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I. General considerations

All manipulations were carried out using standard Schlenk techniques under inert atmosphere. 
Toluene, THF and pentane were dried by a solvent purification system (SPS-M-Braun). 
Commercial starting materials were purchased from Sigma-Aldrich, Strem and Alfa Aesar 
and used without further purification. NHCIPr 1, [Ni(DME)Cl2]2, [Ni(dcpp)Cl2]3 and 14 were 
synthesized following published procedures. Deuterated solvents were purchased from 
Sigma-Aldrich or Eurisotop, freeze-pumped and stored over 4Å molecular sieves under argon. 
The 1H, 31P{1H}, and 13C{1H} NMR spectra were recorded on a Bruker AC 300 MHz 
instrument at 293 K unless otherwise stated. All chemical shifts are reported in ppm vs SiMe4 
and were determined with reference to residual solvent peaks. All coupling constants are 
given in Hertz. RPE spectra were recorded on a Bruker Elexsys E500. Elemental analyses 
were performed by Stephen Boyer (London Metropolitan University).

II. Complex syntheses

[Ni(COD)2]

 
Ni
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A solution containing COD (5mL, 40.77 mmol, 60eq) and reducing agent 1 (385 mg, 1.36 
mmol, 2 eq) in 10 mL THF is cannulated into [Ni(DME)Cl2] (150 mg, 0.68 mmol) in 5 mL 
THF at -20°C. The media is stirred until the temperature get to -10°C (3h). The suspension is 
then filtered and volatiles are evaporated. The orange oily solid is triturated 2 times with 2 mL 
of pentane and the yellow solid is dissolved in 2 mL of toluene and let overnight at -34°C to 
allow the formation of yellow crystals that were finally washed twice with cold pentane 
(101.7 mg, 54%).

1H-NMR (300 MHz, C6D6)  ppm 4.30 (s, 8H, CH=CH), 2.08 (s, 16H, CH2).

13C-NMR (75 MHz, C6D6)  ppm 89.73 (CH=CH), 30.86 (CH2).

[Ni(PCy3)((H2C=CHSiMe2)2O)] (2a)

 A solution containing PCy3 (192 mg, 0.68 mmol, 1eq), reducing agent 1 (386 mg, 1.36 
mmol, 2eq) and dvtms (254 mg, 1.36 mmol, 2eq) in 10 mL THF is cannulated into a solution 
of [Ni(DME)Cl2] (150 mg, 0.68 mmol) in 5mL THF. The media is stirred 1h at 20°C. The 
clear yellow solution is the filtered and the volatiles are evaporated. The adding of 2mL of 
pentane led to the precipitation of the complex. The solid is finally washed with cold pentane 
(3x2mL). The complex 2a is obtained as a yellow powder (278 mg, 77%). 1H, 31P, 13C NMR 
spectra are in accordance with those reported elsewhere.5

1H-NMR (300 MHz, C6D6)  ppm 2.97 (m, 2H, CH2=CH), 2.63 (m, 4H, CH2=CH), 2.07 (m, 
3H, CH(Cy)), 1.47 (m, 30H, CH2(Cy)), 0.61 (s, 6H, Me), 0.09 (s, 6H, Me).

31P-NMR (121 MHz, C6D6)  ppm 38.0.

13C-NMR (75 MHz, C6D6)  ppm 58.9 (CH, dvtms, JC-P=7.1Hz), 55.7 (CH2, dvtms, JC-P= 
4.9Hz), 36.6 (CH, PCy, JC-P=15.6Hz), 30.9 (CH2, PCy), 28.2 (CH2, PCy JC-P=9.7Hz), 27.1 
(CH2, PCy), 2.4 (Me, dvtms JC-P=1.8Hz), -0.1 (Me, dvtms).

