (C5);QTOF-MS m/z calcd for 

C12H8N6O2SM+3H+303.07 found 303.50. 

 

4-(6-sulfanyl-9H-purin-2-yl)iminomethylbenzoic acid (2) 

Yellow powder, yield 47%, decomps. 231-235oC; ʋmax/ cm-1 (KBr) 2946 (NH), 1687 (C=O); 1H-NMR 

(CDCl3) δH 5.46 (1H, s, SH), 7.57 (2H, d, Jortho= 8Hz, H14 and H18), 8.00 (1H, d, Jortho= 8.5 Hz, H2), 

8.12 (2H, d, Jortho= 8.5 Hz, H15 and H17), 8.26 ((1H, d, Jortho= 8.5 Hz, H12), 10.13 (1H, s, H1); δC 95.5 

(C14 and C18), 196.0 (C15 and C17), 98.0 (C4), 126.9 (C19), 129.5 (C13), 130.1 (C2), 130.7 (C7), 
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134.4 (C9), 139.5 (C12), 168.3 (C19), 191.6 C5). QTOF-MS m/z calcd for 

C13H9N5O2SM+3H+302.37 found 303.05. 

 

2-methoxy-6-nitro-(6-sulfanyl-9H-purin-2-yl)iminomethylphenol (3) 

Light yellow powder; yield 81%; decomps. 280-289oC; ʋmax/ cm-1 (KBr) 2987 (NH); 1H-NMR 

(DMSO-D6) δH 3.67 (3H, s, H20), 6.83 (1H, d, Jmeta= 2.5 Hz, H14), 7.96 (1H, d, Jmeta= 2Hz, H18), 8.32 

(1H, s, H12); δC 55.5 (C20), 104.8 (C18), 116.2 (C13), 129.7 (C4), 135.4 (C22), 137.3 (C16), 156.2 

(C2), 165.4 (C9), 188.3 (C15); QTOF-MS m/z calcd for C13H9N5O2SM+K+385.41 found 385.24. 

General procedure for synthesis of benzenesulfonamide-thioguanine compounds 

The synthesis of 4-6 followed the general procedure for tosylationRamezanian et al., 19932. 

The starting material, 6-thioguanine (0.6 mmol) was dissolved into 5 mL of NaOH 10% on an 

ice bath containing 3-methylbenzenesulfonyl chloride (0.7 mmol) and was carefully dropped 

and then the mixture was stirred at room temperature while the reaction’s progress was 

monitored using TLC (n-hexane-ethyl acetate (2:2)). After the reaction completed, HCl 6M 

was added until the pH of the mixture became neutral and then filtered out. The solid product 

was collected, washed with water, followed by cold methanol and then dried up at 50oC. The 

pure product was afforded by recrystallizing the crude product from the hot ethanol. 

 

3-methoxy-N-(6-sulfanyl-9H-purin-2-yl)benzenesulfonamide (4) 

Yellow powder; yield 51%; decomp. 280-282oC; ʋmax/ cm-1(KBr) 3309 (NH); 1H-NMR (DMSO-D6) δH 

3.86 (3H, s, H22), 6.42 (1H, s, H10), 7.12 (1H, s, H11), 7.13 (1H, s, H2), 7.37 (1H, dd, Jortho = 6 Hz, 

Jmeta = 2Hz, H18), 7.20 (1H, t, Jortho = 7.5 Hz, H17), 12.70 (1H, br, s, H2); δC 55.5 (C22), 108.7 (C20), 

111.1 (C18), 114.8 (C17), 118.3 (C16), 129.1 (C4), 138.0 (C15), 153.3 (C2), 159.0 (C19), 160.3 (C9), 

168.2 (C5). QTOF-MS m/z calcd for C12H11N5O3S2M-H+336.37 found 336.34. 

 

4-methoxy-N-(6-sulfanyl-9H-purin-2-yl)benzenesulfonamide (5) 
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Yellow powder; yield 70%; decomp. 286-289oC; ʋmax/ cm-1(KBr) 3354 (NH); 1H-NMR (DMSO-D6) δH 

3.75 (3H, s, H22), 6.90 (1H, s, H11), 8.55-8.78 (4H, m, H17, H19, H16 and H20), 8.89 (1H, s, H), 

12.35 (1H, br, s, H1); δC 55.5 (C22), 115.2 (C17 and C19), 128.73 (C16 and C20), 141.5 (C4), 153.4 

(C15), 154.2 (C2), 157.5 (C7), 161.1 (C9), 163.0 (C18), 188.9 (C5). QTOF-MS m/z calcd for 

C12H11N5O3S2M-H+336.37 found M-H+336.3437. 

