
        

Citation for published version:
Shahsavari, HR, Aghakhanpour, RB, Hossein-Abadi, M, Kia, R & Raithby, PR 2018, 'Stable trans isomer as the
kinetic and theromodynamic product for the oxidative addition of MeI to cycloplatinated(II) complexes comprising
isocyanide ligands', Applied Organometallic Chemistry, vol. 32, no. 4, e4216. https://doi.org/10.1002/aoc.4216

DOI:
10.1002/aoc.4216

Publication date:
2018

Document Version
Peer reviewed version

Link to publication

This is the peer reviewed version of the following article:Shahsavari, H. R., Aghakhanpour, R. B., Hossein-Abadi,
M., Kia, R., & Raithby, P. R. (2018). Stable trans isomer as the kinetic and theromodynamic product for the
oxidative addition of MeI to cycloplatinated(II) complexes comprising isocyanide ligands. Applied Organometallic
Chemistry, [e4216], which has been published in final form at https://doi.org/10.1002/aoc.4216. This article may
be used for non-commercial purposes in accordance with Wiley Terms and Conditions for Self-Archiving.

University of Bath

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 26. Nov. 2019

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by University of Bath Research Portal

https://core.ac.uk/display/162922065?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://doi.org/10.1002/aoc.4216
https://doi.org/10.1002/aoc.4216
https://researchportal.bath.ac.uk/en/publications/stable-trans-isomer-as-the-kinetic-and-theromodynamic-product-for-the-oxidative-addition-of-mei-to-cycloplatinatedii-complexes-comprising-isocyanide-ligands(e68c294c-ad50-46fb-9ef0-ff2678af09c1).html


For Peer Review

 

 

 

 

 

 

Stable trans isomer as the kinetic and theromodynamic 

product for the oxidative addition of MeI to 
cycloplatinated(II) complexes comprising isocyanide 

ligands 
 

 

Journal: Applied Organometallic Chemistry 

Manuscript ID AOC-17-0793 

Wiley - Manuscript type: Full Paper 

Date Submitted by the Author: 13-Oct-2017 

Complete List of Authors: Shahsavari, Hamid R.; Institute for Advanced Studies in Basic Sciences 
(IASBS), Chemistry 
Babadi Aghakhanpour, Reza; Department of Chemistry, Institute for 
Advanced Studies in Basic Sciences (IASBS), Zanjan, 45137-66731, Iran,  
Hossein-Abadi, Mojdeh ; Institute for Advanced Studies in Basic Sciences 
kia, Reza ; Sharif University of Technology 
Raithby, Prof. Paul R. ; University of Bath, Department of Chemistry  

Keywords: 
Isocyanide ligands, Cycloplatinated complexes, Oxidative addition, Kinetic, 

Mechanism, DFT calculations 

  

Note: The following files were submitted by the author for peer review, but cannot be converted to 
PDF.  You must view these files (e.g. movies) online. 

Scheme 1.cdx 
Scheme 2.cdx 
Scheme 3.cdx 

 

 

John Wiley & Sons

Applied Organometallic Chemistry



For Peer Review

1 

Stable trans isomer as the kinetic and theromodynamic product for 

the oxidative addition of MeI to cycloplatinated(II) complexes 

comprising isocyanide ligands  

Hamid R. Shahsavari,
a
* Reza Babadi Aghakhanpour,

a
 Mojdeh Hossein-Abadi,

a
 Reza Kia,

b
* and 

Paul R. Raithby
c
 

aDepartment of Chemistry, Institute for Advanced Studies in Basic Sciences (IASBS), Yousef 

Sobouti Blvd., Zanjan 45137-66731, Iran 

bChemistry Department, Sharif University of Technology, P.O. Box 11155-3516, Tehran, Iran 

cDepartment of Chemistry, University of Bath, Claverton Down, BA2 7AY, Bath, UK 

Email: shahsavari@iasbs.ac.ir (H.R.S.); rkia@sharif.edu (R.K.). 

Keywords: Isocyanide ligands • Cycloplatinated complexes • Oxidative addition • Kinetic • 

Mechanism • DFT calculations. 

Abstract 

The present investigation introduces a new series of cycloplatinated(II) complexes, with 

the general formula Pt(O-bpy)(Me)(CN-R)] (R = benzyl, 2-naphtyl and tert-butyl), which are 

able to generate the stable trans-Pt(IV) product in the solution after the reaction with 

iodomethane. In fact, the trans product is both the kinetic and thermodynamic product of the 

reaction; this observation was supported by DFT calculations. These Pt(II) complexes are 

supported by 2,2'-bipyridine N-oxide (O-bpy) and one of several isocyanides as the 

cyclometalated and ancillary ligands, respectively. These new Pt(II) complexes undergo 

oxidative addition with MeI to give the corresponding trans-Pt(IV) complexes. All the 

complexes were identified employing the multi-nuclear NMR spectroscopy and single crystal X-

ray crystallography. The kinetic investigations were also performed for the oxidative addition 

reactions in order to measure the reaction rates; the reaction was followed by UV-Vis 

spectroscopy. The rates obtained follow the trend CN-tBu > CN-Bz > CN-2Np for the CN-R 
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ligands in the Pt(II) complexes. The order can be related to the degree of electron-donation of the 

R group (tert-butyl > benzyl > 2-naphtyl).  

