
Eur J Med Chem (1996) 31,469-478 
0 Elsevier, Paris 

469 

Antibacterial activity and structure-activity relationships 
of berberine analogs 

K Iwasal, M Kamigauchil, M Uek?, M Taniguch?, 

IKobe Pharmaceutical University 4-19-l Motoyamakita, Higashinada-ku, Kobe 658; 
2Faculty of Science, Osaka City University 3-3-138 Sugimoto, Sumiyoshi-ku, Osaka 558, Japan 

(Received 21 September 1995; accepted 22 January 1996) 

Summary - Analogs of berberine 1 and related compounds were prepared to evaluate structure-activity relationships. Among the 
13-alkyl-substituted and thel3-unsubstituted protoberberinium salts, the 13-ethyl-9-ethoxyl homolog 30, the 13-ethyl analog 29, and 
the 13-methyl derivative 3 showed an increase in antibacterial activity against Staphylococcus aureus by eight-, four- and twofold 
respectively over the parent base berberine 1; this is suggestive that steric effects play a significant role in the antibacterial activity. 
Reduction of the protoberberinium salts yielding the tetrahydro derivatives greatly reduced the antibacterial activity. Replacement of 
methoxyl groups at the C-2 and the C-3 of ring A by a methylenedioxy group resulted in increased antibacterial activity. These 
data strongly suggest that the quatemary nitrogen atom such as in protoberberinium salts, an alkylsubstituent at C-13, and a methyl- 
enedioxy function at C-2 and C-3 are required for enhanced activity. Tetrahydroprotoberberine u-N-metho salts showed higher activity 
than tetrahydroprotoberberine hydrochlorides, but appreciably lower activity than protoberberinium salts. The effects of substitution at 
C-13 and on ring A in the a-hr-metho salt were similar to those in protoberberinium salts. Stereochemical changes of the B/C ring 
juncture from truns to cis, and of the methyl group at C-13 from cx to p, had, respectively, marked and slight effects on the activity. 
The tested compounds were less active against Escherichia coli (Gram-negative bacterium) and Cnndida albicans (fungus) than S 
aureus (Gram-positive bacterium). 

antibacterial activity / 13-methylberberlne / 13-ethyl analog / 13-ethyl-9-ethoxyl homolog 

Introduction 

Berberine 1, a member of the protoberberine class of 
isoquinoline alkaloids, is found in a variety of plant 
tissues [l]. In the past, berberine-containing plants 
have been used in Chinese medicine and in folk medi- 
cine. Berberine has antibacterial activity [2] and a sto- 
machic effect. In Japan, berberine chloride is pre- 
sently used as an antidiarrhetic agent and berberine 
tannate as a medicine for intestinal bacterial disorders. 
The anti-inflammatory activity of berberine has al- 
ready been reported [3]. 

The purpose of the present study was to search for 
related compounds which might have antibacterial 
activity superior to berberine, and to establish struc- 
ture-activity relationships among berberine analogs. 

Chemistry 

Berberine and related compounds (l-30 and 35-43) 
prepared previously or presently for structure-activity 
investigations are shown in figures l-3. Analysis data 

for these compounds are shown in table I. Structural 
modifications included introduction of methyl and 
ethyl at C-13 and substitution of ethoxyl and hydroxyl 
for the methoxyl at C-9. 

Reaction of acetoneberberine with ethyl iodide in 
acetone at 100 or 140 “C, followed by treatment with 
AgCl, gave rise to 13-ethylberberine chloride 29 and 
9-0-ethyl-13-ethylberberrubine chloride 30 respecti- 
vely (scheme 1). The latter compound can be prepared 
via 13-ethylberberrubine which is obtained from pyro- 
lysis of 13-ethylberberine iodide. The mass spectrum 
of 29 showed the molecular ion at m/z 364 (M-Cl, 
secondary ion mass spectrometry (SIMS)) which is 28 
mass units higher than that of berberine. The 1H NMR 
spectrum showed a three-proton triplet at 8 1.57 and a 
two-proton quartet at 6 3.45, representing the ethyl 
group. The mass spectrum of 30 showed a molecular 
ion at m/z 378 (M-Cl, SIMS) which is 14 mass units 
higher than that of 29. The IH NMR spectrum of 30 
exhibited a three-proton triplet at 6 1.51 and two-pro- 
ton quartet at 6 4.49, indicating the presence of an O- 
ethyl group, instead of an O-methyl group at C-9 as in 
29. 
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1 R,+R2=CH2 R3=H 
2 R,=R,=CH, R,=H 
3 R,+RFCH2 R3=CH, 
4 R1=R~R3=CH3 

