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Selective Carbanion-Pyridine Coordination of a Reactive PN

Ligand to Rh'
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/Abstract: Ligands with reactive carbon sites in the periphery
of a metal center have emerged as a powerful approach for
metal-ligand bond activation. These reactive carbon sites
are commonly generated by deprotonation strategies.
Carbon-silicon bond cleavage is a potential alternative to
access such constructs. Herein, the monodesilylation of bis-
silyl-substituted PN scaffold PN*? in the coordination sphere
of [Rh'(CI)(CO)(PN®?)] (1) with sodium azide is disclosed. This
affords a unique dinucleating anionic k*-C,N-x'-P ligand with

N

a carbanionic methine carbon atom directly bound to rhodi-
um as part of a four-membered Rh-N-C-C rhodacycle. This
dimer undergoes meta-pyridine C—H activation facilitated by
weak bases, which leads to a desymmetrization of the
system and provides a o,m-bridging 3-pyridyl fragment
bound to Rh'. The facile Si—C cleavage strategy may pave
the way to studying the reactivity and functionalization of a
variety of k>-C,N-coordinated pyridine scaffolds for selective
transformations.

Introduction

Reactive ligands that are amenable to chemical changes in
their backbone have recently attracted much attention in co-
operative metal-ligand bifunctional substrate activation, partic-
ularly with late transition metals.” Lutidine-based platforms
with a hybrid PN donor set, either as tridentate®™ or bidentate
ligand,® are often encountered in this context. Deprotonation
of the acidic methylene linker between the pyridine and the
flanking P donor atom with strong non-nucleophilic bases typi-
cally generates an exocyclic C=C bond with a neutral methine
group and an anionic nitrogen donor through formal dearoma-
tization of the N-heterocycle” To date, with transition
metals,” this typically gives rise to the ubiquitous amido(meth-
ine)phosphane PN binding, wherein the methine carbon atom
has no direct bonding interaction with the metal center
(Figure 1). We surmised that CN ligation could provide a
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Figure 1. Top: Common reactivity of 2-lutidine-derived PN ligands on dearo-
matization versus rare C,N binding motif and unprecedented dinucleating
phenylphosphane +n*-benzyl coordination. Bottom: envisioned selective
monodesilylation strategy of a PN®2 ligand to generate a carbanionic meth-
ine.

highly attractive alternative scenario to further expand the
chemistry of reactive ligands. Such coordination might change
the energetics of substrate bond-activation pathways, depend-
ing on the M—C bond strength, and potentially offer new
modes and pathways for reactivity. Starting with the ligand 2-
(di-tert-butylphosphanylmethyl)-6-methylpyridine, selective C,N
versus PN binding, the former generating a strained four-mem-
bered metallacycle, was recently serendipitously observed for
the first time for Group 13 complexes,® but no report on C,N
binding to transition metals for such phosphino-pyridine li-
gands exists to date, as phosphane coordination to form a
five-membered ring is typically preferred. Structurally related
2-aminopyridines are known to relatively easily afford n*-N,N
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binding on deprotonation (resulting in an amidopyridinate
donor),” but the related nW>-C,N binding maotif is very rare for 2-
methine pyridines and elusive for low-valent metal centers."”
Stimulated by the development of related metal-bound mono-
anionic, neutral, or dianionic carbon-ligand fragments for
bond-activation strategies'” and our recent reports that Rh—
C,yi bonds may be employed for bifunctional substrate activa-
tion" we explored strategies to generate such transition
metal-pyridine-carbanion structures.

To address this challenge, we envisioned that regioselective
desilylation of a suitable functionalized PN scaffold bearing di-
phenylmethylsilyl groups might offer an entry into this chemis-
try. This would result in the formation of a carbanionic methine
linker without affecting the aromatization of the pyridine ring.
Although carbon-silicon bond breaking has been reported for
the construction of cyclometalated ligand frameworks and for
organic synthesis,"¥ site-selective C—Si bond cleavage in a disi-
lylated platform has not been utilized for the generation of re-
active ligand scaffolds to the best of our knowledge. We
herein show that this selective side-arm desilylation concept
provides access to the first example of selective carbanion-C
over phosphorus-P binding to rhodium to produce a unique
dinuclear rhodium complex stabilized by a dearomatized,
anionic, and dinucleating NCP scaffold. This has provided the
first example of a four-membered low-valent Rh-N-C-C metal-
lacycle as well as the first example of a transition metal center
bound simultaneously to the methine carbon and the pyridine
nitrogen atoms in these reactive PN-type lutidine-based plat-
forms.

Results and Discussion

Bis-silyl-decorated PN ligand PN was synthesized straightfor-
wardly by monodeprotonation of 2,6-bis[(diphenylmethylsilyl)-
methyllpyridine (A)" with one equivalent of nBuLi, followed
by addition of chlorodiphenylphosphane (Scheme 1). Desym-
metrization of the bis(silyl)lutidine unit is reflected in the *Si
NMR spectrum, which shows a doublet at 5[Si]' = —8.2 with an
Si-P coupling constant %Js, of 18.5 Hz and a singlet at slightly
lower field [O[S]*=—7.8 (s)].

Coordination of PN%? to 0.5 molar equivalents of
[{Rh(CO),(u-Ch},] resulted in yellow crystals in good yield after
workup (Scheme 1). Multinuclear NMR and IR spectroscopic
data 'P: 6 =67.6 ppm, "Jgp=167.6 Hz; IR: 7., =1987 cm™') as

X i >
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Scheme 1. Synthesis of mononuclear Rh' complex 1 and subsequent azide-
induced selective desilylation to provide Rh' dimer 2 featuring two four-
membered Rh-N-C-C metallacycles.
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well as HRMS (FD; m/z=2849.12866 [M]*) support the forma-
tion of the anticipated mononuclear Rh' complex [RhCI(CO)(k*-
PN-PN%2)] (1) with trans disposition of Cl and P. The molecular
structure as determined by XRD (Figure 2) shows significant

Figure 2. Displacement ellipsoid plots (50 % probability) of 1 (top: side view;
bottom: front view) at 150 K. Hydrogen atoms, apart from those on C1 and
C7, are omitted for clarity. Selected bond lengths [A] and angles [°]: Rh1—
C46 1.804(3); C46—01 1.147(3); Rh1—Cl1 2.4144(6); Rh1—N1 2.168(17); Rh1—
P12.1943(6); P1—C1 1.847(2); C1—C2 1.510(3); C1-Si1 1.926(2); C7-Si2
1.895(3); C46-Rh1-N1 169.48(10); CI1-Rh1-P1 163.71(2); N1-Rh1-C46
169.48(10); Rh1-P1-C1 98.75(7); P1-C1-Si1 119.46(11); P1-C1-C2 104.62(14);
Cl1-Rh1-N1-C6 —47.1(2); C46-Rh1-P1-CI1 —110.8(1); P1-Rh1-N1-CI
—164.09(3); N1-Rh1-P1-CI1 76.3(1).

