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Table S1. Optimization process table for batch synthesis, using derivative 9a as an example.

Solvent Acetone** Benzene CH3CN DMF CHCl3

Temperature*, °C 5

Yield of the target 
product, %

32 42 45 63 -

Temperature*, °C 25

Yield of the target 
product, %

24 55 55 66 15

Temperature*, °C 50

Yield of the target 
product, %

<10 34 - 30 Degradation 
of reaction 

mixture

*With further increases in reaction temperature, there is a consistent decrease in the yield of the reaction 
product. When the temperature exceeds 70°C in any solvent, the reaction mixture goes through complete 
degradation.

** In the synthesis conditions, acetone acts as a competing reagent and has the potential to substitute 
the functional group at position C-8. This substitution results in reduced yields of the desired products when 
the temperature is increased. 

The determination of temperature and solvation effects (Table S1) was conducted under batch conditions. 
Low-temperature conditions were achieved using a refrigeration chamber, and reaction temperature was 
controlled using a thermocouple. Room temperature conditions and heating were controlled using an oil bath 
with a thermocouple.

A measured amount of reduced form berberine (DHB) (1 mmol) was dissolved in 15 mL of the appropriate 
solvent (in the case of benzene, the solution needed to be heated to accelerate the dissolution process) with 
stirring. To this solution, 1 mmol of triethylamine (TEA) was added. Separately, 1 mmol of 
chloronitrobenzofurazane (NBF-Cl) was dissolved in 15 mL of chilled appropriate solvent and slowly added to 
the solution of activated form berberine (DHB) while continuously stirring. The reaction mixture was stirred in 
the dark for 2 hours. Then, the solution was separated, analyzed by 1H spectroscopy, and the product yield was 
evaluated based on the results of weighing.
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1H NMR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-phenylethan-1-one (4a) 
was obtained in CDCl3.
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COSY NMR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-phenylethan-1-one (4a) 
was obtained in CDCl3.
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13C NMR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-phenylethan-1-one (4a) 
was obtained in CDCl3.
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The high-resolution mass spectrum (HRMS) of 2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)-1-phenylethan-1-one (4a).
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ATR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-
6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-phenylethan-1-one (4a).
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UV-Vis spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-phenylethan-1-one (4a) 
dissolved in DMF (Absorbance (A), a. u.), at a concentration of 1*10-4 mol/L.
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UV-Vis spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-phenylethan-1-one (4a) 
dissolved in DMF (Transmittance (T), %), at a concentration of 1*10-4 mol/L.
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1H NMR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(p-tolyl)ethan-1-one (5a) 
was obtained in CDCl3
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13C NMR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(p-tolyl)ethan-1-one (5a) 
was obtained in CDCl3.
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The high-resolution mass spectrum (HRMS) of 2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)-1-(p-tolyl)ethan-1-one (5a).
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ATR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-
6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(p-tolyl)ethan-1-one (5a).
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UV-Vis spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(p-tolyl)ethan-1-one (5a) 
dissolved in DMF (Absorbance (A), a. u.), at a concentration of 1*10-4 mol/L.
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UV-Vis spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(p-tolyl)ethan-1-one 
(5a) dissolved in DMF (Transmittance (T), %), at a concentration of 1*10-4 mol/L.
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1H NMR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(4-methoxyphenyl)ethan-
1-one (6a) was obtained in CDCl3
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C13 NMR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(4-methoxyphenyl)ethan-
1-one (6a) was obtained in CDCl3.
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The high-resolution mass spectrum (HRMS) of 2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)-1-(4-methoxyphenyl)ethan-1-one (6a).
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ATR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-
6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(4-methoxyphenyl)ethan-1-one 
(6a).
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UV-Vis spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(4-methoxyphenyl)ethan-
1-one (6a) dissolved in DMF (Absorbance (A), a. u.), at a concentration of 1*10-4 mol/L.

200 300 400 500 600 700 800 900
0,0

0,5

1,0

1,5

2,0

Ab
so

rb
an

ce
 (A

), 
a.

 u
.

Wavelength nm.