[Ni(PPh3)((H2C=CHSiMe2)2O)] (2b)

 A solution containing PPh3 (179 mg, 0.68 mmol, 1eq), reducing agent (1) (386 mg, 1.36 
mmol, 2eq) and dvtms (254 mg, 1.36 mmol, 2eq) in 10 mL THF is cannulated into a solution 
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of [Ni(DME)Cl2] (150 mg, 0.68 mmol) in 5 mL de THF. The media is stirred 1h at 20°C. The 
clear yellow solution is the filtered and the volatiles are evaporated. The adding of 2mL of 
pentane led to the precipitation of the complex. The solid is finally washed with cold pentane 
(3x2mL). The complex 2b is obtained as a yellow powder (161 mg, 43%). 1H, 31P, 13C NMR 
spectra are in accordance with those reported elsewhere.5

1H-NMR (300 MHz, C6D6)  ppm 7,4 (m, 6H, aromatics), 7.01 (m, 9H, aromatics), 3.11 (m, 
2H, CH2=CH), 2.94 (m, 2H, CH2=CH), 2.77 (m, 2H, CH2=CH), 0.50 (s, 6H, Me), 0.01 (s, 6H, 
Me).

31P-NMR (121 MHz, C6D6)  ppm 40.5.

13C-NMR (75 MHz, C6D6)  ppm 136.5 (C PPh, JC-P=35.5Hz), 133.8 (CH PPh, JC-P=11.7Hz), 
129.5 (CH PPh, JC-P=1.75Hz), 128.5 (C PPh, JC-P=9.0Hz), 63.8 (CH, dvtms, JC-P=2.40Hz), 
62.6 (CH2, dvtms, JC-P=7.3Hz), 2.1(CH3, dvtms JC-P=1.8Hz), -0.4 (CH3, dvtms).

EA: Expected %C : 61.55 %H : 6.56 Obtained %C : 61.48 %H : 6.44

 [Ni(PiPr3)((H2C=CHSiMe2)2O)] (2c)

 A solution containing PiPr3 (109 mg, 0.68 mmol, 1eq), reducing agent (1) (386 mg, 1.36 
mmol, 2 eq) and dvtms (254 mg, 0.68 mmol, 2 eq) in 10 mL THF is cannulated into a solution 
of [Ni(DME)Cl2] (150 mg, 0.68 mmol) in 5mL THF. The media is stirred 1h at 20°C. The 
clear yellow solution is the filtered and the volatiles are evaporated. The adding of 2mL of 
pentane at -20°C led to the precipitation of the complex. The solid is finally washed with cold 
pentane (3x2mL). The complex 2c is obtained as a yellow powder (65.6 mg, 24%). 

1H-NMR (300 MHz, C6D6)  ppm 2.93 (m, 2H, CH=CH2), 2.61 (m, 2H, CH=CH2), 2.03 
(sept, J=7.5Hz, 3H, CH(iPr)), 0.97 (dd, J=6.64, 11.77, 18H, CH3(iPr)) 0.50 (s, 6H, Me), 0.01 
(s, 6H, Me).

31P-NMR (121 MHz, C6D6)  ppm 50.5.

13C-NMR (75 MHz, C6D6)  ppm 58.5 (CH, dvtms, JC-P=6.9Hz), 55.1 (CH2, dvtms, JC-

P=4.4Hz), 26.3 (CH, PiPr, JC-P=16.2Hz), 20.1 (CH3, PiPr, JC-P=1.9Hz), 2.4 (Me, dvtms JC-

P=1.8Hz), 0.0 (Me, dvtms).

 [Ni(P(tBu)(iPr)2)((H2C=CHSiMe2)2O)] (2d)
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 A solution containing P(tBu)(iPr)2 (119 mg, 0.68mmol, 1eq), reducing agent (1) (386 mg, 
1.36 mmol, 2 eq) and dvtms (254 mg, 0.68 mmol, 2 eq) in 10 mL THF is cannulated into a 
solution of [Ni(DME)Cl2] (150 mg, 0.68 mmol) in 5mL THF. The media is stirred 1h at 20°C. 
The clear yellow solution is the filtered and the volatiles are evaporated. The adding of 2mL 
of pentane at -20°C led to the precipitation of the complex. The solid is finally washed with 
cold pentane (3x2mL). The complex 2d is obtained as a yellow powder (124 mg, 43%). 
Crystals suitable for XRD analysis were obtained by slow diffusion of pentane into a solution 
of 2d in THF at room temperature. 

