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Figure S1. 1H NMR (C6D6, 400 MHz) spectrum of iPrN=Nb(µ-PPh2)(iPrNPPh2)2Co−Br (3). Signals 
labeled as * correspond to residual solvent molecules, in this case THF, toluene, and Et2O. 

 

 

 

Figure S2. 1H NMR (C6D6, 400 MHz) spectrum of Cl–Nb(iPrNPPh2)3Ni−Cl (4). Signals labeled as * 
correspond to residual solvent molecules, in this case THF and pentane.  
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Figure S3. 31P{1H} NMR (C6D6, 162 MHz) spectrum of Cl–Nb(iPrNPPh2)3Ni−Cl (4). 

 

  

Figure S4. 13C{1H} NMR NMR (C6D6, 100.6 MHz) spectrum of Cl–Nb(iPrNPPh2)3Ni−Cl (4).  
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Figure S5. 1H NMR (C6D6, 400 MHz) spectrum of Cl–Nb(iPrNPPh2)3Cu−Br (5). Signals labeled as * 
correspond to residual solvent molecules, in this case pentane, THF and C6D5H. 

 

 

 

 

Figure S6. 1H NMR (C6D6, 400 MHz) spectrum of O≡Nb(iPrNPPh2)3Fe−I (7). Signals labeled as * 
correspond to residual solvent molecules, in this case Et2O, hexanes, and C6D5H. 
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Figure S7. 1H NMR (C6D6, 400 MHz) spectrum of O≡Nb(iPrNPPh2)3Co−I (8). Signals labeled as * 
correspond to residual solvent molecules, in this case THF and C6D5H. 

 

 

Figure S8. 1H NMR (C6D6, 400 MHz) spectrum of O≡Nb(iPrNPPh2)3Ni−Cl (9).  Signals labeled as * 
correspond to residual solvent molecules, in this case C6D5H. 
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Figure S9. 1H NMR (CD2Cl2, 400 MHz) spectrum of O≡Nb(iPrNPPh2)3Cu−I (10). 

 

 

 

Figure S10. 31P{1H} NMR (CD2Cl2, 162 MHz) spectrum of O≡Nb(iPrNPPh2)3Cu−I (10).  

 

 



S9 
 

Figure S11. 13C{1H} NMR NMR (CD2Cl2, 100.6 MHz) spectrum of O≡Nb(iPrNPPh2)3Cu−I (10). 

 

 

Figure S12. Cyclic voltammogram of Cl-Nb(iPrNPPh2)3Fe-Br (2) in 0.3 M [nBu4N][PF6] in THF (scan rate 
= 100 mV/s) at different potential ranges. Inset : Scan rate dependence of the one-electron reduction 
process, revealing quasi-reversible behavior. 
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Figure S13. Cyclic voltammogram of Cl-Nb(iPrNPPh2)3Ni-Cl (4) in 0.3 M [nBu4N][PF6] in THF (scan rate 
= 100 mV/s) at different potential ranges and scan directions. Inset : Scan rate dependence of the one-
electron reduction process, revealing quasi-reversible behavior. 

 

Figure S14. Cyclic voltammogram of Cl-Nb(iPrNPPh2)3Cu-Br (5) in 0.3 M [nBu4N][PF6] in THF (scan rate 
= 100 mV/s) at different potential ranges and scan directions. 
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Figure S15. Cyclic voltammogram of O≡Nb(iPrNPPh2)3 (6) in 0.3 M [nBu4N][PF6] in THF (scan rate = 100 
mV/s). 

 

Figure S16. Cyclic voltammogram of O≡Nb(iPrNPPh2)3Fe-I (7) in 0.3 M [nBu4N][PF6] in THF (scan rate 
= 100 mV/s) at different potential ranges. 
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Figure S17. Cyclic voltammogram of O≡Nb(iPrNPPh2)3Co-I (8) in 0.3 M [nBu4N][PF6] in THF (scan rate 
= 100 mV/s) at different potential ranges and scan directions. Insets : Scan rate dependence of the one-
electron reduction and oxidation process, revealing quasi-reversible behavior. 

 

Figure S18. Cyclic voltammogram of O≡Nb(iPrNPPh2)3Ni-Cl (9) in 0.3 M [nBu4N][PF6] in THF (scan rate 
= 100 mV/s) at different potential ranges. 
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Figure S19. Cyclic voltammogram of O≡Nb(iPrNPPh2)3Cu-I (10) in 0.3 M [nBu4N][PF6] in THF (scan rate 
= 100 mV/s) at different potential ranges. 

 

Figure S20. X-band EPR spectrum of O≡Nb(iPrNPPh2)3Ni-Cl (9) in frozen toluene (30 K, 9.38 GHz, 5 G 
modulation amplitude, 30 dB). 
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Table S1. Crystallographic Data and Refinement Parameters for 3, 4, and 5. 

