
S1 
 

Supporting Information for 

Original article 

Design, synthesis, and biological evaluation of quinazolin-4(3H)-one 

derivatives co-targeting poly(ADP-ribose) polymerase-1 and 

bromodomain containing protein 4 for breast cancer therapy 

Xiaosa Chang†, Dejuan Sun†, Danfeng Shi†, Guan Wang, Yanmei Chen, Kai Zhang, Huidan Tan, 

Jie Liu*, Bo Liu*, Liang Ouyang* 

State Key Laboratory of Biotherapy and Cancer Center, West China Hospital, and Collaborative 

Innovation Center of Biotherapy, Sichuan University, Chengdu 610041, China 

†These authors made equal contributions to this work. 

Received 27 February 2020; received in revised form 8 May 2020; accepted 28 May 2020 

*Corresponding authors. Tel./fax: +86 28 85503817 (Jie Liu), +86 28 85164063 (Bo Liu), +86 28 

85503817 (Liang Ouyang). 

E-mail addresses: liujie2011@scu.edu.cn (Jie Liu), liubo2400@163.com (Bo Liu), 

ouyangliang@scu.edu.cn (Liang Ouyang). 

 

 

 

Table of contents Page 

1. Supplementary results S1 

Figure S1 Three breast cancer cell inhibitory activity of 42 candidate compounds. S2 

Figure S2 Target-binding series development from initial compound. S3 

Figure S3 Immunohistochemical staining in the MCF-7 tumor tissues. S3 

Figure S4 Hematoxylin and eosin (H&E) to evaluate the toxicity of compound 19d in the 

MDA-MB-468 tumor xenograft model. 

S4 

Figure S5 Hematoxylin and eosin (H&E) to evaluate the toxicity of compound 19d in the 

MCF-7 tumor xenograft model. 

S5 

Figure S6 Effect of 19d on MCF-7 cells cell cycle progression. S6 

Figure S7 IC50 of compound 19d and Rvx-208 against BRD4(BD1) and BRD4(BD2). S6 

Figure S8 The 2D interactive modes of 19d, RVX-208 and Olaparib. S7 

Table S1 22 PARP1 inhibitors. 

Table S2 71 BRD4 inhibitors. 

S8 

S14 

2. NMR Spectra 

3. Representative HPLC traces of biologically tested compounds 

4. HRMS spectra 

S30 

S73 

S85 

 

mailto:liujie2011@scu.edu.cn
mailto:liubo2400@163.com
mailto:ouyangliang@scu.edu.cn


S2 
 

1. Supplementary results 

 

Figure S1 Cell viabilities were measured for top 42 candidate compounds by MTT assay. (A) 

Heat map of inhibition rate of anti-proliferative activity of compounds. (B) Histogram of 

inhibition rate of anti-proliferative activity of compounds. The cancer cell inhibitory activity of 

MDA-MB-231 cell, MDA-MB-468 cell and MCF-7 cell of top 42 candidate compounds were 

detected at 30 μmol/L.
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Figure S2 Target-binding series development from initial compound. Representative examples of 

target-binding compounds 5e to 19d guided by structural information. (A) Docking structures with 

the mode of binding of compound 5e and Rvx-208 to BRD4(BD2) and PARP-1 in the pocket, 

respectively. (B) Docking structures with the mode of binding of compound 15b and Rvx-208 to 

BRD4(BD2) and PARP1 in the pocket, respectively. (C) Binding mode of 19d in the active site of 

BRD4(BD2) and PARP1, respectively. BRD4(BD2) (PDB code: 5UOO) was shown in green, 

PARP-1 (PDB code: 5DS3) was shown in grey. 

 

 

Figure S3 Immunohistochemical staining of PARP1 and BRD4 in the MCF-7 tumor tissues from 

19d-treated mice and vehicle groups (200×).  
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Figure S4 Various mouse organs from treated and control groups were stained with hematoxylin 

and eosin (H&E) to evaluate the toxicity of compound 19d in the MDA-MB-468 tumor xenograft 

model. Photographs were obtained under magnification, ×100.
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Figure S5 Various mouse organs from treated and control groups were stained with hematoxylin 

and eosin (H&E) to evaluate the toxicity of compound 19d in the MCF-7 tumor xenograft model. 