1H-NMR (300 MHz, C6D6)  ppm 2.68 (m, 6H, CH=CH2), 2.20 (sept, 2H, CH(iPr)), 1.04 (m, 
21H, CH3(iPr+tBu)) 0.58 (s, 6H, Si-Me), 0.05 (s, 6H, Si-Me).

31P-NMR (121 MHz, C6D6)   ppm 50.5.

13C-NMR (75 MHz, C6D6)  ppm 58.2 (CH, dvtms), 53.9 (CH2, dvtms), 33.6 (C, tBu, JC-

P=13.2Hz), 30.6 (CH3, tBu, JC-P=4.9Hz), 25.5 (CH, iPr, JC-P=12.7Hz), 22.4 (CH3, iPr, JC-

P=6.4Hz), 19.2 (CH3, iPr), 2.9(Me, dvtms JC-P=1.8Hz), 0.4 (Me, dvtms).

[Ni(PCy3)(C2H4)2] (3)

A solution containing PCy3 (191 mg, 0.68 mmol, 1eq) and reducing agent 1 (386 mg, 1.34 
mmol, 2eq) in 10 mL THF is cannulated into a suspension of [Ni(DME)Cl2] (150 mg, 0.68 
mmol) in 5 mL THF under 1 atm of C2H4 (bubling into the solution). The reaction mixture is 
stirred during 1h at RT. A clear yellow solution is obtained and analyzed by 31P NMR (no 
lock).  The complex 3 was observed as unique product in the crude. THF was then evaporated 
and the oily residue was dissolved in 3mL of pentane. Placing the solution at -34°C led to the 
formation crystals suitable for XRD analysis.

31P-NMR (121 MHz, no lock)   ppm 39.1.

 [Ni(NHCIPr)(CH2=CHPh)2] (4)

A solution of NHCIPr (319 mg, 0.82 mmol, 1.2eq) in 5mL THF is cannulated  in a suspension 
of [Ni(DME)Cl2] (150 mg, 0.68 mmol, 1eq), reducing agent 1 (386 mg, 1.36 mmol, 2eq) and 
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styrene (1 mL, 8.73 mmol, 12.8eq) in 10 mL THF à -20°C. The media is stirred 1h à -20°C 
and then 1h at 20°C. The solution is filtered and volatiles are evaporated. Adding of 2mL of 
pentane led to the precipitation of the complex. The suspension is placed 18h at -34°C and 
then filtered. Finally the complex is washed 3 times with 2 mL pentane at -20°C. The 
complex 4 is obtained as a yellow solid (198.1 mg, 44%). 1H, 13C NMR spectra are in 
accordance with those reported elsewhere.6

1H-NMR (300 MHz, C6D6)  ppm 0.98 (d(6.8Hz), 3H, CH3, iPr), 1.00 (d(6.8Hz), 3H, CH3, 
iPr), 1.11 (d(6.8Hz), 3H, CH3, iPr), 1.37 (d(6.8Hz), 3H, CH3, iPr), 2.67 (d(9.4 Hz), 2H, 
CHolef), 2.75 (d(12.7 Hz), 2H, CHolef), 2.88 (hept(6.8Hz), 2H, CH, iPr), 3.26 (dd(9.4Hz, 
12.7 Hz), 2H, CHolef), 3.38 (hept(6.8Hz), 2H, CH, iPr), 6.12 (d(7.7Hz), 4H, CHarom), 6.69 
(s, 2H, CHimid), 6.9-7.5 (m, 12H, CHarom).

13C-NMR (75 MHz, C6D6)  ppm 22.13, 22.80, 25.45, 27.06, 28.42, 29.05 (CH3, iPr), 49.90, 
72.99 (CH, iPr), 123.36, 124.09, 124.26, 124.46, 124.52, 126.58, 128.75, 129.83, 137.74, 
146.05, 146.83, 146.89 (CHarom+imid), 204.1 (Ccarb). 

