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1. General Considerations  

 

All experiments and manipulations were carried out under dry oxygen free argon atmosphere 

using standard Schlenk techniques or in a MBraun UNIlab inert atmosphere glovebox 

containing an atmosphere of high purity argon 5.0. THF and Et2O were dried over 

Na/Benzophenone, distilled and stored over 4Å molecular sieves. All other solvents were 

dried over activated 4Å molecular sieves and thoroughly degassed before use. C6D6 and 

toluene-d8 were dried, degassed and stored over a potassium mirror. Ni(cod)2,[1]  IPr,[2] 

IPr·Ni·(η6-toluene),[3] PhLK,[4] PhL(Cl)Sn:,[5] PhL(H)Sn:,[6] and CyLK [7] were synthesized using 

reported procedures. 

  

NMR-Spectroscopy. NMR spectra were recorded on a Bruker AV 400 Spectrometer. The 

spectra were processed using the MestReNova 14.3.3 software suite. All chemical shifts δ 

are given in ppm. The 1H, and 13C{1H} NMR spectra were referenced to the residual solvent 

signals as internal standards. 29Si{1H} NMR spectra were externally calibrated with SiMe4. 

31P{1H} and 31P NMR spectra were externally calibrated with H3PO4. 119Sn NMR spectra were 

externally referenced with SnMe4. The coupling constants J are given in Hz. For variable 

temperature NMR experiments with a targeted temperature of over 298 K, the temperature 

inside the probe head was externally referenced via monitoring the OH/CH2 peak separation 

in an 80 wt% glycol/DMSO-d6 solution. For variable temperature NMR experiments with a 

targeted temperature of under 298 K, the temperature inside the probe head was externally 

referenced via monitoring the OH/CH3 peak separation in a 4 wt% methanol/methanol-d4 

solution. For signal multiplicities, the following abbreviations were used: s = singlet, d = 

doublet, t = triplet, q = quartet, p = pentet, h = heptet, sept= septet, m = multiplet, br = broad 

and their combinations. 

 

LIFDI-MS. Liquid Injection Field Desorption Ionization Mass Spectrometry (LIFDI-MS) was 

measured with a Thermo Fisher Scientific Exactive Plus Orbitrap equipped with an ion source 

from Linden CMS. Sample preparation and injection was performed in a MBraun glovebox 

under argon atmosphere.[8] 

 

GC-MS. GC-MS was measured with an Agilent Technologies 7890B GC featuring an MS 

5977A single quadrupole mass detector. Sample separation is obtained via a capillary 

column HP-5MS UI (length 30 m, inside diameter 0.25 mm, film 0.25 μm, stationary phase 
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(5%-phenyl)-methylpolysiloxane. Masses and isotope patterns were calculated with enviPat 

Web 2.4. 

 

IR-Spectroscopy. Infrared spectra were measured with the Alpha FT-IR from Bruker 

containing a platinum diamond ATR device. The compounds were measured as solids in an 

MBraun Labmaster dp inert atmosphere glovebox containing a dry oxygen free atmosphere 

of high purity argon 5.0. 

 

UV-Vis-Spectroscopy. Absorption spectra (UV-Vis) were measured in an inert MBraun 

UNIlab glovebox using a mirror probe connected to an Agilent Cary 60 UV/Vis 

spectrophotometer via fiberglass cable.  

 

Elemental Analysis. Elemental analyses (C, H, N) were performed with a combustion 

analyzer (elementar vario EL, Bruker). 

 

2. Synthetic details and data  

CyL(Cl)Sn:. The stannylene was synthesized by dropwise adding CyLK 

(4.00 g, 7.41 mmol, 1.00 eq.) in THF (10.0 mL) to a cooled (- 80 °C) 

suspension of SnCl2 (1.40 g, 7.41 mmol, 1.00 eq.) in THF (5.00 mL). After 

stirring in the cold for 1 h, the mixture was stirred at ambient temperature 

for an additional 2 h. The solvent was removed in vacuo and the remains 

extracted with toluene (15.0 mL). The dried extract was washed with 

pentane (2 x 10.0 mL) to obtain an off-white solid (3.30 g, 5.04 mmol, 68 %). 

1H NMR (C6D6, 400 MHz, 298 K): δ = 7.21-7.23 (m, 1H, Ar-H), 7.09-7.13 (m, 2H, Ar-H), 4.31 

(sept, 3JHH = 6.9 Hz, 1H, L-iPr-CH), 3.48 (sept, 3JHH = 6.9 Hz, 1H, L-iPr-CH), 2.31 (m, 1H, P-

Cy-H), 1.67-1.93 (m, 5H Cy-H), 1.58-1.67 (m, 6H, Cy-H + Si-CH2-P), 1.47-1.58 (m, 7H, Si-

iPr-CH3+ Si-iPr-CH), 1.44 (virt dd, 3JHH = 6.8 Hz, J = 2.4 Hz, 6H, L-iPr-CH3), 1.36 (d, 3JHH = 

6.9 Hz, 3H, L-iPr-CH3), 1.19-1.24 (m, 6H, L-iPr-CH3 + Si-iPr-CH3), 0.88-1.19 (m, 14H, Cy-H + 

Si-iPr-CH), 0.72 (d, 3JHH = 6.8 Hz, 3H, Si-iPr-CH3). 

