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Abstract 
A novel organometallic ruthenium(II)-p-cymene complex, 6-p-

cymene)(ptu)2Cl]SH, where ptu= N-phenylthiourea, was synthesized. Its structure was 
characterized by single crystal x-ray diffraction, elemental analysis and spectroscopic 
techniques (1H-NMR and FTIR). The geometrical structure of the complex was tetrahedral, 
distorted 6 -bonding to the p-cymene ring, with one chloro ligand and two molecules 
of ptu ligand.  Antibacterial and antifungal activities were investigated. T 6-p-
cymene)(ptu)2Cl]SH complex produced  MIC/MBC values of 32/32 µg/mL against 
methicillin resistant Staphylococcus aureus (MRSA), Staphylococcus aureus ATCC25923 
(SA) and flucytosine-resistant Cryptococcus neoformans ATCC90113 flucytosine – 
resistant, CN90113 but apparently exhibited no antifungal against Microsporum gypseum 
clinical isolate.   
Keywords: Ruthenium(II), Thiourea derivative, Antimicrobial activity 
 
1. INTRODUCTION 

The pathogenic bacteria 
Staphylococcus aureus (SA), Methicillin-
resistant Staphylococcus aureus (MRSA) 
and Escherichia coli (EC) have a great 
impact on human health.  Microorganisms 
with extensive resistance to antimicrobial 
agents cause serious health concerns in the 
global fight against infectious diseases [1-3]. 

Increasingly, more effective, less 
toxic treatments with wider ranges of 
activity are being developed from research 
in pharmaceutical inorganic chemistry, 
which is a branch of coordination chemistry 
[4, 5]. Considered to be versatile 

compounds, organometallic ruthenium (II) 
complexes have been extensively studied. 
Ru(II) can be coordinated through a strong 
bond with thiol groups [6] and can also form 
stable complexes with several types of 
monodentate nitrogen (N), oxygen (O) 
sulfur (S), and phosphine (P) donor ligands 
as well as with bidentate (S,O-; O,O-; N,O-
; N,N-) ligands [7-9]. Ru (II) complexes 
acquire redox potential and permit electron 
transfer and ligand-ligand exchange due to 
the various +2, +3 and +4 oxidation states 
of the complexes [10, 11]. Its inertness 
towards displacement in arene substitution 
makes the ruthenium (II) ion stable in the 
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+2 oxidation state [7]. Geometrically 
diverse Ru (II) complexes with a 
hydrophobic arene ligand and a hydrophilic 
metal center [12] can be stable in air [13, 
14]. The Ru(II) complexes, 6-p-
cymene)X2]2 (X=Cl, I or NCS) and 
[H4Ru4

6-p-benzene)4]2+ [13] have been 
reported biologically active. 

Phenylthiourea is a derivative of 
thiourea. Its biological activities and 
applications were reported to be antiviral, 
antibacterial, antimalarial, antimicrobial, 
antitumor [15-17], and antifungal [18, 19]. 
Phenylthiourea and Ru(II) complexes are 
interesting  compounds that present 
advantageous biotic activity. They are 
emerging in the pharmaceutical and 
medical fields through a variety of evolving 
processes. 

Here we report an organometallic 
ruthenium compound with a half-sandwich, 
tetrahedral geometry distorted 6 -
bonding to the phenyl ring on Ru(II). The 
compound comprises one chloro ligand and 
two molecules of ptu ligand. The complex 
is evolving as a promising antibacterial and 
antifungal agent. 
 
2. MATERIALS AND METHODS 
Material 

All chemicals purchased for this 
6-p-

cymene)(µ-Cl)]2 was obtained from Merck. 
Chloroform, dichloromethane, acetonitrile 
and diethyl ether solvents were reagent 
grade purchased from RCI Labscan. 
 2.1 Instrumentation  

The melting point of the obtained 
complex was determined using Thomas-
Hoover, Unimelt 0-360 oC equipment. 
Elemental analysis data was acquired by 
CHNS-O Analyzer, (CEvInstruments Flash 
EA 1112 Series, Thermo Quest, Italy). 
FTIR spectra were produced between 4000 
– 400 cm-1 on a BX Perkin Elmer FTIR 
spectrophotometer. Measurements were 
performed on samples pressed into KBr 

pellets. 1H-NMR data were acquired on 
Varian BRUKER AVANCE 300 FT-NMR 
equipment and 300 MHz spectrometer 
using MeOH-d solvent. Tetramethylsilane 
(Si(CH3)4) was used as the internal 
standard. The absorption of the complex 
was recorded in the range of 200 – 400 nm 
on the Specord S100 model using a standard 
cuvette with a path length of 1 cm. 
Deuterium and tungsten were used as light 
sources for ultraviolet and visible regions, 
respectively.   

 A single crystal of [Ru(p-
cymene)(ptu)2Cl]SH was analyzed with a 
Bruker APEX-II CCD diffractometer using 
graphite-

. The diffraction pattern was 
formed from 33925 reflections. The raw 
data were interpreted by SMART, SAINT 
v8.34A and SADABS software [20] and the 
structure was solved by SHELXS [21]. All 
non-hydrogen was refined by the 
anisotropic thermal parameters. A riding 
model was used to refine calculations with 
all hydrogen atoms placed in ideal 
positions. The materials and molecular 
graphics for publication were prepared with 
the WinGXv2014.1 [22] and Mercury3.6 
[23] programs. Crystallographic data of 
[Ru(p-cymene)(ptu)2Cl]SH were placed in 
the Cambridge Crystallographic Data 
Center and can be provided on request,  
using the access code CCDC1917489, via 
http://www.ccdc.cam.ac.uk/data_request/ci
f (or from the Cambridge Crystallographic 
Data Centre, 12 Union Road, Cambridge 
CB21EZ, U.K.; fax: +44 1223 336 033 or 
email deposit@ccdc.cam.ac.uk). The X-ray 
data are presented in the supplementary 
data. 

