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1. Materials and methods
General: Unless stated otherwise, all synthetic manipulations were carried out using

standard Schlenk techniques under an atmosphere of argon 4.6 purified by a BTC-catalyst
and dried over 3 A molecular sieves or in a glovebox under an atmosphere of purified argon.
All reactions were carried out in standardized Schlenk flasks and tubes which were
passivated by rinsing with 1,1,1,3,3,3-hexamethyldisilyzane (HMDS), heated with a heat
gun to 650 °C for 3 min and allowed to cool to room temperature under dynamic vacuum.
Solvents, i.e. THF, toluene, n-hexane and n-pentane, were purified using a MBraun Solvent
Purification System (SPS) MB SPS-800 under argon and stored over dried 3 A molecular
sieves. Fluorobenzene was distilled under argon and stored over dried 3 A molecular sieves.
Deuterated solvents were degassed prior to their use and dried carefully over activated 3 A
molecular sieves. Cycloheptatriene was purchased from Sigma-Aldrich and purified by
distillation under argon atmosphere. 2,2,6,6-tetramethyl-piperidine was purchased from
Sigma-Aldrich and purified by distillation under reduced pressure and dried over activated
alumina. Potassium hydride was purchased from Sigma-Aldrich as a 30% suspension in
mineral oil, which was removed by washing with toluene and n-hexane and subsequent
drying under dynamic vacuum. Ferrocenium [3,5-bis(trifluoromethyl)phenyllborate was
prepared according to literature procedure. All other reagents were purchased from various
commercial sources and used as such without further purification.

Analytical Methods: NMR spectra were recorded on a Bruker AVIll 400 US (*H, 400 MHz;
13C 101MHz) and Bruker AVHD400 ('H, 400 MHz; '3C 101 MHz, '°F 376 MHz). Chemical
shifts are given relative to: TMS for 'H, '3C; CFCls for '9F; 15% BF3.0Et2 in CDCI3 for ''B
and were referenced to the residual solvent peak as internal standards. Chemical shifts are
reported in parts per million, downfield shifted from TMS, and are consecutively reported as
position (3H or 8C), relative integral, multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet and m = multiplet) and assignment. Variable temperature (VT) NMR spectra were
recorded on a Bruker Avance 400 spectrometer ('H, 400 MHz). FT-IR spectra were
measured on an ATR setup with a Bruker Alpha FTIR spectrometer under an inert gas
atmosphere in a glovebox. Raman spectra were recorded on Renishaw inVia Reflex Raman
System. The high-resolution mass spectra were obtained using a liquid injection field
desorption ionization (LIFDI) from Linden CMS as ionization source and a ThermoFisher
Scientific Exactive Plus Orbitrap as detector. The sample application was performed via a
fumed silica capillary from a glovebox under an argon atmosphere to enable the

measurement of highly air-sensitive compounds.? The recorded mass spectra were
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evaluated using the FreeStyle 1.3 program from ThermoFisher Scientific and a customized
fitting program developed by Dr. Christian Gemel. The source code will be made available
upon request. No satisfactory elemental analysis data for all compounds were obtained due
to the high air sensitivity.

Single-Crystal X-Ray Diffraction and Refinement: Data were collected on a Bruker D8
VENTURE Duo three-angle single crystal x-ray diffractometer equipped with a CPAD
detector (Bruker Photon Il), an IMS microsource with MoKq radiation (A = 0.71073 A) and a
Helios optic monochromator, using the APEX4 software package.® Measurements were
performed on single crystals coated with perfluorinated ether. The crystals were fixed on
top of a Kapton micro sampler and frozen under a stream of cold nitrogen. A matrix scan
was used to determine the initial lattice parameters. Reflections were corrected for Lorentz
and polarization effects, scan speed, and background using SAINT V8.40B.* Absorption
correction, including odd and even ordered spherical harmonics was performed using the
multi-scan method (SADABS 2016/1)° for [Ti(GaTMP)7] (1) as well as [Zr(GaTMP)s](BArf4)2
(5) and TWINABS 2012/18 for the twinned structure of [Zr(GaTMP)7] (2). Space group
assignments were based upon systematic absences, E statistics, and successful refinement
of the structures. The structures were solved using SHELXT with the aid of successive
difference Fourier maps and were refined against all data using SHELXL-2019/1 in
conjunction with SHELXLE.”® As compound 2 was twinned, the structure was refined
against hklf5 data. Hydrogen atoms were calculated in ideal positions as follows: Methyl
hydrogen atoms were refined as part of rigid rotating groups, with a C—H distance of 0.98 A
and UisoH) = 1.5-Ueq(c). Other H atoms were placed in calculated positions and refined using
a riding model, with methylene and aromatic C—H distances of 0.99 A and 0.95 A,
respectively, other C—H distances of 1.00 A, all with Uisot) = 1.2-Ueq(c). Non-hydrogen atoms
were refined with anisotropic displacement parameters. Full-matrix least-squares
refinements were carried out by minimizing £ w(Fo? - Fc?)? with the SHELXL weighting
scheme.® Neutral atom scattering factors for all atoms and anomalous dispersion
corrections for the non-hydrogen atoms were taken from International Tables for
Crystallography.’® A split layer refinement was used for disordered groups and additional
restraints on distances, angles and anisotropic displacement parameters were employed to
ensure convergence within chemically reasonable limits, if necessary. Whole molecule
disorder and rotational disorder of the amide ligand sphere was modelled using the DSR
tool plugin within SHELXLE."" For compound 2, 0.2 heavily disordered molecules of

n-hexane as well as one fluorobenzene molecule for compound 5 were treated as a diffuse
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contribution to the overall scattering without specific atom positions using the
PLATON/SQUEEZE procedure.'? Images of the crystal structures were created with
Mercury (main article)’® and coordination polyhedral using VESTA 3'4. CIF files and
crystallographic tables were generated using FinalCif.'"> CCDC 2429679-2429681 contain
the supplementary crystallographic data for [Ti(GaTMP)7] (1), [Zr(GaTMP)7] (2) and
[Zr(GaTMP)s][BArf4]2 (5). These data can be obtained free of charge Vvia

www.ccdc.cam.ac.uk/data request/cif, or by emailing data request@ccdc.cam.ac.uk, or by

contacting The Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2
1EZ, UK; fax: + 44 1223 336033.

Magnetic Measurements: The magnetic properties of 1 and 2 have been measured from
powders sealed in quartz tubes with a Quantum Design MPMSXL SQUID magnetometer
operating in the temperature range 2-300 K. The sealed tubes were prepared in a glovebox
under inert atmosphere. All the data have been corrected from the intrinsic diamagnetism
evaluated from Pascal’s tables'® and from the diamagnetism of the sample holder measured
separately. Possible contamination with ferromagnetic impurities was verified with
magnetization curves recorded at 20 K, 80 K and room temperature.