Introduction 

It is well-known that the kinetics and mechanism of oxidative addition of alkyl halides to 

unsaturated platinum(II) complexes obeys the classical SN2 mechanism[1-6], except a few 

exceptions which occur under specific reaction conditions.[6-8] The large negative ∆S≠ value 

observed is indisputable evidence for this assertion.[2, 9-11] Interestingly, there are many reports in 

the literature that theoretical calculations support the experimental kinetic data.[12-18] In the 

previous investigations, particularly for the reported cycloplatinated(II) complexes, it has been 

proven that the roles of cyclometalated and ancillary ligands are very important in determining 

the reaction rate.[19-34] For example, the ancillary monophosphanes, containing a wide range of 

substituents, are the appropriate choices for tuning the oxidative addition reaction rate of 

cycloplatinated(II) complexes due to their various electronic and steric effects.[19]  

The trans addition of RX (alkyl halides) to cyclometalated platinum(II) complexes 

affords the trans isomer as the kinetic product, passing through a cationic intermediate with a 

halide counter anion. The cationic intermediate can rearrange to a cis intermediate in order to 

create the cis isomer as the thermodynamic product. Excluding a few cases,[27, 35] the trans 

isomer cannot be usually isolated and crystallized because it is not stable in the solution and 

converts to the thermodynamic product (cis) before crystallization. The rate of this trans-cis 

conversion is determined by the type of cyclometalated or ancillary ligands present. In this 

regard, we have recently compared four different cycloplatinated (II) complexes, incorporating 

the same ancillary ligand but different cyclometalated ligands.[35] Therein, it was indicated that 

the presence of electron-withdrawing atoms on the cyclometalated ligands causes that the rate of 

trans-cis isomerization to be decreased substantially. In fact, by using the 2,2'-bipyridine N-oxide 

(O-bpy) as the cyclometalated ligand, the rate became so slow that the trans isomer could be 

isolated and crystallized. However, the trans isomer was eventually isomerized to the 

thermodynamically stable cis product after several days in solution. These findings motivated us 

to design a new cyclometalated system with O-bpy that it able to stabilize the kinetic trans 

product, permanently. 

Page 2 of 26

John Wiley & Sons

Applied Organometallic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

3 

In order to continue our investigations in the field of kinetics and mechanism of oxidative 

addition reactions at platinum(II) centers,[5, 19, 24, 35-37] we have now designed a series of new 

Pt(II) complexes, incorporating 2,2'-bipyridine N-oxide (cyclometalated ligand) and isocyanides 

(ancillary ligand) concurrently. Secondly, the oxidative addition of iodomethane (MeI) to these 

Pt(II) complexes was performed to obtain the corresponding trans-Pt(IV) complexes. After 

characterization of the new complexes by multi-nuclear NMR spectroscopy and X-ray 

crystallography, the oxidative addition reactions were kinetically investigated using the UV-vis 

spectroscopy, supported by the theoretical calculations. In this work, by employing the carbon-

donor isocyanide ligands instead of common phosphane ligands, the trans isomer was quite 

stable in the solution. 

Results and Discussions 

Synthesis and Characterization of Complexes 

 The synthetic route for the new Pt(II) and Pt(IV) complexes is summarized in Scheme 1. 

Full NMR characterization, including 1H, 13C{1H}, 195Pt, DEPT 135° and two dimensional 

techniques (COSY, HSQC), was performed for the complexes in order to better identify the new 

structures. The results are embedded in the Supporting Information Figures S1-S29 while the 

numerical data are summarized in Experimental Section. The parent complex [Pt(O-

bpy)(Me)(SMe2], A,[38] was reacted with 1 equivalent of each isocyanide ligands and gave the 

pure Pt(II) complexes [Pt(O-bpy)(Me)(CN-R)] (R = benzyl (1a), 2-naphtyl (2a) and tert-butyl 

(3a)). These resulting Pt(II) complexes were treated with excess iodomethane, producing the 

corresponding trans-Pt(IV) complexes [Pt(O-bpy)(Me)2I(CN-R)] (R = benzyl (1b), 2-naphtyl 

(2b) and tert-butyl (3b)).  

 The 1H NMR spectra for the Pt(II) derivatives all include a distinguishing singlet signal 

with platinum satellites in the aliphatic region which can be assigned to methyl ligand. For 1a, in 

addition to the signal assigned to the Me ligand, a singlet signal is observed for the two benzylic 

protons of benzyl isocyanide ligand which is flanked with platinum satellites (4
JPtH

 = 11.3 Hz). 

However, in the case of 3a, a large and sharp signal appears at δ = 1.61 ppm which represents 9 

equivalent protons of tert-butyl group. In the aromatic region, for 1a-3a, two distinct doublet 

resonances with platinum satellites are observed for H3´ and H6 protons of O-bpy ligand which 
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indicates that the C^N chelate did not open during the reaction of A with isocyanides. Another 

discrete signal assignable to the H3 proton of O-bpy appears as a sharp doublet signal. This 

signal is considerably deshielded to near 10 ppm due to being directly in contact through space 

with oxygen atom of the O-bpy.[35, 38-40] 

 Similar to the 1H NMR spectra, in the 13C{1H} NMR spectra of Pt(II) complexes, the 

carbon of methyl ligand in all cases exhibits a singlet with a large coupling constant value to 

platinum center (1
JPtC). The 13C{1H} NMR spectrum of 1a contains a singlet signal at δ = 48.0 

ppm with 3
JPtC = 10 Hz which is attributed to the benzylic carbon of benzyl isocyanide ligand. 

This signal grows down-phase in the corresponding DEPT 135° spectrum as the only secondary 

carbon. Besides, for 3a, a signal appears at δ = 48.0 ppm as singlet which represents the three 

equivalent carbons of tert-butyl group. As far as is possible, the aromatic carbon atoms are 

characterized and the results summarized in Experimental Section in detail. However, for all the 

Pt(II) compounds, the most distinctive signal in the aromatic region corresponds to the C2´ of O-

bpy ligand which is directly connected to the platinum center, having a large Pt-C2´ coupling 

constant. Since this carbon is located trans to isocyanide ligand, the Pt-C2´ coupling constant 

value can be a reliable benchmark for the level of intrinsic trans effect assignable to the 

isocyanide ligands. As can be seen, these coupling values are almost the same, indicating no 

difference between the trans effects of isocyanides despite of the presence of very different R 

groups in their structures. Finally, it should be noted that the ligating carbon of isocyanide, as 

another distinct carbon, appear between the aromatic signals as a broad peak due to the coupling 

with platinum and nitrogen atoms.[41] 

 In the case of Pt(IV) complexes, the aromatic regions for both the 1H and 13C{1H} NMR 

spectra are similar to those of their Pt(II) derivatives with only smaller coupling constants for the 