21 R,+R2=CH2 
22 R,=R2=CH3 

5 R,+R2=CH2 R3=H 11 R,+RFCH2 R3=H 

6 R,=R&H, R,=H 12 R,=R2=CHS RJ=H 
7 R,+R2=CH2 R,= - CH3 13 R,+R2=CH2 R3= -CH, 

8 R,=R2=CH3 R3= - CH3 14 R,=R2=CH3 R3= - CH, 

9 R,+RFCH2 R3= ...*I# CH3 15 R,+R2=CH2 R3= ..*‘*I CH3 

10 R,=R2=CH3 R3= ...*I# CH3 16 R,=R2=CH, R3= . . ..m CH3 

23 R,=R4=H RFR3=CH3 26 R= .-..a~ OH 

24 R,=R2=R3=CH3 R4=H 27 R= -OH 
25 R&H3 R2+R3=CH2 R4= -m OH 

17 R,+R2=CH2 R3=H 
18 R,=R2=CH3 R3=H 
19 R,+R2=CH2 R3= -CH3 
20 R,=R2=CH3 R3= -CH3 

28 

Fig 1. Berberine 1 and related compounds 2-28. 

2 37 

Fig 2. Comparison of antibacterial activity of berberine and structural isomers against Sraphylococcus aweus. 
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36 35 40 15 

41 11 16 42 OCH, 

Fig 3. Comparison of antibacterial activity of tetrahydroprotoberberine a-N-metho salts against Stuph~&~~~cus UUWUS. 

Further evidence for the structure of 29 and 30 was 
provided by the IH NMR and mass spectral data of 
their reduction products. Reduction of compound 29 
with zinc in methanol and hydrochloric acid generated 
isomeric compounds 31 and 32 which were separated 
by preparative TLC (scheme 2). Reduction of 30 by 
the same method furnished the epimeric tetrahydro 
derivatives 33 and 34 (scheme 2). The mass spectrum 
of 31 displayed a molecular peak at m/z 367 (M+, 
57%) and a fragment peak at m/z 192 (100%) assign- 
able to ion A, arising by way of retro-Diels-Alder 
cleavage of ring C. The high-resolution mass spec- 
trum of 31 had a molecular ion at m/z 367.1774, 
consistent with the molecular formula (&H,,NO,. The 
peak at m/z 192.1156 was in accord with the formula 
C,,H,,O, The 1H NMR spectrum of 31 exhibited the 
methyl protons and the methylene protons of the ethyl 
group at 6 0.80 and 1.38 respectively. The W NMR 
spectrum of 31 displayed peaks corresponding to the 
methyl and methylene carbons of the ethyl group at C- 
13 at 6 12.79 and 24.55 respectively. The mass spec- 
trum of 33 showed a molecular peak at m/z 381 (M+, 
100%) and a fragment peak at m/z 206 (89%) assign- 
able to ion B. The formulae C2,H,,N0, and C,,H,,02 of 
the molecular ion at m/z 381.1922 and the fragment 

ion at m/z 206.1297, established by high-resolution 
mass spectrum of 33, indicated the presence of an O- 
ethyl group, instead of an methyl group at C-9 as in 
31. The 1H NMR spectrum of 33 included signals due 
to the methyl and methylene protons of the O-ethyl 
group at 6 1.39 and 4.7 respectively, together with 
signals of the ethyl group at C-13. The W NMR 
spectrum of 33 showed peaks due to methyl and 
methylene carbons of the O-ethyl group, at 6 15.95 
and 68.14 respectively, in addition to signals due to 
the ethyl group at C-13. The 1H NMR peaks of H-14 
in 31 and 33 appeared as broad singlets indicating the 
cis arrangement of protons at H-13 and H-14 in these 
compounds, and thus the axial orientation of the ethyl 
groups at C-13. 

Compounds 32 and 34 were separated by prepara- 
tive TLC and, without further purification, were N- 
methylated to furnish the N-metho salts 35 and 36 res- 
pectively (scheme 3). The mass spectra of 35 and 36 
showed the molecular ion at m/z 368 (M-Cl, SIMS) 
and 382 (M-Cl, SIMS) respectively. The IH NMR 
spectrum of 35 exhibited signals for the N-methyl 
group at 6 3.22 (3H) and the ethyl group at 6 0.85 
(3H), 1.88 (lH), and 2.14 (1H). The 1H NMR spec- 
trum of 36 showed absorptions of the N-methyl group 
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Table I. Analysis data on the protoberberine alkaloids l-30 
and 35-43. 

Compd L CJAPC-AK? data 

RT (min) observed ions (mlz) 
(Ml+[M+H](M+CHF,I+ 

1 18.7b 406 

s 18.9b 19.9b 422 420 
4 19.6b 436 
5 35.0b 340 
6 28.Ob 356 

I 4O.Ob 33.7b 354 370 
9 32.7b 354 

10 26.3b 370 
11 15.0b 354 
12 13.0” 370 
13 18.1b 369 
14 17.1b 385 
15 18.7b 369 
16 18.1b 385 
17 11.3b 354 
18 9.5b 370 
19 16.6b 369 