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 148.7 (s, L-ipsoC), 147.6 (s, L-orthoCH), 144.9 (d, 

3JPC = 7.2 Hz, L-orthoCH), 144.9 (s, L-orthoCH), 124.2 (s, L-metaCH), 124.0 (s, L-metaCH), 123.7 

(s, L-paraCH), 35.2 (d, JPC = 12.6 Hz, Cy-C), 34.2 (d, JPC = 6.3 Hz, Cy-C), 31.2 (d, JPC = 3.4 
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Hz, Cy-C), 30.6 (s, Cy-C), 30.1 (s, Si-iPr-C), 29.3 (d, JPC = 4.0 Hz, Cy-C), 28.8 (s, L-iPr-CH3), 

28.7 (s, L-iPr-CH3), 28.3 (s, L-iPr-CH3), 27.9 (s), 27.8 (s), 27.6 (s), 27.6 (s), 27.5 (s), 27.5 (s), 

27.5 (s), 27.4 (s), 27.3 (s, L-iPr-CH), 26.2 (d, JPC = 6.6 Hz, Cy-H), 23.7 (s, L-iPr-CH3), 23.1 

(s, L-iPr-CH3), 20.6 (s, Si-iPr-CH3), 20.1 (s, Si-iPr-CH3), 20.0 (s, Si-iPr-CH3), 18.1 (s, Si-iPr-

CH3), 17.9 (d, JPC = 3.7 Hz, Si-iPr-CH), 15.8 (s, JPC = 2.2 Hz, Si-iPr-CH), 0.1 (d, 1JPC = 6.3 

Hz, Si-CH2-P). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = 13.8 (d, 2JSi,P = 6.3 Hz, CH2-Si-(iPr)2). 

31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = 18.8 (s, CH2-P-(Cy)2, 1J117SnP = 1480 Hz, 1J119SnP 

= 1550 Hz). 

MS/LIFDI-HRMS found (calcd.) m/z: 655.2596 (655.2550) for  [CyL(Cl)Sn:]+. 

Anal. calcd. for C31H55ClNPSiSn: C, 56.85%; H, 8.46%; N, 2.14%. found: C, 56.52 %; H, 

7.93 %; N, 2.12 %. 

CyL(H)Sn:, 1b-H. To a solution of CyL(Cl)Sn: (2.75 g, 4.20 mmol, 1.00 

eq.) dissolved in THF (35 mL), cooled to -80 °C, a solution of K-

Selectride (1.00 M in THF, 4.20 mL, 4.20 mmol, 1.00 eq.) was slowly 

added (i.e. over the course of 5 min). After stirring for 3h all volatile 

components were removed in vacuo. The remains were extracted in 

toluene. After removing the solvent an off-white powder identified as 

CyL(H)Sn (1.47 g, 56 %). 

1H NMR (C6D6, 400 MHz, 298 K): δ = 10.79 (d, 1H, Sn-H, 2JPH = 4 Hz, 1JSnH = 24 Hz), 7.19 

(m, 2H, L-mCH), 7.13 (m, 1H, L-pCH), 4.18 (sept, 3JHH = 6.9 Hz, 1H, L-iPr-CH), 3.58 (sept, 

3JHH = 6.9 Hz, 1H, L-iPr-CH), 2.00 (m, 1H, Cy-H), 1.93 (m, 1H, Cy-H), 1.81 (m, 2H, Cy-H), 

1.73 (dd, 2JHH = 6.9 Hz, 2JHP = 14.9 Hz, 1H, Si-CH2-P), 1.70 (dd, 2JHH = 6.9 Hz, 2JHP = 14.9 

Hz, 1H, Si-CH2-P), 1.66 (m, 2H, Cy-H), 1.58 (m, 2H, Cy-H), 1.51 (m, 2H, Cy-H), 1.44 (d, 3JHH 

= 6.9 Hz, 6H, L-iPr-CH3), 1.43 (d, 3JHH = 6.9 Hz, 6H, L-iPr-CH3), 1.41 (d, 3JHH = 8.5 Hz, 3H, 

Si-iPr-CH3), 1.29 (m, 2H, Cy-H), 1.22 (d, 3JHH = 7.3 Hz, 6H, Si-iPr-CH3), 1.17 (m, 4H, Cy-H), 

1.13 (m, 2H, Si-iPr-CH), 1.03 (m, 6H, Cy-H), 0.80 (d, 3JHH = 6.6 Hz, 3H, Si-iPr-CH3). 

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 148.3 (d, 4JPC = 5.3 Hz, L-ipsoC), 147.6 (d, 5JPC = 

1.6 Hz, L-orthoCH), 144.9 (s, L-orthoCH), 144.9 (s, L-orthoCH), 123.9 (s, L-metaCH), 123.6 (s, L-

metaCH), 122.9 (s, L-paraCH), 36.9 (d, JPC = 7.0 Hz, Cy-C), 34.4 (d, JPC = 11.5 Hz, Cy-C), 30.5 

(d, JPC = 3.2 Hz, Cy-C), 30.4 (s, Cy-C), 30.1 (d, JPC = 31.9 Hz, Cy-C), 29.6 (s, Cy-C), 29.6 (s, 

Cy-C), 27.7 (s), 27.7 (s, L-iPr-CH3), 27.6 (s), 27.6 (s), 27.6 (s), 27.5 (s), 27.5 (s), 27.4 (s), 
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27.3 (d, 3JPC = 2.6 Hz, Cy-C), 26.2 (d, 2JPC = 6.4 Hz, Cy-C), 23.9 (s, L-iPr-CH), 23.5 (s, L-iPr-

CH), 20.9 (s, Si-iPr-CH3), 20.7 (s, Si-iPr-CH3), 20.0 (s, Si-iPr-CH3), 18.3 (s, Si-iPr-CH3), 17.0 

(d, 3JPC = 6.2 Hz, Si-iPr-CH3), 16.2 (s, Si-iPr-CH3), 3.7 (d, 1JPC = 6.7 Hz, Si-CH2-P). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = 6.95 (d, 2JSi,P = 6.4 Hz, CH2-Si-(iPr)2). 

