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Abstract

New 1-[2-azido-2-(2,4-dichlorophenyl)ethyl]-1H/-imidazole were synthesized by nucleophilic substitution of various tertiary
alcohols with azide anion in presence of boron trifluoride-diethyl etherate. Their antifungal activity was evaluated against
Candida albicans, Candida glabrata, Aspergillus fumigarus and an azole-resistant petite mutant of C. glabrata. Preliminary SAR

results are discussed.
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Introduction

In these past two or three decades, fungal infections
have increased in frequency among severaly immuno-
compromised hosts suffering from cancer or aids and
in organ transplant cases. [1,2] On account of
nephrotoxicity of amphotericin B [3] and despite the
recent discovery of echinocandins [4], azoles which
act by inhibiting cytochrome P450 14a-demethylase
and present a low toxicity and a good distribution
profile are usually preferred as first-line therapy [5].
However, the extensive use of azole compounds has
given rise to the emergence of azole-resistant isolates
in pathogenic yeasts which are often associated to an
increased activity of the efflux pump [6]. Despite
recent developements, there is still a need for a
genuinely broad-spectrum and low toxicity antifungal
azole agents capable to overcome this increased efflux
[7,8] Considering this need, we recently reported the
synthesis of new 2-aryl-1-azolyl-3-thienylbutan-2-ols
[9], isoxazoles and isoxazolines [10] which kept a high
activity against a Candida glabrata azole-resistant

strain which overexpressed genes coding for the efflux
pump proteins. [6] These studies pointed out the
utility of a five-membered heteroaromatic ring in the
conazole side-chain for the escaping of the efflux
pumps. Although modifications of the side-chain is
very studied, some 2-position pharmacomodulations
is less current. The most used conazole (fluconazole)
was only modified by esterification between the 2-
hydroxyl group and some carboxylic or phosphoric
acids to form prodrugs with good solubility [11,12].
However, these prodrugs are less active than
fluconazole and their hydrolysis capacity is weak.
Therefore, it’s very interesting to develop some new
conazole with a pharmacomodulation in place of the
2-hydroxyl group. In this aim, we had worked on the
subtitution of the 2-hydroxyl group by an azide anion.
A such modification has ever encountered on
griseofulvine with the substitution of the 2'-methoxy
group while preserving the same antifungal activities
against dermatophytes [13]. Although the azide
group is recognized for his great toxicity, the used of
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azidoconazoles could be justified for extremely infec-
tious diseases caused by resistant strains. In this study,
we have considered the antifungal potential of azide
derivatives. So we would like to report herein the
synthesis of new azide in the conazole series and an
evaluation of their antifungal activity against an azole-
resistant petite mutant of C. glabrata and its parent wild-
type strain, but also on two other human pathogenic
fungi, 2.e. C. albicans and Aspergillus fumigatus.

Materials and methods
Chemistry

Instrumentarion. Synthesis of 3 [14], 5a [15], 5¢ [16],
5d [17], Se [18] and 5f [19] were performed as
previously described. Alcohol 1 [19] is commercially
available from Acros Organics and ketone 4 [20] from
Ugarit Chimie. Si gel 60 (Macherey-Nagel, 230-400
mesh) was used for column chromatography and
precoated Si gel plates (Macherey-Nagel, SIL
G/UV254, 0.25mm) were used for preparative
TLC. Infrared (IR) spectra were determined on a
BRUKER FT IR Vector 22 using KBr discs for solids
or neat liquid films for liquids. NMR spectra were
recorded in CDCI; solution on a BRUKER AVANCE
DRX 500 or a JEOL GSX 270 WB spectrometers.

