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Unexpected alkyl isomerization at the silicon ligand of an
unsaturated Rh complex: combined experiment and theory

The equilibrium established between a monomer and its dimer is a
fundamental process in biochemical and chemical transformations.
Also fundamental is the isomerization of alkyl metal complexes.
Yet, isomerization of an alkyl ligand substituent is exceptional and
must involve migration of the substituent to the metal. Herein, we
show that silyl substituents on a phosphinosilyl ligand at Rh can

be isomerized from isopropyl to n-propy! during the metalation of
[RhCI(COD)], and the silylphosphine. A common intermediate was
computationally identified to give rise to a Rh monomeric complex
or its corresponding isomerized dimer. The change of only one
n-propyl group is enough to favor dimer formation!
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The formation of dimer [(u-CORN-(*(P.Si,Si)PhP(0-CgH4CH,SIPr,)(0-CeHaCH,SIPr'Pr)], (Rh-3) with an
n-propyl group on one of the silicon atoms as a minor product was affected by the reaction of [RhCl
(COD)], with proligand PhP(0-CgH4CH,SiHPr,),, L1. The major product of the reaction was monomeric
14-electron Rh(in) complex [Cth(Ks(P,Si,Si)PhP(o-C6H4CHZSiiPr2)2)] (Rh-1). Computations revealed that
the monomer—dimer equilibrium is shifted toward the monomer with four isopropyl substituents on the
two Si atoms of the ligand as in Rh-1; conversely, the dimer is favored with only one n-propyl as in Rh-3,
and with less bulky alkyl substituents such as in [CIRN(3(P,Si,Si)PhP(0-CgH4CH,SiMes)slo  (Rh-2).
Computations on the mechanism of formation of Rh-3 directly from [RhCL({COD)], are in agreement with
the experimental findings and it is found to be less energetic than if stemming from Rh-1. Additionally, a
Si—-O-Si complex, [u-Cl-Rh{x*(P,Si,C)PPh(0-CgH4CH,SiPrO SiPr,CH-0-CgHa)}lo, Rh-4, is generated from
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Introduction

The equilibrium established between a monomer and its
corresponding dimer is a fundamental process involved in
crucial steps in biochemical and chemical transformations.
From mitochondrial,' DNA* and enzymatic functions® to the
proliferation of cancer cells,"® and the mechanisms involved
in diseases such as Parkinson,” malaria,® and others,’
monomer-dimer equilibria are invoked. In transition metal
catalysis, dissociative processes of dimeric complexes to unsa-
turated intermediates are often postulated as yielding catalyti-
cally active species. Often, the mechanisms of catalysis of
Rh dimer complexes implicate the formation of 14-electron
monomers.'”'" Some examples include the hydroformylation
of terminal alkenes with formaldehyde;'* the carbonylative
coupling of iodobenzenes with furfural;"® the enantioselective
Suzuki-Miyaura cross-coupling of racemic substrates;'* and
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the reaction of Rh-1 with adventitious water as a result of intramolecular C—H activation.

the coupling of terminal alkynes with carboxylic acids,'"®

amongst others.

