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Methods:

Synthesis

General information: All reagents and solvents used were of commercial quality and obtained
from Aldrich Chemical Co. and used as received. 'H and 3C NMR spectra were recorded in either
DMSO-ds, chloroform-d, D2O, or methanol-d4, with a Bruker spectrometer using the solvent as
the reference. Chemical shifts are given in parts per million (ppm). Filtrations were performed by
aid of reduced pressure. Evaporation of solvents was performed using a Biichi RE 121 rotary
evaporator. Chromatographic purifications were performed on a CombiFlash Rf+ automated
chromatography system (Teledyne Isco). Purity was assessed on a Waters UPLC with a QDa
detector. High resolution mass spectrometry was performed with a Bruker micrOTOF-Q IlI.
Berberine chloride (B), chelerythrine chloride (C), and 6-methoxy-1-tetralone (1) were purchased
from Aldrich Chemical Co. and used as received. Compounds B9 [1], B10 [2], B11 [2], 2 [3], 4
[4], 6 [4], 8 [4], 10 [4], and 12 [4] were all synthesized according to their literature procedures,
and NMR data were in agreement with those reported [1-4].

Assignment of 'H NMR signals was based on the numbering systems for berberine and

chelerythrine shown in Figure S1 below [5,6].

Figure S1: Numbering system for berberine and chelerythrine variants.

3,10-Dimethoxy-5,6-dihydroisoquinolino[3,2-a]isoquinolin-7-ium chloride (B1): Toa 100 mL
round-bottomed flask was added 1.22 mL (10 mmol) m-anisaldehyde and 30 mL of
dichloromethane (DCM). To this was added 1.46 mL (10 mmol) 3-methoxyphenethylamine, and
the reaction mixture was refluxed for 90 min with vigorous stirring. The reaction mixture was then
cooled to room temperature, and the solvent was removed under vacuum. The crude oil was
redissolved in 30 mL of methanol, and cooled to 0 °C with an ice bath for 5 min. To this was added
761 mg (20 mmol) NaBH, portion-wise over 5 min. The reaction mixture was allowed to come to

room temperature, and stirred for an additional 2 h. After this time, the solvent was removed under
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vacuum and the residue was treated with 50 mL of ethyl acetate and 20 mL of 0.1 M aqueous
sodium carbonate. The layers were separated with a separatory funnel, and the organic layer was
rinsed twice with brine. The organic layer was then dried with anhydrous sodium sulfate, filtered,
and the solvent removed under vacuum. To the remaining oil was added 30 mL of formic acid,
2.9 g of a 40% (w/w) glyoxal solution (20 mmol glyoxal), and 3.2 g (20 mmol) anhydrous CuSOa.
The reaction mixture was stirred at 80 °C for 4 h, then cooled, treated with a large excess of CaO,
filtered, and the formic acid removed under vacuum. The orange slurry was treated with 5 mL of
a 3 M methanolic HCI solution and cooled in an ice bath, producing a bright yellow solid. The
solid was isolated by filtration, and rinsed with a small amount of ice-cold methanol. After drying
in a vacuum desiccator, 2.03 g (62%) of B1 was recovered. MP = 215 °C (dec.) *H NMR (400
MHz, DMSO-ds) 6(ppm) = 9.76 (s; 1H, H-8), 8.97 (s; 1H, H-13), 8.21 (d, J = 9.2Hz; 1H, H-12),
8.16 (d, J = 8.4Hz; 1H, H-11), 7.86-7.83 (dd, J = 9.2Hz, 2.4Hz; 1H, H-1), 7.74 (d, = 1.6Hz; 1H,
H-9), 7.15-7.12 (dd, J = 8.8Hz, 2.4Hz; 1H, H-2), 7.10 (d, J = 2Hz; 1H, H-4), 4.89 (t, J = 6Hz; 2H,
H-6), 4.01 (s; 3H, OCH3), 3.89 (s; 3H, OCH3), 3.29 (t, J = 6.4Hz; 2H, H-5). 13C NMR (100 MHz,
DMSO-dg) 6(ppm) = 162.1, 160.4, 148.1, 138.8, 137.5, 135.0, 130.2, 129.5, 128.2, 127.8, 120.5,
120.1, 114.9, 113.7, 106.8, 56.6, 56.1, 55.6, 27.1. HRMS-ESI (m/z) [M]+ calc. for (C1gH1sNO2)*
292.1332; found 292.1332.
11-Fluoro-13-hydroxy-3,10-dimethoxy-5,6-dihydroisoquinolino[3,2-a]isoquinolin-7-ium
chloride (B2): This compound was prepared through an analogous procedure as described for B1,
starting with 1.54 g (10 mmol) 4-fluoro-3-methoxybenzaldehyde, 1.46 mL (10 mmol) 3-
methoxyphenethylamine, and 760 mg (20 mmol) NaBHa4. After cyclization with glyoxal as
described previously, precipitation of the yellow product with methanolic HCI, and drying under
vacuum, 1.92 g (53%) of B2 was recovered. MP = 223 °C (dec.). ‘HNMR (400MHz, DMSO-ds)
d (ppm) = 8.90 (d, J = 9.6Hz; 1H, H-8), 8.66 (s; 1H, H-9), 8.17 (d, J = 12Hz; 1H, H-12), 7.70 (d,
J=8.4Hz; 1H, H-1), 6.97 (s; 1H, H-4), 6.96 (d, J = 4.4Hz; 1H, H-2), 4.67 (t, J = 6Hz; 2H, H-6),
4.02 (s; 3H, OCHa), 3.84 (s; 3H, OCH3), 3.15 (t, J=6Hz; 2H, H-5). 13C NMR (100 MHz, DMSO-
ds) 8(ppm) = 164.4, 158.3, 155.5, 152.9, 149.9, 135.3, 130.8, 129.2, 125.9, 123.3, 121.2, 112.7,
111.9, 110.1, 108.4, 56.7, 56.4, 55.6, 28.4. HRMS-ESI (m/z) [M]+ calc. for (C1oH17FNO3)*
326.1187; found 326.1177.
9-Fluoro-3,10-dimethoxy-5,6-dihydroisoquinolino[3,2-a]isoquinolin-7-ium chloride (B3) and
9-fluoro-13-hydroxy-3,10-dimethoxy-5,6-dihydroisoquinolino[3,2-a]isoquinolin-7-ium
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chloride (B4): This synthesis was carried out by an analogous method as described for B1, starting
with 154 g (10 mmol) 2-fluoro-3-methoxybenzaldehyde, 1.46 mL (10 mmol) 3-
methoxyphenethylamine, and 762 mg (20 mmol) NaBHs. Cyclization with glyoxal as described
previously and precipitation of the yellow product with methanolic HCI resulted in a roughly 1:1
ratio of B3:B4, as determined by NMR. The two products were chromatographically separated on
a CombiFlash Rf+ using a pre-packed silica column, and initially eluting with a 95:5 DCM/MeOH
mobile phase, followed by a 9:1 DCM/MeOH (0.5% NH3) mobile phase. Pooling and evaporating
fractions containing the second column component provided 1.07 g (31%) of B3 after drying under
vacuum. MP = 286 °C (dec.). 'HNMR (400MHz, CD30D) & (ppm) = 9.85 (s; 1H, H-8), 8.84 (s;
1H, H-13), 8.19-8.10 (m; 3H, H-11 & H-12 & H-1), 7.13-7.10 (dd, J = 6Hz, 2.8Hz; 1H, H-2), 7.05
(d, J = 2.4Hz; 1H, H-4), 4.97 (t, J = 6.4Hz; 2H, H-6), 4.16 (s; 3H, OCH3), 3.92 (s; 3H, OCHy),
3.35 (t, J = 6.4Hz; 2H, H-5). 1*C NMR (100 MHz, CD30D) &(ppm) = 162.8, 147.4, 146.1, 143.1,
139.5,137.0, 133.4,127.7, 127.5,124.3,119.9, 119.2, 117.9, 114.5, 112.9, 56.9, 55.9, 54.8, 26.9.
HRMS-ESI (m/z) [M]+ calc. for (C19H17FNO2)* 310.1238; found 310.1245.

