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Previous studies have indicated that the d-carboline (2) ring system derived from the natural product
cryptolepine (1) may represent a pharmacophore for anti-infective activity. This paper describes the
design and synthesis of a small library of substituted d-carbolines and the evaluation of the anti-fungal
and anti-bacterial activities. An evaluation of the anti-bacterial activity of a previously reported library of
ring-opened analogs was also conducted to provide an opportunity to test the hypothesis that both
group of compounds may have the same biological target. Results indicate that against a selected group
of fungal pathogens, substituted d-carbolinium analogs displayed higher potency and several fold lower
cytotoxicity than cryptolepine the parent natural product. Both the d-carbolinium compounds and their
ring-opened analogs, exhibited equally high anti-bacterial activity against the selected pathogens and
especially against the gram positive bacteria evaluated.

Published by Elsevier Masson SAS.
1. Introduction

Wehavepreviously reported that thed-carbolineor indolo [3,2-b]
pyridine (2) ring system derived from the natural product cryptole-
pine (depicted in the salt form, 1), may represent a new pharmaco-
phore for anti-infective activity [1]. By itself however, d-carbolinehas
no anti-infective properties just like its parent indolo [3,2-b]quino-
lines typified by quindoline [2]. When quindoline is alkylated on the
pyridine nitrogenwith appropriate alkyl groups and especially with
the u-cyclohexylpentyl moiety (3), the resulting compounds show
anti-infective properties against a variety of opportunistic microor-
ganisms including, Candila albicans, Cryptococcus neoformans,
Aspergillus fumigatus, and several others. Our more recent work [3]
on ring-opened analogs of cryptolepine suggested that alkylating
the diarylamine with the u-cyclohexylpentyl group while main-
taining a methyl group on the pyridine nitrogen may produce an
optimal combination of potency and toxicity profile. Hence in this
paper, we seek to explore the synthesis of a small library of
substituted d-carbolines with the u-cyclohexylpentyl moiety on the
indole nitrogen and a methyl group on the pyridine nitrogen and to
Ablordeppey).
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evaluate them against opportunistic fungal and bacterial infections
associated with immune-compromised conditions. In addition, we
report the expansion of the evaluation of a previous library of ring-
opened analogs of d-carbolines (4) against bacterial pathogens
including Staphylococcus aureus and MRSA, which have attracted
world-wide attention as major nosocomial infection-causing path-
ogens and the most frequent cause of skin and soft tissue infections
presenting to emergency rooms in the USA [4]. These results will
enable a comparison between the anti-infective activities of d-car-
bolinium compounds and their ring-opened analogs.
2. Chemistry

Usingmethodswe and others previously reported [5,6], wewere
able toobtain the compounds of interest in goodyields. Thefirst step
in the synthesis of the d-carbolinium compounds, 11aej, involved
coupling commercially available substituted phenyl boronic acids or
halides 5, with 3-aminopyridine, 6 to give substituted phenyl-
aminopyridines, 7. Ring closure of was accomplished by refluxing
intermediate7 in trifluoroacetic acid,with palladiumacetate, to give
8. Compound 9, u-cyclohexylpentyl iodide was obtained as previ-
ously reported [7] and was used to alkylate the secondary diaryl-
amine of 8. This was accomplished by deprotonation with sodium
hydride followed by alkylation with 9. The pyridine nitrogen of 10
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was methylated with methyl iodide to yield the desired target
compounds, 11aej (Scheme 1).

Reagents and conditions: (i) (Y ¼ B(OH)2), CH2Cl2, Cu(OAc)2,
TEA, Molecular sieve, rt, 24 h, (Y ¼ Br, I) 1, 4-Dioxane, PhONa,
xantphos, Pd2(dba)3, 80 �C, 24 h; (ii) Pd(OAc)2, CF3COOH, 80 �C, 6 h;
(iii) DME, NaH, 0 �C, RT, 12 h; (iv) CH3I, Toluene, 110 �C, 12e24 h.

3. Results and discussion

N1-alkylated d-carboline was previously identified as an anti-
infective pharmacophore [1]. To begin the current study, we
synthesized and evaluated the unsubstituted N5-u-cyclohexylpentyl
N1-methyl d-carboliniumcompound (11a). The results confirmedour
hypothesis that ring D in cryptolepine is not required for activity as
11a displayed high activity against both fungi and bacteria (Tables 1
and 3). Compounds with anti-infective activities between 1 and
5mg/mLare consideredpotent,moderatelypotent from6 to10mg/mL,
weakly active from 10 to 20 mg/mL and inactive above 20 mg/mL.
Compounds with activities in the sub-microgram per mL range and
toxicities against Vero cells >10 mg/mL are the target for our design
studies. Compound 11a showed considerable potency against all the
three fungi we have targeted, i.e., C. albicans, C. neoformans and
A. fumigatus all potentially deadly opportunistic fungi. However, the
cytotoxicity of 11a is less than 10 mg/mL and hence does notmeet our
desired target profile. Observations from our previous works
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suggested that changes in the steric, hydrophobic and electronic
space surrounding the tetracyclic ring of cryptolepine results in
changes in both activity and cytotoxicity [8]. It was therefore of
interest toexploit the steric, hydrophobicandelectronic spacearound
the d-carbolinium moiety in an attempt to improve the overall
potency and cytotoxicity profile of this scaffold.

We first selected the western hemisphere of the structure to
explore, using the electron withdrawing and hydrophobic chloro
substituents, 11bed. The synthesis of the designed targets with
substitution at the 6-, 7- and 8-positions went smoothly without
a hitch. However, all attempts to synthesize the 9-chloro analogwere
unsuccessful presumably because there was steric hindrance to
closing the ring with a meta-substituent on the precursor structure.
Evaluation of11bed against the three fungi showed similar potencies
across the board with the highest potencies against C. neoformans
(IC50 < 0.4 mg/mL). Cytotoxicity against Vero cells did improve
(>10 mg/mL) as a result of the substitutions as expected. To further
explore other substitutions in this hemisphere,we selectedposition8
using a Craig plot guided selection of substituents [9]. The stronger
electron withdrawing and hydrophobic trifluoromethyl substituent
(11e) did not fare any better and has diminished potency against
C. albicans while it was essentially inactive against A. fumigatus.
Similar observations were made for the smaller fluoro substituent
(11f). The electrondonating andhydrophobicmethyl group (11g)was
selected from the next quadrant of the Craig plot.
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Table 1
Anti-fungal activity data of d-carbolinium analogs, 11aej.