Methanesulfonic acid 1-(2,4-dichlorophenyl)-2-imidazol-
1-yl-ethyl ester (2). At 0°C, methanesulfonyl chloride
(1.1 mmol) was added to a solution of alcohol
1 (1.0mmol) and triethylamine (1.1 mmol) in
dichloromethane. After 2 h, the reaction was warmed
to room temperature and water (20mL) was then
added. The organic phase was extracted with
dichloromethane (2 X 20mL), dried over Na,SOy,

2'-azidogriseofulvine

azidoconazole 3 and 6a-f

Antifungals used in therapeutic, and general structure of new synthesized compounds 3 and 6a-f (R = H, butyl, vinyl, allyl,

filtered and evaporated under reduced pressure. The
crude product was purified by flash chromatography on
SiO, with dichloromethane/ethanol (95/5) as eluent to
give 2 (0,96mmol; 96%). 'H-NMR (270 MHz;
CDCls): 2.71 (s, 3H, CH3), 4.24 (dd, 1H, J = 7.5
and 15.2Hz, CH,,), 6.44 (dd, 1H, J = 3.0 and
15.2Hz, CH,,), 6.07 (dd, 1H, J = 3.0 and 7.5 Hz,
CH), 6.95 (s, 1Hgaroms H-2 imidazolyl), 7.09 (s, 1Haroms
H-3 imidazolyl), 7.31 (m, 2Hrom, H-5' and H-6"), 7.43
(s, 1Hroms H-5 imidazolyl), 7.45 (m, 1Hom, H-3');
I3C-NMR (270 MHz; CDCl;): 38.1 (CHs), 50.4
(CHy), 77.8 (CH), 127.9 (CHarom)> 128,1 (CHarom)s
128.3 (CHarom)s 129.3 (CHarom)> 129.6 (CHarom)s
129.8 (CHarom)> 131.2 (Cgrarom)> 131.8 (Cyjarom)> 136.0
(Cq/arom); HRMS (MeOH/H,O, ESI+) m/z:
335,0033 (required: 335,0024).

2-(2,4-Dichlorophenyl) -1 H-imidazol- 1-yl-but-3-en-2-ol
(5b). A solution of vinylmagnesium bromide (1 M in
THF; 2.0 mmol) was dropped into a solution of ketone
4 (1.0mmol) in freshly distilled THF (10mL) and
refluxed. The reaction was then quenched with water
(20mL) and THF was removed under reduced
pressure. The organic phase was extracted with
dichloromethane (2 X 20mL), washed with a 10%
aqueous solution of NaHCOs, dried over Na,SOy,,
filtered and concentrated under reduced pressure. The
crude product was purified by flash chromatography
on Si0, with dichloromethane/ethanol (97/3) as eluent
to give 5b (0,28 mmol; 28%). 'H-NMR (270 MHz;
CDCL): 4.37 (d, 1H, J = 14.1Hz, CH,,), 4.70
(d, 1H, J = 14.1Hz, CHa), 5.26 (d, 1Hying
J = 10.8 Hz, CH,,), 5.30 (d, 1Hiny, J] = 17.3 Hz,
CH,y), 6.46 (dd, 1Hyiny1, ] = 10,8 and 17,3 Hz, CH),
6.74 (m, 2H,,om, H-2 imidazolyl and H-3 imidazolyl),
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7.13 (dd, 1H,rems ] = 2.1 and 8.7 Hz, H-5'), 7.33 (s,
1H, o, H-5 imidazolyl), 7.35 (d, 1Hywom, ] = 2.1 Hz,
H-3"), 7.63 (d, 1H,.om, ] = 8.7 Hz, H-6/); >C-NMR
(270 MHz; CDCLs): 53.9 (CH,), 76.1 (Cq), 117.1
(CHZ/vinyl)s 120.4 (CHarom)5 127.2 (CHarom)J 127.3
(CHarom)> 129.9 (CHarom)s 130.4 (CHarom), 131.1
(Cq/arorn)s 134.1 (Cq/arom)> 137.9 (CHarom)J 138.3
(Cq/arom)a 138.5 (CHvinyl)-

General procedure for compounds 6a-f. Boron
trifluoride-diethyl etherate (1.97 mmol) was dropped
at 0°C to a solution of sodium azide (1.54 mmol) and
corresponding tertiary alcohol (0.16 mmol) in dried
THF (10mL). The mixture was stirred for 12h,
hydrolysed with water (1 mL) and concentrated.
Then, dichloromethane (10 mL), water (10 mL) and
a saturated aqueous solution of K,COj; (2 mL) were
added. The organic layer was extract with
dichloromethane (2 X 10mL), dried (Na,SO,) and
evaporated under reduced pressure. The product was
purified by flash chromatography on SiO, with the
adequat eluent.

