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Abstract: The selective synthesis of linear silanes from remote 
alkenes is reported. Four new silane-thioether bidentate pro-ligands 
[SiMe2H(o-C6H4SR)] (R = iBu, pentyl, benzyl, neopentyl) have been 
synthetized and used to form unsaturated and cationic 16 electron 
hydrido-silyl-Rh(III) complexes. These compounds are efficient 
catalysts for a tandem catalytic alkene isomerization-hydrosilylation 
reaction at room temperature under solvent-free conditions. The 
different size of the substituent on the sulphur atom results on a 
difference in the activity of this tandem reaction. Experimental 
observations demonstrate that the isomerization process is the rate-
determining step of this catalytic transformation. This process would 
be of value to the chemical industry, because mixtures of internal 
aliphatic olefins are substantially cheaper and more readily available 
than the pure terminal isomers.   

Introduction 

Hydrosilylation represents one of the most important reactions in 
the silicon chemistry, and is extensively employed in industry to 
produce silicone polymers, useful as lubricants, water repellent 
coatings or resins.[1-3] It has also proved to be an efficient 
method for the formation of new organosilicon compounds, 
which can be used in fine chemical synthesis, as they participate 
in several important organic transformations.[4-5] The selectivity 
in the synthesis of linear alkylsilanes improved markedly in 1957 
by using the transition metal compound [H2PtCl6]·H2O (Speier’s 
catalyst) as catalyst.[6, 7] The development of the platinum(0) 
Pt2[(Me2SiCH=CH2)2O]3 compound, which is known as 
Karstedt’s catalyst[8] in 1973 led to an important step forward in 
transition metal homogeneus catalysis. The aforementioned 
platinum based complexes have prevailed as the most 
employed catalysts in industry for decades due to their stability 
and high activity. The demand for cheaper catalysts has recently 

encouraged the study of first row transition-metal catalysts as a 
more accessible and sustainable replacement.[9-17] However, 
unwanted side reactions and the requirement of high 
temperatures are significant drawbacks for these systems.[18] 
Some recent reports show that by using iron catalysts some of 
these problems can be solved.[19-21] One important challenge for 
catalytic systems in alkene hydrosilylation is the formation of 
terminal silylated products from internal olefins or olefin 
mixtures.[22] The importance of this reaction is that internal olefin 
mixtures are more readily accessible and cheaper than pure 
terminal alkenes. For most common catalysts, the use of a 
terminal olefin is necessary to obtain a terminal silylated product. 
Therefore, final conversion of the substrate is reduced whenever 
there is concomitant α-olefin isomerisation. This limitation could 
be solved by a catalyst capable of tandem isomerisation-
hydrosilylation of an internal alkene in which the previous 
isomerisation from internal to terminal olefins and subsequent α-
olefin hydrosilylation is promoted by the same metal complex. 
Examples of efficient tandem isomerization-hydrosilylation of 
internal alkenes catalysed by transition metals such as cobalt,[23-

25] 
 
nickel,[26,27] iron, [28] rhodium[29]  or ruthenium,[29] or even metal

nanoparticles[30, 31] have recently been reported. In most of these
cases, large metal loadings or dual catalyst systems were
necessary to achieve good results. Moreover, the hydrosilylation
of remote internal olefins require in most cases additives or
harder reaction conditions. In 1970, Chalk reported the slow
isomerisation and subsequent hydrosilylation of cis-2-pentene
by Wilkinson’s catalyst, to give the linear pentylsilane in a low
conversion (20 %).[32] In this context, Chalk and Harrod[33]

proposed the formation of a rhodium(III) hydrido-silyl complex by
oxidative addition of the silane to the catalyst. This silyl-hydride
intermediate would be responsible for the isomerisation of the
cis-2-pentene to 1-pentene, enabling the subsequent
hydrosilylation of the terminal species to the pentylsilane
product. We thought of interest to undergo the synthesis of this
type of complexes to evaluate their behaviour as catalysts in the
hydrosilylation of olefins with tertiary silanes.[34, 35] We have
recently reported on a rhodium silyl complex containing a Si,S-
chelating ligand, [Rh(H){SiMe2(o-C6H4SMe)}(PPh3)2][BArF

4], as
being a very efficient catalyst for tandem isomerization-
hydrosilylation from internal alkenes to linear silanes under mild
reaction conditions (Scheme 1).[34] These results prompted us to
synthesize Si,S ligands with different substituents on the sulphur
atom and evaluate the influence of the steric effects in the
catalytic reactivity.
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Scheme 1. Tandem isomerization-hydrosilylation reaction of a remote alkene 
catalysed by a previously reported silyl-thioether-Rh(III) compound.[34]