if 15.3b 12.8b 385 370 
22 1 l.Ob 386 

ia 11.9’ 9.4’ 386 400 
25 6.0’ 400 
26 5.0’ 370 
27 3.4c 370 
28 4.4” 370 
29 14.6c 434 
30 16.1c 448 
35 13.gc 382 
36 15.9c 396 
37 14.gc 392 
38 12.gc 420 
39 26.6d 390 
40 28.8* 353 
41 13.8’ 369 
42 9.0’ 369 
43 28.2d 353 
- 
=LC/APCl-MS (liquid chromatography/atmospheric pressure 
chemical ionization-mass spectrometry): Hitachi M-1000H 
(nebulizer and vaporizer temps 300-340 and 399 OC, drift 
voltage 20-30 V); Hitachi M-6200 inteligent pump (1 mL/ 
min); Hitachi L-4000 UV detector (280 nm); Cosmosil 5 
C,,-AR (4.6 id x 150 mm); bO.l M NH,OAc (0.05% TFA, 
A)-MeOH (B): initial (0% of B), 10 min (30% of B), 15 min 
(50% of B), 20-25 min (60% of B), 30 min (70% of B), 
35 min (80% of B), 40 min (30% of B); cO.1 M NH,OAc 
(0.05% TFA, A)-MeOH (0.05% TFA, B): initial (30% of 
B), 10 min (50% of B), 20 min (80% of B), 30 min (80% of 
B); dH,O (0.1% TFA, A)-MeOH (B): initial (25% of B), 
25 min (25% of B), 30 min (75% of B). 

at 6 3.23 (3H) and the ethoxyl group at 6 1.38 (3H) 
and 4.15 (2H) together with those of the ethyl group at 
C-13. The coupling constants (10 Hz) between the H- 
13 and H-14 protons in the 1H NMR spectra of 35 and 
36 indicate the diaxial configuration of these protons. 
It follows that the ethyl group at C-13 is in an equato- 
rial orientation. The B/C ring juncture of 35 and 36 
was determined to be cis by comparison of the chemi- 
cal shifts of the iv-methyl group (6 3.22 and 3.23) 
with those of the a- and P-N-metho salts of thalictri- 
cavine (13 and 19; 6 3.24 and 3.06), which have B/C- 
cis and -tram ring juntures respectively. 

Berberrubine 37 obtained by pyrolysis of berberine 
was refluxed with ethyl iodide in DMF at 120 “C to 
furnish 90ethylberberrubine 38 (scheme 4). The 
mass spectrum of 38 (chloride) had a peak at m/z 350 
(M-Cl, SIMS). In the ‘H NMR spectrum of 38, the 
methyl and methylene protons corresponding to the 
ethoxyl group at C-9 appeared respectively as a triplet 
at 6 1.51 and a quartet at 6 4.48. 

Biological activity and discussion 

Antimicrobial activity of protoberberine alkaloids l- 
22 against Staphylococcus aureus, Escherichia coli, and 
Candida albicans was determined by the paper disc 
method and the results are summarized in table II. 

Methylation at C-13 of protoberberinium salts or 
tetrahydroprotoberberine N-metho salts increased the 
activity against S aureus (comparison of 3 with 1, 4 
with 2, 13 or 15 with 11, and 14 or 16 with 12). 
Reduction of ring C of protoberberinium salts de- 
creased the activity, suggesting that the quaternary 
nitrogen atom is required for the activity (comparison 
of 1 with 5, 2 with 6, 3 with 7 or 9, and 4 with 8 or 
10). The activity of the a-N-metho salts 13, 14 (B/C- 
cis ring juncture) was stronger than that of the P-N- 
metho salts 19, 20. The a-N-metho salts 11, 12 
without the methyl group at C-13 showed no inhibi- 
tory zone against S aureus, and neither did the P-N- 
metho salts 17, 18. It is of interest to note that the 
compounds l-4 and 13-15 with a clear inhibitory zone 
against S aureus exhibited an ill-defined inhibitory 
zone against E coli, and that alkaloids 11, 12, 17 and 
18 with no inhibitory zone against S aureus exhibited 
an inhibitory zone against E coli. These results might 
suggest that the mode of action in S aureus (Gram- 
positive bacterium) is different from that that in E coli 
(Gram-negative bacterium). The tested protoberbe- 
rines l-10, 13-16, 19 and 20 showed no inhibitory 
zone against C albicans. 

Active protoberberinium salts l-4 and tetrahydro- 
protoberberine N-metho salts 11-18, together with 
inactive alkaloids 9, 19, and 20 (shown in table II), 
and the N-metho salts 21-28 with oxygen function at 
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1 iodide 1 iodide 

OCH,CH, 

29 iodide 30 iodide 

Scheme 1. 

29 31 32 
24% 7.6% 

OCH,CH3 OCH 

3 

30 33 34 
9.7% 6.6% 

Scheme 2. 