Our group reported a family of Ir(m) and Rh(m) complexes
derived from a semirigid arylphosphine substituted with two
di-isopropylsilane  groups, [PhP(0-C¢H,CH,Si'Pr,H),] (L-1,
Scheme 1), as selective catalysts for the dehydrogenative silyla-
tion or hydrosilylation of styrenes and internal alkenes.'”
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Scheme 1 The synthesis of Rh and Ir(i) complexes bearing methyl or
isopropyl substituted (*-Si,Si,P) silylphosphine ligands.
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Stable monomeric 14 electron complexes [X-M(x’(P,S7,5{)PhP(o-
CeH,CH,Si'Pr,),)] (M = Ir, X = CI (Ir-1), Me;'* M = Rh, X = Cl
(Rh-1, Scheme 1),"® Br, I, OTf, Cl-GaCl;)"” stemmed from the
reactions of [MCI(COD),] in arenic (benzene, toluene), ethereal
(THEF, Et,0) and/or chlorinated solvents (chloroform, dichloro-
methane) displaying saw-horse geometries around the metal
center. We found no evidence of stabilizing agostic inter-
actions.'” Each silicon atom arranges trans to a vacant coordi-
nation site, evidencing high stabilization by its strong trans
influence, a consequence of its strong o-donating nature.>’>
The analogous di-methyl substituted proligand [PhP(o-
CsH,CH,SiMe,H),] (L-2, Scheme 1) gives rise to dinuclear
16-electron complexes [(w-CDM(x*(P,Si,Si)PhP(o-
Ce¢H,CH,SiMe,),), (M = Rh, Rh-2; Ir, Ir-2),*>** where the
metals achieve a square pyramidal geometry with a Si atom
occupying an axial site, trans to a vacant coordination site.
Herein, we report the isolation of Rh-3 (Scheme 2), a
complex derived from ligand L-1, in which a single isopropyl
substituent per coordinated ligand undergoes isomerization to
n-propyl. The isomerized complex is found as a dimer in con-
trast to the monomeric nature of Rh-1. DFT computations of
the monomer-dimer equilibrium show that it is indeed
shifted to the monomer in Rh-1 and to the dimer in Rh-3
(Scheme 3). The computed values for AH and AG demonstrate
the more favorable nature of dimer Rh-3 bearing one n-propyl
substituent on Si per ligand, in comparison with the Rh-1-
dimer with all isopropyl substituents. The present work exem-
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Scheme 2 The observed reactivity of [RhCI(COD)], and L-1 giving rise
to complexes Rh-1 and Rh-3.

z N
A9
.. B Ph—p,,
Ph)P*Rﬁ*CI & o »\ / \p\
d/ i ’ AH= -3.96 kcal/mol
\( ~ <\:> AG= 11.76 kcalimol
/K Rh-1 Rh-1-dim
o @F ~< %/ﬁ
] Ph=p, |
2 p—Rh—Cl == N \ - lh\P\Ph
H AH= -17.12 kcal/mol
)\\( /KH ~/ )\ AG= -2.62 kcal/mol
Rh-3-mon Rh-3
2 / I NI

L Ph—p,, \.‘Clr,
Lp—Rh—cl PN /]

Ph :
d\/ i~ "
Rh-2-mon rRh2 /|

Scheme 3 The monomer/dimer equilibria upon variation of the substi-
tuents on Si in (x°-Si,Si,P)RhCL complexes and the calculated energetic
parameters (at the ®B97XD/BS2//BS1 level of theory).
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plifies a consequence of the relatively rare reversible Si-C(sp®)
bond activation previously observed in pincer PSiP motifs,*>™>°
in our case giving rise to alkyl isomerization of a ligand
substituent.

Results and discussion

Isolation of [(u-Cl)Rh-(x*(P,Si,5i))PhP(0-CcH,CH,Si'Pr,)
(0-CgH,CH,Si’Pr"Pr)], (Rh-3)

We previously reported the synthesis of complex Rh-1, isolated
in 73% yield from the reaction of L-1 and [RhCI(COD)], in a
2:1 molar ratio in toluene. We have now identified complex
Rh-3 as a minor species in the same synthesis. Complex Rh-3
was isolated as yellow crystals in 13-15% yield. The X-ray struc-
ture shows the formation of a dimeric structure with a notable
feature. Out of the four substituents on the two Si atoms per
coordinated ligand, a single isopropyl substituent has been
isomerized to n-propyl. The highly symmetric structure shows
a dimeric compound bridged by two chlorides. A square pyra-
midal geometry around each rhodium atom is generated from
the coordination of the modified ligand in a facial mode
(Fig. 1). The structural parameters are very close to those
reported for complex Rh-2, with methyl substituents on Si.
Notably, the Si1-Rh-Si2 angle at 96.95(3)° is almost identical
to that in Rh-2 at 96.92(3)°.>® Other parameters such as the
Rh-Si bond lengths here at 2.3147(9) A and 2.3064(0) A are
close to those in Rh-2 at 2.2960(6) and 2.2825(6) A and Rh-1 at
2.294(2) and 2.293(2) A. The presence of an n-propyl substitu-
ent was further corroborated in solution by *C DEPT NMR
experiments of the crystals, where two new methylene signals
are observed at § 20.88 and 18.84 ppm. The *'P{'"H} and DEPT
?9Si{'H} NMR signals are observed slightly upfield to those of
complex Rh-1 at § 25.0 (d, Jprn = 140 Hz) and 65.7 (dd, Jsi_rn =
37.0, Jsi_p = 12.7 Hz) ppm, respectively.