Pt(IV) center in relation to their Pt(II) parents. This observation is due to the increasing in the 

oxidation state of the platinum center from +2 to +4 during the oxidative addition reaction which 

can be related to a formal change of hybridation state from dsp
2 to d

2
sp

3.[27] All the 1H and 
13C{1H} NMR spectra for 1b-3b possess two different singlet signals with platinum satellites in 

their aliphatic regions which are attributed to the two different methyl ligands; one is trans to I 

and the other one is trans to N (see Experimental for the details). In the 1H NMR spectrum of 1b, 

the signal for benzylic protons appears at δ = 5.15 ppm with 4
JPtH

 = 8.5 Hz. In its 13C{1H} NMR 
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spectrum, the benzylic carbon appears δ = 48.6 ppm as a singlet; this signal appears down phase 

in the DEPT 135° spectrum, like its Pt(II) parent. For 3b, in the 1H NMR spectrum, a singlet 

resonance is observed at δ = 1.70 ppm for the methyl groups of tert-butyl moiety. The carbons of 

these methyl groups appear as a sharp singlet in the 13C{1H} NMR spectrum at δ = 30.45 ppm. 

In order to better characterization of the structures of the complexes, single crystal X-ray 

diffraction was performed for the Pt(II) complex 1a and its corresponding Pt(IV) complex, 1b. 

The ORTEP plots of 1a and 1b are shown in Figure 1 and the geometrical parameters are 

embedded in the Tables S1 and S2. The crystal data and refinement parameters of 1a and 1b are 

summarized in Table 1. The crystals for both complexes (1a and 1b), being of suitable quality 

for the X-ray crystallography, were obtained by slow layer diffusion of n-hexane into their 

solutions in dichloromethane. Interestingly, both complexes crystallize in the same monoclinic 

crystal system and the same space group of P21/c. The structure of 1a confirms that the benzyl 

isocyanide ligand, as a strong carbon donor, can be located trans to the C ligating atom of O-bpy 

chelate.[42] The phenyl moiety of benzyl isocyanide ligand is almost perpendicular to the 

molecule plane. As can be seen, in the structure of 1b, the Me and I ligands are located trans to 

each other. The structure of 1b confirms that the trans isomer can be isolated and crystallized. 

Due to the larger steric hindrance in the structure of 1b, the perpendicularity of phenyl moiety 

decreases and tilts to one side in relation to that of 1a. The crystal packing of both 1a and 1b is 

stabilized by the intermolecular C–H…O and π…π interactions. The interesting feature of the 

crystal packing of 1b is the zigzag connection of the neighboring molecules along the b-axis 

through the intermolecular C–H…O interaction (Figure 2).  

<<Scheme 1>> 

 

<< Figure 1>> 

 

<< Figure 2>> 

 

Page 5 of 26

John Wiley & Sons

Applied Organometallic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

6 

Table 1. Crystal data and refinement parameters for 1a and 1b 

 

Empirical formula                                     

Formula mass                                                             

Crystal system                                                          

Space group                                                                     

θmax (°)                                                                            

a (Å)                                                                             

b (Å)                                                                     

c (Å)                                                                      

β (°)                                                                                                                          

V (Å3)                                                                 

Z                                                                                         

Dcalc (Mg/m3)                                                                

µ (mm−1)                                                                               

F(000)                                                                           

Index ranges                                                     

                                                                       

                                                                           

No. of measured reflections                                         

No. of independent    reflections/Rint 

No. of observed reflections I > 2σ(I) 

No. of parameters                                                             

Goodness-of-fit (GOF)                                                                          

R1 (observed data)                                                     

wR2 (all data)a 

1a 

C19H17N3OPt 

498.44 

monoclinic 

P21/n 

29 

5.4813(1) 

14.8066(3) 

20.3545(4) 

92.874(2)  

1649.88(6)   

4 

2.007 

8.515 

952 

-7 ≤ h ≤7 

-20 ≤ k ≤20 

-27 ≤ l ≤27 

20369 

4321/0.0321 

3887 

218 

1.121 

0.0203 

0.0420 

1b 

C20H20IN3OPt 

640.38 

monoclinic 

P21/n  

30 

17.9672(5) 

8.4217(3) 

13.0861(5) 

92.837(4) 

1977.69(12)  

4 

2.151 

8.669 

1200 

-25 ≤ h ≤ 22 

-11 ≤ k ≤11 

-13 ≤ l ≤ 18 

11214 

5754 /0.041 

4785 

235 

1.06 

0.0409 

0.0630 
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Kinetic and Mechanism Study 

 The oxidative addition reactions of Pt(II) complexes with excess MeI were kinetically 

investigated in CH2Cl2 solvent. Each reaction was monitored using the disappearance of MLCT 

(Metal to Ligand Charge Transfer) band in the UV-visible spectrum of the corresponding 

cycloplatinated(II) complex.[19, 24, 37] Figure 3a-c represent the changes in the UV-vis spectra of 

1a-3a at 298 K. Also the kobs values, being the pseudo-first-order rate constants, were measured 

by nonlinear least-squares fitting of the absorbance-time curves to a first-order equation. The 

graphs of kobs values versus the concentration of MeI were drawn for five temperatures which 

gave straight line plots with no intercept (Figure 3d-f for 1a-3a, respectively). The slopes of 

these straight lines afford the overall second-order rate constants (k2) for the different 

temperatures. The k2 values for all the Pt(II) complexes are collected in Table 2. Besides, the 

activation parameters were calculated from Eyring plots (Figure 4) for the reactions and 

numerical data are listed in the Table 2. 

<< Figure 3>> 

 

<< Figure 4>> 

 

Table 2. Second-order rate constantsa and activation parametersb for the reaction of [Pt(O-

bpy)(Me)(CN-R)], 1a-3a, with MeI in CH2Cl2. 