Results and Discussion 

Synthesis of new silyl-thioether-Rh(III) compounds. 
Silane-thioether bidentate pro-ligands [SiMe2H(o-C6H4SR)] (R = 
iBu, pentyl, benzyl, neopentyl, a-d) containing different 
substituents on the sulphur atom were synthesized following 
synthetic procedures analogue to the one already described for 
the methylated derivative d (Scheme 2).[36] These compounds 
and their precursors were characterized by 13C{1H} and 1H NMR 
spectroscopy (see Experimental Section and Sup. Info.). As 
expected, the 1H NMR spectra show similar signals in the 
aromatic region, a septuplet around 4.6 ppm (due to Me2Si–H 
proton), and the characteristic signals of the corresponding 
substituent (a, iBu; b, pentyl; c, benzyl; d, neopentyl). 

Scheme 2. Synthesis of silane-thioether pro-ligands. 

Pre-ligands a-d were used for the synthesis of the 
corresponding Rh(III) complexes [Rh(H){SiMe2(o-
C6H4SR)}(PPh3)2][BArF

4] (R = iBu, 1a; Pe, 1b; Bn, 1c; neoPe, 
1d) following the synthetic methodology described for the 
methylated derivative 1d (Scheme 3).[32] Compounds 1a-1d 
were characterized in solution by NMR spectroscopy and ESI-
MS (see Sup. Info.). They all showed in the 1H NMR spectrum a 
doublet of triplets at -9.8 {JRh-H = 23 Hz, JP-H = 13 Hz} ppm 
assigned to the rhodium hydride, originated from the oxidative 
addition of the hydrosilane to the metal center. The signal is split 
by the metal center and two equivalent phosphorus. The 
equivalence of both phosphines in solution is confirmed by the 
presence of a doublet in the 31P{1H} NMR spectra at 42.5 {JRh-P 
= 118 Hz} ppm. All the spectroscopic data were consistent with 
square-pyramidal structures, with the strong σ-donor silyl 
fragment trans to the vacant octahedral site, as proposed in 

Scheme 3. Their composition was confirmed by ESI-MS 
analyses.    

Scheme 3. Synthesis of cationic and unsaturated hydrido-silyl-thioether-Rh(III) 
complexes (1a-e). 

Catalytic hydrosilylation of alkenes. 
Initially, catalytic experiments were run using 1-hexene as 
substrate, to study the activity and selectivity of catalysts 1a-e in 
the hydrosilylation of a terminal alkene in neat with Et3SiH, using 
0.5 mol% of catalyst loading.  
The formation of hexyltriethylsilane was estimated by 1H NMR 
spectroscopy after 30 and 60 minutes of reaction (Table 1). 
Analysis of the 1H NMR spectra of the reaction mixtures showed, 
in all the examples, a complete anti-Markovnikov selectivity in 
the hydrosilylated product. Additionally, catalytic systems 1a and 
1d outperform in terms of activity, showing a nearly complete 
conversion after 60 min (79% conversion for 1a and 73 % for 1d 
were observed at 30 min).  
Table 1. Hydrosilylation of 1-hexene with Et3SiH using catalysts 1a-1e 
at different reaction times. 

Entry[a] Cat. Time (min)  Yield (Select.)[b] 

1 1a 15 55% (>99) 

2 1a 30 79% (>99) 

3 1a 60 96% (>99) 

4 1b 30 66% (>99) 

5 1b 60 84% (>99) 

6 1c 30 61% (>99) 

7 1c 60 74% (>99) 

8 1d 30 73% (>99) 

9 1d 60 90% (>99) 

10 1e 15 47% (>99) 

11 1e 30 64% (>99) 

12 1e 60 78% (>99) 

[a] Reaction conditions: alkene (0.25 mmol), Et3SiH (0.25 mmol),
catalyst 0.5 mol%, solvent-free, at room temperature. [b] Yields and
selectivities calculated based on 1H NMR (CDCl3) analysis using
dichloroethane as internal standard.



1b, 1c and 1e complexes also resulted active in the anti-
Markovnikov hydrosilylation of 1-hexene. However, as shown in 
entries 4-7 and 10-12 of table 1, these precatalysts are less 
effective than 1a and 1d. 