Magnetism data of powdered sample for 5 (17.9 mg), loaded within a polycarbonate gel
capsule inside a plastic straw, was collected on a Quantum Design MPMS-3 SQUID
magnetometer. The DC susceptibility was recorded in the temperature range of 2—-300 K
with an applied DC field of 1 T. Values of the magnetic susceptibility were corrected for core
diamagnetism of the sample using tabulated Pascal’s constants.’®

Computational Details: Density Functional Theory (DFT) calculations were performed
using the Amsterdam Density Functional code (ADF2020.101)"" with the ZORA
Hamiltonian® 19 for the incorporation of scalar relativistic corrections. The triple-¢ Slater
basis set plus two polarization functions (STO-TZ2P)?® was used for all calculations. The
geometry optimizations for all complexes were performed using the PBEO hybrid
functional?'-23 and the Becke-Perdew (BP86)%* 2> GGA exchange-correlation functional, for
both with the addition of Grimme’s D3 empirical corrections?® to account for dispersion
effects. Frequency calculations, performed on the BP86/TZ2P-D3 optimized geometries
only for the sake of computational time, confirmed that the structures correspond to true
minima. Further analyses were performed on the PBEO/TZ2P-D3 optimized geometry.
Natural atomic orbital (NAO) populations and charges as well as Wiberg bond indices were
computed using the natural bond orbital NBO6.0 program?’ implemented in the

ADF2020.101 package. Quantum theory of atoms in molecules (QTAIM)?-30 analysis was
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performed as implemented in the ADF2020.101 package. Energy decomposition analysis
(EDA) calculations were performed in accordance with the Morokuma-Ziegler formalism.3'-
33 For the sake of computational time, time-dependent DFT (TD-DFT) calculations were
performed using the Gaussian16 package3* with the PBEO functional and the Def2-TZVP
basis set.3% 36

Continuous Shape Measure®’”: The method of continuous shape measure uses the N
vertices of an experimentally determined coordination polyhedron normalized and centered
in the origin of a three-dimensional cartesian coordinate system as their position vectors Q;
(i=1,23 ..., N). These are compared to the position vectors P; (i=1,2,3, ..., N) of the N
vertices of an ideal reference polyhedron that is equally centered and normalized. This is

expressed as
N
1 — 2
So(P) = Nminzwl ~P|" x 100
i=1

A value of Sq(P) = 0 thus represents the exact ideal shape, with increasing values indicating
increasing distortions. This value was calculated from most ideal superimposition,
determined by minimizing the distance between the superimposed polyhedral vertices by a
numerical rotation algorithm. Sa(P) thus is the global minimum of these permutations.

In order to identify the cartesian coordinates of two polyhedra with minimized average
distances of their vertices, a Java program has been used (Java 15, openjdk-15). The
program takes as input the cartesian coordinates of two polyhedra, both centered at the
origin. It can then freely rotates, stretch and shrink one of the two polyhedra, finally locating
the coordinates with minimized distances between the vertices of the two polyhedra in a
recursive process. The code for both programs can be obtained from the authors on request.
Continuous shape measures were performed against an idealized mono-capped trigonal
prismatic structure as well as two reference compounds (Figure S46):
[(C2H4NH3)aN]2[ZrF7]2-H2038 (showcasing a mono-capped trigonal prismatic structure of the
[ZrF7)*- anion) and Ka[V(CN)7]-2H20%° (where the [V(CN)7]* anion shows a pentagonal
bipyramidal structure). In general, Sa(P) = 0 indicates no distortion from the reference, Sa(P)
< 1.00 indicates minor distortions and 1.00 < Sq(P) < 3.00 indicates major distortions from
the reference geometry.%” In the case of 1, Sa(P) = 3.27 was found when compared to the
idealized mono-capped trigonal prism and Sq(P) = 2.44 when compared to the [ZrF7]*
anion. For 2, Sa(P)=2.21 and Sa(P) = 1.53 where found for the comparison with the

idealized mono-capped trigonal prism and the [ZrF7]* anion respectively. The higher Sa(P)
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values for 1 and 2 against the idealized mono-capped trigonal prismatic structure can be
explained by its inherent asymmetry with regards to the distances between the vertices and
the central metal atom (at the center of mass in the idealized structure). Nevertheless, the
continuous shape measures clearly indicate a (highly) distorted mono-capped trigonal
prismatic structure for both 1 and 2 as opposed to a pentagonal bipyramidal structure (Sa(P)
= 3.33 and Sa(P) = 4.53 when compared to the [V(CN)7]* anion for 1 and 2 respectively),
although the distortion is more pronounced for 1. In the case of the TiGar motif found in the
unit cell of the TisGas phase*?, Sq(P) = 1.74 was found when comparing it to the pentagonal
bipyramidal [V(CN)7]* anion, clearly underlying its similar geometry. The results are

summarized in Table S1.

2. Synthesis of the new compounds

Synthesis of [Ti(GaTMP)7] (1): GaTMP (1.70g, 8.08 mmol, 7.5eq.) and bis(n®-
toluene)titanium (0.25 g, 1.08 mmol, 1.0 eq.) were placed in 100 mL Schlenk tube and
dissolved in 20 mL THF. The brown solution was heated at 70 °C for 10 days. The reaction
mixture was allowed to cool down to r. t. and filtered. The solvent was removed in vacuo
and the residue was extracted with n-hexane (30 + 5 + 5 mL) and filtered. The resulting red-
brown solution was concentrated to 5 mL and crystallized at -78 °C. The crude product
separated as a precipitate (543 mg) and was collected by cold filtration and dried under
vacuum. Further recrystallisation of the crude product in n-hexane (6 mL) at -78 °C afforded
0.270 g analytically pure product as orange microcrystalline powder (0.178 mmol, 17%
yield).

TH-NMR (400 MHz, 300 K, benzene-de): & [ppm] =1.81 (s, 84H, CH3), 1.71 — 1.63 (m, 14H,
y-CH-), 1.45 (t, 3J = 6.1 Hz, 28H, B-CH->).

1BC{'H}-NMR (101 MHz, 300K, benzene-ds): 5 [ppm] = 55.55 (CMez), 40.83 (B-CH>), 37.14
(CHs), 18.91 (y-CH2).

13C-NMR, DEPT-135 (101 MHz, 300K, benzene-ds): 3 [ppm] = 40.52 (B-CH2), 36.83 (CHs3),
18.59 (y-CH2).