 [Ni(dcpp)Cl]2 (5)

A solution containing reducing agent 1 (150 mg, 0.53 mmol 2,4 eq) in 4mL THF is added to a 
suspension of [Ni(dcpp)Cl2] (126,0 mg, 0.22 mmol) in 4mL THF. The mixture is stirred 6h at 
20°C. The clear yellow solution obtained is filtered and volatiles are evaporated. The pale red 
solid obtained is then washed 3 times with 4mL pentane (82.8 mg, 70%).

X-Band RPE at 20°C : g=2,14B,  Aiso(31P, n=2) = 74 G.

III. Reduction mechanism investigations

A solution containing PCy3 (19 mg, 0.068 mmol, 1eq), reducing agent 1 (37 mg, 0.136 mmol, 
2eq) and dvtms (25 mg, 0.136 mmol, 2eq) in 0.4 mL toluene is added to [Ni(DME)Cl2] (15 
mg, 0.068 mmol). The mixture is put in a closed and inert NMR tube and 31P NMR spectra 
are recorded after 5 and 30 minutes (Figure 1).
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Figure 1

A solution containing PCy3 (19 mg, 0.068 mmol, 1eq), reducing agent 1 (19 mg, 0.068 mmol, 
1eq) and dvtms (25 mg, 0.136 mmol, 2eq) in 0.4 mL toluene is added to [Ni(DME)Cl2] (15 
mg, 0.068 mmol). The mixture is put in a closed and inert NMR tube and 31P NMR spectra 
are recorded after 5 and 30 minutes, 20h and after the adding of a second equivalent of 
1(Figure 2).

Figure 2

A solution containing PCy3 (13 mg, 0.047mmol, 1eq), reducing agent 1 (13 mg, 0.047 mmol, 
1eq) and dvtms (17 mg, 0.094 mmol, 2eq) in 10 mL toluene is added to [Ni(DME)Cl2] (15 
mg, 0.068 mmol). The mixture is stirred at RT during 5h and then analyzed by EPR 
spectroscopy. EPR spectra at RT with two different simulations are presented in Figure 3.



Figure 3 EPR spectra at RT (Blue: experimental; red: simulated)

IV. Crystal data

1) Crystal data for complex 2d

CCDC Number : 1890834

 C18H41NiOPSi2 Z = 2

Mr = 419.38 F(000) = 456

Triclinic, P¯1 Dx = 1.232 Mg m-3

Hall symbol:  -P 1 Mo K radiation,  = 0.71073 Å

a = 9.745 (8) Å Cell parameters from 8798 reflections

b = 11.1357 (11) Å  = 3.0–29.0°

c = 11.7289 (11) Å  = 1.04 mm-1

 = 64.563 (9)° T = 150 K

 = 81.647 (7)° Needle, brown

 = 80.817 (7)° 0.39 × 0.13 × 0.10 mm

V = 1130.5 (9)  Å3

Data collection

 Xcalibur, Atlas, Gemini ultra 
diffractometer

5695 independent reflections

Radiation source: fine-focus sealed X-ray tube, 
Enhance (Mo) X-ray Source

4505 reflections with I > 2.0(I)

Graphite monochromator Rint = 0.065



Detector resolution: 10.4685 pixels mm-1 max = 29.3°, min = 3.1°

Absorption correction: analytical 
CrysAlis PRO 1.171.38.46 (Rigaku Oxford 
Diffraction, 2015) Analytical numeric 
absorption correction using a multifaceted 
crystal model based on 
expressions derived by R.C. Clark & J.S. Reid. 
(Clark, R. C. & Reid, J. S. (1995). Acta Cryst. 
A51, 887-897) Empirical absorption correction 
using spherical harmonics,  implemented in 
SCALE3 ABSPACK scaling algorithm.

