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Abstract
New 2-(2,4-dihalogenophenyl)-1-(1H-imidazol-1-yl)-3-(isoxazol-5-yl)propan-2-ols and 2-(2,4-dihalogenophenyl)-1-
(1H-imidazol-1-yl)-3-(4,5-dihydroisoxazol-5-yl)propan-2-ols were synthesized by 1,3-dipolar cycloaddition between
homopropargylic or homoallylic alcohols and in-situ generated nitrile oxide. Their antifungal activity was evaluated against
Candida albicans, C. glabrata, Aspergillus fumigatus and an azole-resistant petite mutant of C. glabrata. Preliminary SAR results
are discussed.
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Introduction

Life-threatening fungal infections have been increas-

ingly reported in recent years, especially among severely

immunocompromised patients. Thus, patients under-

going neutropenic chemotherapy for organ or bone

marrow transplantation, as well as patients suffering

from cancer, areathigh risk for invasive fungal infections

[1]. Despite the discovery of echinocandins (e.g.

caspofungin), a new class of antifungals that inhibit

the synthesis of the major cell wall polysaccharide (1,3)-

b-D-glucan [2], the current standard for treatment of

systemic fungal infections still relies in the use of a

polyene derivative (e.g. amphotericin B) associated or

not to a nucleoside analogue (e.g. 5-fluorocytosin) or of

an azole derivative (e.g. fluconazole or voriconazole)

(Figure 1). Treatment with high doses of amphotericin

B is however associated with significant nephrotoxocity

[3], and high concentrations of 5-fluorocytosin in serum

correlate with myelosuppression [4]. Therefore, azoles

which present a low toxicity and a good distribution

profile are usually preferred as first-line therapy [5]. As a

consequence of their widespread use, it has been

reported the emergence of resistant isolates. Several

factors like an alteration [6] or overexpression [7] of the

azole target, the cytochrome P450 dependent 14-a-

demethylase, may account for the azole resistance in

pathogenic yeasts. More frequently, azole resistance is

associated to an increased activity of the efflux pumps

leading to a suboptimal intracellular concentration of

the azole drug [8]. Considering the need for new azole

antifungals capable toovercome this increased efflux,we

recently reported the synthesis of new 2-aryl-1-azolyl-3-

thienylbutan-2-ols [9]. Some of these compounds kept a

high activity against Candida glabrata petite mutants

which are resistant to almost all the commercially

available azole drugs (including fluconazole and

voriconazole) because of an increased efflux, but

strikingly remained susceptible to tioconazole. This

study pointed out that the ability of the antifungal to

overcome the increased activity of the efflux pumps

is related to the presence of a five-membered hetero-

aromatic ring in the conazole side chain. Indeed,

4-pyridinyl and 2-quinolyl analogues of tioconazole

were less active than the 2-thienyl or 3-furyl derivatives

[9]. Therefore, considering the antifungal potential
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of oxazole derivatives [11], we would like to report

herein the synthesis of new isoxazole and isoxazoline

(Figure 1) in the conazole series that has rarely been

studied [12,13] and an evaluation of their antifungal

activity against an azole-resistant petite mutant of

Candida glabrata and its parent wild-type strain, but also

on two other human pathogenic fungi, i.e. Candida

albicans and Aspergillus fumigatus.

Materials and methods

Chemistry

Instrumentation. Synthesis of compounds 2 [14], 5

[15], 6 [16] and 3,4-dimethoxybenzaldoxime [17]

were achieved as previously described. Alcohol 1 [18],

acetaldoxime, butyraldoxime, benzaldoxime were

commercially available from Acros Organics and the

ketone 4 [19] from Ugarit Chimie. Silica gel 60

(Macherey-Nagel, 230–400 mesh) was used for

column chromatography and precoated Si gel plates

(Macherey-Nagel, SIL G/UV254, 0.25 mm) were

used for preparative TLC. Melting points were

determined with an Electrothermal 8100 melting

point apparatus and reported uncorrected. 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

CDCl3 solution on a BRUKER AVANCE DRX 500

or a JEOL GSX 270 WB spectrometers. Chemical

shifts (d values) are expressed in parts per million

downfield from tetramethylsilane as an internal

standard and coupling constants (J) are expressed in

Hertz.