31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = 15.5 (s, CH2-P-(Cy)2, 1J117SnP = 1258 Hz, 1J119SnP 

= 1316 Hz). 

MS/LIFDI-HRMS found (calcd.) m/z: 620.2874 (620.2870) for [CyLSn]+. 

Anal. calcd. for C31H56NPSiSn: C, 60.00%; H, 9.10%; N, 2.26%. found: C, 59.70 %; H, 9.38 

%; N, 2.19 %. 

 

General method for the preparation of PhL(R)Sn:, 1. 

 

A solution of freshly prepared aryl-Grignard reagent in THF (1.00 eq.) was filtered dropwise 

onto PhL(Cl)Sn: (1.00 eq.) and 1,4-dioxane (4.00 eq.) dissolved in toluene at -78 °C and stirred 

for 30 min. The mixture was then allowed to warm to ambient temperature and stirred for 

additional 2 h. Subsequently, all volatiles were removed in vacuo and the residue was 

extracted with toluene. The solution can be used in subsequent reactions without further 

purification. 

 

PhL(Ph)Sn:, 1a-Ph. The stannylene was synthesized according to 

the general method using PhL(Cl)Sn:   (0.66 g, 1.02 mmol, 1.00 eq.), 

1,4-dioxane (0.70 mL, 4.09 mmol, 4.00 eq.), and a freshly prepared 

PhMgBr in THF using PhBr (0.16 g, 1.02 mmol, 1.00 eq.), Mg (0.37 

g, 1.54 mmol, 1.50 eq), and a crystal of iodide. The toluene solution 

was used without further purification assuming full conversion, 

backed up by NMR. Separately, crystalline compound for further analysis were obtained from 

a concentrated pentane solution at ambient temperature after 1 day. 
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1H NMR (C6D6, 400 MHz, 298 K): δ = 7.70 (m, 4H, Ar-H), 7.23 (t, 1JHH = 7.1 Hz, 2H, Ar-H), 

7.13 (m, 7H, Ar-H), 6.86 (m, 5H, Ar-H), 4.51 (sept, 3JHH = 6.7 Hz, 1H, L-iPr-CH), 3.34 (sept, 

3JHH = 6.7 Hz, 1H, L-iPr-CH), 1.93 (d, 2JHH = 4.4 Hz, 1H, Si-CH2-P), 1.90 (s, 1H, Si-CH2-P), 

1.76 (sept, 3JHH = 7.4 Hz, 1H, Si-iPr-CH), 1.46 (d, 3JHH = 6.8 Hz, 3H, L-iPr-CH3), 1.37 (d, 3JHH 

= 7.4 Hz, 3H, Si-iPr-CH3), 1.28 (d, 3JHH = 6.7 Hz, 3H, L-iPr-CH3), 1.19 (d, 3JHH = 7.5 Hz, 3H, 

Si-iPr-CH3), 1.17 (d, 3JHH = 6.7 Hz, 3H, L-iPr-CH3), 1.07 (d, 3JHH = 6.7 Hz, 3H, L-iPr-CH3), 

0.99 (d, 3JHH = 6.0 Hz, 3H, Si-iPr-CH3), 0.87 (m, 4H, Si-iPr-CH + Si-iPr-CH3). 

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 166.8 (s, L-ipsoC), 147.8 (d, JPC = 1.6 Hz, Ar-C), 

147.5 (d, JPC = 5.4 Hz, Ar-C), 146.2 (s, Ar-C), 136.6 (d, JPC = 4.2 Hz, Sn-Ar-C), 134.2 (d, JPC 

= 12.5 Hz, Ar-C), 133.4 (d, JPC = 18.8 Hz, P-Ar-C) 131.7 (d, JPC = 10.8 Hz, Ar-C), 131.4 (d, 

JPC = 15.9 Hz, Ar-C), 131.3 (d, JPC = 13.2 Hz, Ar-C), 129.7 (d, JPC = 1.7 Hz, Ar-C), 129.0 (d, 

JPC = 9.7 Hz, Ar-C), 128.6 (d, JPC = 9.2 Hz, Ar-C), 127.14 (d, JPC = 1.6 Hz, Ar-C), 124.3 (s, Ar-

C), 123.3 (d, JPC = 5.2 Hz, Ar-C), 28.4 (s, L-iPr-CH3), 28.3 (s, L-iPr-CH3), 28.2 (s, L-iPr-CH), 

27.8 (s, L-iPr-CH), 23.4 (s, L-iPr-CH3), 23.0 (s, L-iPr-CH3), 21.1 (s, Si-iPr-CH3), 20.7 (s, Si-

iPr-CH3), 20.3 (d, 3JPC = 2.5 Hz, Si-iPr-CH), 20.2 (s, Si-iPr-CH3), 19.5 (s, Si-iPr-CH3), 17.7 (d, 

3JPC = 3.8 Hz, Si-iPr-CH), 10.2 (d, 1JPC = 5.7 Hz, Si-CH2-P). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = 6.5 (d, 2JSi,P = 10.3 Hz, CH2-Si-(iPr)2). 

