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The present work presents a synthesis, characterization and antimicrobial activitiy of new 
Pt(IV) and Ru(III) complexes of (9’-fluorene)-spiro-5-hydantoin (HL1) and (9’-fluorene)-
spiro-5-(2-thiohydantoin) (HL2). The complexes were investigated by elemental analysis, 
UV-Vis and IR spectroscopy. The free ligands were studied by UV-Vis, IR, 1H NMR, 13C 
NMR and Raman spectroscopy. The antimicrobial tests of HL1 showed week 
bacteriostatic effect against Staphylococcus aureus ATCC 6538. The results for 
[Pt(L1)2(H2O)2(OH-)2] complex showed a good antimicrobial activity against Esсherichia 
coli ATCC 8739, Bacillus licheniformis ATCC 6633, S. aureus and the absence of such 
effect on the yeasts. The HL2 and its [Pt(L2)2(H2O)2(OH-)2] and [Ru(L2)3(H2O)3] 
complexes do not possess antimicrobial activity against the tested bacteria and yeasts. 
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INTRODUCTION* 

The hydantoin (imidazolidine) and its derivatives 
are a class of organic compounds with a wide range 
of applications in various fields. Several of these 
(phenytoin, methetoin, mephenythoin, fosphenytoin, 
norantoin) are well-known anticonvulsive drugs,1 
whereas others have been suggested to act as 
antiarrhythmic and antimicrobial agents, skeletal 
muscle relaxants and nonsteroidal antiandrogens.2 
Takahashi et al. presented antimutagenicity of 3,5-
disubstituted 2-thiohydantoins3 and 3-allyl-5-
substituted 2-thiohydantoins derived from allyl 
isothiocyanate and amino acids in Salmonella assay.4 

Marton et al. described the synthesis and fungicidal 
activity of 5-substituted hydantoins and their 2-thio 
analogues.5 Blanc et al. presented the synthesis and 
                                                 
* Corresponding author: petia_marinova@abv.bg 

immunomodulating and anticancer activity of 5-
substituted-2-thiohydantoins and 1-amino-2-
thiohydantoin derivatives.6-8 A synthetic procedure 
and biological activity of 3-aminocycloalkanespiro-5-
hydantoins were described.9 The antiproliferative 
effect of the compounds was investigated in vitro 
against a normal cell line and four human tumor cell 
line (breast, hepatocellular, cervix and colon 
carcinoma cell line). A series of new diazaspiro 
bicycle hydantoin derivatives was described and 
evaluated for cytotoxic effect against human 
leukemia, K562 (chronic myelogenous leukemia) and 
CEM (T-cell leukemia).10  

Especially platinum complexes are in the focus 
of research since the discovery of the 
cancerostatica antitumor properties of cisplatin by 
Rosenberg.11 Pt(IV) complexes have attracted 
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significant attention due to both their kinetic 
inertness and the resulting possibility of oral 
administration. Today it its believed that Pt(IV) 
cancerostatica are just the prodrugs, being reduced 
to Pt(II) species in the organism,12 although it has 
been shown that Pt(IV) complexes can interact 
with DNA without reduction leading to 
cancerostatic effects.13,14  

The biological activity of ruthenium compounds 
was first discovered in the 1950s,15 and the account 
of their anticancer activity appeared in the 1960s.16 
The first Ru-based anticancer drug candidate in 
clinical trials was NAMI-A, followed by KP1019 in 
2003. Both have successfully completed phase I. This 
achievement focussed much attention on the 
medicative properties of Ru compounds.17-21 Graf and 
Lippart published a review of metal-based anticancer 
drugs and drug candidates, including constructs 
containing nanomaterials.22 

Recently, we reported the synthesis of various 
thioanalogues of cycloalkanespiro-5-hydantoins.23 

