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ABSTRACT 

 

The aim of this investigation is, to utilize coordination-driven self-assembly reactions of 4, 4′-

dibromobenzophenone with tetrakis(triethyl phosphine) platinum to construct platinum-containing 

supramolecular metallacycle, 4, 4′-bis[trans-Pt(PEt3)2Br]benzophenone with exploitable 

properties for application in catalysis, energy storage, and biomedicine. The process was 

monitored by 1H NMR and   13C NMR.  A 4, 4’-dibromobenzophenone and tetrakis(triethyl 

phosphine) platinum in the ratio 1:2 in toluene were utilized in the synthesis. In the structure, 

platinum ions are coordinated through the bridging ligand molecules forming polymeric chains 

with a four atomic environment. The coordination environment was that of a square planar 

geometry with two phosphorus atoms of triethyl phosphine in apical positions. The optimized 

geometry evaluated by DFT B3LYP-6-311G, Gaussian09W, and Avogadro models support the 

crystal structure of this molecule. The compound offers high reversible binding properties that can 

be used for designing smart surfaces for applications in catalysis, energy storage, and biomedicine. 

The results from the experimental investigation and computer-aided design provide insight into 

the best strategies, by design, and binding mode. Future works are recommended for developing 

this discrete supramolecular metallacycle into supramolecular metallacages for its application in 

the drug delivery system.   
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INTRODUCTION 

Coordination-driven [1-4] self-assembly has 

evolved into a well-established method for 

designing novel two-dimensional polygons and 

three-dimensional polyhedral supramolecular 

architectures with functional applications in 

catalysis [5], gas storage [6], drug delivery [7, 

8], and molecular electronics. The interest in 

this method is born out of the accessibility of 

numerous ligands and metals that are 

compatible with this technique and of the fact 

that predetermined structures are formed from 

this strategy. The efficiency and excellence of 

this procedure is based on the non-covalent 

interactions of hydrogen bonding, van der 

Waals [9] forces, and π-π stacking to form well-

defined thermodynamically stable 

supramolecular structures of various sizes, and 

shapes.  This technique is high-yielding, and the 

rigid acceptors and donors used in this method 

aid in maintaining directionality to form single 

discrete supramolecular architecture [10]. As 

reported in recent literature [11-13], the metal 

bonds created by “coordination-driven self-

assembly” processes are extremely directional 

and moderately strong, giving quantitative 

yields of well-defined pores of varying 

geometries such as octahedral, polygon, 

rhomboid, rectangle, square, and triangles. 

Coordination-driven [6] self-assembly method 

uses metal acceptors [9] and electron-rich 
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donors [11] in union with the non-covalent 

interactions to create predefined structures. 

Over the last few decades, the pioneer works of 

Lehn [14], Stang [2], Huang [7] and others have 

emerged from the self-assembling processes 

happening in the biological systems, These 

scientists have been able to create functional 

structures  such as  2D metalla- macrocycles 

and metallacages by utilizing “coordination-

driven self-assembly” design and method.  The 

design procedures utilized in synthesizing 2D 

and 3D structures are summarized in Figures 1 

and 2. In the construction of 3D architectures, 

various high-symmetry supramolecular cages 

such as tetrahedron, octahedron, cube, 

icosahedrons are obtained (Figures 2 and 3).   

The non-covalent [14)] interactions between 

organplatinum compounds and ligands occur 

through the ligand residues at specific positions 

located in its pocket-like regions. The particular 

key ligand residues which are ligand-binding 

sites [10] have pulled in much consideration in 

the areas of molecular docking [3], drug-target 

interactions, compound constructions, ligand 

affinity prediction [2], and even molecular 

dynamics. Thus, spotting the ligand [7] binding 

sites helps to investigate the specificity of 

intermolecular interactions and also to gain 

effective insight into the pathogenesis of 

diseases, which provides understanding for 

drug discovery [15] and design [10].  The 

prediction of high-quality structure in 

conjunction with experimental results is 

necessary for designing supramolecular 

architectures with desired applications in 

biomedicine, energy storage, and catalysis.  

