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Abstract: A series of novel ferrocenyl pyrazolines containing sulfonamide moiety was prepared
in a two-step reaction. All new derivatives were characterized by NMR spectroscopy and
physical data. The antifungal potential of the synthesized ferrocenyl pyrazolines was evaluated
on different fungal species, with several compounds exhibiting moderate antifungal effects.
Notably, compounds exhibited MIC values in the range of 0.5-2 mg/mL against Penicillium
canescens and Candida albicans, indicating selective antifungal activity and potential for further
development as antifungal agents.
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1. Introduction

Pyrazolines are an important class of heterocyclic compounds containing two
nitrogen atoms in the five membered ring [1]. Significant number of activities have been
directed towards diversely substituted pyrazolines such as antimicrobial [2],
antiinflammatory [3], and many more.

The sulfonamide moieties are pharmacophores responsible for the biological
response of several clinically significant drugs [4]. They have diverse biological
activities, including anticancer [5], antimicrobial [6], and many other.

The ferrocenyl group has been incorporated into the structure of many biologically
active molecules, resulting in increased activity. Taking that into account, we decided to
prepare new ferrocenyl pyrazolines containing sulfonamide moiety, and investigate
their antifungal activity.
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2. Material and methods
2.1. Chemistry

All starting chemicals were commercially available and used as received, and the
solvents were purified by distillation. NMR spectra: Varian Gemini 200 MHz
spectrometer, using CDCls as the solvent and TMS as the internal standard. 'H and *C
NMR chemical shifts were reported in parts per million (ppm). The melting points:
MelTemp1000 apparatus.

2.1.1. General procedure for the synthesis of ferrocenyl pyrazolines containing sulfonamide
moiety

Croton ferrocene 1 (1.00 mmol) was dissolved in methanol (15 mL). Then, sodium
acetate (5 mmol), and hydrazine hydrate (3 mmol) were added, and the solution was
refluxed for 4 h. Afterwards, the hot solution was filtered off. Into the cold filtrate,
corresponding benzenesulfonyl chloride (1.5 mmol), and triethylamine (0.4 mL) were
added, and stirred at room temperature overnight. Afterwards, the solution was poured
into cold water, stirred for 5 minutes, and extracted with CH2Clz (3x30 mL). The organic
layer was washed with brine, dried over anhydrous Na:S50s, and the solvent was
evaporated under reduced pressure. Crude concentrated solution was purified through
a short column (stationary phase: silica gel, mobile phase: dichloromethane).

2.1.2. Antifungal activity

All fungal species were obtained from the Institute of Public Health in Kragujevac
and the Laboratory of Microbiology, Department of Biology, Faculty of Science,
University of Kragujevac, Serbia. The antifungal potential of the tested compounds was
determined using the standard microdilution method, and results were expressed as
minimum inhibitory concentrations (MICs) [7].

The antifungal activity of the synthesized compounds was assessed against three
filamentous fungi Penicillium canescens (FSB 23), Fusarium oxysporum (FSB 91), and
Aspergillus brasiliensis (ATCC 16404) as well as one yeast Candida albicans (ATCC 10259)
[7]. Fungal cultures were prepared according to NCCLS guidelines [8]. Fungal inocula
MICs were assessed visually. Nystatin served as positive controls for antifungal activity.

3. Results and Discussion

3.1. Chemistry

The novel ferrocenyl derivatives were synthesized in two steps (Scheme 1). For the
synthesis of intermediate 2, the cyclization of croton ferrocene 1 was performed using
hydrazine monohydrate in the presence of sodium acetate in methanol. Formed
compound 2 was not isolated, but used directly for condensation with substituted
phenylsulphonyl chloride in the presence of triethylamine. The formed ferrocenyl
pyrazolines containing sulfonamide moiety (3a-g) were obtained in very good yields
(62-85%).
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Scheme 1. Synthesis of ferrocenyl pyrazolines containing sulfonamide moiety, 3a-g

The new ferrocenyl derivatives were obtained in a crystal form and characterized by
their spectral data ("H and *C NMR).

3.2. Antifungal activity
Several compounds showed moderate antifungal activity, particularly against
Penicillium canescens, with MICs ranging from 0.5 to 1 mg/mL (Table 1).
Table 1. Antifungal activity of synthesized compounds 3a-g

Compound MIC (mg/mlL)”
Penicillium Fusarium Aspergillus Candida
canescens oxisporum brasiliensis albicans
3a 1 1 1 2
3b 0.5 2 2 2
3c 0.5 2 2 1
3d >2 >2 >2 2
3e 0.5 >2 >2 0.5
3f 0.5 >2 >2 2
3g 0.5 >2 >2 2
Nystatin 25 1.25 1.25 0.625

*MIC value for Nystatin is expressed in pg/mL.