out-of-plane displacement of the chlorido ligand, with a P1-
Rh1-ClI1 angle of 163.71(2)° and a C46-Rh1-P1-Cl1 torsion angle
of —110.8(1)°. The 'H NMR spectral data and DFT calculations"
suggest the presence of an H-bonding interaction between
the chlorido ligand and one of the methylene CH, hydrogen
atoms of the nonsubstituted CH,Si(Ph,)(Me) arm in solution, re-
sulting in a AB system with a large Av,g value of 697.5 Hz
(0a=2.97; 05=5.30). In situ abstraction of the Cl ligand with
AgSbF, resulted in a narrower AB system (Av,;=126.0 Hz, 6,=
2.76; 6;=3.18)." This is likely related to the intrinsic acidity of
lutidine C(sp®)H protons, which is further enhanced by the abil-
ity of silicon to undergo hyperconjugation to stabilize a-carb-
anions.

To assess the possibility of inducing carbanion formation
from complex 1, its reactivity toward external silylium-abstrac-
tion agents was probed. Using fluoride sources such as tetra-

© 2019 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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butylammonium fluoride or tetrabutylammonium difluorotri-
phenylsilicate led to instantaneous reactions (even at —78°C),
but complicated reaction mixtures were obtained according to
in situ *'P NMR spectroscopy. Switching to an excess of sodium
azide as a less-reactive silicon-group acceptor led to quantita-
tive conversion, judged by *'P NMR spectroscopy, and a
change of color from yellow to dark brown. After workup,
compound 2 was isolated as yellow needles in 37 % yield. Its IR
spectrum showed no evidence of an Rh-azido fragment but
did contain a low-energy-shifted vc, band at 1947 cm™' (Av =
—40 cm™' relative to 1), suggesting a CO ligand trans to a
strongly donating ligand. The *'P NMR spectrum contained
only a single signal at 0 =45.7, interpreted as a second-order
AA'BB’ spin system. Carbon-silicon bond cleavage, that is, re-
moval of silyl group [Sil' B to phosphorus, was confirmed by
#Sj and "H NMR spectroscopy. Unfortunately, low resolution of
the C NMR spectrum precluded definitive identification of the
carbon center previously linked to silicon. However, the broad-
ened 'H NMR signal at 0 =2.33, attributed to the methine CHP
hydrogen atom, is found far outside the olefinic region, which
disagrees with the enamine form of the N heterocycle that
would be generated on dearomatization of the pyridine ring.

Single crystals suitable for X-ray structure determination
were obtained by layering a THF solution of 2 with pentane at
RT (Figure 3). The resulting molecular structure indicates for-
mation of a dinuclear complex, formulated as [{Rh'(CO)(x*
N,C;x'-P-u-PN®)}L,]. The methine carbon atom is directly linked
to the adjacent rhodium center (Rh1—C1 2.137(6) A) in favor of
the phosphane P donor, and thus the formation of a strained
four-membered ring fused with an aromatic N heterocycle is
enforced"” and a distorted square-planar geometry around Rh
results [C1-Rh1-N1 65.7(2)°, ZRh,,qes=360°]. The carbon-
carbon distances in the heterocycle support aromatic nature of

Figure 3. Displacement ellipsoid plots (50 % probability) of 2 at 150 K. Hy-
drogen atoms, apart from those on C1 and C7, and THF lattice-solvent mole-
cules are omitted for clarity. Selected bond lengths [A] and angles [°]: Rh1—
(€33 1.840(6); C33—01 1.157(7); Rh1—N1 2.096(4); Rh2—P1 2.230(1); Rh1—C1
2.137(6); P1—C1 1.805(6); C1—-C2 1.492(5); C2—N1 1.360 (6); C2—C3 1.377(7);
C3—C4 1.390(5); C4-C5 1.391(8); C5-C6 1.387(7); C33-Rh1-P2 90.1(2); C33-
Rh1-N1 105.9(2); P1-C1-Rh1 110.0(3); P2-Rh1-C1 98.3(1); C1-Rh1-N1 65.7(2);
Rh1-C1-C2 90.4(3); C1-C2-N2 107.2(4); C2-N1-Rh1 96.0(3).
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the pyridine ring. Combined with the only marginally shorter
C1-C2 bond length relative to complex 1 (Ad=0.018 A), this
suggests that carbon atom C1 should be considered as a carb-
anion. Ligation of the phosphane arm to the second rhodium
atom (Rh2—P1 2.230(1) A) results in a head-to-tail dimer of
overall G, symmetry composed of five fused (partly metallacy-
clic) rings (6-4-6-4-6 in size). Location of the two methine car-
bons above the P1-P2-Rh1-Rh2 mean plane results in a boat
conformation of the central six-membered ring."® Because of
the constrained geometry, the Rh1—N1 bond is significantly
shortened relative to 1 (2.096(4) A in 2 versus 2.171(2) in 1).
The C—O bond is slightly elongated due to the stronger trans
influence of the hydrocarbyl ligand relative to the pyridine
donor in 1 (Rh1-C33 1.157(7) A in 2 vs. Rh1-C46 1.143(3) A in
1).

The formation of 2 could be envisioned to involve inter-
mediate | (Scheme 2), which may be formed by, for example,
direct external azide-induced desilylation or inner-sphere azide
attack and 1,5-silyl transfer (given the short C-H-Cl distance ob-
served in 1, this methylene group might be considered a
center of reactivity). From I, a change in coordination mode of

= ‘ Na | A Na
NaNj €] \N 181 change N/ s dimer
| in P | formation 2

1 — | py-P—Rh—ai L A\ Rn—cl
- SiMePh,N; | hapticity | Ph 7| NaCl
Ph co cO
]
[Si] = SiMePh,

Scheme 2. Possible reaction pathway for the formation of dimeric complex
2 involving heterolytic C—Si bond cleavage in the presence of NaN.

the ligand from k*PN to k>-CN would lead to formation of
monomeric four-membered rhodacycle 2M. This transforma-
tion occurs on reaction of group 13 metalloids with external
Lewis acids.”? DFT calculations showed that model compound
2" is only 15.2 kcalmol ™" less stable than I, but this difference
originates solely from the strain imposed on the bidentate
ligand on coordination (AAE,,,.,=22.3 kcalmol™, see Support-
ing Information for details). C,N coordination is in fact favored
by 6.2 kcalmol™' over PN coordination, which can be rational-
ized by localization of the negative charge on the carbon
atom. This is also reflected in the higher NICS value of —8.392
for 2" compared to —3.900 in I. Eventually, this unsaturated
Rh' complex dimerizes to generate complex 2 with two
square-planar rhodium centers.

