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A series of new N-substituted 1H-dibenzo[a,c]carbazole derivatives were synthesized from dehydroabietic
acid, and their structures were characterized by IR, "H NMR and HRMS spectral data. All compounds were
evaluated for their antibacterial and antifungal activities against four bacteria (Bacillus subtilis,
Staphylococcus aureus, Escherichia coli and Pseudomonas fluorescens) and three fungi (Candida albicans,

Candida tropicalis and Aspergillus niger) by serial dilution technique. Some of the synthesized compounds
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displayed pronounced antimicrobial activity against tested strains with low MIC values ranging from 0.9
to 15.6 pg/ml. Among them, compounds 6j and 6r exhibited potent inhibitory activity comparable to
reference drugs amikacin and ketoconazole.

© 2013 Elsevier Ltd. All rights reserved.

The evolutionary adaptation of pathogenic microbes has led to
the development of drug-resistant strains of bacteria and fungi.
Despite many antibiotics and chemotherapeutics available, the
emergence of multidrug resistant organisms in the last few dec-
ades has become a major public problem, which has made the
management of infectious diseases more precarious.!~ This situa-
tion has stimulated an urgent need to develop more effective anti-
microbial agents with novel chemical structures which are helpful
for overcoming drug resistance and improving the antimicrobial
potency. The heterocyclic carbazole motif is a privileged pharma-
cophore scaffold found in many biologically active compounds of
diverse origins, including natural products and synthetic sources.
Carbazole and its derivatives possess desirable electronic and
charge-transport properties as well as large m-conjugated sys-
tems,”’ and their structures can be easily modified by introducing
various functional groups. These characteristics result in the
extensive potential applications of carbazole-based derivatives as
industrially and pharmacologically important products.® Many
recent literatures have reported that carbazole derivatives exhibit
a variety of biological activities such as antimicrobial ®'?
antiviral,’® anticancer,'*'® anti-inflammatory,'® antimalarial and
antiprion,'” antipsychotic and anticonvulsant,'® antidepressant,'®
antidiarrhoeal,’® mosquitocidal,>! immunosuppressive’> and
neuroprotective activities.”*

* Corresponding author. Tel.: +86 25 8542 8369; fax: +86 25 8542 7396.
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Dehydroabietic acid (DHA, 1), a natural occurring diterpene
resin acid, can be extracted from Pinus rosin or commercial dispro-
portionated rosin. Many derivatives of DHA have attracted great
interest for their broad spectrum of biological activities including
antimicrobial, antitumor, antiviral, antioxidant, gastroprotective
and BK channel-opening activities.?*~2° In our previous studies, a
series of 1H-dibenzo[a,c|carbazole derivatives were synthesized,
some of which showed considerable antimicrobial activity.*’
Moreover, previous study has showed that some nitrogen contain-
ing moieties such as piperazine, azole moieties could modulate the
physicochemical properties and thus increase the antimicrobial
efficiency.®! Especially, it is well known that azole moieties includ-
ing imidazole and triazole nucleus as important pharmacophore
appear extensively in various types of pharmaceutical agents. A
number of azole drugs, for example, ketoconazole, itraconazole
and fluconazole have been clinically used in the treatment of var-
ious infectious diseases with excellent therapeutic efficacy.®

In view of the above findings and as an extension of our study
on the development of carbazole derivatives of DHA, we designed
and synthesized a new series of N-substituted 1H-dibenzo[a,c]car-
bazole derivatives (6a-6u) with different amine or heterocycle
groups on the alkyl side chain, so that the synergistic effect of these
valuable moieties might result in antimicrobial molecules with
better efficacy. The synthetic route for the novel N-substituted
1H-dibenzo[a,c]carbazole derivatives was outlined in Scheme 1.
The key intermediate 2,3,4,4a,9,13c-hexahydro-7-isopropyl-1,4a-
dimethyl-1H-dibenzo[a,c]carbazole-1-carboxylic acid methyl ester
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Scheme 1. Synthetic route of N-substituted carbazole derivatives (6a-6s) from dehydroabietic acid. Reagents and conditions: (a) (i) SOCl,, benzene, reflux, 3 h, (ii) MeOH,
reflux, 2 h; (b) CrOs, AcOH, Ac,0, 0 °C to rt, 12 h; (c) phenylhydrazine hydrochloride, EtOH, concd HCl, reflux, 3 h; (d) 1,2-dibromoethane, TBAB, NaOH, benzene, rt, 12 h; (e)

respective amine, aniline or heterocycle, K,COs, KI, MeCN, reflux, 8-12 h.