The crystal structures of four cycloalkanespiro-5-
(2,4-dithiohydantoins) with different size of the 
saturated ring24 and two cycloalkanespiro-5-(2-
thiohydantoins)25 were determined by means of 
single-crystal X-ray crystallography. Taking into 
account medical applications of hydantoin 
derivatives, it is of crucial importance to acquire the 
knowledge about their interactions with bioavailable 
metal ions.26 In our previous works, we have reported 
a method for obtaining of 4'-bromo-(9'-fluorene)-
spiro-5-(2,4-dithiohydantoin) (4-bromo-spiro-
(fluorene-9,4'-imidazolidine)-2',5'-dithione)27 and  
3-amino-9'-fluorenespiro-5-hydantoin28. In the 
studies cited above, we have investigated cytotoxic 
activities of the two compounds on the 
retinoblastoma cell line WERI-Rb-1 and antibacterial 
effects towards Gram-positive, Gram-negative 
bacteria, as well as yeasts C. albicans. Recently, we 
studied the complexation properties of (9'-fluorene)-
spiro-5-hydantoin and its 2-thio derivative with 
Pt(II)29 and Cu(II)30, as well as we reported the 

synthesis and structural characterization of new 
Cu(II) and Ni(II) complexes of (9’-fluorene)-spiro-5-
dithiohydantoin.31 The two Pt(II) complexes show 
significant effects on cancer cell growth compared to 
their ligands. We also studied the complexation 
properties of cyclohexanespiro-5-(2,4-
dithiohydantoin) with Cu(II) and Ni(II).32 In our 
previous works, we have presented the synthesis of 
N-substituted tetralinspiro-5-hydantoins33 and the 
characterization and bioactivities of 3-metyl-9-
fluorenespiro-5-hydantoin.34 Recently, the synthesis 
of new derivatives of hydrazinecarbothioamides and 
1,2,4-triazoles and antimicrobial activity against 
Gram-positive, Gram-negative bacteria, as well as 
yeasts Candida albicans have been reported.35 The  
synthesis and cytotoxic activity of new Pt(II), Pt(IV), 
Pd(II) and Pd(IV) complexes with 3-amino-α-
tetralonespiro-5’-hydantoin36 and Pt(II) complexes of 
3-aminocyclopentanespiro-5-hydantoin and 3-
aminocycloheptanespiro-5-hydantoin were 
investigated.37 Although hydantoin and 
spirohydantoin compounds are studied extensively, 
there are not many investigations on their 
complexation properties and antimicrobial activity.  

For this reason, the goal of present paper is to 
report the synthesis and reaction conditions for 
obtaining of new of Pt(IV) and Ru(III) complexes of 
(9’-fluorene)-spiro-5-hydantoin (HL1) and (9’-
fluorene)-spiro-5-(2-thiohydantoin) (HL2) with 
general formulas given in Figure 1, as well as 
characterization of the obtained complexes by 
elemental analysis,  UV-Vis and IR spectroscopy. 
The free ligands were described by UV-Vis, IR, 1H 
NMR, 13C NMR and Raman spectroscopy. The 
antimicrobial activity of fluorenylspirohydantoin 
derivatives and their metal complexes against Gram-
positive bacteria (Staphylococcus aureus ATCC 6538 
and Bacillus licheniformis ATCC 6633), Gram-
negative bacteria (Escherichia coli ATCC 8739) and 
the yeasts Candida albicans ATCC 10231 and 
Sacharomyces serevisiae ATCC 9763 was also 
studied. 
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Figure 1 – Structural formulas of (9’-fluorene)-spiro-5-hydantoin (HL1) and (9’-fluorene)-spiro-5-(2-thiohydantoin) (HL2). 



 Antimicrobial activity 597 

EXPERIMENTAL 

Instrumentation and methods 

The metal salts (PtCl4 and RuCl3.H2O - Sigma-Aldrich or 
Merck) and the solvents used for synthesis of the complexes 
were with a p.a. qualification. The two organic ligands HL1 
and HL2 were synthesized according to methods 
described.38,39 Electronic spectra were registered on a Perkin-
Elmer Lambda 9 UV/Vis/NIR Spectrophotometer from 200 to 
1000 nm. The IR spectra of all compounds were registered in 
KBr pellets on a Bruker FT-IR VERTEX 70 spectrometer 
from 4000 to 400 cm–1 at resolution 2 cm–1 with 25 scans. The 
Raman spectra of the free ligands were measured on a 
spectrometer RAM II (Bruker Optics) with a focused laser 
beam of 20 and 200 mW power of Nd:YAG laser (1064 nm) 
from 4000 to 400 cm–1 at resolution 2 cm–1 with 25 scans. The 
NMR spectra were taken on a Bruker Avance II+ 600MHz 
NMR spectrometer operating at 600.130 and 150.903 MHz for 
1H and 13C, respectively, using the standard Bruker software. 
Chemical shifts were referenced to tetramethylsilane (TMS). 
Measurements were carried out at ambient temperature. 

