
S1 
 

Supporting Information 

Synthesis and Mechanism Studies of 1,3-Benzoazolyl Substitued Pyrrolo[2,3-b]pyrazine 

Derivatives as Non-intercalative Topoisomerase II Catalytic Inhibitors 

 
Peng-Hui Li, Ping Zeng, Shuo-Bin Chen, Pei-Fen Yao, Yan-Wen Mai, Jia-Heng Tan, Tian-Miao Ou, 

Shi-Liang Huang*, Ding Li, Liang-Quan Gu, Zhi-Shu Huang* 

 

School of Pharmaceutical Sciences, Sun Yat-sen University, Guangzhou, 510006, China 

 

* To whom correspondence should be addressed. Phone: 8620-39943056. Fax: 8620-39943056. 

E-mail: ceshzs@mail.sysu.edu.cn. 

 

 

Contents 

 Figure S1. Topo I-mediated DNA relaxation assay                                    S2 

 Figure S2. EB displacement assay                                                S3 

 Figure S3. UV-vis titration assay                                                  S4 

 1H NMR spectra - 13C NMR spectra- HPLC spectra – HRMS spectra of target compounds     S5-S92 

 References                                                                    S93 

 



S2 
 

Topo I–midated DNA relaxation assay. Topo I–midated DNA relaxation assay was 

performed to test whether BPPs act as a dual inhibitor of Topo I and Topo II. 1, 2 The result was 

presented at Figure S1. All of the synthesized compounds had no Topo I inhibitory activity at 50 

μM. 

 

Figure S1. Topo I inhibitory activity of BPPs. (A), (B) and (C) lane D: pBR322 DNA; lane T: pBR322 DNA 

+ Topo I; lane C: pBR322 DNA + Topo I + Camptothecin (100 μM) other lanes: pBR322 DNA + Topo I + 

BPPs (50 μM). 
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EB displacement assay. The ability of 3t to interact with DNA was also confirmed by 

fluorescence-based EB displacement assay (Figure S2). The DNA bound form of EB has a 

stronger fluorescence emission than free EB, so the displacement of EB from DNA could be 

monitored by a decrease in the fluorescence signal.6 As expected, the addition of the DNA 

intercalator mAMSA was accompanied by a concomitant decrease in EB fluorescence (Figure 

S2A). In contrast, the addition of increasing concentration of 3t did not alter the intensity of EB 

fluorescence (Figure S2B), indicating that 3t was incapable of intercalating into DNA. 

 

 

Figure S2. (A) and (B) pBR322 DNA (20 nM) was incubated in the presence of EB (2.5 μM). Arrow indicates 

the fluorescence intensity change upon increasing concentrations of mAMSA (A) or 3t (B). 
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UV-vis titration assay. UV-vis titration was employed to measure the binding affinity of 

BPPs to CT-DNA. Generally, interaction between compounds and DNA would result in 

hypochromic effect and red shifts in the absorption spectrum due to the strong stacking 

interaction between the aromatic chromophore of the compounds and the base pair of DNA, and 

the electron transfer effect in the process.3, 4 As showed in Figure S3A, with the increasing 

addition of CT-DNA to compound 3t resulted in a hypochromic effect, but without an obvious 

red shifts, which was different from the classical intercalation interaction. The apparent binding 

constant (Kb) to CT-DNA was determined to be 2.8×105 M-1 (Figure S3B), means that BPPs 

showed weak interaction with CT-DNA. This is consistent with the results obtained from the 

unwinding assay. 

 

 

Figure S3. (A) Absorption spectra of compound 3t upon addition of CT-DNA. [Compound 3t] = 5 μM, 

[DNA] = 0 – 50 μM. Arrow indicates the absorption change upon increasing amount of CT-DNA. (B) Graph 

shows the plot of [DNA]/ (ε a – ε f) versus [DNA]. 
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1H NMR, 13C NMR, HRMS, and HPLC analysis of compounds. 