N

N

CH3

(CH2)5

I

R
8

7 6

.
Compoundsa IC50/MIC/MFC/(mg/mL) TC50 (mg/mL)

Entry R Ca Cn Afu Vero cells

11a H 3.0/5.0/>20 0.45/0.63/5.0 0.45/0.63/5.0 7.5
11b 6-Cl 2.5/5.0/5.0 0.3/0.6/0.6 16/20/20 >10
11c 7-Cl 2.9/5.0/10 0.3/0.6/0.6 16/20/>20 >10
11d 8-Cl 2.0/5.0/5.0 0.4/0.6/0.6 16/20/20 >10
11e 8-CF3 5.8/10/20 0.4/0.6/1.3 18/>20/>20 >10
11f 8-F 6.5/20/20 0.6/1.3/1.3 12/20/>20 >10
11g 8-CH3 2.9/5.0/20 1.3/2.5/2.5 17/20/>20 >10
11h 8-SCH3 2.1/5.0/5.0 0.3/0.6/0.6 13/20/20 >10
11i 8-OCH3 7.4/20/>20 0.70/1.3/1.3 16/>20/>20 >10
11j 8-CN 19/20/>20 2.8/5.0/5.0 NA >10
Cryptolepineb 250 (MIC) 12.5 (MIC) NT 3.2
Amphotericin B 0.2/0.6/1.3 0.3/0.63/0.63 0.7/1.3/5.0 7.6

Abbreviations: Ca¼ Candida albicans; Cn¼ Cryptococcus neoformans; Afu¼ Aspergillus
fumigatus; NT¼Not tested; NA¼ not active at 20 mg/mL; IC50¼ The concentration that
affords 50% inhibition of growth; MIC¼Minimum inhibitory concentration and is the
lowest test concentration that allows no detectable growth; MFC ¼ Minimum fungi-
cidal concentration and is the lowest test concentration that kills the organism;
TC50 ¼ The concentration that is toxic to 50% of cells.

a All compounds were subjected to CHN analysis and each passed within 0.4% of
the theoretical value.

b Data previously reported [2].

Table 2
Anti-fungal activity data of 3-phenylaminopyridinium analogs, 12aes.

N

N

CH3

(CH2)5

I

R
p

m o

.
Compounda IC50/MIC/MFC (mg/mL) TC50 (mg/mL)

Entry R Ca Cn Afu Vero cells

12a H 8.3/20/>20 1.5/2.5/2.5 20/>20/>20 >10
12b o-Cl 2.8/5.0/5.0 2.0/2.5/2.5 18/>20/>20 NT
12c m-Cl 3.0/5.0/10 0.72/1.3/1.3 12/20/20 >10
12d p-Cl 1.5/3.1/>20 1.0/1.6/NT 1.0/1.6/>20 >10
12g p-CF3 1.0/2.5/10 1.5/2.5/5.0 1.5/2.5/5.0 >10
12h p-F 9.6/20/>20 1.4/2.5/2.5 NA >10
12k p-CH3 1.5/2.5/10 1.5/2.5/5.0 1.5/5.0/5.0 >10
12m p-SCH3 2.0/5.0/10 1.2/1.3/2.5 6.4/10/10 >10
12p p-OCH3 5.1/10/20 1.4/2.5/2.5 NA >10
12s p-CN 19/20/>20 2.6/5.0/5.0 NA >10
Cryptolepineb >250 (MIC) 12.5 (MIC) NT 3.2
Amphotericin B 0.2/0.6/1.3 0.3/0.63/0.63 0.7/1.3/5.0 7.6

Abbreviations: Ca¼ Candida albicans; Cn¼ Cryptococcus neoformans; Afu¼ Aspergillus
fumigatus; NT ¼ Not tested; NA ¼ not active at 20 mg/mL; IC50 ¼ The concentration
that affords 50% inhibition of growth;MIC¼Minimum inhibitory concentration and is
the lowest test concentration that allows no detectable growth; MFC ¼ Minimum
fungicidal concentration and is the lowest test concentration that kills the organism;
TC50 ¼ The concentration that is toxic to 50% of cells.

a The syntheses and characterization of all compounds in this table were previ-
ously reported [3].

b Data previously reported [2].
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Evaluation showed no significant changes in potency compared
to the chloro substituent although activity against C. neoformanswas
relatively subdued. Similar observations were made when a thio-
methyl substituent (11h) was evaluated except that the loss of
activity against C. neoformans observed for the methyl group was
restored. The electron donating and minimally hydrophilic methoxy
compound (11i) represented substituents in the third quadrant in
the Craig plot. Activity was generally lower and even more subdued
with the more hydrophilic and electron withdrawing cyano group
(11j). Thus, it will appear that hydrophilicity decreases activity while
lipophilicity increases activity on ring A of the d-carbolinium scaf-
fold. Changes in the electronic effect of the substituents do not
appear to have any significant contribution to activity based on these
observations. All the compounds, 11bej meet our desired cytotox-
icity target of >10 mg/mL against Vero cells.

Table 2 depicts the anti-fungal inhibitory activity results of
previously reported ring-opened analogs of d-carbolinium com-
pounds, (12 aed, g,h,k,m,p & s). These and the corresponding
d-carbolinium compounds provide the opportunity for comparing
each substituted analog. The d-carbolinium compounds showed
consistently higher potency against C. neoformans than the corre-
sponding ring-opened analogs. However, the observed trends
remain very similar.

On the other hand, ring-opened analogs were more potent
against A. fumigatus as compared to their d-carbolinium counter-
parts and there is a preference for p-substituents compared to the
o- and m-substituents. The only exception is the unsubstituted
analogs (11a and 12a) where the reverse is the case. We have
currently no explanation of this observation. Interestingly, activities
are generally similar against C. albicans for both the closed and
open ring systems.

The potency of the d-carbolinium and their ring-opened analogs
against the various fungi examined above, and the low cytotoxicity
they displayed inspired our evaluation of these compounds against
a select number of bacterial pathogens. Both the d-carbolinium
compounds and their ring-opened analogs, 12aes [3] were evalu-
ated against four bacterial pathogens and the results are shown in
Tables 3 and 4. S. aureus, methicillin-resistant S. aureus (MRSA),
Mycobacterium intracellulare and Escherichia coli were selected for
evaluation. S. aureus, and especially MRSA, have become some of
the deadliest and most common nosocomial infection causing
pathogens [4,11]. Resistance development by S. aureus to current
drugs has made vancomycin and a few of the new anti-bacterial
agents the last lines of defense against MRSA [12,13]. And yet over
the last 2 decades, the development of new anti-bacterial drugs has
slowed down significantly [14]. M. intracellulare [15] is an oppor-
tunistic pathogen associatedwith AIDS and E. coli and is included to
represent a gram-negative bacterium in the biological evaluation.

