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Abstract

(9/)-1-(5-Aryl-3-pyridin-2-yl-4,5-dihydro-pyrazol-1-yl)-2-imidazol-1-yl-ethanone derivatives were synthesized and tested for their

in vitro antifungal activity. The compounds showed a moderate activity against strains of Candida parapsilosis , Candida

pseudotropicalis and Candida glabrata .
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1. Introduction

In our search for new antimycobacterial compounds

we reported [1] on the synthesis and microbiological

evaluation of some (9/)-(5-aryl-3-pyridin-2-yl-4,5-dihy-

dro-pyrazol-1-yl)-pyridin-4-yl-methanones (1) in which

the nitrogen atom at 1 position of the pyrazoline cycle

was linked to the isonicotinoyl residue. Because all the

synthesized compounds exhibited an interesting in vitro

antimycobacterial activity toward a strain of M. tuber-

culosis H4, and other 4,5-dihydro-1H -pyrazole deriva-

tives had been described for their antibacterial [2�/6] and

antifungal [2,5,7] activities, we made a modification of

the active structure 1 by replacing the isonicotinoyl

group with the 1H -imidazol-1-yl-acetyl one, in order to

verify if the presence of the azole residue might confer

antifungal activity to the compounds 4 a�/m (Table 1).

The structure of compounds 4 a�/m, even if different

from those of the classic antimycotic drugs, is char-

acterized by the presence of the 1H-imidazol-1-yl-acetyl

moiety connected to the pyrazoline ring by an amide

linkage, in consideration of the antifungal activity of a

number of 2-imidazol-1-yl-acetamide derivatives [8�/10].
All the synthesized compounds were tested in vitro for

their antifungal activity toward Candida albicans and

Candida spp. in comparison with antimycotic drugs.

2. Chemistry

The synthesis of (9/)-2-bromo-1-(5-aryl-3-pyridin-2-

yl-4,5-dihydro-pyrazol-1-yl)-ethanones (3 a�/m) (Table

1) was carried out (Scheme 1) by reacting bromoacetyl

chloride with the corresponding (9/)-5-aryl-3-(pyridin-2-

yl)-4,5-dihydro-1H-pyrazoles (2 a�/m) which in turn
were prepared, as previously described, from the corre-

sponding 3-aryl-1-(pyridin-2-yl)-propenones (1 a�/m) by

treatment with hydrazine hydrate [1]. However, when

the a,b-unsaturated ketones were allowed to react with

hydrazine hydrate, very unstable products were ob-

tained, from which the corresponding 4,5-dihydro-1H-

pyrazoles (2) should be isolated [1,11]. The crude

products were directly used for the preparation of the
corresponding 4,5-dihydro-1H-pyrazole derivatives (3c,

3f, 3h, 3i and 3k�/m). The (9/)-1-(5-aryl-3-pyridin-2-

yl-4,5-dihydro-pyrazol-1-yl)-2-imidazol-1-yl-ethanones

�
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(4a�/m) (Table 2) were obtained by treatment of the (9/)-
2-bromo-1-(5-aryl-3-pyridin-2-yl-4,5-dihydro-pyrazol-1-

yl)-ethanone derivatives (3a�/m) with imidazole in ace-

tonitrile.

The 1H NMR spectra of compounds 3a�/m, and 4a�/m

reveal the presence of three doublets of doublet signals

due to pyrazoline magnetically non equivalent protons

HA (upfield H of CH2) and HB (downfield H of CH2),

and to the vicinal methine proton HX. The values of the
coupling constants between the protons are consistent

with the expected structures. Moreover, the methylene

protons in the bromoacetyl side-chain of compounds

3a�/m resonate as two doublets characterized by cou-

pling constants typical of two geminal magnetically non

equivalent protons. However, the signals of correspond-

ing methylene protons of the compounds 4a�/m undergo

a fusion to a single signal.
The general synthetic procedure is described in

Section 3 for the preparation of the new compounds

3a�/m and 4a�/m.

