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Abstract—Potentially lymphotropic 7a- and 7b-aminocholestanol were stereoselectively synthesized. In vitro bioassay studies have
shown that these fungicidal lipidic derivatives possess strong antifungal activity against Candida spp resistant strains to ampho-
tericin B, 5-fluorocytosine and azoles. # 2001 Elsevier Science Ltd. All rights reserved.

Introduction

Invasive fungal infections constitute, in the past two or
three decades, a major cause of morbidity and mortality
in immune-compromised patients as in cancer and in
AIDS.1,2 The frequency of deeply invasive candidiasis
has increased nearly 10-fold during the past decade.3,4

Many infections due to Candida spp are refractory to
antifungal therapy. Isolates of Candida albicans and
Candida tropicalis, the two most common causes of
invasive candidiasis, were found to be significantly
associated with increased mortality of bone marrow
transplant recipients.5 These findings may be particu-
larly ominous for C. tropicalis, due to its increased
virulence in granulocytopenic hosts in comparison to C.
albicans.6 Most antifungal agents inhibit the biosynth-
esis of ergosterol, the principal sterol in fungi, or inter-
act directly with ergosterol in membranes.
Amphotericin B (amp B), a polyene interacting with
ergosterol in fungal cell membrane, is still the ‘gold
standard’ for systemic fungal infections in spite of acute
toxicity, nephrotoxicity, thrombophlebitis and erythroid
suppression. Moreover, early observed diversity of
pathogens and resistance of mycoses amp B therapy

have posed new challenges for development of alter-
native antifungal therapy.

For a long time, amp B was the only drug that could be
used against systemic mycoses, although 5-fluorocytosine
(5-FC) became a useful combination partner.7,8

Most antifungal drugs are sterol biosynthesis inhibitors
(SBIs), acting as site-specific inhibitors at different steps
of ergosterol biosynthesis, the predominant sterol in
most fungi.9 Most SBIs, like azole and morpholine
derivatives, are fungistatic rather than fungicidal and
have low cerebrospinal fluid penetration.10

Transformation in the B ring of sterol is the target for
many inhibitors such as morpholine derivatives. The
~8!~7-sterol isomerase reaction is conducted with
initial addition on the ~8 double bond of a proton to
the a face of C-9 giving a stabilized carbonium ion at C-8.
This high energy intermediate is converted to the ~7

alkene by removal of the 7b (mammals, plants) or the 7a
(fungi) hydrogen. Morpholine derivatives—containing an
amine function which is protonated in biological media—
are analogues, of this carbonium ion (Scheme 1).11

Rahier12 has shown that 8-aza-decalols are excellent
inhibitors of ~8!~7-sterol isomerase. These com-
pounds are presumed to act due to their resemblance to
the C-8 carbonium ion.

Oxysterols interfering with membranes lipids modified
membrane fluidity,13 membrane permeability for
cations14 and permeability to glucose.15 By analogy to
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oxysterols, we have focused on a study of aminosterols
and we have shown that 7-aminocholesterol, an epi-
meric mixture (7a/7b: 77/23) inhibits ~8!~7-sterol
isomerase and ~14-sterol reductase as morpholine inhi-
bitors, but this compound is fungicidal.16

In the biosynthetic pathway, ~5-unsaturation occurs
only after ~8!~7 isomerization. Our approach was
then to synthesize the saturated 7a and 7b-amino deri-
vatives (Scheme 2) so as to compare their efficiencies
with amp B, 5-FC and bifonazole.

Chemistry

Hydroxyl functionality of cholesterol was protected
with a tetrahydropyranyl group (1). Oxidation with
chromium trioxide–pyridine complex afforded the
allylic ketone. Selective reduction of the ~5 double

bond under Birch conditions, with lithium ammonia at
�78 �C, gave the A/B trans fused steroid in 62% yield.
However, the saturated and unsaturated ketones were
not easily separated mixture of chromatographically
methods. At �50 �C, the conjugated ketone gave (70%
yield) an epimeric 7a- and 7b-hydroxycholestanol. This
hydroxyl mixture was then oxidized to afford ketone 2.
Stereoselective reduction of this ketone with sodium
borohydride in the presence of either cerium trichloride
heptahydrate or l-selectride gave, respectively, 7b-
hydroxyl 3a17 and 7a-hydroxyl 3b.18 These hydroxyl
derivatives were converted into tosylates with an excess
of tosyl chloride in pyridine. On heating at 60 �C tosy-
late with sodium azide in dimethylformamide, the
required 7-azido derivatives19,20 (47%) was obtained in
low yield, probably due to steric hinderance. Azide
reduction was achieved with lithium aluminium hydride
and finally alcohol functionality was deprotected to give
compound I�21 and I�22 (Scheme 2).

Scheme 1. Pathways of sterol biosynthesis and mechanism proposed to ~8!~7-sterol isomerase action, in fungi and mammals.

Scheme 2. Synthesis of 7a- and 7b-aminocholestanol. Reagents and conditions: (i) CrO3–2py, CH2Cl2, rt; (ii) Li, NH3, THF, �50 �C ! rt; (iii)
CrO3, 2py, CH2Cl2, rt; (iv) l-selectride, THF, �78 �C; (v) NaBH4, CeCl3–7H2O, MeOH/THF, �30 �C; (vi) (1) TsCl, py, rt; (2) NaN3, DMF, 60 �C;
(vii) LiAlH4, THF, reflux; (viii) PPTS, ethanol, reflux.
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Biological Results and Discussion

Minimum inhibitory concentration in mg/mL values
after 48 h incubation23 of I� (6.2 mg/mL) and I� (1.5
mg/mL) were compared to 7-aminocholesterol II�,�
(epimeric mixture (7a/7b: 77/23); 2.6 mg/mL), amp B
(0.4 mg/mL), bifonazole (12.5 mg/mL) and 5-FC (50 mg/
mL) against C. albicans. These compounds were then
tested against resistant strains such as C. tropicalis (amp
B resistant): MIC for amp B was 12.5 mg/mL while I�,
I� and II�,� gave lower identical value (1.5 mg/mL).
On C. tropicalis (5-FC resistant), I�, I� and II�,� gave
a value of 3.1 mg/mL while that for 5-FC was more than
100 mg/mL. Finally, MIC value for bifonazole was 50
mg/mL against C. albicans azole resistant strain though
I� (3.1 mg/mL) I� (1.5 mg/mL) and II�,� (2.3) revealed
a constant activity. I� (3.1 mg/mL) and I� (0.8 mg/mL)
were fungicidal24 against Saccharomyces cerevisiae and
I�, I�, II�,� at 6.2 mg/mL against C. albicans (Table 1).

Soustre25 has proposed the hypothesis that 7-amino-
cholesterol is implicated either in the regulation of the
sterol pathway in yeast or in the nutritional control of
cell proliferation. This process could be also the basis of
the cytotoxicity of 7-aminocholestanol instead of cell
proliferation inhibition, as do the antifungal agents of
the SBIs family generally.

Conclusion

Reduced fungi susceptibility to recent analogues of
existing structural classes has arisen because fungi
resistance mechanisms are so widely entrenched. Can-
dida spp resistant strains to amp B, 5-FC and azole do
not show increased resistance to 7-aminocholestanol.
Moreover, unlike most SBIs, these drugs are fungicidal
suggesting a new mechanism of action. Finally, the
lipophilic 7-aminocholestanol derivatives are promising
candidates for deeply invasive candidiasis.
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3.1 1.5 2.3 — — 50

II�,�: epimeric mixture of 7-aminocholesterol (7a/7b: 77/23).
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