C-l and/or C-13 or C-14, were tested against S uureus, (table III). Reduction of ring C in protoberberinium 
E coli and C ulbicans by the liquid dilution method. salt 3 to give rise to tetrahydro derivative 9 reduced 
The minimmum inhibitory concentrations (MIC) of the activity. Stereochemical change of the B/C ring 
the tested alkaloids are presented in table III. The 13- juncture from the cx-N-metho salts (13, B/C-c&) to the 
methyl-substituted derivatives 3, 4, and 13 of proto- S-N-metho salts (19, B/C-truns) resulted in approxi- 
berberinium salts of tetrahydroprotoberberine N-metho mately twofold decrease in the activity. The above 

salts demonstrated stronger activity against S aureus results on S aweus obtained by the liquid dilution 
than parent compounds 1, 2, and 11 respectively method are in accord with those obtained by paper 
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32 35 

34 36 

Scheme 3. 

1 37 38 

Scheme 4. 

Table II. Diameter of inhibitory zone formed by protoberberine alkaloids. 

Sample 
(500 pgfdisc) 

Diameter of inhibitory zone (mm) 
Staphylococcus aureus Escherichia coli 

ATCC 25922 NCTC 8530 IF0 3515 
Candida albicans 

IF0 1061 

1 

5 
4 

56 b b 

7-10 b b 

11 

:id 
14d 
15’ 
16d 

17 

iti’, 20d 

b b 9.5 
b b 9.0 
b b b 

21 b b < 9.0 
22 b b b 

11.0 12.0 
14.0 16.0 
22.0 22.0 
24.0 25.0 

b b 

b b 

12.5 12.5 
13.0 11.0 
11.0 12.0 
11.0 12.5 

(10.5)a 
(10.0)" 
g.C$ .i 

(91~h9.5)" 

11.3 
10.5 

(h9Y 
(< o,.op 

b 

b 

c 

%hibitory zone is not clear; bdiameter of inhibitory zone < 8.5 mm (control disc 8.0 mm); cnot tested; d[N-WH3]-derivative. 
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Table III. Minimum inhibitory concentration (MIC) of protoberberine alkaloids. 

Sample h4IC (P&4 
Staphylococcus aureus Escherichia coli Candida albicans 

ATCC 25922 NCTC 8530 IF0 3545 IF0 1061 

: 
250 250 a 1000 

1000 1000 a a 
3 12.5 125 a a 

f  
250 250 a a 
a a c c 

11,12 a 
5aoo 

a a 

13d 500 a a 

14d a a a c 

lSd 1000 1000 a a 
16d a a a a 
17,18 d a a a 
19d, 20d d a a c 
21-28 3. a ab c 

aMIC >lOOO; bexcept for compounds 22,25, and 26; Cnot tested; d[N-WH,]-derivative. 

disc method. Replacement of the methylenedioxy 
group at C-2 and C-3 by the methoxyl groups reduced 
the activity (comparison of 1 with 2, 3 with 4, 13 with 
14, and 15 with 16). It could not be expected from the 
MIC of the compounds 21-28 that replacement of the 
hydrogen at C-l and/or C-13 or C-14 of tetrahydro- 
protoberberine a-N-metho salts by an oxygen function 
would lead to an increase in the activity. It was found 
that the substitution of the alkyl group at C-13 and of 
the oxygen function on ring A of berberine-like com- 
pounds and the quaternary nitrogen atom seems to 
play an important role in antibacterial activity against 
S aureus. The MIC values of the compounds tested 
(l-4, 11-21, 23, 24, 27 and 28) against E coli were 
over 1000 &mL. Apart from compound 1 (1000 
pg/mL), the MIC values of the tested akaloids (2-4, 
11-13, and 15-18) against C albicans were over 1000 
yg/mL. These results indicate that the antibacterial 
activities of the tested compounds against E coli and 
C aZbicans are weak. Even if the inhibitory zone is not 
clear in the case of E coli (l-4, 7-10, 14 and 15) or is 
low against E coli (11, 12, 17, 18 and 21) or S uureus 
(14 and 16), these compounds probably have some 
antibacterial activity which is not detected until a 
concentration of 1000 pg/mL when the liquid dilution 
method is used (tables II and III). 

The effects on the activity of substitution at C-13 
on rings A or D, and the configuration of the alkyl 
group at C-13, were further examined. The MIC 
values of the protoberberinium salts (l-4, 29, 30 and 
37-39) (fig 2) and the tetrahydroprotoberberine a-N- 
metho salts (13-16, 35, 36 and 40-43) (fig 3) against 
S uureus, and the bacterial growth below the MIC esti- 