 3•toluene 4 5•2THF 

chemical 
formula C52H59BrCoN3NbP3 C45H51Cl2N3NbNiP C53H67BrClCuN3NbO2P3 

fw 1050.68 949.32 1142.86 

T (K) 150 120 120 

λ (Å) 0.71073 0.71073 0.71073 

a (Å) 10.6062(8) 13.6692(3) 21.9645(8) 

b (Å) 16.8558(12) 21.8518(6) 18.7834(7) 

c (Å) 31.1162(18) 18.0145(5) 25.3941(11) 

α (deg) 90 90 90 

β (deg) 93.773(2) 108.1730(10) 90 

γ (deg) 90 90 90 

V(Å3) 5550.8(7) 5112.4(2) 10476.8(7) 

space group P21/c P21/n Pbca 

Z, Z’ 4, 1 4, 1 8, 1 

Dcalc(g/cm3) 1.257 1.233 1.449 

μ (cm–1) 13.45 8.21 15.72 

R1 (I > 2σ(I)), 
wR2

a(all) 0.0506, 0.1280 0.0361, 0.0887 0.0447, 0.1033 

aR1 = ∑||Fo| – |Fo||/∑|Fo|; wR2 = {∑[w(Fo
2 – Fc

2)2]/∑[w(Fo
2)2]}1/2. 

 

 

 

 

 

http://pubs.acs.org/doi/full/10.1021/ic300776y#t3fn1
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Table S2. Crystallographic Data and Refinement Parameters for 7-10. 

 7•3CH2Cl2 8 9 10 

chemical 
formula C48H57Cl6FeIN3NbOP3 

C45H51CoIN3NbOP3 C45H51N3OP3ClNiNb C45H51CuIN3NbOP3 

fw 1273.23 1021.58 929.86 1026.20 

T (K) 120 120 150 120 

λ (Å) 0.71073 0.71073 0.71073 0.71073 

a (Å) 23.3909(6) 20.6864(9) 20.6284(6) 20.7296(8) 

b (Å) 18.4415(5) 20.6864(9) 20.6284(6) 20.7296(8) 

c (Å) 25.3602(6) 20.6864(9) 20.6284(6) 20.7296(8) 

α (deg) 90 90 90 90 

β (deg) 90 90 90 90 

γ (deg) 90 90 90 90 

V(Å3) 10939.5(5) 8852.3(7) 8778.0(8) 8907.8(10) 

space 
group Pbca 

−

3Pa  
−

3Pa  
−

3Pa  

Z, Z’ 8,1 8, 1/3 8, 1/3 8, 1/3 

Dcalc(g/cm3) 1.546 1.533 1.407 1.530 

μ (cm–1) 14.57 14.77 8.98 15.73 

R1 
(I > 2σ(I)), 
wR2

a(all) 
0.0365, 0.0785 

0.0251, 0.0583 0.0243, 0.0638 0.0304, 0.0739 

aR1 = ∑||Fo| – |Fo||/∑|Fo|; wR2 = {∑[w(Fo
2 – Fc

2)2]/∑[w(Fo
2)2]}1/2. 

 

 

 

 

http://pubs.acs.org/doi/full/10.1021/ic300776y#t3fn1
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Figure S21. Fully labeled ellipsoid representation of 3. 

 

X-Ray data collection, solution, and refinement details for 3.   
A red plate-like sample of C45H51N3P3CoBrNb of approximate dimensions 0.24 x 0.12 x 0.08 mm 