All the d-carbolinium compounds, 11aei have shown sub-
microgram potencies (IC50) against S. aureus except for the hydro-
philic cyano substituent (11j). Similarly, the compounds were
potent against MRSA (1.2� IC50� 5.8 mg/mL) and here too themore
hydrophilic substituents showed subdued activity. We can only
speculate that perhaps the increased hydrophobicity enables the
quaternary compounds to cross microbial membranes much more
efficiently than their hydrophilic counterparts. While the more
hydrophobic compounds fared better in this assay, there was no
clear indication of the contributions made by differences in elec-
tronic parameters. The d-carbolinium compounds were equally
potent against M. intracellulare, showing IC50 values in the range of



Table 3
Anti-bacterial activity of d-carbolinium analogs, 11aei.

N

N

CH3

(CH2)5

I

R
8

7 6

Compounds IC50/MIC/MBC/(mg/ml)

Entry R Sa MRSA E. coli M. int.

11a H NT 1.5/2.5/5.0 5.0/>20/>20 0.55/1.3/2.5
11b 6-Cl 0.2/0.3/10 1.2/2.5/5.0 5.7/>20/>20 0.5/0.6/5.0
11c 7-Cl 0.4/0.6/5.0 1.2/2.5/2.5 5.9/>20/>20 0.7/1.3/5.0
11d 8-Cl 0.5/1.3/10 1.3/2.5/10 5.9/>20/>20 0.7/1.3/2.5
11e 8-CF3 0.4/0.6/10 1.2/2.5/10 7.6/>20/>20 0.8/1.3/2.5
11f 8-F 0.7/1.3/20 2.8/5.0/20 13/>20/>20 1.2/2.5/5.0
11g 8-CH3 0.4/0.6/10 1.6/5.0/10 5.6/>20/>20 1.5/2.5/5.0
11h 8-SCH3 0.4/0.6/5.0 1.1/2.5/10 5.6/>20/>20 0.7/1.3/2.5
11i 8-OCH3 0.7/1.3/20 3.3/5.0/20 12/>20/>20 1.6/2.5/2.5
11j 8-CN 2.6/5.0/20 5.8/10/20 NA 2.1/2.5/5.0
Cryptolepinea 10 (IC50) 20 (IC50) NT 15 (IC50)
Ciprofloxacin 0.07/0.3/0.5 0.07/0.3/0.5 0.005/0.3/0.6 0.3/0.5/NA

Abbreviations: Sa ¼ Staphylococcus aureus; MRSA ¼ Methicillin-Resistant Staphylo-
coccus aureus; M. Int. ¼ Mycobacterium intracellulare; NT ¼ Not tested; NA ¼ not
active at 20 mg/mL; IC50 ¼ The concentration that affords 50% inhibition of growth;
MIC ¼ Minimum inhibitory concentration and is the lowest test concentration that
allows no detectable growth; MFC¼Minimum bactericidal concentration and is the
lowest test concentration that kills the microorganism; TC50 ¼ The concentration
that is toxic to 50% of cells.

a Data previously reported [10].

Table 4
Anti-bacterial activity of 3-phenylaminopyridinium Analogs, 12aes.

N

N

CH3

(CH2)5

I

R
p

m o

Compound IC50/MIC/MBC (mg/mL)

Entry R Sa MRSA E. Coli M. int.

12a H 0.7/1.3/10 3.4/10/20 7.6 > 20/>20 2.1/25/2.5
12b o-Cl 0.3/0.6/10 1.1/2.5/10 7.6/>20/>20 2.1/2.5/5.0
12c m-Cl 0.34/0.63/5.0 1.3/2.5/5.0 6.5/>20/>20 2.1/2.5/5.0
12d p-Cl 1.5/3.1/NT NT NT 1.0/1.6/NT
12e o-CF3 0.3/0.3/10 0.6/1.3/5.0 9.1/>20/>20 1.2/3.5/2.5
12f m-CF3 NT 1.5/2.5/5.0 4.5/>20/>20 2.0/2.5/2.5
12g p-CF3 NT 0.9/2.5/2.5 3.5/20/20 1.0/1.3/1.3
12h p-F 0.7/1.3/10 3.0/5.0/20 18/>20/>20 3.2/5.0/10.0
12i o-CH3 0.3/0.6/10 1.0/2.5/10 9.4/>20/>20 1.6/2.5/2.5
12j m-CH3 0.7/1.3/5.0 1.2/2.5/5.0 7.7/>20/>20 1.1/1.3/5.0
12k p-CH3 NT 1.0/2.5/2.5 4.5/20/>20 1.5/2.5/2.5
12l p-C2H5 0.2/3.0/5.0 0.7/1.3/2.5 4.0/20/20 0.6/1.3/5.0
12m p-SCH3 0.3/0.6/5.0 1.0/2.5/2.5 5.2/20/20 1.0/1.3/5.0
12n o-OCH3 0.4/0.6/20 1.2/5.0/20 14/>20/>20 1.9/2.5/2.5
12o m-OCH3 0.8/1.3/20.0 4.8/10/20 NA 3.3/5.0/10
12p p-OCH3 0.3/0.6/10.0 1.9/5.0/10 5.4/>20/>20 1.0/1.3/5.0
12q o-CN 1.3/2.5/10.0 6.4/20/20 NA 3.5/5.0/20
12r m-CN 0.8/1.3/20 3.9/10/10 NA 2.0/2.5/10
12s p-CN 2.5/5.0/20 6.2/10/20 NA 2.8/5.0/5.0
Cryptolepinea 10 (IC50) 20 (IC50) NT 15 (IC50)
Ciprofloxacin 0.07/0.3/0.5 0.07/0.3/0.5 0.005/0.3/0.6 0.3/0.5/>20

Abbreviations: Sa ¼ Staphylococcus aureus; MRSA ¼ Methicillin-resistant Staphylo-
coccus aureus; M. Int. ¼ Mycobacterium intracellulare; NT ¼ Not tested; NA ¼ not
active at 20 mg/mL; IC50 ¼ The concentration that affords 50% inhibition of growth;
MIC ¼ Minimum inhibitory concentration and is the lowest test concentration that
allows no detectable growth; MFC¼Minimum bactericidal concentration and is the
lowest test concentration that kills the microorganism; TC50 ¼ The concentration
that is toxic to 50% of cells. The syntheses and characterization of all compounds in
this table were previously reported [3].

a Data previously reported [10].
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0.5e2.1 mg/mL, with the majority in the sub-microgram/mL range.
Interestingly, all the d-carbolinium compounds displayed potent
bactericidal properties and especially against M. intracellulare.