Photographs were obtained under magnification, ×100. 
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Figure S6 Effect of 19d on MCF-7 cells cell cycle progression. (A) Cell cycle distribution was 

measured by flow cytometry using PI stain with 0, 1, 3.3 and 10 μmol/L of 19d separately treated 

MCF-7 cells. (B) Apoptosis rates were detected by Annexin V-FITC/PI staining after treatment 

with 19d. (C) Clonogenic survival assay of MCF-7 cells was measured by after treatment with 

Compound 19d. The statistics of clonogenic survival assay. ***P < 0.001 compared with control 

group. Data are present as means ± SDs, n = 3. 

 

 

Figure S7 The IC50 values of Rvx-208 and compound 19d against BRD4(BD1) and BRD4(BD2), 

respectively. 
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Figure S8 The 2D interactive modes of 19d, RVX-208 and Olaparib. (A) and (B) Interactive 

modes of 19d and RVX-208 in the BD1 domain of BRD4. (C) and (D) Interactive modes of 19d 

and RVX-208 in the BD2 domain of BRD4. (E) and (F) Interactive modes of 19d and Olaparib 

in the active site of PARP1. 
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Table S1 22 PARP1 inhibitors. 

 

No. Structure/Name Core Fragments IC50 & Target Ref. 

Type 1: benzoamide-based 

1 

  

Iniparib 

 
 

Used in the 

research of TNBC 

1,2 

2 

 
  

CHO cells: 

IC50 = 50 nmol/L 

3 

3 

 

Veliparib 

 

 

PARP1: 

IC50 = 5.2 nmol/L 

PARP2: 

IC50 = 2.9 nmol/L 

4 

4 

 

NMS-P515  

 

PARP-1: 27 

nmol/L (IC50, in 

HeLa cells) 

5 

5 

 

Niraparib 
 

 

PARP1:  

IC50 = 3.8 nmol/L 

PARP2:  

IC50 = 2.1 nmol/L 

6

6 

6 

 

 

 

PARP1:  

IC50 = 43.7 nmol/L 

HCT116 cell:  

IC50 = 7.4 μmol/L 

 

6

7 

7 

 
 

 

PARP-1: 

IC50 = 21.8 nmol 

7 

 

Type 2: tricyclic indole carboxamide-based 

8 

 

Rucaparib 
 

 

PARP1: 

Ki = 1.4 nmol/L  

8 
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9 

 

AG14361 
 

 

PARP1: Ki < 5 

nmol/L 

PARP1:  

IC50 = 29 nmol/L 

9 

Type 3: tricyclic indole carboxamide-based 

10 

Olaparib 

  

PARP1: 

IC50 = 5 nmol/L 

PARP2: 

IC50 = 1 nmol/L 

 

10 

11 

 

AZD-2461 

 

 

PARP1:  

IC50 = 5 nmol/L 

PARP2:  

IC50 = 2 nmol/L 

PARP3: 

IC50 = 200 nmol/L 

11 

12 

PARP-2-IN-1 
 

 

PARP2: 

IC50 = 11.5nmol/L 

12 

Type 4: phthalazine ketones 

13 

  

 

PARP1:  

IC50 = 0.57 nmol/L 

13 

14 

 

E7449 
 

 

PARP1: 

IC50 = 2 nmol/L 

PARP2: 

IC50 = 1 nmol/L 

14 

15 

 

Pamiparib 

 

 

PARP1:  

IC50 = 0.9 nmol/L 

PARP2:  

IC50 = 0.5 nmol/L 

15 

Type 5: isoindolinone-based 
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16 

 

NMS-P118  

 

HeLa cell: 

PARP1:  

IC50 = 0.04 μmol/L 

16 

Type 6: benzofuran-based 

17 

  

 

PARP1: 

IC50 = 3.2 nmol/L 

17 

Type 7: nicotinamide oximes 

18 

 

BGP-15 
 

 

IC50 = 120 μmol/L, 

Ki = 57 μmol/L 

18 

Others 

19 

 

UPF 1069 

 
 

PARP1: 

IC50 = 8 μmol/L 

PARP2:  

IC50 = 0.3 μmol/L 

19 

20 

 
  

PARP2:  

IC50 = 32 μmol/L 

20 

21 

 

ME0328 

 

 

ARTD1/PARP1: 

IC50 = 6.3 μmol/L 

ARTD2/PARP2: 

IC50 = 10.8 μmol/L 

ARTD3/PARP3: 

IC50 = 0.89 μmol/L 

21 

22 

AZ6102 

 

 

PARP1: 

IC50 = 2 μmol/L 

PARP2: 

IC50 = 0.5 μmol/L 

22 
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Table S2 71 BRD4 inhibitors. 

No. structure Core Fragment IC50 & Target Ref. 