LIFDI-MS [m/z]: found [M]* 1517.4341 (calculated 1517.4332).

Synthesis of [Zr(GaTMP)7] (2): GaTMP (1.39 g, 6.61 mmol, 7.0 eq.) and bis(n®-
cycloheptatriene)zirconium (0.26 g, 0.94 mmol, 1.0 eq.) were placed in 100 mL Schlenk

tube and dissolved in 20 mL n-hexane. The brown solution was stirred and heated to 70 °C
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in 10 °C/h steps and subsequently stirred for about 4 hours at 70 °C. The reaction solution
was allowed to cool down to room temperature and stirred overnight. A red precipitation
was observed, and the yellow-red filtrate was removed by Whatman filtration. The remaining
red solid was extracted with n-hexane (4 x 10 mL) and filtered in order to remove metallic
zirconium. The resulting filtrate was dried in vacuo providing 0.445 g (0.285 mmol, 30%
yield) of product as red microcrystalline powder. "H-NMR-Analysis reveals a purity higher
than 98%, but a small amount of GaTMP remains present. Further recrystallisation of the
product in n-hexane at -35 °C yielded analytically pure product.

TH-NMR (400 MHz, 300 K, benzene-de): & [ppm] = 1.81 (s, 84H, CHz), 1.73 — 1.58 (m, 14H,
y-CH-), 1.44 (t, 3J = 6.2 Hz, 28H, B-CH->).

BC{'H}-NMR (101 MHz, 300 K, benzene-ds): 5 [ppm] =55.79 (CMez2), 40.96 (B-CH2), 36.95
(CHs), 18.95 (y-CH2).

13C-NMR, DEPT-135 (101 MHz, 300 K, benzene-ds): 5 [ppm] = 40.67 (B-CH2), 36.66 (CH3),
18.65 (y-CH2).

LIFDI-MS [m/z]: found [M]* 1559.3866 (calculated 1559.3901).

In situ generation of [Hf(GaTMP)7] (3): A red oil, containing bis(n®-
cycloheptatriene)hafnium (10 mg, see details in the Supplementary Information) was
dissolved in 1 mL of isoamyl ether and GaTMP (40 mg) were placed in 25 mL Schlenk tube
and heated at 120 °C overnight. The reaction mixture was allowed to cool down to room
temperature, filtered, diluted with toluene 1 mL and subjected to LIFDI-MS analysis.
LIFDI-MS [m/z]: found [M]* 1647.4265 (calculated 1647.4311).

Synthesis of [Ti(GaTMP)s](BArF)2 (4): A solution of [Ti(GaTMP)7] (1) (100 mg, 66 umol,
1.0 eq.) in fluorobenzene (5 mL) was cooled to -30 °C and solution of ferrocenium [3,5-
bis(trifluoromethyl)phenyl]borate (69 mg, 66 umol, 1.0 eq.) in 3 mL fluorobenzene was
added dropwise with a syringe over 15 minutes. The resulting brown reaction mixture was
allowed to warm up to room temperature overnight. Then it was filtered and the filtrate was
layered with n-hexane (20 mL). After a week a dark oil was formed in a Schlenk tube, it was
separated from supernatant, washed with n-hexane (2x5 mL) and dried in vacuo providing
20 mg (6 ymol, 18% yield) of product as dark brown powder. All attempts to obtain single
crystals suitable for XRD-analysis by carefully layering with n-hexane or toluene of solutions

containing 4 in fluorobenzene or THF were not successful.
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1H-NMR (400 MHz, 300 K, THF-ds): & [ppm] = 7.79 (m, 16H, BArF), 7.57 (s, 8H, BAr)
1.79 (s, 96H, CHs) 1.70 — 1.59 (m, 16H, y-CH2), 1.55 (t, 3J = 6.0 Hz, 32H, B-CHo).
13C{'"H}-NMR (101 MHz, 300 K, THF-ds) & [ppm] = 163.00 (q, J = 49.7 Hz, BArF), 135.78,
130.16 (q, J = 31.2 Hz, BArF), 125.70 (q, J = 272.2 Hz, BArF), 118.48 — 118.23 (m, BArF),
60.80 (CMez2), 39.57 (B-CH2), 37.27 (CHs), 19.27 (y-CHz).

13C-NMR, DEPT-135 (101 MHz, 300 K, THF-ds) & [ppm] = 134.61 (BArF), 117.20 (BArF),
38.34 (B-CHz), 36.11 (CH3), 18.11 (y-CHa).

19F-NMR (376 MHz, THF-ds) 5 [ppm] = -63.41.

11B-NMR (128 MHz, THF-ds) & [ppm] = -6.50.

LIFDI-MS [m/z]: found [Ti(GaTMP)g]?* 863.2499 (calculated 863.2501).

Synthesis of [Zr(GaTMP)s](BArF):z (5) — method I: A solution of [Zr(GaTMP)7] (2) (100 mg,
64 umol, 1.0 eq.) in fluorobenzene (5 mL) was cooled to -30 °C and solution of ferrocenium
[3,5-bis(trifluoromethyl)phenyl]borate (67 mg, 64 umol, 1.0 eq.) in 3 mL fluorobenzene was
added dropwise with a syringe over 15 minutes. The resulting brown reaction mixture was
allowed to warm up to room temperature overnight. Then it was filtered and the filtrate was
layered with n-hexane (20 mL) and after 10 days, dark crystals suitable for SC-XRD analysis
were obtained. Those were isolated by filtration, washed with n-hexane (2x5 mL) and dried
in vacuo providing 74 mg (21 umol, 33% yield) of product as dark crystals.

TH-NMR (400 MHz, 300 K, THF-ds): & [ppm] = 7.79 (m, 16H, BArF), 7.57 (s, 8H, BArF)
1.75 (s, 96H, CHs) 1.71 — 1.58 (m, 16H, y-CH-2), 1.54 (t, 3J = 6.0 Hz, 32H, B-CH->).
BC{'H}-NMR (101 MHz, 300 K, THF-ds) & [ppm] = 163.00 (q, J = 49.7 Hz, BArf), 135.78,
130.16 (q, J = 31.7 Hz, BArF), 125.70 (q, J = 272.7 Hz, BArF), 118.48 — 118.23 (m, BArF),
60.83 (CMez), 39.72 (B-CH2), 36.83 (CHs), 18.40 (y-CH2).

13C-NMR, DEPT-135 (101 MHz, 300 K, THF-ds) & [ppm] = 134.62 (BArF), 117.19 (BArF),
38.56 (B-CH2), 35.67(CHs3), 17.24 (y-CH>).

19F-NMR (376 MHz, THF-ds) & [ppm] = -63.36.