4. Conclusion

Using the method previously reported by our labs, we were able
to synthesize a number of substituted d-carbolinium analogs 11aej
in relatively good yields. Biological evaluations of the compounds
indicated that substituted d-carbolinium analogs possess high anti-
fungal activity. On average, these analogs are over 100-fold (Cn) and
over 150-fold (Ca) more potent than cryptolepine, the original
natural product. The in vitro cytotoxicity assay against mammalian
kidney fibroblast (Vero) cells indicates that removal of ring D from
the cryptolepine scaffold and introduction of anu-cyclohexylpentyl
group on the indole nitrogen resulted in a decrease in cytotoxicity.
Anti-bacterial evaluation showed all substituted d-carbolinium
analogs to be more potent than cryptolepine with especially potent
activity against M. intracellulare (IC50 values in the range of
0.5e2.1 mg/ml). While very potent activities against the gram-
positive bacteriawere observed, the compounds showedweakor no
activity against the gram-negative bacterium, E. coli. In general, the
anti-bacterial activities of the ring-opened analogs 12aes were
remarkably similar to their d-carbolinium counterparts.

5. Experimental

5.1. Reagents and general procedures

Reagents and solventswere obtained from commercial suppliers
(Sigma-Aldrich, Alfa Aesar andVWR) and except for tetrahydrofuran
(THF) which was dried over sodium metal, all other reagents and
solvents were used without further purification. Flash chromatog-
raphy was performed with Selecto Scientific silica gel (63e200
mesh). Analytical TLC was performed on pre-coated Whatman Ltd
aluminium plates (Silica gel 60 Å). NMR spectra were obtained on
Varian 300 MHZ NMR spectrometer. Melting points were deter-
mined on a Gallenkamp (UK) apparatus. CHN analyses, performed
with a Perkin Elmer 2400 CHN elemental analyzer, were carried
out by Atlantic Microlab, Inc., Norcross, GA and are within 0.4% of
theoretical values unless otherwise noted.
5.2. General procedure for the synthesis of N-phenylpyridin-3-
amine derivatives (7)

Method A was used for halogen and trifluomethyl-substituted
analogs, 7aef and method B was utilized in the case of 7gej.

5.2.1. Method A Y ¼ B(OH)2
To a solution of amino pyridine (1 g, 10.63 mmol) in CH2Cl2

(30 mL) was added portion wise phenyl boronic acid (1.63 g), Et3N
(1.5 g, 10.4 mmol), Cu(OAc)2 (1.90 g, 10.4 mmol) and molecular
sieves (2 g) under stirring. The reaction mixture was stirred at rt for
12e24 h and monitored by TLC. Once reaction is completed, the
mixturewas quenched by the drop-wise addition of aq NH3 (15ml).
The resulting mixture was extracted with CH2Cl2 (3 � 20 mL)
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washed with brine then with water, and dried over anhydrous
Na2SO4. The solvent was removed under reduced pressure and the
residue purified by column chromatography using a mixture of
EtOAc and hexanes as eluent.

5.2.2. Method B Y ¼ Br or I
A mixture of phenyl halide (200 mg), sodium phenolate

(191 mg, 1.65 mmol), Pd2(dba)3 (12.6 mg, 0.014 mmol), xantphos
(191 mg, 0.033 mmol) and heteroarylamine (114 mg, 1.21 mmol) in
1,4-dioxane (6.5 mL), was refluxed at 80 �C for 6 h. After cooling to
rt, the mixture was diluted with EtOAc (100 mL), washed with 1N
aqueous NaOH (3 � 70 mL) and brine (100 mL), dried over anhy-
drous Na2SO4, filtered, and the solvent removed under vacuum. The
resulting residue was purified over silica gel using hexanes/EtOAc
as eluent to obtain the product as a yellow solid.

5.2.3. N-Phenylpyridin-3-amine (7a)
Yellow solid (108 mg, 60% yield), mp: 390e391 �C; 1H NMR

(300 MHz, CDCl3): d8.38 (d, 1H, J ¼ 2.4 Hz), 8.16 (d, 1H, J ¼ 4.5 Hz),
7.42e7.38 (m, 4H), 7.02e6.97 (m, 3H), 5.71 (s, 1H).

5.2.4. N-(2-Chlorophenyl)pyridin-3-amine (7b)
Yellow solid (97 mg, 45% yield), mp: 432e433 �C; 1H NMR

(300 MHz, CDCl3): d8.43 (d, 1H, J ¼ 2.1 Hz), 8.28 (d, 1H, J ¼ 4.2 Hz),
7.62e7.03 (m, 6H), 6.01 (s, 1H).

5.2.5. N-(3-Chlorophenyl)pyridin-3-amine (7c)
Yellow solid (104 mg, 48% yield), mp: 431e432 �C; 1H NMR

(300 MHz, CDCl3): d8.41 (s, 1H), 8.23 (d, 1H, J ¼ 2.7 Hz), 7.41e7.43
(m, 3H), 7.26e6.92 (m, 3H), 5.98 (s, 1H).

5.2.6. N-(4-Chlorophenyl)pyridin-3-amine (7d)
Yellow solid (119 mg, 55% yield), mp: 432e433 �C; 1H NMR

(300MHz,CDCl3):d8.39 (d,1H, J¼2.7Hz), 8.23 (d,1H, J¼4.8Hz), 7.39
(d, 1H, J¼ 8.1 Hz), 7.26e7.21 (m, 3H), 7.02e6.99 (m, 2H), 5.83 (s, 1H).

5.2.7. N-(4-(Trifluoromethyl)phenyl)pyridin-3-amine (7e)
Yellow solid (128 mg, 51% yield), mp: 418e419 �C; 1H NMR

(300 MHz, CDCl3): d8.47 (s, 1H), 8.30 (s, 1H), 7.50 (t, 2H, J ¼ 8.4 Hz),
7.28e7.05 (m, 4H), 5.98 (s, 1H).

5.2.8. N-(4-Fluorophenyl)pyridin-3-amine (7f)
Yellow solid (115 mg, 58% yield), mp: 403e404 �C; 1H NMR

(300 MHz, CDCl3): d8.33 (s, 1H), 8.14 (d, 1H, J ¼ 3.9 Hz), 8.03 (d, 2H,
J ¼ 5.4 Hz), 7.32e6.99 (m, 4H), 5.73 (s, 1H).

5.2.9. N-(p-Tolyl)pyridin-3-amine (7g)
Yellow solid (123 mg, 63% yield), mp: 414e415 �C; 1H NMR

(300 MHz, CDCl3): d8.30 (d,1H, J ¼ 2.4 Hz), 8.12 (d, 1H, J ¼ 3 Hz),
7.26e6.89 (m, 6H), 5.47 (s, 1H), 2.26 (s, 3H).