3. Experimental

3.1. Chemistry

Melting points (m.p.) were determined with a Büchi

510 capillary apparatus, and are uncorrected. Infrared

spectra in Nujol mulls were recorded on a Jasco FT 200

spectrophotometer. Proton nuclear magnetic resonance

(1H NMR) spectra were determined on a Varian Gemini

200 spectrometer; chemical shifts are reported as d

(ppm) relative to tetramethylsilane as internal standard,

deuterochloroform as solvent. Reaction courses and
product mixtures were routinely monitored by thin-

layer chromatography (TLC) on silica gel precoated

F254 Merck plates. EI-MS spectra (70 eV) were taken on

a VG 7070 spectrometer. Elemental analyses (C, H, N)
were performed on a Carlo Erba analyzer and were

within 9/0.3 of the theoretical value.

3.1.1. (9/)-2-Bromo-1-(5-phenyl-3-pyridin-2-yl-4,5-

dihydro-pyrazol-1-yl)-ethanone (3a)

To a stirred solution of 5.29 g (23.7 mmol) of (9/)-5-

phenyl-3-(pyridin-2-yl)-4,5-dihydro-1H-pyrazole (2a) [1]

and 2.39 g (23.7 mmol) of triethylamine in 40 ml of

benzene, 3.73 g (23.7 mmol) of bromoacetyl chloride

was added dropwise at room temperature (r.t.). The

reaction mixture was further stirred for 4 h and

concentrated under reduced pressure. The residue was

filtered, washed several times with water, dried in a
vacuum dessicator and recrystallized from absolute

ethanol to obtain 4.11 g (50%) of 3a; m.p. 100�/102 8C.

IR (Nujol, per cm): 1665. 1H NMR (CDCl3-TMS): d

3.37 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/

19.04, JAX�/4.88 Hz), 3.87 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.04, JBX�/11.72 Hz), 4.26 (d,

1H, HA?, exocyclic CH2; JA?B?�/10.74 Hz), 4.35 (d, 1H,

HB?, exocyclic CH2; JB?A?�/10.74 Hz), 5.53 (dd, 1H, HX;
JXA�/4.88, JBX�/11.72 Hz), 7.30�/8.60 (m, 9H, arom.

and pyr.) MS: m /z 343 [M�], 345.

Compounds 3b�/m were prepared similarly. Yields,

m.p. and spectral data of compounds 3a�/m are reported

in Table 1. Yields of compounds 3c, 3f, 3h, 3i, 3k�/3m,

prepared starting, as previously described [1], from the

corresponding crude products of the reaction between

the a,b-unsatured ketones and hydrazine hydrate, were
calculated on the basis of the amount of ketone

employed.

3.1.2. (9/)-1-(5-Phenyl-3-pyridin-2-yl-4,5-dihydro-

pyrazol-1-yl)-2-imidazol-1-yl-ethanone (4a)

To a stirred solution of 1.1 g (3.2 mmol) of (9/)-2-

bromo-1-(5-phenyl-3-pyridin-2-yl-4,5-dihydro-pyrazol-

1-yl)-ethanone (3a) in 20 ml of acetonitrile 0.45 g (6.6
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Table 1

Spectral data of compounds 3a�/m

Comp. R Yield

(%)

m.p.

(8C)

IR (Nujol,

per cm)

1H NMR (CDCl3) (d ) Mass m /z

[M�]

Formula

(C,H,N)

3a H 50 102 1665 3.37 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.04, JAX�/4.88 Hz), 3.87 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.04, JBX�/11.72 Hz), 4.26 (d, 1H, HA?, exocyclic CH2; JA?B?�/10.74 Hz), 4.35 (d, 1H, HB?,

exocyclic CH2; JB?A?�/10.74 Hz), 5.53 (dd, 1H, HX; JXA�/4.88, JBX�/11.72 Hz), 7.30�/8.60 (m, 9H, arom. and

pyr.)