"B-NMR (128 MHz, THF-ds) & [ppm] = -6.50.

LIFDI-MS [m/z]: found [Zr(GaTMP)g]?>* 885.2262 (calculated 885.2281).

Synthesis of [Zr(GaTMP)s](BArF):2 (5) — method II: A solution of [Zr(GaTMP)7] (2) (50 mg,
32 umol, 1.0 eq.) and GaTMP (6.7 mg, 32 umol, 1.0 eq.) in fluorobenzene (2 mL) was
cooled to -30 °C and solution of ferrocenium [3,5-bis(trifluoromethyl)phenyl]borate (67 mg,
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64 umol, 2.0 eq.) in 3 mL fluorobenzene was added dropwise with a syringe over 15
minutes. The resulting brown reaction mixture was allowed to warm up to room temperature
overnight. Then it was filtered and the filtrate was layered with n-hexane (20 mL) and after
10 days, large dark crystals were obtained. Those were isolated by filtration, washed with
n-pentane (2x10 mL) and dried in vacuo providing 86 mg (25 pmol, 77% yield) of product
as dark crystals.

10
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3. Synthesis of the starting materials

Synthesis of Gallium tetramethylpiperidide

GaTMP was synthesized according to a modified literature procedure.*' GaCp* (6.00 g,
29.3 mmol, 1.0 eq.) was dissolved in THF (15 mL) in a glovebox, transferred to a 500 mL
Schlenk flask, and diluted with additional THF (80 mL). Using a dropping funnel, LiTMP
(4.74 g, 32.2 mmol, 1.1 eq.), obtained from TMPH and n-BuLi according to a literature
procedure.*? was slowly added to the reaction mixture cooled to -37 °C over two hours. After
stirring the brown suspension at r.t. overnight, the solvent and volatiles were removed under
vacuum at 30 °C. The crude product was extracted with n-hexane (250 mL) and filtered
through a D4 frit. The filtrate was concentrated to 15 mL, transferred into a Schlenk tube
and crystallized overnight at -78 °C. The solid was collected by cold filtration and then
dissolved in n-pentane (15 mL) at r. t. and recrystallized overnight at -78°C. Then the cold
filtration was performed again, and the collected crude product was dried in vacuo, firstly,
allowed to warm up till r. t. and secondly heated at 70°C under vacuum for 2 hours to get
rid of rest of GaCp* by evaporation which collects on the cold top of the Schlenk tube. The
product was obtained as an analytically pure, light brown/dark orange powder (3.41 g, 16.2

mmol, 55%).

1H-NMR (400 MHz, 300 K, benzene-ds): & [ppm] = 1.67 (s, 12H, CHs), 1.61 — 1.53 (m, 2H,
y-CHz), 1.33 (t, 3J = 6.4 Hz, 4H, B-CHo).

Synthesis of GaPMP

GaPMP was synthesized analogously to GaTMP, as described above. LiPMP was prepared
according to literature procedure.*® A solution of 2.75 g GaCp* (13.34 mmol, 1.00 eq.) in
THF (50 mL) was cooled -78 °C, subsequently, a solution of 2.17 g (13.34 mmol, 1.00 eq.)
LiPMP in THF (40 mL) was added dropwise over 30 minutes under continuous stirring. The
reaction mixture was stirred overnight, allowing it to slowly warm up to r.t. The resulting dark
brown solution containing a white precipitate was then dried in vacuo and the solid residue
was extracted with n-hexane (3 x 35 mL) via cannula filtration. An attempt to recrystallize
the product from hexane was unsuccessful due to high solubility, instead the residual GaCp*
was largely removed by heating the sample to 70 °C in a water bath in vacuo. The product

of sufficient purity was obtained as a dark brown crystalline solid (1.98 g, 8.80 mmol, 66.0%).

11
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TH-NMR (400 MHz, 300 K, benzene-ds): § [ppm] = 1.85 (s, 6H, C(CH3)2), 1.80-1.71 (m, 1H,
y-CH), 1.54 (s, 6H, C(CH3)2), 1.35 (dd, Jgem = 12.8, 3J = 3.4 Hz, 2H, equatorial CHH), 0.91
(t, 2H, Jgem = 3J = 12.8 Hz, 2H, axial CHH), 0.84 (d, 3J = 6.4 Hz, 3H, y-CHj).

BC{'H}-NMR (101 MHz, 300 K, benzene-ds) & [ppm] = 56.34 C(CH3)2, 50.34( B-CH2), 39.30
C(CHs3)2, 34.65 C(CHs)2, 24.18 CHCHs, 23.18 (y-CHz).

Synthesis of potassium triethylborohydride

Potassium triethylborohydride was synthesized according to a modified literature
procedure.** Potassium hydride powder (3.56 g, 88.8 mmol, 1.25 eq.) was suspended in 70
mL of toluene. Triethylborane (10 mL, 71.0 mmol, 1.00 eq.) was then added dropwise (very
exotherm reaction!) and the reaction mixture was stirred at r.t. for 2 hours. The resulting
colorless, clear solution was separated from the precipitate via cannula filtration. The
concentration of potassium triethylborohydride in toluene was determined by acid-base
titration. A 0.5 mL aliquot of the product solution was quenched with 6 mL of water and
titrated with 0.1 M HCI. Based on this analysis, the concentration of the product in toluene
was calculated to be 0.94 M, with a total volume of 70 mL (65.8 mmol, 93%).

Synthesis of Bis(n®-toluene)titanium

Bis(n®-toluene)titanium was synthesized according to a literature procedure.*® Titanium
tetrachloride (3.3 mL, 30.1 mmol, 1.00 eq.) was dissolved in 75 mL of toluene. A 0.5 M
solution of potassium triethylborohydride in toluene (241 mL, 120.5 mmol, 4.00 eq.) was
added dropwise to the titanium tetrachloride solution over 2 hours in an ultrasonic bath
(Sonorex Fa. Bandelin) at r.t. During the addition, a black precipitate formed with a release
of hydrogen gas. The reaction mixture was further sonicated for 1 hour until gas release
ended. The black precipitate was separated from the dark red filtrate using a D4 frit and
extracted with toluene (3x40 mL). The toluene was removed under high vacuum and the
residue was extracted with n-pentane (5%100 mL). The black precipitate was separated
from the dark red extracts by using a D4 frit, and the combined filtrates were concentrated
to 20 mL under dynamic vacuum and crystallized at —78 °C. The obtained dark red
precipitate was separated by cold filtration from the mother liquor and dried under vacuum,

yielding bis(n®-toluene)titanium as dark red plates (720 mg, 3.10 mmol, 10%).