5.2.10. N-(4-(Methylthio)phenyl)pyridin-3-amine (7h)
Yellow solid (149 mg, 65% yield), mp: 448e449 �C; 1H NMR

(300 MHz, CDCl3): d8.36 (s, 1H), 8.17 (s, 1H), 7.72e7.02 (m, 6H), 5.68
(s, 1H), 2.47 (s, 3H).

5.2.11. N-(4-Methoxyphenyl)pyridin-3-amine (7i)
Yellow solid (140 mg, 66% yield), mp: 436e437 �C; 1H NMR

(300 MHz, CDCl3): d8.32 (s,1H), 8.04 (s, 1H), 7.27e7.09 (m, 4H), 6.91
(t, 2H, J ¼ 4.3 Hz), 5.93 (s, 1H), 3.81 (s, 3H).

5.2.12. 4-(Pyridin-3-ylamino)benzonitrile (7j)
Yellow solid (84 mg, 41% yield), mp: 479e480 �C; 1H NMR

(300 MHz, CDCl3) d8.49 (d, 2H, J¼ 3Hz), 8.12 (d, 1H, J¼ 1.8 Hz), 7.81
(t, 2H, J ¼ 5.1 Hz), 6.74e6.69 (m, 3H), 5.3 (s, 1H).
5.3. General procedure for the synthesis of 5H-pyrido [3,2-b]indole
derivatives (8)

A mixture of 7 (400 mg), CF3COOH (8 mL), Pd(OAc)2 (300 mg,
1.34 mmol) was refluxed for 6 h at 72 �C, and allowed to cool to rt.
Thereafter, it was poured into ice cold H2O (15 mL), neutralized
with aqueous NH3, extracted with EtOAc (3 � 50 mL), washed with
brine and dried over anhydrous sodium sulfate. The solvent was
removed under reduce pressure and the crude product was purified
by column chromatography (hexane:EtOAc 2:3).

5.3.1. 5H-pyrido [3,2-b]indole (8a)
Yellow solid (150 mg, 38% yield), mp: 206e207 �C; 1H NMR

(300 MHz, DMSO-d6): d11.2 (s, 1H), 8.39 (d, 2H, J ¼ 7.3 Hz), 8.15(dd,
2H, J ¼ 5.4, 1.6 Hz), 7.97e7.88 (m, 3H).

5.3.2. 6-Chloro-5H-pyrido [3,2-b]indole (8b)
Yellow solid (119 mg, 30% yield), mp: 208e209 �C; 1H NMR

(300 MHz, DMSO-d6): d11.1 (s, 1H), 8.38 (d, 2H, J ¼ 3 Hz), 8.10e8.01
(m, 2H), 7.86 (dd, 2H, J ¼ 4.6, 1.2 Hz).

5.3.3. 7-Chloro-5H-pyrido [3,2-b]indole (8c)
Yellow solid (154 mg, 39% yield), mp: 208e209 �C; 1H NMR

(300 MHz, DMSO-d6): d11.4 (s, 1H), 8.45 (dd, 2H, J ¼ 6.5, 3.1 Hz), 8.2
(d, 2H, J ¼ 5.6 Hz), 7.9 (t, 2H, J ¼ 2.6 Hz).

5.3.4. 8-Chloro-5H-pyrido [3,2-b]indole (8d)
Yellow solid (162 mg, 41% yield), mp: 208e209 �C; 1H NMR

(300 MHz, DMSO-d6): d11.2 (s,1H), 8.97 (d, 1H, J ¼ 1.5 Hz), 8.93
(d, 2H, J ¼ 5.7 Hz), 8.62 (d, 2H, J ¼ 2.1 Hz), 8.12 (d, 1H, J ¼ 6 Hz).

5.3.5. 8-(Trifluoromethyl)-5H-pyrido [3,2-b]indole (8e)
Yellow solid (131 mg, 33% yield), mp: 203e204 �C; 1H NMR

(300 MHz, CDCl3): d11.3 (s, 1H), 8.61 (d, 2H, J ¼ 4.5 Hz), 8.25 (d, 2H,
J ¼ 1.3 Hz), 7.95 (dd, 2H, J ¼ 5.2, 2.1 Hz).

5.3.6. 8-Fluoro-5H-pyrido [3,2-b]indole (8f)
Yellow solid (170 mg, 43% yield), mp: 207e209 �C; 1H NMR

(300 MHz, DMSO-d6): d11.0 (s, 1H), 8.43 (d, 2H, J ¼ 2.1 Hz), 8.01
(t, 2H, J ¼ 1.8 Hz), 7.98 (d, 2H, J ¼ 6.3 Hz).

5.3.7. 8-Methyl-5H-pyrido [3,2-b]indole (8g)
Yellow solid (150 mg, 38% yield), mp: 212e213 �C; 1H NMR

(300MHz, DMSO-d6): d11.4 (s,1H), 8.40 (dd, 2H, J¼ 4.2,1.5 Hz), 8.21
(s, 1H), 8.0 (t, 2H, J ¼ 5.0 Hz), 7.95 (d, 1H, J ¼ 1.4 Hz), 3.41 (s, 3H).

5.3.8. 8-(Methylthio)-5H-pyrido [3,2-b]indole (8h)
Yellow solid (40% yield), mp: 201e202 �C; 1H NMR (300 MHz,

DMSO-d6): d11.5 (s, 1H), 8.62 (d, 2H, J ¼ 7.2 Hz), 8.41e8.0 (m, 3H),
7.88 (d, 1H, J ¼ 1.4 Hz), 4.1 (s, 3H).

5.3.9. 8-Methoxy-5H-pyrido [3,2-b]indole (8i)
Yellow solid (159 mg, 36% yield), mp: 189e190 �C; 1H NMR

(300MHz, DMSO-d6): d11.3 (s,1H), 8.40 (dd, 2H, J¼ 5.1, 2.0 Hz), 8.1 (d,
1H, J¼5.3Hz), 7.86 (t, 2H, J¼2.8Hz), 7.84 (d,1H, J¼4.1Hz), 3.4 (s, 3H).

5.3.10. 5H-pyrido [3,2-b]indole-8-carbonitrile (8j)
Yellow solid (138 mg, 35% yield), mp: 221e222 �C; 1H NMR

(300 MHz, DMSO-d6): d11.03 (s, 1H), 8.6 (d, 2H, J ¼ 3.4 Hz), 8.3
(d, 2H, J ¼ 5.1 Hz), 8.11e7.93 (m, 2H).