343�/345 C16H14N3OBr

3b 2-Cl 46 155 1680 3.38 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.04, JAX�/5.37 HZ), 4.07 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.04, JBX�/11.72 Hz), 4.29 (d, 1H, HA?, exocyclic CH2; JA?B?�/10.74 Hz), 4.46 (d, 1H, HB’,

exocyclic CH2; JB?A?�/10.74 Hz), 5.94 (dd, 1H, HX; JXA�/5.37, JXB�/11.72 Hz), 7.06�/8.68 (m, 8H, arom. e pyr.)

377�/379 C16H13N3OBrCl

3c 3-Cl 49 159 1667 3.37 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.04, JAX�/4.88 Hz), 3.87 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.04, JBX�/11.72 Hz), 4.27 (d, 1H, HA?, exocyclic CH2; JA?B?�/10.74 Hz), 4.34 (d, 1H, HB?

exocyclic CH2; JB?A?�/10.74 Hz), 5.53 (dd, 1H, HX; JXA�/4.88, JXB�/11.72 Hz), 7.12�/8.58 (m, 8H, arom. e pyr.)

377�/379 C16H13N3OBrCl

3d 4-Cl 41 130 1661 3.40 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/18.92, JAX�/4.88 Hz), 3.89 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/18.92, JBX�/11.60 Hz), 4.25 (d, 1H, HA?, exocyclic CH2; JA?B?�/10.38 Hz), 4.35 (d, 1H, HB?,

exocyclic CH2; JB?A?�/10.38 Hz), 5.55 (dd, 1H, HX; JXA�/4.88, JXB�/11.60 Hz), 7.14�/8.61 (m, 8H, arom. e pyr.)

377�/379 C16H13N3OBrCl

3e 2-Br 53 137 1667 3.29 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.04, JAX�/4.88 Hz), 4.00 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.04, JBX�/11.72 Hz), 4.28 (d, 1H, HA?, exocyclic CH2; JA?B?�/10.74 Hz), 4.46 (d, 1H, HB?,

exocyclic CH2; JB?A?�/10.74 Hz), 5.90 (dd, 1H, HX; JXA�/4.88, JXB�/11.72 Hz), 7.06�/8.59 (m, 8H, arom. e pyr.)

421�/423 C16H13N3OBr2

3f 3-Br 58 160 1667 3.37 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.04, JAX�/4.39 Hz), 3.87 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.04, JBX�/11.72 Hz), 4.27 (d, 1H, HA?, exocyclic CH2; JA?B?�/10.98 Hz), 4.35 (d, 1H, HB?,

exocyclic CH2; JB?A?�/10.98 Hz), 5.52 (dd, 1H, HX; JXA�/4.39, JXB�/11.72 Hz), 7.15�/8.59 (m, 8H, arom. e pyr.)

421�/423 C16H13N3OBr2
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Table 1 (Continued )

Comp. R Yield

(%)

m.p.

(8C)

IR (Nujol,

per cm)

1H NMR (CDCl3) (d ) Mass m /z

[M�]

Formula

(C,H,N)

3g 4-Br 48 148 1662 3.38 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.04, JAX�/4.88 Hz), 3.88 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.04, JBX�/11.72 Hz), 4.25 (d, 1H, HA?, exocyclic CH2; JA?B?�/10.74 Hz), 4.34 (d, 1H, HB?,

exocyclic CH2; JB?A?�/10.74 Hz), 5.53 (dd, 1H, HX; JXA�/4.88, JBX�/11.72 Hz), 7.09�/8.60 (m, 8H, arom. e pyr.)