2.2 Synthesis pathway of [Ru(p-
cymene) (ptu)2Cl]SH complex 

The novel complex of [Ru(p-
cymene)(ptu)2Cl]SH was synthesized by 
the reaction between N-phenylthiourea (ptu) 
with dichloro (p-cymene) ruthenium (II) 
dimer in a typical one-pot process, using                 



172 
 

a solution of dichloro (p-cymene) 
ruthenium(II) dimer (0.306 g, 0.5 mmol) 
and N-phenylthiourea (ptu) (0.182 g, 1.0 
mmol) in 20 ml of dichloromethane. The 
solution was left to evaporate at room 
temperature to reduce the mixture volume 
and was crystallized by adding 3 ml of 
acetonitrile. The obtained dark orange 
crystal was filtered and washed three times 
with chloroform (3 ml x 3). Yield: 43.45%. 
Melting point: 168 – 170 oC. Anal Calcd. 
For RuC24H35N4S3ClO2 (644.59): C, 
45.75; H, 5.48; N, 8.69. Found: C, 45.85; H, 

2 C-H), 1529 
ph- -H), 698 
-H bending of para 

-S) cm-1. 
1H NMR (300 MHz, CD3

(ppm): 7.47 (t, 2H, JHH = 7.5 Hz), 7.35 (t, 
4H, JHH = 7.5 Hz), 7.26 (d, 4H, JHH = 7.5 
Hz), 5.64 (d, 2H, JHH = 5.5 Hz), 5.52 (d, 
2H, JHH = 5.5 Hz), 2.93 (m, 1H, JHH = 7.0 
Hz), 2.23 (s, 3H), 1.33 (d, 6H, JHH = 7.0 
Hz).   

2.3 Antimicrobial assay 
The synthesized [Ru  (p-cymene) 

(ptu)2Cl]SH compound was tested  against 
methicillin-resistant Staphylococcus aureus 
(MRSA) SK1, Staphylococcus aureus 
ATCC25923, and Escherichia coli 
ATCC25922 using  a  colorimetric 
modification method of the Clinical and 
laboratory standards institute (CLSI) M07-
A9 [24], slightly modified. The testing 
compound was prepared in dimethyl 
sulfoxide (DMSO). Minimal inhibitory 
concentration (MIC) represents the lowest 
concentration of synthesized compound 
with violet color of resazurin indicating 

growth inhibition. The test media at MIC 
concentration and higher were dropped on 
nutrient agar plate and incubated under 
appropriate conditions. Minimal 
bactericidal concentration (MBC) was 
verified as no growth at the lowest 
concentration of the test compound. 
Vancomycin and gentamicin were used as 
the positive controls of antibacterial 
inhibition.  

2.4 Antifungal assay 
The MIC of the synthesized 

compound was tested against yeast 
(Cryptococcus neoformans ATCC90113), 
using a modification of the microbroth 
dilution CLSI M27-A3 [25] and against a 
clinical isolate of Microsporum gypseum 
MU-SH4, using a modification of the 
microbroth dilution CLSI M38-A2 [26]. 
The plates were incubated for 48 h at 35 oC 
for C. neoformans and at room temperature 
for M. gypseum (MG). The streaking 

agar was 
taken to determine the minimal fungicidal 
concentration (MFC) of the [Ru(p-
cymene)(ptu)2Cl]SH compound. A clinical 
standard of Amphotericin B was used as 
positive inhibitory control for yeast and 
miconazole for M. gypseum testing. 

 
3. RESULTS AND DISCUSSION  
Synthesis and characterization 

The novel [Ru(p-cymene)(ptu)2 
Cl]SH complex was synthesized at ambient 
temperature by the reaction of Ru(II)-p-
cymene with the N-phenylthiourea ligand 
through the S donor in dichloromethane  
(Scheme 1). 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme 1. Synthesis pathway of [Ru(p-Figure cymene)(ptu)2Cl]SH complex 

 

To produce 1H-NMR spectra, the 
[Ru(p-cymene)(ptu)2Cl]SH complex was 
measured in solution in MeoH-d6. The main 
characteristic peaks were identified for the 
phenyl ring on Ru(II) and the efficient ptu 
ligand. The coordination of Ru(II) with p-
ptu ligands produced a  downfield shift 
from 7.26 to 7.47 ppm. Similarly, the 
coordination with p-cymene ligands is 
located between 5.52 and 5.64 ppm (see 
from Index S1).  Elemental analysis results 
confirmed the theoretical values for 
percentages of C, H and N atoms.  

 
 

 
The FTIR characteristic spectrum of 

the [Ru(p-cymene)(ptu)2Cl]SH complex 
(see from Index S2) displays peaks assigned 
to the ptu ligand coordinated to the Ru2+ 
metal center. As a result of this 
coordination, the shift in the vC=S 
vibrational frequency of the complex (698 
cm-1) occurred at a lower stretching 
frequency (789 cm-1) than that of the free 
ptu ligand. As previously reported [27], this 
shift is due to el -bonding from 
the d orbital of Ru2+ to the  the 
ptu ligand. Also, an important vibrational 
frequency attributed to Ru-S stretching was 
detected at 510   cm-1.   
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With regard to the obtained dark 
orange crystal, the crystallographic data of 
the [Ru(p-cymene)(ptu)2Cl]SH complex is 
collected in Table 1 and Index S3. The 
Ru(II) complex exhibits a tetrahedral 
geometry distorted by 6 -bonding of the 
p-cymene ring, with one Cl atom and two 
molecules of ptu contributed by the S donor 
atom (Figure 1). Certain selected bond 
distances and bond angles are shown in 
Table 2. The Ru-Cl distance for Ru-Cl1 is 
2.4160(6) , which approximately 
corresponds to distances reported for 

