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Abstract: The reactions of tetramer platinum(IV) complexes, [{Pt(CH3)2X2}4] (X = Cl, Br, and I), the 

final product obtained from the reaction between fac-[Pt(CH3)2(OCH3)(H2O)3]
+ and halide salts, were 

investigated. These tetramers were insoluble in many non-coordinating solvents such as acetone, 

diethylether and chloroform, however they did dissolve in dry pyridine to give [Pt(CH3)2X2(py)2] 

complexes. The product obtained was confirmed with NMR spectroscopy [1H, 13C and 195Pt). 
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1. Introduction 
The platinum complexes containing Pt-CH3 group are known for Pt(I), Pt(II), Pt(III) and Pt(IV) 

compounds and the most stable are those with the Pt(IV) [1-9]. The tetramer platinum(IV) containing 

Pt-CH3 group was known since 1909 when Pope and Peachy was successfully synthesized the first 

alkyl platinum(IV) complex with a cubane structure [10]. Since then the attention given to the alkyl 

platinum(IV) complexes was very intense. But, the first rational synthesis of tetramer platinum 

complex of the type, [{Pt(CH3)2Br2}4] has only been prepared and reported by Hall and Swile [11]. 

This compound was prepared by refluxing a suspension of [{Pt(CH3)3I}4] in liquid bromine to which 

several drops of hydrobomic acid were added Hall and Swile [12]. 

Unlike the reactions of dimethylplatinum(II) and dimethyl-platinum(IV) complexes which have 

been extensively studied [1-9, 13-15], the reaction of the tetramer platinum(IV) complex was not much 

reported. According to Hall and Swile [11, 12] the tetramer complex they obtained did not soluble in 

water and many non-coordinating organic solvents, and it was only soluble in pyridine which they 

used to purify the tetramer product by removing pyridine by treatment with acid. 

In attempt to further understand the reaction of tetramer platinum(IV) complex, in this study, we 

reported the reactions of tetramer platinum(IV) complexes, [{Pt(CH3)2X2}4] (X = Cl, Br, and I), which 

were obtained as final product from the reaction of fac-[Pt(CH3)2(OCH3)(H2O)3]
+ and halide salts with 

pyridine and was followed by NMR. 

 

2. Materials and methods 
2.1. Solvents and starting materials 

All Chemicals and solvents used were of A. R. grade or purified by standard techniques.  

 

2.2. Reaction of of [{Pt(CH3)2X2}4] with pyridine 

In a small bottle, 10 mg of  [{Pt(CH3)2X2}4] was suspended in 0.6 mL of CDC13. A few drops of 

dry pyridine were added and the mixture was stirred for a few min. After all solids dissolved the 

N.M.R. spectra (1H, 13C, 195Pt) were obtained. 

 

2.3. NMR measurements 
1H N.M.R spectra were run with AMX 400 spectrometer operating at 400 MHz.  A spectral width 

of 2,000 Hz - 2,500 Hz was employed together with 16 - 96 scans to obtain the desired F.I.D.  
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A recycle time of 4 s was used with a pulse width of 3.6 s (thus a tilt angle of 45 degrees was 

used). The number of data points obtained was 16K. Chemical shifts are reported in p.p.m downfield 

from internal reference, sodium-3-trimethylsylilpropane sulfonate (TSS) (H = 0.00 p.p.m) in aqueous 

solution and in p.p.m downfield from internal reference tetramethylsilane (TMS) (H = 0.00 p.p.m) in 

other solvents.  
13C N.M.R. spectra were recorded at 100 MHz using a Bruker AMX 400 spectrometer.  A Spectral 

width of approximately 10,600 Hz was utilized. The number of scan used to obtain spectra varied from 

500 to 10,000. A recycle time of 3 s was used with a pulse width of 1.8 s (thus a tilt angle of 30 

degrees was used). The number of data points obtained was 32K. Chemical shifts are reported relative 

to T.M.S., often with the solvent peak as a secondary reference or to internal reference of T.S.S. in 

aqueous solvent.  
195Pt N.M.R. spectra were recorded at 86.017 MHz using a Bruker AMX 400 spectrophotometer. 

The spectra obtained were both proton coupled and proton decoupled. A Spectral width used 125,000 

Hz. The number of scans used to obtain spectra varied from 1000 to 20,000. A recycle time of 0.066 s 

was used with a pulse width of 23 s. The tilt angle was 90 degrees. The number of data points 

obtained was 16K. The Chemical shifts reported in p.p.m. relative to external standard, Na2PtCl6 (0.5 

g/mL H2O) (Pt = 0.00 p.p.m.) [16]. 