Monitoring the conversion of 1 to 2 by *'P NMR spectrosco-
py showed an initial stationary period (+ 24 h) without signifi-
cant changes preceding sudden formation of a complex mix-
ture, which precluded high-fidelity characterization of relevant
intermediates. This mixture ultimately disappeared in favor of
selective formation of 2, which was the only product after
96 h. Attempts to detect a silylazide byproduct were unsuc-
cessful. We reasoned that the same reaction with model com-
pound PN, bearing only the silyl group [Si' B to the phos-
phane (i.e. 2-[(diphenylphosphanyl)(methyldiphenylsilyl)meth-
yll-6-methylpyridine), might provide some mechanistic insight.

© 2019 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Ligand PN*" was obtained as a colorless oil in modest yield in
two steps starting from 2-[(diphenylphosphanyl)methyl]-6-
methylpyridine. The corresponding crystalline orange rhodium
complex [Rh(CI(CO)(PN*")] (1') was also fully characterized, in-
cluding single-crystal X-ray structure determination (see Sup-
porting Information). The observed CI1-Rh1-P1 angle of
162.97(4)° and the presence of a C-H-Cl interaction suggest
that steric hindrance imposed by the SiMePh, fragment is not
the main driving force behind this transformation. However, on
treatment of 1" with NaN; under the same conditions as for 1,
no evidence for formation of analogue 2’ lacking any silyl
group was observed, which would be the expected product
on direct external attack of azide on the flanking [Si] unit.
Hence, this result strongly suggests that the formation of 2 re-
quires the presence of both [Si]' and [Sil%. This could indicate
that the C-H-Cl interaction might be a mechanistically relevant
factor for site-specific desilylation. Furthermore, DFT calcula-
tions indicate the existence of m-arene coordination of one of
the [Si* phenyl groups to the metal center after NaCl elimina-
tion in 1, estimated to be about 7 kcalmol™', which may ac-
count for the different reactivity with respect to 1. However, a
full computational mechanistic study is outside the scope of
this report.

Monomeric intermediate 2" (Scheme 2) is a tautomeric form
of the previously postulated reactive form of dearomatized
PN(P) complexes. We thus wondered whether metal-ligand bi-
functional bond activation of, for example, amines to afford
formal reprotonation of the methine carbon and coordination
of an NR, fragment to a mononuclear Rh' center would be ac-
cessible with 2."¥ Heating an equimolar solution of 2 and di-
phenylamine in TFF at 90°C in a pressure tube for 2 d led to a
color change from yellow to dark red (Scheme 3). Monitoring

Ph_ Ph
s oc. P
NHPh, .
N = \“ /N\I
THF, 90 °C, 2 days Rh__
46% (NMR); 16% (isolated)

Scheme 3. Isomerization of 2 to 3 assisted by diphenylamine.

this reaction by *'P NMR spectroscopy showed gradual disap-
pearance of complex 2, concomitant with the formation of
two new doublets of doublets of doublets (0 =17.9, 34.3 ppm;
1JRh1P1:124-1: ]JRh2P2:164-6I 2JRh1P2:4'51 ZJham =45, Jp=
17.2 Hz), which suggest retention of a dimeric geometry fea-
turing two inequivalent phosphorus and rhodium nuclei. Al-
though the reaction proceeded cleanly with 46% conversion
after 2d based on the 'H NMR spectroscopic data, red com-
plex 3 could only be isolated in 16% yield due to its high solu-
bility in a wide range of solvents. Use of triethylamine gave
66 % yield (NMR) of 3 in the same timeframe.

The "H NMR spectrum of 3 indicated reprotonation of one
methine fragment, and the two hydrogen atoms of this CH,P
methylene unit resonate at 6 =4.22 and 5.13 ppm. The remain-
ing methine fragment in dimer 3 is strongly deshielded com-
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pared with 2 (0=4.75 ppm in 3; 6=2.33 ppm in 2) and the
hydrogen atom couples to both *'P nuclei and one '®Rh nu-
cleus; this suggests that some binding interaction between Rh
and C persists after reaction with an amine. The use of an addi-
tional equivalent of amine per dimer did not change the out-
come of this reaction. No nitrogen-based fragment was incor-
porated in 3 according to CSI-HRMS ([M+H1*: m/z 1235.1696)
and "*CNMR spectroscopy. This suggests that complex 3 is
merely a constitutional isomer of 2 and that the amine acts as
proton shuttle to facilitate the isomerization process. This is in
agreement with the higher yield (NMR) on changing NHPh, to
the more basic NEt;. Single crystals suitable for X-ray diffraction
analysis (including one equivalent of NHPh,) were obtained
from slow evaporation of a solution in Et,0 at room tempera-
ture (Figure 4).

Figure 4. Displacement ellipsoid plots (50 % probability) of 3 at 150 K. Hy-
drogen atoms, apart from those on C1 and C34, and NHPh, molecule omit-
ted for clarity. Selected bond lengths [A] and angles [°]: Rh1—-C36 2.166(2);
Rh1-N1 2.131(2); Rh1—P2 2.138(6); Rh2—P1 2.2735(6); Rh2—C34 2.168(2);
Rh2—C35 2.310(2); Rh2—C36 2.258(2); C34—C35 1.445(2); C35—-C36 1.442(3);
C34-P2 1.781(2); Rh1-C36-Rh2 79.33(6); C66-Rh2-C34 95.43(8); C66-Rh2-C36
156.48(8); C34-Rh2-C36 66.24(7); P2-Rh1-C36 82.54(5); P2-Rh1-C33 92.51(6);
C33-Rh1-C36 170.33(8).