Type 1: triazoloazepine 

1 

 

(+)-JQ1 

 

 

 

BRD4(1): IC50 = 

77 nmol/L; 

BRD4(2): IC50 = 

33 nmol/L   

1 

2 

 

CPI-0610 

 
 

BRD4-BD1: IC50 

= 39 nmol/L   

 

2 

3 

 

 

 

BRD4(1): IC50 = 

10 nmol/L; 

MV4-11 cell: 

IC50 = 80 nmol/L   

 

3 

4 

 

 

 

BRD4(1): IC50 = 

20 nmol/L   

 

4 

5 

 
 

 

BRD4(1): IC50 = 

20 nmol/L; 

MYC: IC50 = 32 

nmol/L 

 

5 

6 

  

 
 

BRD4(1): IC50 = 

77 nmol/L; 

BRD4(2): IC50 = 

33 nmol/L 

 

6 

Type 2: triazoloazepines-based 
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7 

 

I-BET-762 

 
 

BRD4: IC50 = 35 

nmol/L 

7,8 

8 

 

OTX015 
 

 

BRD2, BRD3, 

BRD4: EC50 = 

10‒19 nmol/L 

9 

9 

 

MS417 

  

BRD4-BD1: IC50 

= 30 nmol/L; 

BRD4-BD2: IC50 

= 46 nmol/L; 

BRD4-BD1: Kd 

= 36.1 nmol/L; 

BRD4-BD2: Kd 

=25.4 nmol/L 

10 

11 

 

CPI-203 

 
 

BRD4: IC50=37 

nmol/L   

11 

Type 3: isoxazole-based 

12 

 

I-BET-151 

 
 

BRD2: IC50 = 0.5 

μmol/L; BRD3: 

IC50 = 0.25 

μmol/L; BRD4: 

IC50 = 0.79 

μmol/L 

12,13 

 

13 

 

 

 

Lymphoma cell 

4: IC50 < 0.2 

μmol/L 

14 
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14 

 

 
 

BRD4(1): IC50 = 

0.371 μmol/L 

15 

15 

 
  

BRD4-BD1: IC50 

= 0.5 μmol/L; 

BRD4-BD2: IC50 

= 0.5 μmol/L 

16 

16 

 

 

 

BRD4-BD2: Ki = 

3.2‒24.7 nmol/L,  

Kd = 670 nmol/L 

17 

17 

 

CD161 

 

 

BRD4(1): Ki = 

8.2 nmol/L; 

BRD4(2): Ki = 

1.4 nmol/L 

18 

18 

PLX51107  

 

BRD4(1): Kd = 

1.7 nmol/L; 

BRD4(2): Kd = 

6.1 nmol/L 

19 

19 

  
 

BRD4-BD1: Ki= 

0.5 ± 0.2 nmol/L; 

BRD4-BD2: 

Ki=1.0 ± 0.1 

nmol/L 

20 

20 

 
 

 

BRD4-BD1: IC50 

= 70 nmol/L 

21 
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21 

 

ZEN-3411 

  

BRD4(BD1): 

IC50=0.03 μmol/L; 

BRD4(BD2): 

IC50=0.05 μmol/L;  

BRD4: IC50= 0.06 

μmol/L  

21 

22 

 

 
 

BRD4-BD1: 

IC50=82 nmol/L; 

C4-2B cell: 

IC50=0.84 

μmol/L 

22 

23 

 

Y06137 

 

 

BRD4(1): Kd = 

81 nmol/L 

22 

24 

 

Y06036 

 

 

BRD4(BD1): Kd 

= 82 nmol/L 

22 

25 

 

ZEN-3862 

 

 

BRD4-BD1: 

IC50=0.16 μmol/L 

BRD4-BD2: 

IC50=0.13 μmol/L 

23 

 

26 

 

BET-IN-4 

 

 

BRD4: IC50 < 1 

μmol/L  

 

24 

27 

  

CF53 

 

 

BRD4(BD1): Ki 

< 1 nmol/L; 

BRD4(BD1): 

IC50 = 2 nmol/L; 

BRD4(BD1): Kd 

= 2.2 nmol/L; 

BRD4(BD2): Kd 

= 0.8 nmol/L  

25 
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Type 4: pyridines-based 

28 

 

 

 

BRD2/4/T: Ki = 

1‒2.2 nmol/L;  

BRD3: Ki = 12.2 

nmol/L  

26 

39 

 

 

 

BRD4(BD1): Ki 

= 1.1 nmol/L; 

BRD4(BD2): Ki 

= 2.1 nmol/L;  

