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Experimental Section

General procedures: Elemental analyses were performed externally by London
Metropolitan University Elemental Analysis Service using an Exeter Analytical
CE 440 analyser.

H, BC{H}Y,19Sn{H} and ®’Pb{*H} NMR spectra were recorded on Bruker
Advance 300 or 500 MHz FT-NMR spectrometers, as appropriate, as saturated
solutions at room temperature. Chemical shifts are in ppm with respect to MesSi
(1H, 13C).

All reactions were carried out under an inert atmosphere using standard Schlenk
techniques. Solvents were dried and degassed under an argon atmosphere over
activated alumina columns using an Innovative Technology solvent purification
system (SPS).

The metal amides, [Ge{N(SiMes)2}2],5* [SN{N(SiMes)2}2], 3 [Pb{N(SiMe3)2}],
52 [Se{N(SiMe3)2}2] and [Te{N(SiMes)2}:],5® were prepared according to
literature methods. The pro-ligand, H{L®"P} (LOPP = N(NDipp),, Dipp = 2,6-
di-isopropylphenyl), was also synthesized following literature methods. 5*

Synthesis of [{L(P""},Ge] (1).

A solution of [{L®"P}H] (2 mmol) dissolved in toluene (10 mL) was added to a
stirred solution of [{(MesSi)N}2Ge] (1 mmol) in toluene (10 mL) at 0°C. After
2 h. the yellow solution was filtered and reduced to afford yellow crystals at -28
°C. (0.43 mmol, 43%)

IH NMR (500 MHz, CeDe): & 7.13-7.06 (m, 6H, C-H), 3.41 (m, 4H,
{CH(CH3)2}, 1.12 (d, J = 6.9Hz, 12H, {CH(CH3)2}), 1.10 (d, J = 6.9Hz, 12H,
{CH(CHj3)2})

BC{'H} NMR (125.8 MHz, C¢D¢): & 144.8 (p-CeHs), 141.6 (0-CeH3), 128.3 (i-
CeH3), 123.9 (m-CeH3), 29.3 (CH(CHs)2), 25.3, 23.9 (CH(CH3)2)

Elemental analysis (expected): C — 71.94% (71.91%), H — 8.58% (8.55%), N —
10.50% (10.48%)
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Synthesis of [{L®PP},Sn] (2).

A solution of [{L®"P}H] (12.66 mmol) in toluene (25 mL) was added to a
solution of [{(Me3sSi)N}.Sn] (6.33 mmol) in toluene (25 mL) at 0°C and
allowed to stir for 3 h. After removal of volatiles in vacuo, solids were dissolved
in hexane (30 mL) and filtered. Crystallisation at -28 °C yielded orange crystals.
(1.86 mmol, 30%)

IH NMR (500MHz, C¢De): & 7.11-7.05 (m, 6H, CgHa), 3.42 (m, 4H,
{CH(CH3)2}), 1.13 (d, J = 6.9 Hz, 12H, {CH(CH3)2}), 1.11 (d, J = 6.9 Hz, 12H,
{CH(CH3)2})

13C NMR (125.8MHz, CsDe): & 144.2 (p-CeH3), 142.6 (0-CeHs), 127.3 (i-CeHs3),
123.9 (M-CeHs), 29.3 ({CH(CH3)2}), 25.3, 23.9 ({CH(CH3)2})

11951 NMR (186.5MHz, CeDs): & -198.9

Elemental analysis (expected): C — 67.90% (68.00%), H — 8.21% (8.08%), N —
4.90% (4.94%)

Synthesis of [{L(PPP},Pb] (3).

[{(MesSi)N}2Pb] (1 mmol) was dissolved in toluene (10 mL) and added to a
stirred solution of [{L®™P}H] (2 mmol) in toluene (10 mL) at 0°C. After 2 h.
the orange solution was reduced and yellow crystals were obtained at -28°C.
(0.75 mmol, 75%)

'H NMR (500MHz, CeDe¢): § 7.11 (d, J = 7.5 Hz, 4H, meta-CgH3), 7.05 (t, J =
7.7 Hz, 2H, para-Ce¢H3), 3.40 (sept, J=6.6 Hz, 4H, {CH(CH3)2}), 1.12 (d, J =
6.4 Hz, 24H, {CH(CHs).})

BC NMR (75.5MHz, C¢Ds): 5 146.53 (p-CeH3), 144.3 (0-CsH3), 123.3 (i-CeH3),
123.9 (m-CgH3), 29.2 ({CH(CH3)2}), 24.9 ({CH(CH3)2})

207ph NMR (104.6MHz, CeDs): 6 2520.

Elemental analysis (expected): C — 61.43% (61.57%), H — 7.41% (7.32%), N —
8.94% (8.98%)
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Synthesis of [{LPPP},Te] (5).