mated by measuring the optical density (OD) at 655 nm, 
are given in table IV. The most important factor in the 
activity of berberine analogs is the substituent at C-13 
(table V). Analog 29 with an ethyl groug at C-13, 
bulkier than the methyl groupof 3, displayed activity 
against S aureu.s twofold stronger than by 3. Analog 3 
showed twofold higher activity than the parent base. 
Similarly replacement of the hydrogen by a methyl 
group at C-13 increased the activity by fourfold (com- 
parison of 4 with 2). Replacement of the hydrogen at 
C-l 3 of 9-ethylberberrubine 38 by an ethyl group to 
give rise to 30 markedly increased the activity (eight- 
fold). The second important factor for the activity is 
the nature of the substituents at C-2 and C-3 on ring A 
(table V). Replacement of two methoxyl groups at the 
2,3 position on ring A by one methylenedioxy func- 
tion increased the activity by two- to fourfold. The 
effect of a similar type of replacement on ring D on 
the activity may be small. The third important factor 
for the activity is the substituent at C-9 (table V). The 
activity of 9-O-ethyl derivative 30 of 13-ethylberber- 
rubine is stronger than that of the 9-O-methyl homo- 
log 29. However, the equivalent conversion of 1 to 38 
slightly increased the activity. Replacement of the 
hydroxyl group by a methoxyl group at C-9 enhanced 
the activity by more than fourfold. 

Substitution at C-13 or on ring A of tetrahydro- 
protoberberine a-N-metho salts affects the activity in a 
similar way to that of protoberberinium salts (table V). 
However, the antibacterial properties of the a-N-metho 
salts are rather low. This suggests that the quaternary 
nitrogen atom of the protoberberinium salts plays a 
greater role in increasing the antibacterial activity than 
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Table IV. Antibacterial activity of protoberberinium salts 
and tetrahydroprotoberberine ct-N-metho salts against Sta- 
phylococcus aureus ATCC 25922. 

Sample 
MIC (,ug/mL) 

OD at 655 nm 
MIC c MIC 

Protoberberinium salts 

;x 31.3 62.9 
3: 250 125 

3; 250 250 
1 250 

1000 
>lOOO 

0.021 
0.013 
0.026 
0.019 
0.031 
0.040 
0.014 
0.041 
0.30 

Tetrahydroprotoberberine a-N-metho salts 

;s 500 500 0.022 0.036 
438 1000 0.024 
402 1000 0.023 
13b 1000 0.029 
15” 2000 0.021 
41e 2000 0.026 

:i > > 2000 2000 0.125 0.441 
16” > 2000 0.461 
42e > 2000 0.470 

0.069” 
0.083” 
0.105b 
0.148b 
0.177h 
0.210” 
0.405’ 

0.963b 
1.090h 
0.088~ 
0.2.52C 
0.372~ 
0.08@ 
0.76Od 
0 956d 
0.982d 
1.019d 
1.139d 

“62.5 pg/mL; h125 &mL; “500 pg/mL; dlOO0 yg/mL; ‘[N- 
WH,]-derivative. 

that of the a-N-metho salts. Replacement of the 
hydrogen by a methoxyl group and the methoxyl 
group by an ethoxyl group at C-9 of tetrahydroberbe- 
rine a-N-metho salts did not display any increase in 
the activity, in contrast to protoberberinium salts. The 
change of configuration of the methyl group at C-13 
from a to fi slightly increased the activity (table V). 

It was found that synthetic compounds 30, 29 and 3 
possessed antibacterial activity against S aureus res- 
pectively eight-, four- and two times that of berberine 
1. The alkyl substitution at C-13 enhanced the anti- 
bacterial activity and consequently the MIC values 
(31.3 to 125 yg/mL) of 3, 29 and 30 are closer to 
values usually expected for putative antibacterial sub- 
stances. These compounds could have more important 
clinical applications than berberine. The new results 
(tables II and III) strongly suggest that the quaternary 
nitrogen atom of protoberberinium salts is required for 
increasing antibacterial activity, while the bulk of the 
alkoxy- and alkyl-substituents at C-9 and C-13 respec- 
tively, and the nature of the 0-substituent at C-2 and 
3, also influence the activity. 

Experimental protocols 

Chemistry 

Melting points were determined on a Yanako Micromelting Point 
apparatus and are uncorrected. IH and 13C NMR spectra were 
recorded on a Varian VXR-500 (500 and 125 MHz) spectro- 
meter and a Varian Gemini-300 (300 MHz) using tetramethyl- 
silane as an internal standard in CD,OD or CDCl,. Mass spec- 
tra were determined on Hitachi M-4100. The secondary ion 
mass spectra (SIMS) were measured using glycelol as matrix. 
Preparative TLC was performed on Merck silica gel 60F-254 
plates using C,HJEt,O (4:l). 

Berberine 1 and palmatine 2 were purchased. 13-Methyl- 
protoberberinium salts 3 and 4 were previously prepared [4]. 
Tetrahydroprotoberberines 5 and 6 were prepared by reduction 
of protoberberinium salts 1 and 2, respectively. cis- and trans- 
13-Methyltetrahydroprotoberberines 7, 8 and 9, 10 respectively 
were prepared according to the method of Takao et al [5]. The 
a- and p-N-metho salts 11, 12 and 17, 18 of 5 and 6 were 
prepared by previously described methods [6]. The a- and /or 
P-N-mctho salts 13-16 [7], 19 [7], 20 [17], 23 [S], 24 [8], 25 
[Y], and 26-28 [lo] were previously prepared. Protopine 21 and 
allocryptopine 22 were natural products from Macleaya cor- 

Table V. Structure-antibacterial activity relationship of structural isomers of protoberberinium salts and tetrahydroprotoberbe- 
rine a-N-metho salts. 