General procedure for compounds 3, 10b, 11b and 11d

[20]. To a solution of olefinic or propargylic

compound 2, 5 or 6 (1.0 mmol) and oxime 7a–d

(2.0 mmol) and triethylamine (2.0 mmol) in

Figure 1. Antifungals used in therapy, and the general structure of the newly synthesized compounds 3, 10 and 11.
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dichloromethane (20 mL) at 08C, was added N-

chlorosuccinimide by small portions until complete

disappearance of oxime, which was monitored by

TLC. Water (20 mL) was then added to the mixture

and the organic layer was washed with a 10% aqueous

solution of NaOH (10 mL), dried over Na2SO4,

filtered and concentrated under reduced pressure.

The crude product was purified by flash

chromatography on SiO2 with the adequat eluent.

1-(2-(2,4-dichlorophenyl)-2-((4,5-dihydro-3-methyli-

soxazol-4-yl)methoxy)ethyl)-1H-imidazole (3). Eluent:

dichloromethane/ethanol (95/5); 41%; 1H-NMR

(270 MHz; CDCl3): 1.96 or 1.99 (s, 3H, CH3),

2.53–2.69 (m, 1H, CH2a), 2.87–2.99 (m, 1H,

CH2b), 3.26–3.35 (m, 1H, CH2a0), 3.42–3.53

(m, 1H, CH2b0), 3.96–4.07 (m, 1H, CH2a00), 4.19–

4.27 (m, 1H, CH2b00), 4.55–4.72 (m, 1H, CH), 4.91–

5.02 (m, 1H, CH), 6.96 (s, 1Harom, H-2 imidazolyl),

7.06 (s, 1Harom, H-3 imidazolyl), 7.24–7.32 (m,

2Harom, H-50 and H-60), 7.41 (d, 1Harom, J ¼ 1.9 Hz,

H-30), 7.57 (s, 1Harom, H-5 imidazolyl); 13C-NMR

(67.5 MHz; CDCl3): 13.1 (CH3), 40.3 or 40.6

(CH2/isoxazolyl), 51.3 (CH2), 70.6 or 70.7 (CH2),

77.9 or 78.1 (CHisoxazolyl), 78.3 (CH), 127.8

(CHarom), 127.9 (CHarom), 128.3 (CHarom), 128.5

(CHarom), 129.4 (CHarom), 129.5 (CHarom), 132.8

(Cq/arom), 132.9 (Cq/arom), 133.4 (Cq/arom), 134.8

(Cq/arom), 154.9 and 155.0 (C ¼ N).

2-(2,4-Dichlorophenyl)-1-(4,5-dihydro-3-propylisoxa-

zol-5-yl)-3-(1H-imidazol-1-yl)propan-2-ol (10b). Elu-

ent: dichloromethane/ethanol (97/3); 23%; IR (KBr)

nmax: 3290 (OH), 3147 to 3058 (C–Harom), 2962 to

2874 (C–H) cm21; 1H-NMR (270 MHz; CDCl3):

0.92 (t, 3H, J ¼ 7.5 Hz, CH3), 1.53 (q, 2H,

J ¼ 7.5 Hz, CH2), 1.78 (dd, 1H, J ¼ 11.3 and

14.5 Hz, CH2a0), 2.26 (t, 2H, J ¼ 7.5 Hz, CH2),

2.49 (dd, 1H, J ¼ 6.8 and 16.8 Hz, CH2a00), 2.84

(dd, 1H, J ¼ 2.5 and 14.5 Hz, CH2b0), 2.96 (dd, 1H,

J ¼ 10.0 and 16.8 Hz, CH2b00), 4.30 (dddd, 1H,

J ¼ 2.5-6.8-10.0 and 11.3 Hz, CH), 4.38 (d, 1H,

J ¼ 14.5 Hz, CH2a), 4.45 (d, 1H, J ¼ 14.5 Hz,

CH2b), 6.91 (s, 1Harom, H-2 imidazolyl), 6.93

(s, 1Harom, H-3 imidazolyl), 7.23 (dd, 1Harom,

J ¼ 2.1 and 8.7 Hz, H-50), 7.38 (d, 1Harom,

J ¼ 2.1 Hz, H-30), 7.57 (s, 1Harom, H-5 imidazolyl),

7.78 (d, 1Harom, J ¼ 8.7 Hz, H-60); 13C-NMR

(67.5 MHz; CDCl3): 13.6 (CH3), 19.6 (CH2), 29.4

(CH2), 40.1 (CH2), 43.6 (CH2), 54.3 (CH2), 76.7

(Cq), 77.2 (CH), 120.3 (CHarom), 127.8 (CHarom),

127.9 (CHarom), 130.1 (Cq/arom), 130.5 (CHarom),

131.4 (CHarom), 134.7 (Cq/arom), 137.5 (Cq/arom),

138.2 (CHarom), 159.8 (C ¼ N).