1-(2-Azido-2-(2,4-dichlorophenyl) hexyl) -1 H-imida-
zole (6a). Eluent: dichloromethane/ethanol (95/5),
75%; IR Vypax: 2100 (N3) cm ™~ !5 '"H-NMR (270 MHz;
CDCl5): 0.93 (t, 3H,] = 7.5 Hz, CH3), 1.33 (m, 2H,
CH,), 1.66 (m, 2H, CH,), 2.74 (m, 2H, CH,),
5.17 (d, 1H, J = 15.8Hz, CH,,), 5.32 (d, 1H,
J = 15.8Hz, CH,), 6.36 (s, 1H,.om, H-2 imidazo-
Iyl), 7.17 (dd, 1H om, J = 1.9 and 8.5 Hz, H-5),
7.29 (d, 1H o, J = 1.9Hz, H-3'), 7.51 (d, 1Har0m>
J = 8.5Hz, H-6'), 8.15 (s, 1H,;om, H-3 imidazolyl),
8.51 (s, 1Haom, H-5 imidazolyl); '>C-NMR
(270 MHz; CDCIls): 13.8 (CH3), 22.3 (CHy), 31.5
(CHyp), 35.9 (CH,), 55.2 (CHy), 74.5 (Cy), 121.3
(CHarom)J 121.9 (CHarom)a 127.7 (CHarom)s 134.6
(Cq/arom)3 135.4 (Cq/arom)s 135.9 (Cq/arom)5 136.7
(CHarom)J 143.9 (CHarom)J 160.6 (Cq/arom)-

1-(2-Azido-2-(2,4-dichlorophenyl) bur-3-enyl)-1H-
imidazole (6b). Eluent: dichloromethane/ethanol

(96/4), 55%; IR Vpay: 2099 (N3) cm ™ '; 'H-NMR
(270 MHz; CDCly): 4.53 (d, 1H, ] = 14.3 Hz,
CH,,), 4.88 (d, 1H, J = 14.3Hz, CH,y), 5.31 (d,
leinyI: ] = 17.3 Hz, CHZa’)a 5.38 (d, leinyla
J = 10.7Hz, CH,y), 6.46 (dd, 1Hyy, J = 10.7
and 17.3 Hz, CH), 6.76 (s, 1H,;om, H-2 imidazolyl),
7.00 (s, 1Hqpom, H-3 imidazolyl), 7.21 (dd, 1H,rem,
J=21 and 8.5Hz, H-5), 7.41 (d, 1H.oms
J = 2.1Hz, H-3), 7.54 (d, 1Huem, ] = 8.5Hz,
H-6), 8.06 (s, 1H,.om, H-5 imidazolyl); '>*C-NMR
(270 MHz; CDCls): 70.5 (CHy), 75.5 (Cy), 118.6
(CH2/Viny1)> 121.7 (CHvinyl)J 121.8 (CHarom): 127.7
(CHarom)s 129.5 (CHarom)s 130.8 (CHarom), 130.9
(CHarom)a 135.1 (Cq/arom)’ 136.0 (Cq/arom)a 136.3
(Cq/arom)s 137.4 (CHamm)-