Syntheses 

Synthesis of Pt(IV) complexes 
 of (9’-fluorene)-spiro-5-hydantoin (HL1)  

and (9’-fluorene)-spiro-5-(2-thiohydantoin) (HL2) 
The solutions were prepared as follows:        

0.0004 mol (0.1001  g) of (9’-fluorene)-spiro-5-hydantoin 
(L1)  in 10 cm3 of THF; 
0.0004 mol (0.1065  g) of (9’-fluorene)-spiro-5-(2-
thiohydantoin) (L2)  in 10 cm3 of THF;  
0.0002 mol (0.0674 g) PtCl4 in 10 cm3 of H2O; 
0.1 М  aqueous solution of NaOH in a 100 cm3 volumetric 
flask. 

1 cm3 or 6 cm3 of 0.1 M NaOH was added slowly to a 
HL1 or HL2 solutions while stirring at pH = 10.5 or 12.5, 
respectively. The solution of the metal salt was added 
dropwise from a burette during stirring with electromagnetic 
stirrer until precipitation of the formed complexes started after 
5 h or 24 h. The complexes were formed as yellow amorphous 
precipitates. The precipitates were filtered and washed with 
10-20 cm3 H2O. These were dried over CaCl2 for 2 weeks.  

Synthesis of Ru(III) complexes  
of (9’-fluorene)-spiro-5-hydantoin (HL1)  

and (9’-fluorene)-spiro-5-(2-thiohydantoin) (HL2) 
The solutions were prepared as follows:        

0.0004 mol (0.1001  g) of (9’-fluorene)-spiro-5-hydantoin 
(L1)  in 10 cm3 of THF;  
 0.0004 mol (0.1065  g) of (9’-fluorene)-spiro-5-(2-thiohydantoin) 
(L2)  in 10 cm3 of THF;  
0.0002 mol (0.0451 g) RuCl3.H2O in 10 cm3 of H2O; 
0.1 М  aqueous solution of NaOH in a 100 cm3 volumetric flask. 

While stirring at pH 10.5 one cubic cm of 0.1 M NaOH 
was added slowly to an HL1 or HL2 solution. The solution of 
metal salt was added dropwise from a burette during stirring 
with electromagnetic stirrer until precipitation of the formed 
complexes started after 5 h or 24 h, respectively. The neutral 
complexes were formed as brown or black amorphous 
precipitates. The precipitates were separated by filtration, 
washed with 10-20 cm3 water and air-dried. 

The data of the compounds obtained were as follows:        
Anal. Calc. for [Pt(L1)2(H2O)2(OH-)2], C30H24N4O8Pt (%): C 
47.19, H 3.17, N 7.34;  found: C 47.50, H 2.96, N 7.48.   