6-p-cymene)RuCl2 

(PPh2Py)], 2.4107 to 2.4111  [28] and 
6-p-cymene)Ru(3-acetylpyridine)Cl2], 

2.3986 to 2.1970  [29]. The interatomic 
distances Ru-S1 and Ru-S2 are 2.4106(6) 
and 2.3962(7) , respectively, which are 
close to distances reported for the 
complexes 6-p-cymene) RuCl2 (PPh3) 
(imidazolidine-2-thione)] PF3, 2.399(13)  
[31] 6-p-cymene)Ru(SCH2COO]2, 
2.3943(11) to 2.3992(10)  [31]. The 
distances for Ru-(p-cymene) are 2.159(2) to 
2.253(2) , which are comparable to the 
distances reported for 6-p-cymene)Ru(3-
acetylpyridine)Cl2], 2.154 to 2.1209  [29]. 
The angles S1-Ru1-Cl1 and S2-Ru1-Cl1 
measure 90.42(3)o and 87.63(2)o, 
respectively, which  correspond to 
measurements for the same angles in a 
related Ru(II) complex: 90.11(4)o in 6-p-
cymene)RuCl2(PPh3) (imidazolidine-2-   
thione)]PF3 [30].  The S1-Ru-S2 angle 
measures 80.19(2)o, which is close to the 
angle of 80.71(4)o  in the related Ru(II) 
complex 6-p-cymene)Ru(SCH2COO]2 

[30]. The S atom of HS- (S3’) interacts 
intermolecularly via H-bonding with the 
H1A, H2, and H3A atoms of the [Ru(p-
cymene)(ptu)2Cl]-. The distances 
H1A…S3’, H2…S3’ and H3A…S3’ are 
3.374(2), 3.175(2) and 3.240(2) , 
respectively. In addition, the Cl atom 

interacts intramolecularly with the H1B 
atom via H-bonding with a distance of 
3.231(2)  (Figure 2, Figure 3 and Table 3).  

 

 
Figure 1. An ORTEP structure of the 
[Ru(p-cymene)(ptu)2Cl]SH complex with 
numbered atoms 

 
Table 1. Crystallographic data of the [Ru 
(p-cymene)(ptu)2Cl]SH comple 
   
Empirical formula         C24H31ClN4RuS3 
Formula weight  608.23 
Wavelength  0.71073 Å 
Crystal system              Triclinic 
Space group   P  
Unit cell dimensions  a= 6.6265 Å 
    b= 12.6582(4) Å 
    c= 17.6833(4) Å 
    = 73.3800 (10)o 
    = 80.8120 (10)o 
    = 75.5900 (10)o 
Temperature   273 (2) K  
Z    2 
Density (calculated)  1.474 Mg/m3 

Absorption coefficient  0.918 mm-1 
Volume                1370.31(7) Å3 
Goodness-of-fit on F2     1.023  
Final R indices [I I)]  R1= 0.0317, 
     R2= 0.0669 
R indices (all data)   R1= 0.0478,  
     R2= 0.0719 

           
         



 
 

Table 2. Selected bond ) and angle (o) for the [Ru(p-cymene)(ptu)2Cl]SH complex 
Lengths 

 Ru(1)-C(17)  2.159(2)  Ru(1)-C(15) 2.253(2) 

 Ru(1)-C(19)  2.187(2)  Ru(1)-S(2) 2.3962(7) 

 Ru(1)-C(18)  2.198(2)  Ru(1)-S(1) 2.4106(6) 

 Ru(1)-C(16)  2.203(2)  Ru(1)-Cl(1) 2.4160(6) 

 Ru(1)-C(20)  2.216(2)  S(3')-H(3') 0.85(4) 

Angles 

 C(17)-Ru(1)-S(2) 124.07(7)  C(18)-Ru(1)-S(2)         95.05(7) 

 C(19)-Ru(1)-S(2) 91.63(7)  C(16)-Ru(1)-S(2)         161.98(7) 

 C(18)-Ru(1)-S(2) 95.05(7)  C(20)-Ru(1)-S(2)         114.55(8) 

 C(16)-Ru(1)-S(2) 161.98(7)  C(15)-Ru(1)-S(2)         150.77(8) 

 C(20)-Ru(1)-S(2) 114.55(8)  C(17)-Ru(1)-S(1)         86.06(7) 

 C(15)-Ru(1)-S(2) 150.77(8)  C(19)-Ru(1)-S(1)         140.98(7) 

 C(17)-Ru(1)-S(1) 86.06(7)  C(18)-Ru(1)-S(1)         104.50(7) 

 C(19)-Ru(1)-S(1) 140.98(7)  C(16)-Ru(1)-S(1)         97.44(8) 

 C(20)-Ru(1)-S(1) 163.27(8)  C(16)-Ru(1)-Cl(1)       110.31(7) 

 C(15)-Ru(1)-S(1) 129.00(8)  C(20)-Ru(1)-Cl(1)       97.78(7) 

 S(2)-Ru(1)-S(1)              80.19(2)              C(15)-Ru(1)-Cl(1)       90.31(7) 

 C(17)-Ru(1)-Cl(1) 146.74(7)  S(2)-Ru(1)-Cl(1)         87.63(2) 

 C(19)-Ru(1)-Cl(1) 127.58(7)  S(1)-Ru(1)-Cl(1)         90.42(2) 

          

 
Figure 2. Hydrogen-bond interaction of [Ru(p-cymene)(ptu)2Cl]SH complex 
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Figure 3. Hydrogen-bond packing interaction of [Ru(p-cymene)(ptu)2Cl]SH 
  

Table 3. Hydrogen-bond of [Ru(p-cymene)(ptu)2Cl]SH complex 
D-H…A Distance of 

(D-H) 
Distance of 
(H…A) 

Distance of 
(D…A) 

Angle of 
(DHA) 

N(1)-H(1A)…S(3') 
N(1)-H(1B)…Cl(1) 
N(2)-H(2)…S(3') 
N(3)-H(3A)…S(3')#1 

0.86 
0.86 
0.86 
0.86 

2.61 
2.50 
2.33 
2.40 

3.374(2) 
3.231(2) 
3.175(2) 
3.240(2) 

148.9 
143.1 
166.2 
166.2 

D= N atom (donor), A= S or Cl atom (acceptor) Symmetry transformations used to generate 
equivalent atoms: #1 x-1, y+1, z 
 
 3.1 Antibacterial and antifungal 
assay 
 Antimicrobial activity was 
determined by colorimetric broth 
microdilution. The [Ru(p-
cymene)(ptu)2Cl]SH complex showed 
equal inhibition against Gram-positive 
bacteria of S. aureus (SA) and Methicillin-
resistant S. aureus (MRSA) with the 
MIC/MBC values of  32/32 µg/mL. The 

