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Abstract: The platinum complex [Pt(I
t
Bu

i
Pr’)(I

t
Bu

i
Pr)][BAr

F
] interacts 

with tertiary silanes to form stable (< 0 °C) mononuclear Pt
II
 σ-SiH 

complexes [Pt(I
t
Bu

i
Pr’)(I

t
Bu

i
Pr)(η

1
-HSiR3)][BAr

F
], 3·HSiR3. These 

compounds have been fully characterized, including X-ray diffraction 

methods, being the first examples in the platinum chemistry so far 

reported. DFT calculations (including electronic topological analysis) 

support the interpretation of the coordination as an unusual η
1
-SiH. 

However, the energies required for achieving a η
2
-SiH mode are 

rather low, which is consistent with the propensity of these 

derivatives to undergo Si−H cleavage leading to the more stable silyl 

species [Pt(SiR3)(I
t
Bu

i
Pr)2][BAr

F
], 4, at room temperature. 

Transition metal σ-silane complexes are among the most 

documented non-classical complexes reported only surpassed 

by dihydrogen derivatives.[1] Over the years it has been found 

that σ-SiH complexes can interact with the metal center in a 

variety of different and complex ways that depend on the 

electronic nature of the metal, the supporting ligands and the 

silane itself. The vast majority of the σ-silane complexes 

reported in the literature are neutral species, whereas only a 

handful of complexes have been observed (usually by NMR 

spectroscopy) for cationic systems,[2] out of which only two were 

fully characterized by X-ray diffraction studies.[2b,e] The scarcity 

of this type of cationic systems has been attributed to their 

extreme sensitivity toward external nucleophiles or halide 

sources (including weak counter-anions such as BArF),[1c] which 

induce the heterolytic cleavage of the Si-H bond. A recent study 

pointed out a high sylilium character of the SiR3 unit in cationic 

sigma-silane complexes.[3] The cationic ruthenium system[2e] 

exhibits the prevalent η2-SiH coordination mode, whereas the 

iridium complex reported by Brookhart[2b] is the only example of 

a transition metal derivative displaying an η1-SiH (or end-on) 

interaction with the metal. Such a coordination mode has been 

found in σ-silane complexes of main group elements, for which  

 

π-back donation onto the σ*-(Si-H) bond is not possible (or 

negligible).[4]  

On the other hand, it is rather surprising that no examples of 

σ-silane complexes (either neutral or cationic) have been 

reported to date for mononuclear platinum systems, in spite of 

the privileged position that this metal occupies in the realm of 

catalytic hydrosilylation reactions.[1a,b] One of the reasons that 

explain this lack resides in the increased propensity of platinum 

complexes to undergo oxidative addition in comparison to its 

lighter congeners Ni and Pd.[5] Recently, we have reported the 

spectroscopic observation at low temperatures of σ-silane PtII 

complexes as intermediates in the hydrosilylation of CO2.
[6] 

Unfortunately, the interaction of the silane with the metal center 

proved to be rather weak to fully characterize this unusual 

platinum compounds. Understanding the nature of the different 

bonding situations shown in this type of systems would advance 

the understanding of the mechanism of the reactions in which 

they are involved. 

We report, in this communication, the successful isolation 

and structural characterization of a cationic σ-SiH PtII complex 

and the analysis of its electronic structure by DFT calculations. 

As mentioned above, we have observed that primary and 

secondary silanes establish a weak interaction with the platinum 

complex [Pt(ItBu’)(ItBu)][BArF], 1, (ItBu = 1,3-di-tert-butylimidazol-

2-ylidene, Scheme 1) exhibiting a η1-SiH coordination mode 

according to DFT calculations.[6] Certainly, steric constrains 

between the tert-butyl substituents on the N-heterocyclic 

carbene ligand (NHC) and the silane are likely responsible for 

this interaction being weak. Thus, we conceived that decreasing  

 

Scheme 1. Interaction of silanes with complex 1. 