The isomerization of alkanes is a fundamental reaction
with industrial relevance. For example, the isomerization of
linear alkanes is used in the production of gasolines with high
octane values®® and, the acid or bifunctional metal-acid cata-
lyzed isomerization of cyclohexane is of interest in the
reduction of benzene.?® The isomerization of alkyl metal com-
plexes has been amply studied as has the equilibria between
isomeric alkyl-metal complexes where the linear alkyl group is
often favored.*' For example, hydrozirconation of isomers of
octene leads to n-octylzirconium as the sole product. However,
to the best of our knowledge, no other examples of alkyl iso-
merization of a ligand substituent have been reported to date.
Yet, reversible and irreversible Si-C bond formation/cleavage
has been well documented at various pincer complexes PSiP-M
(PSiP = MeSi(0-C¢H,4-PR,),, Chart 1). Indeed, methyl, ethyl,
prenyl, and phenyl migration of a substituent on Si has been
observed in Ni and Pd pincer motifs. In pincer PSiP-M-Me
(M = Ni, Pd, Chart 1), Turculet and coworkers proposed the
intermediacy of a 14-electron di-coordinated Pd or Ni(0)
species, which would undergo Si-C(sp”) oxidative addition to
the ligand rearranged product, which featured a four-member

This journal is © The Royal Society of Chemistry 2023
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Fig.1 From top to bottom, X ray diffraction structures of complexes
Rh-3 and Rh-4. The main structural parameters in A and angles (°) are as
follows: Rh-3: Rh1-Cl1 2.4217(10), Rhi1-P1 2.2088(10), Rh1-Sil
2.3064(9), Rh1-Si2 2.3147(9), P1-Rhi1-Cl1 172.308(17), Sil-Rhi-Cl1
102.23(2), Cl1-Rh1-Cl1#1 81.95(2), P1-Rh1-Sil 85.31(2), Sil-Rh-Si2
96.95(3); Rh-4: Rh1-Cl1 2.4167(15), Rhi-P1 2.2087(14), Rh1-Sil
2.2663(18), Si1-01 1.649(4), Si2—01 1.663(3), P1-Rh1-Cl1 97.46(5), Si1—
Rh1-Cl1 97.68(6), Rh1-Cl1-Rh1 93.56(5), Si1-O1-Si2 122.6(2).

metallacycle.>® The facile Si-C(sp®) and Si-C(sp®) formation
reactions account for the reversibility of the processes/for-
mation reactions account for the reversibility of the processes
that occur at rates in the timescale of the NMR
experiments.*®** Hazari and coworkers observed similar reac-
tivity from the p-hydride elimination Pd complex to the
rearranged products in the presence of ethylene (Chart 1).*
Takaya, Iwasawa, and coworkers were able to isolate a tricoor-
dinate Pd complex, where a new Si-C(sp®) bond is reversibly
formed replacing the Pd-Si bond.*®**° Other notable examples
of reversible ligand substituent exchange provided also by the
PSiP ligand framework suggest a M—Si cooperation in catalytic
and stoichiometric processes such as in the reversible
exchange of triflate between Si and Rh in Rh(PSiP) systems by
Whited and coworkers, which allows for the addition of hydro-
gen across the Rh-Si bond.?? Similarly, the exchange of amide
and phenyl moieties in Ni(PSiP) by Lee and coworkers was
found to facilitate CO, functionalization (Chart 1).>*
Additionally, the presence of adventitious water in the
solvent system during the reaction of [RhCl(COD)], and L-1 led

This journal is © The Royal Society of Chemistry 2023
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Chart 1 The reported examples of reversible substituent exchange in
pincer PSiP complexes: alkyl, allyl, Ph, NHAr and OTf mentioned in the
text. In this work, reversible isopropyl migration to Rh results in the iso-
merization of a single substituent on Si from the SiPSi pincer-like motif.

