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The oxidative addition reaction of ditellurides R2Te2 [R = nBu, Ph, Th (2-thienyl, C4H3S)] to [Pt(η2-nb)(dppn)] (nb = 
norbornene, dppn = 1,2-bis(diphenylphosphino)naphthalene) was found to afford [Pt(TeR)2(dppn)] [R = nBu (1), Ph (2), Th 
(3)] and [Pt(TeR)(R)(dppn)] [R = Ph (4), Th (5)] as a result of the cleavage of the Te-Te or C-Te bond, respectively. The 
reactions and the product distributions were monitored by 31P{1H} NMR spectroscopy. The spectral interpretation was 
assisted by the high-yield preparation of [Pt(TePh)2(dppn)] (2) and [Pt(TeTh)2(dppn)] (3) by ligand echange reactions from 
[PtCl2(dppn)], and by the crystal structure determinations and spectral characterizations of 2 and 3. Two series of reactions 
were carried out both at room temperature and at -80 oC. One involved the addition of the toluene solution of R2Te2 to 
that of [Pt(η2-nb)(dppn)], and the other the addition of [Pt(η2-nb)(dppn)] solution to the R2Te2 solution. The oxidative 
addition of nBu2Te2 to [Pt(η2-nb)(dppn)] yielded solely [Pt(TenBu)2(dppn)]. In case of Ph2Te2 and Th2Te2, the reaction of 
equimolar amounts of ditelluride and [Pt(η2-nb)(dppn)] afforded only [Pt(TeR)(R)(dppn)] (R = Ph, Th), but when an excess 
of R2Te2 was used, the addition of [Pt(η2-nb)(dppn)] to the ditelluride resulted in the formation of a mixture of 
[Pt(TeR)2(dppn)] and [Pt(TeR)(R)(dppn)] with the latter the main component. An excess of R2Te2 and the lowering of the 
temperature favoured the formation of [Pt(TeR)2(dppn)]. The reaction energetics in toluene was calculated at revPBE GGA 
DFT / TZVP(f) level of theory. The increase of the electron withdrawing nature of the organic substituent rendered 
[Pt(TeR)(R)(dppn)] increasingly stable with respect to [Pt(TeR)2(dppn)]. The computation of the energy profiles of the likely 
pathways of the oxidative addition indicated that concurrent formation of [Pt(TeR)2(dppn)] and [Pt(TeR)(R)(dppn)] (R = Ph, 
Th) may be more likely than the formation of the latter due to the decomposition of the former. This was verified 
experimentally by stirring pure [Pt(TeR)2(dppn)] in toluene for a prolonged time at room tempertature. No decomposition 
was observed. 

Introduction 
The oxidative addition of dichalcogenides to Pt(0) or Pd(0) 
complexes is considered to be an important step in the 
catalytic addition of dichalcogenides to alkenes or alkynes and 
finds use in regioselective and stereospecific organic synthetic 
chemistry (for recent comprehensive reviews, see ref. 1). The 
initial step in the catalysis is considered to involve the 
oxidative addition of dichalcogenides to Pd(0) or Pt(0) 
centers.2 In case of organic disulfides or diselenides it generally 
leads to the cleavage of the sulfur-sulfur or selenium-selenium 
bonds and the formation of chalcogenolato complexes, the 
formation and coordination chemistry of which have been 
reviewed on several occasions.3 In case of ditellurides, the 
cleavage of the tellurium-carbon bond may also take place in 
addition to that of the tellurium-tellurium bond.3d,4 There are 
indications that in case of aliphatic ditellurides, only Te-Te 
bond cleavage takes place,4a,5 but the C-Te cleavage is also 
observed in case of diaryl ditellurides.4b,c The competitive 
activation between the Te-Te and C-Te bonds has been 
considered to be one of the reasons, why the catalytic 

properties of the tellurolato complexes are inferior to those of 
thiolato and selenolato complexes.1c,5a-c The regioselective C-
Te bond cleavage upon oxidative addition has been discussed 
considering the reactions of Ph2Te 6 and PhTeMMe3 (M = Si, 
Ge, Sn) 7 with tetrakis(triorganophosphane)platinum. 