was coated with Paratone oil and mounted on a MiTeGen MicroLoop that was previously attached to a 
metallic pin mechanically. The X-ray intensity data were measured on a Bruker D8 Venture PHOTON II 
CPAD system equipped with a graphite monochromator and a Mo Kα fine-focus tube (λ = 0.71073 Å). 
 A total of 1910 frames were collected. The frames were integrated with the Bruker SAINT software 
package1 using a narrow-frame algorithm. Using a monoclinic unit cell, the integration yielded 109801 
reflections to a maximum θ angle of 27.536° (0.77 Å resolution), of which 12719 were independent 
(redundancy = 10.10, completeness = 99.46%, Rint = 6.03%, Rsigma = 3.53%) and 10330 (81.21%) were 
greater than 2σ(F2). The unit cell constants of a = 10.6062(8) , b = 16.8558(12) , c = 31.1162(18) , β = 
93.773(2)° and V = 5550.8(7) Å3 are based upon the refinement of the XYZ-centroids of 9712 reflections 
above 20 σ(I) with 6.176° ≤ 2Θ ≤ 55.012°. Data were corrected for absorption effects with the Multi-Scan 
method (SADABS).1 The ratio of minimum to maximum apparent transmission was 0.883, and the 
calculated minimum and maximum transmission coefficients (based on crystal size) are 0.738 and 0.900. 
 The structure was solved and refined with the Bruker SHELXTL Software Package2 within 
APEX31 and Olex23 using the space group P21/c, Z=4 and the formula C45H51N3P3CoBrNb. Ordered Non-
hydrogen atoms were refined anisotropically. One toluene solvent was found to be fully disordered and was 
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refined isotropically. This was modeled with two-component disorder, where the sum of the major and 
minor components was constrained to be one. EADP constraints were used on the thermal displacement 
parameters of the disordered atoms and DFIX, DANG, and SADI restraints were used on the bonds of the 
toluene. Hydrogen atoms were placed in geometrically calculated positions with Uiso = 1.2Uequiv of the 
parent atom (Uiso = 1.5Uequiv for methyl). The final anisotropic full-matrix least-squares refinement 
converged at R1 = 5.06% for the observed data and wR2 = 12.80% for all the data. The goodness of fit is 
1.025. The largest peak in the final electron density synthesis is 2.51 e Å-3 and the largest hole is -1.67 e Å-

3 with an average deviation of 0.101 e Å-3. Based on the final model, the calculated density is 1.257 g cm-3 
and F(000) is 2160 e-. During the refinement, it became clear that the reflections corresponding to the Miller 
indices (0,1,4) were affected by the shadow of the beamstop (error = 21.11). There is one B-level alert in 
the Checkcif that corresponds to the beamstop location, and the long c-axis of the unit cell. This was 
confirmed by independently viewing the frames that the reflection appeared in, so these reflections have 
been omitted from the solution and refinement. Electron density difference maps revealed that there was 
disordered solvent that could not be successfully modeled, so the structure factors were modified using the 
PLATON SQUEEZE4 technique. PLATON reported a total electron density of 180 e- and total solvent 
accessible volume of 972 Å3, likely representing 8 toluene molecules per unit cell. 
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Figure S22. Fully labeled ellipsoid representation of 4. 

 

 

X-Ray data collection, solution, and refinement details for 4.   
A red block-like specimen of C45H51Cl2N3NbNiP3, approximate dimensions 0.190 mm x 0.233 mm 

x 0.294 mm, was coated with Paratone oil and mounted on a MiTeGen MicroLoop that had been previously 
attached to a metallic pin using epoxy for the X-ray crystallographic analysis. The X-ray intensity data were 
measured on a Bruker Kappa APEX II CCD system equipped with a graphite monochromator and a Mo 
Kα fine-focus tube (λ = 0.71073 Å). 

The total exposure time was 4.04 hours. A total of 1455 frames were collected. The frames were 
integrated with the Bruker SAINT software package1 using a narrow-frame algorithm. The integration of 
the data using a monoclinic unit cell yielded a total of 54160 reflections to a maximum θ angle of 28.34° 
(0.75 Å resolution), of which 12701 were independent (average redundancy 4.264, completeness = 99.6%, 
Rint = 4.61%, Rsig = 4.74%) and 9516 (74.92%) were greater than 2σ(F2). The final cell constants of a = 
13.6692(3) Å, b = 21.8518(6) Å, c = 18.0145(5) Å, β = 108.1730(10)°, volume = 5112.5(2) Å3, are based 
upon the refinement of the XYZ-centroids of 9960 reflections above 20 σ(I) with 4.422° < 2θ < 56.46°. 
Data were corrected for absorption effects using the Multi-Scan method (SADABS).1 The ratio of minimum 
to maximum apparent transmission was 0.810. The calculated minimum and maximum transmission 
coefficients (based on crystal size) are 0.7940 and 0.8600.  

The structure was solved and refined using the Bruker SHELXTL Software Package2 within 
APEX31 and OLEX2,3 using the space group P 21/n, with Z = 4 for the formula unit, C45H51Cl2N3NbNiP3. 
Non-hydrogen atoms were refined anisotropically. Hydrogen atoms were placed in geometrically calculated 
positions with Uiso = 1.2Uequiv of the parent atom (Uiso = 1.5Uequiv for methyl). During the structure solution, 
electron density difference maps revealed that there was disordered solvent that could not be successfully 
modeled.  Thus, the structure factors were modified using the PLATON SQUEEZE4

 
technique, in order to 

produce a “solvate-free” structure factor set.  PLATON reported a total electron density of 235 e- and total 
solvent accessible volume of 1088 Å3, likely representing 6-8 diethyl ether molecules per unit cell. The 
final anisotropic full-matrix least-squares refinement on F2 with 502 variables converged at R1 = 3.61%, 
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for the observed data and wR2 = 8.87% for all data. The goodness-of-fit was 1.032. The largest peak in the 
final difference electron density synthesis was 0.902 e-/Å3 and the largest hole was -0.727 e-/Å3 with an 
RMS deviation of 0.076 e-/Å3. On the basis of the final model, the calculated density was 1.233 g/cm3 and 
F(000), 1960 e-.  
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Figure S23. Fully labeled ellipsoid representation of 5. 