2-(2,4-Dichlorophenyl)-1-(1H-imidazol-1-yl)-3-(3-

propylisoxazol-5-yl)propan-2-ol (11b). Eluent: dichlor-

omethane/ethanol (95/5); 15%; IR (KBr) nmax: 3230

(OH), 3110 to 3056 (C–Harom), 2962 to 2873 (C–H)

cm21; 1H-NMR (270 MHz; CDCl3): 0.83 (t, 3H,

J ¼ 7.3 Hz, CH3), 1.53 (s, 2H, J ¼ 7.3 Hz, CH2),

2.47 (t, 2H, J ¼ 7.3 Hz, CH2), 3.31 (d, 1H,

J ¼ 14.9 Hz, CH2a0), 3.97 (d, 1H, J ¼ 14.9 Hz,

CH2b0), 4.55 (d, 1H, J ¼ 14.1 Hz, CH2a), 4.84

(d, 1H, J ¼ 14.1 Hz, CH2b), 5.72 (s, 1Harom, H-4

isoxazolyl), 6.76 (s, 1Harom, H-2 imidazolyl), 6.84 (s,

1Harom, H-3 imidazolyl), 7.08 (dd, 1Harom, J ¼ 1.9

and 8.5 Hz, H-50), 7.37 (d, 1Harom, J ¼ 1.9 Hz, H-

30), 7.48 (d, 1Harom, J ¼ 8.5 Hz, H-60), 7.73 (s,

1Harom, H-5 imidazolyl); 13C-NMR (67.5 MHz;

CDCl3): 13.5 (CH3), 21.4 (CH2), 27.7 (CH2), 34.4

(CH2), 43.9 (CH2), 75.8 (Cq), 103.3 (CHisoxazolyl),

119.5 (CHarom), 124.3 (CHarom), 127.5 (CHarom),

130.3 (CHarom), 130.5 (Cq/arom), 130.7 (CHarom),

133.6 (Cq/arom), 134.7 (Cq/arom), 136.5 (CHarom),

155.2 (Cq/arom), 170.0 (C ¼ N).

2-(2,4-Dichlorophenyl)-1-(1H-imidazol-1-yl)-3-(3-

(3,4-dimethoxyphenyl)isoxazol-5-yl)propan-2-ol (11d).

Eluent: dichloromethane/ethanol (95/5); 12%; IR

(KBr) nmax: 3208 (OH), 3146 to 3018 (C–Harom),

2935 to 2838 (C–H) cm21; 1H-NMR (270 MHz;

CDCl3): 3.43 (d, 1H, J ¼ 15.5 Hz, CH2a0’), 3.86

(s, 3H, CH3), 3.87 (s, 3H, CH3), 4.03 (d, 1H,

J ¼ 15.5 Hz, CH2b0), 4.62 (d, 1H, J ¼ 13.8 Hz,

CH2a), 4.89 (d, 1H, J ¼ 13.8 Hz, CH2b), 6.21

(s, 1Harom, H-4 isoxazolyl), 6.69 (s, 1Harom, H-2

imidazolyl), 6.82 (d, 1Harom, J ¼ 8.3 Hz, H-5”), 6.87

(s, 1Harom, H-3 imidazolyl), 7.06 (dd, 1Harom,

J ¼ 1.9 and 8.7 Hz, H-50), 7.10 (dd, 1Harom,

J ¼ 1.5 and 8.3 Hz, H-6”), 7.26 (d, 1Harom,

J ¼ 1.5 Hz, H-2”), 7.38 (d, 1Harom, J ¼ 1.9 Hz,

H-30), 7.51 (d, 1Harom, J ¼ 8.7 Hz, H-60), 7.87

(s, 1Harom, H-5 imidazolyl); 13C-NMR (67.5 MHz;

CDCl3): 38.2 (CH2), 54.7 (CH2), 56.2 (2CH3), 72.5

(Cq), 100.4 (CHisoxazolyl), 110.3 (CHarom), 119.2

(CHarom), 120.7 (CHarom), 120.9 (CHarom), 125.3

(Cq/arom), 128.2 (CHarom), 129.1 (CHarom), 130.4

(CHarom), 130.6 (Cq/arom), 130.8 (Cq/arom), 132.5

(CHarom), 132.9 (Cq/arom), 136.4 (Cq/arom), 149.1

(Cq/arom), 149.4 (Cq/arom), 161.5 (Cq/arom), 167.6

(C ¼ N).