The kinetics and mechanism of the oxidative addition of 
dichalcogenides to Pd(0) and Pt(0) complexes have been 
reviewed recently.8 DFT calculations on reaction pathways and 
trends in controlling factors of reaction between R2E2 (E = S, 
Se, Te; R = H, Me) and [M(PR’3)2] (M = Pd, Pt; R’ = H, Me) have 
also been reported.9   

In this contribution, we revisit the factors governing the 
competitive Te-Te or C-Te bond cleavage upon oxidative 
addition of organic ditellurides to Pt(0) center by carrying out 
reactions of [Pt(h2-nb)(dppn)] [nb = norbornene, dppn = 
bis(diphenylphosphino)naphthalene] with R2Te2 [R = nBu, Ph, 
Th (thienyl = 2-C4H3S)] and varying carefully the reaction 
parameters. Whereas, the oxidative addition of nBu2Te2 to 
[Pt(h2-nb)(dppn)] led to the sole formation of 
[Pt(TenBu)2(dppn)] (1), the reactions of Ph2Te2 and Th2Te2 
resulted in mixtures containing [Pt(TePh)2(dppn)] (2) and 
[Pt(TePh)(Ph)(dppn)] (4), and [Pt(TeTh)2(dppn)] (3) and 
[Pt(TeTh)(Th)(dppn)] (5), respectively. The fundamental 
question is, whether complexes 4 and 5 were formed 
concurrently with complexes 2 and 3, respectively, or 
sequentially as a result of the decomposition of the complexes 
2 and 3. The reactions were monitored using 31P NMR 
spectroscopy. The determination of the crystal structures of 2-
5 and their chemical shifts were utilized in the assignment of 
the NMR spectra of the reaction mixtures. The experimental 
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observations were complemented with DFT calculations on the 
energy profiles of the reaction pathways. 

Experimental 
General 

All reactions and manipulations of air- and moisture-sensitive 
reagents were carried out under an inert argon atmosphere by 
using Schlenk techniques. Ph2Te2 (Aldrich) was used as 
supplied, and Th2Te2,10 nBu2Te2,11 [PtCl2(dppn)],12 and [Pt(η2-
nb)(dppn)] 13 were prepared according to the literature 
procedures. THF, toluene, and hexane were dried by 
distillation over Na/benzophenone prior to use.  
 

NMR Spectcroscopy 

The 31P{1H}, 125Te{1H}, and 195Pt{1H} NMR spectra were 
recorded on a Bruker Avance III spectrometer in THF operating 
at 161.98, 126.27, and 85.60 MHz, respectively. 
Orthophosphoric acid (85 %), a saturated D2O solution of 
H6TeO6, and the D2O solution of [PtCl4]2- were used as external 
standards. The 31P chemical shifts are reported relative to the 
external standard, the 125Te chemical shifts relative to neat 
Me2Te {δ(Me2Te) = δ(H6TeO6) + 710.9] 14}, and 195Pt chemical 
shifts relative to [PtCl6]2- {[δ(PtCl62-) = δ(PtCl42-) - 1624] 15}. The 
spectra were recorded unlocked. 
 

 X-ray Crystallography 

Diffraction data for compounds 2·3C7H8 and 3-5 were collected 
on a Nonius Kappa CCD diffractometer using graphite 
monochromated Mo Ka radiation (l = 0.71073 Å). Crystal data 
and the details of the structure determinations are presented 
in ESI (see Table 1S). The structures were solved by direct 
methods using SHELXS-2013 and refined using SHELXL-2013.16 
After the full-matrix least-squares refinement of the non-
hydrogen atoms with anisotropic thermal parameters, the 
hydrogen atoms were placed in calculated positions. In the 
final refinement, the calculated hydrogen atoms were riding 
with the carbon atom they were bonded to. The isotropic 
thermal parameters of the aromatic hydrogen atoms were 
fixed at 1.2, and those of aliphatic hydrogen atoms at 1.5 times 
to that of the corresponding carbon atom. The scattering 
factors for the neutral atoms were those incorporated with the 
program.  

The solvent molecule in 3·C7H8 turned out to be disordered 
and the toluene molecule assumed two orientations. The 
refinement of the site occupation factors was made by 
constraining the thermal parameters of each atom to be equal. 
The refinement resulted in the s.o.f. values of ca. 25 % for 
every atom. In the final refinement, the site occupation factors 
of all atoms in the solvent were therefore fixed at 25 %. 

