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บทคดัย่อ 
 

เป็นท่ีทราบกนัดีว่าสารประกอบเชิงซอ้นของโลหะรูทีเนียม เป็นสารท่ีมีความส าคญัและมีความเป็นไปได้
ในการยบัย ั้งการเจริญเติบโตของเน้ืองอก และเซลลม์ะเร็ง ในงานวิจยัน้ี Ru(p-cymene)(PPh3)Cl2 ถูกสังเคราะห์ผา่น
ปฏิกิริยาการแทนท่ีระหว่างไดเมอร์ของสารประกอบเชิงซ้อน dichloro(p-cymene)ruthenium(II) กับลิแกนด์  
ไตรฟีนิลฟอสฟีน (PPh3) ในตวัท าละลายไดคลอโรมีเทน เพ่ือใชใ้นการศึกษาการออกฤทธ์ิยบัย ั้งการเจริญเติบโตของ
เซลลม์ะเร็งเตา้นมในหลอดทดลอง ศึกษาโครงสร้างของสารประกอบเชิงซ้อนดงักล่าวดว้ยเทคนิค Single crystal  
X-ray diffraction, 1H-NMR, FTIR และการวิเคราะห์ปริมาณธาตุท่ีเป็นองค์ประกอบ พบว่าสารประกอบเชิงซ้อน
ชนิดน้ีมีโครงสร้างเป็นทรงเหล่ียมส่ีหนา้บิดเบ้ียว (distorted tetrahedral) โดยศึกษาเคมีค านวณภายใตท้ฤษฎีฟังกช์นั
นอลความหนาแน่น (density functional theory) เพ่ือใชใ้นการอธิบายคุณลกัษณะของแถบการดูดกลืนแสงท่ีความ
ยาวคล่ืนของการดูดกลืนแสงสูงสุดท่ี 393 นาโนเมตร และมีไหล่ (shoulder) ของแถบการดูดกลืนท่ี 496 นาโนเมตร 
เม่ือเกิดจากการเปล่ียนระดับพลังงานจากการถ่ายโอนประจุ (charge transfer) และศึกษาความเป็นพิษของ
สารประกอบเชิงซอ้น Ru(p-cymene)(PPh3)Cl2 กบัเซลลม์ะเร็งเตา้นม จ านวน 3 ชนิด ไดแ้ก่ HCC1937  MCF-7 และ 
MDA-MB-231 โดยวิธี MTT assay พบว่าสารประกอบชนิดน้ีออกฤทธ์ิยบัย ั้งการเจริญเติบโตของเซลล ์MCF-7 ให้
ค่า IC50 เท่ากบั 15.99 µM ดีกวา่สาร cisplatin (42.2 µM) ซ่ึงเป็นยาทางการคา้ถึง 2.6 เท่า 
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ABSTRACT 

 
Ruthenium complexes are known as promising crucial substances for in vitro antitumor 

and anticancer. In this study, Ru(p-cymene)(PPh3)Cl2 was synthesized through a consequence 

reaction between dichloro(p-cymene)ruthenium(II) dimer and triphenylphosphine (PPh3) 

ligand in dichloromethane to investigate its in vitro activity against breast cancer cells 

comparison with free PPh3 ligand. The complex was characterized using single crystal X-ray 

diffraction, 1H-NMR, FTIR, elemental to analyze its specific structure which adopted a 

distorted pseudo-tetrahedral geometry. Theoretical calculations under density functional theory 

were conducted to identify that the absorption band at 393 nm with a shoulder of 496 nm arose 

from the characters of charge transfer transitions. The Ru(p-cymene)(PPh3)Cl2 complex was 

measured for cytotoxicity against three breast cancer cell lines, HCC1937, MCF-7, and MDA-

MB-231 by MTT assay. It exhibited higher anti-breast cancer activity against MCF-7, with an 

IC50 value of 15.99 µM, compared to cisplatin, a commercial drug (42.2 µM), by 2.6 folds. 