The observed selective antifungal activity of the synthesized compounds may be
attributed to their unique structural features, including the presence of the ferrocene
moiety, the hydrazone linkage, and the sulfonyl group, all of which are known to
enhance lipophilicity, redox properties, and hydrogen bonding potential. These
characteristics could facilitate stronger interactions with fungal cell membranes or
enzyme targets compared to bacterial systems, possibly leading to increased membrane
disruption or inhibition of fungal-specific metabolic pathways [9].

4. Conclusions

In this study, seven new ferrocenyl pyrazolines containing sulfonamide moiety were
prepared in very good yields, and their structures were characterized by spectral data
("H NMR, and *C NMR). The antifungal activity of compounds 3a-c was evaluated, and
the results showed that these compounds exhibited moderate activity, particularly
against P. canescens. On the other hand, compounds 3e-g demonstrated selective
antifungal activity, with moderate inhibition of P. canescens and C. albicans.

www.iccbikg.kg.ac.rs|

1545



T.Todorovi¢ et al., Synthesis, characterization, and antifungal activities of novel ferrocenyl pyrazolines containing

sulfonamide moiety

Acknowledgment

This research is funded by the Ministry of Education and Ministry of Science,
Technological Development and Innovation, Republic of Serbia, Grants: Nos. 451-03-
136/2025-03/200378, 451-03-136/2025-03/200122.

References

(1]

2]

[3]

[4]

[5]

[6]

[7]

(8]

(9]

M. Yusuf P. Jain, Synthetic and biological studies of pyrazolines and related heterocyclic compounds,
Arabian Journal of Chemistry, 7 (2014), 553-596.

A. Ozdemir, G. TuranZitouni, Z. A. Kaplancakli, G. Revial, K. Guven, Synthesis and
Antimicrobial ~ Activity of  1-(4-aryl-2-thiazolyl)-3-(2-thienyl)-5-aryl-2-pyrazoline ~ derivatives,
European Journal of Medicinal Chemistry, 42 (2007), 403-409.

R. Aggarwal, Bansal, Molecular Modeling Study of 5-Trifluoromethyl-D2-Pyrazoline and isomeric
513-trifluoromethylpyrazole derivatives as Anti-inflammatory agents, European Journal of
Medicinal Chemistry, 70 (2013), 350-357.

G. H. Elgemeie, R. A. Azzam, R. E. Elsayed., Sulfa drug analogs: new classes of N-sulfonyl
aminated azines and their biological and preclinical importance in medicinal chemistry (2000-2018),
Medicinal Chemistry Research, 28 (2019), 1099-1131.

A. Weber, A. Casini, A. Heine, D. Kuhn, C. T. Supuran, A. Scozzafava, G. Klebe, Unexpected
nanomolar inhibition of carbonic anhydrase by COX-2-selective celecoxib: new pharmacological
opportunities due to related binding site recognition, Journal of Medicinal Chemistry, 47 (2004),
550-557.

C. Camoutsis, A. Geronikaki, A. Ciric, M. Sokovi¢, P. Zoumpoulakis, M. Zervou, Sulfonamide-
1,2,4-thiadiazole derivatives as antifungal and antibacterial agents: synthesis, biological evalua tion,
lipophilicity, and conformational studies, Chemical and Pharmaceutical Bulletin, 58 (2010), 160—
167.

N. Sreckovi¢, J. Katani¢ Stankovié, S. Mati¢, N. Mihailovi¢, P. Imbimbo, D. M. Monti, V.
Mihailovi¢, Lythrum salicaria L. (Lythraceae) as a promising source of phenolic compounds in the
modulation of oxidative stress: Comparison between aerial parts and root extracts, Industrial Crops
and Products, 155 (2020), 112781.

NCCLS, Reference method for broth dilution antifungal susceptibility testing of yeasts; Approved
standard (2nd ed.), NCCLS document M27-A2, National Committee for Clinical Laboratory
Standards, Wayne, PA, USA, 22 (2002).

R. Rubbiani, O. Blacque, G. Gasser, Sedaxicenes: potential new antifungal ferrocene-based agents?,
Dalton Transactions, 45 (2016), 6619-6626.

www.iccbikg.kg.ac.rs|

1546



	3rd-ICCBIKG-Proceedings-Separate 1
	3rd-ICCBIKG-Proceedings-Separate 2
	3rd-ICCBIKG-Proceedings-Separate 3
	3rd-ICCBIKG-Proceedings-Separate 4