 
Preparation of [Pt(TenBu)2(dppn)] (1) 
nBu2Te2 (0.045 g, 0.122 mmol) was added to [Pt(η2-nb)(dppn)] 
(0.095 g, 0.121 mmol), which was dissolved in 5 ml of toluene. 
The solution was stirred for 5 minutes and concentrated upon 
evaporation of the solvent. The precipitation was filtered and 

the orange solid was washed with n-hexane and dried. Yield 
0.077 g, 60 %. Anal. Calcd. (%) for PtTe2P2C42H44: C, 47.54; H 
4.18. Found: C, 47.68; H, 4.07. 
 
Preparation of [Pt(TePh)2(dppn)] (2) 

NaBH4 (0.058 g, 1.54 mmol) and methanol (5 ml) was added to 
a solution of Ph2Te2 (0.300 g, 0.733 mmol) in toluene (10 ml) 
and the solution was stirred for ca. 15 min. 4 ml of this 
solution (0.391 mmol PhTe-) was added to a slurry of 
[PtCl2(dppn)] (0.100 g, 0.131 mmol) in toluene (10 ml). After 
stirring the reaction mixture for one hour the solvent was 
removed. The residue was dissolved to CH2Cl2 and filtered. The 
filtrate was concentrated and the product precipitated by 
addition of n-hexane. The red solid was washed with hexane 
and dried. Yield 0.128 g, 89 %. Anal. Calcd. (%) for 
PtTe2P2C46H36: C, 50.18; H, 3.30. Found: C, 49.75; H, 3.29. 
 
Preparation of [Pt(TeTh)2(dppn)] (3) 

1.7 ml THF of solution ThTeLi (0.436 mmol), which was 
prepared in situ, was added to a suspension of [PtCl2(dppn)] 
(0.110 g, 0.144 mmol) in THF (20 ml). The solution was stirred 
for 1.5 hours at room temperature. The solvent was then 
removed, the residue was dissolved in CH2Cl2 (25 ml) and 
filtered. The workup afforded a dark red crystalline solid, 
which was washed with n-hexane. Yield 0.127 g, 79 %. Anal. 
Calcd. (%) for PtTe2P2S2C42H32: C, 45.32; H, 2.90; S, 5.76. Found 
C, 44.90 ; H, 3.10;S, 6.12. 
 
Oxidative Addition Reactions of R2Te2 to [Pt(η2-nb)(dppn)] 

Two series of oxidative addition reactions of nBu2Te2, Ph2Te2, 
and Th2Te2 to [Pt(η2-nb)(dppn)] were carried out in toluene 
both at room temperature and at low temperature (ca. -80 oC). 
In one series, the R2Te2 solution (0.047 g, 0.052 g, and 0.054 g, 
respectively, each 0.127 mmol) in 15 mL of toluene was added 
dropwise to the solution of 0.100 g (0.127 mmol) [Pt(η2-
nb)(dppn)] in 15 mL of toluene. In another series, the [Pt(η2-
nb)(dppn)] solution [0.100 g (0.127 mmol), 15 mL toluene] was 
added dropwise to the R2Te2 solution (0.127 mmol in 15 mL 
toluene). The solutions were filtered and transferred into a 10 
mm NMR tube, which also contained a standard of 5.0 mg of 
Ph3PO. 

After the recording of the NMR spectra, orange crystals were 
obtained in the NMR tubes of the room-temperature additions 
of R2Te2 (R = Ph, Th) to [Pt(η2-nb)(dppn)]. Upon determination 
of the crystal structures, they were found to be 
[Pt(TePh)(Ph)(dppn)] (2) and [Pt(TeTh)(Th)(dppn)] (3), 
respectively. 

Computational Details 
All calculations were performed with ORCA program 17 using 
revPBE GGA DFT functional 18 with RI approximation 19 and 
TZVP(-f) basis set. 20 Empirical corrections by Grimme et al. 21 
have been used for dispersion forces. Solution energetics of 
the reactions have been taken into account using COSMO 
polarizable continuum model for the solvents.22 The 
fundamental frequencies were calculated to assess the nature 
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of stationary points and to estimate the zero-point energy 
(ZPE) corrections and Gibb’s reaction energies. Reported 
transition states exhibit a single imaginary vibrational mode. 

Results and discussion  
General 

In order to monitor the route of the oxidative addition 
reactions of R2Te2 and [Pt(η2-nb)(dppn)] (R = nBu, Ph, Th) by 
NMR spectroscopy, we prepared pure samples of 
[Pt(TenBu)2(dppn)] (1), [Pt(TePh)2(dppn)] (2), and 
[Pt(TeTh)2(dppn)] (4), and recorded their 31P, 125Te, and 195Pt 
NMR spectra. The spectral interpretation was facilitated by the 
determination of the X-ray structures of 2-5.  
 