 

Key words: ruthenium(II) complex, triphenylphosphine, density functional theory, anticancer 

 

INTRODUCTION 
In recent years, scientists have tried 

to explore chemotherapeutic drugs’ 

resistance to cancer cells, and they remain 

ineffective in treating many diverse types of 

cancer (Pettinari et al. , 2014).  The primary 

motivation for research to develop new 

metallodrugs with anticancer efficacy is the 

discovery of novel metallodrugs ( Rojas et 

al., 2017). Currently, there has been a lot of 

pharmacological interest in organometallic 

Ru(II) complexes based on the arene complex 

because of their antitumor, anticancer, and 

antibacterial activities ( Yellol et al. , 2015; 

Lapasam et al., 2019). Compared to platinum-

based drugs like cisplatin, the half-sandwich 

p-cymene- ruthenium(II)  complexes from a 

piano stool show anticancer efficacy with 

low toxicity to normal cells (Subarkhan and 

Ramesh, 2016; Brissos et al., 2018). Ruthenium-

based drugs exhibit stronger anticancer 

effects within the same activity spectrum as 

Pt(II) based drugs, which is possibly explained 

by their capacity to mimic iron, trigger 

apoptosis, and bind to DNA, proteins, and 

enzymes ( Allardyce and Dyson, 2001; 

Bergamo and Sava, 2011; Neethu et al., 2019). 

The main way that the synthesis of 

anticancer ruthenium( II)  complexes has 

been developed recently is by altering the N-

donor, O-donor, S-donor, and P-donors of 

auxiliary ligands ( Brissos et al. , 2018; 

Rohini et al. , 2018; Orhan et al. , 2022) . 

However, most researchers have concentrated 

on Ru-arene structures with N-donor ligands 

(Dkhar et al. , 2020). Additionally, phosphine 

derivatives can interact with DNA chain. 

RAPTA-C is a Ru(II) complex consisting of 

the bond between Ru( II)  with an arene 

group, two chloro ligands, and a phosphorus 

donor as an ancillary ligand ( Herry et al. , 

2019) .  It has been found that RAPTA- C 

plays an important role as an anticancer agent 

(Murray et al. , 2016). Many researchers have 

reported phosphine- derived complexes 

containing Ru(II) metal ions with mononuclear 

structural geometry (Biancalana et al. , 2017) 

similar to our group’s work (Chuklin et al. , 

2017; Klaimanee et al., 2021) as well as some 

small number of P^P chelating ligands of 

bimetallic Ru( II)  complexes ( Herry et al. , 

2019). Some other strong anticancer properties 

of Ru( II)  and Ir( III)  complexes with P^P 

ligands were reported by Li and coworkers. 

The Ru(II) complexes [η6-p-cym)Ru(P^P) 

Cl]PF6 (BINAP) exhibited potent anticancer 

activity up to 15 and 7.5 times greater than 
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cisplatin, respectively, against A549 and HeLa 

cells ( Li et al. , 2018) .  There are many 

mechanisms for explaining the anti- growth 

of cancer cells by Ru( II)  complexes for 

example, cellular uptake, interaction with 

nucleic acids and proteins through multiple 

binding modes in the nucleus, interaction on 

mitochondria, lysosome, DNA, and enzymes 

(Zeng et al. , 2017) .  In addition, the Ru( II) 

complexes with P- donor ligands have been 

also widely investigated for their antimicrobial 

activities (Mawnai et al., 2019).  

In this present work, the piano-stool 

structure of a simple molecule was synthesized 

and characterized by single crystal X- ray 

diffraction, spectroscopies, and elemental 

analysis. This complex has been reported by 

Elsegood and coworkers before, but it has 

never been revealed its intra-  and inter-

molecular force and Hirshfield surface 

stucture interactions yet. Moreover, Honorato 

and coworkers have also studied the 

cytotoxicity of this complex against many 

kinds of cancer cells.  Nevertheless, its 

anticancer property against the HCC1937 

human breast cancer cell line has not yet 

been studied. Besides, the in-depth 

understanding of the optical property of this 

complex has also never been reported. 