 

S-(2-(methylphenyl)sulfanylamino-9H-purin-6-yl)3-methyl-benzenesulfonthioate (6) 

Yellow powder; yield 66%; decomp. 285-287oC; ʋmax/ cm-1 (KBr) 3309 (NH); 1H-NMR (DMSO-D6) 

δH 2.31 (3H, s, H30), 2.43 (3H, s, H31), 6.65 (1H, s, H13), 7.11 (2H, d, Jortho = 6.5 Hz, H20 and H27), 

7.20 (1H, t, Jortho = 7.5 Hz, H19), 7.39 (1H, t, Jortho = 8 Hz, H26), 7.58 (2H, m, H22 and H29), 7.64 

(2H, d, Jortho = 7.5 Hz, H20 and H25), 8.45 (1H, s, H2), 12.11 (1H, br, s, H1); δC 21.1 (C30), 21.4 

(C31), 123.9 (C25), 125.6 (C29), 126.5 (C22), 127.9 (C26), 128.5 (C19), 129.3 (C27), 130.1 (C18), 

136.8 (C20), 137.1 (C17), 138.3 (C28), 140.4 (C21), 140.6 (C24), 153.3 (C2), 153.7 (C5), 155.4 (C7), 

160.33 (C9); QTOF-MS m/z calcd for C19H17N5O4S M+475.56 found 475. 28. 

 

General procedure for synthesis of acetamide-thioguanine compounds 

The synthesis of 7-14, 16-18 followed the general procedure for acylation Hu et al., 20103. An 

amount of 6-thioguanine (0.6 mmol) was mixed with anhydride acetic acid (Ac2O) (1.2 mL) 

in 1.2 mL of glaciale acetic acid (GAA). The mixture was refluxed at 135oC for 7.5 hours and 

the reaction’s progress was monitored by TLC using chloroform (CHCl3): acetone (2:2) as a 

solvent. Once the product was completely formed, the reaction mixture was diluted with 70 

mL of ice water and then extracted using 3 x 70 mL of ethyl acetate. The organic phase was 

collected, washed with 3 x 70 mL of water and then dried with anhydrous magnesium sulfate. 

This organic phase was then evaporated in vacuo to afford the product as a white off powder. 
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N-(6-sulfanyl-9H-purin-2-yl)acetamide (7) 

White powder, yield 87%, m.p. >300oC; ;ʋmax/ cm-1 (KBr) 3109 (NH), 1552 (C=O); 1H-NMR (DMSO-

D6) δH 2.21 (3H, s, H14), 8.39 (1H, s, H2), 11.85 (1H, br, s, H11), 13.41 (1H, br, s, H1); δC  21.5 

(C14), 147.4 (C4), 153.3 (C2), 165.5 (C7), 168.4 (C9), 172.4 (C12), 174.5 (C5). QTOF-MS m/z calcd 

for C7H5 K2N5OS M+2K-2H+284.42 found 284.32. 

 

N-(6-mercapto-9H-purin-2-yl)butyramide (8) 

White powder, yield 59%, m. p. >300oC; 1H-NMR (DMSO-D6) δH 0.93 (3H, t, H16), 1.63 (3H, m, 

H15), 2.47 (2H, q, H14), 8.33 (1H, s, H2), 11.82 (1H, br, s, H1); 13C-NMR (DMSO-d6) 13.9 (C16), 

18.4 (C15), 39.4 (C14), 146.8 (C4), 147.5 (C2), 149.8 (C7), 153.3 (C9), 176,8 (C12) QTOF-MS m/z 

calcd for C9H14N6OS M+NH4
++H+256.31 found 256.28. 