 

Preparation and Crystal structures of [Pt(TeR)2(dppn)] [R = Ph (2), 
Th (3)] 

[Pt(TePh)2(dppn)] (2) was prepared in a good yield by reducing 
Ph2Te2 with NaBH4 and reacting the resulting PhTe- with 
[PtCl2(dppn)]. [Pt(TeTh)2(dppn)] (4) was prepared in a similar 
type of ligand exchange reaction of Cl- by ThTe-, which was 
formed by lithiation of thiophene with nBuLi followed by the 
addition of tellurium.10  

The molecular structures of 2 and 3 are shown in Fig. 1 
together with the labelling of the atoms. Selected bond 
parameters are shown in ESI (Table 2S). In both complexes the 
platinum atoms show distorted square-planar coordination 
(SaPt= 361.3 and 359.96 o for 2 and 3, respectively). The 
distortion is more significant in 2 than in 3 [the planes defined 
by the atoms Te1-Pt1-Te2 and P1-Pt1-P2 (see Fig. 1S in ESI) 
make an angle of 14.1 o in 2 and 2.2 o in 3]. The comparison of 
the distortion in the related thiolato, selenolato, and 
tellurolato complexes is shown in Fig. 2S in ESI. In case of each 
chalcogen atom, the angle between the P-Pt-P and E-Pt-E 
planes spans a wide range. Though there are several factors 
governing the observed distortion, it seems that the angle 
between the planes increases, as the electron-withdrawing 
power of the organic substituent in the chalcogenolato ligand 
increases. 

 
 

Preparation and Crystal structures of [Pt(TeR)(R)(dppn)] [R = Ph 
(4), Th (5)] 

The room-temperature NMR-scale oxidative addition reactions 
of R2Te2 (R = Ph, Th) to [Pt(η2-nb)(dppn)] resulted in the 
formation of crystals of [Pt(TePh)(Ph)(dppn)] (4) and 
[Pt(TeTh)(Th)(dppn)] (5) on the walls of the NMR tubes. Their 
molecular structures are shown in Fig. 2 together with the 
numbering of the atoms. 

Selected bond parameters are shown in ESI (Table 2S). In 
both complexes 4 and 5, platinum again shows distorted 
square-planar coordination (SaPt= 360.0 and 359.0 o for 4 and 
5, respectively). The atoms Pt1-Te1-P1-P2-C21 are almost 
coplanar (the angles between the planes defined by the atoms 
Te1-Pt1-C21 and P1-Pt1-P2 are 3.0 o in 4 and 3.2 o in 5). The 
respective Pt-Te bond lengths of 2.6129(4) and 2.6059(5) Å in 
4 and 5 are also quite normal (see discussion above), as are all 
other bond parameters. There is a p-stack of three aromatic 
rings in both complexes (see Fig. 2). In 4, the close contacts 
between the phenyl rings are 3.9082(6) and 3.8783(6) Å. In 
case of 5, the distance between the two thienyl rings is 
expectedly longer [4.2336(8) Å] than the contact between the 
thienyl and phenyl rings [3.8756(6) Å].  
 

 

 

 

 

 

Fig. 1 Molecular structures of (a) [Pt(TePh)2(dppn)] (2) and (b) [Pt(TeTh)2(dppn)] (3) 
indicating the numbering of the atoms. The thermal ellipsoids are displayed at 50 % 
probability level. Hydrogen atoms have been omitted for clarity. 
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NMR Spectra of 1-5 
31P{1H}, 125Te{1H} and 195Pt{1H} chemical shifts and 1J(31P-195Pt) 
and 2J(31P-125Te) coupling constants for complexes 1-5 are 
shown in Table 1. The 31P{1H} spectra of 1-3 show one singlet (-
1.2, 1.0, and 2.2 ppm for 1, 2, and 3, respectively) each 
exhibiting 195Pt satellites. The chemical shifts and the 1J(31P-
195Pt) coupling constants of 2609-2682 Hz agree well with 
those in related complexes [Pt(o-Te2C6H4)(PPh3)2], cis-[Pt(1,2-
Te2(C5H6)(PPh3)2] (2990 and 2860 Hz, respectively),23b 
[Pt(Te2C5H8O)(PPh3)2] (2906 Hz),5c as well as with those of 
[Pt(TeR)2(dppe)] (R = Ph, Th; dppe = diphenylphosphinoethane) 
(2896 and 2907 Hz, respectively),24c and [Pt(Te2C5H8O)(dppn)] 
(2554 Hz).5c The complexes 4 and 5 show two inequivalent 
environments for phosphorous atoms. Consequently, the 
31P{1H} spectra showed two doublets, which both exhibit also 
the platinum satellites. The high-frequency resonances of 4 
and 5 (10.8 and 10.9 ppm, respectively) show respective 1J(31P-