Substituent Antibacterial activity against Staphylococcus aureas (magnitude of the increase in MIC) 
Protoberberinium salts Tetrahydroprotoberberine a-N-metho salts 

13-CHzCH3 > 13-CH1 29 (2) > 3 
13-CH2CH, > 13-H 

35 (4) > 15 
30 (8) > 38,29 (4) > 1 

13-CH,, 13-H 
35 (4) > 11 

4 (4) > 2,3 (2) > 1 13 (2), 11,lS > 11 

Ring A 2,3-OCH20 > 2,3-di-OCH, 
Ring D 9,10-OCH20 - Y,lO-di-OCH, 

1 (4) > 2,3 (2) > 4 40 (2), 41,13 (2) > 14 
39 - 1 

Rings A and D 
2,3- and Y,lO-OCH,O > 2,3,9,10-OCH, 40 (2) > 16,43 (2) > 14 

9-OCH,CH, > 9-OCH, 30 (2) > 29,38 > 1 36-35 
9-OCH, > 9-OH l(4) > 37 

p 13-CH, > a 13-CH, 13 (2) > 15,14 > 16,43 > 40 
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d&a. For each compound elemental analysis (results within 
+ 0.4% of theoretical values) or high resolution mass spectro- 
metry (HRMS) was performed. 

Preparation of 13-ethylberberine 29 
A mixture of acetoneberberine (1 g) [l I] prepared from berbe- 
rine 1 and Et1 (2 mL) in Me&O (100 mL) was placed in a 
glass-stoppered bottle and heated for 15 h at 100 “C. After the 
mixture cooled, the resulting crystals were filtered to supply 
berherine iodide (419 mg, 34%). The filtrate was concentrated 
to give crude crystals (140 mg) which were filtered and recrys- 
tallized from EtOH/CHCl, to provide 94 mg (7%) of 13-ethyl- 
berberine iodide 29: mp 199-207 “C dec. The iodide 29 (18 mg) 
was treated with AgCl in MeOH to convert it to the chloride 
(10 mg): mp 197-207 “C dec. SIMS: 364 (M-Cl, 100). tH NMR 
(CD,OD): 6 1.57 (t, 3H, J = 7.5, CH,CH,), 3.13 (t, 2H, J = 7.0, 
H5), 3.45 (q, 2H,.J = 7.5, CH,CH,), 4.13 and 4.22 (s, each 3H, 
OCH,), 6.12 (s, 2H, OCH,O), 7.03 and 7.33 (s, each lH, ArH4 
and l), 8,15 and 8.22 (d, each lH,J = 9.5, ArHll and 12), 9.79 
(s, lH, ArH8). 

Preparation of 9-O-ethyl-13-ethylberberrubine 30 
Through a similar procedure as outlined for 29, acetoneberbe- 
rinc and Et1 in Me&O were heated at 140 “C for 7 h. Berberine 
iodide (524 mg, 42%) and other crude iodides (307 mg) were 
collected. The crude iodide was recrystallized frnm EtOH 
yielding 189 mg (14%) of 30 iodide: mp 214-219 “C dec. The 
iodide (33 mg) was converted by treatment with AgCl in 
MeOH to the chloride of 30 (23 mg): mp 218-224 “C dec. 
SIMS: 378 (M-Cl, 100). tH NMR (CD,OD): 6 1.51 (t, 3H, J = 
7.5, OCH,CH,), 1.57 (t, 3H, J = 7.5, CH,CH,), 3.13 (t, 2H, .J = 
7.0, H5), 3.45 (q, 2H, .J = 7.5, W&H,), 4.12 (s, 3H, OCH,), 
4.49 (q, 2H, J = 7.5, OCJ&CH,), 6.12 (s, 2H, OCH1O), 7.03 
and 7.33 (s, each 1 H, ArH4 and l), 8.14 and 8.21 (d, each lH, 
J = 9.5, ArHll and 12), 9.75 (s, 1 H, ArH8). 