to the formation of Rh-4, which crystallizes as light yellow crys-
tals (Scheme 2). The crystals were isolated in very small yield,
5%, and characterized in the solid state by X-ray diffraction
and in solution by spectroscopic means. The solution *'P{'H}
NMR spectrum of Rh-4 shows a doublet signal at 49.0 ppm
(d, Jern = 164.0 Hz). The X-ray diffraction structure (Fig. 1) dis-
closes a symmetric dichloro-bridged dimetallic species with
modified ligands. The coordination geometry around each Rh
center can be described as distorted square pyramidal. Each
pentacoordinated Rh(ur) metal center is bound to the phos-
phorus atom, a benzylic carbon and only one silicon atom of
the ligand. The new Rh-C bonds result from intramolecular
benzylic C-H activation of the formerly methylene carbon. The
Si atom bound to Rh bears only one isopropyl substituent
whereas the other silicon atom, alfa to the cyclometallated C,
no longer binds to Rh but instead to O, forming part of a
Si-O-Si motif. The bond lengths and angles are within the
expected ranges of other siloxanes.*’° The formation of
Si-O-Si complexes has been reported by several authors
(Chart S17). For example, oxidation of the Pt disilene complex

Dalton Trans., 2023, 52, 16159-16166 | 16161
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[(PRs),Pt7°(Mes,Si=SiMes,)]** by West and coworkers, and
dehydrogenative condensation on [(dmpe)Pt(SiHPh,),] upon
reaction with water by Osakada and coworkers,”’ rendered
four-membered Si-O-Si platinacycle units. Ozerov and co-
workers reported Si-O-Si motifs bridging two Pt units from
the reaction of adventitious water with three-coordinate cat-
ionic Pt-PSiP,"* in a variation of Milstein’s saturated Cl-Pt-
PSiP system, in which the rearrangement of a pincer silanol Pt
complex in the presence of water and a non-nucleophilic base
led to a binuclear complex bearing a Si-O-Si-O motif bridging
two Pt centers.”® Adventitious water also reacts with a terminal
silylene** or o(Si-H) complexes® forming bimetallic Si-O-Si
bridges spanning two Ir or Rh centers as reported by Tilley
and coworkers (Chart S17).

Computations on the monomer-dimer equilibrium in Rh-1
and Rh-2 complexes

We previously suggested the existence of a 14-electron
monomer/16-electron dimer equilibrium to explain the reactiv-
ity of the related Ir-2 complex, with methyl substituents on the
Si atoms, which gives rise to monometallic products upon
reaction with two-electron donors.** We now computed the
DFT structures of complexes Rh-1, Rh-2 and Rh-3-mon at
®B97XD/BS2//BS1 level theory. We calculated the thermo-
dynamic parameters AH and AG for a monomer-dimer equili-
bria hypothetically established in the three Rh complexes
(Scheme 3). The calculated Gibbs free energies were deter-
mined as —2.93 and —2.62 kcal mol™' for Rh-2 and Rh-3,
respectively. These favorable and similar values are in agree-
ment with the observed dimerization of the methyl substituted
complex Rh-2 and the n-propyl/isopropyl complex Rh-3. In con-
trast, the dimerization process is unfavorable by 11.8 kcal
mol ™" for the all-isopropyl substituted Rh-1 complex. Thus,
the modification of only one of the substituents on Si in Rh-3
considerably changes the energetics of the system. These find-
ings are relevant for the understanding of important catalytic
species. For example, the catalytic activity of 16-electron chloro
bisphosphine Rh(1) dimers of the type [Rh(PP)(u-Cl)],, where
PP is a diphosphine, such as dppe, dppp, diphos, JohnPhos,
etc.,"">* is proposed to be triggered by the formation of the
14-electron unsaturated monomers. Experimental observation
of such phenomena is of course limited given the rapid
dimer-monomer equilibrium resulting often in identical NMR
chemical shifts; however, techniques such as DOSY NMR and
kinetic determinations complement the computational
studies.'3°

Experimental findings on the mechanism of formation of Rh-3

In order to rule out the formation of Rh-3 from Rh-1, pure
samples of Rh-1 under different conditions of solvent
(benzene-dg, toluene-ds and CDCl;) and temperature (room
temperature and 50 °C) were monitored by NMR spectroscopy.
We found no evidence of the conversion of Rh-1 to Rh-3 even
after one month at 50 °C. Given that we previously reported
the exchange of the Cl ligand in Rh-1 by other halogens upon
addition of the corresponding Na or Ag salts,'”” varying

16162 | Dalton Trans., 2023, 52, 16159-16166
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amounts of KCI or NaCl salts were added to the Rh-1 solutions
to favor a possible dissociation of the coordinated Cl in Rh-1,
which could trigger isopropyl migration and isomerization.
However, no changes were noticed under those conditions
either. These observations allow us to conclude that Rh-3 is
not formed from Rh-1 but it is likely generated during the
metalation process from [RhCI(COD)], and L-1. Finally, the
reaction of [RhCI(COD)], with L-1 led to slightly different ratios
of Rh-1:Rh-3 (Table 1) when performed in benzene or
toluene. However, the reaction in other solvents such as
pentane, dichloromethane, acetonitrile and THF did not lead
to the experimental observation of Rh-3.