Next, the catalytic activity of complexes (1a-1e) was studied on 
a more challenging substrate, trans-3-hexene. The only silylated 
product formed in these reactions is hexyltriethylsilane. As with 
the substrate 1-hexene, compounds 1a and 1d result more 
active catalysts in the tandem isomerization-hydrosilylation 
reaction than 1b, 1c and 1e. All these results are shown in Table 
2.  

Table 2. Hydrosilylation of trans-3-hexene with Et3SiH using catalysts 1a-
1d at different reaction times. 

Entry[a] Cat. Time (min)  Yield (Select.)[b] 

1 1a 60 75% (>99) 

2 1a 120 93% (>99) 

3 1b 60 35% (>99) 

4 1b 120 68% (>99) 

5 1c 60 34% (>99) 

6 1c 120 51% (>99) 

7 1d 60 67% (>99) 

8 1d 120 84% (>99) 

7 1e 60 39% (>99) 

8 1e 120 71% (>99) 

[a] Reaction conditions: alkene (0.25 mmol), Et3SiH (0.25 mmol) with 0.5
mol % of catalyst, solvent-free, at room temperature. [b] Yields and
selectivities determined by 1H NMR (CDCl3) by silane remaining using
dichloroethane as internal standard.

Plausible explanation of the catalytic activity considering 
the steric effects. 

Catalytic tandem isomerization-hydrosilylation is effective only if 
the same catalyst is active in both reactions. Moreover, the 
catalyst should be ineffective in the direct hydrosilylation of 
internal alkenes leading to branched alkyl-silanes (Scheme 4).   

Taking into account the structure of our precatalysts, 16e 
hydride-Rh(III) complexes, a reasonable assumption includes an 
isomerization process taking place through the well established 
hydride mechanism,[37, 38] while the anti-Markovnikov 
hydrosilylation reaction could be carried out through a σ-bond 
metathesis (σ-CAM) mechanism. [39, 40]     

Scheme 4. Rhodium-catalysed tandem isomerization-hydrosilylation of olefins. 

Experimental results show that bulky substituents on the sulfur 
atom yield higher catalytic activities. With the aim to analyze the 
catalytic pocket of the Rh(III) complexes and to compare the 
steric hindrance of the Si,S ligands, we studied the cationic 
complexes 1a and 1e using topographic steric maps (Figure 
1).[41] As in the classical geographic physical maps, different 
colours are used to show the elevation of the ligands respect to 
the zero level fixed in the rhodium atom. The triphenylphosphine 
ligands are located on the y-axis, north and south of the map. At 
the western region is located the hydrido atom while the sulphur 
atom is on the east of the map, both on the x-axis. Finally, the 
silicon atom is placed bellow the rhodium atom. Comparison of 
steric maps of precatalysts 1a and 1e indicates some slight 
differences in the catalytic pocket for both pockets. The more 
intense red area for 1a in the eastern region agrees with a larger 
steric hindrance due to the iBu substituent.  

Figure 1. Steric maps of 1a (right) and 1e (left). The complexes are oriented 
according to the schemes on the top. Spacefill representation of 1a and 1e in 
the bottom of the Figure. 



After demonstrating differences in the pocket size between 
catalysts 1a and 1e, we decided to study how this fact affects to 
the isomerization and hydrosilylation reactions independently. 
We reported in a previous work that complex 1e is an efficient 
catalyst for the isomerisation of olefins leading to the 
corresponding thermodynamic mixture of terminal and internal 
alkenes.[34] Now, we have studied the isomerization of 1-hexene 
and 3-hexene catalysed by 1a. When a NMR tube was charged 
with a solution of 1-hexene and 1 mol% of precatalyst 1a in 
CDCl3 and sealed, the isomerization reaction began readily. As 
in the 1e catalysed isomerisation, after 45 min the isomerization 
reached the equilibrium and a mixture of hexene isomers, with a 
similar isomers distribution than the previously reported,34 was 
obtained (Figure S36, Sup. Info.). The comparison of these 
results with those previously reported for 1e confirms the slower 
isomerization reaction when 1a is used as precatayst (Figure 2). 
In addition, the isomerization of trans-3-hexene in CDCl3 is also 
catalysed by 1a. As shown in Figure S.39b (Sup. Info.), this 
isomerization results, after 24h, in a mixture of 3-hexene, 2-
hexene and a small amount of 1-hexene and appears faster 
than when using 1e as catalyst (Figure S.39a in Sup.Info.). 
These results are important because the 1-hexene isomer is the 
only one active in the hydrosilylation reaction. 

Figure 2. Decrease of 1-hexene, in the isomerization reaction, catalyzed by 1a 
(blue) or catalyzed 1d (green) over time and distribution of alkene isomers. 