[Ru(p-cymene)(ptu)2Cl]SH complex also 
exhibited an inhibitory activity against 
yeast (C. neoformans, MIC/MFC 32/32 
µg/mL) but it did not exhibit the inhibitory 
activity against Microsporum gypseum 
MU-SH4 clinical isolate, while the starting 
materials of the dinuclear complex of 
Ru2Cl4(p-cymene)2 and free ptu ligand did 
not show inhibitory activity. 
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 However, the MIC/MBC values 
of the commercial antibacterial drug like 
vancomycin and the MIC/MFC values of 
the commercial antifungal drug 
Amphotericin B indicate stronger activity 
than the [Ru(p-cymene)(ptu)2Cl]SH 
complex (Table 4). This might be due to the 
lipophilic character of the synthesized 

complex which should be able to penetrate 
the cell membrane lipid layer of the studied 
bacteria and yeast. The experimental data 
revealed that the [Ru(p-
cymene)(ptu)2Cl]SH compound showed 
moderate antibacterial and antifungal 
activities.

 
Table 4. MIC and MBC or MFC values 
 

Code   Filamentou
s fungus 

 
SA MRSA EC CN90113 MG 

MI
C 

MB
C 

MI
C 

MB
C 

MI
C 

MB
C 

MI
C 

MFC MI
C 

MF
C 

[Ru(p-
cymene)(ptu
)2 Cl]SH 
Ru2Cl4(p-
cymene)2 
ptu 
Vancomycin 
Gentamicin 
Amphotericin 
B 

 
32 

 
- 
 
- 

0.5 
- 
- 

 
32 

 
- 
 
- 
1 
- 
- 

 
32 

 
- 
 
- 
1 
- 
- 

 
32 

 
-
 
-
2 
-
-

 
NA 

 
- 
 
- 
- 

0.5 
- 

 
NA 

 
- 
 
- 
- 
- 
- 

 
32 

 
- 
 
- 
- 
- 

0.25 

 
32 

 
- 
 
- 
- 
- 

0.5 

 
NA 

 
- 
 
- 
- 
- 
- 

 
NA 

 
- 
 
- 
- 
- 
- 

SA= Staphylococcus aureus ATCC25923, MRSA= methicillin-resistant Staphylococcus aureus,  
EC=Escherichia coli ATCC25922, CN90113= Cryptococcus neoformans ATCC90113 flucytosine-
resistant, MG = Microsporum gypseum clinical isolate, MIC= minimal inhibitory concentration 
(µg/mL), MBC= minimal bactericidal concentration (µg/mL), MFC= minimal fungicidal 
concentration (µg/mL), NA = non active 
 
4. CONCLUSIONS 
 The half sandwich [Ru(p-cymene) 
(ptu)2Cl]SH complex has a distorted 
pseudo-tetrahedral geometry coordinated 
via the S donor of the ptu ligand. The 
complex exhibited moderate antibacterial 
and antifungal activity against methicillin- 
resistant S. aureus (MRSA), S. aureus 
ATCC25923 and flucytosin-resistant C. 
neoformans ATCC90113 with the value of 
MIC/MBC or MFC of 32/32 µg/mL. 
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cymene)(ptu)2Cl]SH complex in CD3OH 
 

 
S2. FTIR spectrum of [Ru(p-

cymene)(ptu)2Cl]SH complex, KBr disk 
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Table 2.  Atomic coordinates ( x 104) and 
equivalent isotropic displacement 

parameters (Å2x 103) of [Ru(p-
cymene)(ptu)2Cl]SH.  U(eq) is defined as 
one third of the trace of the orthogonalized   

Uij tensor. 
 x y z U(eq) 
Ru(1)  685(1) 4526(1) 3202(1) 
Cl(1) 2188(1) 4246(1) 4421(1) 41(1) 
S(1) 4007(1) 3649(1) 2632(1) 35(1) 
N(1) 4019(4) 1914(2) 3902(1) 49(1) 
C(1) 4784(4) 2282(2) 3164(2) 35(1) 
S(2) 2231(1) 6140(1) 2670(1) 38(1) 
N(2) 6268(4) 1549(2) 2855(1) 44(1) 
C(2) 7319(4) 1702(2) 2081(2) 43(1) 
S(3') 7218(2) -669(1) 4260(1) 104(1) 

 x y z U(eq) 
N(3) -419(4) 7056(2) 3722(1) 51(1) 
C(3) 6291(5) 2209(3) 1405(2) 59(1) 
N(4) 1673(4) 8170(2) 2905(2) 58(1) 
C(4) 7423(8) 2313(3) 670(2) 83(1) 
C(5) 9530(8) 1902(4) 610(3) 98(2) 
C(6) 10555(6) 1381(3) 1273(3) 79(1) 
C(7) 9454(5) 1282(2) 2008(2) 57(1) 
C(8) 1074(4) 7179(2) 3129(2) 40(1) 
C(9) 3275(5) 8459(2) 2295(2) 57(1) 
C(10) 3160(6) 8486(3) 1523(2) 66(1) 
C(11) 4715(8) 8805(3) 951(3) 95(2) 
C(12) 6347(9) 9102(4) 1144(5) 123(2) 
C(13) 6492(8) 9087(4) 1899(5) 118(2) 
C(14) 4954(7) 8765(3) 2489(3) 90(1) 
C(15) -1965(4) 3728(2) 3888(2) 41(1) 
C(16) -989(4) 3182(2) 3306(2) 42(1) 
C(17) -709(4) 3802(2) 2502(2) 37(1) 
C(18) -1422(4) 4973(2) 2264(1) 35(1) 
C(19) -2394(4) 5522(2) 2867(2) 37(1) 
C(20) -2654(4) 4919(2) 3660(2) 40(1) 
C(21) -2237(5) 3093(3) 4742(2) 62(1) 
C(22) -1180(4) 5645(3) 1409(2) 45(1) 
C(23) 809(5) 5182(3) 943(2) 70(1) 
C(24) -3107(5) 5727(3) 1007(2) 62(1) 

