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Abstract: The dipyrromethane-based chloridogermyl complexes 

[MCl{k3P,Ge,P-GeCl(pyrmPiPr2)2CMe2}] (1M; M = Ni, Pd; 
(pyrmPiPr2)2CMe2 = 5,5’-dimethyl-2,2’-bis(di-
isopropylphosphanylmethyl)dipyrromethane-1,1’-diyl) reacted with 
one or more equivalents of LiOMe to give the monosubstituted 
complexes [MCl{k3P,Ge,P-Ge(OMe)(pyrmPiPr2)2CMe2}] (2M-OMe; M = 
Ni, Pd). However, analogous treatments of complexes 1M with LiMe 
afforded the dimethyl complexes [MMe{k3P,Ge,P-
GeMe(pyrmPiPr2)2CMe2}] (3M-Me; M = Ni, Pd). The monomethyl 
complexes [MCl{k3P,Ge,P-GeMe(pyrmPiPr2)2CMe2}] (2M-Me; M = Ni, 
Pd), which were identified as intermediates in the syntheses of 3M-Me, 
were satisfactorily prepared by treating 3M-Me with HCl. The 
regioselectivities of these reactions have been rationalized with DFT 
calculations. 

Introduction 

The recent availability of metal-free PGeP germylenes (Figure 
1)[1-8] has allowed an advance of the coordination chemistry of 
PGeP pincer complexes.[1] In fact, some of these germylenes 
have already led to transition metal (TM) complexes containing 
either PGeP pincer germylene ligands (just by simple 
coordination)[7,8] or PGeP pincer germyl ligands (by insertion of 
the Ge atom into an M–Cl bond of the metal precursor).[2-4,8-11] A 
few PGeP pincer germyl metal complexes were already known 
before the appearance of metal-free PGeP germylenes, but the 
strategy used for their syntheses is not of general applicability 
because it involves the formation of a Ge–M bond from a Ge–
C,[12,13] Ge–H,[13,14] Ge–Cl[15] or Ge–F[16] bond of a germane 
fragment. 
 The current interest in investigating TM complexes 
containing PGeP pincer germyl ligands is associated to the highly 
appreciated usefulness of pincer ligands in C–H bond activation 
reactions and catalysis[17,18] and to the fact that their syntheses 

and reactivity have so far been scarcely investigated.[2-4,8-16] In 
addition some PGeP pincer complexes have been satisfactorily 
tested as homogeneous catalyst precursors.[13,19] 

 

Figure 1. The currently known metal free PGeP germylenes that have led to 
transition metal complexes containing PGeP pincer germyl (A–C) or germylene 
(C, D) ligands and the PGeP pincer germyl complexes used as starting 
materials in this work (1Ni, 1Pd). 

In the field of PGeP pincer chemistry, we have recently 
shown that germylene C (Figure 1), which is based on the 
dipyrromethane scaffold,[4] is better suited than germylenes A[2] 
and B[3] (Figure 1) to form stable PGeP pincer chloridogermyl 
complexes. In fact, its nickel(II) and palladium(II) derivatives 
[MCl{k3P,Ge,P-GeCl(pyrmPiPr2)2CMe2}], M = Ni[11] (1Ni), Pd[8] 
(1Pd); (pyrmPiPr2)2CMe2 = 5,5’-dimethyl-2,2’-bis(di-
isopropylphosphanylmethyl)dipyrromethane-1,1’-diyl; Figure 1), 
are undistorted square planar complexes with reasonable 
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thermal- and air-stability, in contrast with the related complexes 
derived from germylenes A and B, which present strongly 
distorted coordination geometries (A derivatives)[2,9,10] or are very 
air- and moisture-sensitive (B derivatives).[3] 

We now report the first reactivity study on PGeP pincer 
germyl complexes derived from germylene C, describing the 
different reactivity of LiOMe and LiMe with complexes 1Ni and 1Pd, 
which a priori have two chlorido ligands (in the GeCl and MCl 
fragments) susceptible to be substituted by other anionic 
nucleophiles. The regioselectivity of these reactions has been 
rationalized with the help of DFT calculations. 

Results and Discussion 

Reactivity Studies 

The reactions of the PGeP pincer chloridogermyl nickel(II) and 
palladium(II) complexes 1Ni and 1Pd with lithium methoxide at 
room temperature selectively led to the methoxidogermyl 
derivatives [MCl{k3P,Ge,P-Ge(OMe)(pyrmPiPr2)2CMe2}], M = Ni 
(2Ni-OMe), Pd (2Pd-OMe) (Scheme 1). Only the chloride attached to 
the Ge atom of 1Ni and 1Pd could be substituted, even using a 
three-fold excess of lithium methoxide. 