 

 
1H NMR (400 MHz, DMSO-d6) of 3a 

 
13C NMR (100 MHz, DMSO-d6) of 3a 
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HPLC spectrum of 3a 

 

HRMS spectrum of 3a 
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1H NMR (400 MHz, DMSO-d6) of 3b 

 
13C NMR (100 MHz, DMSO-d6) of 3b 

 



S8 
 

 

HPLC spectrum of 3b 

 

HRMS spectrum of 3b 
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1H NMR (400 MHz, DMSO-d6) of 3c 

 
13C NMR (100 MHz, DMSO-d6) of 3c 
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HPLC spectrum of 3c 

 

HRMS spectrum of 3c 
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1H NMR (400 MHz, DMSO-d6) of 3d 

 
13C NMR (100 MHz, DMSO-d6) of 3d 
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HPLC spectrum of 3d 

 

HRMS spectrum of 3d 
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1H NMR (400 MHz, DMSO-d6) of 3e 

 
13C NMR (100 MHz, DMSO-d6) of 3e 
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HPLC spectrum of 3e 

 

HRMS spectrum of 3e 
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1H NMR (400 MHz, DMSO-d6) of 3f 

 

13C NMR (100 MHz, DMSO-d6) of 3f 
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HPLC spectrum of 3f 

 

HRMS spectrum of 3f 
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1H NMR (400 MHz, DMSO-d6) of 3g 

 
13C NMR (100 MHz, DMSO-d6) of 3g 
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HPLC spectrum of 3g 

 

HRMS spectrum of 3g 
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1H NMR (400 MHz, DMSO-d6) of 3h 

 
13C NMR (100 MHz, DMSO-d6) of 3h 
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HPLC spectrum of 3h 

 

HRMS spectrum of 3h 
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1H NMR (400 MHz, DMSO-d6) of 3i 

 
13C NMR (100 MHz, DMSO-d6) of 3i 
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HPLC spectrum of 3i 

 

HRMS spectrum of 3i 
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1H NMR (400 MHz, DMSO-d6) of 3j 

 
13C NMR (100 MHz, DMSO-d6) of 3j 
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HPLC spectrum of 3j 

 

HRMS spectrum of 3j 
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1H NMR (400 MHz, DMSO-d6) of 3k 

 
13C NMR (100 MHz, DMSO-d6) of 3k 
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HPLC spectrum of 3k 

 

HRMS spectrum of 3k 
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1H NMR (400 MHz, DMSO-d6) of 3l 

 
13C NMR (100 MHz, DMSO-d6) of 3l 
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HPLC spectrum of 3l 

 

HRMS spectrum of 3l 
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1H NMR (400 MHz, DMSO-d6) of 3m 

 
13C NMR (100 MHz, DMSO-d6) of 3m 



S30 
 

 

HPLC spectrum of 3m 

 

HRMS spectrum of 3m 
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1H NMR (400 MHz, DMSO-d6) of 3n 

 
13C NMR (100 MHz, DMSO-d6) of 3n 
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HPLC spectrum of 3n 

 

HRMS spectrum of 3n 
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1H NMR (400 MHz, DMSO-d6) of 3o 

 
13C NMR (100 MHz, DMSO-d6) of 3o 
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HPLC spectrum of 3o 

 

HRMS spectrum of 3o 
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1H NMR (400 MHz, DMSO-d6) of 3p 

 
13C NMR (100 MHz, DMSO-d6) of 3p 
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HPLC spectrum of 3p 

 

HRMS spectrum of 3p 
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1H NMR (400 MHz, DMSO-d6) of 3q 

 
13C NMR (100 MHz, DMSO-d6) of 3q 
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HPLC spectrum of 3q 

 

HRMS spectrum of 3q 
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1H NMR (400 MHz, DMSO-d6) of 3r 

 
13C NMR (100 MHz, DMSO-d6) of 3r 
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HPLC spectrum of 3r 

 

HRMS spectrum of 3r 
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1H NMR (400 MHz, DMSO-d6) of 3s 

 
13C NMR (100 MHz, DMSO-d6) of 3s 
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HPLC spectrum of 3s 

 

HRMS spectrum of 3s 

 

 



S43 
 

 
1H NMR (400 MHz, DMSO-d6) of 3t 

 
13C NMR (100 MHz, DMSO-d6) of 3t 
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HPLC spectrum of 3t 

 

HRMS spectrum of 3t 
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H NMR (400 MHz, DMSO-d6) of 3u 

 
13C NMR (100 MHz, DMSO-d6) of 3u 
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HPLC spectrum of 3u 

 

HRMS spectrum of 3u 
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1H NMR (400 MHz, CDCl3) of 3v 

 13C NMR (100 MHz, DMSO-d6) of 3v 
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HPLC spectrum of 3v 

 

 
HRMS spectrum of 3v 
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1H NMR (400 MHz, CDCl3) of 3w 

 

13C NMR (100 MHz, DMSO-d6) of 3w 
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HPLC spectrum of 3w 

 

HRMS spectrum of 3w 
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1H NMR (400 MHz, CDCl3) of 4m 

 

