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1. HPLC profiles 
 

A)

 

B)

 

C)

 

Figure S1. HPLC profiles of A) 1,4-NQ; B) 1,4-PDA and C) MA synthesis of 3a, at optimized conditions 
(entry 15. Table 1). 
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2. Electrochemical studies 
Table S1. Electrochemical parameters for 1,4-NQ and derivatives in acetonitrile (potentials are given vs 

SCE; scan rate: 100 mV.s-1). 
Compound Epa (V) Epc (V) E1/2 (V) Epa. Epc (mV) Ipa/Ipc 

1 -0.62 
-1.02 

-0.70 
-1.36 

-0.66 
-- 

80 
-- 

0.9 
-- 

3a 
0.72 
-0.78 
-1.27 

0.44 
-0.86 
-1.42 

-- 
-0.82 

-- 

-- 
80 
-- 

-- 
0.9 
-- 

3b 1,04 
-0,77 

-- 
-0.84 

-- 
-0.81 

-- 
70 

-- 
1.0 

3c 
1,21 

- 0,79 
-1,22 

-- 
-0.86 
-1.34 

-- 
-0.82 
-1.28 

-- 
70 

120 

-- 
1.0 
1.0 

3d -0.66 -0.74 -0.70 80 1.0 

3e 

1,55 
0.74 
-0.74 
-1.37 

-- 
-- 

-0.98 
-1.47 

-- 
-- 

-0.95 
-1.42 

-- 
-- 
70 

100 

-- 
-- 

1.0 
1.0 

3f 1,40 
-0,90 

-- 
-0.97 

-- 
-0.94 

-- 
70 

-- 
1.0 

Table S2. Electrochemical parameters for 1,2-NQ and derivatives in acetonitrile (potentials are given vs 
SCE; scan rate: 0.100 V.s-1). 

Compound Epa (V) Epc (V) E1/2 (V) Epa. Epc (mV) Ipa/Ipc 

2 -0.44 
-0.84 

-0.55 
-0.98 

-0.50 
-0.91 

110 
140 

1.0 
1.0 

4a 0.81 
-0.47 

-- 
-0.67 

-- 
-- 

-- 
-- 

-- 
-- 

4b 
1,16 
0,93 
-0,36 

-- 
-- 

-0.61 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

4c 
1.07 
-0.44 
-1.30 

-- 
-0.67 
-1.58 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

4d 
0.76 
-0.33 

-- 

-- 
-0.47 
-0.84 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

4g 

0.92 
0.75 
-0.35 

-- 

-- 
-- 

-0.63 
-1.43 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

4h 

1.39 
1.08 

-- 
-0.15 

-- 
-0.75 

-- 
-- 

0.13 
-0.57 
-0.81 
-0.98 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

4e 
1.48 
1.01 
-0.63 

-- 
-- 

-0.78 

-- 
-- 

-0.71 

-- 
-- 

150 

-- 
-- 
-- 

4f 

1.38 
0.91 

-- 
-0.57 

-- 
-- 

-0.52 
-0.69 

-- 
-- 
-- 

-0.63 

-- 
-- 
-- 

120 

-- 
-- 
-- 

0.9 
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Figure S2. Cyclic voltammogram of 3b in ACN + TBAPF6 showing the ferrocene redox pair (black 
line) and the isolated redox processes (dashed line) at scan rate of 100 mV.s-1. 

 

Figure S3. Cyclic voltammogram of 3c in ACN + TBAPF6, showing the ferrocene redox pair at 
scan rate of 100 mV.s-1. 

 

Figure S4. Cyclic voltammogram of 3d in ACN + TBAPF6 (black line) showing the isolated redox 
process (dashed line) at scan rate of 100 mV.s-1. 

-2.0-1.00.01.02.0
E (V) vs SCE 

-1.5-1.0-0.50.00.51.01.52.0
E (V) vs SCE
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Figure S5. Cyclic voltammogram of 3e in ACN + TBAPF6 at scan rate of 100 mV.s-1. 

 

Figure S6. Cyclic voltammogram of 3f in ACN + TBAPF6 (black line) showing the isolated redox 
processes (dashed line) at scan rate of 100 mV.s-1. 

Figure S7. Cyclic voltammogram of 4a in ACN + TBAPF6 showing the ferrocene redox pair at 
scan rate of 100 mV.s-1. 