(4) was synthesized from dehydroabietic acid (1) according to the
method described elsewhere.*° Further N-alkylation of compound
4 was carried out at room temperature with excess of 1,2-dibromo-
ethane in the presence of tetrabutylammonium bromide (TBAB)
and NaOH, which afford the N-bromoethyl carbazole derivative 5
with 56% yield. The target carbazole derivatives 6a-6u were
synthesized in 18-67% yield by the reaction of 5 with different
nucleophiles, including aliphatic amines, anilines and N-containing
heterocycles, with the presence of K;CO5 and KI at reflux in MeCN.
The structures of these products were characterized by their IR, 'H
NMR and HR ESIMS spectra. It is worth mentioning that the nucle-
ophilic substitution of 5 with tetrazole afforded two regioisomers
6t and 6u with N-1 and N-2 alkylated tetrazole moiety, respec-
tively, in a ca. 1/2 ratio in favor of the N-2 regioisomer (Scheme 2).
Separation by flash chromatography over silica gel (petroether—
acetone gradient) afforded N-1 and N-2 regioisomers as pure com-
pounds. The ratio of the N-2/N-1 alkylation can be influenced by
the electronic and steric effects as well as the solvent used in the
reaction.’>** In some cases, the structural difference between the

two regioisomers probably led to remarkable differentiation in
their physiochemical properties and biological properties,®* thus
modulating the ratio of the regioisomers might be valuable to ob-
tain more expected products. The two regioisomers were differen-
tiated by their "H NMR data according to the literature. The signal
of the N—CH—N proton for N-1-substituted isomer 6t (6 8.47 ppm)
appeared at lower field than that of the corresponding N-2-substi-
tuted one 6u (6 8.13 ppm).**

The in vitro antimicrobial activities of all the synthesized com-
pounds were evaluated for two Gram-positive bacteria viz. Bacillus
subtilis CGMCC 1.1162, Staphylococcus aureus CGMCC 1.1361 and
two Gram-negative organisms viz. Escherichia coli CGMCC 1.1571,
Pseudomonas fluorescens CGMCC 1.1828, as well as three fungi
viz. Candida albicans CGMCC 2.2086, Candida tropicalis CGMCC
2.3967 and Aspergillus niger CGMCC 3.316 by a modified twofold
serial dilution method.?°>° All target compounds were evaluated
at the concentrations ranging from 0.45 to 250 pg/ml and scored
for minimum inhibitory concentrations (MICs, pg/ml) that was
defined as the lowest concentrations of the compound at which

6u (35%)

Scheme 2. Preparation of (tetrazol-1-yl)- and (tetrazol-2-yl)-substituted isomers (6t and 6u). Reagents and condition: (a) K,COs, KI, MeCN, reflux, 8 h.
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microbial growth was inhibited. Amikacin sulfate and ketocona-
zole were co-assayed as positive control against tested bacteria
and fungi, respectively. The antibacterial and antifungal data were
depicted in Table 1.