To study the extent of the competitive isomerization of the 
starting substrate under catalytic conditions, additional 1-hexene 
hydrosilylation reactions were performed and analysed at 
shorter reactions times. After 15 minutes of reaction, 
hexyltriethylsilane was obtained in 55% yield when 1a was used 
as catalyst and 47% yield when the catalyst used was 1e. The 
1H NMR spectrum of the reaction catalysed by 1a shows that 1-
hexene is the major hexene isomer after 15 minutes of reaction. 
In the case of the reaction catalysed by 1e, after 15 minutes, 
most of 1-hexene had been isomerized to internal hexane 
isomers as shown the 1H NMR spectra (see Section 2 in Sup. 
Info.). This indicates that the isomerization of 1-hexene to 
internal alkenes is slower when 1a is used as catalyst also under 
catalytic reaction conditions.  

Finally, in order to check the influence of the steric effect in the 
hydrosilylation reaction, the hydrosilylation of an unisomerizable 
olefin was carried out using 1a and 1e. Tert-butylethylene 
reacted with Et3SiH in the presence of 0.5 mol% of 1a or 1e 
leading to (3,3-dimethylbutyl)triethylsilane, in 30 minutes with 
almost complete conversion in both cases (1a, 95 %; 1e 99%; 
see Table 3 and Sup. Info. for more details). This shows a 
similar catalytic activity of 1a and 1e in the anti-Markovnikov 
hydrosilylation of terminal alkenes. These results are consistent 
with the isomerization being the rate-determining step of the 
tandem transformation, as has been previously suggested by 
other authors in similar processes,[26, 42]  

Catalytic tandem isomerization-hydrosilylation reaction of 
internal alkenes. 
On view of these results, we included other internal alkenes in 
our study. 1a and 1d were used as catalysts with the aim to 
compare if the difference in the activity shown in the 
isomerization-hydrosilylation of 1-hexene and trans-3-hexene 
can be extrapolated to other internal alkenes such as trans-2-
hexene, cis-2-hexene, trans-4-octene, cis-4-octene, trans-3-
octene, trans-2-octene and cis-2-octene. The hydrosilylation of 
these internal alkenes was performed using Et3SiH and 0.5 
mol% of the precatalysts (1a or 1e) without solvent (Figure 3). 
The transformation into the terminal silylated product was 
calculated by 1H NMR after 2 hours of reaction. The results 
obtained showed that, after 2 hours of reaction, cationic complex 
1a is more active than 1e in the catalytic tandem isomerization-
hydrosilylation of all the internal alkenes tested.  

Figure 3. Comparison of precatalysts 1a (blue) and 1e (green) in the 
hydrosilylation of several alkenes. Reaction conditions: alkene (0.25 mmol), 
Et3SiH (0.25 mmol) with 0.5 mol% of catalyst, solvent-free at room 
temperature. Yields determined by 1H NMR (CDCl3) by silane remaining after 
120 minutes using dichloroethane as internal standard. Linear Selectivity was 
larger than 99% in all cases. 



With the aim to prove that our precatalyst 1a is able to convert a 
mixture of hexane isomers into a single product, the reaction of 
1.25 mmol of 1-hexene, 1.25 mmol of cis-2-hexene, 1.25 mmol 
of trans-2-hexene and 1.25 mmol of trans-3-hexene with 5 mmol 
of Et3SiH under the previously reported catalytic conditions (0.5 
mol % of 1a as catalyst, 2 h, room temperature and solvent-free) 
was performed. This reaction led to the formation of 
hexyltriethylsilane as the only silylated product in a 68 % of yield 
(683 mg). 

Catalytic hydrosilylation of other alkenes. 
To complete this study, the hydrosilylation of other alkenes with 
Et3SiH was tested. In the hydrosilylation of unisomerizable and 
α-substituted styrenes such us α-methylstyrene and 1,1-
diphenylstyrene, complex 1e results more effective catalyst than 
1a (Table 3, entries 1 and 2). These results support the 
isomerization being the rate-determining step of the tandem 
process. The reaction of 4-bromo-1-butene with 1 equivalent of 
triethylsilane under the same reaction conditions gave the linear 
hydrosilylation product with 23 % conversion when 1a is used 
and 15 % conversion when the precatalyst used was 1e (Table 3, 
entry 3). Finally, Allyltrimethylsilane reacted with Et3SiH in the 
presence of 0.5 mol% of 1a or 1e leading to the selective 
formation of (3,3-dimethylbutyl)triethylsilane with similar 
conversions (Table 3, entry 4).  

