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Dechloromethylation of the berberine to berberrubine — 
tricks to obtain pure product
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Abstract: Berberine (1), as a compound with interesting biological activities, can be modified at various positions 
to obtain more potent substances. Modifications at position 9 are based on demethylation with simultaneous 
dechloration resulting in berberrubine. The most frequent process is thermal dechloromethylation and this 
work describes this method with detailed tricks to obtain almost pure product in high yield.

Introduction

Berberine (1) (Scheme 1) is an isoquinoline 
alkaloid belonging to protoberberine alkaloids 
(Nechepurenko 2010). About thousand structurally 
similar alkaloids with planar isoquinoline skeleton 
are currently known (Huang 2011).
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Scheme 1. Berberine.

Berberine can be found in many plants such as 
Hydrastis canadensis, Coptis chinensis, Berberis aquifo-
lium, Berberis vulgaris or Berberis aristata mostly in 
crust of their roots, roots or rootstocks obtained by 
extraction with ethanol and isolated like chloride 
or hydrogen sulfate, respectively. Berberine shows 
antibacterial activity against various bacteria, fungi, 
protozoa, chlamydia or viruses, and it also shows 
other pharmacological effects (Birdasall, 1997). 
Very important applications are in the treatment 
of Alzheimer’s disease (Ling, 2012), schizophrenia 
(Sun, 2013) and HIV (Bodiwala, 2011) due to the 
inhibition of AChE or topoisomerase I resulting in 
antiproliferative (antineoplastic, anticancer) (Yang-
Biao, 2013; Lo, 2013; Su, 2013; Xiao, 2012; Zhang, 
2012), antimicrobial (Shao-Lin, 2013; Zhan, 2013a), 
antihyperlipidemic (Peng, 2008) or hypoglycemic 
activity (Yan-Xiang, 2012).
Most frequent reactions run at positions 2, 3, 9, 10 or 
on the immonium fragment, e.g. nucleophilic addi-

tion (Man, 2001). Reactivity of berberine has been 
thoroughly summarized by Nechepurenko (2010).

Experimental

Spectrometer INOVA 300 (300 MHz, Varian Inc., 
Palo Alto, CA, USA) was used to measure 1H 
NMR spectra at RT frequencies. Chemical shifts 
in (δ)–[ppm] (parts per million) were referenced 
to the residual signal of the solvent. Coupling 
constants (J) are given in [Hz] with multiplicity: 
s (singlet), d (doublet), dd (doublet of the doublet), 
t (triplet), q (quartet), q (quintet) and m (multiplet). 
Tetramethylsilane was used to calculate 1H chemi-
cal shift scales and it was correctly referenced using 
the (residual) solvent signals (2.50 and 39.52 ppm 
for DMSO).
All reagents (incl. berberine chloride) and solvents 
were purchased from Sigma-Aldrich® (Darmstadt, 
Germany), Alfa-Aesar® (Ward Hill, MA, USA), 
Fluka® (Buchs, Switzerland) and Mikrochem® 
(Pezinok, Slovakia). Solvents were purified and/or 
dried using standard laboratory methods and 
stored over molecular sieves (4  Å). Column chro-
matography was performed using silica gel No-
masil—40—63  m (VWR®, Randor, PA, USA) and 
a suitable eluent according to TLC. Reaction pro-
gress was monitored by thin layer chromatography 
on Silufol or Alufol plates (Merck®, Darmstadt, 
Germany) with a UV indicator at λ = 254 nm.
Melting points (m. p.) of the prepared compounds 
were determined on a Boetius micro hot stage 
using a digital thermometer TD 121  (VWR®, 
Randor, PA, USA) and are uncorrected.

5,6-Dihydro-9-hydroxy-10-methoxybenzo[g]- 
1,3-benzodioxolo[5,6-a]quinolizinium (berberrubine)
A sample of 2.0 g (2.3 mmol) of berberine (1) was 
heated without any solvent under vacuum and mag-
netic stirring to 200 °C for 40 minutes. During heat-
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ing, yellow berberine powder slowly turned to deep 
red-brown-black matter of the crude product. Yield 
was around 1.54 g of raw berberrubine. Recrystal-
lization from methanol — ethanol 1:1 mixture gave 
almost analytically pure product.
1H NMR: (CD3OD) δ 9.28 (s, 1H, H-8), 8.70 (s, 1H, 
H-13), 7.54  (t, 1H, 3JHH = 8.04  Hz, H-12), 7.49  (s, 
1H, H-1), 6.91  (d, 1H, 3JHH = 7.60, H-11), 6.85  (s, 
1H, H-4), 6.04 (s, 2H, H-2´), 4.60 (t, 2H, 3JHH = 5.32, 
H-6), 3.89 (s, 3H, H-10´), 3.12 (t, 2H, 3JHH = 5.46, 
H-5)
13C NMR: (CD3OD) δ 149.5  (C-13´), 149.4  (C-9), 
148.0 (C-10), 145.9  (C-8), 134.2  (C-2), 132.2  (C-3), 
129.2  (C-12´), 122.6  (C-8´), 121.4  (C-4´), 120.1 
(C-13´´), 118.3  (C-12), 107.7  (C-11), 107.1  (C-13), 
104.4  (C-4),101.8  (C-1), 56.9  (C-2´), 55.2  (C-10´), 
54.1 (C-6), 27.5 (C-5)