Pooling and evaporating fractions containing the first column component provided 1.18 g (33%)
of B4 after drying under vacuum. MP = 204 °C (dec.). 'THNMR (400MHz, CD30D) & (ppm) =
9.42 (s; 1H, H-8), 8.52 (d, J = 8.8Hz; 1H, H-12), 8.33 (d, J = 9.6Hz; 1H, H-1), 8.11 (t, J = 8.4Hz;
1H, H-11), 7.06 (d, J = 2.8Hz; 1H, H-2), 7.03 (s; 1H, H-4), 4.86 (t, J = 6Hz; 2H, H-6), 4.15 (s;
3H, OCHa), 3.91 (s; 3H, OCHa), 3.26 (t, J = 6Hz; 2H, H-5). *C NMR (100 MHz, DMSO-ds)
d(ppm) = 160.5, 151.6, 146.0, 144.6, 138.4,132.7,131.4,126.9, 126.0, 124.3,121.3, 119.6, 118.3,
113.3, 113.1, 57.8, 57.0, 55.9, 27.8. HRMS-ESI (m/z) [M]+ calc. for (C19H17FNO3)* 326.1187;
found 326.1184.

Optimized conditions  for  the  synthesis of  9-fluoro-3,10-dimethoxy-5,6-
dihydroisoquinolino[3,2-a]isoquinolin-7-ium chloride (B3): The reductive amination to the
secondary amine was achieved exactly as before, using 1.54 g (10 mmol) 2-fluoro-3-
methoxybenzaldehyde, 1.46 mL (10 mmol) 3-methoxyphenethylamine, and 760 mg (20 mmol)
NaBH4. However, after the crude oil was dissolved in 30 mL formic acid, it was first heated to
80 °C with the 2.9 g of a 40% (w/w) glyoxal solution (20 mmol glyoxal) for 90 min, to initiate
cyclization prior to the addition of CuSO4. After the initial 90 min of heating, 1.6 g (10 mmol)
anhydrous CuSO4 was added, and the reaction continued with stirring at 80 °C for an additional

2.5 h. Work-up proceeded as before, with addition of excess CaO, filtration, removal of formic

S4



acid under vacuum, and treatment with cold methanolic HCI. This resulted in almost exclusively
B3, which was further purified on a CombiFlash Rf+ eluting with a 9:1 DCM/MeOH (0.5% NH5)
mobile phase. After pooling and evaporating fractions, 2.04 g (59%) of B3 was isolated and was
spectroscopically identical to that prepared as described above.
3,10,11-Trimethoxy-5,6-dihydroisoquinolino[3,2-a]isoquinolin-7-ium chloride (B5) and 13-
hydroxy-3,10,11-trimethoxy-5,6-dihydroisoquinolino[3,2-a]isoquinolin-7-ium chloride (B6):
This synthesis was carried out by an analogous method as described for B1, starting with 831 mg
(5 mmol) 3,4-dimethoxybenzaldehyde, 0.73 mL (5 mmol) 3-methoxyphenethylamine, and 380 mg
(10 mmol) NaBH4. Cyclization with glyoxal as described previously and precipitation of the
yellow product with methanolic HCI resulted in a roughly 9:1 ratio of B5/B6, as determined by
NMR. The two products were chromatographically separated on a CombiFlash Rf+ using a pre-
packed silica column, and initially eluting with 95:5 DCM/MeOH mobile phase, followed by a 9:1
DCM/MeOH (0.5% NHs) mobile phase. Pooling and evaporating fractions containing the second
column component provided 1.10 g (62%) of B5 after drying under vacuum. MP = 212 °C (dec.).
The collected spectral data was consistent with that reported from an alternative synthesis of this
compound [7].

Pooling and evaporating fractions containing the first column component provided 130 mg (7%)
of B6 after drying under vacuum. MP = 232 °C (dec.). 'HNMR (400MHz, CD30OD) § (ppm) =
9.08 (d, J = 8.8Hz; 1H, H-8), 8.19 (s; 1H, H-12), 7.82 (s; 1H, H-1), 7.28 (s; 1H, H-9), 6.94-6.92
(dd, J = 6Hz, 2.8Hz; 1H, H-2), 6.87 (d, J = 2.8Hz; 1H, H-4), 4.59 (t, J = 6Hz; 2H, H-6), 4.04 (s;
3H, OCHz3), 3.98 (s; 3H, OCHs3), 3.85 (s; 3H, OCHs3), 3.14 (t, J = 6.4Hz; 2H, H-5). °C NMR (100
MHz, CD30D) &(ppm) = 161.3, 159.2, 154.2, 152.2, 135.7, 132.1, 129.7, 126.5, 124.9, 123.2,
122.1,112.1, 111.6, 105.1, 102.5, 56.2, 55.2, 55.1, 54.4, 28.4. HRMS-ESI (m/z) [M]+ calc. for
(C20H20NO4)* 338.1387; found 338.1391.
2,3,10-Trimethoxy-5,6-dihydroisoquinolino[3,2-a]isoquinolin-7-ium chloride (B7): This
compound was synthesized in an analogous way to the optimized method described for B3, starting
with 0.36 mL (3 mmol) m-anisaldehyde, 0.51 mL (3 mmol) 3,4-dimethoxyphenethylamine, and
227 mg (6 mmol) NaBH4. The secondary amine was heated to 80 °C in 10 mL formic acid with
870 mg of 40% (w/w) glyoxal solution (6 mmol glyoxal) for 90 min, and then 479 mg (3 mmol)
CuSO4 was added and the reaction maintained at 80 °C for an additional 2.5 h. Work-up proceeded