 
Table 3.   Bond lengths [Å and angles [o

of [Ru(p-cymene)(ptu)2Cl]SH. 
Ru(1)-C(17) 2.159(2) 
Ru(1)-C(19) 2.187(2) 
Ru(1)-C(18) 2.198(2) 
Ru(1)-C(16) 2.203(2) 
Ru(1)-C(20) 2.216(2) 
Ru(1)-C(15) 2.253(2) 
Ru(1)-S(2) 2.3962(7) 
Ru(1)-S(1) 2.4106(6) 
Ru(1)-Cl(1) 2.4160(6) 
S(1)-C(1) 1.710(3) 
N(1)-C(1) 1.317(3) 

N(1)-H(1A) 0.8600 
N(1)-H(1B) 0.8600 
C(1)-N(2) 1.338(3) 
S(2)-C(8) 1.700(3) 
N(2)-C(2) 1.416(3) 
N(2)-H(2) 0.8600 
C(2)-C(7) 1.381(4) 
C(2)-C(3) 1.381(4) 
S(3')-H(3') 0.85(4) 
N(3)-C(8) 1.324(4) 
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Table 3.   Bond lengths [Å and angles 
[o of [Ru(p-cymene)(ptu)2Cl]SH. 

N(3)-H(3A) 0.8600 
N(3)-H(3B) 0.8600 
C(3)-C(4) 1.383(5) 
C(3)-H(3) 0.9300 
N(4)-C(8) 1.342(4) 
N(4)-C(9) 1.424(4) 

N(4)-H(4A) 0.8600 
C(4)-C(5) 1.361(6) 
C(4)-H(4) 0.9300 
C(5)-C(6) 1.364(6) 
C(5)-H(5) 0.9300 
C(6)-C(7) 1.374(5) 
C(6)-H(6) 0.9300 
C(7)-H(7) 0.9300 
C(9)-C(10) 1.369(5) 
C(9)-C(14) 1.384(5) 

C(10)-C(11) 1.375(5) 
C(10)-H(10) 0.9300 
C(11)-C(12) 1.349(7) 
C(11)-H(11) 0.9300 
C(12)-C(13) 1.349(8) 
C(12)-H(12) 0.9300 
C(13)-C(14) 1.384(7) 
C(13)-H(13) 0.9300 
C(14)-H(14) 0.9300 
C(15)-C(16) 1.387(4) 
C(15)-C(20) 1.419(4) 
C(15)-C(21) 1.501(4) 
C(16)-C(17) 1.422(4) 
C(16)-H(16) 0.9300 
C(17)-C(18) 1.398(4) 
C(17)-H(17) 0.9300 
C(18)-C(19) 1.421(4) 
C(18)-C(22) 1.513(4) 
C(19)-C(20) 1.397(4) 
C(19)-H(19) 0.9300 
C(20)-H(20) 0.9300 

C(21)-H(21A) 0.9600 
C(21)-H(21B) 0.9600 
C(21)-H(21C) 0.9600 
C(22)-C(23) 1.518(4) 
C(22)-C(24) 1.526(4) 
C(22)-H(22) 0.9800 

C(23)-H(23A) 0.9600 
C(23)-H(23B) 0.9600 

 
 

 

Table 3.   Bond lengths [Å and angles 
[o of [Ru(p-cymene)(ptu)2Cl]SH. 

C(23)-H(23C) 0.9600 
C(24)-H(24A) 0.9600 
C(24)-H(24B) 0.9600 
C(24)-H(24C) 0.9600 

C(17)-Ru(1)-C(19) 67.10(10) 
C(17)-Ru(1)-C(18) 37.42(10) 
C(19)-Ru(1)-C(18) 37.82(9) 
C(17)-Ru(1)-C(16) 38.02(10) 
C(19)-Ru(1)-C(16) 78.93(10) 
C(18)-Ru(1)-C(16) 68.08(10) 
C(17)-Ru(1)-C(20) 79.08(10) 
C(19)-Ru(1)-C(20) 37.01(9) 
C(18)-Ru(1)-C(20) 67.75(9) 
C(16)-Ru(1)-C(20) 66.06(11) 
C(17)-Ru(1)-C(15) 67.14(10) 
C(19)-Ru(1)-C(15) 66.90(10) 
C(18)-Ru(1)-C(15) 80.18(9) 
C(16)-Ru(1)-C(15) 36.25(10) 
C(20)-Ru(1)-C(15) 37.01(10) 
C(17)-Ru(1)-S(2) 124.07(7) 
C(19)-Ru(1)-S(2) 91.63(7) 
C(18)-Ru(1)-S(2) 95.05(7) 
C(16)-Ru(1)-S(2) 161.98(7) 
C(20)-Ru(1)-S(2) 114.55(8) 
C(15)-Ru(1)-S(2) 150.77(8) 
C(17)-Ru(1)-S(1) 86.06(7) 
C(19)-Ru(1)-S(1) 140.98(7) 
C(18)-Ru(1)-S(1) 104.50(7) 
C(16)-Ru(1)-S(1) 97.44(8) 
C(20)-Ru(1)-S(1) 163.27(8) 
C(15)-Ru(1)-S(1) 129.00(8) 
S(2)-Ru(1)-S(1) 80.19(2) 

C(17)-Ru(1)-Cl(1) 146.74(7) 
C(19)-Ru(1)-Cl(1) 127.58(7) 
C(18)-Ru(1)-Cl(1) 165.08(7) 
C(16)-Ru(1)-Cl(1) 110.31(7) 
C(20)-Ru(1)-Cl(1) 97.78(7) 
C(15)-Ru(1)-Cl(1) 90.31(7) 
S(2)-Ru(1)-Cl(1) 87.63(2) 
S(1)-Ru(1)-Cl(1) 90.42(2) 
C(1)-S(1)-Ru(1) 110.81(9) 
C(1)-N(1)-H(1A) 120.0 
C(1)-N(1)-H(1B) 120.0 

H(1A)-N(1)-H(1B) 120.0 
N(1)-C(1)-N(2) 117.0(2) 

 
 

 



 
 

Table 3.   Bond lengths [Å and angles 
[o of [Ru(p-cymene)(ptu)2Cl]SH. 