1-(2-Azido-2-(2,4-dichlorophenyl) pent-4-enyl) -1 H-
imidazole (6¢). Eluent: dichloromethane/ethanol
(96/4), 37%; IR vpa: 2097 (N3) cm™'; '"H-NMR
(270 MHz; CDCls): 2.47 (dd, 1H, J = 8.3 and
13.9Hz, CH,,), 3.46 (dd, 1H, ] = 5.3 and 13.9 Hz,
CH,y), 4.31 (d, 1H, J = 14.1 Hz, CH,y), 4.91 (d,
1H,J = 14.1 Hz, CHyy), 5.19 (m, 2Hyiny1, CH,r and
CHyp), 5.39 (m, 1Hyiny, CH), 6.77 (s, 1Harom, H-2
imidazolyl), 7.05 (s, 1Hgom, H-3 imidazolyl), 7.18
(dd, 1Hgrom, J = 2.6 and 8.9Hz, H-5), 7.41
(d, 1Haroms J = 2.6Hz, H-3), 7.44 (d, 1Haroms
J = 8.9Hz, H-6'), 8.04 (s, 1H,;om, H-5 imidazolyl);
I3C-NMR (270 MHz; CDCl;): 41.1 (CH,), 55.3
(CH,), 75.0 (Cy), 121.6 (CHyiny)s 121.9 (CHarom)s
122.1 (CH2/vinyl)> 127.7 (CHarom)J 127.9 (CHarom),
135.1 (Cyarom)> 130.0 (CHarom)s 130.2 (CHarom)s
130.9 (CHarom)s 135.1 (Cq/arom)’ 135.9 (Cq/arom)-

1-(2-Azido-2-(2,4-dichlorophenyl) pent-4-ynyl) -1 H-
imidazole (6d). Eluent: dichloromethane/ethanol
(99/1), 15%; IR vpay 2098 (N3) cm '; 'H-NMR
(270 MHz; CDCls): 2.19 (t, 1Huiynes J = 2.5Hz,
CH), 3.09 (dd, 1H,J = 2.5and 17.3 Hz, CH,,), 3.26
(dd, 1H, J = 2.5 and 17.3 Hz, CH,}), 4.55 (d, 1H,
J = 14.5Hz, CH,,), 4.95 (d, 1H, J = 14.5Hz,
CH,y), 6.76 (s, 1Haoms, H-2 imidazolyl), 7.07
(s; 1Hgarom>» H-3 imidazolyl), 7.23 (dd, 1Hroms

Cl Cl Cl

Scheme 1.
DMF, RT, 92%.

N

Cl Cl Cl

Synthesis of compounds 2 and 3. Reagent: (a) BF5.Et,0, NaN3, THF, 0°C; (b) MsCl, NEts;, CH,Cl,, 0°C, 99%; (c) NaNs3,
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N\ N N\ N N\ N
a OH p N3
—_— —_—
@) R R
Cl Cl Cl Cl Cl Cl
4 5a-f 6a-f
Compound R Yield (%)

5 6
a (CHyp)sCHgli 11 75
b CH=CH, 28 55
c CH,-CH=CH, i 85 84
d CH,-C=CH i 53 15
e CeHs | 6 44
f CHy-CgHs| 55 90

Scheme 2. Synthesis of compounds 5a-f and 6a-f. Reagents: (a) i-RMgBr, ii-RZnBr or iii-Buli, THF; (b) BF5s-Et,O, NaN;, THF, 0°C.

J=1.5 and 8.5Hz, H-5), 7.43 (d, 1H.,om,
J = 1.5Hz, H-3), 7.53 (d, 1Hsom» J = 8.5Hz,
H-6'), 8.08 (s, 1H,,0ms H-5 imidazolyl); > C-NMR
(270 MHz; CDCl5): 28.5 (CH,), 54.3 (CH,), 74.5
(Cy)s 74.6 (CHapyne)s 121.5 (CHgpom), 122.2
(CHarom)s 128.1 (CHgarom)s 129.6 (Cgyjarom)> 130.1
(CHarom)J 1304 (CHarom)J 1351 (Cq/arom)n 1361
(Cq/arom)s 136.3 (CHarom)~