421�/423 C16H13N3OBr2

3h 2-F 42 98 1660 3.39 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.04, JAX�/5.37 Hz), 3.90 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.04, JBX�/11.72 Hz), 4.28 (d, 1H, HA?, exocyclic CH2; JA?B?�/10.74 Hz), 4.38 (d, 1H, HB?,

exocyclic CH2; JB?A?�/10.74 Hz), 5.78 (dd, 1H, HX; JXA�/5.37, JXB�/11.72 Hz), 6.98�/8.59 (m, 8H, arom. e pyr.)

361�/363 C16H13N3OBrF

3i 3-F 47 100 1668 3.37 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/18.68, JAX�/4.94 Hz), 3.87 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/18.68, JBX�/12.08 Hz), 4.26 (d, 1H, HA?, exocyclic CH2; JA?B?�/10.44 Hz), 4.36 (d, 1H, HB?,

exocyclic CH2; JB?A?�/10.44 Hz), 5.56 (dd, 1H, HX; JXA�/4.94, JXB�/12.08 Hz), 6.89�/8.58 (m, 8H, arom. e pyr.)

361�/363 C16H13N3OBrF

3j 4-F 48 117 1660 3.40 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/18.68, JAX�/4.94 Hz), 3.87 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/18.68, JBX�/12.08 Hz), 4.26 (d, 1H, HA?, exocyclic CH2; JA?B?�/10.99 Hz), 4.35 (d, 1H, HB?,

exocyclic CH2; JB?A?�/10.99 Hz), 5.56 (dd, 1H,HX; JXA�/4.94, JXB�/12.08 Hz), 6.93-8.60 (m, 8H, arom. E pyr.)

361�/363 C16H13N3OBrF

3k 2-CH3 53 133 1656 2.42 (s, 3H, �/CH3), 3.25 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/18.31, JAX�/4.88 Hz), 3.91 (dd, 1H, HB,

downfield H of pyrazoline CH2; JBA�/18.31, JBX�/11.60 Hz), 4.31 (d, 1H, HA?, exocyclic CH2; JA?B?�/10.38 Hz),

4.40 (d, 1H, HB?, exocyclic CH2; JB?A?�/10.38 Hz), 5.75 (dd, 1H, HX; JXA�/4.88, JXB�/11.60 Hz), 6.98�/8.58 (m,

8H, arom. e pyr.)

357�/359 C17H16N3OBr

3l 3-CH3 59 oil 1659 2.32 (s, 3H, -CH3), 3.35 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/18.91, JAX�/4.88 Hz), 3.81 (dd, 1H, HB,

downfield H of pyrazoline CH2; JBA�/18.91, JBX�/11.60 Hz), 4.30 (d, 1H, HA?, exocyclic CH2; JA?B?�/10.58 Hz),

4.41 (d, 1H, HB’, exocyclic CH2; JB?A?�/10.58 Hz), 5.65 (dd, 1H, HX; JXA�/4.88, JXB�/11.60 Hz), 6.70�/8.50 (m,

8H, arom. e pyr.)

357�/359 C17H16N3OBr

3m 4-CH3 57 138 1663 2.28 (s, 3H, �/CH3), 3.40 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.04, JAX�/5.13 Hz), 3.86 (dd, 1H, HB,

downfield H of pyrazoline CH2; JBA�/19.04, JBX�/11.72 Hz), 4.28 (d, 1H, HA?, exocyclic CH2; JA?B?�/10.99 Hz),

4.35 (d, 1H, HB?, exocyclic CH2; JB?A?�/10.99 Hz), 5.56 (dd, 1H, HX; JXA�/5.13, JXB�/11.72 Hz), 7.07�/8.59 (m,

8H, arom. e pyr.)

357�/359 C17H16N3OBr
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mmol) of imidazole was added and the reaction mixture

was then stirred under reflux for 2 h. The solvent was

evaporated to dryness under reduced pressure to leave a
residue which was dissolved in chloroform. The ob-

tained solution was washed with several portions of cold

water, dried over anhydrous sodium sulfate and evapo-

rated under reduced pressure. The residue was chroma-

tographed on a silica gel column (60 mesh, eluent

acetonitrile/ethanol 95:5). Evaporation of solvents gave

0.56 g (53%) of the pure compound 4a; m.p. 186�/88 8C.