as before, with addition of excess CaO, filtration, removal of formic acid under vacuum, and
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treatment with cold methanolic HCI. After filtration and drying under vacuum, 612 mg (57%) of
B7 was isolated. MP = 280 °C (dec.). ‘HNMR (400MHz, DMSO-ds) & (ppm) = 9.77 (s; 1H, H-8),
9.04 (s; 1H, H-13), 8.20 (d, J = 9.2Hz; 1H, H-12), 7.88-7.85 (dd, J = 6.4Hz, 2.4Hz; 1H, H-11),
7.76 (d, J = 2.4Hz; 1H, H-9), 7.73 (s; 1H, H-1), 7.12 (s; 1H, H-4), 4.87 (t,J = 6Hz; 2H, H-6), 4.01
(s; 3H, OCHs3), 3.95 (s; 3H, OCHs3), 3.88 (s; 3H, OCH3), 3.25 (t, J = 6.4Hz; 2H, H-5). 13C NMR
(100 MHz, DMSO-dg) 8(ppm) = 160.4, 152.1, 149.2, 148.3, 138.8, 134.9, 130.3, 129.4, 129.0,
127.7,120.6,119.4, 111.8, 109.3, 106.9, 56.7, 56.6, 56.3, 55.9, 26.4. HRMS-ESI (m/z) [M]+ calc.
for (C20H20NO3)* 322.1438; found 322.1431.
2,3,10,11-Tetramethoxy-5,6-dihydroisoquinolino[3,2-a]isoquinolin-7-ium chloride (B8): This
compound was synthesized in an analogous way to the optimized method described for B3 and
B7, starting with 332 mg (2 mmol) 3,4-dimethoxybenzaldehyde, 0.34 mL (2 mmol) 3,4-
dimethoxyphenethylamine, and 152 mg (4 mmol) NaBH4. The secondary amine was heated to
80 °C in 10 mL formic acid with 580 mg of 40% (w/w) glyoxal solution (4 mmol glyoxal) for
90 min, and then 320 mg (2 mmol) CuSO4 was added and the reaction maintained at 80 °C for an
additional 2.5 h. Work-up proceeded as before, with addition of excess CaO, filtration, removal of
formic acid under vacuum, and treatment with cold methanolic HCI. After filtration and drying
under vacuum, 395 mg (51%) of B8 was isolated. MP = 221 °C (dec.). (lit. 220-222 °C) [8]. The
collected spectral data was consistent with that reported in an alternative synthesis of the
compound [7].
1-(9,10-Dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinolin-8-
yl)propan-2-one (B9): This compound was synthesized according to its literature procedure, and
the spectral data was in agreement with those reported [1].
9,10-Dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-a]isoquinoline  (B10):
This compound was synthesized according to its literature procedure, and the spectral data was in
agreement with those reported [2].
9,10-Dimethoxy-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo[4,5-g]isoquinolino[3,2-
aJisoquinoline (B11): This compound was synthesized according to its literature procedure, and
the spectral data was in agreement with those reported [2].
N-(3-Methoxybenzyl)-2-(3-methoxyphenyl)-N,N-dimethylethan-1-aminium iodide (B12):
The initial reductive amination step was performed exactly as described for the first stage of

preparation of B1, using 1.22 mL (10 mmol) m-anisaldehyde, 1.45 mL (10 mmol) 3-
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methoxyphenethylamine, and 760 mg (20 mmol) NaBHa4. The crude oil of the secondary amine
was dissolved in 30 mL acetonitrile, followed by addition of 2.7 g (20 mmol) K>COz and 6 mL
(96 mmol) iodomethane. After stirring at 50 °C for 5 h the reaction mixture was concentrated under
vacuum and then suspended in 20 mL of ice-cold diethyl ether and filtered. The isolated solid was
dissolved in a 9:1 mixture of CHCIls/MeOH and the insoluble K.CO3 was removed by filtration.
Evaporation of the filtrate under vacuum provided 4.14 g (97%) of the quaternary ammonium
compound B12. MP = 176 °C. 'HNMR (400MHz, D20) & (ppm) = 7.51 (t, J = 7.6Hz; 1H, Ar-H),
7.38 (t, J = 7.6Hz; 1H, Ar-H), 7.21 (d, J = 8.4Hz; 2H, Ar-H), 7.14 (s; 1H, Ar-H), 6.99-6.95 (m;
3H, Ar-H), 4.56 (s; 2H, Ar-CHz-N), 3.86 (s; 3H, OCH3), 3.85 (s; 3H, OCH3), 3.57-3.53 (m; 2H,
N-CHy), 3.26-3.21 (m; 2H, Ar-CH>), 3.14 (s; 6H, 2x N*-CH3). 13C NMR (100 MHz, DMSO-de)
d(ppm) = 159.9, 159.8, 138.3, 130.5, 130.2, 129.8, 125.5, 121.6, 119.1, 116.2, 115.2, 113.0, 66.6,
64.6, 55.9, 55.7, 49.9, 28.7. HRMS-ESI (m/z) [M]+ calc. for (C19H26NO2)* 300.1958; found
300.1959.