EC50 = 16 

nmol/L 

27 

30 

 
 

 

BRD4: Ki = 8.9 

nmol/L; MX-1: 

EC50 = 33 

nmol/L 

 

28 

31 

 
  

BRD4(1): 

IC50 = 12 nmol/L 

29 

32 

 

 

 

BRD4: Ki = 13 

nmol/L; MX-1: 

EC50 = 47 

nmol/L 

 

30 

33 

 
 

 

BRD4(1): IC50 = 

2.0 nmol/L; 

MV4-11: EC50 = 

8.0 nmol/L 

31 

34 

GNE-207 

  

CBP: IC50 = 1 

nmol/L; 

BRD4(1): IC50 = 

3.1 μmol/L  

32 

35 

BRD4 Inhibitor-10 

  

BRD4(BD1): 

IC50 = 8 nmol/L 

33 
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36 

 
  

BRD4(1): IC50 = 

1.3 nmol/L  

33 

37 

 

 

 

BRD4(1): Ki = 

1.1 nmol/L; 

BRD4(2): Ki = 

2.2 nmol/L; 

MX-1: EC50 = 10 

nmol/L 

34 

Type 5: quinolines-based 

38 

 

Rvx-208 

 
 

BRD4(BD1): 

IC50 = 87 μmol/L 

BRD4(BD2): 

IC50=0.51 

μmol/L 

35 

39 

 

FL-411 
  

BRD4(1): IC50 = 

0.43 μmol/L  

36 

40 

 

 
 

BRD4: IC50 = 

0.22 μmol/L 

37 

41 

 

I-BET726 
 

 

BRD4: IC50 = 22 

nmol/L; BRD3: 

IC50 = 31 

nmol/L; BRD2: 

IC50 = 41 nmol/L 

38 

 

 

42 

 

 
 

BRD4(1): IC50 < 

100 nmol/L; 

BRD4(2): IC50 < 

50 nmol/L 

39 

43 

 
 

 

BRD4(2): IC50 < 

100 nmol/L 

39 
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44 

 

 

 

BRD4(1): IC50 = 

20 nmol/L; 

BRD4(2): IC50 = 

45 nmol/L 

40 

45 

 

ABBV-075 

 

 

BET: IC50 = 1.5 

nmol/L 

41 

46 

 

 

 

BRD4(BD1): 

IC50 = 1 nmol/L 

42 

47 

 

Bi-2536 

 

 

PLK1: IC50 = 

0.83 nmol/L; 

BRD4: IC50 = 25 

nmol/L  

43 

48 

 

 

 

BRD4(BD1): 

IC50 = 1 nmol/L 

44 

49 

 

 

 

BRD4(BD1): 

IC50 = 3 nmol/L 

45 

Type 6: triazolopyridine-based 
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50 

 

 

 

BRD4: IC50 < 11 

nmol/L; 

MV4-11: GI50 = 

0.1 nmol/L 

46 

51 

 
  

BRD4: IC50 =1.7 

nmol/L 

47 

52 

Bromosporine 

 

 

BRD2: IC50 = 

410 nmol/L; 

BRD4: IC50 =  

290 nmol/L 

 

48 

53 

diazene 

 

 

BRD4(BD1): 

IC50 = 27 nmol/L 

BRD4(BD2): 

IC50 = 32 nmol/L 

49 

54 

MS436 
  

BRD4: Ki = 30‒

50 nmol/L 

50 

 

55 

ZL0454 

 

 

BRD4(BD1): 

IC50 = 49 nmol/L 

BRD4(BD2): 

IC50 = 32 nmol/L 

51 

Type 7: 4-acyl pyrrole-based 

56 

 

 

 

BRD4(BD1): 

IC50 = 15 nmol/L 

BRD4(BD2): 

IC50 = 43 nmol/L 

52 

57 

 
 

 

BRD4(1): Kd = 

237 nmol/L 

 

53 
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58 

 

  

BRD4(1): Ki = 

38 nmol/L; 

BRD4(2): Ki = 

225 nmol/L; 

MX-1: EC50 = 

433 nmol/L 

54 

Type 8: 2-thiazolidinone-based 

59 

  

 

BRD4(BD1): 

IC50 = 0.79 

μmol/L 

 

55 

60 

 
 

 

BRD4(1):  

IC50 = 2.33 

μmol/L 

 

56 

 Others 

61 

 

 
 

BRD4(1): IC50 = 

5.0 μmol/L; 

BRD2/3: 

IC50 > 50 μmol/L 

Jurkat T cell:  