slightly the size of the supporting NHC ligands would open more 

access to the platinum center. At the same time, a judicious 

choice of the substituents of the ligands is necessary to confer 

sufficient stability to the platinum system.[7] Therefore, the 

unsymmetrical NHC ligand ItBuiPr (Scheme 2) containing a bulky 

tert-butyl group and a smaller iso-propyl fragment was devised 

to fulfil both requirements. The cyclometalated PtII complex 

[Pt(ItBuiPr’)(ItBuiPr)][BArF], 3, can be synthesized in a two-step 

[a] P. Ríos, H. Fouilloux, Dr. S. Conejero 

 Instituto de Investigaciones Químicas (IIQ), Departamento de 

Química Inorgánica, Centro de Innovación en Química Avanzada 

(ORFEO-CINCA) 

           CSIC and Universidad de Sevilla. 

Avda. Américo Vespucio 49, 41092 Sevilla, Spain 

E-mail: sconejero@iiq.csic.es 

[b] Dr. P. Vidossich, Prof. Dr. A. Lledós 

 Departament de Química -Centro de Innovación en Química 

Avanzada (ORFEO-CINCA) 

Universitat Autònoma de Barcelona  

Campus UAB, 08193 Cerdanyola del Vallès, Spain 

E-mail: agusti@klingon.uab.es 

[c] COBO Computational Bio-Organic Chemistry Bogotá  

Department of Chemistry  

Universidad de los Andes  

Carrera 1 N° 18A 10, Bogotá, Colombia 

[d] Dr. J. Díez  

Laboratorio de Compuestos Organometálicos y Catálisis 

 (Unidad asociada al CSIC), Departamento de Química Orgánica e 

Inorgánica 

Universidad de Oviedo 

C/Julián Clavería 8, 33006, Oviedo, Spain 

 Supporting information for this article is given via a link at the end of 

the document.((Please delete this text if not appropriate)) 

mailto:sconejero@iiq.csic.es
mailto:agusti@klingon.uab.es


COMMUNICATION          

 

 

 

 

sequence from [PtMe2(cod)] and the in situ generated NHC 

ItBuiPr, as depicted in Scheme 2. As expected from previous 

observations in related platinum systems, cyclometalation of one 

of the tert-butyl groups of the NHC, after protonation of the 

dimethyl species 2, is considerably favored over the iso-propyl 

moieties.[7] This procedure generates a low-electron count 

platinum(II) system with a more accessible metal center. 

 When a solution of complex 3 was reacted with 

triethylsilane in an NMR tube at -30 °C we observed the clean 

 

Scheme 2. Synthesis of complex 3. 

formation of a new species whose NMR spectroscopic 

parameters were consistent with the formation of a non-classical 

platinum silane complex 3·HSiEt3 (Scheme 3).[8] At this 

temperature, the 1H NMR shows a signal at -4.9 ppm integrating 

for one proton that exhibits satellites due to coupling to 195Pt 

(1JPt,H =  396 Hz) and to 29Si (1JH,Si = 79 Hz). This latter 

parameter compares well with previously reported σ-silane 

complexes, including the cationic iridium derivative isolated by 

Brookhart.[2b] This hydride resonance correlates in the HMQC-
1H,29Si with a signal at 11.7 ppm, which is downfield shifted by 

11.5 ppm with respect of that of the free silane (0.2 ppm). 

Similarly, complex 3 reacts with SiHPh3 leading to complex 

3·HSiPh3. The bridging hydride signal resonates at -4.0 ppm 

 

Scheme 3. Synthesis of σ-SiH complexes 3·HSiR3. 

 (-30 °C), showing a 1
JPt,H coupling constant of 410 Hz. 

Unfortunately, the broadness of the signal precluded the 

observation of satellites due to coupling to 29Si. The integrity of 

this silane adduct can be kept at temperatures below 0 °C, 

allowing us to obtain crystals suitable for an X-ray diffraction 

study for complex 3·HSiEt3 (Figure 1). As expected from NMR 

analysis, the platinum atom is surrounded by two ItBuiPr ligands, 

one of which is cyclometalated. The fourth coordination site is 

occupied by a HSiEt3 ligand in trans to the Pt−CH2 fragment. 