N-(3-Methoxybenzyl)-2-(3-methoxyphenyl)ethan-1-aminium chloride (B13): The initial
reductive amination step was performed exactly as described for B1 and B12, using 1.22 mL
(10 mmol) m-anisaldehyde, 1.45 mL (10 mmol) 3-methoxyphenethylamine, and 760 mg
(20 mmol) NaBHa. The crude oil of the secondary amine was dissolved in 15 mL of ethyl acetate
and after cooling in an ice-bath the solution was treated dropwise with 12 M HCI, resulting in a
thick suspension. The solid was isolated by filtration and rinsed with 20 mL ice-cold diethyl ether.
Drying the solid in a vacuum desiccator provided 2.83 g (92%) of B13. MP = 131 °C. HNMR
(400MHz, D20) 6 (ppm) = 7.45 (t, J = 8Hz; 1H, Ar-H), 7.37 (t, J = 8Hz; 1H, Ar-H), 7.12-7.06
(m; 2H, Ar-H), 7.03 (t, J = 2.1Hz; 1H, Ar-H), 6.97-6.93 (td, J = 7.4Hz, 2.6Hz; 2H, Ar-H), 6.88 (t,
J =1.9Hz; 1H, Ar-H), 4.23 (s; 2H, Ar-CH2-N), 3.86 (s; 3H, OCH3), 3.84 (s; 3H, OCH3), 3.34 (t,
J = 7.6Hz; 2H, N-CHy), 3.03 (t, J = 7.6Hz; 2H, Ar-CHy). 23C NMR (100 MHz, D;0) 8(ppm) =
159.3,159.2,138.2, 132.1, 130.6, 130.3, 122.4,121.5, 115.2, 115.1, 114.4,112.9, 55.4, 55.3, 50.7,
475, 31.5. HRMS-ESI (m/z) [M]+ calc. for (C17H22NO2)* 272.1645; found 272.1644.
3,10-Dimethoxy-5,8-dihydro-6H-isoquinolino[3,2-a]isoquinoline (B14): To a 25 mL round-
bottomed flask was added 370 mg (1.13 mmol) B1 and 414 mg (3 mmol) K>CO3, followed by
14 mL methanol, and the solution was stirred at room temperature. Separately, 46 mg (1.25 mmol)
NaBH, was dissolved in 0.5 mL of 1 M aqueous NaOH and this was added dropwise to the stirred

solution of B1 from above. The reaction was allowed to proceed for 30 min at room temperature,
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and then the solid was collected by filtration. The precipitate was washed with 15 mL DI water,
followed by 5 mL of methanol. After drying in a vacuum desiccator 200 mg (60%) of B14 was
isolated. MP = 143 °C (dec.). HNMR (400MHz, CDCls) & (ppm) = 7.66 (d, J = 8.8Hz; 1H, H-
12), 6.95 (d, J = 8.4Hz; 1H, H-1), 6.80-6.77 (dd, J = 6Hz, 2.8Hz; 1H, H-11), 6.74-6.71 (dd, J =
6Hz, 2.4Hz; 1H, H-1), 6.64-6.62 (m; 2H, H-9 & H-4), 6.08 (s; 1H, H-13), 4.21 (s; 2H, Ar-CH,-
N), 3.82 (s; 3H, OCHj3), 3.79 (s; 3H, OCHg), 3.14 (t, J = 5.6Hz; 2H, H-6), 2.95 (t, J = 5.6Hz; 2H,
H-5). 3C NMR (100 MHz, CDCl3) &(ppm) = 158.9, 157.4, 141.4, 135.6, 129.4, 127.8, 125.3,
124.2,123.7,113.0, 112.8, 112.4, 111.1, 96.1, 55.43, 55.38, 55.29, 49.0, 30.1. HRMS-ESI (m/z)
[M+H]+ calc. for (C10H20NO2)*294.1489; found 294.1487.
6,7-Dimethoxy-3,4-dihydronaphthalen-1(2H)-one (2): This compound was synthesized
according to its literature procedure, and spectral data was in agreement with those reported [3].
2,2-Dibromo-6-methoxy-3,4-dihydronaphthalen-1(2H)-one (3): A solution of 4.67 mL
(91 mmol) of bromine in 20 mL of chloroform was added dropwise over the course of 1 h via an
addition funnel to a solution of 7.6 g (43 mmol) of 6-methoxy-1-tetralone (1) in 40 mL of
chloroform. The reaction was shielded from light with aluminum foil and left to stir overnight at
room temperature. The reaction contents were transferred to a separatory funnel and rinsed three
times with a 0.1 M aqueous NaHCO3 solution. The organic layer was dried with anhydrous
MgSOs, filtered, and evaporation of the solvent yielded 13.36 g (93%) of 3. MP =84 °C (lit. 85 °C
[9]). The collected NMR data was consistent with that reported from an alternative synthesis of
this compound [9].

2,2-Dibromo-6,7-dimethoxy-3,4-dihydronaphthalen-1(2H)-one (4): This compound was
synthesized according to its literature procedure, and the spectral data was in agreement with those
reported [4].

2-Bromo-6-methoxynaphthalen-1-ol (5): A solution of 13 g (39 mmol) of 3 in 270 mL of
acetonitrile was stirred for 15 min at 45 °C under N2. Then, 8.9 mL (60 mmol) of 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (DBU) was added and the reaction mixture was left to stir for 1 h
at 45 °C under N2. The reaction was quenched with 200 mL of 1 M HCI and the product was
extracted twice into dichloromethane (2 x 300 mL). The combined organic layer was dried with
MgSOs, filtered, and the solvent evaporated under vacuum. The crude product was purified via

column chromatography (1:1 hexane/ethyl acetate) to provide 6.61 g (67%) of 5. MP = 86 °C (lit.
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86 °C [9]). The collected NMR data was consistent with that reported from an alternative synthesis
of this compound [9].

2-Bromo-6,7-dimethoxynaphthalen-1-ol (6): This compound was synthesized according to its
literature procedure, and the spectral data was in agreement with those reported [4].
N-(2-Bromo-6-methoxynaphthalen-1-yl)-2-hydroxy-2-methylpropanamide (7): To a stirred
solution of 6.5 g (26 mmol) of 5 in 45 mL of dimethylethyleneurea (DMEU) was added 5 g
(225 mmol) of finely powdered NaOH, and the solution was stirred for 15 min at room
temperature. To this was added 11.8 g (71 mmol) of 2-bromo-2-methylpropionamide and the
mixture was stirred for 4 h at room temperature, at which point TLC showed complete
disappearance of the starting material. An additional 1 g (25 mmol) of powdered NaOH was added
and the reaction mixture was heated to 100 °C to initiate the Smiles rearrangement. After being
maintained at 100 °C for 3 h the reaction mixture was cooled to room temperature and added to
150 mL of DI water, followed by addition of 25 mL of 6 M HCI to neutralize the excess NaOH.
The suspension was maintained in an ice bath for 1 h, at which point the solid product was collected
by filtration and washed several times with water. Drying the product overnight in a vacuum oven
over P,Os provided 6.24 g (71% over two steps) of 7. MP = 221 °C. THNMR (400MHz, CDCls) &
(ppm) = 8.48 (s; NH), 7.68 (d, J = 9.6Hz; 1H), 7.59 (d, J = 8.8Hz; 1H), 7.54 (d, J = 8.8Hz; 1H),
7.18-7.15 (dd, J = 6.8Hz, 2.4Hz; 1H), 7.09 (d, J = 2.4; 1H), 3.90 (s; 3H), 2.6-2.4 (br, OH), 1.67
(s; 6H). 13C NMR (100 MHz, CDCls) 8(ppm) = 175.3, 158.0, 134.5, 131.2, 129.9, 127.7, 126.7,
125.2,119.9, 117.0, 106.1, 74.4, 55.4, 28.0. HRMS-ESI (m/z) [M+H]+ calc. for (C15H17BrNO3)*
338.0386; found 338.0385.
N-(2-Bromo-6,7-dimethoxynaphthalen-1-yl)-2-hydroxy-2-methylpropanamide (8): This
compound was synthesized according to its literature procedure, and the spectral data was in
agreement with those reported [4].