 
13C NMR (100 MHz, DMSO-d6) of 4m 
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HPLC spectrum of 4m 

 

HRMS spectrum of 4m 
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1H NMR (400 MHz, DMSO-d6) of 4s 

 
13C NMR (100 MHz, DMSO-d6) of 4s 
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HPLC spectrum of 4s 

 

HRMS spectrum of 4s 
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1H NMR (400 MHz, CDCl3) of 4t 

 

 
13C NMR (100 MHz, DMSO-d6) of 4t 
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HPLC spectrum of 4t 

 

HRMS spectrum of 4t 
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1H NMR (400 MHz, DMSO-d6) of 4u 

 
13C NMR (100 MHz, DMSO-d6) of 4u 
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1H NMR (400 MHz, DMSO-d6) of 4u 

 

HRMS spectrum of 4u 
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1H NMR (400 MHz, DMSO-d6) of 5m 

 
13C NMR (100 MHz, DMSO-d6) of 5m 
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HPLC spectrum of 5m 

 

HRMS spectrum of 5m 
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1H NMR (400 MHz, DMSO-d6) of 5c 

 
13C NMR (100 MHz, DMSO-d6) of 5c 
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HPLC spectrum of 5c 

 

HRMS spectrum of 5c 
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1H NMR (400 MHz, DMSO-d6) of 5t 

 
13C NMR (100 MHz, DMSO-d6) of 5t 
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HPLC spectrum of 5t 

 

HRMS spectrum of 5t 
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1H NMR (400 MHz, DMSO-d6) of 6c 

 
13C NMR (100 MHz, DMSO-d6) of 6c 
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HPLC spectrum of 6c 

 

HRMS spectrum of 6c 
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1H NMR (400 MHz, DMSO-d6) of 6d 

 

 
13C NMR (100 MHz, DMSO-d6) of 6d 
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HPLC spectrum of 6d 

 

HRMS spectrum of 6d 
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1H NMR (400 MHz, DMSO-d6) of 6m 

 
13C NMR (100 MHz, DMSO-d6) of 6m 
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HPLC spectrum of 6m 

 

HRMS spectrum of 6m 
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1H NMR (400 MHz, DMSO-d6) of 6n 

 
13C NMR (100 MHz, DMSO-d6) of 6n 
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HPLC spectrum of 6n 

 

HRMS spectrum of 6n 
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1H NMR (400 MHz, DMSO-d6) of 6t 

 
13C NMR (100 MHz, DMSO-d6) of 6t 
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HPLC spectrum of 6t 

 

HRMS spectrum of 6t 
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1H NMR (400 MHz, DMSO-d6) of 6u 

 
13C NMR (100 MHz, DMSO-d6) of 6u 
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HPLC spectrum of 6u 

 
 

HRMS spectrum of 6u 
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1H NMR (400 MHz, DMSO-d6) of 7c 

 
13C NMR (100 MHz, DMSO-d6) of 7c 
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HPLC spectrum of 7c 

 

HRMS spectrum of 7c 
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1H NMR (400 MHz, DMSO-d6) of 7d 

 
 

 
13C NMR (100 MHz, DMSO-d6) of 7d 
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HPLC spectrum of 7d 

 

 

HRMS spectrum of 7d 
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1H NMR (400 MHz, DMSO-d6) of 7m 

 
13C NMR (100 MHz, DMSO-d6) of 7m 
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HPLC spectrum of 7m 

 

HRMS spectrum of 7m 
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1H NMR (400 MHz, DMSO-d6) of 7n 

 
13C NMR (100 MHz, DMSO-d6) of 7n 
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HPLC spectrum of 7n 

 

HRMS spectrum of 7n 
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1H NMR (400 MHz, DMSO-d6) of 7t 

 
13C NMR (100 MHz, DMSO-d6) of 7t 
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HPLC spectrum of 7t 

 

HRMS spectrum of 7t 
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1H NMR (400 MHz, DMSO-d6) of 7u 

 
13C NMR (100 MHz, DMSO-d6) of 7u 
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HPLC spectrum of 7u 

 
 

HRMS spectrum of 7u 
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1H NMR (400 MHz, DMSO-d6) of 8t 

 

13C NMR (100 MHz, DMSO-d6) of 8t 
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HPLC spectrum of 8t 

 

HRMS spectrum of 8t 
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1H NMR (400 MHz, DMSO-d6) of 8u 

 
13C NMR (100 MHz, DMSO-d6) of 8u 
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HPLC spectrum of 8u 

 

HRMS spectrum of 8u 
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