h = -1313

Tmin = 0.761, Tmax = 0.915 k = -1515

29745 measured reflections l = -1516

Refinement

 Refinement on F2 Hydrogen site location: difference Fourier map

Least-squares matrix: full H-atom parameters constrained

R[F2 > 2(F2)] = 0.042  Method, part 1, Chebychev polynomial, 
(Watkin, 1994, Prince, 1982)   [weight]  =  
1.0/[A0*T0(x) + A1*T1(x) ···+ An-1]*Tn-1(x)]    
where Ai are the Chebychev coefficients listed 
below and x =  F /Fmax   Method  =  Robust 
Weighting (Prince, 1982)   W  =  [weight] * [1-
(deltaF/6*sigmaF)2]2   Ai are:   0.173E + 04 
0.171E + 04 958.

wR(F2) = 0.075 (/)max = 0.001

S = 1.00 max = 0.89 e Å-3

5685 reflections min = -1.00 e Å-3

209 parameters Extinction correction: Larson (1970), Equation 
22

0 restraints Extinction coefficient: 27 (5)

Primary atom site location: structure-invariant 
direct methods

Fractional atomic coordinates and isotropic or equivalent isotropic displacement 

parameters (Å2) for (I)

x y z Uiso*/Ueq

Ni1 0.69978 (4) 0.54637 (4) 0.31137 (4) 0.0167

P2 0.82021 (8) 0.72306 (7) 0.21557 (7) 0.0163

C3 1.0117 (3) 0.6754 (3) 0.2335 (3) 0.0217

C4 1.0682 (3) 0.5535 (3) 0.2056 (3) 0.0298

H42 1.1477 0.5065 0.2522 0.0453*

H43 0.9992 0.4921 0.2296 0.0445*

H41 1.0963 0.5794 0.1183 0.0450*



C5 1.1086 (3) 0.7855 (3) 0.1648 (3) 0.0328

H51 1.2017 0.7495 0.1883 0.0485*

H52 1.0799 0.8604 0.1873 0.0485*

H53 1.1092 0.8172 0.0737 0.0486*

H31 1.0186 0.6468 0.3234 0.0259*

C6 0.7684 (3) 0.8487 (3) 0.2892 (3) 0.0200

C7 0.7972 (4) 0.9930 (3) 0.2022 (3) 0.0319

H72 0.7419 1.0265 0.1306 0.0482*

H73 0.7699 1.0496 0.2472 0.0479*

H71 0.8939 0.9983 0.1735 0.0477*

C8 0.8467 (3) 0.8056 (3) 0.4082 (3) 0.0276

H81 0.8316 0.7132 0.4677 0.0406*

H83 0.8125 0.8639 0.4499 0.0409*

H82 0.9455 0.8101 0.3856 0.0407*

C9 0.6123 (3) 0.8453 (3) 0.3316 (3) 0.0328

H92 0.5923 0.7565 0.3922 0.0485*

H91 0.5817 0.9053 0.3722 0.0485*

H93 0.5564 0.8699 0.2609 0.0487*

C10 0.8158 (3) 0.8299 (3) 0.0411 (3) 0.0234

C11 0.6723 (3) 0.9016 (3) -0.0016 (3) 0.0298

H112 0.6848 0.9723 -0.0846 0.0450*

H113 0.6247 0.9404 0.0536 0.0445*

H111 0.6155 0.8424 -0.0068 0.0446*

C12 0.8749 (4) 0.7499 (4) -0.0365 (3) 0.0338

H121 0.8575 0.8046 -0.1248 0.0504*

H122 0.9744 0.7253 -0.0305 0.0509*

H123 0.8289 0.6694 -0.0066 0.0507*

H101 0.8763 0.8977 0.0230 0.0274*

C13 0.7177 (3) 0.3772 (3) 0.4720 (3) 0.0188

C14 0.8148 (3) 0.4627 (3) 0.4610 (3) 0.0218

H141 0.9132 0.4393 0.4425 0.0260*