 Pure DMF
 6A in DMF

361nm

712nm



28

UV-Vis spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(4-
methoxyphenyl)ethan-1-one (6a) dissolved in DMF (Transmittance (T), %), at a concentration 
of 1*10-4 mol/L.
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1H NMR spectrum of 1-(4-aminophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (7a) was obtained in CDCl3
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1H NMR spectrum of 1-(4-aminophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (7a) was acquired in CDCl3 with D2O.
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13C NMR spectrum of 1-(4-aminophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (7a) was obtained in CDCl3.
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The high-resolution mass spectrum (HRMS) of 1-(4-aminophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (7a).
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ATR spectrum of 1-(4-aminophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (7a).
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UV-Vis spectrum of 1-(4-aminophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (7a) dissolved in DMF (Absorbance (A), a. u.), at a 
concentration of 1*10-4 mol/L.
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UV-Vis spectrum of 1-(4-aminophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (7a) dissolved in DMF (Transmittance (T), %), at a 
concentration of 1*10-4 mol/L.
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1H NMR spectrum of 1-(4-chlorophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (8a) was obtained in CDCl3
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13C NMR spectrum of 1-(4-chlorophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (8a) was obtained in CDCl3.
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The high-resolution mass spectrum (HRMS) of 1-(4-chlorophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (8a).



40



41

ATR spectrum of 1-(4-chlorophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (8a).
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UV-Vis spectrum of 1-(4-chlorophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl) ethan-1-one (8a) dissolved in DMF (Absorbance (A), a. u.), at a 
concentration of 1*10-4 mol/L.
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UV-Vis spectrum of 1-(4-chlorophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (8a) dissolved in DMF (Transmittance (T), %), at a 
concentration of 1*10-4 mol/L.
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1H NMR spectrum of 1-(4-bromophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (9a) was obtained in CDCl3
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13C NMR spectrum of 1-(4-bromophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (9a) was obtained in CDCl3.
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The high-resolution mass spectrum (HRMS) of 1-(4-bromophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (9a).
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ATR spectrum of 1-(4-bromophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (9a).
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UV-Vis spectrum of 1-(4-bromophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (9a) dissolved in DMF (Absorbance (A), a. u.), at a 
concentration of 1*10-4 mol/L.
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UV-Vis spectrum of 1-(4-bromophenyl)-2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)ethan-1-one (9a) dissolved in DMF (Transmittance (T), %), at a 
concentration of 1*10-4 mol/L.
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1H NMR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(4-nitrophenyl)ethan-1-
one (10a) was obtained in CDCl3
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13C NMR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(4-nitrophenyl)ethan-1-
one (10a) was obtained in CDCl3.
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The high-resolution mass spectrum (HRMS) of 2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)-1-(4-nitrophenyl)ethan-1-one (10a).
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ATR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-
6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(4-nitrophenyl)ethan-1-one (10a).
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UV-Vis spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(4-nitrophenyl)ethan-1-
one (10a) dissolved in DMF (Absorbance (A), a. u.), at a concentration of 1*10-4 mol/L.
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UV-Vis spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(4-nitrophenyl)ethan-1-
one (10a) dissolved in DMF (Transmittance (T), %), at a concentration of 1*10-4 mol/L.
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1H NMR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(pyridin-4-yl)ethan-1-one 
(11a) was obtained in CDCl3
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13C NMR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(pyridin-4-yl)ethan-1-one 
(11a) was obtained in CDCl3.
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The high-resolution mass spectrum (HRMS) of 2-(9,10-dimethoxy-13-(7-
nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
a]isoquinolin-8-yl)-1-(pyridin-4-yl)ethan-1-one (11a).
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ATR spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-dihydro-
6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(pyridin-4-yl)ethan-1-one (11a).
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UV-Vis spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(pyridin-4-yl)ethan-1-one 
(11a) dissolved in DMF (Absorbance (A), a. u.), at a concentration of 1*10-4 mol/L.
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UV-Vis spectrum of 2-(9,10-dimethoxy-13-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-yl)-1-(pyridin-4-yl)ethan-1-
one (11a) dissolved in DMF (Transmittance (T), %), at a concentration of 1*10-4 mol/L.
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