 

Scheme 1. Synthesis of complexes 2M-OMe (M = Ni, Pd). 

 

Figure 2. XRD molecular structure of complex 2Ni-OMe (30% displacement 
ellipsoids; H atoms have been omitted for clarity; only one of the two positions 
in which the OMe group is disordered is shown). Selected bond lengths (Å) and 
angles (o): Ni1−P1 2.208(2), Ni1−P2 2.213(2), Ni1−Cl1 2.204(2), Ni1−Ge1 
2.241(2), Ge1−O1 1.82(2), Ge1−Ni1−Cl1 176.89(9), P1−Ni1−P2 176.7(1). 

The CS symmetric structure suggested by NMR (1H, 13C{1H} 
and 31P{1H}) for complexes 2Ni-OMe and 2Pd-OMe, which located the 
CMe2 group methyls in the symmetry plane and showed 
diastereotopic protons for the PCH2 and PiPr2 groups, was 
confirmed by X-ray diffraction (XRD) in the case of 2Ni-OMe (Figure 

2). The structure is very similar to that of its parent compound 
1Ni,[11] with the Ni atom in a square planar coordination and the Ge 
atom in a tetrahedral environment, having the Ge–Ni distance, 
2.241(2) Å, slightly longer than that of 1Ni, 2.2173(3) Å. Related 
PGeP methoxidogermyl palladium(II) and platinum(II) complexes 
have been previously prepared from germylene A (Figure 1).[9] 
Complex 2Ni-OMe is the first PGeP methoxidogermyl nickel(II) 
complex to be reported. 

Both 1Ni and 1Pd reacted with methyllithium in 1:1 mol ratio 
to give mixtures (NMR identification) that contained some 
unreacted 1M (M = Ni, Pd) together with monomethyl 
[MCl{k3P,Ge,P-GeMe(pyrmPiPr2)2CMe2}] (2M-Me) and dimethyl 
[MMe{k3P,Ge,P-GeMe(pyrmPiPr2)2CMe2}] (3M-Me) reaction 
products (Scheme 2). The use of a 1:2 1M to LiMe mole ratio 
allowed the complete transformation of the starting complexes 1M 
into the dimethyl derivatives 3M-Me, which were isolated as pure 
products in high yields, proving that 2M-Me complexes are 
intermediates in the formation of the corresponding dimethyl 
products 3M-Me. However, the monomethyl intermediates 2M-Me 
could not be satisfactorily separated from their corresponding 
reaction mixtures. 

 

Scheme 2. Synthesis of complexes 2M-Me and 3M-Me (M = Ni, Pd). 

The evasive monomethyl complexes 2M-Me (M = Ni, Pd) were 
satisfactorily prepared with complete selectivity by treating the 
dimethyl complexes 3M-Me with one equivalent of HCl (Scheme 2). 
No doubt, these reactions are facilitated by the very strong Lewis 
basicity of the PGeP pincer ligand of complexes 3M-Me (its 
methylgermyl and trialkylphosphane groups are very strong 
electron donors), which makes the corresponding M–Me fragment 
electron-rich enough as to be easily attacked by HCl. The loss of 
methane provides the corresponding monomethyl complex 2M-Me. 

All compounds of types 2M-Me and 3M-Me have very similar 1H, 
13C{1H} or 31P{1H} NMR spectra, compatible with an average CS 
molecular symmetry in solution. In all cases (C6D6 solvent), the 
GeMe methyl groups are observed in the range 1.01–0.96 ppm in 
the 1H NMR spectra and in the range 11.6–9.96 ppm in the 
13C{1H} NMR spectra. The metal-bound methyl groups of 3M-Me 
appear at –0.27 (M = Ni) and 0.12 (M = Pd) ppm in the 1H NMR 
spectra and at –11.5 (M = Ni) and –11.9 (M = Pd) ppm in the 
13C{1H} NMR spectra. The XRD molecular structure of 3Pd-Me 
(Figure. 3) confirms that this complex is analogous to 1Pd,[2] but 
now the Ge and Pd atoms are attached to methyl groups and the 
Ge–Pd distance, 2.3797(4) Å, is longer than that of 1Pd, 2.2777(3) 
Å, in accordance with the stronger trans influence of the methyl 
group. 