-2.0-1.5-1.0-0.50.00.51.01.52.0
E (V) vs SCE

-2.0-1.5-1.0-0.50.00.51.01.52.0
E (V) vs SCE

-2.0-1.5-1.0-0.50.00.51.01.5
E (V) vs SCE
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Figure S8. Cyclic voltammogram of 4b in ACN + TBAPF6 (black line) showing the isolated redox 
process (dashed line) at scan rate of 100 mV.s-1. 

 

Figure S9. Cyclic voltammogram of 4c in ACN + TBAPF6 showing the ferrocene redox pair at 
scan rate of 100 mV.s-1. 

 

Figure S10. Cyclic voltammogram of 4d in ACN + TBAPF6 showing the ferrocene redox pair at 
scan rate of 100 mV.s-1. 

-2.0-1.5-1.0-0.50.00.51.01.52.0
E (V) vs SCE

-2.0-1.5-1.0-0.50.00.51.01.52.0

E (V) vs SCE

-1.5-1.0-0.50.00.51.01.52.0
E (V) vs SCE
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Figure S11. Cyclic voltammogram of 4e in ACN + TBAPF6 (black line) showing the isolated redox 
process (dashed line) at scan rate of 100 mV.s-1. 

 

Figure S12. Cyclic voltammogram of 4f in ACN + TBAPF6 at scan rate of 100 mV.s-1. 

 

Figure S13. Cyclic voltammogram of 4g in ACN + TBAPF6 showing the ferrocene redox pair 
(black line) and the isolated redox processes (dashed line) at scan rate of 100 mV.s-1. 

-2.0-1.5-1.0-0.50.00.51.01.52.0
E (V) vs SCE

-1.5-1.0-0.50.00.51.01.52.0
E(V) vs SCE

-2.0-1.5-1.0-0.50.00.51.01.5
E (V) vs SCE
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Figure S14. Cyclic voltammogram of 4h in ACN + TBAPF6 showing the ferrocene redox pair 
(black line) and the isolated redox processes (dashed line) at scan rate of 100 mV.s-1. 

  

-1.5-1.0-0.50.00.51.01.52.0
E (V) vs SCE
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3. In silico analysis 
 

Table S3. Lipinski’s parameters for compounds 1 and 3a-f estimated using Molinspiration. 
Compound Lipinski’s parameters ABS%1 

M (g/mol) mi LogP TPSA nOH nOHNH nrot nviolations 
1 158.16 1.67 34.14 2 0 0 0 98.83 

3a 264.28 2.66 72.19 4 3 2 0 84.55 
3b 265.27 3.11 66.4 4 2 2 0 92.53 
3c 279.3 3.64 55.4 4 1 3 0 97.78 
3d 274.28 3.34 69.96 4 1 2 0 97.60 
3e 229.28 2.89 46.17 3 1 4 0 97.42 
3f 229.28 2.45 37.38 3 0 3 0 99.37 

 

Table S4. Lipinski’s parameters for compounds 2 and 4a-h estimated using Molinspiration. 
Compound Lipinski’s parameters ABS%1 

M (g/mol) mi LogP TPSA nOH nOHNH nrot nviolations 

2 158.16 1.67 34.14 2 0 0 0 98.83 
4a 264.28 2.66 72.19 4 3 2 0 84.55 
4b 265.27 3.11 66.4 4 2 2 0 92.53 
4c 279.30 3.64 55.4 4 1 3 0 97.78 
4d 274.28 3.34 69.96 4 1 2 0 97.60 
4g 340.38 5.58 91.99 4 2 2 0 97.18 
4h 265.27 3.32 66.4 4 2 2 0 92.53 
4e 229.28 2.89 46.17 3 1 4 0 97.42 
4f 229.28 2.45 37.38 3 0 3 0 99.37 𝐀𝐁𝐒% = 𝟏𝟎𝟎 × ൣ𝐞𝐱𝐩൫−𝟏𝟎𝟎.𝟓𝟎𝟔ି𝟎.𝟎𝟕𝟓𝟒×𝐧𝐎𝐇ି𝟎.𝟏𝟒𝟏×𝐧𝐎𝐇𝐍𝐇ା𝟎.𝟎𝟎𝟏𝟖𝟒×𝐌𝐌൯൧  