 

2.4. Microanalyses 

C, H, N microanalyses were performed using Fision EA 1108 series CHN analyzer by the 

Microanalytical Laboratory, Chemistry Department, University of Queensland, Brisbane, Australia. 

 

3. Results and discussions 
All the tetramer platinum(IV) complexes obtained as the final product from the reaction of fac-

[Pt(CH3)2(OCH3)(H2O)3]
+ and halide salts formulated as [{Pt(CH3)2X2}4] (X=halide ions). Similar to 

result reported by Hall and Swile [11], they were insoluble in water and many non-coordinating 

organic solvents.  

The compounds, [{Pt(CH3)2X2}4], must be in the polymeric form in order to maintain their 

coordination structure as usual six-coordination of platinum(IV). The molecular weights of these 

complexes were unable to be determined because the compounds were not soluble almost in all non-

coordinating solvents. Therefore, the compounds obtained may have tetrameric structures similar to to 

the known compound which has been reported by Hall and Swile [11]. This compound has a cubane 

structure and the proposed structure is as in Figure 1. 

 
Figure 1. Structure of [{Pt(CH3)2X2}4] 
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The [{Pt(CH3)2X2}4] compounds were not surprisingly only soluble in pyridine and gave 

[[PtMe2X2py2] complexes series which were well characterized by multinuclear spectroscopy. The 

NMR and the analytical data obtained from the reaction are tabulated in Table 1 and 2 respectively and 

agree to those reported in the literature [1, 11, 12]. 

Compounds of the type [[PtMe2X2py2] series which X2 representing halide ions may have 

structures/isomers (a), (b) or (c) as in Figure 2. As shown in Table 1, all such complexes obtained 

show only a single metylplatinum triplet in the NMR, so that isomer (c) may be eliminated as a 

possible structure for these compounds, as isomer (c) must have two different metylplatinum peaks in 

the NMR, which are for CH3 trans to X and CH3 trans to pyridine. 

 
Figure 2. Possible structures of   

[PtMe2X2py2] series 

 

The values of platinum and carbon coupling (Figure 3), 2JPt-CH3, of [[PtMe2X2py2] series as in 

shown Table 1 are in the range from 69 – 73 Hz. The coupling constants reported here were as 

indication of the presence of CH3 groups trans to either py (isomer (a)) or X (isomer (b)) [17], 

however based on the discussion below, the NMR spectra recorded are more consistent for the 

compounds having structure (a) in Figure 2. 

All compounds [[PtMe2X2py2] exhibit only a single methylplatinum triplet, which provide 

unequivocal evidence for this compounds having structure (a) (Table 1, Figure 2), Chemical shift 

values of the methylplatinum proton in these series also support the assignment of structure (a). 

Besides that based on the trans influence theory, the formation of isomer (a) for each compounds in 

the series is quite consistent, which would predict that the bonds trans to CH3 should be weakened 

sufficiently to allow attack by incoming ligand if further reaction is undertaken where for X = iodide 

the trans influence would be greater than bromide and chloride. 

Insolubility of these tetrameric compound has prevented solution molecular weight determinations. 

Attempts to grow crystal from the solid tetramer were also unsuccessful, so no crystal structure data 

are available. 

 

 

Table 1. NMR data of [[PtMe2X2py2] series 
Compound Solvent Pt 

(p.p.m) 

H (Me) 

(p.p.m) 

2JPt-CH3 (Hz) C (Me) 

(p.p.m) 

1JPt-CH3 (Hz) 

[PtMe2Cl2py2] (1) CDCl3 -1823 1.88 69.5 -5.5 525 

[PtMe2Br2py2] (3 CDCl3 -2321 2.08 70.6 -9.4 516 

[PtMe2I2py2] (2) CDCl3 -2631 2.54 72.8 -19.4 510 
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Figure 3. 86.017 MHz 195Pt 

NMR of (a) [PtMe2Cl2py2]; 
(b) [PtMe2Br2py2];  

(c) [PtMe2I2py2] 

 

Table 2. Analytical Data of [[PtMe2X2py2] series 

 
 

4. Conclusions 
The solid tetramer platinum(IV) complexes obtained as a final product of the reaction between fac-

[Pt(CH3)2(OCH3)(H2O)3]
+ and halide salts were insoluble in many non-coordinationg solvents. They 

did dissolve in dry pyridine to give platinum(IV) dipyridine series, [[PtMe2X2py2] which were well 

characterized by NMR spectroscopy and having cubane structure. 
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