Complex λmax / nm 103 k2 / L mol-1 s-1 at different temperatures ∆H
# / kJ mol-1 ∆S

# / JK-1mol-1 
 10 °C 20 °C 25 °C 30 °C 35 °C   

1a 385 0.79 1.23 1.56 1.98 2.52 37.9 ± 0.1 -169 ± 1 
2a 380 0.20 0.46 0.75 1.10 1.53 57.4 ± 0.2 -113 ± 1 
3a 378 0.88 1.57 2.14 2.75 3.50 31.0 ± 0.1 -194 ± 1 
a Estimated errors in k2 values are ± 2%. 
b Activation parameters were calculated from the temperature dependence of the second-order rate constant in the 
usual way using Eyring equation. 

Based on the calculations, it was obvious that all the reactions followed the second order 

kinetics (first order for both cycloplatinated(II) complex and the MeI reagent) suggesting a 

common SN2 mechanism for the reactions. The large negative  ∆S# values (Table 2) provides 

peremptory evidence for the proposed mechanism. A schematic view of the SN2 mechanism for 
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the present reactions is presented in Scheme 2. The nucleophilic attack of the Pt(II) entity (a) on 

the MeI reagent generates the cationic intermediate (c) with iodide as its counter anion. This step 

passes through a transition state (b). In the next step, c can be converted to the trans-Pt(IV) 

complex (d), as the kinetic product, by coordination of iodine to the platinum center. Based on 

our previous experiences,[19, 24, 35] it was expected that the intermediate c undergoes a 

rearrangement to make the second intermediate e and consequently cis-Pt(IV) product. However, 

the NMR spectroscopic results show that this rearrangement did not occur in the solution even 

after a long time (more than 1 month). Evidently, this is due to the fact that the CN-R ligand 

cannot be situated trans to the methyl group which is necessary for such rearrangement. 

Actually, both CN-R and Me ligands, as two strong carbon σ-donors, exhibit large trans effects 

which makes the rearrangement so hard and almost impossible to occur. Even, this 

rearrangement cannot happen in the presence of bulky R groups in the structure of CN-R ligands 

in order to decrease the steric hindrance. Then, the trans-Pt(IV) product (d) behaves as both the 

kinetic and thermodynamic product.  

<<Scheme 2>> 

 

 As can be concluded from Table 2, at a constant temperature (for example 25 °C), the 

reaction of 1a with MeI is occurs almost two times faster than that observed for 2a. In this 

regard, the reaction of 3a is also performed 1.4 and 2.8 time faster than that of 1a and 2a, 

respectively (3a (tBu) > 1a (Bz) > 2a (2-Np)). Obviously, the electron-donating capability of the 

R group (tBu > Bz > 2-Np) has a key role in determining the rate of the reactions. With 

increasing the electron-donating capability of the R group, the platinum center becomes more 

negative and more able to perform the oxidative addition reaction faster. 

 Since the isocyanides family are very strong σ-donors, the reactions of cycloplatinated(II) 

complexes containing isocyanide ancillary ligand with MeI are dramatically faster than their 

similar derivatives with different ancillary ligands (for example phosphanes).[35] When the 

cyclometalated ligand changes to ppy (deprotonated 2-phenylpyridine), the reaction rate became 

so fast and is similar to phosphane complexes (ppy is 23 times faster than O-bpy).[35] For this 

reason, the presence of the oxygen in the cyclometalated fragment (O-bpy), as a strong electron-

withdrawing atom, remarkably decreases the rates of the reactions. 
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DFT Calculations 

 In order to shed some light on the mechanism of the reaction of Pt(II) complexes with 

MeI in CH2Cl2, DFT (Density Functional Theory) calculations were performed for the typical 

reaction of 1a with MeI. In this way, the structures of 1a and 1b together with the TS (transition 

state), IMt (trans intermediate) and IMc (cis intermediate) were optimized without imposing any 

symmetry constraints (Figure 5). Additionally, the dichloromethane solvation effects were 

modelled by Conductor-like Polarizable Continuum Model (CPCM).[30] The calculated energy 

profile for the oxidative addition reaction is also depicted in Figure 6. In the energy profile, the 

summation of energies of 1a and MeI is considered to be zero and the other elements in the 

profile vary accordingly. As can be seen, TS is generated through the nucleophilic attack of 5dZ
2 

atomic orbital of Pt(II) center on the σ* of Me-I bond. In the structure of TS, the methyl group of 

the MeI is planar and the Pt-C(Me)-I angle is almost linear with a value close to 180°.[30, 35] The 

dotted lines between Pt and C(Me) and also between C(Me) and I indicate that the Pt-C(Me) 

bond is gradually being formed whereas the C(Me)-I bond is gradually being broken. In the next 

step, the unstable TS is converted to the IMt which in turn has two pathways to choose for 

conversion (IMc or 1b). As supported by DFT calculations, the IMt → IMc isomerization is not 

energetically affordable for the IMt (with the energy barrier of 20.5 kJ/mol) and IMt prefers to 

be converted to the kinetic product (1b). As mentioned earlier, the reason for this observation is 

that the CN-Bz and Me ligands both exhibit strong trans effects which causes that the energy 

level of IMc becomes higher than that of IMt. In such conditions, the trans geometry becomes 

both thermodynamic and kinetic products. However, in our recent investigation in which 

phosphane ligand has been instead of isocyanide,[35] the energy level of IMc is lower than that of 

IMt. Therein, the IMt → IMc isomerization is performed easy because the phosphane ligand 

can be conveniently situated trans to methyl ligand and therefore the thermodynamic product has 

cis geometry. 

<< Figure 5>> 

 

<< Figure 6>> 
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Conclusion 

 A series of cycloplatinated(II) complexes with general formula [Pt(O-bpy)(Me)(CN-R)] 

(R = benzyl, 2-naphtyl and tert-butyl), 1a-3a were synthesized and characterized 

spectroscopically. The resulting Pt(II) complexes were reacted with excess MeI to give the 

corresponding trans-cycloplatinated(IV) complexes [Pt(O-bpy)(Me)2I(CN-R)], 1b-3b. The 

oxidative addition reactions were kinetically studied by following the UV-vis spectra of the 

Pt(II) complexes. The kinetic data and the large negative values of  ∆S# suggest a classical SN2 

mechanism. The observed rates show the trend 3a > 1a > 2a for the reactions of 

cycloplatinated(II) complexes with MeI which has a direct relation with the electron-donating 

capability of the R groups in the CN-R ligands (tBu (3a) > Bz (1a) > 2-Np (2a)). With increasing 

the electron-donating capability of the R group, the oxidative addition reaction proceeds faster 

due to the platinum center becoming more negative and therefore the reaction occurs more 

quickly.  