2-Bromo-6-methoxynaphthalen-1-amine (9): To a solution of 2.5 g (7.4 mmol) of 7 in 25 mL
of methanol was added 50 mL of 60 wt % aqueous NaOH and the reaction mixture was refluxed
for 2 days. The mixture was added to 120 mL of DI water and cooled in an ice bath, and then
extracted with ethyl acetate (4 x 150 mL). The pooled organic layers were dried with anhydrous
Na>SOs, filtered, and the solvent removed under vacuum. The residue was purified by column
chromatography (7:3 hexane/ethyl acetate) to provide 1.04 g (56%) of 9. MP = 111 °C. *HNMR
(400MHz, CDCl3) & (ppm) = 7.69 (d, J = 9.2Hz; 1H), 7.42 (d, J = 8.8Hz; 1H), 7.13-7.10 (dd, J =
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9.2Hz, 2.4Hz; 1H), 7.07-7.05 (m; 2H), 4.62-4.44 (br, NHy), 3.91 (s; 3H). 13C NMR (100 MHz,
CDCl3) 6(ppm) = 157.8, 139.6, 134.7, 130.4, 122.6, 119.0, 118.4, 118.0, 106.8, 102.2, 55.3.
HRMS-ESI (m/z) [M+H]+ calc. for (C1:H11BrNO)*252.0018; found 252.0020.
2-Bromo-6,7-dimethoxynaphthalen-1-amine (10): This compound was synthesized according
to its literature procedure, and the spectral data was in agreement with those reported [4].
N-(2-Bromo-6-methoxynaphthalen-1-yl)formamide (11): An acetic-formic anhydride was
generated by dropwise addition of 0.5 mL (13 mmol) of formic acid to 0.95 mL (10 mmol) of
acetic anhydride at 0 °C. The reaction mixture was gently warmed to 50 °C and left to stir for 2 h.
The reaction mixture was cooled to room temperature and diluted with 1 mL of anhydrous
tetrahydrofuran (THF). A solution of 1.0 g (4 mmol) of 9 in 8 mL of THF was added to the reaction
mixture, which was left to stir for 45 min. The volatiles were removed under vacuum and the
remaining solid was suspended in 15 mL ethyl acetate, filtered, washed with cold ethyl acetate,
and dried under vacuum to provide 1.0 g (89%) of 11, which was observed as a 4:1 ratio of
rotamers. MP =220 °C (dec.). 'HNMR (400MHz, DMSO-dg) § (ppm) = {two rotamers} [10] 10.13
(s; 1H) {10.05 minor rotamer}, 8.45 (s; NH) {8.15 minor rotamer}, 7.79 (s; 1H) {7.90 minor
rotamer}, 7.77-7.75 (m, 1H) {overlapping minor rotamer}, 7.70 (d, J = 8.8Hz; 1H) {7.75 minor
rotamer}, 7.41 (d, J = 2.4Hz; 1H) {7.42 minor rotamer}, 7.27-7.24 (dd, J = 9.2Hz, 2.4Hz; 1H)
{7.3 minor rotamer}, 3.89 (s; 3H) {3.89 minor rotamer}. 1*C NMR (100 MHz, CDCls) &(ppm) =
160.6, 158.2,134.6,132.1,130.4,128.2, 126.9, 125.9, 120.3, 117.5, 106.9, 55.9. HRMS-ESI (m/z)
[M+H]+ calc. for (C12H1:BrNO2)* 279.9968; found 279.9967.
N-(2-Bromo-6,7-dimethoxynaphthalen-1-yl)formamide (12): This compound was synthesized
according to its literature procedure, and spectral data was in agreement with those reported [4].
2,8-Dimethoxy-5-methylbenzo[c]phenanthridin-5-ium chloride (C1): The compound was
synthesized over a three-step sequence. Initially, 490 mg (1.75 mmol) of 11 was dissolved in 8 mL
of 1,2-dimethoxyethane and flushed with argon. To this was added 12 mg (0.05 mmol) of
palladium(l1) acetate and 27 mg (0.1 mmol) of triphenylphosphine, and the reaction mixture was
flushed again with argon before stirring for 10 min. Then, 2.6 mL of 2 M Na,COs was added to
the reaction mixture, and it was again flushed with argon before stirring for one hour. To the
mixture was added 425 mg (2.8 mmol) of 4-methoxyphenylboronic acid and stirring was continued
for 3 h. The reaction mixture was diluted with 20 mL of ethyl acetate, added to a separatory funnel,