195Pt) coupling of 1563 and 1856 Hz, whereas the low-
frequency resonances (4.0 and 3.1 ppm, respectively) exhibit 
1J(31P-195Pt) coupling of 2864 and 2665 Hz. Since the trans-
influence of carbon is expected to be larger than that of 
tellurium, the high-frequency resonances are assigned to the 
phosphorus atom, which lies in trans-position with respect to 
carbon, and the low-frequency resonance is assigned to the 
phosphorus atom, which lies in the trans-position with respect 
to tellurium. With this assignments the 1J(31P-195Pt) coupling 
constants are consistent with those of cis-[Pt(i-
PrTe)(Ph)(PEt3)2]  [1771.2 Hz (phosphorous atom trans to 
carbon atom) and 2944.1 Hz (phosphorous atom trans to 
tellurium atom].6  

The 195Pt and 125Te chemical shifts, as well as the 1J(31P-195Pt), 
1J(195Pt-125Te), and 2J(31P-125Te) coupling constants of 1-5 are in 
agreement with those reported for [Pt(Te2C5H8O)(dppn)] (-2.3 
ppm, -4955 ppm, 2554 Hz,  820 Hz, and 70 Hz respectively).5c 

125Te chemical shifts of 1-5 are also consistent to those of  
[M(TeR)2(dppe)](M = Pt, Pd, R = Ph, Th; 45-297 ppm).24c 

 

Oxidative addition of R2Te2 to Pt(0) 

General. The product distribution in the oxidative addition of 
R2Te2 to Pt(0) depends both on the identity of the organic 
substituent of the ditelluride and on the experimental 
conditions. Two series of reactions were carried out: One 
series involved the addition of the toluene solution of R2Te2 to 
the [Pt(η2-nb)(dppn)] solution, and the other series involved 
the addition of the [Pt(η2-nb)(dppn)] solution to the R2Te2 
solution. The reactions in each series were carried out both at 
room temperature and at ca. -80 oC. Whereas, most reactions 
involved equimolar amounts of the reactants, variations in 
molar ratios were also explored. 

Reaction of nBu2Te2 and [Pt(η2-nb)(dppn)]. The oxidative 
addition of nBu2Te2 to [Pt(η2-nb)(dppn)] solely led to the 
cleavage of the Te-Te bond with the formation of 
[Pt(TenBu)2(dppn)] (1) regardless of the order of the addition of 
the reagents. The similar sole cleavage of the Te-Te bond has 
also been observed upon oxidative addition of cyclic ditelluride 
OC5H8Te2 to [Pt(η2-nb)(dppn)]  with the formation of 
[Pt(Te2C5H8O)(dppn)].5c  

Reaction of R2Te2 (R = Ph, Th) and [Pt(η2-nb)(dppn)]. The 
reactions of phenyl and thienyl ditellurides with Pt(0) are more 
complicated. The oxidative addition to Pt(0) led to a mixture of 
complexes, which indicated that the cleavage of both Te-Te 
and C-Te bonds takes place in the reaction. In fact, it seems 
that generally [Pt(TeR)(R)(dppn)] [R = Ph (4), Th (5)] are more 
abundant products in the reactions than [Pt(TeR)2(dppn)] [R = 
Ph (2), Th (3)]. The key question is, whether 4 and 5 are 
formed concurrently with 2 and 3, respectively, or if they are 
produced because of the decomposition of 2 and 3. 

The reaction mixtures upon the oxidative addition of Ph2Te2 
to [Pt(η2-nb)(dppn)] in different conditions are shown in Fig. 3. 