TH-NMR (400 MHz, 300 K, benzene-de): § [ppm] = 5.00 — 4.81 (m, 10H, CH), 2.02 (s, 6H,
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CH3).
13C{'H}-NMR (101 MHz, 300 K, benzene-ds) § [ppm] = 94.45 (CCHs), 82.40 (m-CH), 81.42
(p-CH), 79.60 (0-CH), 22.34 (CHa).

Synthesis of Bis(né-cycloheptatriene)zirconium

Bis(n®-cycloheptatriene)zirconium was synthesised according to a literature procedure.*6
Sodium (1.00 g, 43.5 mmol, 5.1 eq.) cut into small pieces was added slowly to mercury
(10 ml, 675.5 mmol, 78.7 eq.) at 0 °C in a Schlenk tube and stirred manually with a glass
rod. The amalgamation process was completed by putting the tube into ultrasonic bath
(Sonorex Fa. Bandelin). Zirconium (1V) chloride (2.00 g, 8.58 mmol, 1.0 eq.) was suspended
in cold THF (70 mL) at —78 °C. After stirring for 1 hour, the orange suspension was added
to the pre-cooled (—78 °C) Na/Hg amalgam and vessel was rinsed with THF (15 mL) to
ensure complete transfer. (Note: A large, strong magnetic stir bar is essential to ensure
effective stirring at the Na/Hg interface.) After stirring for 15 minutes, cycloheptatriene
(5.00 mL, 48.2 mmol, 5.6 eq.) was added. The reaction mixture allowed to warm up
gradually to +10 °C over 3 hours, then the solvent was removed in vacuo without heating
above + 10 °C. The crude product was extracted at room temperature with n-pentane
(6 x 60 mL) using the ultrasonic bath and was filtered through a celite pad. The red-brown
filtrate was concentrated to one-third of its volume, canula filtered to remove residual
mercury and solids, and stored overnight at =78 °C to crystallize. The obtained dark
microcrystalline precipitate was isolated by cold filtration and dried in vacuo, yielding bis(n®-

cycloheptatriene) zirconium as black powder (0.369 g, 57.0 mmol, 16%).

TH-NMR (400 MHz, 300 K, benzene-ds): § [ppm] = 5.99 — 5.80 (m, 4H, CH), 5.52 (d, J =
10.2, 2.1 Hz, 2H, CH), 5.13 — 4.99 (m, 2H, CH), 4.80 — 4.68 (m, 2H, CH), 3.13 — 3.03 (m,
2H, CH), 2.71 (dt, J =12.3, 7.9 Hz, 2H, CH-), 1.30 (dt, J = 12.1, 1.8 Hz, 2H, CH>2).
1BC{'H}-NMR (101 MHz, 300 K, benzene-ds): 5 [ppm] = 119.94 (CH), 119.29 (CH), 98.21
(CH), 96.93 (CH), 77.58 (CH), 67.20 (CH), 32.29 (CH2).

Synthesis of Bis(n8-cycloheptatriene)hafnium

Bis(n®-cycloheptatriene)hafnium was synthesised according to a modified literature
procedure.*® Hafnium (IV) chloride (2.00 g, 6.24 mmol, 1.0 eq.) was suspended in THF
(50 mL) and cooled to —78 °C, then a cold suspension of KCs (4.31 g, 31.85 mmol, 5.1 eq.)

13
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in THF (20 mL) was added via canula and the Schlenk tube was rinsed with THF (2x10 mL)
to ensure complete transfer. After stirring for 15 minutes, cycloheptatriene (3.63 mL,
35.0 mmol, 5.6 eq.) was added. The reaction mixture allowed to warm up gradually to
+10 °C over 3 hours, then the solvent was removed in vacuo without heating above + 10
°C. The crude product was extracted at room temperature with toluene (3 x 60 mL) and was
filtered through a celite pad. The solvent was removed in vacuo providing a red oil (247 mg),

which contains bis(n8-cycloheptatriene) hafnium according to LIFDI-MS analysis.

LIFDI-MS [m/z]: found [Hf(C7Hs)2]* 364.0704 (calculated 364.0712); found [Hf(C7Hs)s]*
456.1329 (calculated 456.1338); found [Hf(C7Hs)4]* 548.1965 (calculated 548.1964).

14
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4. NMR Spectra
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Figure S1: 'TH-NMR (benzene-ds) spectrum of [Ti(GaTMP)7] (1).
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Figure S2: 3C{'H}-NMR (benzene-ds) spectrum of [Ti(GaTMP)7] (1).
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Figure S3: 3C DEPT-135 NMR (benzene-ds) spectrum of [Ti(GaTMP)7] (1).
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Figure S5: 18C{'H}-NMR (benzene-ds) spectrum of [Zr(GaTMP)7] (2).
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Figure S6: 13C DEPT 135-NMR (benzene-ds) spectrum of [Zr(GaTMP)7] (2).
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Figure S7: 'TH-NMR (THF-ds) spectrum of [Ti(GaTMP)s][BArt4]2 (4).
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Figure S8: 3C{'H}-NMR (THF-ds) spectrum of [Ti(GaTMP)s][BAr4]z (4).
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Figure S9: 13C DEPT 135-NMR (THF-ds) spectrum of [Ti(GaTMP)s][BArfa]2 (4).
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Figure S10: "F-NMR (THF-ds) spectrum of [Ti(GaTMP)g][BArF4]2 (4).
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Figure S11: ""B-NMR (THF-ds) spectrum of [Ti(GaTMP)s][BArfa]2 (4).
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Figure S12: '"H-NMR (THF-ds) spectrum of [Zr(GaTMP)s][BArf4] 2 (5).



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

165.28 C6H5F
131.12 C6H5F
“131.04 C6H5F
~125.10 C6H5F

~116.18 C6H5F
~115.98 C6HSF

C(q) H|(s)
130.06 34.83

A(q) B (s) E (m) Fi(s) G (3 I(s)
162.76 135.78 118.36 60.83 39.72 18.40

D (q)
125.70

2.25
2.70-=
4.29
9.13-%
2.28-<

o
<
—

5.02

0
@ o
—

T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
3 (ppm)