 In previous, similar investigations,[19, 35] the proposed mechanism included a trans-cis 

isomerization to produce the thermodynamically stable cis product from trans kinetic product. 

But, a key point in these reactions is that the mentioned trans-cis isomerization is inhibited in the 

present reactions. This observation arises from the fact that the CN-R and Me groups, as two 

strong σ-donors with large trans effects, cannot be located trans to each other. Therefore the 

trans-Pt(IV) product is both the thermodynamic and kinetic product so that it can be isolated and 

structurally characterized by X-ray crystallography. Finally, the DFT calculations were typically 

performed for one of the reactions (1a + MeI → 1b) which supported the experimental data. The 

energy level of cis intermediate (IMc) is calculated to be much higher than that of trans 

intermediate (IMt) and the conversion of IMt → IMc has a large energy barrier. Under such 

conditions, IMt prefers to be converted to the Pt(IV) complex (1b) which is both the kinetic and 

thermodynamic product. 

Experimental 

Procedures and materials 

The reactions were performed in the common solvents in the laboratory. The 

microanalyses for all the new compounds were performed using a vario EL CHNS elemental 
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analyzer. Also, the melting point values were measured by a Buchi 510. Fourier transform 

infrared spectroscopy on KBr pellets was performed on a FT IR Bruker Vector 22 instrument. 

Multinuclear (1H, 13C{H}, 195Pt) NMR spectra together with two dimensional NMR spectra 

(COSY and HSQC) and DEPT 135° technique were recorded on a Bruker Avance DPX 400 

MHz spectrometer at 298 K. All chemical shifts are reported in ppm (part per million) relative to 

their corresponding external standards (SiMe4 for 1H and 13C{H} and Na2PtCl6 for 195Pt) and 

also all the coupling constants (J values) are given in Hz. All solvents were purified and dried 

according to standard procedures.[43] UV-vis spectra were recorded using a Perkin-Elmer 

Lambda 25 spectrophotometer. Benzyl isocyanide and tert-butyl isocyanide were purchased 

from Acros while 2-naphthyl isocyanide was purchased from Sigma-Aldrich. The complex 

[Pt(O-bpy)(Me)(SMe2], A,[38] was prepared according to the literature. The NMR labeling for all 

the ligands are shown in Scheme 3 for clarifying the chemical shift assignments. 

<<Scheme 3>> 

 

 [Pt(O-bpy)(Me)(CN-Bz)], 1a. To a solution of A (200 mg, 0.451 mmol) in CH2Cl2 (20 mL), 1 

equivalent of CN-CH2Ph (55 µL, 0.451 mmol, benzyl isocyanide) was added. The reaction 

mixture was stirred for 3 h at room temperature and then the solution was concentered to small 

volume (~ 3 mL) under reduced pressure and n-pentane (10 mL) was added to give 1a as a 

yellow, which was filtered and washed with n-pentane (3 × 3 mL) and dried. Yield: 178 mg, 

79%; m.p. = 184°C. Elem. Anal. Calcd. for C19H17N3OPt (498.44) C, 45.78; H, 3.44; N, 8.43. 

Found: C, 45.62; H, 3.49; N, 8.41. IR (KBr, cm-1): 2181 (s, υC≡N). NMR data in CDCl3: δ(1H) = 

0.85 [s, 3H, 2
JPtH = 83.7 Hz, Pt-Me]; 4.71 [s, 2H, 4

JPtH
 = 11.3 Hz, CH2 of benzyl]; 7.56 [dd, 1H, 

3
JH

3´
H

4´ = 7.2 Hz, 4
JH

3´
H

5´ = 1.1 Hz, 3
JPtH

3´ = 56.1 Hz, H3´ of O-bpy]; 7.86 [dd, 1H, 3
JH

5´
H

4´ = 6.4 

Hz, 4
JH

5´
H

3´ = 1.1 Hz, H5´ of O-bpy]; 8.51 [dd, 1H, 3
JH

6
H

5 = 5.4 Hz, 4
JH

6
H

4 = 1.1 Hz, 3
JPtH

6 = 20.2 

Hz, H6 of O-bpy]; 9.72 [d, 1H, 3
JH

3
H

4 = 8.2, H3 of O-bpy]; δ(13C{H}) = -19.3 [s, 1C, 1
JPtC = 682 

Hz, Pt-Me]; 48.0 [s, 1C, 3
JPtC = 10 Hz, CH2 of benzyl]; 125.8 [s, 1C, 3

JPtC
3 = 13.6 Hz, C3 of O-

bpy]; 126.9 [s, 2C, C3 of benzyl]; 129.4 [s, 2C, C2 of benzyl]; 130.4 [s, 1C, 2
JPtC

3´ = 65.7 Hz, C3´ 

of O-bpy], 138.4 [s, 1C, C4´ of O-bpy]; 146.6 [broad signal, 1C, C of isocyanide]; 151.0 [s, 1C, 
2
JPtC

6 = 20.5 Hz, C6 of O-bpy]; 158.9 [s, 1C, 1
JPtC

2´ = 940 Hz, C2´ of O-bpy]; δ(195Pt) = -3952.9 

[broad s, 1Pt]. 
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[Pt(O-bpy)(Me)(CN-2Np)], 2a. To a solution of A (200 mg, 0.451 mmol) in CH2Cl2 (20 mL), 1 

equivalent of CN-2-naphthyl (69 mg, 0.451 mmol, 2-Naphthyl isocyanide) was added. The 

reaction mixture was stirred for 3 h at room temperature and then the solution was concentered to 

small volume (~ 3 mL) under reduced pressure and n-pentane (10 mL) was added to give 2a as a 

pale brown, which was filtered and washed with n-pentane (3 × 3 mL) and dried. Yield: 229 mg, 

95%; m.p. = 180°C. Elem. Anal. Calcd. for C22H17N3OPt (534.47) C, 49.44; H, 3.21; N, 7.86. 