It is noteworthy that the metal coordination in 2Ni-OMe, 3Pd-Me 
and in their precursors 1Ni[9] and 1Pd[2] is undistorted square planar, 
confirming that the formation of 6-membered MGeNC2P rings in 
the metal complexes favors the linear coordination of the 
phosphane groups, which is a requirement for square planar 
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coordination. In contrast, related square planar complexes 
derived from germylene A display very distorted coordination 
geometries, with P–M–P bond angles << 180o, due to the strain 
imposed by their 5-membered MGeNCP metallacycle.[2,9,10] 

 

Figure 3. XRD molecular structure of complex 3Pd-Me (30% displacement 
ellipsoids; H atoms have been omitted for clarity; only one of the two 
independent but analogous molecules found in the asymmetric unit is shown). 
Selected bond lengths (Å) and angles (o): Pd1−P1 2.2970(8), Pd1−P2 2.3001(7), 
Pd1−Ge1 2.3797(4), Pd1−C27 2.169(3), Ge1−C26 1.967(3), Ge1−Pd1−C27 
178.4(1), P1−Pd1−P2 177.74(3). 

Computational Studies 

DFT calculations, at the wB97XD/SDD/cc-pVDZ level, were 
performed with the aim of rationalizing the experimental results. 
 The results described above indicate that, in the reactions 
of LiR (R = OMe, Me) with 1M (M = Ni, Pd), the corresponding 
nucleophile selectively attacks the Ge atom because the 
reactions give the Ge-substituted products 2M-R. This 
regioselectivity can be easily explained having a look at the 
LUMOs of the reacting complexes (Figure 4), which contain a 
large contribution of the Ge atom and present an antibonding 
overlap between the atoms of the Ge–Cl fragment. 

 

Figure 4. LUMOs of compounds 1M (M = Ni, Pd; isovalue = 0.05), showing the 
large contribution of the Ge atom. 

The contrasting reactivity presented by the monosubstituted 
complexes 2M-OMe and 2M-Me in their treatments with more LiOMe 
and LiMe, respectively (complexes 2M-OMe remained unchanged, 
whereas complexes 2M-Me easily ended in the dimethyl derivatives 
3M-Me), cannot be explained by the composition of the LUMOs of 
2M-R (SI, Figure S21), which are very similar to those of 1M (Figure 

4). Therefore, other empty orbitals with energies higher than the 
LUMO may be involved in these reactions. It is noteworthy that 
the transformation of the Ge–Cl fragment of 2M into the 
corresponding Ge–R fragment of 2M-R (R = OMe, Me) is 
accompanied by a considerable increase of the LUMO energy 
and also of the nearest empty orbitals, while the energies of the 
corresponding HOMOs are maintained (Table 1). Interestingly, 
the computed energies (in the gas phase) for the HOMOs of the 
OMe– and Me– anions, –0.1837 eV and 0.9252 eV, respectively 
(the energies of the HOMOs of the actual nucleophiles were not 
computed because the actual degree of association/dissociation 
and solvation of LiOMe and LiMe in the reacting solutions is 
unknown) indicate that the mismatch between the energies of the 
HOMO of the nucleophile (R–) and the LUMO of the complex 
increases on going from 1M to 2M-R for R = OMe but decreases for 
R = Me,, confirming that, from a kinetic point of view, 2M-OMe is less 
disposed to react with LiOMe than 2M-Me with LiMe and that LiMe 
should react faster with 2M-Me than with 1M. In addition, the Me– 
anion is thermodynamically so reactive that it may easily 
substitute the M–Cl chlorido ligand, whereas the OMe– may not. 

Table 1. Energies (eV) of the frontier orbitals of complexes 1M and 2M-R 

Complex HOMO LUMO 

1Ni –7.3438 0.3390 

1Pd –7.3846 0.2199 

2Ni-OMe –7.2644 0.6413 

2Pd-OMe –7.3376 0.5883 

2Ni-Me –7.1384 0.7741 

2Pd-Me –7.2129 0.6901 

 
Regarding the selective formation the monomethyl 

complexes 2M-Me upon reaction of the dimethyl complexes 3M-Me 
with HCl, we propose that these reactions should involve a 
protonation at either the metal (followed by reductive elimination 
of methane) or at the M–Me carbon atom (direct protonolysis). A 
concerted mechanism is less likely because it would imply the 
oncoming of the HCl Cl atom to the metal atom, but we know that 
a chloride anion is released in the reactions that lead to 3M-Me from 
2M-Me. A look at the filled molecular orbitals of complexes 3M-Me (SI, 
Figures S22 and S23) revealed that the HOMO–3 of 3Ni-Me and 
the HOMO–4 of 3Pd-Me, which are mostly constituted by the metal 
dz2 orbital, are well suited to participate in a metal protonation 
process. Alternatively, the HOMO–2s of both 3M-Me complexes 
might participate in C-protonation process because they have a 
M–CMe antibonding character and an appreciable contribution of 
the methyl C atom. Therefore, without further information, we 
cannot propose a reaction pathway for the hydrochlorination 
reactions. 

