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ABSTRACT

Synthesis of five novel 2-ferrocenyl-1,3-thiazolidin-4-thiones has been achieved in good to
excellent yields through the treatment of 2-ferrocenyl-1,3-thiazolidin-4-ones with Lawesson’s
reagent. The reaction was performed by refluxing the reactants mixture in toluene overnight. All
prepared compounds were characterized by the IR and NMR spectral data. Further, the obtained

products were evaluated for their antibacterial and antifungal activity.
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Introduction

Since the middle of the last century, antimicrobial agents have been efficiently used in health
care. However, recent success in the application of antibiotics in infections treatment has been
eroded by the increased resistance of bacteria. Therefore, there is a permanent interest in the
development of novel compounds that exhibit antimicrobial activity (Hawkey, 2008; Canton,
2009). Ferrocene derivatives have been demonstrated to possess a broad spectrum of biological
activity, including antibacterial (Damljanovi¢ et al., 2009; Li et al., 2013), antifungal (Rubbiani,
2016), anti-inflammatory (Shinde et al., 2018), antitumor (Staveren and Metzler-Nolte, 2004;
Fouda, 2007; Hillard, 2010; Biot, 2000) and anti-HIV (Kondapi et al., 2006) activity. In addition,
due to the favorable electronic properties of ferrocene and its easy functionalization, these
substances have been found many applications in materials science, including sensors (Labande
and Astruc, 2000; Labande et al., 2002; Daniel et. al., 2003, Astruc et. al., 2004, Armada et al.,
2006; Ornelas, 2007; Astruc, 2008; Ornelas et al., 2009; Djeda, 2010), catalysts (Astruc, 2008;
Wei et al. 2002, Zhang et al., 2002; Ornelas et al., 2007; Diallo et al., 2007; Ornelas et al.,
2008), electroactive materials (Daniel et al., 2006, Astruc et al., 2008; Ornelas et al., 2008; Wang
et al., 2009; Astruc et al., 2009; Megiatto et al., 2010) and aerospace materials (Ansari et al.,
2018; Neuenfeldt et al., 2011).

On the other hand, the chemistry of thiazolidinone ring is of substantial interest as it
represents is a core structure in numerous synthetic medicaments displaying a wide variety of
biological activities (Makwana and Malani, 2017). The thiazolidinone scaffold is also found in
various natural products, especially thiamines, molecules possessing cardiac and glycemic
benefits such as troglitazone (Ghazzi et al., 1997) and many metabolic products of fungi and
primitive marine animals, including 2-(aminoalkyl)-4-carboxylic acids (Scmidt et al., 1987). A
number of thiazolidinone derivatives have displayed various biological activities such are
antidiabetic (Verma and Thareja, 2016), anticancer (Szychowski et al., 2017), anticonvulsant
(Mishchenko et al., 2020), antimicrobial (Viswajanani et al., 2005), anti-HIV (Rawal et al.,
2005), PAF antagonist (Tanabe et al., 1991), COX inhibitory (Ottana et al., 2002), tumor
necrosis factor-a antagonist (Voss et al., 2003) and antioxidant (Shih and Ke, 2004). Besides,

thiazolidinone derivatives are of interest in a wide range of pharmaceutical, agrochemical,
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coordination, medicinal, and organic chemistry applications (Chaves et al., 2014; Corréa et al.,
2016; Deng et al., 2011).
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Scheme 1. Synthesis of N-substituted 2-ferrocenyl-1,3-thiazolidin-4-ones 3 (Pejovi¢ et al.,
2014).

Several years ago, our team reported an easy and efficient method for the synthesis of the
novel thiazolidinone derivatives - 2-ferrocenyl-1,3-thiazolidin-4-ones 3 (Scheme 1) (Pejovi¢ et
al., 2014). These heterocycles that showed strong anxiolytic activity also demonstrated great
initial results in the synthesis of another ferrocene containing thiazolidinones (Pejovi¢ et al.,
2018). Bearing all previously mentioned in mind, we planned to synthesize 2-ferrocenyl-1,3-
thiazolidin-4-thiones using 2-ferrocenyl-1,3-thiazolidin-4-ones 3 as starting material. Thus, in
this research, we put emphasis on the synthesis, assignment of *H and **C NMR spectral data of
novel 2-ferrocenyl-1,3-thiazolidin-4-thiones as well as examination of their antimicrobial

activity.