Found: C, 49.52; H, 3.24; N, 7.98. IR (KBr, cm-1): 2145 (s, υC≡N). NMR data in CDCl3: δ(1H) = 

1.17 [s, 3H, 2
JPtH = 83.9 Hz, Pt-Me]; 7.80 [dd, 1H, 3

JH
3´

H
4´ = 7.5 Hz, 4

JH
3´

H
5´ = 0.8 Hz, 3

JPtH
3´ = 

54.5 Hz, H3´ of O-bpy]; 8.09 [dd, 1H, 3JH
5´

H
4´ = 6.5 Hz, 4JH

5´
H

3´ = 0.9 Hz, H5´ of O-bpy]; 9.01 [dd, 

1H, 3JH
6

H
5 = 5.4 Hz, 4JH

6
H

4 = 1.2 Hz, 3JPtH
6 = 20.5 Hz, H6 of O-bpy]; 9.97 [d, 1H, 3JH

3
H

4 = 8.3, H3 

of O-bpy]; δ(13C{H}) = -18.9 [s, 1C, 1
JPtC = 677 Hz, Pt-Me]; 124.4 [s, 1C, 2

JPtC
3´ = 70.2 Hz, C3´ 

of O-bpy]; 127.1 [s, 1C, 3
JPtC

3 = 20.5 Hz, C3 of O-bpy]; 151.3 [s, 1C, 2
JPtC

6 = 21.3 Hz, C6 of O-

bpy]; 152.3 [broad signal, 1C, C of isocyanide]; 157.9 [s, 1C, 2
JPtC

1´ = 55.1 Hz, C1´ of O-bpy]; 

159.5 [s, 1C, 1JPtC
2´ = 935 Hz, C2´ of O-bpy]; δ(195Pt) = -3903.8 [broad s, 1Pt]. 

[Pt(O-bpy)(Me)(CN-
t
Bu)], 3a. To a solution of A (200 mg, 0.451 mmol) in CH2Cl2 (20 mL), 1 

equivalent of CN-tbutyl (51 µL, 0.451 mmol, tert-butyl isocyanide) was added. The reaction 

mixture was stirred for 3 h at room temperature and then the solution was concentered to small 

volume (~ 3 mL) under reduced pressure and n-pentane (10 mL) was added to give 3a as a 

yellow, which was filtered and washed with n-pentane (3 × 3 mL) and dried. Yield: 180 mg, 

86%; m.p. = 162°C. Elem. Anal. Calcd. for C16H19N3OPt (464.42) C, 41.38; H, 4.12; N, 9.05. 

Found: C, 41.51; H, 4.19; N, 9.12. IR (KBr, cm-1): 2172 (s, υC≡N). NMR data in CDCl3: δ(1H) = 

0.97 [s, 3H, 2JPtH = 84.2 Hz, Pt-Me]; 1.61 [s, 9H, CH3 groups of tert-butyl]; 7.13 [dd, 1H, 3JH
4´

H
3´ 

= 7.5 Hz, 3JH
4´

H
5´ = 6.3 Hz, H4´ of O-bpy]; 7.28 [ddd, 1H, 3JH

5
H

4 = 7.8 Hz, 3
JH

5
H

6 = 5.4 Hz, 4JH
5

H
3 

= 1.2 Hz, H5 of O-bpy]; 7.73 [dd, 1H, 3JH
3´

H
4´ = 7.5 Hz, 4JH

3´
H

5´ = 1.0 Hz, 3JPtH
3´ = 56.0 Hz, H3´ of 

O-bpy]; 8.0 [ddd, 1H, 3
JH

4
H

3 = 8.3 Hz, 3
JH

4
H

5 = 7.8 Hz, 4
JH

4
H

6 = 1.0 Hz, H4 of O-bpy]; 8.04 [dd, 

1H, 3
JH

5´
H

4´ = 6.3 Hz, 4
JH

5´
H

3´ = 1.0 Hz, H5´ of O-bpy]; 8.79 [dd, 1H, 3
JH

6
H

5 = 5.4 Hz, 4
JH

6
H

4 = 1.0 

Hz, 3JPtH
6 = 20.2 Hz, H6 of O-bpy]; 9.91 [d, 1H, 3JH

3
H

4 = 8.3, H3 of O-bpy]; δ(13C{H}) = -19.6 [s, 

1C, 1JPtC = 685 Hz, Pt-Me]; 30.6 [s, 3C, CH3 groups of tert-butyl]; 125.8 [s, 1C, 3JPtC
5 = 13.2 Hz, 

C5 of O-bpy]; 126.9 [s, 1C, 3
JPtC

3 = 19.9, C3 of O-bpy]; 130.5 [s, 1C, 2
JPtC

3´ = 65.8 Hz, C3´ of O-

bpy], 138.4 [s, 1C, C5´ of O-bpy]; 143.0 [broad signal, 1C, C of isocyanide]; 150.8 [s, 1C, 2JPtC
6 = 
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20.5 Hz, C6 of O-bpy]; 155.4 [s, 1C, 2
JPtC

2 = 31.4 Hz, C2 of O-bpy]; 158.0 [s, 1C, 2
JPtC

1´ = 55.5 

Hz, C1´ of O-bpy]; 159.0 [s, 1C, 1JPtC
2´ = 941 Hz, C2´ of O-bpy]; δ(195Pt) = -3956.7 [broad s, 1Pt]. 

trans-[Pt(O-bpy)(Me)2I(CN-Bz)], 1b. An excess amount of MeI (200 µL) was added to a 

solution of 1a (100 mg, 0.201 mmol) in CH2Cl2 (20 mL) at room temperature. The reaction 

mixture was stirred for 5 h and then the solvent was evaporated under reduced pressure. The pale 

yellow residue was washed with n-pentane (3 × 3 mL) and dried under vacuum. Yield: 129 mg, 

83%; m.p. = 168°C. Elem. Anal. Calcd. for C20H20IN3OPt (640.37) C, 37.51; H, 3.15; N, 6.56. 