The addition of the Ph2Te2 solution to the [Pt(η2-nb)(dppn)] 
solution [effective local excess of Pt(0)] at room temperature 
resulted in almost sole formation of [Pt(TePh)(Ph)(dppn)] (4) 
[see Fig. 3(a)]. The converse addition of the [Pt(η2-nb)(dppn)] 
solution to the Ph2Te2 solution [effective local excess of 

 

Fig.2 Molecular structures of (a) [Pt(TePh)(Ph)(dppn)] (4) and (b) 
[Pt(TeTh)(Th)(dppn)] (5) indicating the numbering of the atoms. The thermal 
ellipsoids are displayed at 50 % probability level. Hydrogen atoms have been 
omitted for clarity. 
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Ph2Te2] afforded approximately an equimolar mixture of 
[Pt(TePh)2(dppn)] (2) and [Pt(TePh)(Ph)(dppn)] (4) [Fig. 3(b) 
and 3(c)]. The formation of 2 is favoured in case of the addition 
of [Pt(η2-nb)(dppn)] to a stoichiometric excess of Ph2Te2 [Fig. 
3(d) and 3(e)]. The lowering of the temperature also seems to 
increase the relative amount of 2 [compare Figs. 3(b) and 3(c), 
and Figs. 3(d) and 3(e)]. 

The reaction of Th2Te2 and [Pt(η2-nb)(dppn)] proceeds in the 
same fashion, though the C-Te bond cleavage is more favoured 
than in the case of Ph2Te2. Even at -80 oC, the equimolar 
addition of the [Pt(η2-nb)(dppn)] solution to the Th2Te2 
solution led almost solely to [Pt(TeTh)(Th)(dppn)] (5) [see Fig. 
4(a)].  [Pt(TeTh)2(dppn)] (3) was only observed when using a 
two-fold excess of Th2Te2 [see Fig. 4(b)]. 

The reaction pathways upon the oxidative addition were also 
investigated by revPBE GGA DFT/TZVP(-f) computations. 

Relative stabilities of tellurato complexes [Pt(TeR)2(dppn)] and 
[Pt(TeR)(R)(dppn)] (R = Me, Ph, Th) were estimated using the 
reactions (1) and (2): 

[Pt(η2-nb)(dppn)](solv) + Te2R2(solv)  
[Pt(TeR)2(dppn)](solv) + nb(solv) (1) 

[Pt(η2-nb)(dppn)](solv) + Te2R2(solv)  
[Pt(TeR)(R)(dppn)](solv)  + Te(s)  + nb(solv) (2) 

Reaction entalpies and Gibbs energies are given in Table 2. 
It is possible that tellurium in reaction (2) is involved in other, 

unspecified side products, which could alter the relative 
stabilities of [Pt(TeR)2(dppn)] and [Pt(TeR)(R)(dppn)], but since 
NMR spectroscopic experiments provide no clear evidence for 
the presence of soluble side products, and the dark 
precipitation is observed in the reaction solutions, Te(s) is a 
reasonable product providing the driving force for reaction (2).  

Table 1. Chemical shifts (ppm) and coupling constants (Hz) of the platinum complexes 1-5. 

 31P{1H}(δ) 125Te{1H} (δ) 195Pt{1H} (δ) 1J(31P-195Pt) 1J(125Te-195Pt) 2J(31P-125Te) 2J(31P-31P) 
[Pt(TenBu)2(dppn)] (1) -1.2 (s) a 52 b -5124(t) b 2609 919 67 - 
[Pt(TePh)2(dppn)] (2) 1.0(s) c 347 b -5096(t) b 2618 590 71 - 
[Pt(TeTh)2(dppn)] (3) 2.2(s) c 185 a -5057(t) a 2682 1058 61 - 

[Pt(TePh)(Ph)(dppn)] (4) 10.8(d) c 
4.0(d) c 

386(dd) b -4666(dd) b 1563 
2864 

1105 91 
131 

38 

[Pt(TeTh)(Th)(dppn)] (5) 10.9(d) c 
3.1(d) c 

214(dd) a -4657(dd) a 1856 
2665 

1277 84 
131 

40 
 

a THF, b C6D6 , the solvent was also used as a 2H lock. c Toluene.  