 
X-Ray data collection, solution, and refinement details for 5.   

All operations were performed on a Bruker-Nonius Kappa Apex2 diffractometer, using graphite-
monochromated MoKα radiation.   All diffractometer manipulations, including data collection, integration, 
scaling, and absorption corrections were carried out using the Bruker Apex2 software.5  Preliminary cell 
constants were obtained from three sets of 12 frames.  Data collection was carried out at 120 K, using a 
frame time of 10 sec and a detector distance of 60 mm.  The optimized strategy used for data collection 
consisted of three phi and three omega scan sets, with 0.5° steps in phi or omega; completeness was 99.9 
%.  A total of 1137 frames were collected.  Final cell constants were obtained from the xyz centroids of 
8554 reflections after integration.   

From the systematic absences, the observed metric constants and intensity statistics, space group 
Pbca was chosen initially; subsequent solution and refinement confirmed the correctness of this choice.  
The structure was solved using SIR-92,6 and refined (full-matrix-least squares) using the Oxford University 
Crystals for Windows program.7-8  The asymmetric unit contains one molecule of the complex and two 
tetrahydrofuran solvates (for the complex, Z = 8; Z’ = 1).  All ordered non-hydrogen atoms were refined 
using anisotropic displacement parameters.  After location of H atoms on electron-density difference maps, 
the H atoms were initially refined with soft restraints on the bond lengths and angles to regularize their 
geometry (C---H in the range 0.93--0.98 Å and Uiso (H) in the range 1.2-1.5 times Ueq of the parent atom), 
after which the positions were refined with riding constraints.9 One of the THF solvates were found to be 
fully disordered; the disorder was modeled as a two-component disorder. Occupancies of major/minor 
component atoms were constrained to sum to 1.0. The components and their occupancies are: 
[O(2),C(50,51,52,53)/ O(102),C(150,151,152,153); 0.454/0.546(6)]. All the modeled disordered 



S21 
 

components were refined using isotropic displacement parameters. Distance and angle restraints were 
applied to the disordered atoms.    The final least-squares refinement converged to R1 = 0.0447 (I > 2σ(I), 
10007 data) and wR2 = 0.1033 (F2, 15266 data, 582 parameters).  The final CIF is available as supporting 
material. 
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Figure S24. Fully labeled ellipsoid representation of 7. 

 

X-Ray data collection, solution, and refinement details for 7.   

A red plate-like specimen of C48H57Cl6FeIN3NbOP3, approximate dimensions 0.072 mm x 0.326 
mm x 0.382 mm, was coated with Paratone oil and mounted on a MiTeGen MicroLoop that had been 
previously attached to a metallic pin using epoxy for the X-ray crystallographic analysis. The X-ray 
intensity data were measured on a Bruker Kappa APEX II CCD system equipped with a graphite 
monochromator and a Mo Kα fine-focus tube (λ = 0.71073 Å). 

The total exposure time was 5.30 hours. A total of 1271 frames were collected. The frames were 
integrated with the Bruker SAINT software package1 using a narrow-frame algorithm. The integration of 
the data using an orthorhombic unit cell yielded a total of 93255 reflections to a maximum θ angle of 
27.50° (0.77 Å resolution), of which 12550 were independent (average redundancy 7.431, completeness = 
99.9%, Rint = 6.54%, Rsig = 5.07%) and 9034 (71.98%) were greater than 2σ(F2). The final cell constants 
of a = 23.3909(6) Å, b = 18.4415(5) Å, c = 25.3602(6) Å, volume = 10939.5(5) Å3, are based upon the 
refinement of the XYZ-centroids of 9881 reflections above 20 σ(I) with 4.425° < 2θ < 53.39°. Data were 
corrected for absorption effects using the Multi-Scan method (SADABS).1 The ratio of minimum to 
maximum apparent transmission was 0.751. The calculated minimum and maximum transmission 
coefficients (based on crystal size) are 0.6060 and 0.9020.  

The structure was solved and refined using the Bruker SHELXTL Software Package2 within 
APEX31  and OLEX2,3 using the space group P b c a, with Z = 8 for the formula unit, 
C48H57Cl6FeIN3NbOP3. Non-hydrogen atoms were refined anisotropically. Hydrogen atoms, were placed 
in geometrically calculated positions with Uiso = 1.2Uequiv of the parent atom (Uiso = 1.5 Uequiv for methyl). 