Researchers have great practical value focusing 

on optimizing synthesized structures to 

ultimately improve the success rate on 

generating supramolecular metallacages and 

supramolecular metallacyles and for follow-up 

studies in their targeted properties for 

applications in industries [16-18]. The aim of 

this investigation is, to utilize a coordination-

driven self-assembly reactions of 4,4′-

dibromobenzophenone with tetrakis(triethyl 

phosphine) platinum to construct platinum-

containing supra- molecular metallacycle,   4, 

4′-bis[trans-Pt(PEt3)2Br]benzophenone.  Our 

group recently prepared Pt-supramolecular 

complex cross-linked by Br-Pt-P and 

demonstrated the ability to form discrete 

complex and coordination polymer through 

coordination-driven [19] self-assembly. We 

also study the energy levels of this compound 

with the intentions of using the synthesized 

supramolecule in energy harvesting and cancer 

therapeutics. 

 

 
Figure1. Coordination-driven self-assembly of two- and 
three dimensional- assemblies developed into rectangles, 

squares, triangles, rhomboids, and polygons geometries 
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Figure 2. Graphical representations of different building-blocks to Form 

2D structures Adapted with permission from references Northrop et al. 

(2009). Copyright from American Chemical Society 

 
Figure 3. Graphical representations of different building-blocks to Form 

Structures Adapted with permission from references Northrop et al. 

(2009). Copyright from American Chemical Society 

  

MATERIALS AND METHODS 

All the reagents used in this experiment were 

purchased commercially and utilized as 

received. The solvents used in the research 

work were purified and rendered oxygen-free 

under nitrogen environment [11]. The 

organoplatinum supramolecular metallacycle 

was synthesized according to the published 

procedure. The NMR spectra [2, 9] were 

measured on a Varian Unity 300MHZ 

spectrometer. 1H, and 13C NMR chemical 

shifts are reported relative to residual solvent 

signals.  The DFT calculations were carried 

out utilizing Gaussian09W software with 

B3LYP hybrid and basis set 6-311G [10, 20]. 

Convergence criteria for geometry 

optimization, UFF and, single-point 

calculations were used.

Synthesis of discrete organoplatinum (II) 

supramolecular metallacycle 

The preparation of the organoplatinum (II) 

supramolecular metallacycle was according 

to protocols found in the literature [2, 9].   A 

1+2.2 mixtures of 4,4’-dibromo- 

benzophenone and tetrakis(triethyl 

phosphine) platinum in toluene stirred at 

room temperature for 6 days led to the 

formation of self-assembled [21] 

organoplatinum(II) supramolecular 

metallacycle (see Scheme1). The preparation 

was performed utilizing the Schlenk 

technique.  The light brown powder is soluble 

in protonic solvents, including hexane and 

dichloromethane. The compound was 

purified using column chromatography. 

Recrystallization was carried out on the 

sample after purification [22]. 

 

 
Scheme1. Preparation of discrete organoplatinum (II) 

supramolecular metallacycle

RESULTS 

Figure 4 is an ORTEP view of the 

organoplatinum (II) supramolecular 

metallacycle structure with the adopted 

numbering scheme. Tables 1, 2 and 3 give 

selected bond angles, atomic data and contact 

atoms of the synthesized organoplatinum(II) 

supramolecular metallacyle.  The ORTEP 

view shows the coordination mode of the 

Pt(II)  with a slightly distorted square-planer 

geometry. This distortion stems from the 

chelate five-ring constraint imposed by 

P(25)-Pt-P(33) angle to 102.69o. The Br(16)-

Pt-P(25) [104. 56 o] and P(32)-Pt-P(40) 
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[104.38yco] are very close to ideal angles for 

this geometry. The Pt-Br [2.400 Ǻ and   Pt-

P[2.3940 Ǻ] are the bond distances [11, 23].  