and washed with 10 mL of DI water. The organic layer was then filtered through a short plug of
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SiO2, which was further eluted with additional ethyl acetate. The pooled organic filtrate was
concentrated under vacuum to provide the crude Suzuki-coupled intermediate, which was
immediately re-dissolved in 20 mL anhydrous THF, cooled to 0 °C in an ice bath, and treated with
72 mg sodium hydride (60% dispersion in mineral oil) under N». The reaction mixutre was stirred
for 20 min, and allowed to come to room temperature, before being treated with 125 uL (2 mmol)
iodomethane. This reaction mixture was stirred for 1 h before being added to 30 mL of 0.25 M
HCI and extracted with dichloromethane (2 x 100 mL). The combined organic layers were dried
with anhydrous MgSO., filtered, and the solvent removed under vacuum to give a crude
methylated formamide. This crude material was then submitted to Bischler—Napieralski
cyclization by dissolving the residue in 20 mL acetonitrile and treating with 2 mL phosphorous
oxychloride. This reaction mixture was refluxed for 2 h, at which time it was allowed to cool and
then poured into a 30 mL mixture of 0.1 M HCI and crushed ice. A bright yellow solid precipitated
upon standing for 5 min. The solid was isolated by vacuum filtration, and rinsed with ice cold
water. Chromatographic purification (95:5 DCM/MeOH) provided 101 mg (17% over three steps)
of C1. MP = 248 °C (dec.). HNMR (400MHz, CD30D) & (ppm) = 9.92 (s; 1H, H-6), 9.00 (d, J =
9.2Hz; 1H, H-10), 8.88 (d, J = 9.6Hz; 1H, H-11), 8.83 (d, J = 9.2Hz; 1H, H-4), 8.35 (d, J = 9.2Hz;
1H, H-12), 8.00-7.98 (dd, J = 6.8Hz, 2.4Hz; 1H, H-9), 7.89 (d, J = 2.8Hz; 1H, H-7), 7.72 (d, J =
2.8Hz; 1H, H-1), 7.55-7.52 (dd, J = 6.4Hz, 2.8Hz; 1H, H-3), 5.08 (s; 3H, N*-CH3), 4.11 (s; 3H,
OCHa), 4.06 (s; 3H, OCHj3). 13C NMR (100 MHz, CD30D) §(ppm) = 160.6, 159.9, 152.6, 137.3,
133.1, 131.5, 130.1, 129.8, 128.0, 125.8, 125.3, 124.7, 120.0, 118.5, 118.2, 108.8, 108.0, 55.4,
54.9, 51.8. HRMS-ESI (m/z) [M]+ calc. for (C20H1sNO2)* 304.1332; found 304.1330.

2,8,9-Trimethoxy-5-methylbenzo[c]phenanthridin-5-ium chloride (C2): This compound was
synthesized in an identical manner as that reported for C1, at the same scale, but the boronic acid
was replaced with 509 mg (2.8 mmol) 3,4-dimethoxyphenylboronic acid. After completion of the
three-step reaction sequence, precipitation from ice-cold dilute HCI, and chromatographic
purification (95:5 DCM/MeOH), 382 mg (59% over three steps) of C2 was isolated. MP = 245 °C
(dec.). (HNMR (400MHz, CD30D) & (ppm) = 9.68 (s; 1H, H-6), 8.89-8.86 (m; 2H, H-11 & H-4),
8.33-8.31 (m; 2H, H-10 & H-12), 7.84 (s; 1H, H-7), 7.72 (d, J = 2.8Hz; 1H, H-1), 7.55-7.52 (dd,
J = 6.8Hz, 2.8Hz; 1H, H-3), 5.01 (s; 3H, N*-CH3), 4.29 (s; 3H, OCHa), 4.14 (s; 3H, OCHs3), 4.08
(s; 3H, OCH3). 13C NMR (100 MHz, CD;0D) &(ppm) = 159.7, 159.1, 152.3, 149.9, 137.2, 133.1,
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132.6,130.4,128.0, 123.6,120.3,119.9, 118.1, 117.9, 108.6, 107.8, 102.0, 56.4, 55.6, 54.9, 51.1.
HRMS-ESI (m/z) [M]+ calc. for (C21H20NO3)* 334.1438; found 334.1437.
2,3,8-Trimethoxy-5-methylbenzo[c]phenanthridin-5-ium chloride (C3): This compound was
synthesized in an identical manner as that reported for C1, at the same scale, but compound 11
was replaced with 542 mg (1.75 mmol) of compound 12. After completion of the three-step
reaction sequence, precipitation from ice-cold dilute HCI, and chromatographic purification (95:5
DCM/MeOH), 168 mg (26% over three steps) of C3 was isolated. MP = 221 °C (dec.). tTHNMR
(400MHz, CD30D) & (ppm) = 9.91 (s; 1H, H-6), 8.91 (d, J = 9.2Hz; 1H, H-10), 8.66 (d, J = 8.8Hz;
1H, H-11), 8.27 (d, J = 8.8Hz; 1H, H-12), 8.16 (s; 1H, H-4) 7.95-7.92 (dd, J = 6.8Hz, 2.8Hz; 1H,
H-9), 7.88 (d, J = 2.8Hz; 1H, H-7), 7.65 (s; 1H, H-1), 5.13 (s; 3H, N*-CH3), 4.17 (s; 3H, OCHs),
4.11 (s; 3H, OCHj3), 4.09 (s; 3H, OCHg). 3C NMR (100 MHz, CD30D) &(ppm) = 160.6, 152.5
151.3, 150.0, 132.0, 131.4, 130.9, 130.1, 129.6, 125.7, 125.6, 124.7, 118.8, 117.7, 108.5, 108.2,
107.2, 55.5, 55.4, 55.2, 51.5. HRMS-ESI (m/z) [M]+ calc. for (Ca1H20NO3)* 334.1438; found
334.1439.

2,3,8,9-Tetramethoxy-5-methylbenzo[c]phenanthridin-5-ium chloride (O-methyl-
fagaronine; C4): This compound was synthesized in an identical manner as that reported for C1,
at the same scale, with the boronic acid replaced with 510 mg (2.8 mmol) 3,4-
dimethoxyphenylboronic acid and compound 11 was replaced with 541 mg (1.75 mmol) of
compound 12. After completion of the three-step reaction sequence, precipitation from ice-cold
dilute HCI, and chromatographic purification (95:5 DCM/MeOH), 336 mg (48% over three steps)
of C4 was isolated. MP > 300 °C (lit. 303 °C [11]). The collected NMR data was consistent with

that reported from an alternative synthesis of this compound [11].

X-Ray crystallography data

Crystals of variant B4 were grown via a slow vapor diffusion method, wherein a solution of B4 in
equal parts of dichloromethane and methanol was stored in a pentane vapor chamber for 24 h,
resulting in microcrystals of sufficient quality for analysis. Crystals of variant B6 resulted from a
saturated solution of B6 in methanol, which provided crystals of sufficient quality for analysis.

For B4, an arbitrary sphere of data was collected on a yellow blade-like crystal, having
approximate dimensions of 0.263 x 0.082 x 0.028 mm. For B6, an arbitrary sphere of data was

collected on a yellow rod-like crystal, having approximate dimensions of 0.253 x 0.060 x
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0.054 mm. Data were recorded on a Bruker D8 diffractometer equipped with a Bruker PHOTON-
IIT detector using a combination of ®- and ¢-scans of 0.5° at an ambient temperature of 120 K
[12].