Experimental
Reagents and chemicals

All chemicals were commercially available and used as received, except the solvents, which
were purified by distillation. Chromatographic separations were carried out using silica gel 60
(Merck, 230-400 mesh ASTM), whereas silica gel 60 on Al plates, layer thickness 0.2 mm
(Merck) was used for TLC. Melting points (uncorrected) were determined on a Mel-Temp
capillary melting points apparatus, model 1001. The *H and **C NMR spectra of the samples in
CDCI3 were recorded on a Varian Gemini (200 MHz) (*H at 200 MHz, 3C at 50 MHz) NMR
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spectrometer. Chemical shifts are expressed in & (ppm), relative to residual solvent protons as the
internal standard (CDCls: 7.26 ppm for H and 77 ppm for $3C). IR measurements were carried
out with a Perkin—Elmer FTIR 31725-X spectrophotometer.

2-Ferrocenyl-1,3-thiazolidin-4-ones (3a-€)

2-Ferrocenyl-1,3-thiazolidin-4-ones (3a-e) were synthesized according to the previously
described procedure (Pejovié et al., 2014).

General procedure for the synthesis of 2-ferrocenyl-1,3-thiazolidin-4-thiones (5a-¢)
A toluene solution of the suitable 2-ferrocenyl-1,3-thiazolidin-4-one (1 mmol), obtained

according to a previously reported procedure (Pejovié¢ et al., 2014), was heated under stirring
with Lawesson’s reagent (1 mmol) overnight. The solvent was then evaporated, and the residue
extracted with dichloromethane (three 20 mL portions). After drying overnight (anhydrous
Na>SOg), the solvent was evaporated and the crude product purified by column chromatography
(SiO2, hexane/ethyl acetate = 8: 2).

3-Butyl-2-ferrocenyl-1,3-thiazolidin-4-thione (5a). Orange solid. Yield 88%; m.p. = 119 °C; IR
(neat): vmax = 2952, 1181 cm™; 'H NMR (200 MHz, CDCls, ppm): & 5.88 (br t, 1H), 4.50 — 4.44
(m, 1H), 4.37 — 4.17 (m, 5H), 4.25 (s, 5H), 3.94 — 3.74 (m, 1H), 3.35 — 3.13 (m, 1H), 1.68 — 1.12
(m, 4H), 0.85 (t, J = 7.0 Hz, 3H); *C NMR (50 MHz, CDCls, ppm): & 195.3, 83.6, 71.5, 70.1,
70.0, 69.3, 68.9, 68.1, 47.5, 45.2, 27.7, 20.1, 13.7.

2-Ferrocenyl-3-hexyl-1,3-thiazolidin-4-thione (5b). Orange solid. Yield 90%; m.p. = 92 °C; IR
(neat): vmax = 2928, 1176 cm™; 'H NMR (200 MHz, CDCls, ppm): & 5.88 (br t, 1H), 4.51 — 4.41
(m, 1H), 4.36 — 4.05 (m, 6H), 4.24 (s, 5H), 3.90 — 3.70 (m, 1H), 3.35 — 3.15 (m, 1H), 1.65 — 1.07
(m, 8H), 0.84 (t, J = 6.5 Hz, 3H).; 3C NMR (50 MHz, CDCls, ppm): & 195.1, 83.5, 71.4, 70.1,
70.0, 69.2, 68.8, 68.0, 47.7, 45.2, 31.1, 26.4, 25.5, 22.4, 13.9.

2-Ferrocenyl-3-octyl-1,3-thiazolidin-4-thione (5c¢). Orange solid. Yield 88%; m.p. = 78 °C;
(neat): vmax = 2920, 1203 cm; *H NMR (200 MHz, CDCls, ppm): § 5.87 (br t, 1H), 4.49 — 4.31
(m, 1H), 4.35 — 4.14 (m, 6H), 4.25 (s, 5H), 3.92 — 3.66 (m, 1H), 3.37 — 3.13 (m, 1H), 1.74 - 1.04
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(m, 12H), 0.87 (t, J = 6.5 Hz, 3H); 3C NMR (50 MHz, CDCls, ppm): & 195.3, 83.6, 71.5, 70.1,
70.0, 69.3, 68.8, 68.1, 47.8, 45.2, 31.7, 29.0, 26.8, 25.6, 22.6, 14.1.