S23 
 

One CH2Cl2 solvent was found to disordered over two positions, while another was disordered over three 
positions. The relative occupancies of the disordered positions were freely refined, with a SUMP 
instruction on the three-component disorder to assure the fragments summed to one. EADP constraints 
were used on the thermal displacement parameters of the disordered atoms, with DFIX restraints on the 
C47-Cl4 and C47B-Cl4B distances. The final anisotropic full-matrix least-squares refinement on F2 with 
614 variables converged at R1 = 3.65%, for the observed data and wR2 = 7.85% for all data. The 
goodness-of-fit was 1.013. The largest peak in the final difference electron density synthesis was 0.989 e-

/Å3 and the largest hole was -0.965 e-/Å3 with an RMS deviation of 0.105 e-/Å3. On the basis of the final 
model, the calculated density was 1.546 g/cm3 and F(000), 5128 e-.  
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Figure S25. Fully labeled ellipsoid representation of 8. 

 

X-Ray data collection, solution, and refinement details for 8.   
All operations were performed on a Bruker-Nonius Kappa Apex2 diffractometer, using graphite-

monochromated MoKα radiation.   All diffractometer manipulations, including data collection, integration, 
scaling, and absorption corrections were carried out using the Bruker Apex2 software.5  Preliminary cell 
constants were obtained from three sets of 12 frames.  Data collection was carried out at 120 K, using a 
frame time of 20 sec and a detector distance of 60 mm.  The optimized strategy used for data collection 
consisted of one phi and three omega scan sets, with 0.5° steps in phi or omega; completeness was 99.9%.  
A total of 604 frames were collected.  Final cell constants were obtained from the xyz centroids of 8765 
reflections after integration.   

From the systematic absences, the observed metric constants and intensity statistics, space group 
−

3Pa was chosen initially; subsequent solution and refinement confirmed the correctness of this choice. 
The structure was solved using the coordinates of the isomorphous Hf analogue, ClHf(iPrNPPh2)3CoI,10 and 
simply changing the identity of the Hf atom to Nb and Cl atom to O. The structure was solved using 
SuperFlip,11 and refined (full-matrix-least squares) using the Oxford University Crystals for Windows 
program.7-8  All non-hydrogen atoms were refined using anisotropic displacement parameters.  After 
location of H atoms on electron-density difference maps, the H atoms were initially refined with soft 
restraints on the bond lengths and angles to regularize their geometry (C---H in the range 0.93--0.98 Å and 
Uiso (H) in the range 1.2-1.5 times Ueq of the parent atom), after which the positions were refined with riding 
constraints.9 The final least-squares refinement converged to R1 = 0.0251 (I > 2σ(I), 3526 data) and wR2 =  
0.0583 (F2, 4312 data, 166 parameters).  The final CIF is available as supporting material; CheckCIF 
reported one Alert B error, related to differences in the evaluation software’s calculation of s.u.’s in the 
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absence of variance/covariance information.  Accordingly, the CIF contains a validation reply form item 
which addresses this issue. 
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Figure S26. Fully labeled ellipsoid representation of 9. 

 

X-Ray data collection, solution, and refinement details for 9.   
A yellow plate-like sample of C45H51N3OP3ClNiNb of approximate dimensions 0.538 x 0.288 x 

0.26 mm  was coated with Paratone oil and mounted on a MiTeGen MicroLoop that was previously attached 
to a metallic pin mechanically. The X-ray intensity data were measured on a Bruker D8 Venture PHOTON 
II CPAD system equipped with a graphite monochromator and a Mo Kα fine-focus tube (λ = 0.71073 Å). 
 A total of 900 frames were collected. The frames were integrated with the Bruker SAINT software 
package1 using a narrow-frame algorithm. Using a cubic unit cell, the integration yielded 113006 reflections 
to a maximum θ angle of 30.5° (0.70 Å resolution), of which 4471 were independent (redundancy = 40.83, 
completeness = 99.85%, Rint = 2.74%, Rsigma = 0.85%) and 4103 (91.77%) were greater than 2σ(F2). The 
unit cell constants of a = 20.6284(6), V = 8778.0(8) Å3 are based upon the refinement of the XYZ-centroids 
of 9654 reflections above 20 σ(I) with 5.586° ≤ 2Θ ≤ 61°. Data were corrected for absorption effects with 
the Multi-Scan method (SADABS).1 The ratio of minimum to maximum apparent transmission was 0.844, 
and the calculated minimum and maximum transmission coefficients (based on crystal size) are 0.7410 and 
0.7920. 
 The structure was solved and refined with the Bruker SHELXTL Software Package2 within 
APEX31 and Olex23 using the space group Pa-3, Z=8 and the formula C45H51N3OP3ClNiNb. Non-hydrogen 
atoms were refined anisotropically. Hydrogen atoms were placed in geometrically calculated positions with 
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Uiso = 1.2Uequiv of the parent atom (Uiso = 1.5Uequiv for methyl). The final anisotropic full-matrix least-squares 
refinement converged at R1 = 2.43% for the observed data and wR2 = 6.38% for all the data. The goodness 
of fit is 1.074. The largest peak in the final electron density synthesis is 0.68 e Å-3 and the largest hole is -
0.52 e Å-3 with an average deviation of 0.053 e Å-3. Based on the final model, the calculated density is 1.407 
g cm-3 and F(000) is 3848 e-. During the refinement, it became clear that the reflections corresponding to 
the Miller indices (1,2,2) were affected by the shadow of the beamstop (error = 12.86). This was confirmed 
by independently viewing the frames that the reflection appeared in, so these reflections have been omitted 
from the solution and refinement. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