Computations on the mechanism for the observed
isomerization of iso-propyl to n-propyl to form complex Rh-3

We explored the formation of complex Rh-3 from two potential
pathways: (1) directly in the metalation reaction from [RhCI
(COD)], and L-1 and (2) from a rearrangement proceeding
from Rh-1. The value of AAG® between Rh-1 and the n-propyl
isomer, Rh-3-mon, is very small (AAG® = —1.9 kcal mol ™).
Since experimentally, only a small amount of Rh-3 is observed,
this result suggests that the isomer selectivity is controlled
kinetically rather than thermodynamically. Based on the
experimental findings, it is probable that Rh-3 is directly pro-
duced through metalation. Using computational tools, we
propose a mechanism consisting of two main parts. First, the
formation of intermediate Rh-8 occurs during metalation
(Fig. 2). From this intermediate, two competitive pathways
arise, leading to the formation of Rh-1 and its isomer, Rh-3-
mon (Fig. 3).

In the first part (Fig. 2), the oxidative addition of a single
Si-H bond of L-1 to the monomeric RhCI(COD) produces Rh-5
species, which is slightly endergonic (AG° = 3.8 kcal mol™).
Subsequent steps involve hydride migratory insertion (hydride
M/I), o-bond metathesis, and reductive elimination (RE), as
shown in Fig. 2, which represents the energetically favorable
path. The order of these steps can vary, resulting in different
pathways to Rh-8 (details in Fig. $8%). In TS5-6 (A¥Ge =
27.8 kecal mol™), in addition to the transfer of the hydride to
the COD ligand, the hydrogen atom from the agostic Si-H

Table 1 Calculated ratios of the Rh-1: Rh-3 monomer by DFT compu-
tations and comparisons with experimental data from 3'P{*H} spec-
troscopy from in situ metalations

Rh-1/Rh-3-mon AA*Ge
Method ratio (keal mol™)
Experiment in benzene 85:15% 1.0
SMD(benzene)//®B97XD/BS1 83:17 0.94
Experiment in toluene 77:23%P 0.72"
SMD(toluene)/wB97XD/BS1 79:21 0.78

“These approximate ratios were calculated by integration of the signals
in the *'P{'H} spectra considering one P nuclei per Rh-3 as a
monomer. The reactions were performed in situ in NMR tubes in the
corresponding solvents. ® The integrations of the closely spaced signals
in the *'P{'"H} spectrum were approximated to the given values by
deconvolution of the signals.

This journal is © The Royal Society of Chemistry 2023
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Fig. 3 Simplified Gibbs free energy diagram (kcal mol™) of the kinetic
control of Rh-1 and isomer Rh-3-mon from DFT computations at SMD
(benzene)//@B97XD/BS1 level theory.

bond also moves to another silicon atom, exemplifying the
hydride relay properties. The formation of Si-Cl bond via
TS6-7 (A*Ge = 23.8 keal mol™) leads to the oxidative addition
of the remaining Si-H bond. Consequently, the term “s-bond
metathesis” is suitable to describe the transformation of Rh-6
to Rh-7, where Rh(m) retains its oxidation state. The C-H RE
step TS7-8 (A*G° = 20.9 kcal mol™) transfers another hydro-
gen to the COD ligand, converting it to COE, observed experi-
mentally by NMR, as the side product of the metalation
process and resulting in the formation of the Rh-8 complex.