IR (Nujol, per cm): 1681. 1H NMR (CDCl3-TMS): d
3.43 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/

19.04, JAX�/4.88 Hz), 3.89 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.04, JBX�/11.72 Hz), 5.18 (s,

2H, exocyclic CH2), 5.54 (dd, 1H, HX; JXA�/4.88,

JXB�/11.72 Hz), 7.61 (s, 1H, H-2 imid.), 6.98�/8.61

(m, 11H, arom., pyr. and imid.).

In the same manner, compounds 4b�/m were pre-

pared. Yields, m.p. and spectral data of compounds 4a�/

m are reported in Table 2.

3.2. Microbiology

3.2.1. Antifungal susceptibility testing

Test organisms. Five clinical isolates of Candida

species were selected for testing the new compounds,

including Candida glabrata 80, C. glabrata 67, C.

albicans 135, Candida parapsilosis 208 and Candida

pseudotropicalis 801.
The susceptibility of the Candida spp isolates to the

newly synthesized compounds was determined by means

of the agar dilution technique, according to the recom-

mendations of the National Committee for Clinical

Laboratory Standards (NCCLS, 1995). Stock solutions

of chemicals were prepared in DMSO at a concentration

of 4 mg/ml; MICs were determined in Sabouraud

quadrant agar plates containing serial twofold dilutions
of the tested compounds; 20 ml inoculum of each fungal

strain, containing 1�/5�/102 cells per ml was added onto

agar surface; controls were performed without chemicals

and with reference antifungal drugs (miconazole (Mic),

5-fluorouracil (5-FC), amphotericin B (AMB)). All the

plates were then placed at 35 8C and read after 24 and 48

h incubation.

4. Results and discussion

A series of (9/)-1-(5-aryl-3-pyridin-2-yl-4,5-dihydro-
pyrazol-1-yl)-2-imidazol-1-yl-ethanone derivatives (4a�/

m) have been synthesized with the aim of evaluating

their in vitro antimycotic activity. Some of the synthe-

Scheme 1.
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Table 2

Spectral data of compounds 4a�/m

Comp. R Yield

(%)

m.p.

(8C)

IR (Nujol,

per cm)

1H NMR (CDCl3) (d ) Mass m /z

[M�]

Formula

(C,H,N)

4a H 53 186 1681 3.43 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.04, JAX�/4.88 Hz), 3.89 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.04, JBX�/11.72 Hz), 5.18 (s, 2H, exocyclic CH2), 5.54 (dd, 1H, HX; JXA�/4.88, JXB�/

11.72 Hz), 7.61 (s, 1H, H-2 imid.), 6.98�/8.61 (m, 11H, arom., pyr. and imid.)

331 C19H17N5O

4b 2-Cl 45 195 1684 3.31 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.04, JAX�/6.83 Hz), 3.96 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.04, JBX�/11.72 Hz), 5.22 (s, 2H, exocyclic CH2), 5.88 (dd, 1H, HX; JXA�/6.83, JXB�/

11.72 Hz), 7.58 (s, 1H, H-2 imid.), 6.94�/8.60 (m, 10H, arom., pyr. and imid.)

365-367 C19H16N5OCl

4c 3-Cl 50 178 1683 3.40 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/18.92, JAX�/4.88 Hz), 3.89 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/18.92, JBX�/12.20 Hz), 5.21 (s, 2H, exocyclic CH2), 5.49 (dd, 1H, HX; JXA�/4.88, JXB�/

12.20 Hz), 7.54 (s, 1H, H-2 imid.), 6.98�/8.61 (m, 10H, arom., pyr. and imid.)

365- 367 C19H16N5OCl

4d 4-Cl 51 222 1679 3.40 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.53, JAX�/5.37 Hz), 3.89 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.53, JBX�/12.21 Hz), 5.15 (s, 2H, exocyclic CH2), 5.51 (dd, 1H, HX; JXA�/5.37, JXB�/