The bridging hydrogen atom was located in the Fourier map at a 

distance to Pt of 1.58(3) Å, forming a CH2−Pt−H angle of 

173.1(11)°. The most relevant parameters of this structure are 

the Pt−H−Si angle of 103(2)° and a Pt···Si distance of 2.53(1) Å. 

The former is halfway between that expected for an η2-SiH and 

η1-SiH coordination modes, whereas the Pt···Si distance is long 

in comparison to PtII silyl species and the sum of covalent radii 

for Pt and Si (2.34 Å).[9] 

 

Figure 1. ORTEP (left) and DFT calculated (right) representations of complex 

3·HSiEt3. Thermal ellipsoids are set to 50% probability. BAr
F
 anion and 

hydrogen atoms (except H1si) are omitted for clarity. Selected bon distances 

[Å] and angles [°]: Experimental [Theoretical]: Pt1−C7, 2.082(2) [2.084]; 

Pt1−H1si, 1.58(3) [1.716]; Si1−H1si, 1.66(3) [1.651]; Pt1···Si1, 2.53(1) [2.63]; 

Pt1−H1si−Si1, 103(2) [102.8]; C7−Pt1−H1si, 173.1(11) [171.3], C1−Pt1−C11, 

166.74(9) [166.9]. 

In order to provide insight on the nature of the interaction of 

the silane with the metal center we carried out DFT calculations 

using the TPSSh functional including Grimme’s D3 dispersion 

correction (TPSSh-D3).[10] Optimization of complex 3·HSiEt3
+ 

reproduce accurately the X-Ray crystal structure (Figure 1, right), 

with slight deviations in the Pt−H and Pt−Si bond distances.[11] 

Topological analysis of the electron density using QTAIM 

methods was performed at the TPSSh/6-

311++G(2d,p)/def2QZVP level. As can be seen in Figure 2 bond 

critical points (BCP) were located both at the Si−H and Pt−H 

paths, but importantly no critical point and bond path was found 

between the Pt and Si atoms. This bonding situation resembles 

pretty much that found in the cationic iridium complex 

[Ir(POCOP)(H)(HSiEt3)][B(C6F5)4], Ir·HSiEt3, (POCOP = 2,6-

[OP(tBu)2]2C6H3)) reported by Brookhart (Figure 2).  

Nevertheless, the angle Pt···H···Si found in complex 3·HSiEt3 

(103(2) °) is considerably different than in the iridium system 

(157 °). The electron density at the BCPs (M−H: ρ(r) = 1.06/0.62 

e/Å3, Si−H: ρ(r) = 0.65/0.70 e/Å3 for 3·HSiEt3
+ and Ir·HSiEt3

+, 

respectively), indicate rather similar parameters for the Si−H 

interaction with very close natural charges values at silicon 

(1.682 and 1.738, for 3·HSiEt3
+ and Ir·HSiEt3

+, respectively). 

The fact that the natural charge on silicon in complex 3·HSiEt3
+ 

is slightly lower than in derivative Ir·HSiEt3
+, despite the rupture 

of the Si−H bond is more advanced in 3·HSiEt3
+, might be due to 

the development of an incipient η2-SiH interaction (see below).[2b] 
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Also, we have computed the structure and electronic 

topology of the σ-SiH complexes 3·HSiPh3
+ and 3·HSiCl3

+ to 

check the effect of the substituents on the silane[12] on the 

interaction with platinum (see ESI). The structure of 3·HSiPh3
+ 

resembles pretty much that of 3·HSiEt3
+, but the Pt−H−Si angle 

is smaller 97.5°) as it is also the Pt···Si bond distance (2.54 Å). 

A similar tendency is observed for derivative 3·HSiCl3
+ exhibiting 

even smaller values (85.1° and 2.31 Å). Interestingly, no BCPs 

were observed between the Pt and Si atoms in complex 

3·HSiPh3
+, in spite of having a closer Pt···Si distance compared 

to 3·HSiEt3
+

 (ca. 0.1 Å). However, a BCP emerge in complex 

 

Figure 2. DFT calculated L(r) = −∇2
ρ(r) maps of σ-SiH complexes 3·HSiEt3

+
 

(top) and Ir·HSiEt3
+
 (down) in plane defined by the metal, silicon and hydrogen 

atoms. Bond paths are displayed as black solid lines and bond critical points 

(BCP) as black circles. 