Anal. Calc. for [Pt(L2)2(H2O)2(OH-)2], C30H24N4S2O6Pt (%): 
C 45.28, H 3.04, N 7.04; found: C 45.53, H 3.07, N 7.03.  
Anal. Calc. for [Ru(L1)3(H2O)3], C45H33N6O9Ru (%): C 59.86, 
H, 3.68, N 9.31; found: C 60.02, H 3.56, N 9.49.   
Anal. Calc. for [Ru(L2)3(H2O)3], C45H33N6S3O6Ru (%): C 
56.83, H 3.50, N 8.84; found: C 56.53, H 3.20, N 8.65.  
UV (DMSO) HL1: maxλ = 215, 222, 224, 231, 275 nm. 
UV (DMSO) [Pt(L1)2(H2O)2(OH-)2]: maxλ = 223, 236, 276, 
300 nm. 
UV (DMSO) [Ru(L1)3(H2O)3]: maxλ = 224, 273 nm. 
Raman, ν (cm-1) HL1: 3073 (νCH), 3041 (νCH), 3012 (νCH), 
1777 (νCO), 1720 (νCO), 1605, 1584, 1486, 1450, 1362, 
1351, 1299, 1230, 1154, 1115, 1084, 1023, 990, 785, 736, 
724, 684, 638, 514, 445, 414. 
1H NMR (600 MHz, DMSO-d6) HL1 δH: 11.26 (s, NH-3), 
8.61 (s, NH-1), 7.89 (d, 4’/5’), 7.51 – 7.47 (m, H-1’/8’, H-
3’/6’), 7.37 (t, H-2’/7’). 
13C NMR (600 MHz, DMSO-d6) HL1 δC: 174.59 (C4=O), 
158.06 (C2=O), 143.38 (C1a’/8a’), 141.12 (C4a’/5a’), 130.28 
(CH3’/6’), 128.81 (CH2’/7’), 124.02 (CH1’/8’), 121.20 (CH4’/5’), 
72.84 (C5). 
UV (DMSO) HL2: maxλ = 216, 225, 275, 300 nm.  
UV (DMSO) [Pt(L2)2(H2O)2(OH-)2]: maxλ = 220, 231, 275 nm.  
UV (DMSO) [Ru(L2)3(H2O)3]: maxλ = 276, 285, 290 and 303 nm.  
Raman ν (cm-1) HL2: 3067 (νCH), 3050 (νCH), 1728 (νCO), 
1624, 1607, 1486, 1448, 1359, 1296, 1233, 1211, 1157, 1151, 
1113, 1074, 1022, 1006, 942, 786, 760, 743, 726, 675, 624, 
537, 515, 475, 418. 
1H NMR (600 MHz, DMSO-d6) HL2 δH: 12.36 (s, NH-3), 
10.61 (s, NH-1), 7.90 (d, H-4’/5’), 7.48 (td, H-3’/6’), 7.39 (d, 
H-1’/8’), 7.36 (t, H-2’/7’).  
13C NMR (600 MHz, DMSO-d6) HL2 δC: 183.52 (C4=O), 
174.72 (C2=S), 141.31 (C1a’/8a’), 140.71 (C4a’/5a’), 130.19 
(C3’/6’H), 128.56 (C2’/7’H), 123.68 (C1’/8’H), 120.98 (C4’/5’H), 
74.75 (C5). 

Antimicrobial assay 

The microbial cultures were purchased from National 
Bank of Industrial Microorganisms and Cell Cultures 
(NBIMCC), Sofia. The antimicrobial effect of the synthesized 
compounds HL1, HL2 and their Pt(IV) and Ru(III) 
complexes against Gram-positive bacteria Staphylococcus 
aureus ATCC 6538 and Bacillus licheniformis ATCC 6633, 
Gram-negative bacterium Esсherichia coli ATCC 8739 and 
the yeasts Candida albicans ATCC 10231 and Sacharomyces 
serevisiae ATCC 9763 was studied. The technique used for 
this investigation was the agar well diffusion method.40 The 
used agar media were Muller-Hinton agar for the tests with 
bacteria and Sabouraud-decstrose agar for yeast. The wells 
were filled with solutions (100 µL) of the compounds 
synthesized and, following a 30-min stay at room temperature, 
the Petri dishes were placed in a thermostat at 37 °С for 24 h 
for bacteria and 28°С for 24 h for yeasts. After cultivation, the 
diameter of inhibition growth zones around wells was 
measured in mm, and the results obtained were evaluated as 
follows: up to 15 mm - the microbial culture is week sensitive, 
15–20 mm - it is sensitive and over 25 mm - it is very 
sensitive to the given synthetic compound at tested 
concentration. The concentrations (mg/mL) of compounds 
HL1, HL2 and their Pt(IV) and Ru(III) complexes in DMSO 
were as follows: 72.2, 32.8 and 44.1, 15.2, 32.5, 34.5, 
respectively. The pure DMSO (100 µL) was used as a control. 
The data on antimicrobial activity are arithmetic average of 
three measurements.  
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RESULTS AND DISCUSSION 