Found: C, 37.38; H, 3.11; N, 6.61. IR (KBr, cm-1): 2239 (s, υC≡N). NMR data in CDCl3: δ(1H) = 

0.98 [s, 3H, 2
JPtH = 69.0 Hz, Pt-Me (Me trans to I)]; 1.57 [s, 3H, 2

JPtH = 67.7 Hz, Pt-Me (Me 

trans to N)]; 5.15 [s, 2H, 4
JPtH

 = 8.5 Hz, CH2 of benzyl]; 7.13-7.54 [overlapping benzyl protons 

and H5, H4, H4´ of O-bpy]; 7.57 [d, 1H, 3JH
3´

H
4´ = 7.7 Hz, 3JPtH

3´ = 41.1 Hz, H3´ of O-bpy]; 8.08 [d, 

1H, 3JH
5´

H
4´ = 6.0 Hz, H5´ of O-bpy]; 8.83 [d, 1H, 3JH

6
H

5 = 5.0 Hz,  3JPtH
6 = 10.2 Hz, H6 of O-bpy]; 

10.05 [d, 1H, 3
JH

3
H

4 = 8.0, H3 of O-bpy]; δ(13C{H}) = -7.3 [s, 1C, 1
JPtC = 567 Hz, Pt-Me (Me 

trans to N)]; 3.8 [s, 1C, 1
JPtC = 551 Hz, Pt-Me (Me trans to I)]; 48.6 [s, 1C, CH2 of benzyl]; 

127.1 [s, 2C, C3 of benzyl]; 129.7 [s, 2C, C2 of benzyl]; 148.7 [s, 1C, 1
JPtC

2´ = 788 Hz, C2´ of O-

bpy]; 155.6 [s, 1C, 2JPtC
1´ = 37.3 Hz, C1´ of O-bpy]; δ(195Pt) = -3455.5 [broad s, 1Pt].  

trans-[Pt(O-bpy)(Me)2I(CN-2Np)], 2b. An excess amount of MeI (200 µL) was added to a 

solution of 2a (100 mg, 0.187 mmol) in CH2Cl2 (20 mL) at room temperature. The reaction 

mixture was stirred for 12 h and then the solvent was evaporated under reduced pressure. The 

pale brown residue was washed with n-pentane (3 × 3 mL) and dried under vacuum. Yield: 113 

mg, 89%; m.p. = 231°C. Elem. Anal. Calcd. for C23H20IN3OPt (676.41) C, 40.84; H, 2.98; N, 

6.21. Found: C, 40.76; H, 3.04; N, 6.29. IR (KBr, cm-1): 2204 (s, υC≡N). NMR data in CDCl3: 

δ(1H) = 1.13 [s, 3H, 2
JPtH = 68.9 Hz, Pt-Me (Me trans to I)]; 1.69 [s, 3H, 2

JPtH = 67.6 Hz, Pt-Me 

(Me trans to N)]; 7.55-8.07 [overlapping 2-naphtyl protons and the other protons of O-bpy]; 8.10 

[d, 1H, 3
JH

5´
H

4´ = 6.2 Hz, H5´ of O-bpy]; 9.10 [d, 1H, 3
JH

6
H

5 = 5.3 Hz,  3
JPtH

6 = 13.9 Hz, H6 of O-

bpy]; 10.07 [d, 1H, 3
JH

3
H

4 = 8.3, H3 of O-bpy]; δ(13C{H}) = -7.0 [s, 1C, 1
JPtC = 567 Hz, Pt-Me 

(Me trans to N)]; 3.8 [s, 1C, 1
JPtC = 550 Hz, Pt-Me (Me trans to I)]; 124.9 [s, 1C, 2

JPtC
3´ = 55.4 

Hz, C3´ of O-bpy]: 148.6 [s, 1C, 1
JPtC

2´ = 786 Hz, C2´ of O-bpy]; 155.7 [s, 1C, 2
JPtC

1´ = 36.5 Hz, 

C1´ of O-bpy]; δ(195Pt) = -3453.6 [broad s, 1Pt]. 
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trans-[Pt(O-bpy)(Me)2I(CN-
t
Bu)], 3b. An excess amount of MeI (200 µL) was added to a 

solution of 3a (100 mg, 0.215 mmol) in CH2Cl2 (20 mL) at room temperature. The reaction 

mixture was stirred for 3 h and then the solvent was evaporated under reduced pressure. The pale 

yellow residue was washed with n-pentane (3 × 3 mL) and dried under vacuum. Yield: 96 mg, 

74%; m.p. = 173°C. Elem. Anal. Calcd. for C17H22IN3OPt (606.36) C, 33.67; H, 3.66; N, 6.93. 

Found: C, 33.81; H, 3.58; N, 6.82. IR (KBr, cm-1): 2217 (s, υC≡N). NMR data in CDCl3: δ(1H) = 