Table 3. Hydrosilylation of alkenes with Et3SiH using catalysts 1a and 1e.[a] 

Entry    Alkene      Product Yield (Select.)[b]

  1 

     1a: (25% (>99)); 1e: (31% (>99)) 

  2 

    1a: (8% (>99)); 1e: (15% (>99)) 

  3 
   1a: (23% (>99)); 1e: (16% (>99)) 

  4 

    1a: (72% (>99)); 1e: (73% (>99)) 

5[c] 
  1a: (95% (>99)); 1e: (99% (>99)) 

[a] Reaction conditions: alkene (0.25 mmol), Et3SiH (0.25 mmol) with 0.5
mol % of catalyst, solvent-free, at room temperature. [b] Yields and
selectivities determined by 1H NMR (CDCl3) after 60 minutes of reaction by 
alkene remaining using dichloroethane as internal standard. [c] Yield
determined after 30 minutes of reaction. 

Conclusions 
Unsaturated and cationic hydrido-silyl-Rh(III) complexes, 1a-1e, 
are efficient catalysts for the solvent-free tandem isomerization-
hydrosilylation reaction of alkenes forming the anti-Markovnikov 
terminal silylalkanes as the only silylated products. This process 
permits the synthesis of terminal silanes from remote alkenes. 
Even if all the catalysts assayed showed good results in terms of 
selectivity, the results obtained evidenced a clear dependence of 
the activity of the process on the size of the alkyl substituent in 
the sulphur atom. The best results were obtained when catalysts 
1a and 1d containing bulky iBu and neoPe substituents were used. 
According to our experimental results, the different reactivity 
most probably originates from steric effects on the isomerization 
process. 

Experimental Section 

Experimental Details. All manipulations, unless otherwise stated, were 
performed under an atmosphere of nitrogen, using standard Schlenk 
techniques. Glassware was oven dried at 80ºC overnight and flamed 
under vacuum prior to use. Dry and oxygen free solvents were employed. 
[Rh(PPh3)3Cl],[43] [NaBArF4][44] and were prepared as previously 
described. [SiMe2H(o-C6H4SMe)] was prepared by an adaptation of the 
published route by using nBuLi as it was previously reported in our 
group.[36] Et3SiH and alkenes were purchased from Aldrich.  NMR 
spectra were recorded on Bruker Avance DPX 300 and Bruker Avance 
400 MHz spectrometer. 1H and 13C NMR spectra were referenced to the 
residual solvent signals. Chemical shifts are quoted in ppm and coupling 
constants in Hz. Microanalysis was carried out with a LECO TRUSPEC 
microanalyzer. ESI-MS was recorded on a Bruker MicrOTOF instrument.  

Synthesis and characterization of 2-RS(C6H4Br). These compounds 
were prepared by an adaptation of the published route for similar 
compounds.[45] To a Schlenk charged with a solution of 2-
bromobenzenethiol (0.32 mL, 3.57 mmol), K2CO3 (0.74 g, 5.35 mmol) 
and Cs2CO3 (0.24 g, 0.75 mmol) in DMF (9 mL) was added the 
haloalkane (I-iBu, 0.47 mL, 4.12 mmol; Cl-pent, 0.50 mL, 4.12 mmol; Cl-
benz, 0.47 mL, 4.12 mmol) at room temperature. The reaction mixture 
was stirred for 1 hour. The reaction was quenched with water and 
extracted with diethyl ether. The solvent was removed under vacuum to 
give the corresponding compound as a colourless oil. Yield (2-
(iBu)S(C6H4Br): 0.75 g (86%); 2-(Pe)S(C6H4Br): 0.67 g (73%); 2-
(Bn)S(C6H4Br): 0.82 g (82%); 2-(neoPe)S(C6H4Br): 0.71 g (77%).  

2-(iBu)S(C6H4Br). 1H NMR (300 MHz, CDCl3): δ 7.58-6.99 (4H, 
aromatics), 2.84 (d, J = 6.8 Hz, 2H, CH2), 1.97 (m, J = 6.8 Hz, 1H, CH), 
1.11 (d, J = 6.7 Hz, 6H, 2 CH3). 13C{1H} NMR (75 MHz, CDCl3): δ 134-
126 (4C, aromatics), 42.1 (1C, CH2), 28.2 (1C, CH), 22.6 (2C, 2 CH3). 