Conclusions 

In summary, this work describes that reactions of the 
dipyrromethane-based chloridogermyl PGeP pincer complexes 
1M (M = Ni, Pd) with LiOMe and LiMe have allowed the syntheses 
of new methoxidogermyl and methylgermyl PGeP pincer 
complexes of nickel and palladium. While LiOMe is only able to 
substitute the Ge-bound Cl atom of 1M, rendering complexes 2M-
OMe, LiMe can also replace the two Cl atoms of 1M to give the 
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dimethyl derivatives 3M-Me. Although the monomethyl complexes 
2M-Me are intermediates in the syntheses of 3M-Me, they have not 
been isolated from these reactions, but they have been 
successfully prepared by treating 3M-Me with HCl. DFT calculations 
have been used to interpret the experimental results. It seems 
clear that the first Cl substitution on 1M occurs on the Ge atom 
because the LUMOs of 1M contain an important contribution from 
the Ge atom. The no reaction between 2M-OMe and LiOMe may be 
explained by the fact that the LUMOs 2M-R lie at higher energies 
(in the range 0.59–0.77 eV) than those of 1M (in the range 0.22–
0.34 eV) and this increases their mismatch with the energy of the 
HOMO of the OMe– anion (–0.1837 eV), but not with that of the 
Me– anion, which lies even higher (0.9252 eV) than those of 1M 
and 2M-Me. In addition, under a thermodynamic point of view, the 
Me– anion is so reactive that it may easily substitute the M–Cl 
chloride anion, whereas the OMe– may not. 

Experimental Section 

General Data 

All reactions and product manipulations were carried out under argon in a 
dry box or using Schlenk-vacuum line techniques. Solvents were dried 
over appropriate desiccating reagents and were distilled under argon 
before use. Compounds 1Ni,[11] and 1Pd[8] were prepared following 
published procedures. All remaining reagents were purchased from 
commercial sources and were stored under argon in a dry box. All reaction 
products were vacuum-dried for several hours prior to being weighted and 
analyzed. NMR spectra were run on a Bruker NAV-400 instrument using 
as standards the residual protic solvent resonance for 1H [δ(C6HD5) 7.16 
ppm], the solvent resonance for 13C [δ(C6D6) 128.10 ppm] and external 
85% H3PO4 for 31P (δ 0.00 ppm). Microanalyses were obtained with a 
Thermo-Finnigan FlashEA112 microanalyzer. 

Synthetic Procedures and Characterization Data 

[NiCl{k3P,Ge,P-Ge(OMe)(pyrmPiPr2)2CMe2}] (2Ni-OMe): Solid 1Ni (0.033 g, 
0.052 mmol) was added to a methanolic solution of lithium methoxide, 
previously prepared from LiBu (0.094 mL, 1.6 M in hexanes, 0.15 mmol) 
and methanol (4 mL). The resulting suspension was stirred at room 
temperature for 12 h. Solvents were removed under vacuum and the 
residue was extracted into toluene (3 x 2 mL; solution decanted). The 
combined extracts were evaporated to dryness to give 2Ni-OMe as a yellow 
solid (0.018 g, 55 %). Anal. (%): Calcd. for C26H45ClGeN2NiOP2 (M = 
630.37 amu): C, 49.54; H, 7.20; N, 4.44; found: C, 49.68; H, 7.30; N 4.36. 
1H NMR (C6D6, 400.1 MHz, 298 K): δ 6.30 (s, 2 H, 2 CH of 2 pyrrole), 6.11 
(s, 2 H, 2 CH of 2 pyrrole), 3.75 (s, 3 H, CH3 of OMe), 2.82 (s, 4 H, 2 CH2P), 
2.47 (m, 2 H, 2 CH of 2 CHMe2), 2.12 (m, 2 H, 2 CH of 2 CHMe2), 1.87 (s, 
3 H, 1 CH3 of CMe2), 1.81 (s, 3 H, 1 CH3 of CMe2), 1.47 (m, 6 H, 2 CH3 of 
2 CHMe2), 1.13 (m, 6 H, 2 CH3 of 2 CHMe2), 0.94 (m, 6 H, 2 CH3 of 2 
CHMe2), 0.82 (m, 6 H, 2 CH3 of 2 CHMe2) ppm. 13C{1H} NMR (C6D6, 100.6 
MHz, 298 K): δ 145.7 (s, 2 C of 2 pyrrole), 108.8 (s, 2 CH of 2 pyrrole), 
104.8 (s, 2 CH of 2 pyrrole), 52.9 (s, CH3 of OMe), 39.4 (s, 1 CH3 of CMe2), 
37.0 (s, CMe2), 27.6 (s, 1 CH3 of CMe2), 27.0 (vt, JC-P = 10.8 Hz, 2 CH of 
2 CHMe2), 24.9 (vt, JC-P = 10.8 Hz, 2 CH of 2 CHMe2), 20.2 (vt, JC-P = 12.1 
Hz, 2 CH2P), 19.9 (s, 2 CH3 of 2 CHMe2), 19.9 (s, 2 CH3 of 2 CHMe2), 18.1 
(s, 2 CH3 of 2 CHMe2), 17.8 (s, 2 CH3 of 2 CHMe2) ppm. 31P{1H} NMR 
(C6D6, 162.1 MHz, 298 K): δ 35.7 (s) ppm. 