12.21 Hz), 7.53 (s, 1H, H-2 imid.), 6.96�/8.62 (m, 10H, arom., pyr. and imid.)

365-367 C19H16N5OCl

4e 2-Br 55 193 1684 3.27 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.04, JAX�/5.37 Hz), 3.97 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.04, JBX�/11.71 Hz), 5.22 (s, 2H, exocyclic CH2), 5.86 (dd, 1H, HX; JXA�/5.37, JXB�/

11.71 Hz), 7.59 (s, 1H, H-2 imid.), 6.88�/8.58 (m, 10H, arom., pyr. and imid.)

409-411 C19H16N5OBr
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Table 2 (Continued )

Comp. R Yield

(%)

m.p.

(8C)

IR (Nujol,

per cm)

1H NMR (CDCl3) (d ) Mass m /z

[M�]

Formula

(C,H,N)

4f 3-Br 56 188 1684 3.38 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.04, JAX�/5.12 Hz), 3.88 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.04, JBX�/11.72 Hz), 5.16 (s, 2H, exocyclic CH2), 5.47 (dd, 1H, HX; JXA�/5.12, JXB�/

11.72 Hz), 7.53 (s, 1H, H-2 imid.), 6.96�/8.61 (m, 10H, arom., pyr. and imid.)

409-411 C19H16N5Obr

4g 4-Br 51 227 1679 3.39 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/18.67, JAX�/4.94 Hz), 3.88 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/18.67, JBX�/12.08 Hz), 5.15 (s, 2H, exocyclic CH2), 5.48 (dd, 1H, HX; JXA�/4.94, JXB�/

12.08 Hz), 7.53 (s, 1H, H-2 imid.), 6.96�/8.61 (m, 10H, arom., pyr. and imid.)

409-411 C19H16N5OBr

4h 2-F 48 170 1671 3.41 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/18.67, JAX�/5.49 Hz), 3.89 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/18.67, JBX�/12.08 Hz), 5.18 (s, 2H, exocyclic CH2), 5.77 (dd, 1H, HX; JXA�/5.49, JXB�/

12.08 Hz), 7.54 (s, 1H, H-2 imid.), 6.98�/8.61 (m, 10H, arom., pyr. and imid.)

350 C19H16N5OF

4i 3-F 46 179 1684 3.40 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.22, JAX�/4.94 Hz), 3.89 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.22, JBX�/12.08 Hz), 5.17 (s, 2H, exocyclic CH2), 5.52 (dd, 1H, HX; JXA�/4.94, JXB�/

12.08 Hz), 7.54 (s, 1H, H-2 imid.), 6.84�/8.61 (m, 10H arom., pyr. and imid.)

350 C19H16N5OF

4j 4-F 49 179 1682 3.41 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.04, JAX�/4.88 Hz), 3.87 (dd, 1H, HB, downfield H of

pyrazoline CH2; JBA�/19.04, JBX�/11.71 Hz), 5.15 (s, 2H, exocyclic CH2), 5.57 (dd, 1H, HX; JXA�/4.88, JXB�/

11.71 Hz), 7.53 (s, 1H, H-2 imid.), 6.91�/8.62 (m, 10H, arom., pyr. and imid.)

350 C19H16N5OF

4k 2-CH3 55 178 1676 2.28 (s, 3H, -CH3), 3.25 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.05, JAX�/5.13 Hz), 3.97 (dd, 1H,

HB, downfield H of pyrazoline CH2; JBA�/19.05, JBX�/11.72 Hz), 5.20 (s, 2H, exocyclic CH2), 5.72 (dd, 1H,

HX; JXA�/5.13, JXB�/11.72 Hz), 7.55 (s, 1H, H-2 imid.), 6.85�/8.58 (m, 10H, arom., pyr. and imid.)