2-(Pe)S(C6H4Br). 1H NMR (300 MHz, CDCl3): δ 7.60-6.98 (4H, 
aromatics), 2.95 (t, J = 7.5 Hz, 2H, CH2), 1.74 (m, J = 7.6 Hz, 2H, CH2), 
1.54-1.31 (m, 4H, (2 CH2, pent), 0.94 (t, J = 7.2 Hz, 3H, CH3). 13C{1H} 
NMR (75 MHz, CDCl3): δ 134-126 (4C, aromatics), 33.1 (1C, CH2), 31.5 
(1C, CH2), 28.5 (1C, CH2), 22.6 (1C, CH2), 14.3 (1C, CH3). 

2-(Bn)S(C6H4Br). 1H NMR (300 MHz, CDCl3): δ 7.64-7.00 (9H, 
aromatics), 4.19 (s, 2H, CH2). 13C{1H} NMR (75 MHz, CDCl3): δ 134-126 
(4C, aromatics), 37.2 (1C, CH2). 



2-(neoPe)S(C6H4Br). 1H NMR (300 MHz, CDCl3): δ 7.58-6.95 (4H, 
aromatics), 2.87 (d, J = 6.8 Hz, 2H, CH2), 1.97 (m, J = 6.8 Hz, 1H, CH), 
1.09 (9H, 3 CH3). 13C{1H} NMR (75 MHz, CDCl3): δ 134-126 (4C, 
aromatics), 48.5 (1C, CH2), 29.9 (1C, C), 29.4 (3C, 3 CH3). 

Synthesis and characterization of the proligands SiMe2H(o-C6H4SR). 
These compounds were prepared by an adaptation of the published 
route for [SiMe2H(o-C6H4SMe)].[36] To a Schlenk charged with a solution 
of 2-RS(C6H4Br) (2-(iBu)S(C6H4Br), 221 mg, 0.9 mmol; 2-
(Pe)S(C6H4Br), 233 mg, 0.9 mmol; 2-(Bn)S(C6H4Br), 251 mg, 0.9 
mmol); 2-(neoPe)S(C6H4Br) 200 mg, 0.7 mmol), in diethyl ether (5 mL) 
was added n-BuLi (1.58 mL of a 1.6 M solution in hexane, 0.99 mmol) at 
-78 ºC. The reaction mixture was stirred for 1 hour and ClSiMe2H was
added dropwise (0.1 mL, 0.9 mmol). After being stirred at room
temperature overnight, the reaction mixture was quenched with water
and extracted with diethyl ether. The solvent was removed under vacuum 
to give the corresponding compound as a colourless oil. Yield (a: 149 mg 
(74%); b: 165 mg (77%); c: 177 mg (72%); d: 140mg (76%)).

SiMe2H(o-C6H4S(iBu)) (a). 1H NMR (300 MHz, CDCl3): δ 7.58-7.00 (4H, 
aromatics), 4.59 (sept, J = 3.8 Hz, 1H, Si-H), 2.84 (d, J = 4.9 Hz, 2H, 
CH2), 1.90 (m, 1H, CH), 1.06 (d, J = 6.7 Hz, 6H, 2 CH3), 0.43 (d, J = 3.8 
Hz, 6H, 2 Si-CH3). 13C{1H} NMR (75 MHz, CDCl3): δ 136-125 (4C, 
aromatics), 44.7 (1C, CH2), 28.8 (1C, CH), 22.5 (2C, 2 CH3), -2.8 (2C, 
Si-CH3).  

SiMe2H(o-C6H4S(Pe)) (b). 1H NMR (300 MHz, CDCl3): δ 7.60-6.98 (4H, 
aromatics), 4.59 (sept, J = 3.7 Hz, 1H, Si-H), 2.95 (t, J = 7.6 Hz, 2H, S-
CH2), 1.68 (m, 2H, CH2), 1.50-1.25 (m, 4H, 2 CH2), 0.92 (t, J = 3.7 Hz, 
3H, CH3), 0.43 (d, J = X Hz, 6H, 2 Si-CH3). 13C{1H} NMR (75 MHz, 
CDCl3): δ 136-125 (4C, aromatics), 35.7 (1C, CH2), 31.5 (1C, CH2), 29.2 
(1C, CH2), 22.6 (1C, CH2), 14.3 (1C, CH3), -2.8 (2C, Si-CH3). 