Table S5. Bioactivity scores compounds 1, 2, 3a-f and 4a-h estimated using Molinspiration.  
Compound GPCR  

ligand 
Ion channel 
modulator 

Kinase 
inhibitor 

Nuclear receptor 
ligand 

Protease 
inhibitor 

Enzyme 
inhibitor 

1 -0.94 -0.46 -0.77 -1 -1.1 -0.34 
3a -0.11 -0.25 0.46 -0.6 -0.3 0.20 
3b -0.12 -0.28 0.40 -0.12 -0.4 -0.14 
3c -0.19 -0.41 0.32 -0.26 -0.42 0.02 
3d -0.11 -0.32 0.47 -0.13 -0.33 0.12 
3e -0.17 -0.32 -0.02 -0.37 -0.42 0.23 
3f -0.19 -0.36 -0.06 -0.46 -0.62 0.04 
2 -0.87 -0.4 -0.76 -1.18 -0.91 -0.05 

4a 0.01 0.01 0.46 -0.34 -0.06 0.43 
4b -0.01 -0.02 0.39 -0.11 -0.16 0.37 
4c -0.07 -0.16 0.31 -0.24 -0.20 0.24 
4d 0.00 -0.07 0.47 -0.12 -0.10 0.34 
4g 0.03 -0.05 0.33 -0.13 -0.01 0.24 
4h 0.00 -0.32 0.32 -0.32 -0.25 0.32 
4e -0.12 -0.01 -0.01 -0.47 -0.23 0.34 
4f -0.16 -0.14 -0.08 -0.45 -0.38 0.20 

A molecule having bioactivity score more than 0.00 is most likely to exhibit considerable biological activities, while 
values -0.50 to 0.00 are expected to be moderately active and if score is less than -0.50 it is presumed to be inactive. 
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4. In vitro cytotoxicity against human hepatocarcinoma cell line HepG2 

 

 
  

 
 

 

 

 

Figure S15. Cytotoxicity profiles of compounds 1 and 3a-f  in HepG2 human cell line. 
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Figure S16. Cytotoxicity profiles of compound 2 and 4a-h in HepG2 human cell line. 
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Table S6. The EC50 values for the cytotoxicity of compounds 1, 2, 3a-f, 4a-h and reference inhibitor 
doxorubicin against HepG2 cell line. 

Compound EC50 (μM±SD) 
1 32.2 ± 1.4 

3a 8.7 ± 1.3 
3b 21.4 ± 3.9 
3c 13.0 ± 1.8 
3d 79.4 ± 1.4 
3e 35.8 ± 1.5 
3f 64.7 ± 1.4 
2 25.6 ± 1.1 

4a 2.7 ± 1.0 
4b 7.1 ± 1.8 
4c 6.5 ± 1.4 
4d 26.8 ± 1.1 
4g 9.2 ± 2.3 
4h 9.1 ± 3.3 
4e 26.8 ± 1.1 
4f 23.1 ± 1.7 

Doxorubicin 1.42 ± 1.0 
All EC50 values are expressed as the mean ± SD of triplicate determinations. 

 

5. Inhibition of acetylcholinesterase activity 

 
Table S7. AChE Inhibiton50µM values for compounds 1, 2, 3a-f, 4a-h. 

Compound Inhibiton50µM (μM±SD) 

1 50.7 ± 2.3 
3a 23.4 ± 2.5 
3b 16.4 ± 2.0 
3c 25.9 ± 3.0 
3d 25.8 ± 3.0 
3e 48.3 ± 1.6 
3f 47.9 ± 2.5 
2 34.9 ± 5.2 

4a 51.7 ± 2.1 
4b 74.1 ± 1.1 
4c 45.8 ± 2.9 
4d 41.6 ± 2.4 
4g 75.3 ± 1.3 
4h 85.3 ± 1.3 
4e 62.4 ± 1.5 
4f 54.71 ± 2.0 

All Inhibiton50µM values are expressed as the mean ± SD of triplicate determinations. 
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6. Molecular docking studies 
 

Table S8. Molecular docking results of 3b. 

AA Atom Interaction type Distance (Å) 
Phe 295 O=C (Quinone ring) N-H‧‧‧O(O=C)a 2,14 
Val 294 O=C (Quinone ring) C-H‧‧‧O(O=C) 2,70 
Trp 286 C=C (Ar NQ ring) π-π stacking 5,09 
Trp 286 Ar (NQ ring) π-π stacking 3,90 
Trp 286 Ar (Quinone ring) π-π stacking 5,41 
Tyr 341 Ar (Quinone ring) π-π stacking 4,60 
Tyr 341 Ar (NQ ring) π-π stacking 3,93 

a Conventional Hydrogen Bond 
 

Table S9. Molecular docking results of 4b. 