Herein, we report all those missing points 

together with the theoretical calculations 

based on DFT to stimulate the absorption 

spectrum in CH2Cl2 which are new aspects 

to be explored. The Ru(p-cymene)(PPh3)Cl2 

is aimed to be used as a precursor for 

synthesizing the [Ru(p-cymene)(PPh3)L]Cl 

complex where  L = various types of amino 

acids for the anticancer framework. Therefore, 

a well-understand chemistry of the precursor 

complex is essential. 

 

MATERIALS AND METHODS 
Materials 

The A.R. grade of dichloro(p-cymene) 

ruthenium( II)  complexes dimer and 

triphenylphosphine were purchased from 

TCI.  Reagent- grade solvents, such as 

chloroform, dichloromethane, acetonitrile, 

and diethyl ether, were bought from RCI 

Labscan. No extra purification was done and 

used as received.  

 

Instrumentation 

A BX Perkin Elmer FT- IR 

spectrophotometer (KBr disk, 4000-400 cm-1) 

was used to record the vibrational frequency 

spectra of the complex.  A Varian Bruker 

Avance 300 MHz NMR spectrometer was 

used to perform proton nuclear magnetic 

resonance ( 1H- NMR)  spectra in CDCl3 

solvent with tetramethyl silane (TMS) as an 

internal standard.  The absorption spectra of 

the studied complex were measured using a 

UV-visible spectrophotometer, model TU-1950, 

to record electronic spectra ( 200- 800 nm) . 

The visible and ultraviolet light sources 

were provided by tungsten and deuterium 

lamps, respectively.  A standard 1 cm quartz 

cuvette was used. The Electrothermal IA9000 

Series melting point instrument was used to 

measure melting points.  Elemental analysis 

was conducted using a CHNS-O Analyzer, 

( CEv Instruments Flash EA 1112 Series, 

Thermo Quest, Italy) .  The diffraction data of 

Ru( p- cymene) ( PPh3) Cl2 complex were 

collected using a D8 VENTURE Bruker AXS 

apparatus with graphite-monochromated Mo 

Kα radiation (λ = 0.71073 Å). The diffraction 

data of were collected from 30304 reflections. 

The interpretation of raw data was obtained 

using SMART, SAINT v8.38A, and SADABS 

software.  Structure solving was carried out 

using SHELXS (Sheldrick, 2015). Non-hydrogen 

atoms were refined from anisotropic thermal 

parameters. A riding model was used to refine 

calculations with all hydrogen atoms placed 

in ideal positions.  Molecular graphics and 

materials required for publication were 

prepared by the WinGX 2018/ 3 ( Farrugia, 

2012) and Mercury 2020.3 (MacRae et al. , 

2020)  programs.  Crystallographic data for 

Ru(p-cymene) (PPh3)Cl2 were deposited at 

the Cambridge Crystallographic Data Center 

and can be provided using the access CCDC 

code 2231646, via: http://www.ccdc. cam.ac. 

uk/data request/cif (or from the Cambridge 

Crystallographic Data Centre, 12 Union 

Road, Cambridge CB21EZ, U.K.  Fax:  +44 

1223 336 033 or email deposit@ccdc. cam. 

http://www.ccdc/


476 วารสารวิจยั มหาวิทยาลยัเทคโนโลยีราชมงคลศรีวิชยั 16(2) : 473-487 (2567) 

ac.uk). The X-ray data were provided in the 

supplementary data section. 

 

Synthesis pathway  

The Ru(p-cymene)(PPh3)Cl2 complex 

was prepared by reacting dichloro(p-cymene) 

ruthenium(II) dimer (0.183g, 0.3 mmol) with 

triphenylphosphine (PPh3) (0.157g, 0.6 mmol) 

ligand in 20 mL of tetrahydrofuran (THF) at 

40oC.  The mixture of these substances was 

stirred for 1.5 hours. After that, the compounds 

were filtered and crystallized by adding 

dichloromethane and acetonitrile 2: 1 ratio, 

followed by diffusion of vapor with diethyl 

ether (10 mL), and left at room temperature for 

a few days to obtain single crystals.  The 

obtained brown single crystals were filtered 

and washed with diethyl ether three times. 