Rather than binding to an anionic methine donor, as found
in 2, rhodium center Rh1 in 3 binds to the C—H-activated,
anionic meta-carbon atom C36 of the second pyridine frag-
ment (Rh1—C36 2.116(2) A). Rhodium atom Rh2 binds to carb-
anion C34 (Rh2—C34 2.168(2) A) in a ¢ fashion and to carbon
atom (36 in a 7 interaction (Rh2—C36 2.258(2) A). Electronic
structure analysis showed no bond critical point between Rh2
and C35 (see Supporting Information). The coordination
sphere of Rh2 is completed by phosphane P atom P1 of the re-
generated —C(1)H,PR, arm and a CO ligand trans to C36, and
nitrogen donor N2 is no longer bound to Rh2. The Rh1—Rh2
distance of 2.7942(7) A is shorter than that in a structurally
slightly related dinuclear complex in which one Rh atom is
bound in a m fashion to an iminopyridine-derived scaffold
(Rh1—-Rh2 2.9157(1) A), likely due to the PN chelate present in

© 2019 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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3.7 The coordination mode adopted by the C—H-activated
pyridine ring is somewhat similar to the ligation of a bridging
hydrocarbyl fragment in an Ni dimer (Ni—Ni 2.710(2) A).2"

In accordance with the spectroscopic and HRMS data, the
highly unusual structure of 3 results from a prototropic isomer-
ization of 2. This isomerization involves formal deprotonation
of the meta position of one pyridine ring (heterocycle @) by
the methine arm of the other pyridine (heterocycle ), mediat-
ed by a proton-shuttling amine. The two heterocycles differ
significantly in their electronic structures (Figure 5). Pyridine
ring B is aromatic with C—C distances of 1.376-1.392 A, where-
as in ring a the C—C bond lengths alternate between those of
double and single C—C bonds.

Figure 5. Left: @ and f heterocycles in 3. Right: alternating C—C bond
lengths in heterocycle o.

Although a few meta-metalated pyridine complexes of Rh"
have previously been characterized,”? complex 3 is the first
such Rh' complex that has been structurally characterized in
the solid state” It is noteworthy that meta-pyridine C—H
bond metalation is rare, typically involving organolithium re-
agents®” or harsh conditions.””’ In the case of rhodium, a
highly reactive 14-electron complex has been reported to un-
dergo C—H oxidative addition of bipyridine-type substrates,”
and [Rh"(Cp*)(CsHs)(H)(PMe,)] reacts with pyridine to afford
15% of the m-C—H activation product, together with 57 and
28% of the more reactive 0-C—H and p-C—H activation prod-
ucts, respectively.”” Furthermore, we are not aware of any ex-
amples of complexes that feature a o,m-bridging 3-pyridyl
ligand.

Conclusions

We have reported the first examples of C,N rather than PN liga-
tion of a reactive PN-type ligand in the coordination sphere of
any transition metal (Rh'), induced by a site-selective carbon-
silicon cleavage strategy with NaN;. The carbanionic methine
fragment generated in situ displaces phosphorus as donor to
Rh' to result in a highly strained four-membered Rh-N-C-C me-
tallacycle, stabilized by dimerization involving phosphane coor-
dination to the neighboring rhodium center. Amine-assisted
proton shuttling transforms dimer 2 into 3, which shows an
unusual o,mt-bridging 3-pyridyl coordination mode. These find-
ings are considered of relevance for the design of new synthet-
ic routes and modes of activity of reactive ligands and the
chemistry of cyclometalated rhodium carbanions. We are cur-
rently pursuing similar transformations with PN¥? and other
transition metals and follow-up reactivity therewith.”?®
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Experimental Section
General comments

All reactions and manipulations were carried out under an atmos-
phere of dry dinitrogen by using standard Schlenk techniques or in
a glovebox. All solvents were purged with dinitrogen and dried
with an MBraun Solvent Purification System (SPS); 'H, "C, *'P, *Si
NMR spectra were recorded with a Bruker AV 300, Bruker DRX 300,
Bruker AV 400, or Varian Mercury 300 spectrometer at room tem-
perature unless noted otherwise. Chemical shifts were expressed
relative to residual 'H, *C solvent signals, 85% H,PO,, and external
tetramethylsilane, respectively. Mass spectra were recorded with an
AccuTOF LC, JMS-TT00LP, AccuTOF GC v 4g, or JMS-T100GCV mass
spectrometer. IR spectra were recorded with a Bruker Vertex 70v
spectrometer. Elemental analyses were carried out by Kolbe Mik-
roanalytisches Labor, Oberhausen (Germany). (Diphenylphospha-
nyl)methyl-6-methyl-pyridine was prepared according to a litera-
ture procedure.?”

2,6-Bis[(diphenylmethylsilyl)methyllpyridine (A)

Compound A was prepared by a slightly modified procedure."* A
solution of n-butyllithium in hexanes (51.6 mL, 2.5m, 2.07 equiv)
was added dropwise to a solution of 1,6-dimethylpyridine
(722 mL, 62.2 mmol) and tetramethylethylenediamine (19.6 mL,
130.6 mmol, 2.1 equiv) in diethyl ether (200 mL) at 0°C leading to
an intense red solution. The reaction mixture was allowed to warm
to room temperature and was further stirred for 5 h. During this
time, the color of the solution turned from red to brownish. The
solution thus obtained was added dropwise over 45 min to a
—90°C solution of diphenylmethylsilyl chloride (27.2 mL,
128.8 mmol, 2.07 equiv) in diethyl ether (200 mL). The reaction mix-
ture was then allowed to slowly warm to room temperature and
stirred for an additional 48 h to give a clear yellow solution and a
white precipitate. After removal of the volatile substances under
reduced pressure, the solid residue was extracted with diethyl
ether and filtered through a plug of activated neutral alumina. The
solvent was then removed under reduced pressure to give a
yellow oil. After column chromatography on silica gel (eluent Et,0/
pentane, 20/80; R,=0.46), the compound was obtained as a white
solid, which was crystallized at —20°C from a saturated Et,O/pen-
tane solution as white crystals in a yield of 35%. HRMS (CSI,
—30°C): exact mass (monoisotopic) calcd for [Cy3Hi3NSi,]1T: m/z
499.2152; found: 499.2171; "H NMR (300 MHz, CiDy): 6=0.53 (s,
6H, CH,), 2.84 (s, 4H, CH,), 6.32 (d, 2H, *Jy,=7.61 Hz, H,,,,)), 6.76 (t,
TH, *Jyy=7.61Hz, H,,), 7.14-7.22 (m, 12H, Hyy), 7.49-7.57 (m, 8H,
Hpp); PC{'H} NMR (76 MHz, C,Dg): 6=—3.75 (s, 2C, CH,), 27.9 (s, 2C,
CH,), 1189 (s, 2C, CH,,,)), 128.1 (s, 8C, CHyy), 129.5 (s, 4C, CH,pp),
135.2 (s, 8C, CHpy), 135.6 (s, 1C, CH, ), 137.2 (s, 4C, CH,py), 159.6
(s, 2C, Copy.