 

N-(6-mercapto-9H-purin-2-yl)isobutyramide (9) 

The synthesis of 9followed the procedure for 8 the carboxylic anhydride being used was 

isobutyricanhydride.White powder, yield 66%, m. p. >300oC; 1H-NMR (DMSO-D6) δH 1.15 (6H, d, 

H16 and H15), 2.78 (1H, m, H14), 6.45 (1H, br, s, H14), 7.82 (1H, br, s, H11), 8.10 (1H, s, H2), 11.84 

(1H, br, s, H1); 13C-NMR (DMSO-d6) 19.3 (C16 and C15), 35.2 (C14), 126.3 (C4), 145.7 (C2), 153.3 

(C9), 178.9 (C12). QTOF-MS m/z calcd for C9H14N6OS M+NH4
++H+256.31 found 256.28. 

 

N-(6-mercapto-9H-purin-2-yl)pentanamide (10) 

White powder, yield 72%, m. p. >300oC;  1H-NMR (DMSO-D6) δH 1.15 (6H, d, H16 and H15), 2.78 

(1H, m, H14), 6.45 (1H, br, s, H14), 7.82 (1H, br, s, H11), 8.10 (1H, s, H2), 11.84 (1H, br, s, H1); 13C-

NMR (DMSO-d6) 14.1 (C17), 22.0 (C16), 28.9 (C15), 36.1 (C14), 147.5 (C2), 153.3 (C9), 177.1 

(C12). QTOF-MS m/z calcd for C10H12N5OS M+251.30 found 251.05. 
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N-(6-mercapto-9H-purin-2-yl)-3-methylbutanamide (11) 

White powder, yield 45%, m. p. >300oC; 1H-NMR (DMSO-D6) δH 0.89-0.96 (6H, m, H17 and 

H16), 2.08 (1H, m, H15), 2.37 (2H, dd, H14), 8.36 (1H, s, H2), 11.82 (1H, br, s, H1); 13C-

NMR (DMSO-d6) 22.6 (C17 and C16), 25.8 (C15), 45.3 (C14), 147.5 (C2), 176.0 (C5), 176.4 

(C12). QTOF-MS m/z calcd for C10H12N5OS M+251.30 found 251.20. 

 

N-(6-mercapto-9H-purin-2-yl)hexanamide (12) 

White powder, yield 73%, m. p. >300oC; 1H-NMR (DMSO-D6) δH 0.86-0.89 (3H, m, H18), 1.29-1.31 

(4H, m, H17 and H16), 1.57 (2H, m, H15), 2.44-2.48 (2H, m, H14), 6.80 (1H, br, s, H10), 7.82 (1H, 

br, s, H11), 8.09 (1H, s, H2), 12.05 (1H, br, s, H1); 13C-NMR (DMSO-d6) 14.3 (C18), 22.3 (C17), 24.5 

(C15), 31.1 (C16), 36.3 (C14), 143.8 (C2), 153.3 (C9), 177.1 (C12)QTOF-MS m/z calcd for 

C11H15N5OS M+H+266.33 found 266.14. 

 

N-(6-mercapto-9H-purin-2-yl)palmitamide (13). 

White powder; yield 70%; decomp. 189-185oC; 1H-NMR (DMSO-D6) δH 0.85 (3H, t, J = 6.5Hz, H28), 

1.23 (24H, s, H16-H27), 1.47 (2H, m, H15), 2.18 (2H, t, J = 7.5Hz, H14), 6.53 (1H, s, H10), 8.13 (1H, 

s, H2), 11.97 (1H, s, H11); 13C-NMR (DMSO-D6) δC 14.4 (C28), 22.5 (C27), 24.9 (C15 and C16), 31.7 

(C26), 34.1 (C14), 39.3- 40.4 (C17-C25), 138.1 (C4), 153.3 (C2), 158.9 (C7), 165.4 (C9), 171.2 (C5), 

175.0 (C12). QTOF-MS m/z calcd for C21H38N6OS M+NH4
++H+422.63 found 422.30. 

 

N-(6-mercapto-9H-purin-2-yl)benzamide (M14) 

White powder, yield 49%, m. p. >300oC; 1H-NMR (DMSO-D6) δH 6.95 (1H, br, s, H10), 7.49- 7.95 

(5H, m. H15-H16), 8.58 (2H, s, H2 and H11), 12.41 (1H, s, H1); 13C-NMR (DMSO-d6) 121.9 (C15 

and C19), 129.1 (C16 and C18), 129.7 (C4), 133.4 (C17), 141.5 (C14), 150.1 (C7), 154.3 (C9), 167.8 