Moreover, the complex was recrystallized 

again in the same solvent mixture.  The 

complex crystals were completely soluble in 

dichloromethane and CDCl3. 

Yield: 61.86%. Melting point: 194-

195oC (with decomposition). Anal Calcd 

(%) for C28H29Cl2PRu (568.45), C 59.10, H 

5.10, Found, C 58.99, H 5.07. FT-IR (KBr, 

cm-1) see supplementary data Figure S1: 

υ(C-H), 3049; υ(C = C), 1436; υ(P-Ph), 

1092; υ(Ru-P), 525; υ(Ru-Cl), 508 cm-1. 
1H-NMR (300 MHz, CDCl3) see 

supplementary data Figure S2: δ 7.82 (dd, J 

= 7.5Hz, 6H), 7.38 (d, J = 7.5Hz, 9H), 5.19 

(d, J =7.5 Hz, 2H), 4.99 (d, J = 7.5 Hz, 2H), 

2.85 (m, J = 6.8 Hz, 1H), 1.87 (s, 3H) and 

1.10 (d, J = 6.8 Hz, 6H) 

 

Computational study 

The Gaussian 09 program was used 

for all calculations.  The calculation was 

done based on the density functional theory 

(DFT) in the gas phase with PBE0 (Tabares 

et al. , 2019)  and B3LYP basis sets 

(Klaimanee et al. , 2021). The ground state 

of the Ru( II)  complex was completely 

optimized in terms of shape. For non-metal 

atoms and the ruthenium atom, the basis 

sets of 6- 31G( d)  and LANL2DZ were 

selected, respectively ( Roy et al. , 2008) . 

The electronic absorption spectrum was 

then simulated by using the TDDFT 

program and the polarizable continuum 

model (PCM) of dichloromethane (Mennucci 

et al., 1997).  

 

In vitro cytotoxicity assay 

The MTT assay was used to 

measure the anti- breast cancer activity 

against the MCF- 7, MDA- MB- 231, and 

HCC1937 cell lines.  Cisplatin was used as 

a positive control to assess the complex's 

cytotoxicity against breast cancer cells. The 

IC50 value of Ru( p- cymene) ( PPh3) Cl2 

complex was reported.  Human breast 

adenocarcinoma cell line (ATCC® HTB­22™) 

was [ MCF- 7 breast cancer ( BRCA1 wild-

type, ER- , PR- , and HER2- positive) ] 

(ATCC, USA). Human breast adenocarcinoma 

cell line ( ATCC® HTB­26™)  was [ MDA-

MB-231 breast cancer (BRCA1 wild- type, 

Triple negative ( ER- , PR- , and HER2-

negative)] (ATCC, USA). The human breast 

adenocarcinoma cell line (ATCC® CRL­2336™) 

was [ HCC1937 breast cancer ( BRCA1 

mutant, Triple negative ( ER- , PR- , and 

HER2-negative)] (ATCC, USA). 

 

RESULTS AND DISCUSSION 
Synthesis and characterization 

The complex, Ru(p-cymene)(PPh3)Cl2 

was synthesized by a new method involving  

between dichloro(p-cymene) ruthenium(II) 

dimer complexes and triphenylphosphine 

(PPh3) ligand in tetrahydrofuran (Scheme 1). 

The results from single-crystal XRD, 

FT-IR, 1H-NMR, and elemental analysis 

techniques were examined to confirm the 

structure of Ru(p-cymene)(PPh3)Cl2 complex, 

which adopted a distorted pseudo-tetrahedral 

geometry with η6 π-bonding of p-cymene, a 

single molecule of triphenylphosphine (PPh3), 

and two Cl- ligands (Figure 1). The 

crystallographic information for the Ru(p-

cymene)(PPh3)Cl2 complex is displayed in 

Supplementary data T1 and T2. The crystal 

structure of the Ru(p-cymene)(PPh3)Cl2 

complex is monoclinic with the P21/n space 

group, reported in a previous study (Elsegood 

et al., 2006). The selected bond distances (Å) 

and bond angles (o) of the Ru(p-cymene)(PPh3)Cl2 

complex are displayed in supplementary data 
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T3. There are two molecules in the asymmetric 

unit (the label Ru(1) and Ru(2) for molecules 

1 and 2, respectively). The averaged distances 

of Ru-P 2.3488(5) Å, Ru-Cl  2.4133(6) Å, and 

averaged Ru-C 2.219(2) Å distances are close 

to the previously studied by Elsegood et al. 