[PdCl{k3P,Ge,P-Ge(OMe)(pyrmPiPr2)2CMe2}] (2Pd-OMe): Solid 1Pd (0.10 g, 
0.15 mmol) was added to a methanolic solution of lithium methoxide, 
previously prepared from LiBu (0.21 mL, 1.6 M in hexanes, 0.33 mmol) 
and methanol (6 mL). The resulting suspension was stirred at room 
temperature for 12 h. Solvents were removed under vacuum and the 
residue was extracted into toluene (4 x 3 mL; solution decanted). The 

combined extracts were evaporated to dryness to give 2Pd-OMe as a yellow 
solid (0.69 g, 68 %). Anal. (%): Calcd. for C26H45ClGeN2OP2Pd (M = 
678.09 amu): C, 46.05; H, 6.69; N, 4.13; found: C, 46.11; H, 6.77; N 4.09. 
1H NMR (C6D6, 400.1 MHz, 298 K): δ 6.28 (s, 2 H, 2 CH of 2 pyrrole), 6.10 
(s, 2 H, 2 CH of 2 pyrrole), 3.75 (s, 3 H, CH3 of OMe), 2.95 (d, 2 H, JH-H = 
14.5 Hz, 2 CH of 2 CH2P), 2.87 (d, 2 H, JH-H = 14.5 Hz, 2 CH of 2 CH2P), 
2.54 (m, 2 H, 2 CH of 2 CHMe2), 2.17 (m, 2 H, 2 CH of 2 CHMe2), 1.84 (s, 
6 H, 2 CH3 of CMe2), 1.35 (m, 6 H, 2 CH3 of 2 CHMe2), 1.09 (m, 6 H, 2 CH3 

of CHMe2), 0.89 (m, 6 H, 2 CH3 of 2 CHMe2), 0.72 (m, 6 H, 2 CH3 of CHMe2) 
ppm. 13C{1H} NMR (C6D6, 100.6 MHz, 298 K): δ 146.0 (s, 2 C of 2 pyrrole), 
109.5 (s, 2 CH of 2 pyrrole), 104.6 (s, 2 CH of 2 pyrrole), 53.1 (s, CH3 of 
OMe), 39.3 (s, 1 CH3 of CMe2), 37.0 (s, CMe2), 27.4 (vt, JC-P = 10.8 Hz, 2 
CH of 2 CHMe2), 26.4 (s, 1 CH3 of CMe2), 24.8 (vt, JC-P = 11.5 Hz, 2 CH of 
2 CHMe2), 20.6 (vt, JC-P = 11.5 Hz, 2 CH2P), 19.9 (s, 2 CH3 of 2 CHMe2), 
19.6 (s, 2 CH3 of 2 CHMe2), 18.3 (s, 2 CH3 of 2 CHMe2), 17.8 (s, 2 CH3 of 
2 CHMe2) ppm. 31P{1H} NMR (C6D6, 162.1 MHz, 298 K): δ 39.4 (s) ppm. 

1:1 reaction of 1Ni with LiMe: LiMe (50 µL, 1.6 M in diethyl ether, 0.080 
mmol) was added to a suspension of 1Ni (0.051 g, 0.080 mmol) in toluene. 
The resulting orange suspension was stirred for 2 h. Solvents were 
removed under vacuum and the residue was extracted into toluene (3 x 3 
mL; solution decanted). The combined extracts were evaporated to 
dryness to give a solid containing a 5:1:2 mixture of 1Ni, 2Ni-Me and 3Ni-Me 
(31P{1H} NMR analysis, C6D6) that could not be separated. 

1:1 reaction of 1Pd with LiMe: MeLi (50 µL, 1.6 M in diethyl ether, 0.080 
mmol) was added to a suspension of 1Pd (0.055 g, 0.080 mmol) in toluene. 
The resulting orange suspension was stirred for 2 h. The solvents were 
removed under vacuum and the residue was extracted into toluene (3 x 3 
mL; solution decanted). The combined extracts were evaporated to 
dryness to give a solid containing a 4:1:3 mixture of 1Pd, 2Pd-Me and 3Pd-Me 
(31P{1H} NMR analysis, C6D6) that could not be separated. 