H142 0.8026 0.5098 0.5153 0.0264*

Si15 0.75969 (9) 0.22171 (8) 0.44688 (8) 0.0185

O16 0.6372 (2) 0.2119 (2) 0.36887 (19) 0.0210

Si17 0.55800 (9) 0.33529 (8) 0.25199 (8) 0.0191

C18 0.5259 (3) 0.4866 (3) 0.2840 (3) 0.0218

C19 0.5499 (3) 0.6145 (3) 0.1909 (3) 0.0249

H192 0.4898 0.6941 0.1933 0.0310*

H191 0.5808 0.6271 0.1045 0.0305*

H181 0.4529 0.4817 0.3525 0.0263*



C20 0.3922 (3) 0.2764 (3) 0.2447 (3) 0.0299

H201 0.3413 0.3443 0.1768 0.0454*

H202 0.3343 0.2574 0.3226 0.0456*

H203 0.4112 0.1966 0.2301 0.0452*

C21 0.6687 (3) 0.3699 (3) 0.0996 (3) 0.0291

H213 0.6176 0.4316 0.0288 0.0443*

H212 0.7525 0.4055 0.0984 0.0443*

H211 0.6956 0.2881 0.0878 0.0439*

C22 0.9303 (3) 0.2155 (3) 0.3536 (3) 0.0262

H221 0.9527 0.1286 0.3530 0.0395*

H222 1.0038 0.2307 0.3890 0.0390*

H223 0.9276 0.2795 0.2683 0.0386*

C23 0.7607 (3) 0.0723 (3) 0.6020 (3) 0.0254

H233 0.7651 -0.0079 0.5909 0.0387*

H232 0.8376 0.0671 0.6459 0.0381*

H231 0.6772 0.0793 0.6543 0.0384*

H131 0.6343 0.3764 0.5306 0.0227*

Atomic displacement parameters (Å2) for (I)

U11 U22 U33 U12 U13 U23

Ni1 0.01672 (19) 0.01584 (19) 0.0176 (2) -0.00234 
(14)

-0.00095 
(15)

-0.00703 
(15)

P2 0.0167 (4) 0.0167 (4) 0.0147 (4) -0.0022 (3) -0.0008 (3) -0.0058 (3)

C3 0.0196 (15) 0.0230 (15) 0.0185 (14) -0.0016 (12) -0.0018 (11) -0.0050 (12)

C4 0.0282 (17) 0.0281 (17) 0.0257 (17) 0.0034 (14) 0.0040 (13) -0.0084 (14)

C5 0.0201 (16) 0.0360 (19) 0.0357 (19) -0.0088 (14) 0.0022 (14) -0.0082 (16)

C6 0.0236 (15) 0.0188 (14) 0.0211 (15) -0.0027 (12) -0.0006 (12) -0.0119 (12)

C7 0.049 (2) 0.0186 (16) 0.0284 (17) -0.0047 (15) -0.0031 (16) -0.0101 (14)

C8 0.0338 (18) 0.0302 (17) 0.0229 (16) -0.0043 (14) -0.0035 (13) -0.0143 (14)

C9 0.0278 (18) 0.0365 (19) 0.040 (2) -0.0021 (14) 0.0048 (15) -0.0248 (17)

C10 0.0272 (16) 0.0224 (15) 0.0175 (14) -0.0061 (12) -0.0003 (12) -0.0048 (12)

C11 0.0364 (19) 0.0252 (17) 0.0226 (16) -0.0009 (14) -0.0098 (14) -0.0037 (13)

C12 0.0367 (19) 0.046 (2) 0.0197 (16) -0.0031 (16) 0.0001 (14) -0.0156 (15)

C13 0.0250 (15) 0.0148 (13) 0.0119 (13) -0.0025 (11) -0.0014 (11) -0.0012 (11)

C14 0.0257 (16) 0.0216 (15) 0.0181 (14) -0.0016 (12) -0.0089 (12) -0.0065 (12)

Si15 0.0205 (4) 0.0167 (4) 0.0177 (4) -0.0016 (3) -0.0005 (3) -0.0070 (3)

O16 0.0248 (11) 0.0179 (10) 0.0212 (11) -0.0035 (8) -0.0026 (9) -0.0083 (9)

Si17 0.0199 (4) 0.0181 (4) 0.0200 (4) -0.0031 (3) -0.0010 (3) -0.0082 (3)