3·HSiCl3
+, which also exhibit a ring critical point (RCP) very 

close to it (see SI).[13] Indeed, the [Cp(PMe3)2Ru(HSiCl3)]
+ 

complex has been characterised as a cationic η2-silane 

complex.[2e] This indicates that electron withdrawing groups at 

silicon favor the interaction between the metal and the silicon 

atoms or, in other words, π-back donation from platinum to the 

σ*(Si−H) bond is not negligible in spite of the cationic nature of 

the complex.[2d,14]  

To complement the QTAIM analysis, we applied a localized 

orbital analysis to characterize the interactions between HSiEt3 

and Pt.[15] Accordingly, the centers of charge of localized orbitals 

allow to pinpoint bonding interactions. The centroid of the 

localized Si−H bond (XSiH, Figure 3) is displaced from the Si−H 

axis towards Pt, suggestive of a perturbed Si–H bond. We have 

characterized previously similar interactions in agostic 

complexes.[16] At the same time, one Pt centroid (Xouter, Figure 3) 

is found farther apart from the nucleus towards Si. The 

displacement increases in the order SiEt3 < SiPh3 < SiCl3. The 

evolution of Pt−Si Wiberg bond orders follows the same trend 

(see SI). 

It is also interesting to note that the rather high ρ(r) (1.06) 

value and short Pt−H bond distance (1.53 Å) found in the X-ray 

structure is in agreement with a bond being formed between 

these two atoms. All this information is pointing at a bonding 

scenario in the platinum system 3·HSiEt3 in which a η1-SiH 

coordination mode is the most stable situation but with a strong 

propensity towards a Si−H bond cleavage, likely via establishing 

of a η2-SiH geometry. To explore this possibility, we computed 

 

Figure 3. Localized orbital analysis of 3·HSiEt3
+
. The molecular structure is 

overlaid with the centroids of the localized orbital (small grey dots). Dotted 

lines highlight the Pt – Si and Pt – H distances. The figure is available in color 

in the ESI. 

the energies required to deform the angle defined by the Pt, H 

and Si atoms, ranging from the η1-SiH coordination (about 180°) 

to the η2-SiH configuration and up to the bond cleavage (Figure 

4). The energy cost for reaching an almost linear arrangement 

(170°) of the Pt, H and Si atoms is only 4.7 kcal·mol-1 whereas 

the approaching of the Si atom to the platinum center narrowing 

the angle to 55° requires 11.4 kcal·mol-1 (Figure 4a). Worth 

noting that as the Pt−H−Si angle decreases the Si–H bond 

cleaves. We followed the electronic rearrangements taking place 

via the localized orbital approach (see Supporting 

Information),[15] which shows formation of a Pt−Si bond, as may 

be appreciated by the location of the localized orbital centroids 

(a movie is included in the Supporting Information showing this 

rearrangement). Interestingly, the orbital rearrangement appears 

different from what we observed for C−H bond activation in the 

platinum Shilov system.[17] There, the centroid of the C−H bond 

forms the C−Pt bond, while a Pt orbital picks up the proton. Here, 

the Si−H centroid forms the Pt−H bond, while a Pt orbital picks 

up the Si fragment. This would support the view of the Si moiety 

behaving as a silylium species.[3] 

It is also worth comparing the energetics of moving from a 

η1-SiH to a η2-SiH coordination for complex 3·HSiEt3
+ with those 

of complex 1·HSiH2Bu+ bearing a bulkier NHC ligand, the iridium 

complex Ir·HSiEt3
+ and the hypothetical 3·HSiH2R

+ (R = nBu, Ph) 

and 3Me·HSiEt3
+ (bearing the less hindered unsymmetrical NHC 

ligand ItBuMe containing a tert-butyl group and a smaller methyl 
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fragment; see ESI).  In 1·HSiH2Bu+, going from the most stable 

situation at 145° to 175° requires only 1.5 kcal·mol-1 while 

contracting the angle to 55° is considerably more energy 

demanding (ca. 25 kcal·mol-1, Figure 4b). Not surprisingly, the 

most stable situation in the iridium complex is that in which the Ir, 

H and Si atoms are close to linearity (169°, Fig. 4c) whereas the 

energetic cost of reaching an angle of 80° is 21.4 kcal·mol-1. 