The results of antimicrobial screening data revealed that most
of the synthesized compounds showed varying degrees of inhibi-
tion against both Gram-positive and Gram-negative bacteria. As
seen in Table 1, the intermediates 3-5 did not show significant
activity against all the tested organisms. For the tested aliphatic
amines 6a-6j, it was found that compounds 6h-6j displayed valu-
able antibacterial activity with MIC values ranging from 1.9 to
7.8 pg/ml against Gram-positive bacteria (B. subtilis and S. aureus).
Among them, the N-methylpiperazinyl substituted derivative 6j
showed excellent antibacterial potential against S. aureus with
the MIC of 1.9 ug/ml, comparable to that of amikacin. The
compound also showed significant activity against the two
Gram-negative strains (E. coli and P. fluorescens) with the MICs of
15.6 and 7.8 pg/ml, respectively. Compounds 6b, 6c, 6d, 6f and
6g exhibited moderate inhibitory activity against at least one of
the four bacterial strains, while compounds 6a and 6e showed mild
or no inhibition (>100 pg/ml) to the four bacteria. Among the
aromatic amines and heterocycles 6k-6u, compounds 60, 6p, 6q,
6r and 6t showed pronounced activity against the tested bacteria,
while compounds 6k-6n, 6s and 6u were found to have moderate
or low activity against the four strains. It was worth noting that
compound 6r possessed the highest inhibition against two
Gram-positive bacteria in the range of 0.9-1.9 pg/ml, which was
equipotent to amikacin with MIC of 0.9 pg/ml against B. subtilis.

Similarly, the antifungal evaluation in vitro revealed that the
synthesized compounds exhibited varying degrees of activity
against three tested fungi. As shown in Table 1, compound 6j
was found to exerted prominent antifungal activity against three
fungal strains with the MICs of 7.8 pug/ml, close to the reference
drug ketoconazole. Noticeably, compound 6j showed a broad anti-
microbial spectrum exhibiting excellent inhibition against all the
tested organisms. In addition, compounds 6¢, 6d, 6i, 60 and

Table 1
Antimirobial activity of novel carbazole derivatives (MIC values are in pg/ml)

6r-6t displayed moderate inhibitory activity against C. albicans
and/or C. tropicalis with MICs of 31.2 pg/ml, while most com-
pounds showed poor or no activity against A. niger.

From the in vitro antimicrobial activity data, preliminary
structure-activity relationship (SAR) of the synthesized com-
pounds 6a-6u was studied. Generally, the nitrogen-containing
heterocycles derivatives, for instance, compounds 6j and 6r with
N-methyl piperazine and 2-methyl-5-nitroimidazole moiety,
respectively, showed better antimicrobial activity against the
tested organisms than those bearing aliphatic amine or substituted
aniline side chains. Compounds 6¢ and 6d with dipropylamine and
dibutylamine moiety were more active than their analogues (6a
and 6b) bearing smaller alkyl amine moiety, whereas compound
6e with dihydroxyethyl amine moiety, a polar and medium size
group, only exhibited mild antimicrobial activity. In addition,
replacement of piperazine (6i) with N-methyl piperazine (6j)
moiety led to substantial enhancement of antimicrobial activity.
A possible explanation for this result was that the lipophilicity
and size of the side chain of these derivatives played an important
role in their antimicrobial activities. Among the derivatives con-
taining aromatic ring side chains, compounds 6m and 60 bearing
electron-withdrawing lipophilic groups such as -Cl and -NO, on
the benzene ring showed stronger antibacterial activity than com-
pounds with electron-releasing ones. Most derivatives with azole
substituents exhibited notable antibacterial activities. Among
them, compound 6r endowed with 2-methyl-5-nitroimidazole
moiety showed the strongest inhibitory activity. 5-Nitroimidazole
compounds, such as metronidazole and tinidazole, are a class of
clinically used antibiotics targeting a wide range of anaerobic
microbes from protozoans including Giardia lamblia, Trichomonas
vaginalis and Entamoeba histolytica, to bacteria such as Helicobacter
pylori, Clostridium difficile and Bacteroides fragilis.>® The mode of
action of 5-nitroimidazoles in these organisms is mediated via
bio-reduction of the nitro group to generate toxic, short-lived rad-
ical intermediates which will cause DNA damage of microbes and
result in cell death.?” However, compound 6r displayed marked