[NiMe{k3P,Ge,P-GeMe(pyrmPiPr2)2CMe2}] (3Ni-Me): LiMe (0.14 mL, 1.6 M 
in diethyl ether, 0.22 mmol) was added to a solution of 1Ni (0.060 g, 0.10 
mmol) in toluene (6 mL). The resulting orange suspension was stirred at 
room temperature for 4 h. Solvents were removed under vacuum and the 
residue was extracted into toluene (3 x 5 mL; solution decanted). The 
combined extracts were evaporated to dryness to give 3Ni-Me as a dark 
orange solid (0.047 g, 82 %). Anal. (%): Calcd. for C27H48GeN2NiP2 (M = 
593.95 amu): C, 54.60; H, 8.15; N, 4.72; found: C, 54.71; H, 8.23; N 4.63. 
1H NMR (C6D6, 400.1 MHz, 298 K): δ 6.44 (d, JH-H = 4.0 Hz, 2 H, 2 CH of 
2 pyrrole), 6.24 (s, br, 2 H, 2 CH of 2 pyrrole), 3.04 (m, 2 H, 2 CH of 2 
CH2P), 2.56 (d, JH-H = 16.0 Hz, 2 H, 2 CH of 2 CH2P), 2.05 (m, 2 H, 2 CH 
of 2 CHMe2), 1.99 (s, 3 H, 1 CH3 of CMe2), 1.91 (m, 2 H, 2 CH of 2 CHMe2), 
1.83 (s, 3 H, 1 CH3 of CMe2), 1.12 (dd, JH-P= 16.0 Hz, JH-H = 8.0 Hz, 6 H, 2 
CH3 of 2 CHMe2), 0.96 (s, 3 H, CH3 of GeMe), 0.92–0.80 (m, 18 H, 6 CH3 
of 6 CHMe2), –0.28 (t, JH-H = 7.8 Hz, 3 H, CH3 of NiMe) ppm.13C{1H} NMR 
(C6D6, 100.6 MHz, 298 K): δ 145.1 (s, 2 C of 2 pyrrole), 107.5 (s, 2 CH of 
2 pyrrole), 103.5 (s, 2 CH of 2 pyrrole), 39.5 (s, 1 CH3 of CMe2), 37.0 (s, 
CMe2), 26.9 (vt, JC-P = 9.9 Hz, 2 CH of 2 CHMe2), 26.2 (s, 1 CH3 of CMe2), 
24.7 (vt, JC-P = 9.9 Hz, 2 CH of 2 CHMe2), 21.5 (vt, JC-P = 11.3 Hz, 2 CH2P), 
20.2 (s, 2 CH3 of 2 CHMe2), 20.1 (s, 2 CH3 of 2 CHMe2), 18.2 (s, 2 CH3 of 
2 CHMe2), 18.0 (s, 2 CH3 of 2 CHMe2), 10.6 (s, CH3 of GeMe), –11.5 (t, JC-

P = 20.6 Hz, CH3 of NiMe) ppm. 31P{1H} NMR (C6D6, 162.1 MHz, 298 K): δ 
43.2 (s) ppm. 

[PdMe{k3P,Ge,P-GeMe(pyrmPiPr2)2CMe2}] (3Pd-Me): LiMe (0.19 mL, 1.6 
M in diethyl ether, 0.30 mmol) was added to a solution of 1Pd (0.090 g, 0.14 
mmol) in toluene (6 mL). The resulting orange suspension was stirred at 
room temperature for 4 h. Solvents were removed under vacuum and the 
residue was extracted into toluene (3 x 5 mL; solution decanted). The 
combined extracts were evaporated to dryness to give 3Pd-Me as a dark 
orange solid (0.077 g, 86 %). Anal. (%): Calcd. for C27H48GeN2P2Pd (M = 
641.67 amu): C, 50.54; H, 7.54; N, 4.37; found: C, 50.61; H, 7.64; N 4.29. 
1H NMR (C6D6, 400.1 MHz, 298 K): δ 6.42 (s, 2 H, 2 CH of 2 pyrrole), 6.24 
(s, 2 H, 2 CH of 2 pyrrole), 3.20 (d, JH-H = 14.5 Hz, 2 H, 2 CH of 2 CH2P), 
2.64 (d, JH-H = 14.5 Hz, 2 H, 2 CH of 2 CH2P), 2.01–1.94 (m, 7 H, 1 CH3 of 
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1 CMe2 + 4 CH of 4 CHMe2), 1.85 (s, 3 H, 1 CH3 of CMe2) 1.06 (dd, 6 H, 
JH-H= 6.0 Hz, JH-P= 14.0 Hz, 2 CH3 of 2 CHMe2), 1.01 (s, 3 H, CH3 of GeMe), 
0.92–0.74 (m, 18 H, 6 CH3 of 6 CHMe2), 0.12 (t, JH-P = 5.3 Hz, 3 H, CH3 of 
PdMe) ppm. 13C{1H} NMR (C6D6, 100.6 MHz, 298 K): δ 145.3 (s, 2 C of 2 
pyrrole), 108.2 (s, 2 CH of 2 pyrrole), 103.4 (s, 2 CH of 2 pyrrole), 39.0 (s, 
1 CH3 of CMe2), 37.0 (s, CMe2), 26.4 (vt, JC-P = 10.7 Hz, 2 CH of 2 
CHMe2),26.2 (s, 1 CH3 of CMe2),25.0 (vt, JC-P = 10.7 Hz, 2 CH of 2 CHMe2), 
22.5 (vt, JC-P = 11.6 Hz, 2 CH2P), 19.7 (s, 2 CH3 of 2 CHMe2), 19.6 (s, 2 
CH3 of 2 CHMe2), 18.2 (s, 2 CH3 of 2 CHMe2), 17.9 (s, 2 CH3 of 2 CHMe2), 
11.6 (s, CH3 of GeMe), –11.9 (t, JC-P = 8.4 Hz, CH3 of PdMe) ppm. 31P{1H} 
NMR (C6D6, 162.1 MHz, 298 K): δ 42.7 (s) ppm. 