The crystal measured for B4 was found to be a 180° rotation twin about the reciprocal [0 1 1]
direction. The twin domains refined to a 0.495:0.505 ratio.

Data were corrected for absorption and polarization effects and analyzed for space group
determination [13]. The structures were solved by iterative methods and expanded routinely [14].
The model was refined by full-matrix least-squares analysis of F2 against all reflections [15]. All
non-hydrogen atoms were refined with anisotropic atomic displacement parameters. Unless
otherwise noted, hydrogen atoms were included in calculated positions. Atomic displacement
parameters for the hydrogens were tied to the equivalent isotropic displacement parameter of the
atom to which they are bonded (Uiso(H) = 1.5Ueq(C) for methyl, 1.2Ueq(C) for all others).

The crystallographic data are summarized in Table S1. The structures were deposited to
Cambridge Crystallographic Data Center with reference CCDC numbers 2271457-2271458

Table S1. Crystal data and structure refinement for B4 and B6.

Identification code B4 B6

Empirical formula Ci19H17CIFNO3 Cs3Hs50N2O11
Formula weight 361.79 770.85
Temperature (K) 120(2) 120(2)
Wavelength (A) 1.54178 1.54178

Crystal system Triclinic Triclinic

Space group P-1 P-1

(a,A) 5.60980(10) 7.8890(2)

(b, A) 9.8461(2) 12.3476(3)

(c, A) 15.7454(3) ¢ =19.6989(5)
(a, ©) 98.5670(10) a=93.0628(9)
B, °) 99.3100(10) B=93.2269(10)
(v, ©) 105.1880(10) vy =103.6883(10)
Volume (A?) 811.37(3) 1857.00(8)

Z 2 2

Density (calculated, g.cm™) 1.481 1.379
Absorption coefficient (u, mm™) 2.352 0.817

F(000) 376 820

Crystal color, habit yellow, blade yellow, rod
Crystal size (mm®) 0.263 x 0.082 x 0.028 0.253 x 0.060 % 0.054
0 range for data collection (°) 2.903 to 69.829 2.252 t0 69.556
Index ranges -6<h<6,-11<k<11,0 9<h<9, -14<k<14,-23
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<119 <1<23
Reflections collected 5942 36516
Independent reflections 5942 [Rin = 0.000] 6808 [Rint = 0.0330]
Completeness to 0 = 67.679° 98.3 % 98.4 %
Absorption correction Semi-empirical from Numerical
equivalents

Max. and min. transmission

0.864348 and 0.756386

1.0000 and 0.8770

Refinement method

Full-matrix least-squares
on F?

Full-matrix least-squares on
F2

Data / restraints / parameters

5942/0/233

6808 /0/517

Goodness-of-fit on F?

1.048

1.052

Final R indices [[>206(1)]

R1=0.0406, wR> = 0.0955

R;=0.0351, wR2 = 0.0945

R indices (all data)

Ri=0.0487, wR> = 0.0996

Ri=0.0420, wR, =0.1003

Extinction coefficient

n/a

n/a

Largest diff. peak and hole (¢".A)

0.189 and -0.229

0.269 and -0.208

Figure S2: Asymmetric unit of B6. Atomic displacement ellipsoids depicted at 50 % probability
and hydrogen atoms are spheres of an arbitrary radius.
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Proposed mechanism for oxidative by-products
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Figure S3: Proposed mechanism explaining the formation of the over-oxidized byproducts B2,

B4, and B6. It should be noted the two benzylic-type oxidations may occur in the opposite order.

Antimicrobial disc diffusion assay

Blank antibiotic sensitivity discs (Fisher Scientific, Pittsburgh, PA, USA) were impregnated with
20 pL of a 6 mg/mL solution of the compound of interest (dissolved in methanol, dichloromethane,
or a 1:1 mixture of the solvents), resulting in 0.12 of compound per disc. Once the solvent fully
evaporated, discs were placed onto a media plate with a lawn of one of the following
microorganisms: Staphylococcus aureus, Bacillus cereus, Bacillus subtilis, Staphylococcus
epidermidis, Corynebacterium pseudodiphtheriticum, Escherichia coli, Proteus mirabilis,
Enterobacter aerogenes, Enterobacter cloacae, Saccharomyces cerevisiae, Candida albicans or
Penicillium chrysogenum (Carolina Biological Supply Company, Burlington, NC, USA). Plates
were either incubated at 37 °C (for bacteria) or at room temperature (for fungi). After 48 h of
growth, zones of inhibition were measured using a ruler for each disc, and mean zones of inhibition
in millimeters were calculated. VVancomycin, streptomycin and/or fluconazole were used as
positive controls. The solvents alone (methanol or dichloromethane) were used as negative
controls and showed no zones of inhibition. A representative result for the berberine series with

S. aureus is shown in Figure S4.
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Staphylococcus aureus
(Gram-positive bacteria)

Figure S4: A representative trial showing antimicrobial effects of berberine (B) and the berberine
variants (B1-B14) against Gram-positive S. aureus bacteria; 20 uL phytocompound treatments at
6 mg/mL were used, resulting in 0.12 mg of compound per disc. Streptomycin and vancomycin
were used as positive controls, and solvent was used as the negative control and showed no zone

of inhibition.

The statistical significance of differences in zones of inhibition was determined against five Gram-
positive bacteria along with two fungal organisms for a selection of berberine variants prepared in
methanol compared to zones of inhibition collected for original berberine. This significance in
activity between different variant treatments was assessed using a two-tailed T-test analysis, where
differences were considered statistically significant with a value of P < 0.05. This data is

summarized in Figure S5 below.
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Figure S5: Antimicrobial assay comparison of selected variants to original berberine. Mean zones

of inhibition using 0.12 mg of evaporated compound tested against 12 unique microbial species
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with the associated standard error. Vancomycin, streptomycin and/or fluconazole were used as

positive controls, and solvents were used as negative controls and showed no zones of inhibition.

As some prior publications have reported berberine zones of inhibition using solutions prepared in
DMSO, berberine and several variants were re-assessed using DMSO solutions of compounds of
interest. Like all antimicrobial assays used in this study, the respective solvent was first allowed
to fully evaporate from the disc before testing for biological activity. While most microbes showed
no difference in the inhibitory effects for compounds prepared as DMSO solutions, a fairly
pronounced improvement in activity was seen against S. aureus when using DMSO solutions of
the compounds of interest. A representative trial comparing methanol and DMSO solutions of
berberine is displayed in Figure S6, and general changes in activities for DM SO solutions of other

variants are summarized in Figure S7.