N(1)-C(1)-S(1) 121.93(19) 
N(2)-C(1)-S(1) 121.0(2) 
C(8)-S(2)-Ru(1) 110.86(10) 
C(1)-N(2)-C(2) 129.1(2) 
C(1)-N(2)-H(2) 115.4 
C(2)-N(2)-H(2) 115.4 
C(7)-C(2)-C(3) 119.2(3) 
C(7)-C(2)-N(2) 117.8(3) 
C(3)-C(2)-N(2) 122.9(3) 

C(8)-N(3)-H(3A) 120.0 
C(8)-N(3)-H(3B) 120.0 

H(3A)-N(3)-H(3B) 120.0 
C(2)-C(3)-C(4) 119.5(3) 
C(2)-C(3)-H(3) 120.2 
C(4)-C(3)-H(3) 120.2 
C(8)-N(4)-C(9) 125.6(2) 

C(8)-N(4)-H(4A) 117.2 
C(9)-N(4)-H(4A) 117.2 
C(5)-C(4)-C(3) 120.4(4) 
C(5)-C(4)-H(4) 119.8 
C(3)-C(4)-H(4) 119.8 
C(4)-C(5)-C(6) 120.6(4) 
C(4)-C(5)-H(5) 119.7 
C(6)-C(5)-H(5) 119.7 
C(5)-C(6)-C(7) 119.6(4) 
C(5)-C(6)-H(6) 120.2 
C(7)-C(6)-H(6) 120.2 
C(6)-C(7)-C(2) 120.6(4) 
C(6)-C(7)-H(7) 119.7 
C(2)-C(7)-H(7) 119.7 
N(3)-C(8)-N(4) 117.0(2) 
N(3)-C(8)-S(2) 122.6(2) 
N(4)-C(8)-S(2) 120.4(2) 

C(10)-C(9)-C(14) 119.5(4) 
C(10)-C(9)-N(4) 122.1(3) 
C(14)-C(9)-N(4) 118.4(4) 
C(9)-C(10)-C(11) 119.8(4) 
C(9)-C(10)-H(10) 120.1 
C(11)-C(10)-H(10) 120.1 
C(12)-C(11)-C(10) 120.4(5) 
C(12)-C(11)-H(11) 119.8 
C(10)-C(11)-H(11) 119.8 
C(13)-C(12)-C(11) 120.9(6) 
C(13)-C(12)-H(12) 119.6 
C(11)-C(12)-H(12) 119.6 

 
 

 

Table 3.   Bond lengths [Å and angles 
[o of [Ru(p-cymene)(ptu)2Cl]SH. 
C(12)-C(13)-C(14) 120.0(5) 

C(12)-C(13)-H(13) 120.0 
C(14)-C(13)-H(13) 120.0 

C(9)-C(14)-C(13) 119.4(5) 
C(9)-C(14)-H(14) 120.3 

C(13)-C(14)-H(14) 120.3 
C(16)-C(15)-C(20) 118.3(2) 
C(16)-C(15)-C(21) 121.6(3) 
C(20)-C(15)-C(21) 120.1(3) 
C(16)-C(15)-Ru(1) 69.91(15) 
C(20)-C(15)-Ru(1) 70.05(14) 
C(21)-C(15)-Ru(1) 130.22(18) 
C(15)-C(16)-C(17) 120.7(3) 
C(15)-C(16)-Ru(1) 73.84(15) 
C(17)-C(16)-Ru(1) 69.31(14) 

C(15)-C(16)-H(16) 119.6 
C(17)-C(16)-H(16) 119.6 
Ru(1)-C(16)-H(16) 129.7 
C(18)-C(17)-C(16) 121.8(2) 
C(18)-C(17)-Ru(1) 72.80(14) 
C(16)-C(17)-Ru(1) 72.67(15) 

C(18)-C(17)-H(17) 119.1 
C(16)-C(17)-H(17) 119.1 
Ru(1)-C(17)-H(17) 127.6 
C(17)-C(18)-C(19) 116.8(2) 
C(17)-C(18)-C(22) 122.7(2) 
C(19)-C(18)-C(22) 120.5(2) 
C(17)-C(18)-Ru(1) 69.78(14) 
C(19)-C(18)-Ru(1) 70.65(13) 
C(22)-C(18)-Ru(1) 129.99(17) 
C(20)-C(19)-C(18) 121.6(2) 
C(20)-C(19)-Ru(1) 72.63(14) 
C(18)-C(19)-Ru(1) 71.53(14) 

C(20)-C(19)-H(19) 119.2 
C(18)-C(19)-H(19) 119.2 
Ru(1)-C(19)-H(19) 129.1 
C(19)-C(20)-C(15) 120.7(2) 
C(19)-C(20)-Ru(1) 70.36(14) 
C(15)-C(20)-Ru(1) 72.93(14) 

C(19)-C(20)-H(20) 119.6 
C(15)-C(20)-H(20) 119.6 
Ru(1)-C(20)-H(20) 129.5 
C(15)-C(21)-H(21A) 109.5 
C(15)-C(21)-H(21B) 109.5 

H(21A)-C(21)-H(21B) 109.5 
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Table 3.   Bond lengths [Å and angles 
[o of [Ru(p-cymene)(ptu)2Cl]SH. 
C(15)-C(21)-H(21C) 109.5 

H(21A)-C(21)-H(21C) 109.5 
H(21B)-C(21)-H(21C) 109.5 

C(18)-C(22)-C(23) 113.8(2) 
C(18)-C(22)-C(24) 109.3(2) 
C(23)-C(22)-C(24) 110.8(3) 
C(18)-C(22)-H(22) 107.6 
C(23)-C(22)-H(22) 107.6 
C(24)-C(22)-H(22) 107.6 

C(22)-C(23)-H(23A) 109.5 
C(22)-C(23)-H(23B) 109.5 

H(23A)-C(23)-H(23B) 109.5 
  

Table 3.   Bond lengths [Å and angles 
[o of [Ru(p-cymene)(ptu)2Cl]SH. 

