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New bile acid-based amino sterols were synthesized in good yields from C-3b-oxiranes as key interme-
diates. These derivatives were evaluated for their in vitro antimicrobial properties against human patho-
gens. These compounds showed better antibacterial activity as compared to antifungal activity.
Compounds 21 and 22 showed comparable antibacterial activity to gentamicin against Staphylococcus
aureus with IC50 values of 5.14 and 4.46 lg/mL. This is the first report for the synthesis of C-3b-oxiranes
on the steroids having A/B cis ring junction and these oxiranes have been used for the synthesis of amino
sterols 17, 18, 21, and 22.

� 2009 Elsevier Ltd. All rights reserved.
The widespread excessive use of antibacterial agents lead to
development of more resistant bacteria to commonly used antibi-
otics. This has led to intense research for new types of antibiotics.
In recent years, a wide variety of compounds having antibacterial
activity have been synthesized or isolated from natural resources.
Among these natural antibiotics squalamine1 1 (Fig. 1) has at-
tracted considerable attention because of its potent antimicrobial
activity against a broad spectrum of microorganisms and also its
antiangeogenic properties.2,3 Attempts to obtain large amounts of
squalamine from the dogfish shark resulted in the discovery, isola-
tion, and characterization of family of novel aminosterols.4 The fact
that insufficient amount of squalamine was available from natural
recourses for mechanistic studies, indicated clear need for the
preparation of squalamine and hence several groups undertook
the synthesis of squalamine 1.5 Regan and co-workers synthesized6

squalamine analogue 2 (Fig. 1) in which they have attached sperm-
ine in the side chain and sulfate group at C-3 position of closely re-
lated sterol. This compound showed slightly better activity than
squalamine against Pseudomonas aeruginosa. Various squalamine
analogues 3–8 (Fig. 1) having long and short polyamine linkages
at different positions of steroid ring with or without sulfate groups
have been reported in the literature and many of them showed
moderate biological activities.7

A literature survey of antimicrobial steroids revealed that several
amino cholesterol derivatives exhibit profound antimicrobial activ-
ity.8 The preparation of various bile acid-based amino sterols was re-
ported with a view to examine their activity as antimicrobial
ll rights reserved.
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agents.9 A recent approach to combat against pathogens is to intro-
duce a polycationic chain onto a steroid scaffold that plays key role
in the biological systems.10 Polyamines are of considerable interest
due to their advantages of low toxicity, low immunogenicity, con-
trollable synthesis, and defined molecular structure for pharmaceu-
tical characterization.11 Savage et al. have designed a class of
cationic steroid antibiotics (CSA) as steroid–polyamine conju-
gates,12 with the intention of mimicking the antibacterial activities
of polymyxin B (PMB), while Regen and co-workers have described
the utilization of bile acid–polyamine conjugates as synthetic iono-
phores and extremely useful leads in the process of drug discovery.13

Recently we have synthesized amino functionalized novel cho-
lic acid derivatives containing 1, 2 amino alcohol in the C ring of
steroidal backbone.14a These compounds induced HIV-1 replication
and syncytia formation in T cells.

From the literature survey on sterol–polyamine conjugates14b it
was revealed that, long and rigid hydrophobic unit, a flexible
hydrophilic chain linked to hydrophobic unit, pendant polar head
groups are required for steroids to be biologically active. The pre-
cise structure of the polyamine is not important. The sulfate groups
can be replaced by a carboxylate or hydroxyl or even removed alto-
gether. The structure of the rigid hydrophobic unit, that is, steroid
can also be varied.

With this in view, novel bile acid-based amino sterols were de-
signed. Bile acids have been chosen because of their natural amphi-
phatic nature. They are pharmacologically interesting as potential
carriers of liver-specific drugs, absorption enhancers, and choles-
terol lowering agents.15 Several cholic acid-derived facial amphi-
philes have been reported16 to improve the permeability of
membranes including bacterial cell wall. In continuation17 of our
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Figure 1. Sterol–polyamine conjugates.
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work on bile acids we report here the synthesis and biological eval-
uation of bile acid–methylamine 17, 18 and bile acid–ethylenedia-
mine conjugates 21, 22 in which amino functionality has been
introduced at one carbon away from C-3 carbon of steroid unit.
These amino sterols 17, 18, 21, and 22 have been synthesized by
using C-3b-oxiranes 13 and 14 as key intermediates (Scheme 1).