346 C20H19N5O

4l 3-CH3 62 169 1686 2.27 (s, 3H, �/CH3), 3.41 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/19.05, JAX�/4.88 Hz), 3.87 (dd, 1H,

HB, downfield H of pyrazoline CH2; JBA�/19.05, JBX�/11.59 Hz), 5.17 (s, 2H, exocyclic CH2), 5.51 (dd, 1H,

HX; JXA�/4.88, JXB�/11.59 Hz), 7.55 (s, 1H, H-2 imid.), 6.95�/8.52 (m, 10H, arom., pyr. and imid.)

346 C20H19N5O

4m 4-CH3 61 181 1671 2.27 (s, 3H, �/CH3), 3.42 (dd, 1H, HA, upfield H of pyrazoline CH2; JAB�/18.92, JAX�/4.88 Hz), 3.86 (dd, 1H,

HB, downfield H of pyrazoline CH2; JBA�/18.92, JBX�/11.59 Hz), 5.15 (s, 2H, exocyclic CH2), 5.51 (dd, 1H,

HX; JXA�/4.88, JXB�/11.59 Hz), 7.53 (s, 1H, H-2 imid.), 6.97�/8.62 (m, 10H, arom., pyr. and imid.)

346 C20H19N5O
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sized compounds exhibited a feeble in vitro antifungal

activity against the tested strains of Candida species

(Table 3). Compounds 4a, 4b, 4e, 4f, 4j were character-

ized by the same degree of activity against the strains of

C. pseudotropicalis 801 (CPs 801) and C. glabrata 80
(CG 80), with MIC values of 62.5 mg/ml after 24 and 48

h but their MIC values toward the strain of C. glabrata

67 increase from 62.5�/125 mg/ml after 24 h to 500 mg/ml

after 48 h. Only compounds 4h, 4i and 4k exhibited MIC

values of 62.5 mg/ml toward the tested strain of C.

parapsilosis 208 (CP 208). None of the synthesized

compounds showed activity against the tested strain of

C. albicans 135. The moderately active compounds are
generally characterized by the presence of halogen

atoms at the ortho or meta position on the phenyl ring

linked to the 5-position of the pyrazoline cycle, with the

exception of the unsubstituted compound 4a and the 4-

fluoro derivative 4j. None of the other para -substituted

compounds were active. Since the substituents on the

phenyl residue of the compounds 4a, 4b, 4e, 4f and 4j,

which explicated some activity against C. pseudotropi-

calis 801 and C. glabrata 80, do not exert any

modulatory effect on their activity, the synthesis and

the antifungal activity evaluation of new (9/)-1-(4,5-

dihydro-pyrazol-1-yl)-2-imidazol-1-yl-ethanone deriva-

tives, with different substituents in the 3 and 5 positions,

are now in progress.
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Table 3

Activity of the (9/)-1-(5-aryl-3-pyridin-2-yl-4,5-dihydro-pyrazol-1-yl)-2-imidazol-1-yl-ethanone derivatives 4 against three clinical isolates of Candida

species

Comp. Range (mg/ml) CP 208 CPs 801 CG 80

24 h 48 h 24 h 48 h 24 h 48 h

AMB 0.5�/8 1 2 2 B/0.5 2 2

Mic 5�/80 B/5 B/5 B/5 B/5 B/5 B/5

5FC 2�/32 B/2 4 B/2 8 B/2 B/2

4a 1000�/16 62.5 62.5 62.5 62.5

4b 1000�/16 62.5 62.5 62.5 62.5

4e 1000�/16 62.5 62.5 62.5 62.5

4f 1000�/16 62.5 62.5 62.5 62.5

4h 1000�/62.5 62.5 62.5

4i 1000�/16 62.5 62.5

4j 1000�/16 62.5 62.5 62.5 62.5

4k 1000�/16 62.5 62.5
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