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Abstract: The glucose consumption activity of 9-substitued analogues of berberine was evaluated in L6
myotubes. It was found that the introduction of an ethoxy group on the 9-position of berberine was beneficial
for the activity. 9-Ethoxy berberine analogue 2a exhibited superior activity to berberine in multiple dose levels,
and the activity of 2a was 5.4 times as high as that of berberine at the dose of 1.25 pmol-L ™. At the meantime,
the potency on AMPK activation of 2a was 2.8 times of that of berberine at the dose of 10 umol-L™".  Therefore,

the compound 2a is a promising scaffold for further modification.
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Scheme 1l Synthetic routes of target compounds. BBR: Berberine
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Figure 1 Compound 2a showed a stronger activity on glucose
consumption than BBR in vitro. After differentiation, L6
myotubes were treated with compound 2a and BBR at the
indicated dosage for 48 h independently.  Glucose consumption
was calculated as follows: glucose level in medium of cells
treated with compound 2a or BBR minus the level of cells treated
with vehicle (DMSO). n=4, x+s. 'P<0.05 ~P<0.01,
""P<0.001 vs that of BBR
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Table1l Physical propertiesand spectra data of compounds

'H NMR BC NMR HR-ESI-MS (m/2)
Compd. mp/C Formula
(400 MHz, DMSO-ds) 6 (126 MHz, DMSO-dg) ¢ Calcd.
Found
2a  220-222 9.74 (s, 1H), 8.92 (s, 1H), 8.19 (d, J = 9.2 Hz, 1H), 7.97 (d, J = 151.0, 150.2, 148.1, 145.9, 143.0, 137.9, [M-Br]*
9.2 Hz, 1H), 7.79 (s, 1H), 7.08 (s, 1H), 6.17 (s, 2H), 4.94 (t, J = 133.4, 131.1, 127.0, 123.8, 122.3, 120.9, C21H20NO;4
6.0 Hz, 2H), 4.35 (g, J = 6.8 Hz, 2H), 4.05 (s, 3H), 3.19 (t, J=6.0 120.7, 108.9, 105.9, 102.6, 70.4, 57.5, 350.138 7
Hz, 2H), 1.44 (t, J= 7.2 Hz, 3H). 55.7, 26.8, 15.9. 350.138 4
2b  235-236 9.74 (s, 1H), 8.92 (s, 1H), 8.18 (d, J = 9.2 Hz, 1H), 7.97 (d, J = 151.0, 150.4, 148.3, 145.9, 143.4, 138.1, [M-17*
9.2 Hz, 1H), 7.78 (s, 1H), 7.08 (s, 1H), 6.17 (s, 2H), 4.94 (t, J = 133.6, 131.3, 127.3, 123.9, 122.3, 121.1, C22H22NO;4
7.2 Hz, 2H), 4.25 (t, J = 6.0 Hz, 2H), 4.05 (s, 3H), 3.19 (t, J=6.0 120.8, 109.1, 106.1, 102.8, 76.4, 57.7, 364.154 3
Hz, 2H), 1.88 (g, J = 7.2 Hz, 2H), 1.04 (t, J = 7.2 Hz, 3H). 56.0, 27.0, 23.5, 10.9. 364.154 5
2c  224-226 9.77 (s, 1H), 891 (s, 1H), 8.18 (d, J = 9.2 Hz, 1H), 7.98 (d, J = 151.1, 150.5, 148.3, 146.0, 143.5, 138.1, [M-Br]*
9.2 Hz, 1H), 7.81 (s, 1H), 7.08 (s, 1H), 6.14 (s, 2H), 4.94 (t, J = 133.6, 1314, 127.3, 123.9, 122.3, 121.1, C23H24NO;4
7.2 Hz, 2H), 4.25 (t, J = 6.0 Hz, 2H), 4.05 (s, 3H), 3.19 (t, 2H, J= 120.9, 109.1, 106.1, 102.7, 74.6, 57.7, 378.1700
6.0 Hz, 2H), 1.87 (g, J = 7.2 Hz, 2H), 1.50 (g, J = 7.2 Hz, 2H), 55.9,32.2,27.0,19.2, 14.5. 378.169 9
0.98 (t, J=7.2 Hz, 3H).
2d  235-236 9.74 (s, 1H), 8.92 (s, 1H), 8.19 (d, J=9.2 Hz, 1H), 7.97 (d, J=9.2 151.1, 150.4, 148.3, 145.9, 143.5, 138.0, [M-Br]*
Hz, 1H), 7.79 (s, 1H), 7.08 (s, 1H), 6.17 (s, 2H), 4.94 (t, J= 7.2 Hz, 133.6, 131.3, 127.2, 123.9, 122.3, 121.1, Ca4H26NO;4
2H), 4.25 (t, J = 6.0 Hz, 2H), 4.05 (s, 3H), 3.18 (t, J= 6.0 Hz, 2H), 120.9, 109.1, 106.1, 102.7, 74.9, 57.7, 392.1856
1.89-1.83 (M, 2H), 1.46-1.40 (m, 4H), 0.91 (t, 3H, J=7.2Hz).  55.9,29.8, 28.1, 27.0, 22.6, 14.7. 392.1855
2e  212-214 9.74 (s, 1H), 8.92 (s, 1H), 8.18 (d, J = 9.2 Hz, 1H), 7.97 (d, J = 151.0, 150.4, 148.3, 145.9, 143.5, 138.0, [M-Br]*
9.2 Hz, 1H), 7.79 (s, 1H), 7.08 (s, 1H), 6.17 (s, 2H), 4.94 (t, J = 133.6, 131.3, 127.2, 124.0, 122.3, 121.1, Ca1H4oNO;4
7.2 Hz, 2H), 4.25 (t, J = 6.0 Hz, 2H), 4.05 (s, 3H), 3.18 (t, J=6.0 120.9, 109.1, 106.1, 102.7, 74.9, 57.7, 490.295 2
Hz, 2H), 1.89-1.83 (m, 2H), 1.67-1.61 (m, 2H), 1.46-1.40 (m, 55.9, 32.0, 30.1, 29.7 (4), 29.5, 29.4, 490.294 8
16H), 0.84 (t, J = 7.2 Hz, 3H). 27.0,25.9, 22.8, 14.6.
2f  220-222 9.93 (s, 1H), 8.94 (s, 1H), 8.19 (d, J = 9.2 Hz, 1H), 7.99 (d, 1H, 170.0, 150.5, 149.9, 148.3, 146.4, 142.1, [M-Br]*
J=9.2Hz, 1H), 7.79 (s, 1H), 7.09 (s, 1H), 6.17 (s, 2H), 5.05 (5, 138.2, 1335, 131.3, 127.4, 124.2, 121.8, CasH22NOsg
2H), 4.93 (t, J = 6.0 Hz, 2H), 4.15 (g, J = 7.2 Hz, 2H), 4.02 (s, 121.1, 120.7, 109.1, 106.1, 102.8, 69.9, 408.144 2
3H), 3.20 (t, J = 6.0 Hz, 2H), 1.19 (t, J = 7.2 Hz, 3H). 61.4, 57.8, 56.0, 27.0, 14.7. 408.1440
5 220-222 9.78 (s, 1H), 8.94 (s, 1H), 8.23 (d, J = 9.2 Hz, 1H), 8.08 (d, J = 177.3, 151.2, 150.6, 148.4, 145.4, 140.3, [M-17*
9.2 Hz, 1H), 7.80 (s, 1H), 7.09 (s, 1H), 6.17 (s, 2H), 5.94 (s, 2H), 138.5, 133.6, 131.4, 127.1, 125.7, 123.4, CasH26NOs
493 (t, J = 6.0 Hz, 2H), 4.06 (s, 3H), 3.18 (t, J = 6.0 Hz, 2H), 122.4, 121.2, 121.0, 109.1, 106.1, 102.8, 436.1755
1.05 (s, 9H). 89.4,57.8,55.9, 27.2 (2), 27.1, 27.0. 436.1753