Reduction of 29 and 30 to form 31-34 
To a solution of 50 mg of the iodide (29 or 30) dissolved in 
MeOH (50 mL) and concentrated HCl (2.5 mL) was added 1 g 
of zinc dust. The zinc was removed by suction filtration. The 
filtrates were diluted with water (20 mL) and concentrated. The 
solution was cooled in an ice bath, basilied with concentrated 
NH,OH, and extracted with CHCI,. The organic extract was 
dried with MgSO?, filtered and evaporated. The residue was 
subjected to preparative TLC (C,,HdEtZO, 4:l) to obtain 31 
(8.9 mg) and 32 (2.8 mg) as oils in yields of 24 and 7.6% res- 
pectively from 29. By the same procedure, 33 (3.7 mg) and 34 
(2.5 mg) were obtained as oils in yields of 9.7 and 6.6% res- 
pectively from 30. Products 32 and 34 were used in the next 
step (N-methylation). 31: EIMS: 367 (M+, 57) 192 (100). 
HRMS: C,,H2,N0, talc 367.1785; found 367.1774, CzuHzoNO, 
(M-C,H,) talc 338.1393, found 338.1376; C2H,,0, talc 
192.1151, found 192.1156. tH NMR (CDCL,): 6 0.80 (t, 3H, 
J = 7.5, CH,CJJA, 1.38 (m, 2H, CHCH,), 2.51-2.6 (m, 211, H5 
or H6), 2.86 (dt, lH,.J = 9.0, 3.0, H13), 3.02-3.14 (m, 2H, H5 
or H6), 3.50 and 4.22 (d, each I H, J = 16.0, H8), 3.67 (br s, 
lH, H14), 3.86 and 3.87 (s, each 3H, OCH,), 5.92 (dd, 2H, J = 
12.0, 1.0, OCH,O), 6.59 and 6.70 (s, each lH, ArH4 and l), 
6.79 and 6.86 (d, each lH, J = 8.5, ArHll and 12). tX NMR 
(CDCI,): 6 12.79 (CH,CH,), 24.55 (CH,CH,), 29.86 (C5), 
45.63 (C13), 51.51 (C6), 54.40 (C8), 55.82 (OCH,), 60.04 
(OCH,), 63.91 (C14), 100.70 (OCH,O), 105.55 (Cl), 108.30 
(C4), 110.01 (Cl2 ), 124.72 (Cll), 128.44, 129.54, and 129.85 
(Cla or C4a, or C8a), 133.02 (Cl2a), 145.16, 145.63, and 
146.26 (C2 or C3 or C9), 150.31 (ClO). 33: EIMS: 381 (M+, 

loo), 206 (89). HRMS: C,,H,,NO, talc 381.1941, found 
381.1922; C2,HZZN0, (M-C,H,) talc 352.1550, found 352.1529; 
C,,H,,O, talc 206.1307, found 206.1297. tH NMR (CDCI,): 6 
0.80 (t, 3H, J = 7.5, CH,CH,), 1.38 (m, 2H, CJf#ZH,), 1.39 (t. 
3H, J = 7.5, OCH,CH-,), 2.5-2.6 (m, 2H, H5 or H6), 2.86 (dt, 
2H, J = 9.0, 3.0, H13), 3.1-3.17 (m, 2H, H5 or H6), 3.4’) and 
4.21 (d, each 1 H,J = 16.0, H8), 3.67 (‘or s, IH, H14), 3.84 (s, 
3H, OCH,), 4.7 (m, 2H, OCJJCH,), 5.91 (dd, 2H, .J = 12.0, 
1.5, OCH?O), 6.58 and 6.69 (s, each lH, ArH4 and l), 6.78 and 
6.86 (d, each IH, J = 8.5, ArHll and 12). 13C NMR (CDCl,): 6 
12.81 (CH,CH,), 15.95 (OCHZCH,), 24.59 (CH,CH,), 29.87 
(C5), 45.62 (C13), 51.46 (C6), 54.66 (CS), 55.84 (OCHA), 
63.91 (C14), 68.14 (OCHZCH,), 100.69 (OCH,O), 105.56 (Cl), 
108.30 (C4), 110.0 (C12), 124.46 (Cll), 128.65, 129.54, and 
129.92 (Cla or C4a or C8a), 133.01 (C12a), 144.0, 145.61, and 
146.25 (C2 or C3 or C9), 150.37 (ClO). 

Preparation of 3.5 (N-methylation of 32) 
Mel (2 mL) was added to a solution of 32 (230 mg) in MezCO 
(4 mL), and the mixture was allowed to stand for 30 min at 
room temperature. The resulting crystals were filtered to pro- 
duce the cx-N-methyl iodide 35 (250 mg, 78%): mp 269-271 “C 
dec. The iodide (240 mg) was treated with AgCl in MeOH to 
convert it to the u-N-methyl chloride (143 mg): mp 
248-250 “C dec. SIMS: 382 (M-Cl). tH NMR (CD,OD): 6 
0.85 (t, 3H, J = 7.5, CH,CH,), 1.88 and 2.14 (m, each lH, 
CH,CH,), 3.17 (dt, lH, .J = 10, 4.5, H13), 3.22 (s, 3, NCH,), 
3.23, 3.39, 3.70, and 3.88 (m, each lH, H5 and HG), 3.89 and 
3.91 (s, each 3H, OCH,), 4.51 (d, lH,J = 10.0, H14), 4.72 and 
4.93 (d, each lH,.J = 16.0, H8), 6.02 (s, 2H, OCH,O), 6.79 and 
6.81 (s, each lH, ArHl and 4), 7.10 and 7.12 (d, each lH, 9.0, 
ArHll and 12). 