(2006). These  results are similar to other related 

structures of [(η6-p-cymene)]RuCl2(PPh2Py)] 

(Govindaswamy et al., 2004) and [Ru2(p-

cymene)2(dppp)Cl4] complexes (Klaimanee 

et al., 2021). The bond angles of P(1)-Ru(1)-

Cl(1), P(1)-Ru(1)-Cl(2), and Cl(1)-Ru(1)-

Cl(2) of the complex are 90.21(2)o, 

87.112(19)o, and 88.46(2)o for molecule 1 and  

P(2)-Ru(2)-Cl(4), P(2)-Ru(2)-Cl(3), and 

Cl(1)-Ru(1)-Cl(2) in the complex are 

87.62(2)o, 89.81(2)o, and 88.81(2)o for 

molecule 2, respectively. This points out that 

our studied complex is pseudo-tetrahedral or 

distorted tetrahedral in both molecules, similar to 

earlier studies (Elsegood et al., 2006; Ludwig 

et al., 2012). Weak intramolecular H-bonding 

of C-H---Cl types is found between H atoms 

of the phenyl ring of PPh3 and Cl atoms in the 

crystal structure of the Ru(p-cymene)(PPh3)Cl2 

complex (Figure 2 and Table 1).  In addition, 

an intermolecular force between molecule 2 

of C-H⋯π of C(47)-H(47)⋯Cg8 = 2.81 Å is 

presented, as shown in Figure 3 and Figures 

S3-S4 (Supplementary data). 

 

 
 

Scheme 1  Synthesis pathway of Ru(p-cymene)(PPh3)Cl2 complex. 
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Figure 1  The ORTEP structures of Ru(p-cymene)(PPh3)Cl2 complex in asymmetric unit with 

atom numbering 

 

 
Figure 2  The intra-molecular hydrogen bond interactions of Ru(p-cymene)(PPh3)Cl2 complex 

 

 
Figure 3  Inter-molecular C-H⋯π interactions of Ru(p-cymene)(PPh3)Cl2 complex. 
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Table 1  Hydrogen bonds for Ru(p-cymene)(PPh3)Cl2 complex[Å, o]. 

D-H...A Distance of                 

d(D-H) (Å) 

Distance of 

d(H...A) (Å) 

Distance of 

d(D...A) (Å) 

Angles of 

<(DHA) (o) 

C(12)-H(12)...Cl(1) 0.93 2.74 3.564(3) 147.9 

C(18)-H(18)...Cl(1) 0.93 2.71 3.476(3) 140.1 

C(40)-H(40)...Cl(3) 0.93 2.71 3.548(3) 149.7 

C(50)-H(50)...Cl(3) 0.93 2.72 3.435(2) 134.2 

C(50)-H(50)...Cl(4) 0.93 2.72 3.295(2) 121.1 

Symmetry transformations are used to generate equivalent atoms. 
 

Hirshfeld surface analysis 

Hirshfeld surface analysis was used to 

examine the intermolecular interactions in the 

crystal packing.  Hirshfeld surfaces mapped 

over dnorm were created using the Crystal 

Explorer program ( Spackman et al. , 2021) . 

The intermolecular contact distances, di and 

de, from the surfaces between the closest 

atoms inside and outside molecules were 

analyzed using the mapping of dnorm. Figure 4 

displays a map of the Hirshfeld surfaces over 

dnorm that reveals the intermolecular contacts 

as acceptors on the surfaces.  These contact 

ratio, followed by diffusion of acts, which are 

shorter than Van der Waals radii, are 

represented by bright- red spots on surfaces 

indicating intermolecular contacts of H⋯H, 

C⋯H/H⋯C, and H⋯Cl/Cl⋯H, respectively. 