5.4. Synthesis of 5-iodopentylcyclohexane (9)

A mixture of (5-bromo-pentyl)-cyclohexane [2] (2 g, 8.6 mmol)
in acetone (20 mL) and NaI (2.57 g, 17.15 mmol) was heated at 60 �C
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for 12 h and then allowed to cool to rt. The solvent was removed
under vacuum, the residue was diluted with H2O (50 mL) and
extracted with EtOAc (3 � 30 mL). The pooled organic layer was
washed with brine (30 mL), dried over anhydrous Na2SO4, solvent
was removed under vacuum and the crude product purified on
column chromatography using hexanes as eluent. The pure product
9, was an oily liquid (2.17 g, 90% yield). 1H NMR (300 MHz, CDCl3):
d0.8 (t, 2H, J ¼ 10.2 Hz), 1.00e1.38 (m, 9H), 1.52e168 (m, 6H),
1.70e1.80 (m, 2H), 3.10 (t, 2H, J ¼ 6.9 Hz).
5.5. General procedure for the synthesis of derivatives of 5-(5-
Cyclohexylpentyl)-5H-pyrido [3,2-b]indole, 10

To a solution of 8 (100mg) in dried 1, 2-dimethoxyethane (5ml),
NaH (20 mg, 0.83 mmol) and then 9 (636 mg, 2.27 mmol) were
added. The reaction was stirred at rt for 12 h, solvent was removed
under reduced pressure and the residue partitioned between H2O
(10 ml) and EtOAc (2 � 30 ml). The pooled organic phase was
washed with brine, dried over anhydrous Na2SO4 and the solvent
was removed under reduced pressure. The crude product was
purified by column chromatography (hexane: EtOAc 4:1).

5.5.1. 5-(5-Cyclohexylpentyl)-5H-pyrido [3,2-b]indole (10a)
Yellow oily liquid (76.2 mg, 40% yield), 1H NMR (300 MHz,

CDCl3): d8.55 (dd, 1H, J ¼ 1.2, 1.2 Hz), 8.40 (dd, 1H, 6.0, 1.8 Hz),
7.69e7.44 (m, 3H), 7.37e7.29 (m, 2H), 4.30 (t, 2H, J ¼ 4.8 Hz),
2.04e1.63 (m, 8H), 1.34e1.13 (m, 9H), 0.88(t, 2H, J ¼ 8 Hz).

5.5.2. 6-Chloro-5-(5-cyclohexylpentyl)-5H-pyrido [3,2-b]indole (10b)
Yellow oily liquid (96.3 mg, 55% yield), 1H NMR (300 MHz,

CDCl3): d9.01 (d, 2H, J ¼ 6.6 Hz), 8.85 (t, 2H, J ¼ 6.2 Hz), 8.02 (d, 1H,
J ¼ 8.1 Hz) 7.85 (d, 2H, J ¼ 2.5 Hz), 4.1(t, 2H, J ¼ 5.1 Hz), 2.1e1.78
(m, 10H), 1.68e1.44 (m, 7H), 0.98 (t, 2H, J ¼ 1.8 Hz).

5.5.3. 7-Chloro-5-(5-cyclohexylpentyl)-5H-pyrido [3,2-b]indole (10c)
Yellow oily liquid (80.6 mg, 46% yield), 1H NMR (300 MHz,

CDCl3): d8.96 (d, 2H, J ¼ 4.8 Hz), 8.6 (t, 2H, J ¼ 5.8 Hz), 8.21 (d, 1H,
J ¼ 2.1 Hz), 7.81 (d, 2H, J ¼ 3.4 Hz), 4.3 (t, 2H, J ¼ 4.8 Hz), 2.03e1.78
(m, 6H), 1.54e1.16 (m, 8H), 1.02e0.89(m, 5H).

5.5.4. 8-Chloro-5-(5-cyclohexylpentyl)-5H-pyrido [3,2-b]indole (10d)
Yellow oily liquid (91.1 mg, 52% yield), 1H NMR (300 MHz,

CDCl3): d8.99 (d, 1H, J ¼ 3.5 Hz), 8.97 (d, 2H, J ¼ 4.3 Hz), 8.62 (d, 2H,
J ¼ 2.1 Hz), 7.84 (t, 2H, J ¼ 4.5 Hz), 4.36 (t, 2H, J ¼ 1.6 Hz), 1.85e1.65
(m, 10H), 1.29e1.16 (9m, 7H), 0.86 (t, 2H, J ¼ 2.8 Hz).

5.5.5. 5-(5-Cyclohexylpentyl)-8-(trifluoromethyl)-5H-pyrido [3,2-b]
indole (10e)

Yellow oily liquid (65.5 mg, 42% yield), 1H NMR (300 MHz,
CDCl3): d8.71 (s, 1H), 8.61 (d, 1H, J ¼ 3.5 Hz), 7.81e7.79 (m, 3H), 7.6
(d, 2H, J ¼ 4.3 Hz), 4.36e4.17 (m, 2H), 1.92 (t, 2H, J ¼ 7.8 Hz),
1.88e1.16 (m, 12H), 1.58e0.89 (m, 7H).

5.5.6. 5-(5-Cyclohexylpentyl)-8-fluoro-5H-pyrido [3,2-b]indole (10f)
Yellow oily liquid (71 mg, 39% yield), 1H NMR (300 MHz, CDCl3):

d8.81 (d, 2H, J ¼ 3.6 Hz), 8.78 (d, 1H, J ¼ 4.2 Hz), 8.2 (d, 2H,
J ¼ 1.8 Hz), 7.86 (t, 2H, J ¼ 5.6 Hz), 3.8 (t, 2H, J ¼ 2.7 Hz), 1.98e1.76
(m, 10H), 1.52e1.18 (m, 6H), 0.98 (t, 3H, J ¼ 4.8 Hz).

5.5.7. 5-(5-Cyclohexylpentyl)-8-methyl-5H-pyrido [3,2-b]indole (10g)
Yellow oily liquid (103 mg, 56% yield), 1H NMR (300 MHz,

CDCl3): d8.63 (d,1H, J¼ 4.7 Hz), 8.45 (d, 2H, J¼ 1.5 Hz), 8.01 (dd, 2H,
J¼ 6.3, 2.1 Hz), 7.74 (d, 2H, J¼ 2.6 Hz), 4.01e3.80 (m, 2H),1.98 (t, 3H,
J ¼ 6.8 Hz), 1.78e1.43 (m, 10H), 1.21 0.89 (m, 9H).
5.5.8. 5-(5-Cyclohexylpentyl)-8-(methylthio)-5H-pyrido [3,2-b]
indole (10h)

Yellow oily liquid (87 mg, 51% yield), 1H NMR (300 MHz, CDCl3):
d8.87 (d, 2H, J ¼ 7.8 Hz), 8.41 (dd, 2H, J ¼ 5.4, 1.6 Hz), 7.98 (d, 1H,
J¼ 7.3 Hz), 7.46 (t, 2H, J¼ 4.1 Hz), 3.85 (d, 2H, J¼ 1.2 Hz), 2.7 (s, 3H),
1.96e1.73 (m, 12H), 1.15e0.84 (m, 7H).