[NiCl{k3P,Ge,P-GeMe(pyrmPiPr2)2CMe2}] (2Ni-Me): HCl (61 µL, 1.0 M in 
diethyl ether, 0.061 mmol) was added to a solution of 3Ni-Me (0.030 g, 0.051 
mmol) in toluene (5 mL). The resulting orange solution was stirred at room 
temperature for 2 h and was evaporated to dryness to give 2Ni-Me as an 
orange solid (0.020 g, 64 %). Anal. (%): Calcd. for C26H45ClGeN2NiP2 (M 
= 614.37 amu): C, 50.83; H, 7.38; N, 4.56; found: C, 50.91; H, 7.44; N 4.52. 
1H NMR (C6D6, 400.1 MHz, 298 K): δ 6.37 (s, 2 H, 2 CH of 2 pyrrole), 6.15 
(s, 2 H, 2 CH of 2 pyrrole), 2.81 (d, JH-H = 13.8 Hz, 2 H, 2 CH of 2 CH2P), 
2.55 (m, 2 H, 2 CH of 2 CHMe2), 2.44 (d, JH-H = 13.8 Hz, 2H, 2 CH of 2 
CH2P), 2.16 (m, 2 H, 2 CH of 2 CHMe2), 1.92 (s, 3 H, 1 CH3 of CMe2), 1.67 
(s, 3 H, 1 CH3 of CMe2), 1.39 (m, 2 CH3 of 2 CHMe2), 1.16 (m, 2 CH3 of 2 
CHMe2), 0.97 (s, 3 H, CH3 of GeMe), 0.87 (m, 12 H, 4 CH3 of 4 CHMe2) 
ppm. 13C{1H} NMR (C6D6, 100.6 MHz, 298 K): δ 144.7 (s, 2 C of 2 pyrrole), 
108.3 (s, 2 CH of 2 pyrrole), 104.3 (s, 2 CH of 2 pyrrole), 39.9 (s, 1 CH3 of 
CMe2), 36.9 (s, CMe2), 27.3 (vt, JC-P = 11.0 Hz, 2 CH of 2 CHMe2), 26.2 (s, 
1 CH3 of CMe2), 24.7 (vt, JC-P = 11.0 Hz, 2 CH of 2 CHMe2), 20.1 (s, 2 CH3 
of 2 CHMe2), 20.0 (s, 2 CH3 of 2 CHMe2), 19.7 (vt, JC-P = 11.2 Hz, 2 CH2P), 
18.3 (s, 2 CH3 of 2 CHMe2), 17.7 (s, 2 CH3 of 2 CHMe2), 9.9 (t, JC-P = 5.0 
Hz, CH3 of GeMe) ppm. 31P{1H} NMR (C6D6, 162.1 MHz, 298 K): δ 37.8 
(s) ppm. 