EC50 =27 μmol/L 

56 

62 

  
 

BRD4(1): 

IC50 = 10nmol/L; 

Ki = 2.3 nmol/L 

57 

63 

TPOP146  

 

BRD4(BD1): 

IC50 = 52 nmol/L 

58 

64 

 

SF2523 

  

BRD4: IC50 = 5.02 

μmol/L; CBP: IC50 

= 134 nmol/L 

59 
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65 

GNE-049 

 

 

PI3Kα: IC50 = 34 

nmol/L; PI3Kγ: 

IC50 = 158 

nmol/L; 

BRD4(BD1): 

IC50 =241 

nmol/L; mTOR: 

IC50 = 280 

nmol/L  

60 

66 

 
 

 

BRD4(BD1): 

IC50 = 4.2 

μmol/L; BRET: 

IC50 = 12 nmol/L 

61 

67 

 

 
 

BRD4: IC50 = 13 

μmol/L; EP300: 

IC50=0.03 

μmol/L 

62 

68 

 

  

BRD4(BD1): Ki 

= 77 nmol/L; 

BRD4(BD2): Ki 

= 718 nmol/L 

63 

69 

 
 

 

BRD4(1): IC50 = 

410 nmol/L; 

BRD4(1): Kd = 

130 nmol/L 

 

64 

70 

 

BMS-986158 

 
 

BRD4(1): Ki = 

110 nmol/L; 

BRDT(1): Ki = 

200 nmol/L 

65 

71 

 

 

 

BRD4(1): Ki = 

155 nmol/L 

 

66 
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2. NMR spectra 
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1H NMR Spectrum of Compound 5a 

 

13C NMR Spectrum of Compound 5a 
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1H NMR Spectrum of Compound 5b 
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1H NMR Spectrum of Compound 5c 
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1H NMR Spectrum of Compound 5d 

 

13C NMR Spectrum of Compound 5d 

 



S35 
 

 

1H NMR Spectrum of Compound 5e 
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1H NMR Spectrum of Compound 5f 
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1H NMR Spectrum of Compound 5g 
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1H NMR Spectrum of Compound 5h 
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1H NMR Spectrum of Compound 5i 
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1H NMR Spectrum of Compound 5j 
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1H NMR Spectrum of Compound 5k  

 

13C NMR Spectrum of Compound 5k  
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1H NMR Spectrum of Compound 11a 
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1H NMR Spectrum of Compound 11b 
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1H NMR Spectrum of Compound 11c 
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1H NMR Spectrum of Compound 11d 
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1H NMR Spectrum of Compound 11e 
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1H NMR Spectrum of Compound 15a 
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1H NMR Spectrum of Compound 15b 
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1H NMR Spectrum of Compound 15c 
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1H NMR Spectrum of Compound 15d 
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1H NMR Spectrum of Compound 19a 
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1H NMR Spectrum of Compound 19b 

 

13C NMR Spectrum of Compound 19b 
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1H NMR Spectrum of Compound 19c 
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1H NMR Spectrum of Compound 19d 

 

 

 

13C NMR Spectrum of Compound 19d 



S55 
 

 

1H NMR Spectrum of Compound 19e 
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1H NMR Spectrum of Compound 19f 
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1H NMR Spectrum of Compound 19g 
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1H NMR Spectrum of Compound 19h 
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1H NMR Spectrum of Compound 19i 
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1H NMR Spectrum of Compound 19j 
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1H NMR Spectrum of Compound 19k 
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1H NMR Spectrum of Compound 19l 
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1H NMR Spectrum of Compound 19m 
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1H NMR Spectrum of Compound 19n 
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1H NMR Spectrum of Compound 19o 
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1H NMR Spectrum of Compound 19p 
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1H NMR Spectrum of Compound 19q 
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1H NMR Spectrum of Compound 19r 
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1H NMR Spectrum of Compound 19s 
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1H NMR Spectrum of Compound 19t 
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1H NMR Spectrum of Compound 19u 

 

13C NMR Spectrum of Compound 19u 
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1H NMR Spectrum of Compound 19v 

 

13C NMR Spectrum of Compound 19v 
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3. Representative HPLC traces of biologically tested compounds 
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compound 5b 
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compound 5c 

 

compound 5e 
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compound 5k 

 