[{(MesSi)N}.Te] (1.81 mmol) was dissolved in THF (30 mL) and mixed with
[{L®PPIH}] (3.62 mmol) affording a dark red solution after stirring for 12 h.
After removal of the THF in vacuo the viscous red oil was dissolved in hexane
and filtered through celite. Orange crystals were obtained from solution at -
28°C. (0.50 mmol, 28%)

IH NMR (300 MHz, CeDs): & 7.30-7.20 (m, 4H, C¢Hs), 7.15-7.10 (m, 2H, CeHs)
3.53 (sept, J=9 Hz, 4H, {CH(CH3)2}), 1.26 (d, J=12 Hz, 24H, {CH(CH3)2})

13C NMR (75.5MHz, CsDe): & 145.4 (p-CesH3), 141.3 (0-CeH3), 129.3 (i-CeHs3),
123.9 (m-CsH3), 28.8 ({CH(CH3)2}), 24.3 ({CH(CH3)2})

Elemental analysis (expected): C — 67.41% (67.30%), H — 8.12% (8.00%), N —
9.85% (9.81%)

Single Crystal X-ray Diffraction:

Experimental details relating to the single-crystal X-ray crystallographic studies
for compounds 1-3 and 5 are summarized in Table S1. Single Crystal X-ray
crystallography data were collected at 150 K on RIGAKU SuperNova Dual
wavelength diffractometer equipped with an Oxford Cryostream, featuring a
micro source with MoK, radiation (A= 0.71073 A) and CuK, radiation (A= 1.5418
A). Crystals were isolated from an argon filled Schlenk flask and immersed under
oil before being mounted onto the diffractometer. All structures were solved by
direct methods followed by full-matrix least squares refinement on F? using the
WINGX-2014% suite of programs or OLEX2.%® All hydrogen atoms were
included in idealized positions and refined using the riding model.

The asymmetric unit cell of complexes 1, 2, 3 and 5 comprises of one molecule
of the complex. In the case of complexes 1 and 5, there is rotational disorder of
one of the 'Pr groups on a singular {L®"P} ligand. The disorder was modeled
such that the affected 'Pr unit i.e. C34/35/36 and C34/C35A/C36A in 1;
C10/C11/C12 and C10/C11/C12 in 5, were modeled over two positions, using a
freely refined occupancy variable.
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Figure S1. Molecular structure of the complexes [{L®*»},M] (M = Sn (2) left, Pb (3)) with thermal
ellipsoids drawn at the 50% probability level. {Pr} groups are shown as wire frames and hydrogen

atoms are omitted for clarity.

Table S1 X-ray Crystallographic Data for Compounds 1-3 and 5

Compound reference 1 2 3 5
Chemical formula CssHesGeNs | CasHssNeSN CasHesNsPb CagHesNesTe
Formula Mass 801.67 847.77 936.27 856.68
Crystal system Monoclinic | Monoclinic | Monoclinic Triclinic
a/lA 14.71565(19) | 14.61420(10) | 14.73370(10) | 11.33000(10)
b/A 15.90663(18) | 16.3702(2) 16.5950(2) | 12.70800(10)
c/lA 20.9036(3) 20.8531(2) 20.5127(2) 17.7500(2)
al® 90 90 90 75.9280(10)
Bl° 110.2538(15) | 110.1230(10) | 110.1012(5) | 76.6520(10)
yl° 90 90 90 70.9240(10)
Unit cell volume/A® 4590.49(11) | 4684.30(8) 4709.96(8) 2310.68(4)
Temperature/K 150(2) 150(2) 150(2) 150(2)
Space group P21/n P21/c P21/c P1

No. of formula units per unit cell, Z 4 4 4 2
Radiation type Cu Ka MoKa MoKa MoKa
Absorption coefficient, x/mm™ 1.184 0.583 3.619 0.681
No. of reflections measured 25826 74700 69057 42916
No. of independent reflections 8469 10732 10738 10513
Rint 0.0214 0.0375 0.0423 0.0304
Final R: values (1 > 24(1)) 0.0461 0.0309 0.0281 0.0223
Final wR(F?) values (1 > 24(1)) 0.1325 0.0736 0.0612 0.0535
Final R: values (all data) 0.0524 0.0459 0.0386 0.0252
Final wR(F?) values (all data) 0.1379 0.0844 0.0664 0.0552
Goodness of fit on F? 1.048 1.084 1.126 1.058
CCDC number 1953499 1953500 1953501 1953502
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Table S2. Angles between the {M1-N1-N2-N3} plane and the phenyl rings {C1-C6}, {C13-
C18} and also for {M1-N4-N5-N6} vs {C25-C30} and {C37-C42}.