General procedure for compounds 10a, 10c, 10d, 11a and

11c [21]. A aqueous solution (9.6%) of sodium

hypochlorite was added dropwise to a mixture of

respective olefinic or propargylic compound

(1.0 mmol), respective oxime (5.0 mmol) and

triethylamine (5.0 mmol) in dichloromethane (5 mL)

and water (3 mL) at 208C until complete

disappearance of oxime monitored by TLC. The

aqueous phase was separated and extracted with

dichloromethane (20 mL). The organic phases were

mixed, washed with a 10% aqueous solution of

K2CO3 (10 mL), dried over Na2SO4, filtered and

concentrated under reduced pressure. The crude

Isoxazoles as antifungals 565
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product was purified by flash chromatography on SiO2

using the respective eluent.

2-(2,4-Dichlorophenyl)-1-(4,5-dihydro-3-methylisox-

azol-5-yl)-3-(1H-imidazol-1-yl)propan-2-ol (10a).

Eluent: dichloromethane/ethanol (97/3); 20%; IR

(KBr) nmax: 3247 (OH), 3109 to 3027 (C–Harom),

2982 to 2848 (C–H) cm21; 1H-NMR (270 MHz;

CDCl3): 1.82 (dd, 1H, J ¼ 10.7 and 14.6 Hz, CH2a0),

1.91 (s, 3H, CH3), 2.46 (dd, 1H, J ¼ 7.1 and

17.1 Hz, CH2a00), 2.79 (dd, 1H, J ¼ 2.8 and 14.6 Hz,

CH2b0), 2.90 (dd, 1H, J ¼ 10.2 and 17.1 Hz, CH2b00),

4.32 (dddd, 1H, J ¼ 2.8-7.1-10.2 and 10.7 Hz, CH),

4.37 (s, 2H, CH2), 6.85 (s, 2Harom, H-2 imidazolyl

and H-3 imidazolyl), 7.20 (dd, 1Harom, J ¼ 2.1 and

8.5 Hz, H-50), 7.35 (d, 1Harom, J ¼ 2.1 Hz, H-30),

7.39 (s, 1Harom, H-5 imidazolyl), 7.74 (d, 1Harom,

J ¼ 8.5 Hz, H-60); 13C-NMR (67.5 MHz; CDCl3):

12.9 (CH3), 40.1 (CH2), 44.9 (CH2), 54.0 (CH2),

76.7 (Cq), 77.1 (C*H), 120.5 (CHarom), 127.7

(CHarom), 127.9 (CHarom), 130.1 (Cq/arom), 130.4

(CHarom), 131.3 (CHarom), 134.5 (Cq/arom), 137.5

(Cq/arom), 137.9 (CHarom), 156.2 (C ¼ N).

2-(2,4-Dichlorophenyl)-1-(4,5-dihydro-3-phenylisox-

azol-5-yl)-3-(1H-imidazol-1-yl)propan-2-ol (10c). Elu-

ent: dichloromethane/ethanol (96/4); 57%; IR (KBr)

nmax: 3240 (OH), 3137 to 3065 (C–Harom), 2986 to

2919 (C–H) cm21; 1H-NMR (270 MHz; CDCl3):

1.97 (dd, 1H, J ¼ 10.6 and 14.5 Hz, CH2a0), 2.92–

3.02 (m, 2H, CH2a00 and CH2b0), 3.37 (dd, 1H,

J ¼ 10.2 and 16.7 Hz, CH2b00), 4.46 (s, 2H, CH2),

4.46–4.58 (m, 1H, CH), 6.91 (s, 1Harom, H-2

imidazolyl), 7.00 (s, 1Harom, H-3 imidazolyl), 7.27

(dd, 1Harom, J ¼ 1.9 and 8.7 Hz, H-50), 7.32–7.62

(m, 6Harom, H-2”, H-3”, H-4”, H-5”, H-6” and H-

30), 7.74 (s, 1Harom, H-5 imidazolyl), 7.81 (d, 1Harom,

J ¼ 8.7 Hz, H-60); 13C-NMR (67.5 MHz; CDCl3):