C18 0.0160 (14) 0.0227 (15) 0.0286 (16) -0.0018 (11) -0.0041 (12) -0.0119 (13)

C19 0.0233 (15) 0.0207 (15) 0.0318 (17) 0.0021 (12) -0.0161 (13) -0.0094 (13)



C20 0.0308 (18) 0.0265 (17) 0.0346 (19) -0.0079 (14) -0.0080 (15) -0.0115 (15)

C21 0.0347 (18) 0.0250 (16) 0.0235 (16) -0.0004 (14) 0.0023 (14) -0.0087 (13)

C22 0.0250 (16) 0.0280 (17) 0.0270 (16) -0.0001 (13) -0.0015 (13) -0.0140 (14)

C23 0.0267 (16) 0.0222 (16) 0.0251 (16) -0.0018 (13) -0.0043 (13) -0.0073 (13)

Geometric parameters (Å, º) for (I)

Ni1—P2 2.2284 (10) C11—H113 0.953

Ni1—C13 2.018 (3) C11—H111 0.952

Ni1—C14 2.010 (3) C12—H121 0.974

Ni1—C18 2.030 (3) C12—H122 0.969

Ni1—C19 2.008 (3) C12—H123 0.969

P2—C3 1.874 (3) C13—C14 1.402 (4)

P2—C6 1.908 (3) C13—Si15 1.852 (3)

P2—C10 1.877 (3) C13—H131 0.983

C3—C4 1.530 (4) C14—H141 0.971

C3—C5 1.531 (4) C14—H142 0.969

C3—H31 0.971 Si15—O16 1.649 (2)

C4—H42 0.960 Si15—C22 1.862 (3)

C4—H43 0.962 Si15—C23 1.865 (3)

C4—H41 0.947 O16—Si17 1.647 (2)

C5—H51 0.960 Si17—C18 1.849 (3)

C5—H52 0.968 Si17—C20 1.864 (3)

C5—H53 0.970 Si17—C21 1.867 (3)

C6—C7 1.535 (4) C18—C19 1.404 (4)

C6—C8 1.541 (4) C18—H181 0.981

C6—C9 1.532 (4) C19—H192 0.990

C7—H72 0.966 C19—H191 0.970

C7—H73 0.969 C20—H201 0.964

C7—H71 0.955 C20—H202 0.959

C8—H81 0.984 C20—H203 0.960

C8—H83 0.964 C21—H213 0.965

C8—H82 0.965 C21—H212 0.958

C9—H92 0.969 C21—H211 0.969

C9—H91 0.965 C22—H221 0.960

C9—H93 0.974 C22—H222 0.949

C10—C11 1.532 (4) C22—H223 0.948

C10—C12 1.528 (4) C23—H233 0.950

C10—H101 0.965 C23—H232 0.950

C11—H112 0.959 C23—H231 0.959



P2—Ni1—C13 133.98 (9) H113—C11—H111 109.3

P2—Ni1—C14 93.36 (9) C10—C12—H121 108.6

C13—Ni1—C14 40.75 (11) C10—C12—H122 111.2

P2—Ni1—C18 137.27 (9) H121—C12—H122 109.1

C13—Ni1—C18 88.71 (12) C10—C12—H123 110.1

C14—Ni1—C18 129.03 (13) H121—C12—H123 108.7

P2—Ni1—C19 96.57 (10) H122—C12—H123 109.1

C13—Ni1—C19 129.30 (12) Ni1—C13—C14 69.31 (16)

C14—Ni1—C19 167.35 (13) Ni1—C13—Si15 114.46 (14)

C18—Ni1—C19 40.71 (12) C14—C13—Si15 125.2 (2)

Ni1—P2—C3 111.96 (11) Ni1—C13—H131 109.0

Ni1—P2—C6 111.77 (10) C14—C13—H131 115.8

C3—P2—C6 104.49 (14) Si15—C13—H131 113.6

Ni1—P2—C10 120.98 (10) C13—C14—Ni1 69.94 (16)