In the subsequent process, starting from the Rh-8 species,
either Rh-1 or Rh-3-mon can be formed as proposed in Fig. 3.
Rh-1 can be directly produced through Si-Cl bond oxidative
addition steps in TS1-8 (A*G® = 3.6 kcal mol™), while multiple
steps are required to generate the Rh-3-mon complex (for
detailed information, refer to Fig. S10f). It is important to
note that there are several intermediate steps between Rh-8
and Rh-3-mon; however, for the purpose of clarity and simpli-
city, only the highest energy transition state TS11-12 is
depicted in Fig. 3. The isomer selectivity in this case can be
understood using the Curtin-Hammett principle. The predo-

This journal is © The Royal Society of Chemistry 2023
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minance of Rh-1 over Rh-3-mon is primarily attributed to the
lower energy requirement of the kinetic path, which is 3.6 kcal
mol™" compared to 4.5 kcal mol™'. The energy gap value
between these two transition states TS1-8 and TS11-12 is
small, with AA*G® = 0.9 kcal mol™?, and it poses a general
challenge to computational studies. However, the calculation
at SMD(benzene)/wB97XD/BS1 level theory fortuitously gives a
value very close (0.94) to the experimentally determined value
of 1.0 kecal mol™" (Table 1). It is important to note that while
the proposed mechanism in Fig. 2 and 3 provides insights into
the formation of both isomers, DFT calculations should not be
solely relied upon for quantifying the ratio.

Computed selectivity values Rh-1:Rh-3-mon in benzene
and toluene show small changes in the product selectivity.
Indeed, the computed benzene and toluene ratios are very
close to those obtained experimentally (Table 1). As stated
before, Rh-3 was not detected experimentally when the reac-
tion was carried out in pentane. Furthermore, the proposed
mechanism is no longer valid in polar solvents such as tetra-
hydrofuran or dichloromethane, which can also act as ligands
and lead to a significant change in the nature of the process,
as corroborated experimentally where no Rh-3 is observed.

Overall, the direct formation of Rh-3 from [RhCI(COD)],
exhibits an apparent kinetic free energy of activation of AA*G®
= 25.3 kcal mol™". The free energy of activation for the for-
mation of Rh-3 from Rh-1 is higher, with an apparent free
energy of activation of AA*G® = 28.4 kcal mol™ (energy gap
between Rh-1 and TS11-12). This result is consistent with the
experimental findings and demonstrates that the direct
pathway is energetically favorable. Furthermore, several other
pathways including through a silylene intermediate, o-bond
metathesis, and reductive elimination were also considered
but have unfavorable energies (Fig. S91).

In our case, stoichiometric addition of water to either Rh-1
or Rh-3 does not lead to the formation of Rh-4 but instead,
other unidentified products are generated. We thus propose
that complex Rh-4 is also formed during the metalation
process from the reaction of one of the intermediate species
with adventitious water.

Conclusions

In conclusion, alkyl isomerization at the silicon ligand L-1
yields the 16-electron dimer Rh-3 in ca. 13-15% isolated yield
where one of the two silicon atoms bears an n-propyl substitu-
ent. The dimerization of the mixed n-propyl/isopropyl Rh-3-
mon to Rh-3 (the dimer) is energetically favored as is the
dimerization of the methyl analogue, Rh-2-mon to Rh-2 (the
dimer). In contrast, Rh-1 with four isopropyl substituents on
the two silicon atoms does not undergo dimerization. Once a
dimeric species is formed, isopropyl migration to Rh is no
longer possible accounting for the lack of detection of doubly
or further isomerized products. Dimer Rh-3 is formed during
the metalation process from [RhC](COD)], through an alterna-
tive pathway to that of the major formation of Rh-1. The revers-
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ible transfer of an isopropyl substituent to Rh allows for iso-
merization at the metal center followed by migration back to
the silicon atom. This work is in line with the proposed coop-
erative partnership between Rh and Si which could allow for
different reactivity at complexes bearing this type of ligand.

Experimental section
General considerations

Experiments were performed under an argon atmosphere
using standard Schlenk methods or in an MBraun glove box
unless stated otherwise. Laboratory solvents were dried and
purified over MBraun column systems. Benzene-ds was passed
through a Pasteur pipette containing molecular sieves and
then degassed via three freeze-pump-thaw cycles and stored
over molecular sieves. The other reagents were purchased from
Sigma Aldrich and used as received. Nuclear magnetic reso-
nance (NMR) experiments were performed on Bruker Avance
300, 500 and 600 spectrometers. All chemical shifts (5) for 'H,
*9Si and °C are relative to TMS and are reported in parts per
million (ppm).