31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = - 4.3 (s, Ph2-P-CH2, 1J117SnP = 1285 Hz, 1J119SnP = 

1344 Hz). 

MS/LIFDI-HRMS found (calcd.) m/z: 685.2314 (685.2324) for [PhL(Ph)Sn:]+. 

Anal. calcd. for C37H48SnNPSi: C, 64.92 %; H, 7.07 %; N, 2.05; found: C, 64.49 %; H, 6.96 

%; N, 2.06. 

 

PhL[m-(CF3)2-Ph]Sn:, 1a-CF3. The stannylene was synthesized 

according to the general method A using PhL(Cl)Sn: (395 mg, 0.61 

mmol, 1.00 eq.), and a freshly prepared m-(CF3)2-PhMgBr in THF 

using m-(CF3)2-PhBr (180 mg, 0.61 mmol, 1.00 eq.), Mg (22.4 mg, 

0.92 mmol, 1.50 eq), and a crystal of iodide. The toluene solution 

was used without further purification assuming full conversion, 

backed up by NMR. Separately, crystalline compound for further 

analysis were obtained from a concentrated pentane solution at ambient temperature after 1 

day. 
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1H NMR (C6D6, 400 MHz, 298 K): δ = 8.02 (s, 2H, Ar-orthoCH-CCF3), 7.70 (s, 1H, Ar-paraCH-

CCF3), 7.60 (m, 2H, Ar-H), 7.10 (m, 6H, Ar-H), 6.96 (m, 1H, Ar-H), 6.88 (t, 3JHH = 6.7 Hz, 2H, 

Ar-H), 6.79 (m, 2H, Ar-H), 4.47 (sept, 3JHH = 6.9 Hz, 1H, L-iPr-CH), 3.21 (sept, 3JHH = 6.7 Hz, 

1H, L-iPr-CH), 1.75 (virt dt, 2JPH = 14.7 Hz, J = 43.9 Hz, 2H, Si-CH2-P), 1.47 (m, 4H, Si-iPr-

CH + L-iPr-CH3), 1.31 (d, 3JHH = 7.2 Hz, 3H, Si-iPr-CH3), 1.21 (d, 3JHH = 6.7 Hz, 3H, L-iPr-

CH3), 1.16 (d, 3JHH = 7.6 Hz, 3H, Si-iPr-CH3), 1.14 (d, 3JHH = 6.9 Hz, 3H, L-iPr-CH3), 1.01 (d, 

3JHH = 6.6 Hz, 3H, L-iPr-CH3), 0.91 (d, 3JHH = 6.8 Hz, 3H, Si-iPr-CH3), 0.82 (p, 3JHH = 7.2 Hz, 

1H, Si-iPr-CH), 1.01 (d, 3JHH = 5.7 Hz, 3H, Si-iPr-CH3). 

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 171.0 (s, L-ipsoC), 147.4 (d, JPC = 1.7 Hz, Ar-C), 

146.6 (d, JPC = 5.2 Hz, Ar-C), 145.9 (d, JPC = 1.2 Hz, Ar-C), 136.2 (s, Sn-Ar-C), 134.1 (d, JPC 

= 12.2 Hz, Ar-C), 131.8 (d, JPC = 1.7 Hz, Ar-C), 131.7 (d, 2JFC = 21.9 Hz, Ar-C), 130.9 (q, 1JFC 

= 11.0 Hz, Ar-CF3), 130.4 (d, JPC = 2.2 Hz, Ar-C), 130.1 (s, Ar-C), 129.8 (s, Ar-C), 129.2 (d, 

JPC = 9.7 Hz, Ar-C), 129.1 (d, JPC = 9.7 Hz, Ar-C), 126.2 (s, Ar-C), 124.5 (s, Ar-C), 123.9 (s, 

Ar-C), 123.6 (s, Ar-C), 123.5 (s, Ar-C), 120.6 (s, Ar-orthoC-CCF3), 28.4 (s, L-iPr-CH), 28.4 (s, 

L-iPr-CH3), 27.9 (s, L-iPr-CH3), 27.6 (s, L-iPr-CH), 23.5 (s, L-iPr-CH3), 22.7 (s, Si-iPr-CH3), 

20.9 (s, Si-iPr-CH3), 19.8 (d, 3JPC = 2.3 Hz, Si-iPr-CH), 19.7 (s, Si-iPr-CH3), 19.1 (s, Si-iPr-

CH3), 17.4 (d, 3JPC = 4.4 Hz, Si-iPr-CH), 10.2 (d, 1JPC = 3.8 Hz, Si-CH2-P). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = 9.2 (d, 2JSi,P = 10.4 Hz, CH2-Si-(iPr)2). 

31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = - 1.0 (s, Ph2-P-CH2, 1J117SnP = 1316 Hz, 1J119SnP = 

1374 Hz). 

MS/LIFDI-HRMS found (calcd.) m/z: 821.2026 (821.2085) for [PhL[m-(CF3)2-Ph]Sn:]+. 

Anal. calcd. for C39H46F6NPSiSn: C, 57.09%; H, 5.65%; N, 1.71%; found: C, 57.26%; H, 

5.67%; N, 1.78%. 