 

compound 5i 
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compound 5g 

 

compound 11b  
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compound 15a  
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compound 19q 
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compound 19s 
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4. HRMS spectra 
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compound 5b 
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06-Oct-201916:51:08

m/z
300 305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400

%

0

100

191006_5C 4 (0.068) Cm (3:23) TOF MS ES+ 
3.21e4348.0960

326.1137

315.1112

311.1038302.0938

316.1141

318.0599

329.1268

340.1305

330.1298

334.1160

341.1315

349.1002

380.1223350.1096

360.3252

353.2678

358.1430

364.0721

371.0957
377.1660

381.2976

396.0970394.1389385.2172

386.2181
398.2391

06-Oct-201916:53:43

m/z
225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325

%

0

100

191006_5D 18 (0.308) Cm (3:23) TOF MS ES+ 
1.27e4288.0752

266.0933

263.0927

250.1791
238.1248228.1276 240.1049 252.1401

267.0970

280.1090268.1057

278.0881 282.2041

315.1111

289.0787

290.0895

304.0493

302.0936291.0947 306.0611

320.1029

323.1471



S87 
 

 

compound 5g 

 

 

compound 5h 
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compound 5i 
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375 380 385 390 395 400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475

%

0

100

191006_11C 3 (0.051) Cm (3:24) TOF MS ES+ 
2.16e4425.1591

403.1771

399.1451378.2056 394.2462381.2963 391.2865

404.1808

422.1465

405.1849

413.2689 415.1293

441.1324426.1631

427.1701

435.2039

457.1845442.1348

443.1413

449.2176
457.0967 473.1637462.2239

471.2021

06-Oct-201917:07:12

m/z
400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500

%

0

100

191006_11B 6 (0.103) Cm (3:23) TOF MS ES+ 
1.06e4449.2191

437.1928413.2535405.0552 423.2222 435.2616 442.2304

471.2007

450.2217

463.1994
451.2269

452.2281 457.2540
464.2028

472.2063

487.1769

485.1821473.2127

481.2471
474.2195

488.1829

489.1764 495.2138



S91 
 

compound 11e 

 

 

compound 15a 

 

 

14-May-202010:54:05

m/z
400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500

%

0

100

200514_11E 13 (0.222) Cm (1:23) TOF MS ES+ 
6.05e3433.1877

430.2407403.1830 416.2239
407.1765 427.1809

434.1907

455.1690

435.1935

436.1925 453.1656441.1479

471.1455

456.1725

457.1739 462.2381

472.1444

473.1417 479.2143
488.3835 490.2032

06-Oct-201917:14:21

m/z
450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535 540 545 550

%

0

100

191006_15A 24 (0.410) Cm (2:24) TOF MS ES+ 
9.78e3481.1886

455.1628
464.2275 471.1200

480.9822

503.1715

482.1930

500.1594

483.1974

484.1954
492.1656 497.1833

504.1750

519.1458

505.1833

506.1897
513.2140

535.1993

520.1502

527.4222

540.2388

541.2424
551.1713

542.2595



S92 
 

compound 15b 

 

 

compound 15c 

 

 

06-Oct-201917:17:50

m/z
400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500

%

0

100

191006_15D 12 (0.205) Cm (3:24) TOF MS ES+ 
7.13e4443.1492

421.1677

417.1334
413.2656408.2978

422.1714

440.1370
423.1767

437.1972
432.1475

444.1536

445.1606

459.1250

446.1652
453.1842

475.1780

460.1284
473.1632 480.2166

491.1554482.2260 493.1652

06-Oct-201917:19:44

m/z
485 490 495 500 505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585

%

0

100

191006_15E 17 (0.291) Cm (3:24) TOF MS ES+ 
9.71e4541.1227

519.1408

506.1568489.1147
503.1780

499.1886 508.1245
518.7227

520.1443

538.1102

521.1497

533.1623525.1642

542.1264

543.1340
557.0982

545.1525
555.1447

573.1491

558.1022 563.1076

567.1469

575.1449
580.1889



S93 
 

compound 15d 

 

 

compound 15e 

 

 

 

14-May-202010:58:03

m/z
425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525

%

0

100

200514_15D_2 24 (0.410) Cm (1:24) TOF MS ES+ 
4.53e3481.1015

459.1189

455.1703433.1877430.2542 437.1972 444.1215

460.1207

462.1404 469.0880 480.7054

483.1158

497.0746484.1415

485.1454
492.1779

499.0855

506.1479

500.0950 507.1357
522.1135513.1755

06-Oct-201917:16:06

m/z
400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500

%

0

100

191006_15C 23 (0.393) Cm (3:23) TOF MS ES+ 
2.51e4473.1604

451.1783

405.2837

405.0595
437.1971

425.1636406.2874
413.2132 429.2170

443.2148

452.1821

470.1479
453.1842

454.1902
462.1587

465.1843

474.1637

489.1359

475.1717

477.1915

481.1894
483.1952

490.1387

499.1767
497.1408



S94 
 

 

compound 19a 

 