 

 

Fig. 3 Oxidative addition of Ph2Te2 to [Pt(η2-nb)(dppn)] in toluene in different 
reaction conditions. (a) Ph2Te2 addition, RT, molar ratio 1:1. (b) [Pt(nb)(dppn)] 
addition, RT, molar ratio 1:1. (c) [Pt(nb)(dppn)] addition, -80 ºC, molar ratio 1:1.  (d) 
[Pt(nb)(dppn)] addition to an excess of Ph2Te2 (molar ratio 1:2), RT. (e) 
[Pt(nb)(dppn)] addition to an excess of Ph2Te2 (molar ratio 1:2), -80 oC. 
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Fig. 4 Oxidative addition of Th2Te2 to [Pt(η2-nb)(dppn)] at -80 ºC in toluene. (a) 
[Pt(η2-nb)(dppn)] addition to an equimolar amount of Th2Te2. (b) [Pt(nb)(dppn)] 
addition of to an excess of Th2Te2 (molar ratio 1:2). 
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It can be seen from Table 2 that the calculated reaction 
energies suggest that both the Te-Te and Te-C bond activation 
becomes more favourable in the sequence Me < Ph < Th. 
However, [Pt(TeR)(R)(dppn)] becomes thermodynamically 
more stable with respect to [Pt(TeR)2(dppn)] in the same 
sequence (Me < Ph < Th) in good agreement with the 
experimental observations (vide supra). The combination of 
the reactions (1) and (2) yields reaction (3): 

[Pt(TeR)2(dppn)](solv)  [Pt(TeR)(R)(dppn)](solv)  + Te(s) (3) 

The Gibbs energies for this reaction are +1, -10, and -29 kJ 
mol-1 for nBu, Ph, and Th, respectively (see Table 2). 

Possible reaction routes from [Pt(η2-nb)(dppn)] and R2Te2 to 
[Pt(TeR)2(dppn)] and [Pt(TeR)(R)(dppn)] (R = alkyl group) were 
examined with revPBE/TZVP(-f) calculations using Me2Te2 as a 
model reagent. A suggested pathway is presented in Fig. 5. 

The initial step in the oxidative addition could in principle 
involve either the ligand interchange through a transition state 
TSAB (see Fig. 5) or by dissociation of norbornene from [Pt(η2-
nb)(dppn)]. The calculations clearly showed that the 

dissociative removal of norbornene from [Pt(η2-nb)(dppn)] 
(Gibbs energy difference of +152.5 kJ mol-1) is much higher 
than the interchange of ligands through the transition state 
[Pt(η2-nb)(Te2Me2)(dppn)] (TSAB) in which case the activation 
barrier is only 47.9 kJ mol-1. The removal of norbornene from 
TSAB affords [Pt(dppn)(Te2Me2)] (B). This is reminiscent of the 
complex suggested by Gonzales et al.9 in their study of a 
related oxidative addition model system [Pt(PMe3)2] + Te2Me2.  

Two parallel routes are possible from B. The reorganization 
through the transition state TSBC leads to the cleavage of the 
Te-Te bond and the formation of [Pt(TeMe)2(dppn)] (C). The 
alternative pathway leads to D through the transition state 
TSBD and subsequently to [Pt(TeMe)(Me)(dppn)] (E) due to the 
elimination of tellurium. The energy barrier from B to TSBD is 
significantly higher (118.7 kJ mol-1) than that from B to TSBC 
(55.6 kJ mol-1) suggesting that the formation of 
[Pt(TeMe)2(dppn)] (C) is kinetically favoured over that of 
[Pt(TeMe)(Me)(dppn)] (E). This finding is consistent with the 
experimental observations (vide supra).  

In addition of parallel formation of C and E, it is possible that 

 

Fig. 5 Possible revPBE/TZVP(-f) energy profiles for the oxidative addition of Me2Te2 to [Pt(η2-nb)(dppn)] according to reactions (1) and (2). 

Table 2. revPBE/TZVP(-f) reaction enthalpies (DH) and Gibbs energies [DG(298 K)] of reactions (1) and (2) (R = Me, Ph, and Th) in toluene. 

Reaction   DH/DG[kJ mol-1] a   
 Me  Ph  Th 

(1) -63/-62  -102/-97  -103/-104 
(2) -63/-61  -106/-107  -130/-133 
(3) 0/1  -4/-10  -27/-29 

      

a Formation of Te(s) in reaction (2) has been accounted in the energy calculations using a literature value for the formation energy of Te2(g) [2Te(s) Û Te2(g) DH = 
+168.2 kJ mol–1 and DG(298 K) = +118.0 kJ mol–1] (see Fig. 3S in ESI).26 
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[Pt(TeMe)2(dppn)] (C) could decompose to 
[Pt(TeMe)(Me)(dppn)] (E) over time, given the experimental 
evidence that [Pt(TeR)(R)(dppn)] appears to be 
thermodynamically more stable than [Pt(TeR)2(dppn)]. The 
energy barrier of the transition state (TSCD) for this 
transformation, however, is even higher (171.1 kJ mol-1) than 
that for the transition state for the direct formation of D from 
C and can therefore be considered very unlikely.  