1-(2-Azido-2-(2,4-dichlorophenyl)-2-phenylethyl) -
1H-1imidazole (6e). Eluent: dichloromethane/ethanol
(97/3), 44%; IR vpa 2099 (N3) cm ™ '; 'H-NMR
(270 MHz; CDCl3): 4.84 (d, 1H, J = 13.2Hz,
CH,.), 5.23 (d, 1H, J = 13.2Hz, CH,), 6.60 (s,
1H,rom>, H-2 imidazolyl), 7.03 (s, 1Hg.m>» H-3
imidazolyl), 7.16 (m, 2H,;om, H-5' and H-3'), 7.33
(m, 5H,,0m, H-2", H-3", H-4", H-5" and H-6"), 7.56
(d, 1Haroms J = 8.5Hz, H-6'), 7.94 (s, 1H .qm, H-5
imidazolyl); >C-NMR (270 MHz; CDCls): 55.7
(CHy), 76.7 (Cg), 121.5 (CHarom)> 121.9 (CHarom)s
125.6 (2CHgom)> 127.5 (CHarom)s 128.8 (CHarom)s
129.9 (2CH,rom)s> 129.2 (CHgrom)s 131.1 (CHyrom)s
132.1 (Cq/arom)s 135.2 (Cq/arom)’ 136.1 (CHarom)a
137.2 (Cq/arom)> 141.0 (Cq/arom)-

1-(2-Azido-2-(2,4-dichlorophenyl) -3-phenylpropyl) -
1H-imidazole (6f). Eluent: dichloromethane/ethanol
(95/5), 75%; IR vpay: 2097 (N3) cm ™ '; 'H-NMR
(270 MHz; CDCIls): 3.05 (d, 1H, J = 13.7 Hz,
CH,,), 3.94 (d, 1H, J = 13.7Hz, CH,,), 4.44 (d,
1H, J = 14.3Hz, CH,,), 5.12 (d, 1H, ] = 14.3Hz,
CH,y1), 6.77 (s, 1Hyroms H-2 imidazolyl), 6.91 (m,
2Harom)s 7.02 (m, 2Hgarom), 7.11 (m, 2Harom)s 7.20
(m, 2Harom), 7.45 (d, 1Harom, J = 1.9 Hz, H-3),
8.03 (s, 1H,om, H-5 imidazolyl); '>C-NMR
(270 MHz; CDCls): 42.1 (CH,), 55.4 (CH,), 76.1

(Cqy)>s 121.5 (CHarom)> 121.8 (CHgarom)s 127.7
(CHarom)> 127.8 (CHurom)> 128.4 (CHgrom), 128.7
(Cyrarom)> 128.8 (2CHzrom)> 130.0 (2CHyom)s 130.6
(CHgarom)s 130.8 (CHgrom)s 133.1 (Cgrarom)s 135.0
(Cq/arom)s 135.8 (Cq/arom)-

Antifungal activity

Test was performed following the guidelines of the
approved reference method for yeasts [21]. Antifungal
activity was evaluated against an azole-susceptible
strain of Candida glabrara designated 94.5579 and its
derived azole-resistant petite mutant. MICs (Mini-
mum Inhibitory Concentration) were determined
using a microdilution assay in RPMI-1640 culture
medium, inoculated with 0.5-2.5 X 10> cells/mL.
The test was performed using sterile 96 flat shaped-
well microtitre plates. Serial two-fold drug dilutions
were made in DMSO. Dilutions of the compounds
were dispensed at a volume of 5 pLL per well, to obtain
final concentrations ranging from 250 pg/mL to the
concentration where no inhibition was seen. After 48 h
at 37°C, the absorbance was measured at 630 nm and
MICsyy were calculated at the minimum concen-
tration required to inhibit at least 90% of the fungal
growth compared to the drug-free control.

Results and discussion
Chemistry

Azidoconazoles 6a-f were prepared by a two-step
synthesis from ketone 4. This last was reacted with
various organometallic reagents to give alcohols 5a-f
as intermediates. The key step in this straightfoward
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Table I. MIC,y, for the tested compounds against several fungal strains.