SiMe2H(o-C6H4S(Bn)) (c). 1H NMR (300 MHz, CDCl3): δ 7.58-7.00 (9H, 
aromatics), 4.59 (sept, J = 3.7 Hz, 1H, Si-H), 4.14 (s, 2H, CH2), 0.43 (d, J 
= 3.7 Hz, 6H, 2 Si-CH3). 13C{1H} NMR (75 MHz, CDCl3): δ 136-126 (4C, 
aromatics), 41.1 (1C, CH2), -2.8 (2C, Si-CH3). 

SiMe2H(o-C6H4S(neoPe)) (d). 1H NMR (300 MHz, CDCl3): δ 7.55-7.10 
(4H, aromatics), 4.58 (sept, J = 3.7 Hz, 1H, Si-H), 2.90 (s, 2H, CH2), 1.06 
(s, 9H, 3 CH3) 0.42 (d, J = 3.7 Hz, 6H, 2 Si-CH3). 13C{1H} NMR (75 MHz, 
CDCl3): δ 136-125 (4C, aromatics), 50.7 (1C, CH2), 32.7 (1C, C), 29.3 
(3C, 3CH3) -2.9 (2C, Si-CH3). 

Synthesis and characterization of the cationic Rh(III) compounds. 
To a Schlenk charged with [Rh(PPh3)3Cl] (30 mg, 0.032 mmol) in 
CH2Cl2 (3 mL), 1.5 equivalents of ligand (a (11 mg, 0.05 mmol), b (12 
mg, 0.05 mmol) or c (13 mg, 0.05 mmol)) and 1.2 equivalents of NaBArF4 
(35 mg, 0.4 mmol) were added. The mixture was stirred for 30 minutes, 
filtered off via cannula and concentrated under vacuum. Addition of 15 
mL of pentane gave a pale yellow precipitate that was washed with 
pentane and dried under vacuum. Yield (1a: 46 mg (84%); 1b: 40 mg 
(72%); 1c: 41 mg (73%); 1d: 42 mg (75%)). 

1a. 1H NMR (400 MHz, CDCl3): 𝛿𝛿 7.73 (s, 8 H, BArF4), 7.55 (s, 4 H, 
BArF4), 7.53 – 7.10 (m, Haromatics), 2.28 (d, JH-H= 7.3 Hz, 2 H, S-CH2, 
iBu), 1.64 (m, 1 H, CH, iBu), 0.73 (d, JH-H= 6.6 Hz, 6 H, (CH3)2, iBu) 0.19 
(s, 6 H, Si-CH3), -9.81 (dt, JH-Rh= 22.9 Hz, JH-P= 13.1 Hz, H-Rh). 13C{1H} 
NMR (100 MHz, CD2Cl2): 𝛿𝛿 162.0 (q, JF-C = 50 Hz, BArF4), 135.1 (BArF4), 
129.0 (q, JF-C = 12 Hz, BArF4), 125.0 (q, JF-C = 273 Hz, CF3), 117.8 (s, 
BArF4), 135,0 – 128.2 (aromatics), 50.9 (S-CH2, iBu), 29.4 (CH, iBu), 
21.5 ((CH3)2, iBu),10.4 (Si-CH3). 31P{1H} NMR (161 MHz, CD2Cl2): 𝛿𝛿 
42.5 (d, 1JRh-P = 118). ESI-MS (MeCN): calc, 851.20; found m/z 851.20, 
for [Rh(H)[SiMe2(o-C6H4SiBu)](PPh3)2]+. Microanalysis for 

C80H62BF24P2RhSSi: Requires: C, 56.02; H, 3.64; S, 1.87. Found: C, 
56.37; H, 3.72; S, 1.70. 
1b. 1H NMR (400 MHz, CD2Cl2): 𝛿𝛿 7.78 (s, 8 H, BArF4), 7.60 (s, 4 H, 
BArF4), 7.66 – 7.10 (m, Haromatics), 2.38 (t, JH-H= 7.9 Hz, 2 H, S-CH2, Pe), 
1.37 (m, 2 H, CH2 , Pe), 1.10 (m, 2 H, CH2 , Pe), 0.98 (m, 2 H, CH2, Pe), 
0.79 (t, JH-H= 6.9 Hz, 3 H, CH3, Pe) 0.24 (s, 6 H, Si-CH3), -9.71 (dt, JH-