C(22)-C(23)-H(23C) 109.5 
H(23A)-C(23)-H(23C) 109.5 
H(23B)-C(23)-H(23C) 109.5 
C(22)-C(24)-H(24A) 109.5 
C(22)-C(24)-H(24B) 109.5 

H(24A)-C(24)-H(24B) 109.5 
C(22)-C(24)-H(24C) 109.5 

H(24A)-C(24)-H(24C) 109.5 
H(24B)-C(24)-H(24C) 109.5 

Symmetry transformations used to generate 
equivalent atoms:  
 

Table 4.   Anisotropic displacement parameters (Å2x 103) of [Ru(p-cymene)(ptu)2Cl]SH.  

The anisotropic displacement factor exponent takes the form: -2 2[ h2a*2U11 + ... + 2 h k 

a* b* U12 ] 
 U11 U22 U33 U23 U13 U12 
Ru(1) 22(1)  29(1) 31(1)  -9(1) -2(1)  -3(1) 
Cl(1) 35(1)  51(1) 36(1)  -16(1) -7(1)  -2(1) 
S(1) 29(1)  28(1) 42(1)  -7(1) 3(1)  -1(1) 
N(1) 59(2)  34(1) 41(1)  -3(1) 2(1)  2(1) 
C(1) 33(1)  30(1) 43(1)  -12(1) -5(1)  -5(1) 
S(2) 34(1)  30(1) 52(1)  -16(1) 4(1)  -7(1) 
N(2) 52(1)  27(1) 44(1)  -9(1) -2(1)  5(1) 
C(2) 50(2)  26(1) 52(2)  -16(1) 2(1)  -4(1) 
S(3') 161(1)  48(1) 56(1)  -1(1) 8(1)  39(1) 
N(3) 68(2)  39(1) 42(1)  -17(1) -5(1)  4(1) 
C(3) 68(2)  50(2) 55(2)  -22(2) -1(2)  1(2) 
N(4) 85(2)  30(1) 60(2)  -17(1) -10(2)  -6(1) 
C(4) 118(4)  68(2) 51(2)  -21(2) 4(2)  1(2) 
C(5) 129(4)  64(3) 76(3)  -21(2) 47(3)  -7(3) 
C(6) 72(2)  51(2) 102(3)  -28(2) 28(2)  -4(2) 
C(7) 55(2)  38(2) 75(2)  -24(2) 5(2)  0(1) 
C(8) 48(2)  32(1) 38(1)  -10(1) -14(1)  2(1) 
C(9) 63(2)  23(1) 80(2)  -8(1) -16(2)  -5(1) 
C(10) 73(2)  44(2) 76(2)  -10(2) 1(2)  -18(2) 
C(11) 114(4)  49(2) 109(4)  -17(2) 31(3)  -24(2) 
C(12) 89(4)  48(3) 210(7)  -24(4) 38(4)  -23(2) 
C(13) 69(3)  53(3) 236(7)  -33(4) -24(4)  -22(2) 
C(14) 94(3)  41(2) 143(4)  -19(2) -46(3)  -13(2) 
C(15) 25(1)  56(2) 41(1)  -1(1) -6(1)  -16(1) 
C(16) 35(1)  36(1) 55(2)  -2(1) -11(1)  -16(1) 
C(17) 34(1)  41(2) 43(1)  -16(1) -6(1)  -12(1) 
C(18) 29(1)  44(2) 33(1)  -8(1) -9(1)  -10(1) 



 
 

       

Table 4.   Anisotropic displacement parameters (Å2x 103) of [Ru(p-
cymene)(ptu)2Cl]SH.  The anisotropic displacement factor exponent takes the form: -

2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 
 U11 U22 U33 U23 U13 U12 
C(19) 24(1)  40(1) 43(1)  -7(1) -9(1)  1(1) 
C(20) 22(1)  57(2) 38(1)  -14(1) -2(1)  -3(1) 
C(21) 46(2)  85(2) 45(2)  10(2) -7(1)  -26(2) 
C(22) 47(2)  51(2) 35(1)  -5(1) -7(1)  -12(1) 
C(23) 51(2)  106(3) 39(2)  -5(2) 0(1)  -13(2) 
C(24) 52(2)  86(2) 37(2)  -5(2) -14(1)  -2(2) 

Table 5.   Hydrogen coordinates ( x 104) 
and isotropic displacement parameters 

(Å2x 103) of [Ru(p-cymene)(ptu)2Cl]SH 
 x  y  z  U(eq) 

H(1A) 4475 1230 4162 59 
H(1B) 3063 2358 4123 59 
H(2) 6634 892 3170 53 
H(3A) -958 7598 3944 61 
H(3B) -850 6435 3884 61 
H(3) 4849 2478 1445 71 
H(4A) 1035 8673 3151 69 
H(4) 6741 2665 213 100 
H(5) 10277 1979 112 117 
H(6) 11992 1093 1227 95 
H(7) 10153 929 2461 69 
H(10) 2032 8288 1386 79 
H(11) 4642 8817 428 114 
H(12) 7386 9320 751 147 
H(13) 7626 9294 2024 141 
H(14) 5047 8754 3010 107 
H(16) -513 2403 3444 50 
H(17) -33 3418 2124 45 
H(19) -2868 6302 2731 45 
H(20) -3285 5303 4042 48 
H(21A) -2942 3612 5053 92 
H(21B) -3055 2544 4794 92 
H(21C) -890 2719 4926 92 
H(22) -1133 6413 1410 54 
H(23A) 864 5645 409 105 
H(23B) 2003 5183 1187 105 
H(23C) 817 4424 940 105 
H(24A) -2958 6153 465 93 
H(24B) -3244 4982 1026 93 
H(24C) -4332 6096 1278 93 
H(3') 8350(60) -440(30) 4150(20) 74 

 

Table 6.  Torsion angles [o of [Ru(p-
cymene)(ptu)2Cl]SH. 