40.5 (CH2), 41.3 (CH2), 54.4 (CH2), 76.7 (Cq), 78.2

(CH), 120.7 (CHarom), 126.6 (CHarom), 128.0

(2CHarom), 128.5 (Cq/arom), 128.6 (CHarom), 129.6

(CHarom), 130.1 (Cq/arom), 130.5 (CHarom), 130.6

(CHarom), 131.3 (CHarom), 132.1 (CHarom), 134.8

(Cq/arom), 137.3 (Cq/arom), 137.8 (CHarom), 157.3

(C ¼ N).

2-(2,4-Dichlorophenyl)-1-(4,5-dihydro-3-(3,4-

dimethoxyphenyl)isoxazol-5-yl)-3-(1H-imidazol-1-

yl)propan-2-ol (10d). Eluent: dichloromethane/etha-

nol (97/3); 20%; IR (KBr) nmax: 3302 (OH), 3109 to

3004 (C–Harom), 2934 to 2838 (C–H) cm-1; 1H-

NMR (270 MHz; CDCl3): 1.92 (dd, 1H, J ¼ 10.9

and 14.7 Hz, CH2a0), 2.93 (m, 2H, CH2a00 and CH2b0),

3.35 (dd, 1H, J ¼ 10.0 and 16.4 Hz, CH2b00), 3.87

(s, 3H, CH3), 3.88 (s, 3H, CH3), 4.41 (s, 2H, CH2),

4.49 (m, 1H, CH), 6.81 (d, 1Harom, J ¼ 8.3 Hz, H-

5”), 6.88 (m, 2Harom, H-2 imidazolyl and H-3

imidazolyl), 6.95 (dd, 1Harom, J ¼ 1.5 and 8.3 Hz,

H-6”), 7.26 (dd, 1Harom, J ¼ 2.1 and 8.7 Hz, H-50),

7.29 (d, 1Harom, J ¼ 1.5 Hz, H-2”), 7.39 (d, 1Harom,

J ¼ 2.1 Hz, H-30), 7.43 (s, 1Harom, H-5 imidazolyl),

7.80 (d, 1Harom, J ¼ 8.7 Hz, H-60); 13C-NMR

(67.5 MHz; CDCl3): 40.3 (CH2), 41.4 (CH2), 54.1

(CH2), 55.8 (2CH3), 76.9 (Cq), 78.1 (CH), 108.6

(CHarom), 110.4 (CHarom), 120.4 (CHarom), 120.6

(CHarom), 121.1 (Cq/arom), 127.9 (CHarom), 128.3

(CHarom), 130.1 (Cq/arom), 130.5 (CHarom), 131.4

(CHarom), 134.7 (Cq/arom), 137.5 (Cq/arom), 138.0

(CHarom), 149.0 (Cq/arom), 151.1 (Cq/arom), 157.0

(C ¼ N).

2-(2,4-Dichlorophenyl)-1-(1H-imidazol-1-yl)-3-(3-

methylisoxazol-5-yl)propan-2-ol (11a). Eluent: dichlor-

omethane/ethanol (95/5); 28%; IR (KBr) nmax: 3210

(OH), 3131 to 3024 (C–Harom), 2975 to 2846 (C–H)

cm21; 1H-NMR (270 MHz; CDCl3): 2.12 (s, 3H,

CH3), 3.28 (d, 1H, J ¼ 15.4 Hz, CH2a0), 3.90 (d, 1H,

J ¼ 15.4 Hz, CH2b0), 4.39 (d, 1H, J ¼ 14.3 Hz,

CH2a), 4.75 (d, 1H, J ¼ 14.3 Hz, CH2b), 5.65 (s,

1Harom, H-4 isoxazolyl), 6.71 (s, 1Harom, H-2

imidazolyl), 6.74 (s, 1Harom, H-3 imidazolyl), 7.07

(dd, 1Harom, J ¼ 2.1 and 8.5 Hz, H-50), 7.35 (d,

1Harom, J ¼ 2.1 Hz, H-30), 7.42 (s, 1Harom, H-5

imidazolyl), 7.52 (d, 1Harom, J ¼ 8.5 Hz, H-60); 13C-

NMR (67.5 MHz; CDCl3): 11.3 (CH3), 34.3 (CH2),

53.9 (CH2), 75.7 (Cq), 104.1 (CHisoxazolyl), 120.3

(CHarom), 127.4 (CHarom), 127.6 (CHarom), 130.3

(CHarom), 130.5 (Cq/arom), 130.8 (CHarom), 134.5

(Cq/arom), 136.9 (Cq/arom), 138.1 (CHarom), 159.5

(Cq/arom), 167.3 (C ¼ N).