2-Ferrocenyl-3-(m-tolyl)-1,3-thiazolidin-4-thione (5d). Orange solid. Yield 65%; m.p. = 78 °C;
IR (neat): vmax = 2956, 1165 cm™; *H NMR (200 MHz, CDCls, ppm): § 7.35 — 7.29 (m, 2H), 6.93
—6.83 (M, 2H), 6.16 (br s, 1H), 4.36 — 4.07 (m, 4H), 4.25 (s, 5H), 3.86 (d, J = 10.3 Hz, 1H), 3.45
(d, J = 10.3 Hz, 1H), 2.29 (s, 3H); *C NMR (50 MHz, CDCls, ppm): § 198.4, 139.6, 129.2,
128.6, 127.9, 83.3, 74.5, 70.7, 69.7, 69.1, 68.7, 67.5, 45.7.

2-Ferrocenyl-3-(p-tolyl)-1,3-thiazolidin-4-thione (5e). Yield 60%, brown oil; IR (neat): vmax =
2917, 1168 cm™®; *H NMR (200 MHz, CDCls, ppm): & 7.09 — 6.93 (m, 2H), 6.90 — 6.68 (m, 2H),
6.10 (br s, 1H), 4.55 — 4.36 (m, 4H), 4.23 (s, 5H), 3.84 (d, J = 10.3 Hz, 1H), 3.55 (d, J = 10.3 Hz,
1H), 2.77 (s, 3H); *C NMR (50 MHz, CDCls, ppm): & 195.24, 158.18, 130.07, 129.59, 113.86,
83.38, 71.96, 70.23, 70.19, 69.25, 68.91, 68.11, 49.70, 30.9.

Antimicrobial activity determination
The antimicrobial activity of newly synthesized compounds was tested on four bacterial

(Enterococcus faecalis ATCC 29212, Escherichia coli ATCC 25922, Staphylococcus aureus
ATCC 25923, and Salmonella enteritidis ATCC 13076) and four fungal strains (Candida
albicans ATCC 10231, Fusarium oxysporum FSB 91, Aspergillus brasiliensis ATCC 16404, and
Penicillium canescens FSB 24). The microorganisms were obtained from the Institute of Public
Health, Kragujevac, Serbia. For the determination of the antimicrobial activity of synthesized
compounds, bacterial strains were grown on nutrient agar 24 h before the experiment, C.
albicans was grown on sabouraud dextrose agar for 48 h, while molds were grown on potato
glucose agar for 3—7 days before testing.

The minimal inhibitory concentrations (MICs) of tested compounds, standard antibiotic
chloramphenicol, and antimycotic nystatin against selected bacterial and fungal strains were
determined by the microdilution method in the sterile 96-well microtiter plates (A. Pejovic et al.,
2017). The different concentrations of compounds for antimicrobial testing were made in the
sterile 96-well microtiter plates using Mueller—Hinton broth for bacterial strains and sabouraud
dextrose broth for fungal growth. The evaluation of antibacterial and antifungal activities was
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performed according to the CLSI recommendations (Clinical and Laboratory Standards Institute,
2012; Clinical and Laboratory Standards Institute, 2008a; Clinical and Laboratory Standards
Institute, 2008b). Indicator resazurin was used for the detection of bacterial growth in microtiter
plates, while the growth of fungi was monitored visually. The lowest concentration (in mg per
mL) of tested compounds that inhibit visible bacterial or fungal growth was considered as
minimal inhibitory concentration (MIC) value.

Results and Discussion

General synthesis of 2-ferrocenyl-1,3-thiazolidin-4-thiones 5a-e
The obtaining of target compounds was conceived as the functionalization of the 2-

ferrocenyl-1,3-thiazolidin-4-ones (Table 1, 3a-e). It should comprise their thionation to afford
the series of appropriate 2-ferrocenyl-1,3-thiazolidin-4-thiones. The thionation reaction of the
thiazolidinone derivatives is commonly carried out in one of two reagents, phosphorus
pentasulfide (PsS10) or Lawesson’s reagent (LR) (Ozturk et al., 2008). In the last few years,
scientists are claimed that Lawesson’s reagent has advantages over PsSio in terms of
requirements for excess P4Sio, longer reaction time and higher temperature (Ozturk et al., 2008).
Therefore, we considered synthesizing a series of novel ferrocene-containing thiazolidinthiones
using Lawesson’s reagent, and all in order to evaluate antimicrobial potential of the desired
products.