Chemoselective oxidation of C-3 hydroxy group of methyl
deoxycholate 917c using Ag2CO3 on celite18 afforded compound
11 in 92% yield. In IR spectrum of compound 11 absorbance as-
signed to C-3-keto carbonyl appeared at 1712 cm�1 while ester
carbonyl appeared at 1735 cm�1. In 13C NMR compound 11
showed signal at d 213 ppm, assigned to C-3-keto carbonyl. Reac-
tion of 11 with sulfur ylide (trimethylsulfoxonium iodide/NaH in
DMSO–THF) resulted into oxirane 13 as a single isomer in 89%
yield. In 1H NMR compound 13 showed broad singlet at d 2.64
due to oxirane CH2. In 13C NMR signal due to C-3 carbonyl at d
213 ppm disappeared and methylene signal of C-3b-oxirane was
observed at d 53.8.

Formation of C-3b-oxirane from C-3-keto steroids having A/B
trans ring junction is known in the literature.19 However, there is
no report on synthesis of C-3 oxirane of steroids having A/B cis ring
junction, in which a-face is more crowded. Hence it was interest-
ing to know the stereochemistry of C-3 oxirane 13, which was
unambiguously confirmed to be C-3b-oxirane by single crystal X-
ray (Fig. 2).

Using similar reaction sequence oxirane 14 was synthesized
from methyl cholate 1017c in overall 75.6% yield in two steps.
Nucleophilic opening of oxirane 13 with azide anion (NaN3 in
DMF) gave azido alcohol 15 (Scheme 1). IR spectrum of 15 showed
characteristic bands at 1731 and 2104 cm�1 corresponding to the
ester carbonyl and azido group, respectively. Its 1H NMR spectrum
showed a characteristic signal at d 3.26 ppm assigned to C-3a
methylene protons (CH2N3). Hydrogenation of azido alcohol 15
was carried out using H2–Pd/C at 45 psi for 3 h to obtain deoxy-
cholic acid-based amino alcohol 17 in 98% yield. In 1H NMR
spectrum of compound 17 a characteristic signal at d 2.59 ppm
was assigned to the C-3a methylene proton (CH2NH2). Using
similar reaction sequence cholic acid-based amino alcohol 18
was obtained from oxirane 14 in overall 87.3% yield in two steps
(Scheme 1). We also synthesized two bile acid–ethylenediamine
conjugates 21 and 22. Nucleophilic opening of oxiranes 13 and
14 with N1-(Boc)-1,2-diaminoethane21 gave compounds 19 and
20, followed by N-Boc deprotection using 50% TFA and purification
by column chromatography afforded pure bile acid–ethylenedia-
mine conjugates 21 and 22, respectively. In 1H NMR spectrum of
21 and 22 showed a characteristic signal at d 2.52, 2.72, and 2.81
each for two protons corresponding to methylene protons of ethy-
lenediamine chain. The newly synthesized compounds 15–18, 21,
and 22 were fully characterized by spectroscopic data and were
tested for their antifungal as well as antibacterial activity.

Bioevaluation. The synthesized bile acid–amine conjugates 17,
18, 21, and 22 were tested for the in vitro antifungal and antibac-
terial activity. For comparison purpose antimicrobial activity of
bile acid esters 9 and 10, azido compounds 15 and 16 were also
determined. The antifungal activity was evaluated against different
fungal strains such asCandida albicans, Cryptococcus neoformans, Spo-
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rothrix schenckii, Trichophyton mentagrophytes, Aspergillus fumiga-
tus, and Candida parapsilosis (ATCC 22019). Antibacterial activity
was evaluated against different bacterial strains such as Escherichia
coli (ATCC 9637), P. aeruginosa (ATCC BAA-427), S. aureus (ATCC
Table 1
In vitro antibacterial activities of compounds 17, 18, 21, and 22 and antibacterial drug ge

Compound No. Inhibitory co

Ec Pa

MIC IC50 MIC I

17 >50 >50 >50 >
18 >50 >50 >50 >
21 50 NA 50 N
22 25 17.23 50 N
Gentamicin 0.18 0.11 25 2

Abbreviations: Ec, Escherichia coli (ATCC 9637); Pa, Pseudomonas aeruginosa (ATCC BAA-42
25923), and Klebsiella pneumoniae (ATCC 27736). Minimum inhib-
itory concentration (MIC) and IC50 values were determined using
standard broth microdilution technique as per NCCLS guidelines.22

Fluconazole and gentamicin have been used as standard drugs for
the comparison of antifungal and antibacterial activity, respec-
tively. The biological data of the tested compounds are depicted
in Tables 1 and 2 as MIC and IC50 values.