2-(2,4-Dichlorophenyl)-1-(1H-imidazol-1-yl)-3-(3-

phenylisoxazol-5-yl)propan-2-ol (11c). Eluent: dichlor-

omethane/ethanol (94/6); 30%; IR (KBr) nmax: 3320

(OH), 3114 to 3065 (C–Harom), 2991 to 2847 (C–H)

cm21; 1H-NMR (270 MHz; CDCl3): 3.40 (d, 1H,

J ¼ 14.7 Hz, CH2a0), 4.11 (d, 1H, J ¼ 14.7 Hz,

CH2b0), 4.61 (d, 1H, J ¼ 14.3 Hz, CH2a), 4.86 (d,

1H, J ¼ 14.3 Hz, CH2b), 6.27 (s, 1Harom, H-4

isoxazolyl), 6.74 (s, 1Harom, H-2 imidazolyl), 6.88

(s, 1Harom, H-3 imidazolyl), 7.10 (dd, 1Harom,

J ¼ 2.3 and 8.3 Hz, H-50), 7.40 (m, 4Harom, H-3”,

H-4”, H-5” and H-30), 7.50 (d, 1Harom, J ¼ 8.3 Hz,

H-60), 7.66 (m, 2Harom, H-2” and H-6”), 7.81 (s,

1Harom, H-5 imidazolyl); 13C-NMR (67.5 MHz;

CDCl3): 34.6 (CH2), 54.2 (CH2), 75.7 (Cq), 101.8

(CHisoxazolyl), 126.7 (CHarom), 127.7 (CHarom), 128.2

(CHarom), 128.8 (CHarom), 129.8 (CHarom), 129.9

(CHarom), 130.4 (Cq/arom), 130.6 (CHarom), 130.8

(Cq/arom), 132.4 (CHarom), 134.9 (Cq/arom), 136.5

(Cq/arom), 162.3 (Cq/arom), 168.1 (C ¼ N).

Antifungal activity

Tests were performed following the guidelines of the

approved reference method for yeasts [22]. Antifungal

activity was evaluated against an azole-susceptible

strain of C. glabrata designated 94.5579 and its
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derived azole-resistant petite mutant. MICs (Mini-

mum Inhibitory Concentration) were determined

using a microdilution assay in RPMI-1640 culture

medium, inoculated with 0.–2.5 £ 103 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 5mL per well, to

obtain final concentrations ranging from 250mg/mL

to the concentration where no inhibition was seen.

After 48 h at 378C, the absorbance was measured

at 630 nm and MICs90 were calculated at the

minimum concentration required to inhibit at least

90% of the fungal growth compared to the drug-free

control.

Results and discussion

Chemistry

The key step in the straightforward synthesis of the

oxazolines 3, 10a–d and isoxazoles 11a–d consisted

in a regioselective 1,3-dipolar cycloaddition between a

nitrile oxide 9a–d and the appropriate dipolarophile

respectively alkenes 2, 5 and alkyne 6. Therefore, ether

2 was directly prepared by a classical Williamson

substitution involving alcohol 1 and allyl bromide

[14]. Allylic or propargylic alcohols 5 and 6 were

prepared by addition of an organometallic reagent to

aromatic ketone 4. The highest yields were obtained

with the less basic organozinc reagent instead with a

Grignard derivative [15]. 1,3-Dipolar cycloaddition

was then realized with dipolarophiles 2, 5 and 6 and a

nitrile oxide 9. This last compound, however, is so

prone to dimerize to furoxans that it is not purified

usually, but generated in situ from a stable precursor

such as an aldoxime 7. Therefore, 7 was treated either

by NCS [20] or NaOCl [21] to afford an hydro-

ximinoyl chloride 8 which gives under basic condition

(TEA) the corresponding nitrile oxide 9. Its cycload-

dition with the acetylenic derivative 6 led selectively to

the 3,5-disusbtituted isoxazole 11 without formation

of a 3,4-disusbtituted isoxazole. Dihydroisoxazoles 3

and 10 were obtained in the same way, by an 1-3

dipolar cycloaddition with 2 and 5, respectively. Thus,

an expeditious synthesis of the new isoxazolines 3, 10

and isoxazole 11 was designed in two steps starting

from the bicyclic alcohol 1 or ketone 4, and using as a

key step a selective 1,3-dipolar cycloaddition.