(C12), 171.9 (5). QTOF-MS m/z calcd for C12H9KN5OS M+K+310.39 found 310.33. 
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General procedure for the N-alkylation of acetamide-thioguanine 

The synthesis of 17 and 20 followed the general procedure for N-alkylation Salvatore et al., 

20024. Briefly, 138.23 mg of 4 Å Molecular Sieves (MS) was suspended into 3 mL of DMF. 

Cessium hydroxide monohydrate (CsOH.H2O) (140 µL) was added into the mixture and then 

stirred up for 10 minutes at the room temperature. The stirring was continued while adding N-

(6-mercapto-9H-purin-2-yl)acetamide (MH022; 0.5 mmol) into the mixture for 30 minutes at 

the same temperature. Lastly, cyclopentyl bromide (0.6 mmol) was added into the mixture 

and the stirring was continued while monitoring the reaction’s progress using TLC with 

CHCl3: acetone (3:1) as a solvent. After the reaction completed, the mixture was diluted with 

70 mL of water and then extracted using 3 x 70 mL of EtO-Ac. The organic phase was 

collected, washed with 3 x 70 mL of water and then dried over anhydrous magnesium sulfate. 

This organic phase was then evaporated in vacuo and purified using PLC to afford the product 

as a white off powder.   

 

N-9-cyclopentyl-6-sulfanyl-9H-purin-2-yl)acetamide (15) 

White powder; yield 86%; m.p 154-156oC; ʋmax/ cm-1 (KBr) 3211 (NH), 1585 (C=O); 1H-NMR 

(DMSO-D6) δH 1.73 (4H, m, H12 and H13), 2.19 (3H, s,H19), 2.26 (4H, m, H11 and H14), 2.65 (1H. 

m, H10), 8.03 (1H, s, H2), 12.85 (1H, br, s, H16); δC 24.0 (C12 and C13), 24.9 (C19), 33.7 (C11 and 

C14), 56.0 (C10), 128.0 (C4), 142.7 (C2), 149.7 (C7), 152.4 (C9), 161.1 (C17), 169.3 (C5). QTOF-MS 

m/z calcd for C12H16N5OS M+H+278.35 found 278.13. 

 

S-2-(propionamido)-9H-purin-6-yl propanethioate (16) 

White powder, yield 64%, m. p. >300oC;  1H-NMR (DMSO-D6) δH 1.09 (3H, t, H17), 1.19 

(3H, t, H19), 2.55 (2H, q, H18), 3.29 (2H, q, H16), 8.61 (1H, s, H2), 11.97 (1H, br, s, H1); 

13C-NMR (DMSO-d6) 8.2 (C19), 9.0 (C17), 29.9 (C18), 30.6 (C16), 133.3 (C4), 140.2 (C2), 
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144.9 (C5), 148.3 (C7), 153.6 (C9), 172.1 (C14), 178.1 (C11). QTOF-MS m/z calcd for 

C11H12N5O2S M-H+278.3108 found 278.1313. 

 

N-(6-(3-methylbut-1-en-2-ylthio)-9H-purin-2-yl)isobutyramide (17) 

White powder, yield 72%, m. p. >300oC;  1H-NMR (DMSO-d6) δH 1.11-1.15 (12H, m, H21, 

H20, H19 and H17), 2.73-2.79 (2H, m, H18 and H16), 8.04 (1H, s, H2), 11.53 (1H, s, H8,), 

12.07 (1H, br, s, H1), ; 13C-NMR (DMSO-d6) 19.3 (C21 and C19), 19.4 (C20 and C17), 35.1 

(C18 and C16), 131.9 (C4), 132.3 (C2), 139.7 (C5), 147.6 ( C7 and C9), 180.4 (C14) and 

180.9 (C11).QTOF-MS m/z calcd for C13H17N5O2S M +307.37 found 307.10. 

 

S-2-(pentanamido)-9H-purin-6-yl pentanethioate (18) 

White powder, yield 43%, m. p. >300oC;  1H-NMR (CDCl3) δH 0-66-0.96 (6H, m, H23 and H19), 

1.33-1.62 (8H, m, H22, H21, H18 and H17), 2.18-2.40 (4H, m, H20 and H16), 7.32 (1H, br, s, H13), 

7.98 (1H, s, H2); 13C-NMR (CDCl3) 14.1 (C23 and C19), 22.7 (C22 and C18), 29.7 (C21 and C17), 

31.9 (C20 and C16), 136.5 (C4). QTOF-MS m/z calcd for C15H20N5O2S M+H+336.42 found 336.34. 