MeOH Only (-) DMSO Only (-) Berb. in MeOH Berb. in DMSO

(+)
2 il <K
b oy AR "" :4’/!:/ &R
AR, x et f ZANE M~
(o Nolia el o
AN \’v"lz LA

N

(Gram-positive bacteria)
\\,

Staphylococcus aureus

s

Figure S6: A side-by-side comparison of the difference in activity against Gram-positive S. aureus
bacteria using methanol solutions of berberine compared to DMSO solutions of berberine; 20 uL
phytocompound treatments at 6 mg/mL were used, resulting in 0.12 mg of compound per disc.
Streptomycin was used as the positive control, and both solvents were used as the negative controls

and showed no zones of inhibition.
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Figure S7: A summary of results showing a consistent improvement in potency against S. aureus
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for selected berberine variants as DMSO solutions when compared to equivalent methanol
solutions. Results from B2 illustrate that inactive variants remained inactive when dissolved in
DMSO. Mean zones of inhibition are shown with associated standard error using 20 uL sample at
6 mg/mL in their respective solvent. Streptomycin and vancomycin were used as positive controls,

and both solvents were used as the negative controls and showed no zones of inhibition.

Alkaline phosphatase analysis

Selected berberine variants (20 pL at 6 mg/mL in DMSO) were mixed with 1 mL of S. aureus
cells at a density of 1 x 108 CFU/mL. All treatments were placed in a shaking incubator (set to
200 rpm and 35 °C) overnight for ~ 18 h. The treatments were then centrifuged at 5,000 rpm for
10 min. The resulting supernatants were separated and immediately loaded into a 96-well plate.
Color control samples with the berberine variants at the same concentration but no cells were also
loaded into the wells as controls. Additionally, supernatants from microbial cells treated with the
same volumes of solvent alone were used as negative controls. The treatments were measured for
ALP content by the colorimetric Alkaline Phosphatase Assay Kit (ab83369, Abcam, Waltham,
Boston, USA) according to the manufacturer's instructions. Results were quantified using a plate
reader at 405 nm, and the ALP content normalized for the color control was calculated. The
standard deviation was calculated using Microsoft Excel by combining the variation in the color
control and experimental treatment for each treatment. Significant differences in the mean ALP
content between different treatment groups were assessed using a Mann-Whitney U Test using R-
4.2.3 for Windows, where differences were considered statistically significant with a value of P <

0.05. A summary of results from the berberine variant series is shown in Figure S6 below. A
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separate trial, focused only on comparison between berberine (B) and variant 14 (B14), showed a
more pronounced difference in extracellular protein detection, and is displayed in Figure S9.
However, the results seen in Figure S9 came from a dataset where the cell density (CFU/mL) of
S. aureus was unknown, and therefore these results were not incorporated into the summary

showed in Figure S8.
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Figure S8: Summary of ALP assay using 20 uL berberine variants (at 6 mg/mL in DMSO) with
Gram-positive S. aureus bacteria. Mean ALP enzymatic activity is shown with associated standard
deviation. Individual treatments were performed overnight (= 18 h) using 1 mL of S. aureus at a
cell density of 1 x 106 CFU/mL (1 million cells/mL).
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Figure S9: Data from two replicates of an ALP assay comparing original berberine and berberine
variant 14 (20 puL at 6 mg/mL in DMSO) with S. aureus, n =2 (mean + SD). Note: the cell density

(CFU/mL) of S. aureus for this experiment was not determined.
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Cell culture

Human T84 colon cancer cells were a generous gift from Patrice Bouyer at Valparaiso University,
obtained as originally described [16]. All cell lines were maintained and cultured at 37 °C with 5%
CO2, as detailed in [17], using advanced Dulbecco’s modified Eagle’s medium (ADMEM)
(GIBCO-BRL, Grand Island, NY, USA) supplemented with 2% fetal bovine serum (FBS), 1%
penicillin/streptomycin mixture, 1% glutamine, and 1% essential amino acids (all obtained from
Fisher Scientific, Pittsburgh, PA, USA). Cells were washed with 5 mL of sterile 1X PBS (Fisher
Scientific, Pittsburgh, PA, USA) for a 75 cm? bottle or with 2 mL for a 25 cm? bottle. To detach
the monolayer of cells from the surface, 1 mL of trypsin (Fisher Scientific, Pittsburgh, PA, USA)
was added and incubated at 37 °C for 5-10 min; to neutralize the trypsin, an equal volume of
culture media was added to the trypsin/cell mixture after transfer to a 15 mL falcon tube. Cells
were centrifuged at 1,000 rpm for 5 min at room temperature; then the supernatant (media-trypsin)
was removed, and 2—-4 mL of culture media was added to the pellet, which was carefully mixed to
resuspend. Next, a previously calculated volume of cells was added to a 75 cm? bottle with 10 mL
of culture media or to a 25 cm? bottle with 5 mL of culture media. Cells were incubated at 37 °C

with 5% CO, until they reached 90% confluency.

Variant treatments and viability assay of colon cancer cells

In 24-well plates, cells were seeded at a density of 30,000 cells per well for T84 cells. To compare
the effects of different compounds, T84 cells were treated for 1 h using 20 uL of a 6 mg/mL
solution (in either MeOH, or 1:1 MeOH/DCM) of the compound of interest for the berberine series,
and 5 puL of a 6 mg/mL solution (in MeOH) of the compound of interest for the chelerythrine
series. The same volume of the respective solvent alone was used as a negative control. Cells were
then subjected to the Vybrant MTT Cell Proliferation Assay Kit (Molecular Probes, Eugene, OR,
USA) to assess cell metabolic activity. Results were quantified using a plate reader at 570 nm, and
the mean percentage of viable cells normalized to the control (treatment with the corresponding

solvent alone) was calculated.
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Copies of 'H and '3C spectra of new compounds:

Bl variant H

—9.764
9
21

P

B1 (in DMSO-dj)

~ oy
o

-

~
©

S

N

OCH,
HyCO =N
°

—4.008
T—3.889

e
N

3.333
3.317
3.301

.
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
3 H Ee e LI
< < bt e|=e < bt @
- - ~Irl-le -l o o3| eh o
Bl variant carbon
T T T T T T T T T T T T T T T T T T T T
180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S21



Berberine variant 2 H
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