S28 
 

Figure S27. Fully labeled ellipsoid representation of 10. 

 

X-Ray data collection, solution, and refinement details for 10.   
All operations were performed on a Bruker-Nonius Kappa Apex2 diffractometer, using graphite-

monochromated MoKα radiation.   All diffractometer manipulations, including data collection, integration, 
scaling, and absorption corrections were carried out using the Bruker Apex2 software.5  Preliminary cell 
constants were obtained from three sets of 12 frames.  Data collection was carried out at 120K, using a 
frame time of 10 sec and a detector distance of 60 mm.  The optimized strategy used for data collection 
consisted of one phi and two omega scan sets, with 0.5° steps in phi or omega; completeness was 100 %.  
A total of 392 frames were collected.  Final cell constants were obtained from the xyz centroids of 8803 
reflections after integration.   

From the systematic absences, the observed metric constants and intensity statistics, space group 
−

3Pa  was chosen initially; subsequent solution and refinement confirmed the correctness of this choice.  
The structure was solved using SuperFlip,11 and refined (full-matrix-least squares) using the Oxford 
University Crystals for Windows program.7-8 The asymmetric unit contains a third molecule of the complex 
(Z = 8; Z’ = 1/3).    All non-hydrogen atoms were refined using anisotropic displacement parameters.  After 
location of H atoms on electron-density difference maps, the H atoms were initially refined with soft 
restraints on the bond lengths and angles to regularize their geometry (C---H in the range 0.93--0.98 Å and 
Uiso (H) in the range 1.2-1.5 times Ueq of the parent atom), after which the positions were refined with riding 
constraints.9 The final least-squares refinement converged to R1 = 0.0304 (I > 2σ(I), 3588 data) and wR2 =  
0.0739 (F2, 4354 data, 166 parameters).  The final CIF is available as supporting material. 
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Table S3.  Comparison of experimental (X-Ray) and calculated (DFT, Gaussian)12 bond metrics of 4 and 
5. Experimental and calculated bond lengths are in Ångstroms (Å). 

 

 

 

 

 

 

 

 

 

Figure S28. Calculated frontier molecular orbital diagram of Cl-Nb(iPrNPPh2)3Ni-Cl (4). 

 

 

 
4 5 

Exp. Calc. Exp. Calc. 

Nb-M 2.2990(3) 2.37 2.6572(4) 2.76 

Nb-N 
(avg.) 2.03(2) 2.07 2.04(2) 2.07 

M-P 
(avg.) 2.23(6) 2.26 2.31(8) 2.35 
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Figure S29. Calculated frontier molecular orbital diagram of Cl-Nb(iPrNPPh2)3Cu-Br (5). 
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Table S4. Calculated XYZ coordinates for all atoms in 4. 