Antifungal activity

Taken into account the antifungal activity of tiocona-

zole against C. glabrata petite mutant, compound 3, an

isoxazolinic analogue of tioconazole, was prepared.

Evaluation of its antifungal activity pointed out that,

contrary to several other analogues of tioconazole

[10], the isoxazolinyl ether 3 was much more active

against C. glabrata petite mutant (MIC90 ¼ 16

mg/mL) than on its parent wild-type strain

(MIC90 ¼ 125mg/mL). With this promising result

that clearly demonstrated the sensitivity of the petite

mutant to isoxazolinyl antifungal conazole, more

hydrophilic compounds 10 and 11 bearing a tertiary

hydroxyl group like last generation antifungal azoles

(i.e. fluconazole or voriconazole), were synthesized.

Except 11d, all the tested azoles were active against C.

glabrata petite mutant with MIC90 ranging from 2 to

62mg/mL. However, the isoxazoles 11a–c (MIC90

from 2 to 62mg/mL) were slightly less active than the

corresponding dihydroisoxazoles 10a–d (MIC90

from 2 to 8mg/mL). In the dihydroisoxazole series,

aromatic (10c, 10d) and aliphatic (10a, 10b) 3-sub-

stituted derivatives showed the same level of activity

against the mutant. In the isoxazole series, comparison

of 11a (MIC90 ¼ 8mg/mL) and 11b (MIC90 ¼ 62

mg/mL) pointed out the disfavorable effect of a long

alkyl chain. However, in case of phenyl substituted

isoxazoles, the substituent of the benzenic ring greatly

influenced the activity. Indeed, the 3,4-dimethoxy-

phenyl derivative 11d (MIC90 . 250mg/mL) was

totally inactive contrary to 11c (MIC90 ¼ 2mg/mL).

Moreover, in both isoxazole and dihydroisoxazole

series, the phenyl substituted 5-membered ring 10c

(MIC90 ¼ 2mg/mL) and 11c (MIC90 ¼ 2mg/mL)

were the most active compounds against the azole-

resistant petite mutant.

Scheme 1. Synthesis of compounds 2 and 3. Reagents: (a) NaH, allyl bromide, THF, 90%; (b) NCS, TEA, dichloromethane, 41%.
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Regarding the parent wild-type strain of C. glabrata,

all the tertiary alcohols were more active than ether 3

(MIC90 ¼ 125mg/mL) with MIC90 ranging from 1 to

31mg/mL. In addition, contrary to 3, the hydroxyl

derivatives 10 and 11 were equally efficient against the

parent strain and its derived azole-resistant petite

mutant. Against C. albicans, the phenyl substituted

10c and 11c were the most active tertiary alcohols with

MIC90 value similar to fluconazole (MIC90 ¼ 2

mg/mL). Moreover, except for 10b which presented

a slight activity against A. fumigatus (MIC90 ¼ 62

mg/mL), the antifungal profile of the tested com-

pounds 10 and 11 was similar to fluconazole. In

conclusion, the antifungal activity of novel 2-aryl-1-

(1H-imidazol-1-yl)-3-(isoxazol-5-yl)propan-2-ol

against the azole-resistant petite mutant confirmed

that the nature of the five membered heterocyclic ring

in the side chain is an important parameter to consider

in order to design new azoles capable to overcome the

increased activity of the efflux pumps which is the

major mechanism of the acquired resistance to azoles

in clinical isolates. This study also demonstrated the

antifungal potential of 2-aryl-1-azol-1-ylpropan-2-ol

bearing a phenyl substituted 5-membered heterocyclic

ring. Therefore, such derivatives will be now

synthesized in a thiophenic series. Indeed, we recently

reported that 2-aryl-1-azolyl-3-thienylbutan-2-ols

could be considered as potent broad-spectrum

antifungal agents also capable to overcome an

increased efflux.

Acknowledgements

This research was supported by a grant from the

“Région des Pays de la Loire”.

References

[1] Ablordeppey SY, Fan P, Ablordeppey JH, Mardenborough L.