[(u-C))Rh-(x*(P,Si,Si)PhP(0-CcH,CH,Si'Pr,)
(0-C¢H,CH,Si’Pr"Pr)], (Rh-3)

In a Schlenk flask, 47 mg (0.097 mmol) of [RhCI(COD)], and
100 mg of L-1 (0.19 mmol) were dissolved together in 2 mL of
freshly dry toluene. The resulting orange solution was left stir-
ring for 3 hours at room temperature. Subsequently, the solu-
tion was concentrated under vacuum and crystals of Rh-1 were
removed. Then, the mother liquor was dried and redissolved
in pentane. Orange crystals of complex Rh-3 were grown from
this pentane solution. 'H NMR (600 MHz, C¢Ds, 298 K):
5 7.04-6.84 (m, 21H, CHgaom), 6.77-6.71 (m, 5H, CHgrom),
2.30-2.23 (m, 4H, CH,), 2.14 (dd, Ju = 14.6, Jup = 2.9 Hz, 2H,
CH,), 2.03 (d, Jyn = 14.4 Hz, 2H, CH,), 2.01-1.86 (m, 2H,
CH-'Pr), 1.77-1.63 (m, 4H, CH-'Pr), 1.61 (d, Juy = 7.2 Hz, 6H,
CH;-'Pr), 1.58-1.51 (m, 4H, CH,-propyl), 1.32 (ddd, Ji; = 14.6,
Juu = 12.7, Jup = 3.9 Hz, 4H, CH,-propyl, overlapped), 1.19 (d,
Jun = 7.5 Hz, 6H, CH3-'Pr), 1.13 (d, Juy = 7.3 Hz, 6H, CH;-'Pr),
1.08 (d, Jun = 7.4 Hz, 6H, CH;-"Pr), 1.01 (d, Juyy = 7.5 Hz, 6H,
CH;-'Pr), 0.99-0.96 (overlapped signals: 12H, CH,-"Pr (6H) and
CH;-propyl (6H)). DEPT “C{'H} NMR (150.9 MHz, CgDs):
24.02 (d, Jop = 16.9 Hz, CH,), 23.07 (d, Jcp = 18.3 Hz, CH,),
21.94 (s, CH;, 'Pr), 20.88 (s, CH,, n-propyl), 20.59 (s, CH, 'Pr),
20.53 (s, CH, 'Pr), 20.28 (s, CHj;, 'Pr), 20.07 (s, CHj, 'Pr), 19.87
(s, CHj, n-propyl), 19.20 (s, CHj, 'Pr), 18.84 (s, CH,, n-propyl),
18.51 (s, CHj, 'Pr), 18.41 (s, CHj, n-propyl). *'P{'H} NMR
(202.46 MHz, C¢Dy): 31.5 (d, Jprn = 145.7 Hz).

Observation of [u-Cl-Rh{x*(P,Si,C)PPh(0-C¢H,CH,Si’PrO
Si'Pr,CH-0-C¢H,)}], (Rh-4)

A reaction involving 47 mg (0.097 mmol) of [RhCl(COD)], and
100 mg of L-1 (0.19 mmol) in 2 mL of toluene (not rigorously
dried) led to the isolation of orange crystals of Rh-1. The
mother liquor was fully dried and redissolved in pentane, in
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an attempt to isolate crystals of Rh-3. However, after four
weeks, a small amount of yellow crystals of complex Rh-4 suit-
able for X-ray diffraction analysis were formed. Isolated yield
6 mg, 5%. 'H NMR (500 MHz, C¢Dg, 298 K): § 7.48-7.37 (m,
5H, CHgarom), 7.13-6.97 (m, 31H, CHgrom), 2.58-2.24 (m, 4H,
CH,), 1.80 (sept, Jun = 7.1 Hz, 4H, CH-'Pr), 1.49 (d, Jun =
7.6 Hz, 6H, CH;-'Pr), 1.41 (d, Jun = 6.8 Hz, 6H, CH;-'Pr), 0.84
(d, Juu = 7.5 Hz, 12H, CH;-'Pr), 0.60 (d, Juy = 7.4 Hz, 6H,
CH,-'Pr), 0.38 (d, Ju = 7.5 Hz, 6H, CH;-'Pr), 0.10-0.02 (m, 2H,
CH-'Pr), ppm. *'P{*"H} NMR (202.46 MHz, C¢Dy): 49.04 (d, Jorn
=164.0 Hz) ppm.
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