Figure S13: 8C{'H}-NMR (THF-ds) spectrum of [Zr(GaTMP)g][BArF4]2 (5).
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Figure S14:'3C DEPT 135-NMR (THF-ds) spectrum of [Zr(GaTMP)g][BArF4]2 (5).
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Figure S15: "9F-NMR (THF-ds) spectrum of [Zr(GaTMP)s][BArF4]2 (5).
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Figure S16: ""B-NMR (THF-ds) spectrum of [Zr(GaTMP)s][BAr4)2 (5).
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Figure S17: "H-NMR (benzene-ds) spectrum of bis(n®-toluene)titanium.
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Figure S18: 3C{'H}-NMR (benzene-ds) spectrum of bis(né-toluene)titanium.
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Figure S19: 'TH-NMR (benzene-ds) spectrum of bis(n®-cycloheptatriene)zirconium.
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Figure S20: 3C{'H}-NMR (benzene-ds) spectrum of bis(né-cycloheptatriene)zirconium.
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Figure S21: "H-NMR (benzene-ds) spectrum of crude bis(n®-cycloheptatriene)hafnium.
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Figure S22: 8C{'H}-NMR (benzene-ds) spectrum of crude bis(n®-cycloheptatriene)hafnium.
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Figure S23: °C DEPT 135-NMR (benzene-ds) spectrum of crude bis(n®-cycloheptatriene)hafnium.
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Figure S24: 'H-NMR (benzene-ds) spectrum of GaPMP.
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Figure S25: 8C{'H}-NMR (benzene-ds) spectrum of GaPMP.
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5. LIFDI-MS
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Figure S26: HR LIFDI-MS of [Ti(GaTMP)7] (1) and comparison of calculated and experimental patterns (inset);
[Ti(GaTMP)7]* (exp.) 1517.4341 m/z (calc.) 1517.4332 m/z.
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Figure S27: HR LIFDI-MS of [Zr(GaTMP)7] (2) and comparison of calculated and experimental patterns;
(inset); [Zr(GaTMP)7]* exp.: 1559.3866 m/z; calc.: 1559.3901 m/z.
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Figure S28: HR LIFDI-MS of [Hf(GaTMP)7] (3) and comparison of calculated and experimental patterns;
(inset); [Hf(GaTMP)7]* exp.: 1647.4265 m/z; calc.: 1647.4311 m/z.
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Figure S29: HR LIFDI-MS of [Ti(GaTMP)s](BArF)2 (4) and comparison of calculated and experimental
patterns; (inset); [Ti(GaTMP)s]?* exp.: 863.2499 m/z; calc.: 863.2501 m/z.
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Figure S30: HR LIFDI-MS of [Zr(GaTMP)g](BArF)2 (5) and comparison of calculated and experimental
patterns; (inset); [Zr(GaTMP)s]?* exp.: 885.2262 m/z; calc.: 885.2281 m/z.
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Figure S31: In situ HR LIFDI-MS of the ligand exchange between 2 and GaPMP in toluene at 80°C.
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6. IR Spectra
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Figure S32: ATR-IR spectrum of [Ti(GaTMP)7] (1).
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Figure S33: ATR-IR spectrum of [Zr(GaTMP)7] (2).
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Figure S34: ATR-IR spectrum of [Ti(GaTMP)s](BArF)2 (4).
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Figure S35: ATR-IR spectrum of [Zr(GaTMP)s](BArF)2 (5).
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Figure S36: ATR-IR spectrum of bis(n8-toluene)titanium.
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Figure S37: ATR-IR spectrum of bis(n?-cycloheptatriene)zirconium.

—
1000

T
500

34



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

09

T T

0,8 |

0,7

0,6

transmittance

0,5 |

04 |

0,3 |

v 1 v 1 v 1 v I 4 1 ' 1 i 1
4000 3500 3000 2500 2000 1500 1000 500
wavenumber (cm'1)

Figure S38: ATR-IR spectrum of crude bis(n8-cycloheptatriene)hafnium.
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Figure S39: ATR-IR spectrum of GaTMP.

35



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

7. RAMAN Spectra
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Figure S40: Raman spectrum of [Ti(GaTMP)7] (1) obtained with 785 nm laser.
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Figure S41: Raman spectrum of [Zr(GaTMP)7] (2) obtained with 785 nm laser.
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Figure S42: Raman spectrum of [Ti(GaTMP)7] (1) obtained with 532 nm laser.
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Figure S43: Raman spectrum of [Zr(GaTMP)7] (2) obtained with 532 nm laser.
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Figure S44: Raman spectrum of [Zr(GaTMP)s](BArf)2 (5) obtained with 532 nm laser.
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8. UV-Vis Spectra
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Figure S45: UV-Vis spectrum of [Ti(GaTMP)7] (1) in n-hexane.
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Figure S46: UV-Vis spectrum of [Zr(GaTMP)7] (2) in n-hexane.
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Figure S47: UV-Vis spectrum of [Zr(GaTMP)g](BArF)2 (5) in THF.
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9. Magnetic Measurements
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Figure S48: Centering of respective samples in a constant field of Hc = 1 T at a Temperature of 300K with a

resulting diamagnetic signal for the compound 5.
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10. Crystallography
[Ti(GaTMP)7] (1)

CCDC number 2484315
Empirical formula CeaH126GazNy Ti
Formula weight 1517.64
Temperature [K] 100(2)

Crystal system monoclinic
Space group (number) Cc (9)

al[A] 15.2706(8)

b [A] 21.8702(12)
c[A] 23.1045(12)
al] 90

B[] 109.273(2)

v [’ 90

Volume [A%] 7283.8(7)

z 4

Pealc [gem™) 1.384

U [mm™] 2.691

F(000) 3168

Crystal size [mm?] 0.129%0.142x0.215
Crystal colour orange

Crystal shape block

Radiation
20 range [°]

MoKz (A=0.71073 A)
3.72t0 52.79 (0.80 A)

Index ranges -199<h<19
-27<ks27
-28<1<28
Reflections collected 247717
Independent reflections 14879
Rint = 0.0610
Rsigma = 0.0206
Completeness to 99.9 %
0 =25.242°
Data / Restraints / Parameters 14879/ 5626 / 1381
Goodness-of-fit on F? 1.035
Final R indexes R1=0.0252
[I22a()] wR; = 0.0628
Final R indexes R, =0.0308
[all data] wR; = 0.0655
Largest peak/hole [eA3] 0.98/-0.64
Flack X parameter —-0.008(2)
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[Zr(GaTMP)7] (2)

CCDC number
Empirical formula
Formula weight
Temperature [K]
Crystal system
Space group (number)
a[A]

b [A]

clA]

al’]

B[]

v [’

Volume [A3]

4

Pcalc [gcm‘3]

p [mm™]

F(000)

Crystal size [mm?3]
Crystal colour
Crystal shape
Radiation

20 range [°]
Index ranges

Reflections collected

Independent reflections

Completeness to
0 =25.242°

Data / Restraints / Parameters

Goodness-of-fit on F?
Final R indexes
[1220(1)]

Final R indexes

[all data]

Largest peak/hole [eA~3]