Symbol X Y Z 
Nb -0.00021 0.000372 1.551551 
Ni 0.000497 -0.00057 -0.81799 
Cl -0.00072 0.002988 4.00044 
Cl 0.005238 -0.00245 -3.14667 
P -0.97141 -1.93781 -0.18748 
P 2.164704 0.12684 -0.18722 
P -1.19344 1.810049 -0.18861 
N -0.9234 -1.85103 1.515853 
N 2.065592 0.126016 1.516067 
N -1.14388 1.724517 1.514846 
C -2.73802 -2.21056 -0.64312 
C -3.774 -1.63301 0.139228 
H -3.51705 -1.03934 1.023085 
C -5.12759 -1.81178 -0.21848 
H -5.91537 -1.3652 0.399683 
C -5.46611 -2.55274 -1.37687 
H -6.51763 -2.69234 -1.65427 
C -4.43816 -3.10452 -2.17929 
H -4.68851 -3.6705 -3.08456 
C -3.08188 -2.93369 -1.81833 
H -2.2959 -3.36761 -2.44641 
C -0.1426 -3.4527 -0.85821 
C -0.40075 -4.76134 -0.35856 
H -1.09803 -4.91567 0.471801 
C 0.218695 -5.88689 -0.94624 
H 0.012513 -6.88788 -0.54851 
C 1.086952 -5.72384 -2.05483 
H 1.560014 -6.59918 -2.51598 
C 1.330927 -4.42933 -2.56829 
H 1.992817 -4.29047 -3.43064 
C 0.725522 -3.29784 -1.97202 
H 0.900496 -2.29624 -2.3852 
C -1.39986 -2.9305 2.447732 
H -1.94347 -3.66643 1.820281 
C -2.41272 -2.42395 3.502984 
H -1.94572 -1.70437 4.194532 
H -2.78269 -3.28457 4.093659 
H -3.28106 -1.94225 3.021169 
C -0.19147 -3.63334 3.113159 
H 0.50263 -4.02805 2.349583 
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H -0.53379 -4.47476 3.7465 
H 0.355279 -2.91689 3.751656 
C 3.284785 -1.26555 -0.64505 
C 4.073038 -1.20292 -1.82711 
H 4.047577 -0.30738 -2.45788 
C 4.899829 -2.29037 -2.19127 
H 5.507584 -2.22498 -3.1017 
C 4.946618 -3.45374 -1.3853 
H 5.593912 -4.29324 -1.66525 
C 4.145248 -3.53013 -0.22024 
H 4.160342 -4.43369 0.400659 
C 3.312699 -2.44899 0.140677 
H 2.677039 -2.52297 1.029537 
C 3.061753 1.60224 -0.85875 
C 4.324647 2.032658 -0.36015 
H 4.807369 1.505906 0.469918 
C 4.989487 3.131701 -0.94834 
H 5.959946 3.453305 -0.55151 
C 4.413435 3.802359 -2.0564 
H 4.935008 4.649428 -2.51805 
C 3.169645 3.367042 -2.56862 
H 2.71773 3.871225 -3.43037 
C 2.492564 2.277244 -1.97171 
H 1.536914 1.928623 -2.3837 
C 3.238859 0.255643 2.44747 
H 4.147906 0.15267 1.819967 
C 3.242917 1.65483 3.110568 
H 3.236798 2.451882 2.345495 
H 4.143211 1.780855 3.74289 
H 2.349519 1.770676 3.749616 
C 3.307786 -0.87305 3.504637 
H 2.4477 -0.83166 4.192096 
H 4.234923 -0.75787 4.099184 
H 3.331532 -1.86669 3.024666 
C -0.54833 3.477159 -0.6447 
C -1.00086 4.133265 -1.82247 
H -1.76737 3.666986 -2.45138 
C -0.47204 5.393387 -2.18487 
H -0.8357 5.890557 -3.09212 
C 0.516553 6.011384 -1.38127 
H 0.920432 6.991865 -1.65996 
C 0.98708 5.351225 -0.22013 
H 1.765303 5.812907 0.399032 
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C 0.466714 4.089317 0.138903 
H 0.851364 3.572885 1.024891 
C -2.91863 1.846861 -0.86278 
C -3.21274 1.020597 -1.98047 
H -2.42974 0.371781 -2.39355 
C -4.49373 1.060079 -2.58033 
H -4.69989 0.419851 -3.44558 
C -5.49709 1.913443 -2.06659 
H -6.49044 1.939951 -2.53051 
C -5.21016 2.743533 -0.95394 
H -5.97746 3.418362 -0.55577 
C -3.92732 2.719264 -0.36251 
H -3.71738 3.397414 0.471457 
C -1.84123 2.677558 2.445577 
H -2.208 3.514867 1.816907 
C -3.05318 1.982856 3.113137 
H -3.74183 1.576227 2.350846 
H -3.6114 2.701342 3.744353 
H -2.70514 1.153489 3.754209 
C -0.89617 3.304317 3.499273 
H -0.50292 2.541317 4.190133 
H -1.45752 4.053698 4.090635 
H -0.04691 3.817511 3.016019 
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Table S5. Calculated coordinates for all atoms in 5. 