Complexation with Pt(IV) and Ru(III) using a 
metal salts namely PtCl4 and RuCl3.H2O at molar 
ratio M:L:OH- = 2:4:1 for [Pt(L1)2(H2O)2(OH-)2], 
[Ru(L1)3(H2O)3], [Ru(L2)3(H2O)3] and 1:2:3 for 
[Pt(L2)2(H2O)2(OH-)2] were studied. Neutral 
complexes were synthesized and isolated as 
precipitates. The [Pt(L1)2(H2O)2(OH-)2] and 
[Pt(L2)2(H2O)2(OH-)2] complexes obtained have 
yellow colour and the [Ru(L1)3(H2O)3] and 
[Ru(L2)3(H2O)3] complexes have brown or black 
colour, respectively. All complexes were 
investigated by elemental analysis, UV-Vis and IR 
spectroscopy. Elemental analyses data was found 
to be in good agreement (+0.5%) with the 
calculated values.  

It was found that the molar ratio metal:ligand is 
1:2 for [Pt(L1)2(H2O)2(OH-)2], [Pt(L2)2(H2O)2 
(OH-)2] and 1:3 for [Ru(L1)3(H2O)3], 
[Ru(L2)3(H2O)3] and have two or three molecules 
water in platinum and ruthenium complexes, 
respectively. In the composition of the two 
platinum complexes have two OH- groups - 
[PtL1)2(H2O)2(OH-)2] and [Pt(L2)2(H2O)2(OH-)2]. 
The composition of the Ru(III) complexes is 
[RuL1)3(H2O)3] and [Ru(L2)3(H2O)3]. All UV-Vis 
spectra were registered in DMSO. Maxima in the 
UV spectra of the free ligands HL1 and HL2 were 
observed at λmax = 215, 222, 224, 231, 275 nm and 
216, 225, 275, 300 nm, respectively. Maxima in 
the electronic spectra of [Pt(L1)2(H2O)2(OH-)2] and 
[Pt(L2)2(H2O)2(OH-)2] complexes were observed at 
223, 236, 276, 300 nm and 220, 231, 275 nm, 
respectively. Maxima in the electronic spectra of 
[Ru(L1)3(H2O)3] and [Ru(L2)3(H2O)3] complexes 
were observed at 224, 273, 276, 285, 290 and 303 
nm, respectively. We performed preliminary UV 
analysis of the spectra of the ligands in dimethyl 
sulfoxide at room temperature. The spectrum of the 
ligand HL1 is almost identical to the spectrum of 
the [Pt(L1)2(H2O)2(OH-)2]. They show a small 
band at about 300 nm which could be assigned to 
the nO→π* electron transition in the ligand. The 
main absorption maximum of the spectra is due to 
the π →π* electron transition in the ligand again. 
The d-d band, if available, is included in the broad 
experimental band and it is shaded by the spectrum 
of the ligand.  

In the [Ru(L1)3(H2O)3] complex the main 
absorption band is similar to this of the ligand 
HL1. It corresponds to an electron transition π →π* 
in the ligand. The spectrum of the complex is 
rather asymmetric and shows no shoulders of the 

band from the side of the larger wavelengths. 
Perhaps the shoulders of the band of HL1 come 
from the nN→π* electron transitions in the ligand. 
They disappear when the ligand HL1 forms 
complexes with ruthenium.  

The smaller band at about 300 nm of ligand 
HL2, as compared to HL1, is due to the nO→π* 
electron transition of the only one oxygen atom 
available in this compound. In the [Ru(L2)3(H2O)3] 
complex new shoulders appear from the side of the 
larger wavelengths. They are at about 285 nm, 290 
nm, and 303 nm. An octahedral geometry is 
tentatively presumed for all the metal complexes. 
Similar bands were also observed for the Pt(IV) 
complexes with 1,10-phenanthroline and 2,2’-
bipyridine and diaminocyclohexane as ligands.41 
Similar bands have been also observed in other 
low-spin octahedral complexes of RuII/III and 
OsII/III.42  

In order to evaluate the mode of coordination of 
the ligand to the metal ions, the IR spectra of the 
pure ligands, as well as of their metal complexes 
were recorded. The presence of two amide and one 
thioamide groups renders four donor atoms for 
coordination to the metal center: two O-atoms 
from carbonyl groups and two N-atoms from 
amino groups (HL1) or one O-atom from carbonyl 
group, one S-atom from thiocarbonyl group and 
two N-atoms from amino groups (HL2). More 
complicated are the analyses of the IR spectra of 
the complexes where water molecules are present 
in the composition of the complexes. Selected 
vibrational frequencies observed in the IR spectra 
of the complexes were compared with those of the 
free ligands are presented in Table 1. 