 

compound 19b 

 

28-Mar-201913:30:06

m/z
450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535 540 545 550

%

0

100

190328_A5 4 (0.068) Cm (4:23) TOF MS ES+ 
1.78e4518.1093

496.1270

481.1139
479.1074469.0242453.0829 461.2184 483.1127 495.8242

498.1340

499.1366

500.1410

501.1444 516.1014

507.1050 509.6119

520.1153

521.1171

522.1208

534.0820

523.1229

524.1121
528.1097

536.0875

550.0580
538.1011

542.1225

06-Oct-201917:38:53

m/z
475 480 485 490 495 500 505 510 515 520 525 530 535 540 545 550 555 560 565 570 575

%

0

100

191006_19P 4 (0.068) Cm (3:23) TOF MS ES+ 
2.27e4532.1255

510.1434

490.1615

487.3588481.2721

491.1627
496.1187 503.1085

512.1443

513.1464
530.1185

514.1736
528.1353

534.1277

548.0989

535.1314

536.1382

537.1379

564.1503

550.1006

551.1059

554.1161

566.1476

567.1526
572.0778



S95 
 

compound 19c 

 

 

compound 19d 

 

06-Oct-201917:40:22

m/z
475 480 485 490 495 500 505 510 515 520 525 530 535 540 545 550 555 560 565 570 575

%

0

100

191006_19Q 4 (0.068) Cm (2:24) TOF MS ES+ 
1.34e4546.1411

524.1586

490.1712

481.1042 487.3539

512.1559
510.1465504.1243

491.1796 516.1057 519.1328

526.1574

527.1611
544.1336

532.1227

534.1263

548.1425

562.1143

549.1437

550.1516

551.1478 556.1839

564.1182

569.2019

570.1975

28-Mar-201913:36:51

m/z
425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525

%

0

100

190328_A14 22 (0.376) Cm (4:24) TOF MS ES+ 
3.88e3462.1664

447.1588

425.1392
441.1454

430.8847
449.2224

453.2041

484.1489

463.1649

464.1721

469.1436

478.3307470.1354

485.1542

490.1971

518.1113
500.1247

496.1275
512.1888501.1345

520.1156

521.1173



S96 
 

compound 19e 

 

 

compound 19f 

 

 

06-Oct-201917:41:55

m/z
500 505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600

%

0

100

191006_19R 4 (0.068) Cm (3:23) TOF MS ES+ 
1.67e4560.1561

538.1744

533.2115

518.1605512.1498503.1036 527.4160

540.1744

541.1765

558.1478

546.1454 550.1513

562.1597

592.1819576.1302563.1624

564.1677

565.1634 570.2048

578.1352

579.1381

582.1428

594.1821

595.1840

28-Mar-201913:34:32

m/z
450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535 540 545 550

%

0

100

190328_A6 4 (0.068) Cm (2:24) TOF MS ES+ 
8.35e3490.1974

464.1986453.2257
461.1304 489.9474

473.1848
477.1599

512.1801

491.2002

492.2005

493.2098 498.1611
509.1768

513.1819

528.1581
518.1152

520.1032 529.1602 544.1440534.0957 546.1514



S97 
 

compound 19g 

 

 

compound 19j 

 

 

06-Oct-201917:24:29

m/z
485 490 495 500 505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585

%

0

100

191006_19C 5 (0.086) Cm (5:23) TOF MS ES+ 
8.79e3522.1873

519.1393496.1396
487.3534 490.3275

507.2592503.3332 509.2946

544.1708

523.1902

524.1971
541.1387

527.4231 531.3892

546.1821

560.1454

547.1853

548.1885

557.1002

576.1940

562.1556

563.1607 575.4118

578.2006

581.2198

06-Oct-201917:26:01

m/z
485 490 495 500 505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585

%

0

100

191006_19F 6 (0.103) Cm (4:23) TOF MS ES+ 
6.65e3520.1828

487.1677
489.0978

519.1324
503.1313497.2433 505.1574

542.1650

521.1862

522.1893

539.1515523.1922

527.4312 534.1899

543.1680
558.1414

544.1716

545.1703

553.4586

567.1959559.1391

560.1424

561.1246

574.1878

569.2117 579.2274
581.2097



S98 
 

compound 19k  

 

 

compound 19l 

 
 

 