The realization of this synthetic plan began with the preparation of the ferrocene-
containing thiazolidinones, 2-ferrocenyl-1,3-thiazolidin-4-ones (Table 1, 3a-e). A few years ago,
we designed and optimized reaction conditions for their synthesis in high yields. The protocol
involved a 25 min ultrasonic irradiation of the reaction mixture consisting of an amine,
ferrocenecarboxaldehyde and thioglycolic acid in the ratio of 1/1/2. Thus, we synthesized the
starting material by using this protocol. After the preparation of starting material, in the test
experiment, the reaction between 3a and Lawesson’s reagent 4 was investigated. This reaction
mixture was refluxed in the toluene during the night. After usual workup and column

chromatography (SiO2/hexane = 8:2, v/v), the desired thiazolidinthione 5a was obtained in great
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yield (88%, Table 1, entry 1). These results did not require additional screenings, so we accepted

them as the optimal ones.

Table 1. The substrate scope of synthesis of 2-ferrocenyl-1,3-thiazolidin-4-thiones 5a-e
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@ Lawesson's reagent , A @

\ Toluene 1
Fle Fle
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3a-e 5a-e
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HBCO@P\S/ P@OCHS

Lawesson's reagent

4
Entry R Product Yields”™ (%)
1 n-Butyl 5a 88
2 n-Hexyl 5b 90
3 n-Octyl 5¢c 88
4 m-Tolyl 5d 65
5 p-Tolyl 5e 60

“Isolated yield after column chromatography.

The scope of the reaction was investigated on five known ferrocene-containing
thiazolidinones. The desired products 5a-e have been obtained in moderate to excellent yields
(up to 90%) after the purification by means of column chromatography. Structural
characterization has been confirmed by spectroscopic methods (NMR, IR) for all prepared
compounds.

We have observed that electronic properties, as well as steric hindrance of the
substituents on the N-atom, have an influence on reaction outcomes (See Table 1). Regarding
that, the products with the aliphatic group bonded to the N-atom were obtained in excellent

yields (up to 90%). The hexyl derivatives were isolated in the highest yield (90%, Table 1, entry
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2), while the butyl derivative was obtained in a slightly low yield (88%, Table 1, entry 1). These
results can be explained by electron-donating effect of these groups. The octyl derivative
deviates a little bit from this rule (88%, entry 3, Table 1). We believe that the volume of the octyl
group influenced the reaction outcome. In addition, the electronic properties also have an
influence on the reaction outcome since the thiazolidinones with a methyl group on the phenyl
ring leads to moderate yields (60 and 65%, Table 1, entries 5 nad 4).

Several research groups investigated a mechanism of the thionation reaction of carbonyl
compounds with Lawesson’s reagent (Ozturk et al., 2008). Thus, a plausible reaction mechanism
of thionation of ferrocene-containing thiazolidinone 3a with Lawesson’s reagent 4 is illustrated
in Scheme 2. The first step of the mechanism of the reaction involves dissociation of Lawesson’s
reagent 4. After dissociation, the reaction takes place through a two-step mechanism involving
(i) a concerted cycloaddition between dithiophosphine ylide 4* and the thiazolidinone compound
3a to form a four-membered intermediate thiaoxaphosphetane | and (ii) a cycloreversion leading
to the thiocarbonyl derivative 5a and phenyl(thioxo)phosphine oxide 6.

Spectral characterization
All synthesized ferrocene-containing thiazolidin-4-thiones 5a-e were characterized by

standard spectroscopic techniques (IR, *H-, and 3C NMR). The collected data were in complete
agreement with the proposed structures.

The main common feature of the IR spectra of five new thiazolidin-4-thiones 5a-e is a strong
band in range 1203-1165 cm™, which is attributed to the C=S stretching vibrations. NMR spectra
utterly confirm the structures of synthesized compounds. Thus, in the *H NMR spectra of all
thiazolidin-4-thiones 5a-e signals of the cyclopentadienyl rings, protons appear at similar
positions in the spectra (4.25-4.23 ppm for the unsubstituted, and 4.55 - 4.05 ppm for the
substituted rings). The H NMR spectra of 5a-e also contain characteristic signals for aliphatic
and aromatic protons. They are located in the expected regions of *H NMR spectra. In addition,
in 'H NMR spectra of 5a-e, one signal appears at about 6.16-5.87 ppm, which corresponds to the
methine protons of thiazolidinthione moiety. On the other hand, their *C NMR spectra lack the

carbonyl carbon from the thiazolidinone ring resonances, thus distinguishing themselves from
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the corresponding precursors 3a-e. The *H-, and 3C NMR spectra of 5a are presented in Figure 1
and Figure 2.
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Scheme 2. The plausible schematic mechanism for the synthesis of titled compounds 5