 
Table 1:  Selected Bond Angles in Degrees 

Figure 4: ORTEP plot of organoplatinum (II) compound 
 

                                                                              

                                                                                                                                                                                Table 2. Atomic Data 

 
              Table 3: Selected Torsion Barriers (°Ǻ) from optimized structure of organoplatinum(II) compound                                                                                                                                                      

 

 

 

 

 

 

 

 

 

Density functional Gaussian 09 orbital 

approach –Gauss view 5.08 program were 

used to evaluate the optimal geometry, 

predict the reaction and nuclear energies of 

the organoplatinum (II) molecule (Figure 5).  

The geometry optimization on the prepared 

supramolecule metallacycle was performed 

using B3LYP method with the basis set 6-

311G (d, p). The results obtained are: nuclear 

repulsion energy = 

1080.9970783412 Hartrees; steric energy = 

109.522 Kcal/mol; universal force field of 

   Bond    Actual(°/A)          optimal(°/A)       Bond                 Actual(°/A)          optimal(°/A)       

P(46)-H(118)  1.4370 1.4370 C(5)-Pt(16)    1.3460 1.3460 

P(33)-H(87)    1.4370 1.4370 C(12)-Pt(15)   1.3460 1.3460 

P(26)-H(71)    1.4370 1.4370 C(45)-P(46)    1.8560 1.8560 

P(25)-H(70)    1.4370 1.4370 C(43)-P(46)    1.8560 1.8560 

C(24)-H(69)    1.1130 1.1130 C(42)-C(43)    1.5230 1.5230 

C(24)-H(68)    1.1130 1.1130 C(41)-P(46)    1.8560 1.8560 

C(23)-H(67)    1.1130 1.1130 P(33)-C(39)    1.8560 1.8560 

C(23)-H(66)    1.1130 1.1130 P(33)-C(37)    1.8560 1.8560 

Pt(16)-P(33)    2.3940 2.3940 P(33)-C(35)    1.8560 1.8560 

Pt(16)-P(46)    2.3940 2.3940 P(26)-C(32)     1.8560 1.8560 

Pt(15)-P(26)    2.3940 2.3940 P(26)-C(30)    1.8560 1.8560 

Pt(15)-P(25)    2.3940 2.3940 P(26)-C(28)    1.8560 1.8560 

Pt(16)-Br(18)  2.4400 2.4400 C(20)-P(25)    1.8560 1.8560 

Pt(15)-Br(17)  2.4400 2.4400 

Pt15 P40 C42 125.68 

Pt15 P40 C44 116.31 

Pt15 P40 C46 103.44 

Pt15 P40 H103 89.47 

Br16 Pt14 P25 104.56 

   Br16 Pt14 P33 102.69 

Pt14  P25 C20 107.83 

Pt14 P25 C22 111.24 

Pt15 P32 C29 103.44 

Pt15 P32 C31 85.16 

P25 Pt14 P33 109.34 

P32 Pt15 P40 104.38 

C27 P32 C29 94.26 

C29 P32 C31 87.86 

C29 P32 H86 105.39 

C31 P32 H86 93.36 

 
Atom 

type 

Bond 

radii  

Angle 

° 

Distanc

e 

Ǻ 

Atom 

type 

Bond 

radii  

Angle 

° 

Distance  

Ǻ 

C-C_R 2.4758 3.031 -

0.4498  

 P- 5.4389 0.0417 -0.817  

 C-C_R 3.2209 2.0541 0.1293   C-C_3 -

6.4478 

-

1.0294 

-2.3995  

 C-C_R 2.4736 1.0968 0.7436   C-C_3 -

6.3269 

-1.648 -0.994  

 C-C_R -

1.4107 

-

0.1845 

0.346   C-C_3 7.9857 5.4462 0.5265  

 C-C_R -

0.9726 

2.1707 0.2185   C-C_3 7.4461 4.0531 0.1848  

 Pt-Pt4+2 4.5632 2.0385 0.1652   C-C_3 5.1466 3.5961 -3.4281  

 Pt-Pt4+2 -

4.2589 

-

2.1189 

1.4213   C-C_3 6.2137 3.6292 -2.3245  

 Br-Br 5.1743 1.8838 2.5109   P- -

5.9903 

-

1.6506 

3.006  

 Br-Br -

2.9194 

-

3.7174 

2.6673   C-C_3 -

7.3367 

0.873 3.5361  

 O-O_R -

1.4971 

3.249 0.0002   C-C_3 -

7.4444 

 0.4383 2.7427  

 C-C_3 5.178 -

1.2724 

-

3.3868  

 C-C_3 -

4.6456 

-1.197 5.6061  

 C-C_3 5.0691 0.1035 -2.713   C-C_3 -

5.6165 

-

2.1204 

4.8535  

 C-C_3 6.2484 -

2.6513 

-

0.0775  

 C-C_3 -7.872 -

3.5133 

1.6855  
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organoplatinum (II) compound based on the 