From the biological data, it was observed that bile acid esters 9,
10 and azido compounds 15, 16 were almost inactive against all
the tested bacterial and fungal strains. The MIC value for all these
compounds was >50 lg/mL. As seen in Table 1 bile acid–ethyla-
mine conjugates 17 and 18 and bile acid–ethylenediamine conju-
gates 21 and 22 showed potent antifungal and antibacterial
activity against most of the tested fungal and bacterial strains.
The activity of compounds 21 and 22 was higher or comparable
to that of gentamicin (IC50 4.46 lg/mL) against Staphylococcus aur-
eus (IC50 5.14 for 21 and 4.12 lg/mL for 22).

The same compounds 21 and 22 also showed good antifungal
activity against most of the tested fungal strains but these were
found to be less active than fluconazole (Table 2). Compound 21
showed better activity against Sporothrix schenckii (IC50 3.36 lg/mL),
ntamicin (MIC and IC50 in lg/mL)

ncentration in lg/mL against bacteria

Sa Kp

C50 MIC IC50 MIC IC50

50 25 14.56 50 NA
50 25 18.42 25 18.42
A 6.25 5.14 6.25 5.21
A 6.25 4.12 6.25 4.68
4.64 6.25 4.46 0.78 0.34

7); Sa, Staphylococcus aureus (ATCC 25923); Kp, Klebsiella pneumoniae (ATCC 27736).



Table 2
In vitro antifungal activities of compounds 17, 18, 21, and 22 and standard antifungal drug fluconazole (MIC and IC50 in lg/mL)

Compound No. Inhibitory concentration in lg/mL against fungi

Ca Cn Ss Tm Af Cp

MIC IC50 MIC IC50 MIC IC50 MIC IC50 MIC IC50 MIC IC50

17 50 50 50 50 25 12.65 25 24.86 50 50 >50 >50
18 50 >50 >50 >50 50 50 25 21.42 >50 >50 >50 >50
21 >50 25.05 25 17.23 12.5 3.36 6.25 6.25 12.5 8.14 25 18.36
22 25 24.05 25 14.56 25 18.32 6.25 6.25 50 50 25 16.42
Fluconazole 0.5 0.13 1.9 0.46 2.0 1.45 1.0 0.6 2.0 1.06 1.0 0.21

Abbreviations: Ca, Candida albicans; Cn, Cryptococcus neoformans; Ss, Sporothrix schenckii; Tm, Trichophyton mentagrophytes; Af, Aspergillus fumigatus (AF-27); Cp, Candida
parapsilosis (ATCC-22019).
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Trichophyton mentagrophytes (IC50 6.25 lg/mL), and Aspergillus
fumigatus (IC50 8.14 lg/mL) while compound 22 was found be active
against Trichophyton mentagrophytes (IC50 6.25 lg/mL).

In conclusion, new bile acid-based amino sterols were synthe-
sized in good yields from C-3b-oxiranes as key intermediates. In vi-
tro antimicrobial activities of compounds 21 and 22 against human
pathogens were found to be comparable to standard antibacterial
drug gentamicin against S. aureus. Synthesis of steroidal C-3b-oxir-
anes having A/B cis ring junction and amino functionality at one
carbon away from C-3 has been reported for the first time. Bile
acid–ethylenediamine conjugates 21 and 22 having extra amino
groups were found to be more active than bile acid–ethylamine
conjugates 17 and 18. Hence it may be assumed that by increasing
the chain length, the activity may be increased. Work on study of
structure–activity relationship by increasing the chain length,
changing the functional groups for getting more potent lead mole-
cules is in progress in our laboratory.
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