5.5.9. 5-(5-Cyclohexylpentyl)-8-methoxy-5H-pyrido [3,2-b]indole
(10i)

Yellow oily liquid (94 mg, 53% yield), 1H NMR (300 MHz, CDCl3):
d8.99 (d, 2H, J ¼ 4.6 Hz), 8.81(t, 2H, J ¼ 7.8 Hz), 7.97e7.54 (m, 3H),
4.1 (t, 2H, J ¼ 6.1 Hz), 2,31(s, 3H), 1.84e1.76 (m, 10H), 1.31e1.12
(m, 7H), 0.86 (t, 2H, J ¼ 1.4 Hz).

5.5.10. 5-(5-Cyclohexylpentyl)-5H-pyrido [3,2-b]indole-8-
carbonitrile (10j)

Yellow oily liquid (68 mg, 38% yield), 1H NMR (300 MHz, CDCl3):
d8.76 (d, 2H, J ¼ 6.8 Hz), 8.67 (t, 2H, J ¼ 2.1 Hz), 7.81e7.43 (m, 3H),
3.61 (t, 2H, J ¼ 4.5 Hz), 2.15e1.84 (m, 10H), 1.57e1.16 (m, 6H), 0.87
(t, 3H, J ¼ 7.2 Hz).

5.6. General procedure for the synthesis of derivatives of 5-(5-
cyclohexylpentyl)-1-methyl-5H-pyrido [3,2-b]indol-1-ium iodide, 11

To a solution of 10 (100 mg) in toluene (3 ml), methyl iodide
(0.3 g, 2.1 mmol) was added in a pressure tube and sealed. The
reaction mixture was stirred at 110 �C for 24 h, and then allowed to
cool to rt, diluted with Et2O (15 mL), to form a precipitate which
was filtered and washed with Et2O (3 � 20 ml). The crude product
was recrystallized from MeOH.

5.6.1. 5-(5-cyclohexylpentyl)-1-methyl-5H-pyrido [3,2-b]indol-1-
ium iodide (11a)

Yellow solid (28.5 mg, 32.9%), mp: 228e230 �C; (DMSO-d6):
d8.96 (d, 1H, J ¼ 8.7 Hz), 8.90 (d, 1H, J ¼ 6.0 Hz), 8.56 (d, 1H,
J ¼ 8.4 Hz), 8.20e8.00 (m, 2H), 7.90 (t, 1H, J ¼ 7.5 Hz), 7.54 (t, 1H,
J¼ 7.2 Hz), 4.80 (s, 3H), 4.66 (t, 2H, J¼ 6.9 Hz),1.78(t, 2H, J¼ 6.6 Hz),
1.64e1.52 (m, 5H), 1.30e1.20 (m, 4H), 1.14e1.00 (m, 6H), 0.80e0.74
(t, 2H, J ¼ 10.2 Hz). Anal. Calcd for C23H31IN2: C, 59.74; H, 6.76;
N, 6.06. Found: C, 59.48; H, 6.71; N, 5.95.

5.6.2. 6-Chloro-5-(5-cyclohexylpentyl)-1-methyl-5H-pyrido [3,2-b]
indol-1-ium iodide (11b)

Yellow solid (35% yield), mp: 246e248 �C; 1H NMR (300 MHz,
CDCl3): d9.01 (d, 2H, J¼ 6 Hz), 8.63 (d, 1H, J¼ 1.8 Hz), 8.14e8.08 (m,
2H), 7.95e7.91 (m,1H), 4.82 (s, 3H),1.76e1.58 (m, 6H),1.21e1.00 (m,
12 H), 0.78 (t, 3H). Anal. Calcd for C23H30ClIN2: C, 55.69; H, 6.09;
N, 5.64. Found: C, 55.69; H, 6.09; N, 5.61.

5.6.3. 7-Chloro-5-(5-cyclohexylpentyl)-1-methyl-5H-pyrido [3,2-b]
indol-1-ium iodide (11c)

Yellow solid (55% yield), mp: 234e235 �C; 1H NMR (300 MHz,
CDCl3): d9.62 (d, 1H, J ¼ 5.7 Hz), 8.77 (d, 1H, J ¼ 9 Hz), 8.34 (d, 2H,
J ¼ 1.5 Hz), 8.18e8.13 (m, 2H), 5.04 (s, 3H), 4.58 (t, 2H, J ¼ 7.2 Hz),
1.90 (d, 2H, J ¼ 7.5 Hz), 1.65e1.56 (m, 12H), 1.33e1.12 (m, 5H). Anal.
Calcd for C23H30ClIN2: C, 55.60; H, 6.09; N, 5.64. Found: C, 55.35;
H, 6.09; N, 5.66.

5.6.4. 8-Chloro-5-(5-cyclohexylpentyl)-1-methyl-5H-pyrido [3,2-b]
indol-1-ium iodide (11d)

Yellow solid (57% yield), mp: 244e245 �C; 1H NMR (300 MHz,
CDCl3): d8.54e8.52 (m, 2H), 8.34 (s, 1H), 7.65e7.62 (m, 2H), 7.47 (d,
2H, J ¼ 1.2 Hz), 4.23 (s, 3H), 1.64e1.31 (m, 14H), 1.28e1.13 (m, 6H).
Anal. Calcd for C24H32ClIN2: C, 55.60; H, 6.09; N, 5.64. Found:
C, 55.39; H, 6.02; N, 5.65.
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5.6.5. 5-(5-Cyclohexylpentyl)-1-methyl-8-(trifluoromethyl)-5H-
pyrido [3,2-b]indol-1-ium iodide (11e)

Yellow solid (55% yield), mp: 239e240 �C; 1H NMR (300 MHz,
CDCl3): d9.64 (d, 1H, J ¼ 6.0 Hz), 8.88 (d, 1H, J¼ 8.4 Hz), 8.60 (s, 1H),
8.27e7.83 (m, 3H), 5.08 (s, 3H), 4.65 (t, 2H, J¼ 7.5 Hz), 2.04e1.92 (m,
2H), 1.65e1.55 (m, 13H), 1.36e1.15 (m, 4H). Anal. Calcd for
C24H32F3IN2.0.05H2O: C, 54.35; H, 5.70; N, 5.28. Found: C, 54.25;
H, 5.69; N, 5.27.