o-py)s

Ligand PN

A solution of n-butyllithium in hexanes (2.0 mL, 2.5m, 1.0 equiv)
was added dropwise to a suspension of A (2.5 g, 5.0 mmol) in di-
ethyl ether (25 mL) at —78°C. The resulting mixture was then al-
lowed to warm to room temperature and was stirred for 15 min at
room temperature to give an orange solution. This solution was
then cooled to —78°C, and chlorodiphenylphosphane (0.92 mL,
5.0 mmol, 1 equiv) was added dropwise at this temperature. The
reaction mixture was then allowed to warm to room temperature
to give a clear yellow solution and a white precipitate. After filtra-
tion through a plug of Celite, the volatile substances were re-
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moved under vacuum and the residue was extracted with hexane
(2x20 mL) and filtered through a cannula. After removal of the
volatile substances under reduced pressure, 2 was obtained as a
colorless oil in a yield of 94%. HRMS (FD, —30°C): exact mass
(monoisotopic) calcd for [CuH,,NP;Si,]1 : m/z 683.25934; found:
683.26875; elemental analysis (%) calcd for C,sH,,NPSi,: C 79.02, H
6.19, N 2.05; found: C 79.23, H 6.36, N 2.11; '"H NMR (300 MHz,
CD,CL): =044 (s, 3H, CHy), 050 (s, 3H, CH,), 2.74 (AB spin
system, 2H, 2J,u=13.4Hz, CH,), 405 (d, 1H, *J;,=3.4 Hz, HC-P),
6.32 (d, 1H, =76 Hz, H,,), 6.69 (d, 1H, *Ju=7.7 Hz, H,,),
6.96 (pseudo-t, TH, *Jy,=7.7 Hz, Hppy)r 7.02-7.63 (m, 30H, Hpp);
BC{'H} NMR (76 MHz, CD,Cl,): 6=—4.0 (s, 1C, CH,), —3.5 (d, 1C,
*Jo=4.9Hz, CH,), 27.5 (s, 1C, CH,), 37.4 (d, 1C, "J;»=33.0 Hz, HC-
P), 119.2 (d, 1C, Jp=18Hz, CH,,) 1203 (d, 1C, Jp=85Hz,
CHppy) 1276 (5, 2C, CHpyg), 127.7 (s, 2C, CHpyg), 128.1 (s, 2C,
CHpns), 128.2 (5, 2C, CHppg), 128.2 (d, 2C, Jop=7.2 Hz, CHppp), 1283
(d, 2C, Jop=8.0 Hz, CHpp,p), 1284 (s, 1C, CHpp), 129.2 (s, 1C, CHpps),
129.3 (s, 1C, CHpps)s 1294 (s, 1C, CHepps), 129.5 (s, 1C, CHpps), 129.6
(s, 1C, CHpps), 133.5 (d, 2C, %Jep=20.5 Hz, CHpyp), 1348 (d, 2C,
2Jep=22.5 Hz, CHppp), 135.1 (s, 2C, CHpp), 135.1 (s, 2C, CHpy),135.4
(d, 2C, Jop=1.4 Hz, CHpy), 135.7 (m, 3C, 2CH,, and CH,,), 136.2 (d,
1C, Jop=29 Hz, Si-Cyya), 136.4 (d, 1C, Jop=1.4 Hz, Si-Cyyr), 137.2 (s,
1C, Si-Cquar), 137.4 (s, 1C, Si-Cquar), 1382 (d, 1C, Jp=15.3 Hz, P-
Cauar)r 1393 (d, 1C, Jop=21.6 Hz, P-Cpy), 1596 (5, 1C, C,py), 160.2
(d, 1C, Jp=44Hz, C,p); *'P{'H} NMR (121 MHz, CD,Cl,): 6=-9.7
(s); Si{’H} NMR (60 MHz, CD,CL): 6=—82 (d, *Jsp=18.5 Hz, Si),
—~7.8 (s, Si%).

Ligand PN5?

A solution of n-butyllithium in diethyl ether (1.92 mmol, 0.77 mL,
2.5M, 1equiv) was added dropwise to a solution of 2-(diphenyl-
phosphanyl)methyl-6-methylpyridine (560 mg, 1.92 mmol) in dieth-
yl ether (20 mL) at —78°C. Then, the resulting yellow solution was
allowed to warm to room temperature and was stirred for an addi-
tional 30 min at this temperature to an give orange solution. After
cooling this solution to —78°C, chloromethyldiphenylsilane
(404 L, 1.92 mmol, 1 equiv) was added dropwise and the reaction
mixture was allowed to warm to room temperature and was stirred
for a further 1 h at this temperature. After removal of the volatile
substances under reduced pressure, the orange residue was ex-
tracted with pentane (2x10 mL), and the extracts were combined
and filtered through a plug of neutral alumina, which was then
washed with pentane (5 mL) to afford a clear and colorless solu-
tion. This solution was concentrated until saturation and stored at
—20°C overnight to precipitate the expected compound as a col-
orless oil in a yield of 23%. HRMS (FD): exact mass (monoisotopic)
caled for [C5,H5N,P;Si1": m/z 487.18851; found: 487.18183;
'H NMR (300 MHz, CD,Cl,): 0 =0.45 (s, 3H, CH5-Si), 2.32 (s, 3H, CH,),
4.03 (d, 1H, yp=3.4 Hz, HC-P), 6.64 (d, 1H, *Jy=7.6 Hz, CH,.,),
6.77 (d, 1H, *J,y=78Hz, CH,,), 7.03-7.50 (m, 21H, Hg);
BCHINMR (76 MHz, CD,CL): 6=—3.6 (d, 1C, *Jcp=4.8 Hz, CH;-Si),
243 (s, 1C, CH;), 37.5 (d, 1C, "Jep=233.3 Hz, P-C(H)-Si), 119.1 (d, 1C,
Jop=2.0Hz, CH,p), 1212 (d, 1C, Jop=7.8 Hz, CH,p), 127.6 (s, 2C,
CHpns)s 127.7 (5, 2C, CHppg), 128.1 (d, 2C, Jop=7.0 Hz, CHpyp), 128.4
(d, 2C, Jop=7.8 Hz, CHpp), 1285 (s, 1C, CHpy), 1292 (s, 1C, CHpp),
1293 (s, 1C, CHpp), 129.3 (brs, 1C, CHpy), 133.6 (d, 2C, Jop=20.5 Hz,
CHprp), 1347 (d, 2C, Jop=22.4 Hz, CHpyp), 1353 (d, 2C, Jp=1.2 Hz,
CHens), 1357 (d, 2C, Jop=1.5 Hz, CHpys), 136.1 (s, 1C, CH,p), 136.3
(d, 1C, Jp=2.1Hz, Si-Cyy), 1380 (d, 1C, Jp=148Hz, P-Cyyp),
138.9 (d, 1C, Jp=20.9 Hz, P-Cyyn), 157.9 (s, 1C, Copy), 1602 (d, 1€,
Jep=4.1Hz, C,5,), the signal for one quaternary C atom connected
to silicon was not observed; 3'P{"H} NMR (121 MHz, CD,Cl,): 6 =8.5;
25i{'H} NMR (60 MHz, CD,CL,): 6 =—8.3 (d, 2sp=18.4 Hz).
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[RhCI(CO)(x*-P,N-PN*2)] (1)