Ru(1)-S(1)-C(1)-N(1) -20.1(2) 
Ru(1)-S(1)-C(1)-N(2) 162.60(19) 
N(1)-C(1)-N(2)-C(2) 178.4(3) 
S(1)-C(1)-N(2)-C(2) -4.2(4) 
C(1)-N(2)-C(2)-C(7) 137.0(3) 
C(1)-N(2)-C(2)-C(3) -45.7(4) 
C(7)-C(2)-C(3)-C(4) -1.7(5) 
N(2)-C(2)-C(3)-C(4) -179.0(3) 
C(2)-C(3)-C(4)-C(5) 1.1(6) 
C(3)-C(4)-C(5)-C(6) 0.2(7) 
C(4)-C(5)-C(6)-C(7) -0.9(6) 
C(5)-C(6)-C(7)-C(2) 0.3(5) 
C(3)-C(2)-C(7)-C(6) 1.0(4) 
N(2)-C(2)-C(7)-C(6) 178.5(3) 
C(9)-N(4)-C(8)-N(3) 178.6(3) 
C(9)-N(4)-C(8)-S(2) -0.7(4) 
Ru(1)-S(2)-C(8)-N(3) 2.5(3) 
Ru(1)-S(2)-C(8)-N(4) -178.27(19) 
C(8)-N(4)-C(9)-C(10) 61.2(4) 
C(8)-N(4)-C(9)-C(14) -121.4(3) 

C(14)-C(9)-C(10)-C(11) 0.6(5) 
N(4)-C(9)-C(10)-C(11) 177.9(3) 
C(9)-C(10)-C(11)-C(12) -0.6(6) 

C(10)-C(11)-C(12)-C(13) 0.3(7) 
C(11)-C(12)-C(13)-C(14) 0.0(8) 
C(10)-C(9)-C(14)-C(13) -0.3(5) 
N(4)-C(9)-C(14)-C(13) -177.7(3) 
C(12)-C(13)-C(14)-C(9) 0.0(7) 

C(20)-C(15)-C(16)-C(17) -0.7(4) 
C(21)-C(15)-C(16)-C(17) -178.7(2) 
Ru(1)-C(15)-C(16)-C(17) -53.1(2) 
C(20)-C(15)-C(16)-Ru(1) 52.5(2) 
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Table 6.  Torsion angles [o of [Ru(p-
cymene)(ptu)2Cl]SH. 

C(21)-C(15)-C(16)-Ru(1) -125.6(2) 
C(15)-C(16)-C(17)-C(18) -0.9(4) 
Ru(1)-C(16)-C(17)-C(18) -56.1(2) 
C(15)-C(16)-C(17)-Ru(1) 55.2(2) 
C(16)-C(17)-C(18)-C(19) 1.6(3) 
Ru(1)-C(17)-C(18)-C(19) -54.39(19) 
C(16)-C(17)-C(18)-C(22) -178.7(2) 
Ru(1)-C(17)-C(18)-C(22) 125.3(2) 
C(16)-C(17)-C(18)-Ru(1) 56.0(2) 
C(17)-C(18)-C(19)-C(20) -0.9(3) 
C(22)-C(18)-C(19)-C(20) 179.4(2) 
Ru(1)-C(18)-C(19)-C(20) -54.9(2) 
C(17)-C(18)-C(19)-Ru(1) 53.96(19) 
C(22)-C(18)-C(19)-Ru(1) -125.7(2) 
C(18)-C(19)-C(20)-C(15) -0.5(4) 

  

Table 6.  Torsion angles [o of [Ru(p-
cymene)(ptu)2Cl]SH. 

Ru(1)-C(19)-C(20)-C(15) -54.9(2) 
C(18)-C(19)-C(20)-Ru(1) 54.4(2) 
C(16)-C(15)-C(20)-C(19) 1.3(4) 
C(21)-C(15)-C(20)-C(19) 179.4(2) 
Ru(1)-C(15)-C(20)-C(19) 53.7(2) 
C(16)-C(15)-C(20)-Ru(1) -52.4(2) 
C(21)-C(15)-C(20)-Ru(1) 125.7(2) 
C(17)-C(18)-C(22)-C(23) -33.9(4) 
C(19)-C(18)-C(22)-C(23) 145.7(3) 
Ru(1)-C(18)-C(22)-C(23) 56.2(4) 
C(17)-C(18)-C(22)-C(24) 90.6(3) 
C(19)-C(18)-C(22)-C(24) -89.8(3) 
Ru(1)-C(18)-C(22)-C(24) -179.3(2) 

Symmetry transformations used to generate 
equivalent atoms:  
 

Table 7.  Hydrogen bonds of [Ru(p-cymene)(ptu)2Cl]SH [Å and o  
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
(1)-H(1A)...S(3') 0.86 2.61 3.374(2) 148.9 
 N(1)-H(1B)...Cl(1) 0.86 2.50 3.231(2) 143.1 
 N(2)-H(2)...S(3') 0.86 2.33 3.175(2) 166.2 
 N(3)-H(3A)...S(3')#1 0.86 2.40 3.240(2) 166.2 

Symmetry transformations used to generate equivalent atoms: #1 x-1,y+1,z  
 
Least-squares planes (x,y,z in crystal coordinates) and deviations from them 
 (* indicates atom used to define plane) 
  4.7415 (0.0156) x + 7.1502 (0.0058) y - 5.8516 (0.0524) z = 4.7415 (0.0210)  
 *   -1.0014 (0.0035)  C3 
 *    0.1935 (0.0008)  N4 
 *    0.0396 (0.0043)  C4 
 *    0.7803 (0.0039)  C5 
 *    0.5054 (0.0036)  C6 
 *   -0.5174 (0.0044)  C7 
 Rms deviation of fitted atoms =   0.6019 
 - 1.9834 (0.0094) x + 10.5791 (0.0108) y + 0.5997 (0.0292) z = 8.4387 (0.0167)  
 
Angle to previous plane (with approximate esd) = 75.187 ( 0.105 ) 
 *   -0.0021 (0.0023)  C9 
 *    0.0029 (0.0025)  C10 
 *   -0.0019 (0.0029)  C11 
 *    0.0000 (0.0036)  C12 
 *    0.0008 (0.0035)  C13 
 *    0.0003 (0.0027)  C14 
Rms deviation of fitted atoms =   0.0017 