[PdCl{k3P,Ge,P-GeMe(pyrmPiPr2)2CMe2}] (2Pd-Me): HCl (61 µL, 1.0 M in 
diethyl ether, 0.061 mmol) was added to a solution of 3Pd-Me (0.030 g, 0.047 
mmol) in toluene (5 mL). The resulting orange solution was stirred at room 
temperature for 2 h and was evaporated to dryness to give 2Pd-Me as dark 
yellow solid (0.021 g, 66%). Anal.(%): Calcd. for C26H45ClGeN2P2Pd (M = 
662.09 amu): C, 47.17; H, 6.85; N, 4.23; found: C, 47.21; H, 6.93; N 4.17. 
1H NMR (C6D6, 400.1 MHz, 298 K): δ 6.33 (s, 2 H, 2 CH of 2 pyrrole), 6.15 
(s, 2 H, 2 CH of 2 pyrrole), 2.95 (d, JH-H = 14.6 Hz, 2 H, 2 CH of 2 CH2P), 
2.59 (m, 2 H, 2 CH of 2 CHMe2), 2.53 (d, JH-H = 14.6 Hz, 2 H, 2 CH of 2 
CH2P), 2.21 (m, 2 H, 2 CH of 2 CHMe2), 1.89 (s, 3 H, 1 CH3 of CMe2), 1.66 
(s, 3 H, 1 CH3 of CMe2), 1.32 (dd, JH-P = 14.0 Hz, JH-H = 6.0 Hz, 6 H, 2 CH3 
of 2 CHMe2), 1.13 (dd, JH-P = 14.0 Hz, JH-H = 6.0 Hz, 6 H, 2 CH3 of CHMe2), 
0.98 (s, 3 H, CH3 of GeMe), 0.88 (dd, JH-P = 14.0 Hz, JH-H = 6.0 Hz, 6 H, 2 
CH3 of 2 CHMe2), 0.77 (dd, JH-P = 14.0 Hz, JH-H = 6.0 Hz, 6 H, 2 CH3 of 2 
CHMe2) ppm. 13C{1H} NMR (C6D6, 100.6 MHz, 298 K): δ 144.8 (s, 2 C of 
2 pyrrole), 109.0 (s, 2 CH of 2 pyrrole), 104.3 (s, 2 CH of 2 pyrrole), 39.6 
(s, 1 CH3 of CMe2), 36.9 (s, CMe2), 27.3 (vt, JC-P = 11.6 Hz, 2 CH of 2 
CHMe2), 26.0 (s, 1 CH3 of CMe2), 24.8 (vt, JC-P = 11.6 Hz, 2 CH of 2 
CHMe2), 20.1–19.8 (m, 2 CH2P + 4 CH3 of 4 CHMe2), 18.3 (s, 2 CH3 of 2 
CHMe2), 17.8 (s, 2 CH3 of 2 CHMe2), 11.3 (t, JC-P = 4.4 Hz, CH3 of GeMe) 
ppm. 31P{1H} NMR (C6D6, 162.1 MHz, 298 K): δ 42.8 (s) ppm. 

X-ray Diffraction Analyses 

Crystals of 2Ni-OMe and 3Pd-Me were analyzed by X-ray diffraction. A 
selection of crystal, measurement and refinement data is given in Table 
S1. Diffraction data were collected on an Oxford Diffraction Xcalibur Onyx 
Nova single crystal diffractometer with CuKa radiation. Empirical 
absorption corrections were applied using the SCALE3 ABSPACK 
algorithm as implemented in CrysAlisPro RED.[20] The structures were 
solved using SIR-97.[21] Isotropic and full matrix anisotropic least square 
refinements were carried out using SHELXL.[22] The atoms of the OMe 
group of 2Ni-OMe were found disordered into two position with a 50% 
occupancy and were refined isotropically. Two independent molecules 
were found in the asymmetric unit of 3Pd-Me. Unless otherwise stated the 

non-H atoms were refined anisotropically. H atoms were set in calculated 
positions and were refined riding on their parent atoms. The WINGX 
program system[23] was used throughout the structure determinations. The 
molecular plots were made with MERCURY.[24] CCDC deposition 
numbers: 2057748 (2Ni-OMe), 2057749 (3Pd-Me). 

Computational Details 

Structure optimizations were performed with the Gaussian09[25] suite of 
programs, using the wB97XD6[26] functional, which includes the second 
generation of Grimme’s dispersion interaction correction.[27] The Stuttgart–
Dresden relativistic effective core potential and the associated basis sets 
(SDD) were used for the Ni[28] and Pd[29] atoms. The cc-pVDZ basis set[30] 
was used for the remaining atoms. Frequency calculations confirmed the 
optimized structures as energy minima (zero imaginary eigenvalues). 
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While LiOMe is only able to substitute the Ge–Cl chlorido ligand of the PGeP pincer germyl complexes 1Ni and 1Pd, LiMe is able to 
sequentially substitute first the Ge–Cl and then the M–Cl chlorido ligands. The regioselectivity of these reactions is orbital-controlled 
because the LUMO of the dichlorido complexes contains an important contribution of the Ge atom. 
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