06-Oct-201917:27:48

m/z
415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505 510 515

%

0

100

191006_19G 4 (0.068) Cm (3:23) TOF MS ES+ 
6.83e3460.1607

437.1965
432.1576

427.1534425.1335

453.1746448.2921

444.2205 457.1609

461.1655

482.1451

462.1640

479.1309463.1896 469.1339

498.1187

483.1484

490.3189
499.1217

509.1471503.3253 514.1536

14-May-202011:10:12

m/z
450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535 540 545 550

%

0

100

200514_19L 15 (0.257) Cm (1:24) TOF MS ES+ 
1.35e4478.1529

453.1727

455.1712
460.2513 473.1675471.1487

500.1349

479.1563

488.1955

483.1365

496.1299

489.1946

490.1693

501.1377
516.1108

505.1243

510.1737

518.1096

521.1058 534.0894526.1481 536.0814 549.1899541.2792



S99 
 

compound 19m 

 

 

compound 19n 

 

06-Oct-201917:29:39

m/z
450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535 540 545 550

%

0

100

191006_19I 8 (0.137) Cm (5:23) TOF MS ES+ 
3.82e3487.1988

460.1566453.1685
473.2022

461.1495 482.1499

488.2011

509.1789

489.2076

503.2375490.2173
501.2318

525.1522511.1916

513.2098 519.2231

514.1908

541.2103

527.1783

541.1779533.2358

542.2014
547.1685

28-Mar-201913:42:45

m/z
475 480 485 490 495 500 505 510 515 520 525 530 535 540 545 550 555 560 565 570 575

%

0

100

190328_A19 12 (0.205) Cm (3:24) TOF MS ES+ 
909519.1877

485.1828

481.2545

481.2226

486.1866
518.0981

496.1311490.1919 507.2845
501.1468 517.1127

541.1710

520.1867

521.1915

533.2092
525.3138 535.1849

545.2032

567.1993546.2125
557.1537

547.2318
567.1648

568.1909
573.1108



S100 
 

 

compound 19o 

 

 

compound 19p 

 

 

06-Oct-201917:31:35

m/z
400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500

%

0

100

191006_19K 3 (0.051) Cm (2:23) TOF MS ES+ 
1.37e4459.1668

427.1595

405.1764

406.1827
413.2637

426.0978421.1789

443.1343

428.1643

437.1953

432.2068 438.1908

448.2939

453.1726

454.1690

460.1693

487.1971481.1485

461.1664

470.4953467.2304
475.1899

497.1262
488.2018

490.3206

06-Oct-201917:33:45

m/z
450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535 540 545 550

%

0

100

191006_19L 22 (0.376) Cm (2:24) TOF MS ES+ 
1.97e4500.1339

478.1524

459.1663

453.1744

460.1694

467.2307

461.1692
468.2307 473.1661

481.1492

483.1473

487.1981
497.1298

487.3571

501.1384

505.1179 516.1110

513.1755

527.4212
522.1834 541.1279

532.1572

537.1573

544.1713

545.1765



S101 
 

compound 19q 

 

 

compound 19r 

 

06-Oct-201917:35:24

m/z
450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535 540 545 550

%

0

100

191006_19N 14 (0.239) Cm (3:24) TOF MS ES+ 
1.14e5490.1720

462.1681

457.1562
463.1713

467.2293 481.1581
473.1437

487.3577

512.1561

491.1766

509.1451492.1804

504.1919493.1812

513.1597

528.1318

514.1649
526.1732

515.1692

529.1381

530.1370 549.2246544.1802542.1478

06-Oct-201917:37:15

m/z
450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535 540 545 550

%

0

100

191006_19O 23 (0.393) Cm (2:24) TOF MS ES+ 
4.91e4516.1047

494.1234

490.1726

466.1181453.1789 461.1035 468.1183 487.3594479.0932

496.1217

497.1246
515.0822

498.1248 503.3326

532.0803

518.1041

519.1066

528.1299
520.1102

534.0790

535.0822

548.1316
540.0681



S102 
 

compound 19t 

 

 

06-Oct-201917:45:02

m/z
425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525

%

0

100

191006_19T 5 (0.086) Cm (3:24) TOF MS ES+ 
5.51e3462.1620

437.1940

429.1751

429.0876 435.1310

453.1697

438.1859

445.1348
447.2714

456.4363

484.1437

463.1640

464.1703

468.4747 477.1806
475.2933

512.5012

485.1460

500.1158

490.1714

496.5091

509.1427501.1364

502.1247

513.5024

516.1705

517.1572
525.1268


