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Synthesis of berberine derivatives

The berberine derivbatives were prepared according to previous protocols [1].
The synthetic pathway was shown in Schemel. Firstly, the w-bromoalkyl ether
derivatives were synthesized from the commercially available phenol derivatives,
which reacted with a,m-dibromoalkanes in the presence of potassium carbonate in
butanone to give a good yield [1]. Then, the selective demethylation of berberine at
190 C under the vacuum gave a 68% yield of berberrubine [2]. Finally, the target
compounds were obtained by reaction of berberrubine with different w-bromoalkyl
ether derivatives in acetonitrile for 12-24 h respectively [1].

Preparation of berberrubine

To remove the methyl group at the C9-position of berberine, 5 mmol berberine
was heated at 190°C under vacuum for 30-50 min until the powder turned into dark
brown. The powder was then purified by flash chromatography (CH,Cl,/ MeOH =
10:1) to yield a carmine powder after solvent removal. Yield: 68%. 'H NMR (400
MHz, DMSO-d6): 6 3.04 (t, J = 6.0 Hz, 2H), 3.73 (s, 3H), 4.8 (t, J = 6.0 Hz, 2H), 6.1
(s, 2H), 6.36 (d, J = 8.0 Hz, 1H), 6.96 (s, 1H), 7.16 (d, J = 7.6 Hz, 1H), 7.61 (s, 1H),
7.98 (s, 1H), 9.07 (s, 1H). ESI-MS m/z: 322.1 [M + H]".

Preparation of compounds 1-7

Berberrubine (0.15 mmol) and 1,3-dibromopropane (0.5 mmol), for the
synthesis of compound 7, or a w-bromoalkyl ether derivative (0.5 mmol) for synthesis
of 1-6 were mixed in 10 mL acetonitrile and stirred for 12 h at 90°C. After reaction,
the crude product was obtained by removal of organic solvent under vacuum and then
purified by flash chromatography (CH,Cl,/ MeOH = 20:1) to yield a yellow powder.
Yield: 40-55 %. "H NMR (400 MHz, DMSO-d):

9-0-[3(Phenylol-1-yloxyl)propyl]-berberine bromide (1): & 3.35 (t, J = 6.4 Hz, 2H),
3.22 (t,J=6.0 Hz, 2H), 4.01(s, 3H ), 4.27 (t, J = 6.4 Hz, 2H), 4.49 (t, J = 6.4 Hz, 2H),
4.87 (t, J = 6.0 Hz, 2H), 6.18 (s, 1H), 6.93-6.99 (m, 3H), 7.10 (s, 1H), 7.31 (t, J=7.6
Hz, 2H), 7.80 (s, 1H), 8.05 (d, J = 8.8 Hz, 1H), 8.20 (d, J=9.2 Hz, 1H), 8.94 (s, 1H),
9.78 (s, 1H); ESI-MS m/z: 456.2 [M - Br]"

9-0-[3-(4-Chloro-phenoxyl)propyl]-berberine bromide (2): 6 2.31-2.37 (m, 2H), 3.2 (t,
J=6.4 Hz, 2H). 4.01 (s, 3H), 4.26 (t, J = 6.4 Hz, 2H), 4.70 (t, J = 6.4 Hz, 2H), 4.90 (t,
J=6.4 Hz, 2H), 6.18 (s, 2H), 7.01 (d, J = 6.0 Hz, 1H), 7.10 (s, 1H), 7.35 (d, J = 6.0
Hz, 1H), 7.81 (s, 1H), 7.99 (d, J = 5.2 Hz, 1H), 8.19 (d, J = 5.2 Hz, 1H), 8.94 (s, 1H),
9.79 (s, 1H); ESI-MS m/z: 490.1 [M - Br]"
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9-0-[3-(4-Methoxy-phenoxyl)propyl]-berberine bromide (3): 6 2.29 (t, J = 6.4 Hz,
2H), 3.17 (t, J = 6.0 Hz, 2H), 3.67 (s, 3H), 4.00 (s, 3H), 4.17 (t, J = 6.4 Hz, 2H), 4.45
(t, J= 6.4 Hz, 2H), 4.85 (t, J = 6.0 Hz, 2H), 6.16 (s, 2H), 6.83-6.89 (m, 4H), 7.07 (s,
1H), 7,78 (s,1H), 7.97 (d, J = 8.8 Hz, 1H), 8.17 (t, J = 8.8 Hz, 1H), 8.91 (s, 1H), 9.75
(s, 1H); ESI-MS m/z: 486.2 [M - Br]"

9-0-[3-(2-Methyl-phenoxyl)propyl]--berberine bromide (4): 6 2.14 (s, 3H), 2.36 (m,
2H), 3.18 (t, J= 6.0 Hz, 2H), 3.99 (s, 3H), 4.27 (t, J = 6.0 Hz, 2H), 4.52 (t, J = 6.4 Hz,
2H), 4.86 (t, J= 6.4 Hz, 2H), 6.18 (s, 2H), 6.85 (t, J = 8.0 Hz, 1H), 7.00 (d, J = 8.0 Hz,
1H), 7.09 (s, 1H), 7.13-7.19 (m, 2H), 7.81 (s, 1H), 8.10 (d, J=9.2 Hz, 1H), 8.19 (d, J
=9.2 Hz, 1H), 8.96 (s, 1H), 9.78 (s, 1H); ESI-MS m/z: 470.2 [M - Br]"