0.95 [s, 3H, 2
JPtH = 69.0 Hz, Pt-Me (Me trans to I)]; 1.53 [s, 3H, 2

JPtH = 67.7 Hz, Pt-Me (Me 

trans to N)]; 1.70 [s, 9H, CH3 groups of tert-butyl]; 7.16 [dd, 1H, 3
JH

4´
H

3´ = 6.6 Hz, 3
JH

4´
H

5´ = 6.6 

Hz, H4´ of O-bpy]; 7.38 [dd, 1H, 3
JH

5
H

4 = 7.1 Hz, 3
JH

5
H

6 = 5.6 Hz, H5 of O-bpy]; 7.57 [d, 1H, 
3
JH

3´
H

4´ = 7.7 Hz, 3
JPtH

3´ = 41.0 Hz, H3´ of O-bpy]; 8.0 [dd, 1H, 3
JH

4
H

3 = 7.6 Hz, 3
JH

4
H

5 = 7.6 Hz, 

H4 of O-bpy]; 8.07 [d, 1H, 3JH
5´

H
4´ = 6.0 Hz, H5´ of O-bpy]; 8.90 [dd, 1H, 3JH

6
H

5 = 5.6 Hz, , 4JH
6

H
4 

= 1.3 Hz, 3JPtH
6 = 12.6 Hz, H6 of O-bpy]; 10.06 [d, 1H, 3

JH
3

H
4 = 8.4, H3 of O-bpy]; δ(13C{H}) = -

7.4 [s, 1C, 1JPtC = 570 Hz, Pt-Me (Me trans to N)]; 3.6 [s, 1C, 1JPtC = 555 Hz, Pt-Me (Me trans to 

I)]; 30.45 [s, 3C, CH3 groups of tert-butyl]; 148.7 [s, 1C, 1
JPtC

2´ = 790 Hz, C2´ of O-bpy]; 155.8 

[s, 1C, 2JPtC
1´ = 37.1 Hz, C1´ of O-bpy]; δ(195Pt) = -3444.3 [broad s, 1Pt]. 

Kinetic measurements 

The kinetic rate constants were determined using UV-vis spectroscopy by monitoring the 

change in absorbance. A linear relationship between absorbance, Abs, and concentration, C, 

confirmed the validity of the Beer-Lambert law (Abs = εbC with b = path length = 1 cm) for all 

the complexes. All kinetic measurements were monitored under pseudo first-order conditions 

with MeI concentrations 5340-8900 times the concentration of the Pt(II) complexes. At least five 

different concentrations within this range were used. The concentration of Pt(II) complexes were 

1.5 × 10-4 M. The activation parameters ∆H≠ and ∆S≠ for the reaction in CH2Cl2 were obtained 

from kinetic experiments performed at five temperatures between 10 and 35 °C. Pseudo first-

order rate constants, kobs, were calculated by fitting of the kinetic data to the first-order equation 

Abst = Abs∞ (Abs0-Abs∞)exp(-kobst). The experimentally determined pseudo first-order rate 

constants were converted to second-order rate constants, k2, by determining the slope of the 

linear plots of kobs against the concentration of the MeI at corresponding temperature according 

to equation kobs=k2[MeI]. The activation parameters were determined from the Eyring equation 

ln(k2/T) = ln(kB/h) -∆H≠/RT +  ∆S≠/R with ∆H≠ = activation enthalpy,  ∆S≠= activation entropy, 

Page 14 of 26

John Wiley & Sons

Applied Organometallic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

15 

k2= rate constant, kB= Boltzmann’s constant, T= temperature, h= Planck’s constant, and R = 

universal gas constant. 

Computational details 

The geometries of complexes were fully optimized by employing the density functional 

theory without imposing any symmetry constraints. Density functional calculations were 

performed with the program suite Gaussian03[44] using the B3LYPlevel of theory[45-47]. The 

effective core potential of Hay and Wadt basis set (LANL2DZ) basis set was chosen to describe 

Pt and I atoms.[48, 49] The 6-31G(d) basis set was applied for the other atoms. 

X-ray structure determinations 

Single crystals of 1a and 1b were suitable for X-ray diffraction analysis. X-ray intensity 

data were collected using the full sphere routine by φ and ω scans strategy on the Agilent 

SuperNova dual wavelength EoS S2 diffractometer with mirror monochromated Mo Kα radiation 

(λ = 0.71073 Ǻ). The crystal was cooled to 150 K using an Oxford Diffraction Cryojet low-

temperature attachment. The data reduction, including an empirical absorption correction using 

spherical harmonics, implemented in SCALE3 ABSPACK scaling algorithm,[50] was performed 

using the CrysAlisPro software package.[51] The crystal structure was solved by direct methods 

using the online version of AutoChem 2.0 in conjunction with OLEX2 suite of programs 

implemented in the CrysAlis software.[52, 53] The non-hydrogen atoms were refined 

anisotropically. All of the hydrogen atoms were positioned geometrically in idealized positions 

and refined with the riding model approximation, with Uiso(H) = 1.2 or 1.5 Ueq(C). For the 

molecular graphics the program SHELXTL was used.[54] All geometric calculations were carried 

out using the PLATON software.[55] The iodide ligand in 1b is disordered over two position with 

a refined site occupancy ratio of 0.9712(8)/0.0288(8). Crystallographic data for the structural 

analysis has been deposited with the Cambridge Crystallographic Data Centre, No. CCDC-

1577845 (1a) and CCDC-1577846 (1b). 
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Scheme and Figure Captions 

 

Scheme 1. Synthetic route for the preparation of new complexes. 

 

Scheme 2. SN2 mechanism for the oxidative addition of MeI to Pt(II) center, resulting in the pure 

and stable trans product. 

 

Scheme 3. Representative ligands with position labeling. 

 

Figure 1. a) Perspective view of the structure of 1a (left) and 1b (right). Ellipsoids are drawn at 

the 40% probability level. 

[ 

Figure 2. The crystal packing of 1a viewed down the a-axis, showing zigzag connection of the 

neighboring molecules along the b-axis through C–H…O interactions. 

 

Figure 3. The changes in the UV-vis spectrum of  a) 1a, b) 2a and c) 3a with MeI in CH2Cl2 at 

25 °C (inset is the variation of absorbance at corresponding wavelength over time. Plots of the 

first order rate constants (kobs/s-1) versus MeI concentration, for the reactions of d) 1a, e) 2a and 

f) 3a with MeI in CH2Cl2 under different temperature conditions. 

 

Figure 4. Eyring plots for the reactions of 1a-3a with MeI in CH2Cl2. 

 

Figure 5. Optimized structures of 1a, TS (transition state), IMt (intermediate for trans), IMc 

(intermediate for cis) and 1b. 

 

Figure 6. Energy profile for the oxidative addition of MeI to 1a in CH2Cl2. 
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