The calculated activation energy for the formation of the 
transition state TSBC in the transformation of B to C is +55.6 kJ 
mol–1 and agrees well with that from the earlier DFT 
calculations at B3LYP/LANL2DZ+d level of theory for the 
oxidative addition model [Pt(PMe3)2] + Te2Me2 (41.4 kJ mol–1).9  

The reaction mechanism involving diaryl ditellurides seems 
to be more complicated. The revPBE/def2-TZVP(-f) Gibbs 
energies indicate (see Table 2) that with electron withdrawing 
organic substituents, [Pt(TeR)(R)(dppn)] (R = Ph, Th) lie lower 
in energy than [Pt(TeR)2(dppn)], thereby explaining their facile 
formation. The preliminary revPBE/SVP level calculations of 
the route of the oxidative addition of Th2Te2 to [Pt(η2-
nb)(dppn)] indicate that the activation barriers are somewhat 
lower for diaryl ditellurides than for dialkyl ditellurides (see 
Fig. 4S in ESI), but it can be seen that this reaction pathway 
does not explain the strongly preferential formation of 
[Pt(TeR)(R)(dppn)] over [Pt(TeR)2(dppn)]. Further work is 
currently in progress. 

Since both [Pt(TePh)2(dppn)] (2) and [Pt(TeTh)2(dppn)] (3) 
can be prepared as pure crystalline products, we tested their 
conversion to [Pt(TeR)(R)(dppn)] [R = Ph (4), Th (5)] by 
dissolving the sample in toluene and monitoring the 
composition of the solution by 31P NMR spectroscopy. The 
decomposition of neither 2 nor 3 was observed as a function 
of time (as exemplified for 3 in Fig. 5S in ESI). It can therefore 
be concluded that the formation of 4 and 5 are rather due to 
concurrent cleavage of the Te-Te and C-Te bonds of R2Te2 
upon oxidative addition to the Pt(0) centre than to two 
consecutive processes involving the formation of 2 and 3 by 
oxidative addition followed by their decomposition.  
 

Conclusions 
The factors governing the oxidative addition of nBu2Te2, Ph2Te2 
and Th2Te2 to [Pt(η2-nb)(dppn)] have been explored in this 
contribution. nBu2Te2 reacted solely by the cleavage of the Te-
Te bond with the formation of the ditellurolatoplatinum 
complex [Pt(TenBu)2(dppn)] (1) regardless of the order of 
addition of the reagents. In the case of aromatic ditellurides 
Ph2Te2 and Th2Te2 (Th = 2-thienyl, C4H3S), the reactions 
afforded mixtures containing in addition to [Pt(TePh)2(dppn)] 
(2) and [Pt(TeTh)2(dppn)] (3) also [Pt(TePh)(Ph)(dppn)] (4) and 
[Pt(TeTh)(Th)(dppn)] (5), respectively. The order of the 
addition of the reagents and the temperature play a significant 
role in the product distribution. 

Addition of the toluene solution of R2Te2 to that of [Pt(η2-
nb)(dppn)] at room temperature afforded pure 4 and 5 in the 
case of both Ph2Te2 and Th2Te2, respectively. The reversing of 

the order of addition led to the formation of 2 and 4 in case of 
Ph2Te2 and 3 and 5 in case of Th2Te2. All reactions, which were 
carried out at room temperature yielded mixtures in which 
[Pt(TeR)(R)(dppn)] (4 or 5) was the main component. Upon 
lowering the temperature, the relative content of 
[Pt(TeR)2(dppn)] (2 or 3) increased. 

The DFT calculations of the reaction pathways indicated that 
in case of dialkyl ditellurides, the ditellurolato complexes 
[Pt(TeR)2(dppn)] are the favoured end products. The activation 
energies for either the concurrent oxidative addition to afford 
[Pt(TeR)(R)(dppn)] or its formation by the decomposition of 
[Pt(TeR)2(dppn)] are too high to be feasible. These calculations 
are consistent with the experimental observations. 

The DFT calculations involving Th2Te2 indicate that in case of 
electron withdrawing organic groups, [Pt(TeR)(R)(dppn)] 
becomes thermodynamically more stable than 
[Pt(TeR)2(dppn)]. It is likely that the reaction assumes different 
pathway in case of diaryl ditellurides compared to that of 
dialkyl ditellurides. Further exploration is currently in progress.  
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