 

General procedure for S/N-benzylation of acetamide-thioguanine 

The synthesis of 19-21 followed the general procedure for S-alkylation Salvatore et al., 

20055,6. Briefly, a mixture containing the corresponding alkyl bromide (1.3 mmol, for 

monoalkylation; 2.6 mmol for dialkylation; 3.9 mmol for triple/quadruple-alkylation), tetra-

butylammonium iodide (TBAI) (equal to the corresponding number of alkylation) in 3.5 mL 

of DMF was freshly prepared. In the separate flask, 6-thioguanine (0.6 mmol) was mixed with 

cessium carbonate (Cs2CO3) (equal to the corresponding number of alkylation) in 3.5 mL of 

dimethylformamide (DMF) and then stirred vigorously for 15 minutes.  The first mixture was 

added into the second mixture and the stirring was continued at room temperature for six 
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hours. The reaction’s progress was monitored by TLC using n-hexane: ethyl acetate (1:3) as 

the mobile phase. After the product formed, the reaction mixture was diluted with 70 mL of 

water and then extracted using 3 x 70 mL of ethyl acetate. The organic phase was collected, 

washed with 3 x 70 mL of water and then dried with anhydrous magnesium sulfate. Next, this 

organic phase was evaporated in vacuo and then purified using PTLC with the same mobile 

phase system used in the monitoring of the reaction’s progress. 

 

N-(6-(benzylthio)-9H-purin-2-yl)pentanamide (19) 

White powder, yield 30%, m.p., 199-201oC; 1H-NMR (CDCl3) δH 0.92-1.01 (3H, m, H23), 

1.31-1.33 (4H, m, H22 and H21), 4.59 (2H, s, H11), 7.26-7.48 (5H, m, H17, H16, H15, H14 

and H13), 7.90 (1H, s, H2), 8.57 (1H, s, H18); 13C-NMR (CDCl3) 31.8 (C21), 35.2 (C20), 

38.3 (C11), 126.8 (C15), 128.11 (C17 and C13), 128.8 (C16 and C14), 138.0 (C4), 168.9 

(C19).QTOF-MS m/z calcd for C17H19N5OS M+H+341.13 found 342.32. 

 

6-((naphthalen-1-yl)methylthio)-9-isobutyl-9H-purin-2-amine (20) 

White powder, yield 19%, m.p. 143-147oC; 1H-NMR (CDCl3) δH 0.94 (6H, s, H26 and H12), 

2.19-2.27 (1H, m, H11), 3.86 (2H, s, H10), 5.06 (2H, s, H14), 7.32-7.81 (7H, m, H23-H16), 

8.18 (1H, s, H2); 13C-NMR (CDCl3) 20.3 (C26 and C24), 28.9 (C11), 50.8 (C10), 123.8 (C23 

and C16), 124.9 (C22 and C21), 127.9 (C18 and C17), 128.5 (C20), 132.5 (C24), 135.4 

(C15), 140.5 (C2), 151.0 (C9), 159.0 (C7), 162.0 (C5).QTOF-MS m/z calcd for C20H21N5S 

M+H+363.15 found 363.17. 

 

N-(9-benzyl-6-(benzylthio)-9H-purin-2-yl)pentanamide (21) 

White powder, yield 14%, m.p. 143-147oC;1H-NMR (CDCl3) δH 0.93 (3H, m, H31), 1.39-1.42 (4H, m, 

H30 and H29), 1.69-2.01 (2H, m, H28), 4.59 (2H, s, H18), 5.32 (2H, s, H10), 7.25-7.54 (10H, m, H24-
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H20 and H16-H12), 7.82 (1H, br, s, H25), 7.98 (1H, s, H2); 13C-NMR (CDCl3) 13.9 (C31), 22.4 

(C30), 29.7 (C29), 30.0 (C28), 33.0 (C18), 47.3 (C10), 127.4 (C14 and C22), 127.8 (C24 and C20), 

128.6 (C13, C15, C21 and C23), 129.1 (C12 and C16), 135.1 (C4), 141.9 (C2). ). QTOF-MS m/z calcd 

for C24H25N5OS M+431.18 found 431.15. 
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