74



Chemia Naissensis, Vol 4, Issue 1, RESEARCH ARTICLE, 66-84

s
/\/\N}&?
F:a
<=
S5a
r//
h '
I A
| )\ | YL SR s Yo L A
- P — e —tt i
= O v o o = -
S 5 x S S = e
—_ < L= = = - o
: T T T T : T ! T T T T
70 6.5 6.0 55 50 45 4.0 335 3.0 2.5 20 15 1.0 05 0.0
1 (ppm)

Figure 1. 'H NMR (200 MHz, CDClIs) spectrum of 5a
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Figure 2. **C NMR (50 MHz, CDCls) spectrum of 5a

75



Chemia Naissensis, Vol 4, Issue 1, RESEARCH ARTICLE, 66-84

62,0
60
38

36

54

52

50

48

16 os2/}s

m 845,

12 ‘

40

%T 227,72 2635

3g

T £2036
N 497
36 12219
s
34 sl 130344
453,39 181

2
32 @ 108125

30

Fe 498,76

<

Sa 180,63
2 102,87

1401.70

24

2

20

18
17.0 1485.56
4000,0 3600 3200 2800 2400 2000 1300 1600 1400 1200 1000 800 600 450,0
cm-1

Figure 3. FTIR spectrum of 5a

Antimicrobial activity

All types of synthesized compounds showed a low to moderate antimicrobial activity against
most of the tested bacterial and fungal species. The most active compounds against E. faecalis
(0.5 mg/mL) were 5a and 5d, while the MIC values for other bacteria were ranged from 1 to 2
mg/mL for all tested compounds, as presented in Table 2. However, 5e did not show
antibacterial activity against S. aureus in applied concentration. The antifungal activity of
synthesized compounds was slightly better than their antibacterial activity according to obtained
MIC values in tests with bacteria and fungi. The most of synthesized compounds inhibited the
growth of tested molds and C. albicans in a concentration of 1 mg/mL. The only exception was
A. brasiliensis, as the most resistant fungi on tested compounds with MIC values of 2 mg/mL for

all compounds. MIC values of synthesized compounds were compared with the well-known

76



Chemia Naissensis, Vol 4, Issue 1, RESEARCH ARTICLE, 66-84

antibiotic (chloramphenicol) and antimycotic (nystatin), whereby results indicated much higher
antibacterial and antifungal activities than synthesized compounds.

Table 2. Antibacterial and antifungal activities of synthesized compounds

MIC? (mg/mL) MIC (pg/mL)
Bacteria 5a 5b 5¢ 5d 5e  Chloramphenicol
E. faecalis ATCC 29212 0.5 1 2 0.5 2 0.625
E. coli ATCC 25922 2 2 1 2 2 0.625
S. aureus ATCC 25923 2 2 2 2 >2 5
S. enteritidis ATCC 13076 2 2 2 2 2 25
Fungi Nystatin
C. albicans ATCC 10259 1 1 1 2 1 25
F. oxysporom FSB 91 1 1 1 1 2 1.25
A. brasiliensis ATCC 16404 2 2 2 2 2 1.25
P.canescens  FSB 24 1 2 1 1 1 2.5

aMIC- minimum inhibitory concentration.

Conclusion

Five novel 2-ferrocenyl-1,3-thiazolidin-4-thiones were prepared in moderate to excellent
yields (up to 90%) using the standard synthetic protocol. The structures of all the obtained
products were confirmed by the usage of standard spectroscopic methods.

The prepared heterocycles were tested against four bacterial (Enterococcus faecalis,
Escherichia coli, Staphylococcus aureus, and Salmonella enteritidis) and four fungal strains
(Candida albicans, Fusarium oxysporum, Aspergillus brasiliensis, and Penicillium canescens)
using the microdilution method. The results of the experiment indicated that synthesized
heterocycles showed moderate to weak antibacterial activity against less number of examined
microorganisms. Besides, it was found that N-butyl and N-m-tolyl derivatives are the most active

compounds against E. faecalis. Furthermore, antifungal activity of the synthesized ferrocene
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derivatives tested on the human pathogen yeasts C. albicans, F. oxysporom, and P. canescens,
showed that the obtained compounds have more pronounced antifungal potential.
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