Compd No. Antibacterial activity Antifungal activity

Gram-positive bacteria Gram-negative bacteria

B. subtilis S. aureus E. coli P. fluorescens A. niger C. albicans C. tropicalis
3 31.2 31.2 >100 62.5 >100 >100 >100
4 31.2 62.5 >100 62.5 >100 >100 >100
5 31.2 62.5 >100 >100 >100 >100 >100
6a 62.5 >100 >100 62.5 >100 >100 >100
6b 31.2 62.5 >100 62.5 >100 62.5 >100
6¢ 15.6 31.2 31.2 31.2 >100 31.2 62.5
6d 15.6 15.6 31.2 15.6 62.5 31.2 31.2
6e 62.5 >100 62.5 62.5 >100 62.5 31.2
6f 31.2 62.5 >100 >100 >100 >100 >100
6g 15.6 62.5 >100 62.5 >100 >100 62.5
6h 15.6 7.8 31.2 31.2 62.5 62.5 31.2
6i 7.8 15.6 15.6 15.6 62.5 31.2 31.2
6j 3.9 1.9 15.6 7.8 7.8 7.8 7.8
6k 62.5 >100 >100 >100 >100 >100 >100
61 >100 62.5 >100 >100 >100 >100 >100
6m 31.2 31.2 >100 62.5 >100 62.5 >100
6n 31.2 62.5 >100 >100 >100 >100 >100
60 15.6 7.8 31.2 15.6 >100 31.2 62.5
6p 31.2 15.6 62.5 >100 >100 62.5 >100
6q 7.8 31.2 15.6 31.2 >100 >100 >100
6r 0.9 1.9 7.8 7.8 >100 31.2 31.2
6s 31.2 31.2 31.2 31.2 >100 31.2 62.5
6t 7.8 31.2 31.2 15.6 >100 31.2 62.5
6u 31.2 31.2 62.5 62.5 >100 >100 >100
Amikacin 0.9 0.9 1.9 0.9 — — —
Ketoconazole — - - — 7.8 39 39
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activity against tested bacteria in aerobic conditions. The result
indicated that the derivative might possess antimicrobial
metabolisms other than the reduction of nitro group. In addition,
the N-1-substituted tetrazole derivative 6t exhibited pronounced
antimicrobial activity against the bacterica B. subtilis and P. fluores-
cens and the fungus C. albicans, while its regioisomer 6u merely
showed moderate antibacterial activity and were inactive to the
tested fungi. Azole-based derivatives with electron-rich hetero-
atomic ring systems can bind with enzymes or receptors in
organisms through weak interactions such as coordination bonds,
hydrogen bonds, ion-dipole, cation-m, -7 stacking and hydro-
phobic effect as well as van der Waals force, consequently exhibit-
ing various bioactivities.>® The structural variation of these azole
derivatives, for example, the introduction of nitro group and the
isomerization of tetrazole moiety, may probably cause significant
change in their physiochemical properties such as lipophilicity,
the cell membrane permeability and their abilities to bind with
target enzymes or receptors in microorganisms.

In conclusion, a series of novel N-substituted 1H-dibenzo|a,c]
carbazole derivatives (6a-u) were synthesized via an easy and effi-
cient procedure from dehydroabietic acid. All the compounds were
assayed for their in vitro antimicrobial activity against four bacteria
and three fungi. As a result, derivatives bearing piperazine or azole
heterocyclic moieties bridged by flexible ethyl chains showed
broad antimicrobial spectrum and gave low inhibitory concentra-
tions of 0.9-15.6 pg/ml. Among them, compound 6j with N-methyl
piperazine displayed good antimicrobial activity against all the
tested strains. Compound 6r containing 2-methyl-5-nitro-imizaz-
ole moiety exhibited excellent antibacterial activity against
B. subtilis comparable to the reference drug amikacin. These deriv-
atives showed their potential as new lead compounds in the study
of antimicrobial chemotherapy. Further investigations, including
the incorporation of different linkers and diverse heterocyclic
moieties into this scaffold as well as various functional groups
linked to the piperazine ring are currently in progress, and the
findings are expected to give more information for the in-depth
SAR study.
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