Dichloromethane (10 mL) was added to a mixture of PN*? (536 mg,
0.78 mmol) and [{Rh(CO),Cl},] (145 mg, 0.37 mmol, 0.475 equiv) at
—78°C and the resulting mixture was allowed to warm to room
temperature with stirring to give an orange solution. The complex
was then precipitated as a yellow powder by addition of pentane
(50 mL), and the mother liquor was removed by filtration. The
powder was then dissolved in dichloromethane, and the solution
filtered through Celite and layered with pentane to afford the ex-
pected complex as yellow crystals in a yield of 47% (with respect
to the rhodium complex). Crystals suitable for XRD analysis were
obtained by slow diffusion of pentane into a saturated dichlorome-
thane solution of the complex at room temperature. HRMS (FD):
exact mass (monoisotopic) calcd for [C,H,,Cl,0,N,P,Si,Rh,17: m/z
849.12861; found: 849.12866; elemental analysis (%) calcd for
C.sH.,CINOPRSi,: C 64.97, H 4.98, N 1.65; found: C 64.97, H 5.02,
N 1.64; "H NMR (300 MHz, CD,Cl,): =0.05 (s, 3H, CH4-Si,), 1.21 (s,
3H, CH;-Siy), 297 (d, 1H, Y,=13.6 Hz, CH,), 442 (d, 1H, Yp=
15.6 Hz, HC-P), 530 (d, TH, 2y =13.6 Hz, CH,), 6.30 (d, 2H, >, =
7.8 Hz, H,,), 6.82 (t, 1H, *Jy=7.8 Hz, H,,), 6.94-7.04 (m, 2H,
Haom), 7.08-7.18 (M, 2H, Hyom), 7.19-7.44 (m, 24H, H,on), 7.53-
7.63 (m, 2H, H,..); *C{'"H} NMR (76 MHz, CD,Cl,): 6=—4.1 (s, 1C,
CH;-Si,), —2.9 (s, 1C, CH;-Siy), 29.5 (s, 1C, CH,), 43.0 (d, 1C, Up=
15.5 Hz, P-C(H)-Si, 120.1 (d, 1C, J(p=94Hz, CH,,,,)), 123.0 (s, 1C,
CHpnpy) 128.0 (5, 2C, CHppg), 128.1-128.3 (m, 6C, CHpys), 1286 (d,
2C, Joo=11.2 Hz, CHpyp), 129.1 (d, Jop=10.3 Hz, CHpyp), 129.6 (dd,
1C, Jop="56.6 Hz, Jegn =4.5 Hz, P-Capar), 129.6 (5, 1C, CHpps), 129.7 (s,
1C, CHpps), 129.8 (s, 1C, CHpps), 130.0 (s, 1C, CHppg), 1304 (d, 1C,
Jep=2.3 Hz, CHppp), 131.8 (d, 2C, Jop=11.5 Hz, CHpp,), 131.8 (d, 1C,
Jep=2.7Hz, CHpyp), 1335 (s, 1C, Si;-Cyuar), 1341 (d, 1C, Jop=
40.4 Hz, P-Cyy), 1341 (dd, 2C, Jop=12.6 Hz, Jegn=1.7 Hz, CHppp),
134.9 (s, 2C, CHpps), 135.0 (d, 1C, Jp=4.9 Hz, Si;-Cqunr), 135.1 (s,
2C, CHpps), 135.3 (s, 2C, CHpps), 1354 (s, 2C, CHppg) 136.1 (5, 1C,
CH,p), 1621 (d, 1C, Jp=3.2Hz, C,,), 1658 (s, 1C, C,p), 1904
(dd, 1C, Jign=744Hz, J;o=13.8Hz, CO); *'P{'"H} NMR (121 MHz,
CD,CL): 6=67.6 (d, Jpgn=167.6 Hz); ZSi{'H} NMR (79 MHz, CD,Cl,):
0=-7.0(s), —6.7 (brs). IR (ATR mode, cm™"): v 1987 (s; CO).

[RhCI(CO)(x*-P,N-PN*)1 (1)

Dichloromethane (5 mL) was added to a mixture of PN (218 mg,
0.45 mmol) and [{Rh(CO),Cl},] (86.9 mg, 0.22 mmol, 0.5 equiv) at
—78°C with stirring and the resulting mixture was allowed to
warm to room temperature to give an orange solution. The com-
plex was then precipitated as a yellow powder by addition of pen-
tane (20 mL) and the mother liquor was removed by filtration. The
powder was then dissolved in dichloromethane (6 mL), and the so-
lution filtered through a cannula and layered with pentane (16 mL)
to afford the expected complex as dichloromethane solvate
(orange crystals, 63 % yield). Crystals suitable for XRD analysis were
obtained by slow diffusion of pentane into a saturated dichlorome-
thane solution of the complex at room temperature. HRMS (FD):
exact mass (monoisotopic) calcd for [C33H3NPRhSi—CO]*: m/z
625.06287; found: 625.09933; elemental analysis (%) calcd for
C53H3,CINOPRRSi + CH,Cl,: C 55.26, H 4.36, N 1.90; found: C 55.48,
H 4.30, N 1.98; '"H NMR (300 MHz, CD,Cl,): 6=0.18 (s, 3H, CH;-Si),
3.04 (s, 3H, CHy.,,)), 442 (brd, 1H, 24, =15.0 Hz, CH-P), 6.40 (d, 1H,
=90 Hz, H,,), 6.84 (d, 1H, >4y =9.0 Hz, H,,), 6.97-7.08 (m,
2H, Hyom), 7.09-7.48 (m, 17H, H,on), 7.50-7.61 (M, 2H, H,on);
BC{"H} NMR (75 MHz, CD,Cl,): 6=—-2.7 (s, 1C, CH;-Si, 27.9 (s, 1C,
CHspy) 439 (d, 1C, Upp=15.8 Hz, P-C(H)-S), 1214 (d, 1C, Jop=
9.0 Hz, CH,.,,), 123.0 (s, 1C, CH,,,), 128.2 (5, 2C, CHpys), 1283 (s,
2C, CHpps), 128.7 (d, 2C, Jp=11.3 Hz, CHpyp), 1289 (d, 2C, Jop=