5.6.6. 5-(5-Cyclohexylpentyl)-8-fluoro-1-methyl-5H-pyrido [3,2-b]
indol-1-ium iodide (11f)

Yellow solid (60% yield), mp: 244e245 �C; 1H NMR (300 MHz,
CDCl3): d9.62 (d, 1H, J ¼ 5.7 Hz), 8.74 (d, 1H, J ¼ 8.4 Hz), 8.17e8.04
(m, 2H), 7.73e7.64 (m, 2H), 5.05 (s, 3H), 1.92 (t, 2H), 1.65e1.57
(m, 13H), 1.35e1.14 (m, 9H). Anal. Calcd for C23H30FIN2.0.05H2O:
C, 57.50; H, 6.29; N, 5.83. Found: C, 57.40; H, 6.28; N, 5.82.

5.6.7. 5-(5-Cyclohexylpentyl)-1,8-dimethyl-5H-pyrido [3,2-b]indol-
1-ium iodide (11g)

Yellow solid (52% yield), mp: 249e250 �C; 1H NMR (300 MHz,
CDCl3): d9.64 (d, 1H, J¼ 6.6 Hz), 8.81 (d, 1H, J¼ 8.7 Hz), 8.60 (s, 3H),
8.25e7.83 (m, 3H), 5.09 (s, 3H), 4.63 (t, 2H, J ¼ 7.2 Hz), 1.95 (t, 2H),
1.65e1.53 (m, 11H), 1.46 1.34 (m, 9H). Anal. Calcd for
C24H33ClIN2.0.05H2O: C, 60.50; H, 6.98; N, 5.88. Found: C, 60.39;
H, 6.97; N, 5.87.

5.6.8. 5-(5-Cyclohexylpentyl)-1-methyl-8-(methylthio)-5H-pyrido
[3,2-b]indol-1-ium iodide (11h)

Yellow solid (49% yield), mp: 239e240 �C; 1H NMR (300 MHz,
CDCl3): d9.66 (d, 1H, J¼ 6 Hz), 8.66 (d, 1H, J¼ 8.4 Hz), 8.15e8.02 (m,
2H), 7.72e7.61 (m, 2H), 5.05 (s, 3H), 4.56 (t, 2H, J ¼ 7.2 Hz), 1.93
(t, 2H, J¼ 7.2 Hz), 1.65e1.53 (m,14H), 1.34e1.14 (m, 4H), 0.85 (t, 2H).
Anal. Calcd for C24H33IN2S.0.05H2O: C, 56.69; H, 6.54; N, 5.28.
Found: C, 56.69; H, 6.53; N, 5.50.

5.6.9. 5-(5-Cyclohexylpentyl)-8-methoxy-1-methyl-5H-pyrido
[3,2-b]indol-1-ium iodide (11i)

Yellow solid (46% yield), mp: 244e245 �C; 1H NMR (300 MHz,
CDCl3): d9.67 (d, 1H, J ¼ 5.7 Hz), 8.70 (d, 1H, J ¼ 9 Hz), 8.34 (d, 1H,
J ¼ 1.8 Hz), 8.17e7.66 (m, 4H), 5.05 (s, 3H), 4.56 (t, 2H, J ¼ 7.5 Hz),
1.92 (t, 2H, J ¼ 6.6 Hz), 1.65e1.46 (m, 4H), 1.35e1.13 (m, 13H), 0.83
(t, 2H). Anal. Calcd for C23H32IN2O.0.05H2O: C, 58.54; H, 6.75;
N, 5.69. Found: C, 58.43; H, 6.74; N, 5.68.

5.6.10. 8-Cyano-5-(5-cyclohexylpentyl)-1-methyl-5H-pyrido [3,2-
b]indol-1-ium iodide (11j)

Yellow solid (41% yield), mp: 124e125 �C; 1H NMR (300 MHz,
CDCl3): d9.60 (d, 1H, J ¼ 5.7 Hz), 8.99 (d, 1H, J ¼ 8.4), 8.41 (d, 4H,
J ¼ 5.7 Hz), 4.68 (s, 3H), 3.96 (t, 2H, J ¼ 7.5 Hz), 2.04e1.63 (m, 10H),
1.28e1.13 (m, 6H), 0.92e0.77 (m, 3H). Anal. Calcd for
C24H30IN3.0.05H2O: C, 59.14; H, 6.20; N, 8.62. Found: C, 59.03;
H, 6.19; N, 8.60.

5.7. Procedure for the synthesis of compounds 12aes

These were previously reported [3].

5.8. Anti-fungal and anti-bacterial testing

Compounds were evaluated in vitro against a panel of micro-
organisms, including C. albicans ATCC 90028 (Ca), Candida krusei
ATCC 6258 (Ck), C. neoformans ATCC 90113 (Cn), S. aureus ATCC
29213 (Sa), methicillin-resistant S. aureus ATCC 33591(MRSA),
A. fumigatus ATCC 204305 (Af), and M. intracellulare ATCC 23068
(Mi) as previously reported [16] All organisms were obtained from
the American Type Culture Collection (Manassas, Va.). Suscepti-
bility testing was performed using a modified version of the NCCLS
methods [17e19] for all organisms except for M. intracellulare, for
which the modified Alamar blue procedure described by Franzblau
et al. [20] was followed. Briefly, samples (dissolved in DMSO) were
serially diluted by using 0.9% saline and transferred in duplicate to
96-well microplates. Microbial inocula were prepared after com-
parison of the absorbance (at 630 nm) of cell suspensions to the
0.5 McFarland standard and dilution of the suspensions in broth
(Sabouraud dextrose and cation-adjusted MuellereHinton broth
[Difco] for the fungi and bacteria, respectively, and 5% Alamar blue
[BioSource International] in Middlebrook 7H9 broth with oleic
acidealbuminedextroseecatalase enrichment for M. intracellulare)
to afford recommended inoculum sizes. Microbial inocula were
added to the samples to achieve a final volume of 200 mL and final
sample concentrations starting with 20 mg/mL. Growth, solvent,
and medium controls were included on each test plate. The plates
were read at either 530 nm or excitation and emissionwavelengths
of 544 and 590 nm (Alamar Blue method) prior to and after incu-
bation. Percent growth was calculated and plotted with the
concentration tested to afford the concentration that inhibits 50% of
growth (IC50).

5.9. Cytotoxicity assay

In vitro cytotoxicity was determined against mammalian kidney
fibroblast (VERO) cells. The assay was performed in 96-well tissue
culture-treated microplates and compounds were tested up to
a highest concentration of 10 mg/mL as described earlier [21]. In
brief, cells (25,000 cells/well) were seeded to the wells of the plate
and incubated for 24 h. Samples were added and plates were again
incubated for 48 h. The number of viable cells was determined by
the neutral red assay as previously described [21]. IC50 values were
determined from dose curves of growth inhibition versus concen-
tration. Doxorubicin was used as a positive control, while DMSO
was used as the negative (vehicle) control.
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