 

 PhL(p-BPh)Sn:, 1a-pBP. The stannylene was synthesized 

according to the general method A using PhLSnCl (0.40 g, 0.62 

mmol, 1.00 eq.), and a freshly prepared p-BPhMgBr in THF 

using p-BPhBr (0.15 g, 0.62 mmol, 1.00 eq.), Mg (0.02 g, 0.93 

mmol, 1.50 eq), and a crystal of iodide. The toluene solution 

was used without further purification assuming full conversion, 

backed up by NMR. Separately, crystalline compound for further analysis were obtained from 

a concentrated pentane solution at ambient temperature after 1 day. 
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1H NMR (C6D6, 400 MHz, 298 K): δ = 7.77 (m, 2H, Ar-H), 7.70 (m, 2H, Ar-H), 7.50-7.56 (m, 

4H, Ar-H), 7.19-7.26 (m, 3H, Ar-H), 7.10-7.15 (m, 6H, Ar-H), 6.84-6.88 (m, 5H, Ar-H), 4.56 

(sept, 3JHH = 6.9 Hz, 1H, L-iPr-CH), 3.37 (sept, 3JHH = 6.9 Hz, 1H, L-iPr-CH), 1.96 (d, 2JPH = 

14.1 Hz, 2H, Si-CH2-P), 1.79 (sept, 3JHH = 7.5 Hz, 1H, Si-iPr-CH), 1.50 (d, 3JHH = 7.9 Hz, 3H, 

L-iPr-CH3), 1.40 (d, 3JHH = 7.5 Hz, 3H, Si-iPr-CH3), 1.32 (d, 3JHH = 6.8 Hz, 3H, L-iPr-CH3), 

1.23 (m, 6H, Si-iPr-CH3 +  L-iPr-CH3), 1.00 (d, 3JHH = 6.2 Hz, 3H, Si-iPr-CH3), 0.85-0.89 (m, 

7H, Si-iPr-CH + Si-iPr-CH3 +  L-iPr-CH3). 

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 165.9 (s, L-ipsoC), 147.8 (d, JPC = 1.7 Hz, Ar-C), 

147.6 (d, JPC = 5.5 Hz, Ar-C), 146.2 (d, JPC = 1.1 Hz, Ar-C), 142.2 (s, Ar-C), 140.0 (d, JPC = 

2.3Hz, Ar-C), 137.0 (d, JPC = 4.2 Hz, Ar-C), 134.4 (s, Ar-C), 134.2 (s, Ar-C), 131.8 (s, Ar-C), 

131.7 (s, Ar-C), 131.46 (s, Ar-C), 129.8 (d, JPC = 2.8 Hz, Ar-C), 129.1 (s, Ar-C), 129.0 (s, Ar-

C), 128.6 (s, Ar-C), 128.5 (s, Ar-C), 127.4 (s, Ar-C), 127.2 (s, Ar-C), 126.7 (d, JPC = 1.5 Hz, 

Ar-C), 124.4 (s, Ar-C), 123.5 (s, Ar-C), 123.4 (s, Ar-C), 28.5 (s, L-iPr-CH3), 28.3 (s, L-iPr-CH), 

28.3 (s, L-iPr-CH3), 27.9 (s, L-iPr-CH), 23.5 (s, iPr-CH3), 23.0 (s, Si-iPr-CH3), 21.2 (s, Si-iPr-

CH3), 20.8 (s, iPr-CH3), 20.6 (d, 3JPC = 2.5 Hz, Si-iPr-CH), 20.3 (s, Si-iPr-CH3), 19.5 (s, iPr-

CH3), 17.8 (d, JPC = 3.8 Hz, Si-iPr-CH), 14.3 (s,), 10.3 (d, 1JPC = 5.3 Hz, Si-CH2-P). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = 6.5 (d, 2JSi,P = 10.2 Hz, CH2-Si-(iPr)2). 

31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = - 4.2 (s, Ph2-P-CH2, 1J117SnP = 1283 Hz, 1J119SnP = 

1345 Hz). 

MS/LIFDI-HRMS found (calcd.) m/z: 761.2649 (761.2638) for  [PhL(p-BPh)Sn:]+. 

Anal. calcd. for C43H52NPSiSn: C, 67.90%; H, 6.89%; N, 1.84%; found: C, 68.01%; H, 

7.26%; N, 1.90%. 

 

PhL(o-BPh)Sn:, 1a-oBP. The stannylene was synthesized 

according to the general method A using PhL(Cl)Sn: (400 mg, 0.62 

mmol, 1.00 eq.), and a freshly prepared o-BPhMgBr in THF using 

o-BPhBr (145 mg, 0.62 mmol, 1.00 eq.), Mg (22.7 mg, 0.93 mmol, 

1.50 eq), and a crystal of iodide. The toluene solution was used 

without further purification assuming full conversion, backed up by 

NMR. Separately, crystalline compound for further analysis were 

obtained from a concentrated pentane solution at ambient temperature after 1 day. 
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1H NMR (C6D6, 400 MHz, 298 K): δ = 8.74 (d, 3JHH = 7.1 Hz, 1H, Sn-Ar-orthoCH), 7.53 (t, 3JHH 

= 7.6 Hz, 1H, Sn-Ar-metaCH), 7.27 (t, 3JHH = 7.4 Hz, 1H, Sn-Ar-paraCH), 7.13-6.84 (m, 17H, Ar-