© 2019 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://www.chemeurj.org

.@2 ChemPubSoc
x Europe

10.5 Hz, CHppp), 129.5 (dd, 1C, Jop="56.5, Jeg, =4.5 Hz, P-Cyppr), 129.9
(s, 1C, CHpns), 130.1 (s, 1C, CHpps), 130.7 (d, 1C, Jep=2.3 Hz, CHpp),
131.7 (d, 1C, Jp=3.0Hz, CHpp), 1326 (brd, 2C, Jp=12.0Hz,
CHepp), 133.5 (dd, 2C, Jop=15.0 Hz, Jego=1.5 Hz, CHppp), 133.7 (s,
1C, Si-Cauar)s 134.2 (d, 1C, Jp=39.8 Hz, P-Cy,,), 1349 (d, 1C, *Jp=
5.3 Hz, Si-Cquat), 135.2 (5, 2C, CHpp,s), 135.4 (s, 2C, CHpy5), 138.0 (s,
1C, CH,ypy), 1626 (dd, 1C, Jp=3.8 Hz, Jo,=0.8 Hz, C,,,), 1634 (s,
1C, Copy) 190.5 (dd, 1C, Jg=743 Hz, J(o=13.5Hz, CO). *'P{'H}
NMR (121 MHz, CD,Cl,): =70.1 (d, "Jpgn=164.6 Hz); *Si{'H} NMR
(60 MHz, CD,Cl,): 6 =—7.3 (d, *Jsp=3.0 Hz).

[Rh'(CO)(k*-N,C;x"-P-n-PN)], (2)

THF (13 mL) was added to a mixture of 1 (186.5 mg, 0.22 mmol)
and sodium azide (90.0 mg, 1.38 mmol, 6.3 equiv) in a Schlenk
vessel kept away from light and the resulting suspension was
stirred at room temperature for 4 d to give a brown reaction mix-
ture. The *'P{'H} NMR analysis of the crude mixture showed the
disappearance of the starting material and the quantitative forma-
tion of a new species resonating at 0 =47.2 ppm in THF. The crude
mixture was filtered through Celite and slightly concentrated (to
10 mL), and pentane (20 mL) was added to precipitate a yellow
powder. After elimination of the mother liquor by filtration, the
powder was dissolved in THF (5 mL) and the solution was filtered
to give a very limpid solution. This solution was layered with pen-
tane (13 mL) to afford 2 as yellow crystals (containing two mole-
cules of THF per complex) in 37% yield; elemental analysis (%)
caled for [CeHsgN,P,O,RN,Si,+2THF]: C 64.44, H 541, N 2.03;
found: C 64.62, H 5.58, N 2.07; "H NMR (300 MHz, [Dg]THF): 6 =0.30
(s, 6H, CH4-Si), 2.33 (br, 2H, HC-P), 2.65 (AB spin system, 4H, %=
150 Hz, CH,), 636 (d, 2H, Jyy=6.0Hz, CH,), 641 (d, 2H, Jyy=
9.0 Hz, CH,), 7.08-7.38 (M, 24H, H,on), 7.39-7.48 (M, 4H, H,om),
7.50-7.61 (m, 2H, H,om), 7.73-7.84 (M, 2H, H,om); C{'"H} NMR: due
to the very low resolution of the spectrum, assignment was not
possible; *'P{'H} NMR (121 MHz, [DgTHF): 6=45.7; °Si{'"H} NMR
(79 MHz, [Dg]THF): 6 =—9.3(s); IR (ATR, cm™): #=1947 (s, CO).

Isomerization of 2 to form complex 3

Method 1: THF (5.0 mL) was added to a mixture of 2 (360 mg,
0.290 mmol) and diphenylamine (46.9 mg, 0.277 mmol, 0.95 equiv)
in a vessel with J. Young valve suitable for reactions under pres-
sure. The resulting suspension was heated to 90°C for 48 h to give
a dark red solution (NMR vyield 46%, internal standard dichloro-
ethane). After removal of the volatile substances under reduced
pressure, the residue was extracted with diethyl ether (5 mL), and
the solution filtered and concentrated until saturation. Storing this
solution at —20°C afforded a dark red mixture of 3 and HNPh, (1/
0.69) in 16% vyield. Crystals suitable for XRD were obtained by slow
evaporation of a saturated diethyl ether solution at room tempera-
ture; the crystal lattice contains one molecule of diphenylamine

Method 2: An NMR tube containing a solution of 2 (20 mg,
14.5 pmol) and trimethylamine (2.0 uL, 14.5 umol, 1 equiv) in
[D]THF was heated at 90 °C. Monitoring of the reaction by 'H NMR
spectroscopy showed complete conversion after 25 h with a yield
of 66 %, determined by integration of the signal of one SiMe group
relative to the Me group of toluene as internal standard (V=2 uL,
D1 relaxation time=10s).