platinum element, its hybridization, and 

coordination mode was determined to be = 

1.74634635 x 10-6 Kcal/mol; degree of 

freedom= 348; chemical formula: 

C37H68Br2OP4Pt2; rotational constants 

(GHz):  0.0760179: 0.0133514: 0.0130706; 

symmetry adapted basis functions of  A 

=397. These results show that the compound 

has a spin multiplicity of 1 indicating that 

compound exists in three energy states [10, 

24]. 

 

Figure 5: optimized structure of organoplatinum 

compound

The extent to which a compound goes into a 

reaction is determined from the energy gap 

that exists between the highest occupied 

molecular [25] orbital (HOMO) and lowest 

unoccupied [26] molecular orbital (LUMO). 

The EHOMO and ELUMO of the organoplatinum 

(II) compound is calculated utilizing 

B3LYP/6-311G [20] (d, p) method.  

 

Figure 6 shows molecular [18] orbitals 

involved in the chemical reaction: the 

HOMOs in red is delocalized over carbon 

atoms to which the PEt3 groups are attached 

and the LUMOs in blue are orbitals over 

carbon atoms to which Br groups are 

attached. The calculated energy gap (∆E) 

[20] of value 2.26 eV represents electronic 

energy transition belonging to π→π* 

excitation. The coordination-driven [4] self-

assembly [3, 6] has been utilized to prepare 

three-dimensional molecular structures with 

internal cavities or pores capable of trapping 

ions [27], and other molecules. This 

encapsulating property and the ability to 

stabilize other ions and molecules in their 

cavities makes them potential materials for 

catalysis, drug delivery, energy storage, and 

nano-electronic devices. Reactivity can be 

controlled by encapsulation especially in 

terms of drug delivery. In order to effectively 

improve the solubility and stability of 

platinum (II) under physiological condition 

while increasing its biocompatibility and 

bioactivity, methane was encapsulated within 

the pores of the supramolecular metallacycle.  

In the aspect of drug delivery, the impact of 

encapsulating small molecules aids in the 

regulation of its chemical reaction. The 

encapsulated molecules are expelled from 

constrained solvation sphere and placed very 

close to the host and other guest.  

 

Figure 7 shows encapsulation of methane 

molecule within the pores [5] of the Pt(II) 

supramolecular structure. Various drugs [10] 

including cisplatin can also be encapsulated 

[22, 28] into the cavities of Pt(II) 

supramolecule (Figure 7). This exceptionally 

high surface area with a tunable pore size of 

Pt(II) supramolecular structure may generate 

enhanced cooperative catalytic activity, 

selectivity, and stability for flexible design 

functionalities [29].
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Figure 6: graphical representation of Huckel molecular 

orbitals of organoplatinum compound 

 
 

Figure 7: Organoplatinum supramolecular structure 

with encapsulated methane in its pore openings. 

The most preferred binding sites of the 

organoplatinum (II) supramolecular 

metallacycle was determined by molecular 

simulation studies with experimental results. 

Figure 8a is a plot of the Pt(II) 

supramolecular metallacycle showing 

binding sites with reaction pathways. The 

major difference is between MTX1 and ASN 

18 residues. The blue arrows show the 

reaction pathways while 8b shows the large 

binding site with volume/surface, an 

indication of its potency to effectively 

coordinate with other molecules to form 

supramolecular cages of polymeric geometry 

for drug delivery and energy application [15]. 