2484316
Ce3H126Ga7N7Zr
1560.96
100(2)
triclinic
P1(2)
12.5960(10)
12.7436(9)
24.9845(19
100.625(3)
97.016(3)
103.616(2)
3773.0(5)
2

1.374
2.630

1620
0.075%0.133x0.174
orange

rod

MoKa (A=0.71073 A)
4.03 t0 52.83 (0.80 A)
-15<h<15
-15<k=<15
0<1=<31

15720

15720

Rint = 0.088

Rsigma =0.0522

98.9

)

15720/ 1714 /1212
1.219

R1=10.0556

wR2 =0.1139
R1=0.1156
WR2 = 0.1622
1.09/-1.14

Compound 2 was refined as a two-component twin against hkif5 data.
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Figure S49: Coordination polyhedron calculated from crystal structure data for and [Zr(GaTMP)s][BArt4]2 (5).
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CCDC number 2484317
Empirical formula C290H351B4Fe9GatsN16Zr2
Formula weight 7283.05
Temperature [K] 100(2)
Crystal system monoclinic
Space group (number) P2,/n (14)
alA] 17.7049(10)
b [A] 32.5007(18)
c[A] 28.0612(15)
a[] 90
B[] 92.954(2)
v [°] 90
Volume [A3] 16125.6(15)
z 2
Pcalc [ng_s] 1.500
U [mm1] 1.483
F(000) 7380
Crystal size [mm?3] 0.247x0.278x0.325
Crystal colour orange
Crystal shape block

Radiation
20 range [°]
Index ranges

Reflections collected
Independent reflections

Completeness to

0 =25.242°

Data / Restraints /
Parameters
Goodness-of-fit on F2
Final R indexes
[I22a(N)]

Final R indexes

[all data]

Largest peak/hole [eA3]

MoK, (A=0.71073 A)
3.83 t0 56.57 (0.75 A)
-23<h<23
-43<k<43
-37<1<37

439682

40040

Rint = 0.0769

Rsigma =0.0342

100.0

40040/ 1564 / 2166

1.247
R1=0.0513
wR2 = 0.1251
R1=0.0951
wR2 = 0.1680
1.41/-1.18
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1. Continuous Shape Measure

Table S1: Summary of Continuous shape measures for compounds 1 and 2.

Sa(P) vs. idealized mono-capped | g o\ 171 | So(P) vs. [V(CN)]*
trigonal prismatic structure

[Ti(GaTMP)7] (1) 3.27 2.44 3.33

[Zr(GaTMP)7] (2) 2.21 1.53 4.53

¢
¢
C-¢-
€

Figure S50: Geometries of a) the idealized mono-capped trigonal prismatic structure, b) the [ZrF7]*
anion, c) the [V(CN)7]* anion and d) TiGar motif extracted from the TisGaa phase.
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12. Computational Results

Figure S51: DFT optimized structures of a) [Ti(GaTMP)7] (1) and b) [Zr(GaTMP)7] (2). The structures
were optimized at eh PBEO/TZ2P-D3 level of theory.

1.0 —— [Ti(GaTMP);] experimental

—— [Ti(GaTMP)7] TD-DFT

0.8

0.6 -

0.4

Relative Absorption

0.2

0.0 T T T T T
200 300 400 500 600 700 800

Wavelength [nm]

Figure S52: TD-DFT simulated and experimental UV-Vis spectra of [Ti(GaTMP)7] (1). The low-energy
shoulder computed at ~ 380 nm is of MLCT (Ti—Ga) nature, whereas the high-energy peak at ~
300nm is dominated by LLCT (Ga—Ga) transitions.
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Figure S53: TD-DFT simulated and experimental UV-Vis spectra of [Zr(GaTMP)7] (2). The low-energy
shoulder computed at ~ 420 nm is of MLCT (Zr—Ga) nature, whereas the high-energy peak at ~ 300nm
is dominated by LLCT (Ga—Ga) transitions.

Energy [eV]

Figure S54: Kohn-Sham frontier orbitals of [Ti(GaTMP)7] (1). The HOMO and HOMO-1 show the =n-
backbonding into bonding combinations of 4p atomic orbitals of gallium.
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Energy [eV]
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Figure S55: Kohn-Sham frontier orbitals of [Zr(GaTMP)7] (2). The HOMO and HOMO-1 show the &-

backbonding into bonding combinations of 4p atomic orbitals of gallium.

Table S2: Morokuma-Ziegler Energy Decomposition Analysis of [Ti(GaTMP)7] (1), [Zr(GaTMP)7] (2) and
[Zr(GaTMP)g]?* (5) as well as the theoretical structure of [Hf(GaTMP)7] (3), [Ti(GaTMP)s]** (4) and
[Hf(GaTMP)s]?* (6). The total bonding energy (TBE) is the sum of four components: Epaui (Pauli
repulsion), Eestat (electrostatic interaction), Eow (orbital interaction) and Edisp (dispersion forces). All

values in eV
Fragmentation Ti + (GaTMP); Zr + (GaTMP)y Hf + (GaTMP); Ti%* + (GaTMP)s Zr** + (GaTMP)s Hf?* + (GaTMP)s
Epauii 65.19 70.87 75.49 18.41 27.01 34.64
Eeistat -29.03 -30.14 -31.98 -7.17 -10.20 -17.35
Eorb -50.47 -55.26 -57.87 -34.84 -40.42 -40.75
Edisp -0.49 -0.24 -0.26 -0.55 -0.58 -0.55
TBE -14.79 -14.76 -14.63 -24.15 -24.18 -24.01

Table S3: Averaged computed NBO and QTAIM atom charges for the DFT optimized structures of
[Ti(GaTMP)7] (1), [Zr(GaTMP)7] (2) and [Zr(GaTMP)s]?* (5) as well as the theoretical structure of
[Hf(GaTMP)7] (3), [Ti(GaTMP)s]?* (4) and [Hf(GaTMP)s]?* (6).

NBO  QTAIM
Charges Charges
. Ti | 400 089
[T'(GaIMPH Ga | 118 044
Q) N | -1.04  -1.19
Zr | 425 095
[Zr(GaZTMP)7] Ga | 123 0.44
2) N | 105  -1.19
Af | 422 0.9
[Hf(G?;)MP)’] Ga | 122 0.43
N | 105 -1.20
Ti | 124  1.03

. .
[T'(Ga&'\)ﬂp)*‘] Ga | -039 055
N | 044  -1.19
Zr | 209  1.08
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[Zr(GaTMP)>*  Ga ‘ 410 055

(5) N | 037  -1.19
HE | 071 114

2+
[Hf(Ga(;';"P)B] Ga | 123 054
N | 067  -1.19

Table S4: Averaged computed Ga---Ga and Ga-N Wiberg bond indices and QTAIM delocalization
indices for the (GaTMP)7s shell extracted from the DFT optimized structures of [Ti(GaTMP)7] (1),
[Zr(GaTMP)7] (2) and [Zr(GaTMP)s]>* (5) as well as the theoretical structure of [Hf(GaTMP)7] (3),
[Ti(GaTMP)s]?* (4) and [Hf(GaTMP)g]?* (6).