AA Atom Interaction type Distance (Å) 
Gly 120 O-C (Ar ring) N-H‧‧‧O(O-C) 2,69 
Tyr 124 O=C (Quinone ring) O-H‧‧‧O(O=C) 2,69 
Tyr 133 O-C (Ar ring) O-H‧‧‧O(O-C) 2,35 
Glu 202 H-O (Ar ring) O‧‧‧H-O(O-C) 1,89 
Trp 86 Ar ring π-π stacking 4,61 
Trp 86 Ar ring π-π stacking 3,76 
Tyr 337 Ar (NQ ring) π-π stacking 4,06 
Tyr 337 Ar (Quinone ring) π-π stacking 5,36 
Tyr 341 Ar (NQ ring) π-π stacking 4,83 
Tyr 341 Ar (Quinone ring) π-π stacking 5,55 

a Conventional Hydrogen Bond 
 

Table S10. Molecular docking results of 4h. 

AA Atom Interaction type Distance (Å) 
Tyr 133 O=C (Quinone ring) O-H‧‧‧O(O=C) 3,46 
Gly 126 O=C (Quinone ring) O-H‧‧‧O(O=C) 4,70 
Tyr 337 H-N (Ar ring) O‧‧‧H-N 3,09 
Tyr 341 H-O (Ar ring) O‧‧‧H-O(O-C) 3,26 
Tyr 341 Ar ring π-π stacking 4,25 
Tyr 337 Ar ring π-π stacking 4,69 
Trp 86 Ar (NQ ring) π-π stacking 4,15 
Trp 86 Ar (Quinone ring) π-π stacking 4,24 

a Conventional Hydrogen Bond 
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7. 1D and 2D NMR spectra 
Compound 3a: 

 

 

Figure S17. 1H-NMR spectrum of compound 3a in MeOD-d4  

 

 

Figure S18. 13C-NMR spectrum of compound 3a in MeOD-d4 
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Figure S19. HSQC-NMR spectrum of compound 3a in MeOD-d4 

 

Figure S20. HMBC-NMR spectrum of compound 3a in MeOD-d4 
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Compound 3b: 

 

 

Figure S21. 1H-NMR spectrum of compound 3b in MeOD-d4 

 

 

Figure S22. 13C-NMR spectrum of compound 3b in MeOD-d4 
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Figure S23. HSQC-NMR spectrum of compound 3b in MeOD-d4 

 

Figure S24. HMBC-NMR spectrum of compound 3b in MeOD-d4  
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Compound 3c: 

 

 

 

Figure S25. 1H-NMR spectrum of compound 3c in MeOD-d4 

 

 

Figure S26. 13C-NMR spectrum of compound 3c in MeOD-d4 
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Figure S27. HSQC-NMR spectrum of compound 3c in MeOD-d4  

 

Figure S28. HMBC-NMR spectrum of compound 3c in MeOD-d4  
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Compound 3d: 

 

 

Figure S29. 1H-NMR spectrum of compound 3d in MeOD-d4 
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Compound 3e: 

 

 

Figure S30. 1H-NMR spectrum of compound 3e in MeOD-d4  

 

 

Figure S31. 13C-NMR spectrum of compound 3e in MeOD-d4  
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Figure S32. HSQC-NMR spectrum of compound 3e in MeOD-d4  

 

Figure S33. HMBC-NMR spectrum of compound 3e in MeOD-d4  
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Compound 3f: 

 

 

Figure S34. 1H-NMR spectrum of compound 3f in MeOD-d4  

 

 

Figure S35. 13C-NMR spectrum of compound 3f in MeOD-d4  
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Figure S36. HSQC-NMR spectrum of compound 3f in MeOD-d4 

 

 

Figure S37. HMBC-NMR spectrum of compound 3f in MeOD-d4  
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Compound 4e:  

 

 

Figure S38. 1H-NMR spectrum of compound 4e in MeOD-d4  

 

 

Figure S39. 13C-NMR spectrum of compound 4e in MeOD-d4 
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Figure S40. HSQC-NMR spectrum of compound 4e in MeOD-d4 

 

 

Figure S41. HMBC-NMR spectrum of compound 4e in MeOD-d4 
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Compound 4f: 

 