 

    
Figure 8: (a) Molecule showing binding sites with reaction 

path ways            
 

 
 

Figure 8: (b) Molecule showing binding site with surface

The different proton and carbon environment 

of the synthesized compound were analyzed 

by 1H and 13C [30] NMR analyses [17]. The 
1H NMR (100 Mhz; CDCl3) spectrum of 

organoplatinum (II) compound in Figure 9a 

reveals a characteristic singlet at 0.00 ppm 

ascribed to the solvent peak. The formation 

of organoplatinum (II) compound is seen at 

2.09 ppm of the phenyl protons.  The 

observed peaks downfield of 7.55- 7.57 ppm 

corresponds to eight aromatic protons of the 

compound.  In the 1H NMR [31] spectrum of 

supramolecular metallacycle, the presence of  

 

multiplets in regions δ =1.63-1.66 and 1.0-

1.04 pm (protons from PtEt3 groups) suggest 

reaction of ligand 4,4’-

dibromobenzophenone with two molecules 

of Pt(PEt3)2.   In 13C NMR spectrum (Figure 

9b), the incorporation of Pt(PEt3)2 unit was 

observed in the appearance of a single signal 

at 30.77 ppm in  1C NMR spectrum, 

indicating there was no isomer formed.  

There were satellite peaks in the spectrum 

because of spin-spin [23] coupling between 
31P and 195Pt nuclei [11]. 
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Figure 9a: 1H NMR (100 Mhz; CDCl3) spectrum                      

Figure 9b:    13C NMR (100 Mhz; CDCl3) spectrum 

 

 

DISCUSSION

In coordination-driven [7] self- assembly 

convention, metal ion as acceptors and 

organic ligands as donors are combined by 

means of coordination bonds to form two-

dimensional metallacycles and three-

dimensional metallacages. Our group 

explored the self-assembly [32] process and 

combined three precursors to prepare the 

supramolecular platinum(II) metallacycle 

with square planar-core supported by two 

triethyl phosphine, one bromide and one 

benzophenone ligands. The optimized crystal 

structure from diverse models and 

coordination environments for this 

compound can be understood on the premise 

of the trend in ionic radii and related 

modification in coordination numbers of the 

cations.  Modern drug discovery is capital 

intensive, lengthy, wasteful process with the 

low rate of novel therapeutic discovery, in 

spite of advances in technology and 

understanding of biological systems. The 

thought of utilizing calculations for 

molecular design goes back to the mid-1980s 

[33] in reports of Free Energy Perturbation 

calculation for the conversion of a molecule 

X to molecule Y for protein-ligand binding.  

The geometry optimized structure in Figures 

4 and 5 give a stable two-dimensional 

arrangement of atoms within the 

organoplatinum molecule in its minimal 

energy state of 2.26 eV.  The molecules are 

most reactive and stable with the lowest 

energy value.  This was achieved utilizing 

diverse models such as DFT, molecular 

dynamics, degrees of freedom and 

organoplatinum binding sites affinities in the 

investigation. The NMR results in Figures 9a 

and 9b are an indication of the formation of a 

supramolecular organoplatinum metallacycle 

with 90% purity. Purity of this compound is 

required especially in the field of biomedical 

applications. This study showing the 

synthesized supramolecular organoplatinum 

metallacycle by coordination-driven self-

assembly of non-covalent interactions with a 

60 ° pyridyl ligand donor can further be 

developed to supramolecular metallacage in 

the mitigation of cancer cells. 

 

 

CONCLUSION 

We demonstrate the protocol of 

“coordination-driven self-assembly” for the 

construction of 120° supramolecular 
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organoplatinum (II) metallacycle in solution 

under an inert atmosphere. The compound 

was characterized by 1H and 13C NMR 

spectroscopic techniques. The optimized 

structure of the supramolecular 

organoplatinum (II) metallacycle was 

ascertained by DFT method and molecular 

dynamics. The energy of formation was 

predicted based on features and atomic 

properties from optimized structures. The 

results from experiment and optimization 

protocols show that the coordination- driven 

self-assembled compound offers high 

reversible binding properties for designing 

smart surfaces that may find applications in 

catalysis, energy storage, sensing, and 

biomedicine. 
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