M = Ge M =Sn M = Pb
{MN3}-{C1-C6} 84.68(3)° 85.07(4)° 79.55(3)°
{MN3}-{C13-C18} 59.01(5)° 53.43(4)° 55.62(3)°
{MN3}-{C25-C30} 74.29(3)° 75.01(4)° 87.91(3)°
{MN3}-{C37-C42} 59.66(3)° 57.70(3)° 55.29(3)°

Computations

The molecular geometries of 1, 2, 4 and 5 were fully optimized without
symmetry constraints using the hybrid-DFT B3LYP functional®” and 3-21G*
basis set®® for all atoms with the Gaussian 09 package.*® B3LYP/3-21G* is shown
to be an appropriate model chemistry for metal complexes elsewhere.5!
Compound 3 was not looked at computationally here due to 3 being so similar to
2 and computed results from 3 would not be expected to be highly significant to
this study. The very good agreement in the geometric parameters between
optimized and experimental geometries of 1, 2 and 5 is shown in Table S3.
Frequency calculations confirmed all geometries to be true minima. Transition
state (TS) geometries for 1, 2, 4 and 5 were optimized with a D> symmetry
constraint so the central atom lies on the N4 plane (N1..N3..N4..N6). Different TS
geometries for 1 and 2 were also located where all four N atoms in N-Dipp groups
were constrained on a plane to show the low energy barriers of these TS
geometries in the expected fluxional processes in solutions for 1 and 2. Each TS
geometry was confirmed to have one imaginary frequency from frequency
calculations. The figures of the optimized geometries were generated using
Mercury®! or GaussViews!? software. The orbital figures - obtained from
electronic structure calculations — were made using the GabEdit5!? software.
Natural bond analysis (NBO) calculations (Gaussian NBOS** version 3.1 within

the Gaussian 09 package) were carried out on the optimized geometries.
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Table S3. Comparison of selected experimental (X-ray) and optimized (Opt) geometrical
parameters for 1, 2 and 5. The Opt data in parentheses are with the mixed basis set
LANL2DZ/6-31G(d) with the pseudopotential LANL2DZ for Ge, Sn and Te and 6-31G(d)
for other atoms instead of the 3-21G* basis set for all atoms.

Compound | Bond X-ray Opt Angle X-ray Opt
(A) ©)

1 Ge-N1 2.186 2.195 (2.232) N1-Ge-N4 137.4 140.3 (138.0)
Ge-N4 2.206 2.195 (2.232) N3-Ge-N6 104.2 108.8 (111.9)
Ge-N3 2.014 2.022 (2.073) N1-Ge-N3 59.5 61.1 (58.6)
Ge-N6 2.002 2.022 (2.073) N4-Ge-N6 59.8 61.1 (58.6)

2 Sn-N1 | 2.340 | 2.327 (2.355) N1-Sn-N4 129.2 | 130.6 (131.1)
Sn-N4 | 2.338 | 2.327 (2.355) N3-Sn-N6 101.4 | 109.5 (111.3)
Sn-N3 2.229 2.260 (2.266) N1-Sn-N3 55.2 56.6 (54.9)
Sn-N6 | 2.216 | 2.260 (2.266) N4-Sn-N6 55.4 56.6 (54.9)

5 Te-N1 2.400 2.421 (2.513) N1-Te-N4 165.5 159.5 (163.4)
Te-N4 | 2.624 | 2.456 (2.526) N3-Te-N6 88.6 91.0 (92.6)
Te-N3 2.170 2.209 (2.236) N1-Te-N3 54.9 55.5 (52.9)
Te-N6 | 2.161 | 2.202 (2.246) N4-Te-N6 52.4 55.0 (53.0)
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Table S4. Total electronic and Gibbs (at 298.15 K, 1 atm) energies of optimized ‘gas-phase’

geometries for computed reaction energies.

Total Energy (a.u.)

Total Gibbs Energy (a.u.)

[(Dipp)N=N-N(H)(Dipp)] =
{LOwP}H

(MesSi)2NH
[Ge{N(SiMe3s)2}]
[{LPPr}Ge{N(SiMe3)}]
[Ge{LP* }7]
[Sn{N(SiMe3)2}]
[{LPPPISn{N(SiMes)}]
[Sn{LP*P }7]
[Se{N(SiMes)2}]
[{LPPr}Se{N(SiMes)}]
[Se{LP" }2]
[Te{N(SiMe3)2}]
[{LPPP}Te{N(SiMes)}]
[Te{L""P }7]

-1093.851756
-869.520079
-3805.090058

-4029.455966
-4253.807510
-71737.234519
-7961.605595
-8185.970398
-4128.279895
-4352.620769
-4576.951901
-8323.788344
-8548.129398
-8772.482949