Table 2 Glucose consumption activity of BBR derivatives in L6 myotubes. L6 myotubes were treated with or without 20 pmol-L™
BBRoritsanalogsfor 48h. n=4, X+s
IO
o

R

O/
Code R X Glucose consumption?® Code R X Glucose consumption?®
BBR CHs Cl 1 6d COC(CHj3)3 Cl 0.3+0.12
2a CH2CHj5 Br 1.06 + 0.04 6e COCH=CHC¢Hs Cl 0.15+0.14
2b CH2CH,CH3 | 0.82+0.05 6f CO(CH,).CH3 Cl -0.15+0.13
2c CH3(CH),CHs Br 0.88+ 0.04 69 CO(CH,)sCHj3 Cl 0.1+0.15
2d CH3(CH2)sCHs Br 0.81+0.06 6h CO(CH,)sCHj3 Cl 0.51+0.04
2e CH3(CH3)10CH3 Br —0.46 + 0.16 6i CO(CH,)6CHj3 Cl 0.48+0.11
2f CH,COOCH,CHj3 Br 0.67 +0.09 6j CO(CH,)sCHj3 Cl 0.21+0.18
5 CH,OCOC(CHs)s | 0.42 +0.07 6k CO(CH3)10CH3 Cl 0.34+0.1
6a CH,COOPh Br 0.87 + 0.06 6l CO(CH)16CH3 Cl —-0.37 +0.03
6b CH2COOCH,C(CH3)3 Br 0.77 + 0.06 6m COCgHs Cl -0.02+0.12
6c COOCH,CH3 Cl -0.17+0.15

1.25. 2.5, 5f110 pmol-L™* 4 51& T, BBR I 2a 5.0 fl 2.5 pmol-L M7 T, 2a (3% M4 BBR 434
FRRE T R P 28 B R B RO B 8 v o (RN 2, AR P T 30%. 43% A1 88%, i £E BEAK M) 1.25 umol -L "
X AAFIETR, 2a i EE T BBR. 1 10, FIE T, BBR NI S FE, B 2a [#iE ik 2
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Figure 2 Compound 2a had a stronger potency on AMPK
activation than BBR in vitro. HepG2 cells were starved over-
night, and treated with or without 10 pmol-L ™ BBR or its analog
2afor 24 hrespectively. P-AMPK a, AMPKa, and the reference
protein S-actin expression were detected by Western blot. The
bands were scanned and the potency on AMPK activation
(P-AMPKa/p-actin ratio) was calculated as mentioned in the
methods
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