H), 6.57 (t, 3JHH = 9.2 Hz, 2H, Ar-H), 4.82 (q, 3JHH = 6.5 Hz, 1H, L-iPr-CH), 3.09 (q, 3JHH = 5.9 

Hz, 1H, L-iPr-CH), 1.87 (q, 3JHH = 6.9 Hz, 1H, Si-iPr-CH), 1.78 (s, 1H, Si-CH2-P), 1.75 (d, 3JHP 

= 2.7 Hz, 1H, Si-CH2-P), 1.61 (d, 3JHH = 6.9 Hz, 3H, Si-iPr-CH3), 1.55 (d, 3JHH = 6.4 Hz, 3H, 

L-iPr-CH3), 1.30 (d, 3JHH = 5.9 Hz, 3H, L-iPr-CH3), 1.09 (d, 3JHH = 6.4 Hz, 6H, L-iPr-CH3 + Si-

iPr-CH3), 0.98 (m, 7H, Si-iPr-CH + L-iPr-CH3 + Si-iPr-CH3), 0.88 (s, 3H, Si-iPr-CH3). 

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 165.0 (d, 5JPC = 2.5 Hz, L-ipsoC), 151.8 (d, JPC = 

3.3 Hz, Ar-C), 148.2 (d, JPC = 5.8 Hz, Ar-C), 148.1 (s, Ar-C), 145.9 (s, Ar-C), 144.0 (s, Ar-C), 

137.6 (d, JPC = 2.7 Hz, Ar-C), 134.2 (s, Ar-C), 134.1 (s, Ar-C), 132.1 (d, JPC = 10.5 Hz, Ar-C), 

131.2 (s, Ar-C), 130.2 (d, JPC = 2.1 Hz, Ar-C), 130.0 (s, Ar-C), 129.8 (d, JPC = 2.6 Hz, Ar-C), 

128.9 (s, Ar-C), 128.8 (s, Ar-C), 126.8 (s, Ar-C), 126.4 (d, JPC = 1.8 Hz, Ar-C), 124.5 (s, Ar-

C), 123.3 (s, Ar-C), 28.6 (s, L-iPr-CH), 28.2 (s, L-iPr-CH), 28.0 (s, 2C, iPr-CH3), 23.5 (s, iPr-

CH3), 22.7 (s, L-iPr-CH3), 21.0 (d, 1JPC = 9.0 Hz, Si-iPr-CH3), 20.9 (s, L-iPr-CH3), 20.2 (s, Si-

iPr-CH3), 19.5 (s, Si-iPr-CH3), 18.0 (virt. m, 2C, Si-iPr-CH), 12.1 (d, 1JPC = 6.6 Hz, Si-CH2-P). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = 6.8 (d, 2JSi,P = 11.8 Hz, CH2-Si-(iPr)2). 

31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = - 6.3 (s, Ph2-P-CH2, 1J117SnP = 1371 Hz, 1J119SnP 

=1435 Hz). 

MS/LIFDI-HRMS found (calcd.) m/z: 761.2631 (761.2638) for  [PhL(o-BPh)Sn:]+. 

Anal. calcd. for C43H52NPSiSn: C, 67.90%; H, 6.89%; N, 1.84%; found: C, 67.72%; H, 

6.99%; N, 1.86%. 

 

CyL(Ph)Sn:, 1b-Ph. The stannylene was synthesized according to 

the general method A using CyL(Cl)Sn: (1.00 g, 1.52 mmol, 1.00 

eq.) and a solution of freshly prepared PhMgBr in THF using PhBr 

(1.50 mL, 1.83 mmol, 1.20 eq.). The compound was not directly 

used in a subsequent reaction but was dried and crystallized in 

pentane at -32 °C to yield an off-white solid (890 mg, 1.28 mmol, 

84%). 

1H NMR (C6D6, 400 MHz, 298 K): δ = 8.02 (d, 3JHH = 7.3 Hz, 2H, Ar-H), 7.36 (t, 3JHH = 7.1 Hz, 

2H, Ar-H), 7.17-7.22 (m, 2H, Ar-H), 7.10-7.14 (m, 2H, Ar-H), 4.46 (sept, 3JHH = 7.3 Hz, 1H, L-

iPr-CH), 3.74 (sept, 3JHH = 7.3 Hz, 1H, L-iPr-CH), 2.20-2.24 (m, 1H, Cy-H), 1.82-1.96 (m, 2H, 
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Cy-H), 1.66-1.73 (m, 3H, Si--iPr-CH + Cy-H), 1.54-1.61 (m, 6H, Cy-H + L-iPr-CH3), 1.48-1.51 

(m, 4H, Cy-H + L-iPr-CH3), 1.43 (d, 3JHH = 7.2 Hz, 6H, L-iPr-CH3 + Si-iPr-CH3), 1.06-1.39 (m, 

18H, Cy-H + L-iPr-CH3 + Si-iPr-CH3 + Si-iPr-CH + Si-CH2-P), 1.02 (d, 3JHH = 6.8 Hz, L-iPr-

CH3), 0.92 (d, 3JHH = 7.2 Hz, Si-iPr-CH3), 0.58-0.89 (m, 4H, Cy-H). 