The strong red spots the surface of H48---H25 

and H20⋯H53 of molecule 1 (refer to Ru1) 

correlate with the H⋯H short contacts while 

the surfaces of C6⋯H10B/ H10B⋯C6 and 

C25⋯H21/ H21⋯C25 are the C⋯H/ H⋯C 

interactions.  For the H⋯H short contacts of 

molecule 2 ( Ru2)  are indicated with 

H20⋯H53, H25⋯H48 and H42⋯H52.  The 

reciprocal interactions of C ⋯ H/ H ⋯ C 

intermolecular contacts are shown with 

C30⋯H38C/H38C⋯C30, C42⋯H52/ H52⋯C42. 

The percentage contribution of the individual 

types of interactions to the total Hirshfeld 

surface area is displayed by the 2D fingerprint 

plots in supplementary data Figure S5 for 

molecule 1 (Ru1). The crystal packing H⋯H 

contacts represent the largest percentage of 

the Hirshfeld surface with 64. 4%  with the 
characteristic wings of 2D fingerprint plots 

indicating the C–H⋯π interactions in crystal 

packing, referring to the C ⋯ H/ H ⋯ C 

interactions with 21. 7% .  The 12. 5% 

contribution from the H⋯Cl/Cl⋯H contacts 

is the result of the C−H⋯Cl interactions. 

The fingerprint plot of molecule 2 ( Ru2) 

depicted in supplementary data Figure S6 is 

quite similar to that of molecule 1.  The 2D 

fingerprint plot suggests that the 

intermolecular H⋯ H contacts have the 

highest contribution ( 64. 5 % ) , while the 

relative contributions of the C⋯H/H⋯C and 

H⋯Cl/Cl⋯H contacts are 21.4 % and 12.6 

%, respectively. 
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Figure 4  The intermolecular contacts of molecule 1 surfaces (a and b) and molecule 2 

surfaces (c and d) with its neighbors for the Ru(p-cymene)(PPh3)Cl2 complex. 

 

Absorption 

The data from the photophysical 

study and vertical electronic transitions 

calculated were presented in Table 2 and 

supplementary data Figure S7. The absorption 

spectrum of the Ru(p-cymene)(PPh3)Cl2 

complex shows three maximum absorption 

bands at wavelengths (with molar extinction 

coefficient) of 228 nm (8.0×104 M-1cm-1), 373 

nm (4.3×103 M-1cm-1) and 496 nm (1.2×103 

M-1cm-1), respectively. To interpret the 

electronic transitions yielding the absorption 

bands, the polarizable continuum model 

(PCM) of dichloromethane was used to 
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simulate the electronic absorption spectrum 

using time-dependent on density functional 

theory (TDDFT).ThePCM-TD-PBE0/6-

31+G*+LANL2DZ basis sets were used for 

the calculation. The electronic transitions of 

Ru(p-cymene)(PPh3)Cl2 complex is shown as 

vertical lines in Figure 5 aligning to the 

experimental absorption spectrum. The main 

transitions regarding those three absorption 

bands arise from charge transfer transition. 

The band at 496 nm is belong to ligand-to-

ligand charge transfer transition (LLCT) from 

PPh3 to p-cymene moiety giving HOMO→ 

LUMO (79%) transition (λcalc. = 516 nm, Osc. 

Strength (f) = 0.0084). The HOMO→L+1 

(65%) transition is shown by the band at 373 

nm (λcalc. = 395 nm, Osc. Strength (f) = 

0.0213), with mixed MLCT (d-Ru(1)→π*-

P(PPh3) and XLCT (Cl→π*-P(PPh3) halogen 

to ligand charge transfer as shown in Figure 

6. Calculation data are collected in Table 2.  
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Figure 5 The UV– Visible absorption spectra overlaid with the PCM- TD- PBE0/ 6- 

31+ G* + LANL2DZ simulated spectra ( dotted line) .  Corresponding oscillator 

strengths are shown as sets of vertical lines. 
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Table 2  Photophysical data and vertical electronic transitions calculated for Ru(p-cymene)(PPh3)Cl2 

complex. 