In the IR spectrum of the free ligand HL1 bands at 
3361 cm–1 and 3192 cm–1 were observed and referred 
to the stretching vibrations of the two N–H groups of 
the hydantoin ring (see Table 1). In the IR spectra of 
the [Pt(L1)2(H2O)2(OH-)2] and [Ru(L1)3(H2O)3] 
complexes the same bands were observed at 3241 
and 3190; 3241and 3191 сm–1, respectively. One of 
the two bands was shifted to the lower frequencies as 
compared to the free ligand spectrum (about 120 сm–1). 
The second band was not changed. In the spectrum of 
the free ligand HL1, the bands at 1776 сm–1 and 1718 
сm–1 could be assigned to stretching vibration of C=O 
group of the hydantoin ring. The bands resulting from 
the vibration of the C=O groups in the IR spectra of 
[Pt(L1)2(H2O)2(OH-)2] and [Ru(L1)3(H2O)3] 
complexes were not changed (1776 and 1720 cm–1; 
1776 and 1723 сm–1, respectively). This fact showed 
that the two carbonyl groups of the ligand hydantoin 
ring did not participate in the coordination with the 
metal ion. 
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Table 1 

Selected IR bands (cm–1) in KBr for the free ligands,  HL1 and HL2  and their Pt(IV) and Ru(III) complexes.  
The band intensity is designated as vs, s, m, w representing very strong, strong, medium, weak; sh = shoulder, br = broad 

assignments HL1 [Pt(L1)2(H2O)2 
(OH-)2] 

[Ru(L1)3 
(H2O)3] 

HL2 [Pt(L2)2(H2O)2 

(OH‐)2] 
[Ru(L2)3(H2O)3] 

ν OH - ca. 3400 br ca. 3378 br - ca. 3387 br ca. 3402 br 
ν 3NH 3361 s 3241 m 3241 s 3250 m 3300 m 3370 m 
ν 1NH 3192 s 3190 s 3191 s 3161 m 3160 m 3159 sh 
ν C-H 3074 m, 

3008 w 
3045 m 3049 m ca. 3070 sh 3058 m 3100 w 

ν 2C=O 1776 vs 1776 vs 1776 vs - - - 
ν 4C=O 1718 vs 1720 vs 1723 vs 1730 vs 1731 s 1731 s 
ν 2C=S - - - 1531 s 1531 s 1530 s 

 
Table 2 

Antimicrobial activity of the free ligands HL1 and HL2 and their [Pt(L1)2(H2O)2(OH-)2] and [Ru(L1)3(H2O)3]  complexes 

Inhibition zone, mm 
№ Test microorganism HL1  [Pt(L1)2(H2O)2(OH-)2] [Ru(L1)3(H2O)3] 