Preparation of 36 (N-methylation of 34) 
A mixture of 34 (60 mg) in MezCO (1 mL) and Mel (1 mL) 
was allowed to stand for 30 min at room temperature. The 
resulting crystals were filtered to supply the cc-N-methyl iodide 
36 (79 mg, 95%): mp 273-275 “C dec. The iodide (60 mg) was 
treated with AgCl in MeOH to convert it to the u-N-methyl 
chloride (42 mg): mp 259-264 “C dcc. SIMS: 396 (M-Cl, 100). 
‘H NMR (CD,OD): h 0.85 (t, 3H, J = 7.5, CHQJ,), 1.38 (t, 
3H, J = 7.0, CJJ,CH,), 1.88 and 2.14 (m, each lH, CJJ,CH,), 
3.17 (dt, IH, J = 10.0, 4.5, H13), 3.23 (s, 3H, N-CH?), 3.22, 
3.38, 3.70, and 3.88 (m, each lH, H5 and H6), 3.88 (s, 3H, 
OCH,), 4.15 (m, 2H, OCH,CH,), 4.51 (dd, lH, J = 10.0, 1.5, 
Hl4), 6.01 and 6.02 (d, each lH, .J = 1.5, OCHZO), 6.80 and 
6.81 (s, each lH, Hl and H4), 7.09 (dd, lH, .J = 8.5, 1.0, Hll), 
7.13 (d, lH, .J = 8.5, H12). 

Preparation of berberrubine 37 
Berberine (1 g) was heated at 190 “C in a dry oven under 
vacuum (20-30 mmHg) for 15 min. The crude product was 
recrystallized from EtOH/MeOH to provide 660 mg (69%) of 
37: mp 270-285 “C dec. SIMS: 322 (M-Cl, 100). tH NMR 
(CD,OD, 300 MHz): 6 3.23 (t, 2H, J = 6.3, H6), 4.06 (s, 3H, 
OCH,)> 4.86 (t, 2H, .J = 6.3, H5), 6.09 (s, 2H, OCH,O), 6.94 
and 7.62 (s, each lH, H4 and Hl), 7.68 and 7.97 (d, each lH, 
.J = 9.0, H12 and Hll), 8.56 (s, lH, H13), 9.74 (s, lH, H8). 

Preparation of 9-0-ethylbeberrubine 38 
A mixture of berberrubine (770 mg) and Et1 (5 mL) in DMF 
(50 mL) was placed in a glass-stoppered bottle and heated for 
5 h at 120 “C. After the mixture cooled, the resulting crystals 
were filtered to give rise to 321 mg (31%) of 38 iodide. After 
concentration of the filtrate and addition of Et,O, the resulting 
solid was filtered and recrystallized from EtOH to generate 317 
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mg (31%) of 38 iodide. The iodide (68 mg) was treated with 
AgCl in MeOH to convert it to the chloride (28 mg) of 38: mp 
223-229 “C dec. SIMS: 350 (M-Cl, 100). *H NMR (CD,OD): 
1.51 (t, 3H, J = 7.0, OCH$X,), 3.26 (m, 2H, H5), 4.10 (s, 3H, 
OCH,), 4.48 (q, 2H, J = 7.0, CEJ$XH,), 4.94 (m, 2H, H6), 6.96 
and 7.66 (s, each lH, ArH4 and l), 8.0 and 8.11 (d, each lH, 
J = 9.0, ArH12 and ll), 8.71 (s, lH, H13), 9.72 (s, lH, H8). 

Antimicrobial activity 

S aureus ATCC 25922 or NCTC 8530 and E coli IF0 3545 
were cultivated in 3% nutrient broth (‘Nissui’) at 35 “C, while 
C afbicans IF0 1061 was cultivated in 3% malt extract powder 
(‘Oriental’) at 2.5 “C. Antimicrobial assay was carried out using 
two different methods. 

Paper disc method 
The test compound was dissolved in MeOH containing 1% 
DMF at a concentration of 10 mg/mL and 50 pL of the solution 
was applied to a paper disc (8 mm). The disc was dried over- 
night at 60 “C and placed on an agar plate seeded with the test 
organism. After incubation for 24 h, the diameter of the inhibi- 
tory zone arround the disc was measured. A paper disc satura- 
ted with MeOH (50 pL) containing 1% DMF was used after 
drying as a negative control. 

Broth dilution method 
The test compound was dissolved in H,O containing 1% DMF 
and its antimicrobial activity was measured by a twofold serial 
broth dilution method in 24- or 96-well test elates. After incu- 
bation for 24 h, the microbial growth was examined with the 
naked eye or by measuring the optical density at 655 nm with a 
Model 450 Microolate Reader (Bio-Rad1. The concentrations 
examined were in ihe range of 3 i .25-2006 pg/mL. The MIC of 
the test compound was defined as the lowest concentration at 
which there was no visible growth. 
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