Nb -0.01212 0.070105 1.857274 
Cu 0.024133 0.002381 -0.90232 
P -1.21079 1.838737 -0.11434 
N -0.9698 1.878916 1.577929 
C -1.24874 3.09513 2.427586 
C 0.063173 3.64091 3.040865 
C -2.32673 2.826885 3.505165 
C -0.68167 3.442245 -0.8712 
C -1.42031 4.647334 -0.68453 
C -0.97242 5.857736 -1.25863 
C 0.210019 5.879157 -2.04003 
C 0.930827 4.681774 -2.2547 
C 0.487054 3.469678 -1.67589 
C -3.03298 1.846781 -0.41159 
C -3.91817 1.280901 0.543522 
C -5.30708 1.22797 0.290722 
C -5.82836 1.725781 -0.92758 
C -4.9481 2.264345 -1.89798 
C -3.55808 2.318998 -1.64701 
P -1.02046 -1.92938 -0.08351 
N -0.99027 -1.74597 1.614406 
C -1.63715 -2.74887 2.542025 
C -0.70274 -3.25197 3.668651 
C -2.95038 -2.16492 3.117272 
C -0.23359 -3.5615 -0.45323 
C 0.795224 -4.07232 0.382647 
C 1.437221 -5.29084 0.070497 
C 1.07676 -6.00699 -1.09624 
C 0.074147 -5.48937 -1.95222 
C -0.57643 -4.27466 -1.63584 
C -2.73374 -2.18945 -0.74731 
C -3.16654 -1.35159 -1.80915 
C -4.44052 -1.53697 -2.39678 
C -5.30042 -2.55602 -1.92757 
C -4.87345 -3.4043 -0.87515 
C -3.59666 -3.22991 -0.29701 
Br 0.015123 0.070165 -3.32181 
P 2.225456 0.083433 -0.10473 
N 2.044238 0.024789 1.596856 
C 3.229818 -0.15602 2.513674 
C 3.249092 0.846911 3.691451 
C 3.285363 -1.61706 3.023106 
C 3.296539 -1.27906 -0.77257 
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C 4.659211 -1.45779 -0.39716 
C 5.43148 -2.49357 -0.96777 
C 4.861658 -3.35225 -1.94173 
C 3.519206 -3.16325 -2.34214 
C 2.739988 -2.13543 -1.75973 
C 3.269379 1.561966 -0.485 
C 3.321773 2.666002 0.406289 
C 4.063576 3.822581 0.076911 
C 4.747532 3.900615 -1.16001 
C 4.678231 2.814575 -2.06761 
C 3.943685 1.653414 -1.73551 
Cl -0.12829 0.125779 4.24766 
H -1.64272 3.875235 1.748678 
H -0.13731 4.57332 3.602941 
H 0.794105 3.866065 2.24322 
H 0.505489 2.906768 3.738137 
H -2.48948 3.74463 4.103204 
H -3.28767 2.545536 3.040623 
H -2.01257 2.021379 4.190457 
H -2.36427 4.637801 -0.12644 
H -1.55111 6.77676 -1.10694 
H 0.55375 6.817941 -2.49071 
H 1.831565 4.679935 -2.87844 
H 1.021102 2.53735 -1.88617 
H -3.51694 0.882418 1.482003 
H -5.97943 0.794657 1.040758 
H -6.90676 1.68783 -1.12183 
H -5.34076 2.643422 -2.84916 
H -2.88598 2.733553 -2.40716 
H -1.87915 -3.63525 1.921113 
H -1.21534 -4.05594 4.231836 
H -0.45142 -2.44593 4.377166 
H 0.233066 -3.66892 3.257721 
H -3.46659 -2.91499 3.747753 
H -3.63289 -1.86017 2.304075 
H -2.72612 -1.28194 3.743396 
H 1.094877 -3.51124 1.273904 
H 2.223223 -5.67497 0.731519 
H 1.574492 -6.9534 -1.3385 
H -0.20622 -6.0305 -2.86389 
H -1.35355 -3.88817 -2.30489 
H -2.49159 -0.57962 -2.19941 
H -4.75131 -0.88407 -3.2201 
H -6.2883 -2.69796 -2.38212 
H -5.52614 -4.20858 -0.51483 
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H -3.27192 -3.92435 0.485691 
H 4.138019 0.043997 1.909961 
H 4.189338 0.721651 4.262981 
H 3.205857 1.890292 3.332733 
H 2.403052 0.676497 4.377368 
H 4.176075 -1.7755 3.661598 
H 2.385013 -1.83855 3.62603 
H 3.331309 -2.32539 2.176618 
H 5.13262 -0.77638 0.319278 
H 6.478162 -2.61965 -0.66559 
H 5.465062 -4.14966 -2.39197 
H 3.072541 -3.80684 -3.10835 
H 1.710786 -1.97068 -2.10059 
H 2.777818 2.61583 1.355403 
H 4.102555 4.662117 0.781381 
H 5.324612 4.797214 -1.41558 
H 5.197576 2.867835 -3.032 
H 3.899584 0.81959 -2.44562 
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