Results and Discussion

Berberrubine alone has interesting properties. It 
behaves as a fluorescent chemosensor of alkanes with 
an almost constant response regardless of the alkane 

chain length (Delgado-Camón, 2015). Because many 
biological activities are related to structural modifica-
tions (Xiao, 2017) at position 9 (Liu, 2017, Xiao 2018), 
some 9-substituted derivatives were prepared (Milata, 
2019). Dechloromethylation of the starting berberine 
(1) selectively occurring at position 9 is the key step 
leading to derivatization of this position. Therefore, 
a number of berberrubine preparations are known 
(Iwasa, 1996; Lo, 2013; Basu, 2012; Zhan, 2013a, 
2013b), including microwave one (Liu, 2014; Delga-
do-Camón, 2015; Das, 2002), but these procedures 
are not recommended to be used with larger batches 
(more than 1 g). Due to the volatility of methylchlo-
ride, most of these reactions proceed under vacuum. 
In 2015, quantum chemical calculations have been 
published (Delgado-Camón, 2015, Scheme 2).
DFT calculations explain that the observed se-
lectivity depends on the electron delocalization 
capability and the selectively demethylated species 
2a/2b are in oxo-enol tautomeric equilibria. Thus, 
a simple mechanism of berberine (1) dechloro-
methylation to berberrubine (2) was proposed 
(Scheme 3).

Scheme 2. DFT calculations of the dechloromethylation of 1. Reproduced 
from Delgado-Camón 2015 with permission of Elsevier Ltd.
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The crucial step was optimized also under micro-
wave irradiation in an open vessel, closed vessel 
and in a closed vessel under vacuum (1.6 kPa) but 
the obtained yields were not higher than 80  % 
and, according to our experience, yields close to 
the quantitative one are not real (Delgado-Camón, 
2015). Classical procedures have proved to be the 
most efficient, economical and simple. The best 
results were obtained in a round bottomed flask for 
a 2 g batch with the volume of 100 ml (Fig. 1a). An 
Apolon (pear-shaped) flask might be better but one 
with an NZ 29 ground was not at disposal. A tear 
drop-shaped flask is not as advantageous and the 
last one, which can be used under vacuum — heart-
shaped flask, is totally unsuitable considering the 
following mechanical stirring.
The starting deep yellow berberine (1) is a volumi-
nous, mobile, lightweight powder and 2  g of it is 
the optimum quantity for each run: the flask is con-
nected to vacuum (1.6 kPa). Higher vacuum gives 
does not result in better yields or faster reaction; on 
the contrary, when the flask is closed and vacuum is 
applied, the dust outlet at 1.6 kPa is low (estimated 
approx. 2—3 % — see Fig. 1a), at higher vacuum, the 
dust outlet is much higher (perhaps it is influenced 
by sublimation).

The flask with berberine (1) was placed in an oil bath 
preheated to 205  °C, the temperature then drops 
down to 195—200 °C (sometimes isolation with alum-
minium foil is required). At this particular time, a 
powerful crosshead or cross-like stirrer (suitable 
for solid substances, Fig. 1b) and and flexible fitted 
apparatus are necessary to help stirring the reaction 
mixture by balancing the whole apparatus. After a 
few minutes, berberine started to change its color to 
brown, strating from the wall (Fig. 1c), and the pow-
der became heavier and turned to deep red/brown 
color, mainly at the wall of the flask.
Then, the apparatus was removed from the bath, 
vacuum was stopped and the content of the flask 
was thoroughly stirred to remove burned parts from 
the wall (Fig. 1d); after that, it was quickly returned 
into the heated bath (under vaccum). The use of a 
heating mantle is not recommended due to burned 
residues on the wall and more difficult heat control 
with scorch production. As the reaction proceeded, 
the color became darker and mechanical stirring 
was repeated approximately 7—9 times. After about 
35 min, heating was switched off and the reaction 
mixture was left under vacuum to cool. Using this 
procedure, between 1.45—1.62 g (75.3—84.2 %) of 
raw berberrubine (2) can be obtained.
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Scheme 3. Proposed mechanism of berberine (1) dechloromethylation to berberrubine (2).

 a) b) c) d)

Fig. 1. a) Apparatus for effective preparation of 1, b) Mag. stirrers, c) First stop of heating of 1, 
d) Final product.
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Recrystallization was carried out from a mixture 
of ethanol:methanol (1:1); 1.57  g of raw 1  was 
refluxed in a sufficient amount of solvent (about 
18  ml). After cooling, the separated ruby-red 
colored crystals were filtered off and washed 
with cold ethanol (berberrubine is insoluble in 
ethanol, contrary to methanol). After vacuum dry-
ing (1.6 kPa, 40  °C, 1 h), an analytical sample of 
berberrubine (2) (usually 1.25 g, 62.5 %) with m.p. 
275—279 °C was obtained.
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