Somehow expected, going from a tertiary silane to primary 

silanes in complexes 3·HSiH2R
+ (R = nBu, Ph) make the system 

to adopt a more acute Pt−H−Si angle, but the energies to bent 

or to open the angle to 55° and 175° are not too different from 

3·HSiEt3
+ (see Figure 4d and the ESI). On the other hand, 

reducing the steric hindrance on the NHC as in complex 

3Me·HSiEt3
+ (see figure S14 in the ESI) has nearly no effect on 

the energetics compared to complex 3·HSiEt3
+. Therefore, the 

coordination of the silane in complex 3·HSiEt3 appears rather 

flexible, easily interconverting between η1-SiH and η2-SiH 

coordination modes. This is consistent with the relative stability 

of 3·HSiEt3 towards Si−H cleavage. As mentioned above, 

complexes 3·HSiR3 (R = Et, Ph) are only stable at temperatures 

below 0 °C, rearranging into the silyl, 14-electron PtII species 

[Pt(SiR3)(I
tBuiPr)2][BArF] (4) at r.t. after ca. 5 h (4a) or 2 h (4b) 

(Scheme 4) through breaking of the Si−H bond. The identity of 

 

 

 

 

Figure 4. Plot of the energy required for the deformation of the angle between 

the Pt, H and Si atoms in complex 3·HSiEt3 (a), 1·HSiH2
n
Bu (b), Ir·HSiEt3 (c) 

and 3·HSiH2
n
Bu (d). 

complexes 4 was stablished on the basis of NMR spectroscopy 

(see SI) and by an analysis by X-ray diffraction studies for 

derivative 4b (Figure 5), which is characterized by a short Pt−Si 

bond distance of 2.3045(6) Å.[18] 

To conclude, we have isolated and characterized a rare 

cationic platinum(II) σ-SiH complex that is stable at 

temperatures below 0 °C. DFT calculations suggest that a η1-

SiH interaction is the most stable bonding picture, but 

development of a η2-SiH coordination mode is readily accessible, 

being only slightly higher in energy. As expected, electron 

withdrawing groups on the silane favour, to a greater extent, the 

interaction between the platinum and silicon atoms, through an 

increased Pt→σ*(Si−H) back-donation. The σ-SiH complexes 

3·HSiR3 evolve at room temperature producing the platinum silyl 

complexes 4, in which complete cleavage of the Si−H bond took 

place. Therefore, we can consider that the PtII complexes 

3·HSiR3 are snapshots on route to the 14-electron PtII silyl 

complexes. We are currently investigating the role of these 

coordination modes in catalytic reactions that involve the 

electrophilic activation of silanes.[19] 

 

Scheme 4. Evolution of complexes 3·HSiR3 into compounds 4. 
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Figure 5. ORTEP representation of complex 4b. Thermal ellipsoids are set to 

50% probability. BAr
F
 anion and hydrogen atoms are omitted for clarity. 

Selected bon distances [Å] and angles [°]: Pt1-Si1, 2.3045(6); Pt1-C1, 

2.023(2); Pt1-C11, 2.036(2); C1-Pt1-C11, 165.65(9), C1-Pt1-Si1, 99.16(6); 

C11-Pt1-Si1, 94.89(6). 
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Cationic Pt(II) σ-SiH complexes are 

sufficiently stable at temperatures 

below 0 °C to be isolated. The most 

stable coordination mode is η1, but the 

energetic cost to reach the η2 mode is 

very low. These complexes evolve at 

rt through cleavage of the Si−H bond 

leading to Pt(II) silyl 14-electron 

species. 
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