Data for 2: HRMS (CSI, —43°C): m/z: exact mass (monoisotopic)
caled for [CeeHsgN, O,P,Si,Rh,+H]™: 1235.1700; found: 1235.1696;
"H NMR (300 MHz, CD,Cl,): 6=0.5 (s, 3H, CH,-Sip), 0.58 (s, 3H, CH,-
Sia), 2.70 [AB system Avy,=13.4 Hz: 2.68 (1H, %J,,=12.9 Hz, Si-
CH,0), 2.72 (1H, Yy =12.9 Hz, Si-CH,0)], 2.81 (d, 1H, Yyy=13.9 Hz,
CH,-Sif), 4.02 (d, TH, %yy=13.9 Hz, CH,-Sip), 4.22 (dd, 1H, 2Jyy=
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12.0, YJyp=12.0 Hz, CH,-PB), 4.75 (pseudo-dt, 1H, "Jpy=4.3, Y=
43, Jyn=2.7 Hz, HC-Rh), 5.13 (dd, 1H, %y =120, Ypy=6.3 Hz,
CH,-PB), 5.65 (d, 1H, *Jyy=7.9 Hz, CH @), 5.98 (d, 1H, *},;u=7.9 Hz,
CH,, ), 6.58 (d, 1H, *Jyy=7.9 Hz, CH,,,p), 6.64 (d, 1H, *J,y=7.8 Hz,
CHpppyB), 7.03-7.61 (M, 37H, H,om), 7.78 (M, 2H, H o), 8.04 (M, 2H,
Haom); C{"H} NMR (76 MHz, CD,Cl,): 6 =—4.1 (s, 1C, CH;-Si, —3.5
(s, 1C, CH;-Si), 28.7 (s, 1C, CH,-Sia), 32.8 (s, 1C, CH,-Sip), 41.1 (br,
1C, HC-Rh), 455 (brd, 1C, Jpc=21.0 Hz, CH,-PB), 117.2 (brs, 1C,
CH,,0), 122.8 (brs, 1C, CH,,,,p), 123.9 (brs, 1C, CH,,,B), 127.8 (d,
2C, Joc=11.4Hz, CHpp,p), 127.9 (s, 2C, CHpys), 128.0 (brd, 2C, Jpc=
10.6 Hz, CHppp), 128.1 (5, 2C, CHpps), 128.4 (s, 2C, CHpps), 128.5 (s,
2C, CHpns), 1286 (d, 2C, Joc=8.8Hz, CHppp), 1287 (d, 2C, Jpc=
9.5 Hz, CHppp), 129.1 (brs, 1C, CHpy), 129.3 (5, 1C, CHpp), 129.4 (d,
1C, Jpc=2.5Hz, CHpppp), 129.5 (5, 1C, CHpy), 129.8 (s, 1C, CHpy),
130.1 (5, 1C, CHpy), 130.2 (brs, 1C, CHpy), 130.3 (d, 2C, Jpc=10.2 Hz,
CHene), 1309 (d, 1C, Joc=20Hz, CHyppp), 1329 (d, 2C, Jpc=
10.9 Hz, CHpyp), 134.5 (dd, 2C, Joe=102 Hz, Jyne=1.5 Hz, CHpp,p),
134.7 (s, 2C, CHpps), 135.1 (5, 2C, CHprs), 135.1 (s, 2C, CHpps), 135.3
(s, 2C, CHpps), 135.4 (s, Cyuar), 136.3 (brd, 2C, Jpc=15.1 Hz, CHpp,p),
136.3 (5, 1C, Couar) 1364 (brd, Upc=64.6 Hz, Cpyp), 137.0 (5, 1C,
Cauar)r 137.2 (5, 1C, Caua)s 1374 (d, 1C, Jpc=1.5Hz, CH,,f), 143.1
(dd, Jpc=41.0 Hz, Jypc=1.4 Hz, Cop), 151.9 (br, 1C, Cgua), 153.7 (5,
1C, CHy), 157.5 (d, 1C, Joe=4.1Hz, Cqua) 163.0 (d, 1C, Jpc=
2.0 Hz, Cqupe) 163.8 (5, 1C, Cqupe), 191.4-193.1 (br, 2C, CO); the
signal of the C atom connected to rhodium in the meta position of
the N heterocycle was not observed; *'P{'"H} NMR (121 MHz,
CD,Cl,): 0=17.9 (ddd, "Jgp=124.1 Hz, J=17.2 Hz, J=4.5 Hz), 34.3
(ddd, "Jgne=164.6 Hz, J=17.2 Hz, J=4.5 Hz); **Si{'H} NMR (79 MHz,
CD,CL): 0=-8.2 (br, Sia. and Sif}), detected by means of a 2D
HSQC ['H,*Si] experiment.

X-ray crystallography

Complexes 1 and 2: All reflection intensities were measured with
a Bruker D8 Quest Eco diffractometer equipped with a Triumph
monochromator (1=0.71073 A) and a CMOS Photon 50 detector
at 150(2) K. Intensity data were integrated with the Bruker APEX2
software.’” Absorption correction and scaling were performed
with SADABS.®" The structures were solved by intrinsic phasing
with the program SHELXTE® Least-squares refinement was per-
formed with SHELXL-2013%% against F? of all reflections. Non-hy-
drogen atoms were refined with anisotropic displacement parame-
ters. The H atoms were placed at calculated positions by using the
instruction AFIX 13, AFIX 43, or AFIX 137 with isotropic displace-
ment parameters having 1.2 or 1.5 U,, of the attached C atoms. For
complex 2, the contribution of disordered THF lattice solvent was
removed from the final refinement by using the SQUEEZE proce-
dure.™

Complex 3: All reflection intensities were measured at 110(2) K
with a SuperNova diffractometer equipped with an Atlas detector
and Moy, radiation (A=0.71073 A) by using the program CrysAlis-
Pro (Version 1.171.36.32, Agilent Technologies, 2013 or Version
1.171.38.41, Rigaku OD, 2015). The same program was used to
refine the cell dimensions and for data reduction. The structure
was solved with the program SHELXS-2014/7 and was refined on
F? with SHELXL-2014/7.2¥ Numerical absorption correction based
on Gaussian integration or analytical numeric absorption correction
over a multifaceted crystal model was applied by using CrysAlisPro.
The temperature of the data collection was controlled with a Cryo-
jet system (Oxford Instruments). The H atoms were placed at calcu-
lated positions (unless otherwise specified) by using the instruc-
tions AFIX 43, AFIX 123, AFIX 137, or AFIX 147 with isotropic dis-
placement parameters having 1.2 or 1.5U,, of the attached C or O
atoms.
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CCDC 1590066, 1590067 and 1589141 contain the supplementary
crystallographic data for this paper. These data are provided free
of charge by The Cambridge Crystallographic Data Centre.

DFT calculations

Density functional calculations were performed at the wB97X-D¥*

level of theory by using Gaussian 09, revision D.01.%¢ Geometry op-
timizations were performed with the DEF2TZVP basis set®™ and fre-
quency calculations were performed to ensure minima on the po-
tential-energy surface. NICS values®® were calculated by the GIAO
method® at the B3LYP/6-31G(d,p) level of theory.***" The interac-
tion energy of the Rh(CO)CI fragment in the different coordination
modes of I and 2M was determined with respect to the ligand in
the geometry of the complexes. The Topological Analysis of the
Electron Density™? was performed by using ADF*¥ at the mB97X-
D/TZ2P level of theory including relativistic effects with the Zeroth
Order Regular Approximation (ZORA).*? Phenyl groups were re-
placed by methyl groups to limit the computation time.
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