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 166.3 (d, 4JPC = 3.5 Hz, L-ipsoC), 148.1 (d, 5JPC = 

1.5 Hz, L-orthoCH), 148.0 (d, JPC = 6.2 Hz, Ar-C), 145.9 (s, Ar-C), 136.6 (d, 5JPC = 3.6 Hz, Sn-

Ar-C), 127.2 (d, JPC = 2.0 Hz, Ar-C), 124.2 (s, Ar-C), 123.4 (s, Ar-C), 123.2 (s, Ar-C), 35.4 (s, 

Cy-C), 35.3 (s, Cy-C), 35.2 (s, Cy-C), 35.0 (s, Cy-C), 32.2 (d, JPC = 2.8 Hz, Cy-C), 29.9 (s, 

Alkyl-C), 29.7 (d, JPC = 3.3 Hz, Cy-C), 29.3 (d, JPC = 1.7 Hz, Cy-C), 28.6 (s, L-iPr-CH), 28.4 

(s, L-iPr-CH3), 28.2 (s, Alkyl-C), 28.0 (s, Alkyl-C), 27.7 (s, Alkyl-C), 27.7 (s, Alkyl-C), 27.6 (s, 

L-iPr-CH), 27.5 (s, Alkyl-C), 27.4 (s, Alkyl-C), 27.4 (s, Alkyl-C), 26.4 (s, Cy-C), 26.0 (s, Cy-

C), 24.0 (s, L-iPr-CH3), 23.0 (s, L-iPr-CH3), 21.3 (s, Si-iPr-CH3), 21.2 (d, JPC = 2.0 Hz, Si-iPr-

CH), 21.0 (s, Si-iPr-CH3), 20.6 (s, Si-iPr-CH3), 19.7 (s, Si-iPr-CH3), 18.7 (d, JPC = 4.3 Hz, Cy-

C), 4.0 (d, JPC = 8.1 Hz, Si-CH2-P). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = 6.37 (d, 2JSi,P = 7.9 Hz, CH2-Si-(iPr)2). 

31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = 8.2 (s, CH2-P-(Cy)2, 1J117SnP = 1364 Hz, 1J119SnP = 

1432 Hz). 

MS/LIFDI-HRMS found (calcd.) m/z: 697.3288 (697.3263) for [CyL(Ph)Sn:]+. 

Anal. calcd. for C37H60NPSiSn: C, 63.79 %; H, 8.68 %; N, 2.01 %. found: C, 63.35 %; H, 

9.07 %; N, 2.00 %. 

 

General Methods for preparation of [{PhLSn(R)}·Ni·IPr], 2.  

 

Method A: IPr (1.00 eq.) in toluene was added dropwise to the solution of Ni(cod)2 (1.00 eq.) 

in toluene at -78°C and stirred for 30 min. Afterwards the yellow mixture allowed to warm up 

to RT and stirred for additional 20 min. The resulting orange solution was cooled to -78°C 

again and a toluene solution of 1 was added dropwise over 30 min. The mixture was 
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subsequently allowed to warm to ambient temperature and stirred for 5 h. The mixture was 

filtered, and all volatiles removed in vacuo. The residue was extracted with pentane and the 

solution stored at -32°C to form a crystalline solid of 2.  

 

 

Method B: A toluene solution of 1 was added dropwise to a toluene solution IPr·Ni·(η6-

toluene) (1.00 eq.) at -80 °C. The mixture was subsequently allowed to slowly warm up to 

ambient temperature and stirred for 5 h. The mixture was filtered, and all volatiles removed 

in vacuo. The residue was extracted with pentane and the solution stored at -32°C to form a 

crystalline solid of 2.  

 

PhL(Ph)Sn·Ni·IPr, 2-Ph. The complex was synthesized 

according to Method B using 1a-Ph (700 mg, 1.02 mmol, 1.01 

eq.) and IPr·Ni·(η6-toluene) (546 mg, 1.01 mmol, 1.00 eq.). The 

resulting deep orange-brown pentane solution was stored at -

32°C for 7 days yielding dark orange crystals of 2-Ph (331 mg, 

0.37 mmol, 29%) suitable for X-Ray diffraction analysis. 

1H NMR (C6D6, 400 MHz, 298 K): δ = 7.65 (br m, 4H, Ar-H), 7.41 (t, 3JHH = 7.7 Hz, 2H, IPr-

Ar-H), 7.23 (d, 3JHH = 7.7 Hz, 4H, IPr-Ar-H), 6.98-7.09 (m, 12H, Ar- H), 6.67 (s, 2H, N-CH=CH-

N), 6.54 (d, 3JHH = 6.7 Hz, 2H, Ar-H), 3.20 (p, 3JHH = 5.7 Hz, 4H, IPr-L iPr-CH), 1.95 (d, 3JHH 

= 8.5 Hz, 2H, Si-CH2-P), 1.11-1.30 (m, 21H), 1.01-1.05 (m, 25H, iPr-CH + iPr-CH3). 