 

No. 

Wavelength (nm) Osc. 

Strength (f) 

Major contribution Assignment 

Cal Exp 

1 516 496 (sh) 0.0084 HOMO→LUMO             

(79%) 

LLCT (PPh3→p-

cymene) 

 

4 395 373 0.0213 HOMO→L+1 (65%) MLCT, XLCT 

(Cl→PPh3) 

 

19 258 - 0.0757 H-5→L+1 (39%) LLCT (PPh3→p-

cymene)        

LMCT (PPh3→Ru) 

 

41 231 228 0.1212 H-4→L+2 (18%) 

H-3→L+2 (42%) 

XLCT (Cl→PPh3) 

 

 

sh = shoulder 

 
Figure 6  Contour plots of HOMO and LUMO molecular orbitals of the Ru (p-cymene)(PPh3)Cl2 complex. 
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Figure 6  (continuous) 

 

Anticancer activity 

Figure 7 shows the plot of cell 

viability percentage against the tested 

concentration of Ru( p- cymene) ( PPh3) Cl2 

complex in the range 0. 01 to 100 µM 

respectively, for MCF- 7, HCC1937, and 

MDA- MB- 231 cell lines.  The Ru( p-

cymene)(PPh3)Cl2 complex  showed the best 

activity for the in vitro cytotoxicity 

selectively against the MCF- 7 cell line, 

presenting an IC50 value of 15.99 µM, which 

showed better sensitivity than that of 

cisplatin and Phosphine (PPh3)  free ligand, 

as summarized in Table 3.  For the other 

examined breast cancer cells, the IC50 values 

were all less sensitive than cisplatin, with 

concentration higher than 100 µM against 

those two cell lines.  The result for MCF-7 

corresponds to the report from Honorato et 

al. (2020).  The presence of PPh3 which is a 

lipophilic group, can increase the cellular 

uptake of the complex, influencing the 

cytotoxicity toward the cancer cell. 

Nevertheless, in order to explain selectivity 

to MCF- 7, further. for the possible 

mechanism of cancer cell inhibition. 

 

Table 3  IC50 mean values (µM) against HCC1937, MCF-7 and MDA-MB-231 cells after 48  

               hrs of treatment.  

 

Metal complex 

IC50 (µM) 

MCF-7 HCC1937 MDA-MB-231 

Cisplatin 42.2 ± 8*,** 23.4 ± 7*,** 128.2 ± 7*,** 

RuPPh3 15.99 ± 5 *,** >100 *,** >100 *,** 

PPh3 >100 *,** 54.3 ± 0.2 *,** >100 *,** 

The following symbols represent statistically significant differences:  * p < 0. 01, 

compared to the IC50 values of the same complex on cell lines; and **p >0.001, compared to 

the IC50 values of the complexes on each cell line. 
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Figure 7  The chart shows the cytotoxic effect of Ru(p-cymene) (PPh3)Cl2 at concentrations of 

0, 0.01, 0.1, 1, 5, 10, 25, 50, and 100 µM on the cell viability of HCC1937, MCF-7 

and MDA-MB-231 cells after 48 hrs. 
 

CONCLUSION 
Single crystal x-ray diffraction, elemental 

analysis, and spectroscopy methods were 

used to analyze the Ru (p-cymene)  (PPh3)Cl2 

complex.  The geometry of this complex 

adopts a distorted pseudo- tetrahedral.  H-

bonding is evident in both intramolecular 

and intermolecular interactions within the 

crystal structure.  Density functional theory 

identified that the absorption band at 393 

nm, with a shoulder of 496 nm, arises from 

the mixing character of charge transfer 

transitions. As a result of this investigation, 

the Ru( p- cymene) ( PPh3) Cl2 complex was 

assessed for its cytotoxicity selectively 

against human breast cancer cell line MCF-

7 a lower IC50 value than that of cisplatin. 
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