Rh= 23.0 Hz, JH-P= 13.2 Hz, H-Rh). 13C{1H} NMR (100 MHz, CD2Cl2): 𝛿𝛿 
162.0 (q, JF-C = 50 Hz, BArF4), 135.1 (BArF4), 129.0 (q, JF-C = 12 Hz, 
BArF4), 125.0 (q, JF-C = 273 Hz, CF3), 117.8 (s, BArF4), 148,0 – 128.2 
(aromatics), 40.5 (S-CH2, Pe), 31.0 (CH2 , Pe), 29.5 (CH2 , Pe), 22.4 
(CH2 , Pe), 13.7 (CH3, Pe),10.4 (Si-CH3). 31P{1H} NMR (161 MHz, 
CD2Cl2): 𝛿𝛿 42.5 (d, JRh-P= 118 Hz, 2PPh3) ESI-MS (MeCN): calc: 
865.21.; found m/z 865.21, for [Rh(H)[SiMe2(o-C6H4Spent)](PPh3)2]+. 
Microanalysis for C81H64BF24P2RhSSi: Requires: C, 56.26; H, 3.73; S, 
1.85. Found: C, 56.40; H, 4.02; S, 1.61. 

1c. 1H NMR (500 MHz, CD2Cl2): 𝛿𝛿 7.79 (s, 8 H, BArF4), 7.61 (s, 4 H, 
BArF4),  7.60 – 6.80 (m, Haromatics), 3.73 (s, CH2, Bn), 0.24 (s, 6 H, Si-
CH3), -9.78 (dt, JH-Rh= 23.0 Hz, JH-P= 13.5 Hz, H-Rh). 13C{1H} NMR (100 
MHz, CD2Cl2): 𝛿𝛿 162.0 (q, JF-C = 50 Hz, BArF4), 135.1 (BArF4), 129.0 (q, 
JF-C = 12 Hz, BArF4), 125.0 (q, JF-C = 273 Hz, CF3), 117.8 (s, BArF4), 
148,0 – 128.0 (aromatics), 44.4 (s, CH2, Bn) 10.4 (Si-CH3). 31P{1H} NMR 
(161 MHz, CD2Cl2): 𝛿𝛿 42.7 (d, JRh-P= 117 Hz, 2PPh3). ESI-MS (MeCN): 
calc: 885.18.; found m/z 885.18, for [Rh(H)[SiMe2(o-C6H4SBn)](PPh3)2]+. 
Microanalysis for C83H60BF24P2RhSSi: Requires: C, 56.99; H, 3.46; S, 
1.83. Found: C, 57.15; H, 3.51; S, 1.75. 

1d. 1H NMR (500 MHz, CD2Cl2): 𝛿𝛿 7.73 (s, 8 H, BArF4), 7.56 (s, 4 H, 
BArF4), 7.55 – 7.25 (m, Haromatics), 2.41 (s, 2H, CH2, neoPe), 0.78(s, 9H, 
CH3, neoPe) 0.14 (s, 6 H, Si-CH3), -10.11 (dt, JH-Rh= 23.0 Hz, JH-P= 13.5 
Hz, H-Rh). 13C{1H} NMR (100 MHz, CD2Cl2): 𝛿𝛿 162.0 (q, JF-C = 50 Hz, 
BArF4), 135.1 (BArF4), 129.0 (q, JF-C = 12 Hz, BArF4), 125.0 (q, JF-C = 
273 Hz, CF3), 117.8 (s, BArF4), 148,0 – 117.0 (aromatics), 57.9 (1C, 
CH2, neoPe), 32.4 (1C, C, neoPe), 28.8 (3C, 3CH3, neoPe) 10.5 (2C, 2Si-
CH3). 31P{1H} NMR (161 MHz, CD2Cl2): 𝛿𝛿 41.6 (d, JRh-P= 118 Hz, 
2PPh3). Microanalysis for C81H64BF24P2RhSSi: Requires: C, 56.26; H, 
3.73; S, 1.85. Found: C, 56.61; H, 3.82; S, 1.69. 

Catalytic experiments. All catalytic reactions were performed under the 
same conditions: nitrogen atmosphere, room temperature and without 
solvent. The catalyst amount used was 0.5 mol%. Conversions were 
calculated by 1H NMR (CDCl3), based on the Si-H signal of the remainin 
silane, using 1,2-dichloroethane as internal standard (0.125 mmol of 
dichloroethane for 1 mmol of silane). In the 1H NMR spectra, the signals 
integrate 2:1 for 1,2-dichloroethane and Si-H, respectively. 

Topographic steric maps. Steric maps were evaluated with the 
SambVca 2.0 package using the following parameters: radius of the 
sphere around the centre atom (3.5 Å), mesh spacing (0.1 Å), H atoms 
omitted and atom radii: Bondi radii scaled by 1.17, as recommended by 
Cavallo.[41]  
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