 
1 Escherichia coli ATCC 8739 - 15 - 
2 Bacillus licheniformis ATCC 6633 - 16 - 

3 Staphylococcus aureus 
 ATCC 6538  10 14 - 

4 Sacharomyces serevisiae  
ATCC 9763 - - - 

5 Candida albicans  
ATCC 10231 - - - 

Well diameter: 6 mm 
 

In the IR spectrum of the free ligand HL2 bands 
at 3250 cm–1 and 3161 cm–1 were observed, which 
we referred assigned of N–H groups of the 
hydantoin ring. In the spectra of the 
[Pt(L2)2(H2O)2(OH-)2] and [Ru(L2)3(H2O)3] 
complexes the same bands were observed at 3300, 
3160 сm–1 and 3370 and 3159 сm–1, respectively. 
One of the two bands was shifted to the higher 
frequencies as compared to the free ligand 
spectrum (about 50 and 120 сm–1, respectively). 
The second band was not changed. In the IR 
spectrum of the [Pt(L2)2(H2O)2(OH-)2] the broad 
band at 3387 сm–1 was assigned to the hydroxy 
groups attached to the coordination center. In the 
spectrum of the free ligand HL2 the bands at 1730 
сm–1 and 1531 сm–1 could be assigned to oscillation 
stretching vibrations of C4=O and C2=S groups of 
the hydantoin ring. The bands resulting from the 
oscillation of the C4=O and C2=S groups in the IR 
spectra of [Pt(L2)2(H2O)2(OH-)2] and 
[Ru(L2)3(H2O)3] complexes were not changed 
(1731 and 1531 сm–1; 1731 and 1530 сm–1, 
respestively). This fact showed that the carbonyl 
and thiocarbonyl groups of the ligand did not 
participate in the coordination. 

It was not possible to measure Raman spectra 
of the complexes - the sample burned even at 1 

mW laser power. Only the Raman spectra of the 
free ligands HL1 and HL2 were measured and 
cited in our previous paper.29 The two vibrational 
(N1-H) and (N3-H) stretching modes did not appear 
in the Raman spectra of (9’-fluorene)-spiro-5-
hydantoin (HL1) and (9’-fluorene)-spiro-5-(2-
thiohydantoin) (HL2). In the IR spectrum of HL1 
the bands at 1776 cm−1 and 1718 cm−1 can be 
attributed to stretching vibrations of C4=O and 
C2=O groups of the hydantoin ring. In the Raman 
spectrum of HL1 the same bands appears at 1777 
cm−1 and 1720 cm−1. Several bands in the Raman 
spectrum (3073, 3041, 3012 cm−1) and in the IR 
spectrum (3074, 3008 cm−1) come for stretching 
vibrations of CH in fluorene moiety. In the IR 
spectrum of HL2 the bands at 1730 cm−1 and 1530 
cm−1 can be attributed to stretching vibrations of 
C4=O and C2=S groups of the hydantoin ring. In 
the Raman spectrum of HL2 the band of C4=O 
appears at 1728 cm−1 and band of C2=S group 
missed. Several bands in the Raman spectrum 
(3067, 3050, 3012 cm−1) were for stretching 
vibrations of CH in fluorene moiety.  

The chemical structure of HL1 and HL2 was 
established through 1H and 13C NMR spectroscopy. 
The 1H NMR spectra of HL1, HL2 showed two 
broad signals at 8.0–12.0 ppm characteristic of NH 
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protons. The 13C NMR spectrum of the (9’-
fluorene)-spiro-5-hydantoin) (HL1) and of (9’-
fluorene)-spiro-5-(2-thiohydantoin) (HL2) showed 
9 signals: 6 pairs of atoms were magnetically 
equivalent. The two signals with the highest 
chemical shift in 13C NMR spectrum, 174.6 and 
183.5 ppm, 158.1 and 174.7 ppm were for the 
carbonyl groups (C4=O) and (C2=O), respectively. 
The signals at 72.8 (HL1) and 74.8 (HL2) ppm 
ppm were for the spiro-carbon atom, respectively.  

The most probable structures of the two 
platinum complexes were suggested with two 
ligand molecules coordinated in a monodentate 
fashion (probably with N3-atom) and with two 
water molecules and two OH- groups coordinated 
to the metal centre (octahedral geometry for metal 
ion). For the two ruthenium complexes octahedral 
geometry were suggested with three ligand 
molecules coordinated in a monodentate mode and 
with three water molecules coordinated to the 
metal ion. 

The antimicrobial activity of the products 
obtained was determined against Gram-positive 
bacteria Staphylococcus aureus ATCC 6538 and 
Bacillus licheniformis ATCC 6633, Gram-negative 
bacterium Esсherichia coli ATCC 8739 and the 
yeasts Candida albicans ATCC 10231 and 
Sacharomyces serevisiae ATCC 9763. The results 
obtained from these analyses are listed in Table 2. 
The compounds presented in this study: (9’-
fluorene)-spiro-5-(2-thiohydantoin) (HL2) and its 
[Pt(L2)2(H2O)2(OH-)2] and [Ru(L2)3(H2O)3] 
complexes do not possess antimicrobial activity 
against the tested bacteria and yeasts. 