9-0-[3-(4-Nitro-phenoxyl)propyl]-berberine bromide (5): 8 2.36-2.42 (m, 2H), 3.20 (t,
J=6.0 Hz, 2H), 4.00 (s, 3H), 4.43 (t, J = 6.4 Hz, 2H), 4.48 (t, J = 6.4 Hz, 2H), 4.92 (t,
J=6.0 Hz, 2H), 6.18 (s, 2H), 7.10 (s, 1H), 7.20 (d, J = 2.0 Hz, 2H), 7.80 (s, 1H), 8.00
(d, J =7.2 Hz, 1H), 8.10 (d, J = 7.2 Hz, 1H), 8.24 (d, J = 2.0 Hz, 2H), 8.93 (s,1H),
9.81 (s, 1H); ESI-MS m/z: 501.2 [M - Br]"

9-O-[4(Phenylol-1-yloxyl)butyl]-berberine bromide (6): 6 2.01-2.09 (m, 4H), 3.20 (t,
J = 6.4 Hz, 2H), 4.05 (s, 3H), 4.09 (t, J = 6.0 Hz, 2H), 3.37 (t, J = 6.0 Hz, 2H), 4.94
(t, J=6.4 Hz, 2H), 6.18 (s, 2H), 6.91-6.95 (m, 3H), 7.10 (s, 1H), 7.29 (t,J=7.2 Hz,
2H), 7.81 (s,1H), 7.99 (d, J = 9.2 Hz, 1H), 8.21 (d, J = 9.2 Hz, 1H), 8.94 (s, 1H), 9.78
(s, 1H); ESI-MS m/z: 470.2 [M - Br]"

9-0-(3-Bromopropoxy)-berberine bromide (7): 6 2.40-2.46 (m, 2H), 3.22 (t, J = 6.0
Hz, 2H), 3.83 (t, J = 6.4 Hz, 2H), 4.08 (s, 3H), 4.21 (t, ] = 6.4 Hz, 2H), 4.95 (t, ] = 6.0
Hz, 2H), 6.19 (s, 2H), 7.10 (s, 1H), 7.81 (s, 1H), 8.10 (d, J = 9.2 Hz, 1H), 8.21 (d, J =
9.2 Hz, 1H), 8.95 (s, 1H), 9.81 (s, 1H); ESI-MS m/z: 442.1 [M - Br]+
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Scheme 1 Synthetic routes of berberine derivatives.

Reagents and conditions: (a) Br(CH,)nBr (n=3 or 4), K,COs3, Butanone, 70 C, 2 h; (b)
190 C, under vacuum, 30 min; (c) (d) CH3CN, 80 C.
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Mass spectra of compounds
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Mass spectrum of berberrubine
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Mass spectrum of compound 2
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100+ 486.2 8.75e3
o\/\/O\Q
o
ﬁ_
MaT7.2
488.2
2832 3292 3599 l/
I:]'|L""|'l"'|""|""i'l"'|":'| l" T e MIZ

e L L L L S R L L Sl L L
200 250 300 350 400 450 500 550 600 650
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Mass spectrum of compound 4
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Kin-Dept-13062012 HS 18 49 (0.917) Cm (49:61) TOF MS ES+
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'H NMR spectra of compounds
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S14



k6" 8—

oL e —

O

M

W

i

e

e

g

"H NMR spectrum of compound 2

S15



oy - T Y- g
r T i {7 )
1 A '-: A
. V ¢ IS

D " el T el
9.5 9.0 8.5 8.0 7.5
I I I, 0

=1 3 =+ [
= - ==

=

"H NMR spectrum of compound 3

.0 6.5 6.0 5.5
I

1 | 1
P [ —
= ™= —
=] |= ]

11 Lt 1 11 11
- s oy [y -+ — o
- ™~ e || e s - Ly
o od il e ] o od

S16



= L 1 I~ [ - gL =3 iy = =i O o T L ) =t
0 — O3 — & = - o = <y {7 i =Ty = R = L =g =
1 — L= — — — — D o0 i 3 | 1o o —t ' [ —
r r— - - A O L LT X =g P g g e g e g e 44 1 1 1
1 1 e gt (LN e | L L 1 L
| ./_) - o o~
1 o i L] ] | "

| l HJ iilJJ ) JLJUL j\h Ji\ﬂ_l|

10 9 8 7 & 5 4 3 2
I 1 TR TN I Ji T Jiil |0 i
= 2] zEE  EEEEROE =1 SIS 13 15l NISIZ]

"H NMR spectrum of compound 4
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"H NMR spectrum of compound 5
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"H NMR spectrum of compound 6
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