-1093.360968
-869.321474
-3804.688079

-4028.762884
-4252.821242
-7736.835537
-7960.915248
-8184.984461
-4127.874283
-4351.926864
-4575.965929
-8323.385225
-8547.438719
-8771.501161
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Calculated reaction energies

{LPPP}H + [Ge{N(SiMes)2}] — [{LPPP}Ge{N(SiMes)}] + (Me3Si)2NH
-21.5 kcal mol (Gibbs -22.2 kcal mol1)
{LPPP}H + [{LPPP}Ge{N(SiMe3)}] — [Ge{LP"PP };] + (MesSi)2NH
-12.5 kcal mol? (Gibbs -11.8 kcal mol?)
2 {LPPP}H + [Ge{N(SiMe3)2}] — [Ge{LP"? }2] + 2 (MesSi)2NH
-34.0 kcal mol™ (Gibbs -34.0 kcal mol?)

{LDPPPIH + [Sn{N(SiMe3)2}] — [{LP"P}Sn{N(SiMe3)}]+ (MesSi)2NH
-24.7 kcal mol? (Gibbs -25.2 kcal mol?)

{LDPPIH + [{LPPP}Sn{N(SiMe3)}]— [Sn{LPI"™ };] + (MesSi)2NH
-20.8 kcal mol* (Gibbs -18.6 kcal mol?)

2 {LPPP}H + [Sn{N(SiMe3)2}] — [Sn{LP"P }] + 2 (Me3Si)2NH
-45.5 kcal mol (Gibbs -43.6 kcal mol?)

{LPPPIH + [Se{N(SiMes)2}] — [{LPP}Se{N(SiMes)}] + (MesSi)2NH
-5.8 kcal mol (Gibbs -8.2 kcal mol?)
{LDiPP}H + [{LDPP}Se{N(SiMe3)}] — [Se{LPPP }2] + (MesSi)2NH

+0.3 kcal mol (Gibbs +0.3 kcal mol?)

2 {LPPP}H + [Se{N(SiMe3s)2}] — [Se{LPPP },] + 2 (MesSi)2NH
-5.5 kcal mol? (Gibbs -7.9 kcal mol*)

{LDim}H + [Te{N(SiMes)2}] — [{LPP*} Te{N(SiMe3)}] + (MesSi)2NH
-5.9 kcal mol? (Gibbs -8.8 kcal mol™)
{LOPP}H + [{LPPP}Te{N(SiMe3)}] — [Te{LP" },] + (MesSi)2NH
-13.7 kcal mol? (Gibbs -14.4 kcal mol?)
2 {LPPP}H + [Te{N(SiMes)2}] — [Te{LPP? }2] + 2 (MesSi)2NH
-19.6 kcal mol* (Gibbs -23.2 kcal mol?)



Supporting Information

Figure S2. HOMO of 2 showing the lone pair on the metal.
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Transition state geometries

Fluxional process in solution
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Figure S3. Fluxional processes explored for 1 (M = Ge) and 2 (M = Sn)
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2.3 kcal mol (1.4 kcal mol* Gibbs) vs lowest energy minimum of 2

Figure S4. Transition state geometries located via the fluxional processes observed in solutions
for 1 and 2. Gibbs energies calculated at 298.15 K and 1 atm in the gas phase.
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/[

32.9 kcal mol* (34.1 kcal mol Gibbs) vs lowest energy minimum of 1

47.7 kcal mol? (43.9 kcal mol Gibbs) vs lowest energy minimum of 2

Figure S5. Transition state geometries located via the inversion process at the metal centre for
1 and 2. Gibbs energies calculated at 298.15 K and 1 atm in the gas phase.
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Fluxional process in solution
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Dipp Dipp

Dipp-N groups Dipp-N groups
not equivalent equivalent

Dipp El>ipp

Dipp-N groups
not equivalent

Figure S6. Fluxional processes explored for 4 (M = Se) and 5 (M = Te). Metal inversion
fluxionality is non-existent as metal is in N4 plane of all 4 Dipp-N groups in minimum.

12.0 kcal mol* (13.4 kcal mol Gibbs) vs lowest energy minimum of 5

Figure S7. Transition state geometries located via the fluxional process for 4 and 5. Gibbs

energies calculated at 298.15 K and 1 atm in the gas phase.
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LUMO HOMO

HOMO-1 HOMO-2

Figure S8. Selected orbitals from electronic structure calculations on the transition state
geometry for 5. The expected lone pair orbitals at HOMO and HOMO-1 were not observed —
the lone pair orbitals would be expected to be located at Te like LUMO and HOMO-2. From
NBO calculations, one lone pair has 100% s character and the other lone pair has 100% p

character.
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Cartesian coordinates of fully optimized geometries
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