Wiberg- QTAIM
Bond- Delocalization

Indices Indices

L, from 1 Ga—N 0.256 0.756
Ga-Ga 0.353 0.312

L, from 2 Ga—N 0.240 0.773
Ga-Ga 0.347 0.284

L, from 3 Ga—N 0.235 0.771
Ga-Ga 0.354 0.301

L, from 4 Ga—N 0.445 0.755
Ga-Ga 0.665 0.442

L, from 5 Ga—N 0.646 0.769
Ga-Ga 0.632 0.399

L, from 6 Ga—N 0.439 0.768
Ga-Ga 0.561 0.404

Table S5: Averaged computed NBO and QTAIM atom charges for the (GaTMP)zss shell extracted from
the DFT optimized structures of [Ti(GaTMP)7] (1), [Zr(GaTMP)7] (2) and [Zr(GaTMP)g]?* (5) as well as
the theoretical structure of [Hf(GaTMP)7] (3), [Ti(GaTMP)s]?* (4) and [Hf(GaTMP)s]?* (6).

NBO QTAIM

Charges Charges
et [ S8 0
cmz | S G700
crns | & 0% 0%
Lroms | T T 3
coms | S om0
= A

Table S6: Averaged topological Ga--Ga BCP descriptors in [Ti(GaTMP)7] (1), [Zr(GaTMP)7] (2) and
[Zr(GaTMP)g]?* (5), the theoretical structure of [Hf(GaTMP)7] (3), [Ti(GaTMP)g]?* (4) and [Hf(GaTMP)s]?*
(6) as well as in their respective extracted Lz coordination spheres. p , V2p, H, V and G are the electron

density, Laplacian of p density, energy density, potential energy density and kinetic energy density
values at the bcp, respectively. All values in a.u.

BCP [Ti(GaTMP)7] (1) L; from 1 [Zr(GaTMP)] (1) L; from 2 [Hf(GaTMP)/] (3) L; from 3
3 x Ga-Ga 11 x Ga-Ga 2 x Ga-Ga 11 x Ga-Ga 0 x Ga-Ga 11 x Ga-Ga
P 0.041 0.028 0.038 0.021 n/a 0.022
VZp 0.016 0.008 0.015 0.010 n/a 0.013
H -0.013 -0.007 -0.011 -0.004 n/a -0.008
Vv -0.030 -0.016 -0.026 -0.011 n/a -0.011
VIl G 1.766 1.712 1.751 1.547 n/a 1.575
BCP [Ti(GaTMP)s]** (4) L; from 4 [Zr(GaTMP)g]** (5) L; from 5 [Hf(GaTMP)g]?* (6) L; from 6
10 x Ga-Ga 10 x Ga-Ga 9 x Ga-Ga 10 x Ga-Ga 9 x Ga-Ga 10 x Ga-Ga
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p 0.040 0.037 0.036 0.031 0.037 0.031
V2p 0.009 0.002 0.013 0.005 0.013 0.004
H -0.013 -0.012 -0.010 -0.008 -0.011 -0.009
v -0.028 -0.024 -0.023 -0.018 -0.025 -0.018
VIl G 1.847 1.953 1.757 1.869 1.760 1.888

Table S7: Morokuma-Ziegler Energy Decomposition Analysis of three (GaTMP)2 fragments extracted
out of the optimized structure of [Ti(GaTMP)7] (1). The total bonding energy (TBE) is the sum of four
components: Epaui (Pauli repulsion), Eeistat (€lectrostatic interaction), Eor (orbital interaction) and Euisp

(dispersion forces). All values in eV.

Fragmentation

TMPGa + GaTMP
Ga2-Ga3 (2.837 A)

TMPGa + GaTMP

Ga4-Ga7 (2.905 A)

TMPGa + GaTMP
Ga3-Gab (3.343 A)

Epaui 247 2.10 0.87
Eeistat -1.34 -1.14 -0.40
Eon -0.90 -0.76 -0.32
Edisp -0.22 -0.20 -0.16
TBE 0.00 0.00 -0.02

Table S8: Ga---Ga Wiberg bond indices in three different (GaTMP)2 fragments with different Ga-Ga
distances extracted from the optimized structure of [Ti(GaTMP)7] (1) and within the optimized structure
of [Ti(GaTMP)7] (1).

Distance Wiberg-Bond-

[A] Indices
coroa o E T a0
Ga(4)-Ga(7) [Ti((GG;TI\zAPP)z]Zm) 2.905 8:222
Ga(3)-Ga(6) [Ti(ga'erl\'/\I/le)z]zm) 3.343 8:?3;

Table S9: Averaged computed distances for [Ti(CO)7], [Zr(CO)7], [Hf(CO)7], [Ti(CO)s]?*, [Zr(CO)s]?>* and
[Hf(CO)s]?* as well as the corresponding averaged Wiberg bond indices and QTAIM delocalization

indices.

DFT- Wiberg- QTAIM

Optimized Bond- Delocalization

Distances Indices Indices
T s
I -
weoy e[ dmEome o
meow el tm oa om
weow ZE| B oo o
weow | T o o

Table S10: Morokuma-Ziegler energy decomposition analysis of [Ti(CO)7], [Zr(CO)7], [Hf(CO)],
[Ti(CO)s]?*, [Zr(CO)s]?* and [Hf(CO)s]?*. The total bonding energy (TBE) is the sum of four components:
Epaui (Pauli repulsion), Eastat (electrostatic interaction), Eon (orbital interaction) and Egisp (dispersion
forces). All values in eV.

Fragmentation Ti+(CO); Zr+(CO); Hf+(CO),
Epaui 67.33 66.29 76.69
Eeistat -23.15 -22.26 -24.76
Eom -59.25 -58.18 -66.21
Edisp -0.12 -0.14 -0.11
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TBE -15.18 -14.29 -14.39
Fragmentation | Ti?* +(CO)s Zr?* + (CO)s Hf?* + (CO)s
Epau/i 18.12 23.71 34.54
Eeistat -7.02 -8.48 -14.97
Eon -27.93 -31.19 -35.79
Edisp -0.12 -0.14 -0.11
TBE -16.95 -16.11 -16.33
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