C3—P2—C10 102.59 (14) C13—C14—H141 119.5

C6—P2—C10 103.40 (13) Ni1—C14—H141 115.8

P2—C3—C4 112.7 (2) C13—C14—H142 120.4

P2—C3—C5 117.7 (2) Ni1—C14—H142 115.0

C4—C3—C5 109.7 (3) H141—C14—H142 110.6

P2—C3—H31 103.8 C13—Si15—O16 108.82 (12)

C4—C3—H31 105.9 C13—Si15—C22 112.98 (14)

C5—C3—H31 106.0 O16—Si15—C22 107.91 (14)

C3—C4—H42 110.2 C13—Si15—C23 110.37 (13)

C3—C4—H43 111.5 O16—Si15—C23 107.51 (13)

H42—C4—H43 107.9 C22—Si15—C23 109.09 (15)

C3—C4—H41 111.1 Si15—O16—Si17 127.17 (13)

H42—C4—H41 108.0 O16—Si17—C18 109.49 (12)

H43—C4—H41 108.1 O16—Si17—C20 106.19 (14)

C3—C5—H51 108.9 C18—Si17—C20 111.89 (14)

C3—C5—H52 111.2 O16—Si17—C21 109.75 (13)

H51—C5—H52 108.9 C18—Si17—C21 109.96 (15)

C3—C5—H53 110.5 C20—Si17—C21 109.48 (16)

H51—C5—H53 108.4 Si17—C18—Ni1 114.41 (15)

H52—C5—H53 108.8 Si17—C18—C19 122.9 (2)

P2—C6—C7 115.3 (2) Ni1—C18—C19 68.80 (16)

P2—C6—C8 110.1 (2) Si17—C18—H181 114.1

C7—C6—C8 107.0 (3) Ni1—C18—H181 110.2

P2—C6—C9 107.2 (2) C19—C18—H181 117.2

C7—C6—C9 109.4 (3) C18—C19—Ni1 70.49 (17)

C8—C6—C9 107.6 (3) C18—C19—H192 119.7



C6—C7—H72 109.2 Ni1—C19—H192 113.6

C6—C7—H73 110.0 C18—C19—H191 120.1

H72—C7—H73 107.8 Ni1—C19—H191 115.6

C6—C7—H71 111.4 H192—C19—H191 111.3

H72—C7—H71 110.1 Si17—C20—H201 110.2

H73—C7—H71 108.3 Si17—C20—H202 110.7

C6—C8—H81 110.4 H201—C20—H202 108.2

C6—C8—H83 109.6 Si17—C20—H203 110.5

H81—C8—H83 108.7 H201—C20—H203 108.6

C6—C8—H82 110.6 H202—C20—H203 108.6

H81—C8—H82 108.6 Si17—C21—H213 110.6

H83—C8—H82 108.9 Si17—C21—H212 111.5

C6—C9—H92 111.1 H213—C21—H212 109.4

C6—C9—H91 110.3 Si17—C21—H211 110.2

H92—C9—H91 107.5 H213—C21—H211 107.2

C6—C9—H93 112.0 H212—C21—H211 107.7

H92—C9—H93 106.8 Si15—C22—H221 109.5

H91—C9—H93 109.0 Si15—C22—H222 111.8

P2—C10—C11 115.2 (2) H221—C22—H222 107.6

P2—C10—C12 111.4 (2) Si15—C22—H223 111.6

C11—C10—C12 109.1 (3) H221—C22—H223 107.7

P2—C10—H101 105.0 H222—C22—H223 108.4

C11—C10—H101 107.4 Si15—C23—H233 111.3

C12—C10—H101 108.3 Si15—C23—H232 110.7

C10—C11—H112 108.7 H233—C23—H232 109.1

C10—C11—H113 111.9 Si15—C23—H231 109.7

H112—C11—H113 107.9 H233—C23—H231 108.4

C10—C11—H111 111.2 H232—C23—H231 107.4

H112—C11—H111 107.6

Document origin: publCIF [Westrip, S. P. (2010). J. Apply. Cryst., 43, 920-925].

2) Crystal data for complex 3

CCDC Number : 1880112
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