MICq," (ng/mL)

Candida glabrata

Compounds R parent mutant C. albicans A. fumigatus

1 H >250 >250 >250 >250

3 31 8 31 4
sa (CH,);CH; >250 >250 125 >250
6a >250 >250 16 >250
5b CH=CH, 8 4 31 31
6b 4 1 250 >250
Sc CH,-CH=CH, 1 16 16 4
6¢ 2 4 8 8
5d CH,-C=CH 4 16 16 62
6d 8 4 16 31
Se CeHs >250 >250 250 >250
6e 8 2 16 16
sf CH,-C¢Hs 0.25 4 2 16
6f 2 8 31 >250
fluconazole 8 >250 2 >250
voriconazole 0.5 >250 0.062 8

*Minimum Inhibitory Concentration required to inhibit at least 90% of the fungal growth compared to the drug-free control.

synthesis consisted in a nucleophilic substitution
(SN) of the 2-hydroxyl group of tertiary alcohol 5a-
f with an azide anion in presence of a Lewis Acid, z.e.
boron trifluoride-diethyl etherate [22]. This azido-
substitution was very fast and efficient for the majority
of compounds 6a-f, excepted 6d for which reaction
yield did not exceed 15%. Azidoconazole 3 was also
prepared with a two-step synthesis from secondary
alcohol 1. In this case, direct substitution of
2-hydroxyl group by an azide anion with Lewis Acid
was unsuccessful. So, a more classical pathway
was used with a mesylation of the secondary alcohol
group followed by a nucleophilic substitution (SN,) in
DMF with NaNj; [14].

Antifungal activity

In our approach for the discovery of new antifungal
derivatives against C. glabrata petite mutant, a first
compound 3 was synthesized. Evaluation of its
antifungal activity pointed out that the azidoconazole
3 was much more active against C. glabrata
(MICyy = 31 pg/mL) and C. glabrata petite mutant
(MICyy = 8 wg/mL) than its alcoholic analog 1 whose
for MICsy against C. glabrata and C. glabrata petite
mutant were higher than 250 pg/mL. Morever, the
pathogenic fungi A. Fumigarus was sensitive to
azidoconazole 3 (MICyy, = 4 pg/mL). Starting from
this promising result that clearly demonstrated the
sensitivity of various pathogenic fungi to secondary
azidoconazole, more tertiary azidoconazoles 6a-f
were synthesized from conazoles 5a-f bearing a
hydroxyl group like last generation antifungal azoles
(i.e. fluconazole or voriconazole). Results obtained for
all compounds 6a-f are heterogeneous. Among

alcohols derivatives 5, compounds S5a and Se are
inactive against all tested strains. Substitution of the
2-hydroxyl group by an azide moiety lead to an
increased activity. Azidoconazole 6e was much more
active than its hydroxylated analogue 5e with MICgy(
values ranging from 2 to 16 pg/mL. A weak activity
of 6a was observed on the C. albicans strain
(MICyg = 16 pg/mL). Activities of 5a and 6a pointed
out the disfavorable effect of long saturated alkyl
chain. However, introduction of unsaturated alkyl side
chains (vinyl, allyl and propargyl) or aromatic ring
seems to be favorable for the activity. Alcohols 5b-d
and azides 6b-d are usually much more active against
C. glabrata strains with MICyq values ranging from 1
to 8 mg/mL. This observation is less significant when
alcohol 5e and its azide analogue 6e are considered. In
these cases, there is no increasing of activity against
C. glabrata when hydroxyl group was replaced by an
azide. Against C. glabrata petite mutant, a decrease of
MICy, showed that azidoconazole 6b, 6¢c, 6d and
6e are more active than their alcoholic analog S5b,
5¢, 5d and Se respectively and than frequently-used
fluconazole and voriconazole. Also, one azidoconazole
6¢c shown an interesting slightly broad-spectrum
activity against C. albicans (MICqo = 8 pg/mL) and
A. Fumigatus (MICqo = 8 pg/mL). In conclusion, the
antifungal profile of the tested compounds showed
that C. glabrata petite mutant seems to be more
sensitive than its parent to azidoconazoles 6a-f.
Therefore, removing of the 2-hydroxyl group by an
azido moiety using a nucleophilic substitution gave
some azidoconazoles that could be specifically active
against a conazole-resistant strain. Azido group seems
to be an efficient parameter to consider in order to
design new azoles with the aim to overcome the
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increased activity of the efflux pumps which is the
major mechanism of the acquiered resistance to azoles
in clinical isolates.
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