Curr Med Chem 1999;6:1151–1196.

[2] Turner MS, Drew RH, Perfect JR. Expert Opin Emerg Drugs

2006;11:231–250.

[3] Kleinberg M. Int J Antimicrob Agents 2006;27(Suppl 1):

12–16.

Table I. MIC90 for the tested compounds against several fungal

strains.

MIC 90
* (mg/mL)

Compound C. glabrata C. albicans A. fumigatus

Parent Mutant

3 125 16 – –

10a 8 4 16 .250

10b 4 8 16 62

10c 1 2 8 .250

10d 8 4 8 .250

11a 31 8 16 .250

11b 4 62 16 .250

11c 4 2 2 .250

11d 31 .250 31 .250

tioconazole 4 0.5 8 0.5

fluconazole 8 . 250 2 .250

voriconazole 0.5 . 250 0.062 8

*Minimun inhibitory concentration required to inhibit at least 90%

of the fungal growth compared to the drug-free control.

Scheme 2. Synthesis of compounds 5, 6, 10a–d and 11a–d. Reagents: (a) RCH2ZnBr, THF, R ¼ C2H3 85%, R ¼ C2H 53%; (b) NCS,

TEA, dichloromethane; (c) NaOCl, TEA, dichloromethane.

F. Chevreuil et al.568

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
M

al
m

o 
H

og
sk

ol
a 

on
 1

2/
25

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



[4] Viviani MA. J Antimicrob Chemother 1995;35:241–244.

[5] Richardson K, Cooper K, Marriott MS, Tarbit MH, Troke PF,

Whittle PJ. Rev Infect Dis 1990;12(Suppl 3):267–271.

[6] Sanglard D, Ischer F, Koymans L, Bille J. Antimicrob Agents

Chemother 1998;42:241–253.

[7] Marichal P, Vanden Bossche H, Odds FC, Nobels G, Warnock

DW, Timmerman V, Van Broeckhoven C, Fay S, Mose-Larsen

P. Antimicrob Agents Chemother 1997;41:2229–2237.

[8] Brun S, Bergès T, Poupard P, Vauzelle-Moreau C, Renier G,

Chabasse D, Bouchara JP. Antimicrob Agents Chemother

2004;481:1788–1796.

[9] Chevreuil F, Landreau A, Seraphin D, Larcher G, Bouchara JP,

Richomme P. J Enz Inhib Med Chem 2006;21:293–303.

[10] Defontaine A, Bouchara JP, Declerk P, Planchenault C,

Chabasse D, Hallet JN. J Med Microbiol 1999;48:663–670.

[11] Zadrozna I, Kurkowska J, Kruzewska H, Makuch I. Il

Farmaco 2000;55:499–501.

[12] Sadashiva MP, Mallesha H, Hitesh NA, Rangappa KS. Bioorg

Med Chem 2004;12:6389–6395.

[13] Eto H, Kaneko Y, Sakamoto T. Chem Pharm Bull 2000;48:

982–990.

[14] Nelson RA, Thomas NW, Matcham GW, Lin SL, Zhang M,

Lewis C. WO2000038521; Chem Abstr 2000;133:70187.

[15] Bawden D, Gymer GE, Marriott MS, Tute MS. Eur J Med

Chem 1983;18:91–96.

[16] Jeager G, Boeckmann K, Buechel KH, Plempel M.

DE3222191; Chem Abstr 1984;100:197784.

[17] Zvilichovsky G, Heller L. Synthesis 1972;10:563–564.

[18] Godefroi EF, Heeres J, Van Cutsem J, Janssen PA. J Med

Chem 1969;12:784–791.

[19] Perez ER, Loupy A, Liagre M, De Guzzi Plepis AM, Cordeiro

PJ. Tetrahedron 2003;59:865–870.

[20] Liu KC, Shelton BR, Howe RK. J Org Chem 1980;45:

3916–3918.

[21] Chimichi S, Boccalini M, Cosimelli B. Tetrahedron 2003;59:

5215–5223.

[22] National Committee for Clinical Laboratory Standards.,

Reference method for broth dilution antifungal susceptibility

testing of yeasts. Approved standard M27-A. National

Committee for Clinical Laboratory Standards, Villanova,

PA., 1997.

Isoxazoles as antifungals 569

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
M

al
m

o 
H

og
sk

ol
a 

on
 1

2/
25

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