In contrast, (9’-fluorene)-spiro-5-hydantoin 
(HL1) exhibits a week bacteriostatic effect against 
Gram-positive bacteria S. aureus and the absence of 
such action of the tested Gram-negative bacterium 
and yeasts. MIC of HL1 was 3,8 mg/mL. The 
antimicrobial tests of [Pt(L1)2(H2O)2(OH-)2] complex 
showed a pronounced antimicrobial activity against 
the Gram-positive and Gram-negative bacteria. There 
was no activity towards Candida albicans and 
Sacharomyces serevisiae. MIC of 
[Pt(L1)2(H2O)2(OH-)2] for E. coli was 2.2 mg/mL, B. 
licheniformis - 1.8 mg/mL, S. aureus - 2,6 mg/mL.  

For comparison, the biological potential 
between similar compounds show that the Ru(III) 
complex with 4’-bromo-(9'-fluorene)-spiro-5-(2,4-
dithiohydantoin) has a moderate cytotoxic activity 
on the human retinoblastoma cell line WERI-
Rb1.43 We have found that prolonged incubation 
periods do not influence cell viability. In contrast, 
the Pt(II) complex with the same ligand does not 

perturb cell proliferation at all. We have previously 
shown that the 4’-bromo-(9'-fluorene)-spiro-5-(2,4-
dithiohydantoin) significantly reduces the number 
of cells (WERI-Rb1) in a time-dependent 
manner.27 Our results published earlier revealed 
that L1, Pt(II)L1 and Pt(II)L2 had a cytotoxic 
effect on the cell line WERI-Rb1.29  We found that 
prolonged incubation periods influenced 
dramatically cell viability. It should be noted that 
the two Pt(II) complexes showed significant effects 
on cancer cell growth compared to their ligands. 
The results from the cytotoxicity assay showed that 
Pt(II) complexes reduced the number of cells by 
around 20% after 24 h and led to complete 
inhibition of cell viability at 72 h of treatment. In 
contrast, the ligand HL2, did not show any 
inhibitory effect within the tested concentration, 
while HL1 reduced the amount of cancer cells by 
around 20% after 24 h only.29 

CONCLUSIONS 

Four new metal complexes of (9’-fluorene)-
spiro-5-hydantoin (HL1) and (9’-fluorene)-spiro-5-
(2-thiohydantoin) (HL2) were obtained with Pt(IV) 
and Ru(III). They were characterized by elemental 
analysis, UV-Vis and vibrational IR spectroscopy. 
(9’-fluorene)-spiro-5-hydantoin (HL1) and (9’-
Fluorene)-spiro-5-(2-thiohydantoin) (HL2) were 
studied by elemental analysis, IR, Raman and 1H, 
13C NMR spectroscopy. Based on the experimental 
data, the most probable structures for the 
[Pt(L1)2(H2O)2(OH-)2], [Pt(L2)2(H2O)2(OH-)2], 
[Ru(L1)3(H2O)3] and [Ru(L2)3(H2O)3] complexes 
were suggested with one deprotonated NH group 
of ligand HL1 or HL2. For the two platinum 
complexes octahedral geometry were suggested 
with two ligand molecules coordinated in a 
monodentate fashion (N3) and with two water 
molecules  and two OH- groups coordinated to the 
metal center. For the ruthenium complexes the 
same geometry were suggested with three ligand 
molecules and three water molecules coordinated 
to the metal ion. The results for (9’-fluorene)-
spiro-5-(2-thiohydantoin) (HL2) and its metal 
complexes showed that they not have a potential as 
antimicrobial agents against the tested Gram 
positive, Gram-negative bacteria and the yeasts. 
The antimicrobial tests of (9’-fluorene)-spiro-5-
hydantoin (HL1) showed week bacteriostatic effect 
against Gram-positive bacteria S. aureus. The 
results for [Pt(L1)2(H2O)2(OH-)2] complex showed 
a good antimicrobial activity against the Gram-
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positive and Gram-negative bacteria and the 
absence of such effect of the yeasts.  
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