 

Figure 1S42. 1H-NMR spectrum of compound 4e in MeOD-d4  

 

 

Figure S43. 13C-NMR spectrum of compound 4e in MeOD-d4 
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Figure S44. HSQC-NMR spectrum of compound 4e in MeOD-d4  

 

 

Figure S45. HMBC-NMR spectrum of compound 4e in MeOD-d4  

 

  



29 
 

Compound 4h: 

 

 

Figure S46. 1H-NMR spectrum of compound 4h in MeOD-d4 

 

 

Figure S47. 13C-NMR spectrum of compound 4h in MeOD-d4  
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Figure S48. HSQC-NMR spectrum of compound 4h in MeOD-d4 

 

 

Figure S49. HMBC-NMR spectrum of compound 4h in MeOD-d4 
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8. ESI/MS spectra 

ESI/MS spectra of compound 3a (C16H12N2O2) MW= 264.3 g/mol   

Negative mode m/z = 263 [M-H]-; Positive mode m/z = 265 [M+H]+;  

A)  

 

B)  

 

Figure S50. A) ESI(-)/MS spectrum of compound 3a; C) ESI(+)/MS spectrum of compound 3a. 
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ESI/MS spectra of compound 3b (C16H11NO3) MW= 265.3 g/mol   

Negative mode m/z = 264 [M-H]-; Positive mode m/z = 266 [M+H]+;  

A)  

 

B) 

 

Figure S51. A) ESI(-)/MS spectrum of compound 3b, B) ) ESI(+)/MS spectrum of compound 3b. 
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ESI/MS spectra of compound 3c (C16H11NO3) MW= 279.1 g/mol   

Positive mode m/z = 280 [M+H]+;  

 

Figure S52. ESI(+)/MS spectrum of compound 3c. 
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ESI/MS spectra of compound 3d (C16H11NO3) MW= 274.1 g/mol   

Negative mode m/z = 273 [M-H]-; Positive mode m/z = 275 [M+H]+;  

A)  

 

B) 

 

Figure S53. A) ESI(-)/MS spectrum of compound 3d, B) ) ESI(+)/MS spectrum of compound 3d. 
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ESI/MS spectra of compound 3e (C14H15NO2) MW= 229.1 g/mol   

Negative mode m/z = 228 [M-H]-; Positive mode m/z = 230 [M+H]+;  

A)  

 

B) 

 

Figure S54. A) ESI(-)/MS spectrum of compound 3e, B) ESI(+)/MS spectrum of compound 3e. 
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ESI/MS spectra of compound 3f (C14H15NO2) MW= 229.11 g/mol   

Positive mode m/z = 230 [M+H]+;  

 

Figure S55. ESI(+)/MS spectrum of compound 3f. 
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ESI/MS spectra of compound 4e (C14H15NO2) MW= 229.1 g/mol   

Negative mode m/z = 228 [M-H]-; Positive mode m/z = 230 [M+H]+;  

A)  

 

B) 

 

 

Figure S56. A) ESI(-)/MS spectrum of compound 4e, B) ESI(+)/MS spectrum of compound 4e. 
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ESI/MS spectra of compound 4f (C14H15NO2) MW= 229.11 g/mol   

Positive mode m/z = 230 [M+H]+;  

 

Figure S57. ESI(+)/MS spectrum of compound 4f. 
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ESI/MS spectra of compound 4h (C16H11NO3) MW= 265.3 g/mol   

Negative mode m/z = 264 [M-H]-; Positive mode m/z = 266 [M+H]+;  

A)  

 

B) 

 

Figure S58. A) ESI(-)/MS spectrum of compound 4h, B) ) ESI(+)/MS spectrum of compound 4h. 
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9. HRESI/TOFMS spectra 

 

 

 

Figure S59. HR ESI(+)/MS spectrum of compound 3a.  

Figure S60. HR ESI(+)/MS spectrum of compound 3b.  

 

 

Figure S61. HR ESI(+)/MS spectrum of compound 3c. 
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Figure S62. HR ESI(+)/MS spectrum of compound 3d. 

 

 

Figure S63. HR ESI(+)/MS spectrum of compound 3e 

 

 

Figure S64. HR ESI(+)/MS spectrum of compound 3f. 
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Figure S65. HR ESI(+)/MS spectrum of compound 4e 

 

 

Figure S66. HR ESI(+)/MS spectrum of compound 4f. 

 