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 200.6 (d, 2JPC = 27.5 Hz, N-C-N), 167.4 (d, JPC = 

12.3 Hz, Ar-C), 148.6 (s, Ar-C), 146.9 (s, Ar-C), 144.4 (s, Ar-C), 142.2 (s, Ar-C), 142.0 (s, Ar-

C), 138.0 (s, Ar-C), 136.2 (s, Ar-C), 133.1 (s, Ar-C), 132.6 (s, Ar-C), 132.5 (d, JPC = 14.4 Hz, 

Ar-C), 129.6 (s, Ar-C), 128.8 (d, JPC = 7.2, Ar-C), 127.6 (d, JPC = 9.4, Ar-C), 127.2 (s, Ar-C), 

127.1 (s, Ar-C), 125.0 (s, Ar-C), 124.0 (s, Ar-C), 123.6 (br s, N-C=C-N), 122.8 (s, Ar-C), 28.7 

(s, L-iPr-CH3), 27.7 (s, L-iPr-CH), 26.25 (s, L-iPr-CH3), 24.0 (br s, iPr-CH), 22.5 (s, iPr-CH3), 

20.9 (s, iPr-CH), 19.7 (s, iPr-CH), 18.4 (d, JPC = 2.1 Hz, Si- iPr-CH), 11.6 (d, 1JPC = 9.9 Hz, 

Si-CH2-P). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = 2.2 (s, CH2-Si-(iPr)2). 
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31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = 16.1 (s, CH2-P-(Ph)2), 1J117SnP = 669 Hz, 1J119SnP 

= 694 Hz). 

119Sn{1H} NMR (C6D6, 112 MHz, 298 K): δ = 688 (d, 2JSnP = 698 Hz). 

MS/LIFDI-HRMS found (calcd.) m/z: 1131.4472 (1131.4548) for [PhL(Ph)Sn·Ni·IPr]+. 

Anal. calcd. for C64H84N3NiPSiSn: C, 67.92%; H, 7.48%; N, 3.71%; found: C, 66.26%, H, 

7.57%; N, 3.76%. 

λmax, nm (ε, Lcm-1mol-1): 330 (11269), 406 (10568), 567 (5285), 818 (3357). 

N.B. Repeated elemental analysis gave variable but consistently low values for C, possibly 

due to Si-carbide and Ni-carbide formation.[9]  

 PhL{m-(CF3)2-Ph}Sn·Ni·IPr, 2-CF3. The complex was 

synthesized according to Method B using 1a-CF3 (400 mg, 0.49 

mmol, 1.01 eq.) and IPr·Ni·(η6-toluene) (260 mg, 0.48 mmol, 

1.00 eq.). The resulting deep green-brown pentane solution was 

stored at -32°C for 10 days yielding deep green-black crystals 

of 2-CF3 (253 mg, 0.21 mmol, 43%) suitable for X-Ray 

diffraction analysis.  

1H NMR (C6D6, 400 MHz, 298 K): δ = 7.67 (s, 1H, Ar-H), 7.50 (m, 6H, Ar-H + IPr-Ar-H), 7.26 

(d, JHH = 7.8 Hz, 4H, IPr-Ar-H), 7.09 (s, 4H, Ar-H), 7.01 (m, 7H, Ar-H), 6.64 (s,  2H, N-CH=CH-

N), 3.09 (sept, JHH = 6.7 Hz, 4H, L-iPr-CH), 1.81 (br s, 2H, Si-CH2-P), 0.85-1.45 (m, 50H). 

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 197.6 (d, 2JPC = 26.7 Hz, N-C-N), 170.0 (d, JPC = 

12.6 Hz, Ar-C), 147.3 (s, Ar-C), 146.7 (s, Ar-C), 144.0 (s, Ar-C), 141.1 (s, Ar-C), 140.8 (s, Ar-

C), 137.5 (s, Ar-C), 135.5 (s, Ar-C), 132.2 (d, JPC = 15.0 Hz, Ar-C), 130.4 (s, IPr-Ar-C), 129.3 

(s, Ar-C), 129.00 (s, Ar-C), 128.8 (s, Ar-C), 126.2 (s, Ar-C), 125.0 (s, Ar-C),124.4 (s, Ar-C), 

123.9 (s, Ar-C), 123.5 (s, Ar-C), 120.4 (br s, Ar-C), 28.7 (s, L-iPr-CH), 27.5 (s, iPr-CH3), 26.2 

(s, iPr-CH3), 24.4 (s, iPr-CH3), 22.6 (s, iPr-CH), 20.9 (s, iPr-CH3), 19.5 (s, iPr-CH), 18.4 (s, 

iPr-CH3), 14.3 (s, iPr-CH3), 11.4 (d, 1JPC = 10.6 Hz, Si-CH2-P). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = 3.4 (d, JSiP = 8.9 Hz, CH2-Si-(iPr)2). 

31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = 19.5 (s, CH2-P-(Ph)2, 1J117SnP = 708 Hz, 1J119SnP = 

740 Hz). 

MS/LIFDI-HRMS found (calcd.) m/z: 1267.4192 (1267.4299) for [PhL(m-(CF3)2-

Ph)Sn·Ni·IPr]+. 
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Anal. calcd. for C66H82F6N3NiPSiSn: C, 62.52%; H, 6.52%; N, 3.31%; found: C, 62.21%; H, 

6.52%; N, 3.39%. 

λmax, nm (ε, Lcm-1mol-1): 343 (11662), 402 (11243), 573 (6205), 846 (3698). 

N.B. Repeated elemental analysis gave variable but consistently low values for C, possibly 

due to Si-carbide and Ni-carbide formation.[9] 

[PhL{m-(CF3)2-Ph}Sn]2·Ni, 3. Employing Method A, using 1a-CF3 (150 mg, 0.18 mmol), 

Ni(cod)2 (98 mg, 0.18 mmol), and IPr (70 mg, 0.18 mmol), 31P NMR analysis indicated the 

formation of a 2:1 mixture of 3 and 2-CF3 (see Fig. S48). Filtration of this purple reaction 

mixture, removal of volatiles, and addition of pentane (5 mL) resulted in a purple solid beneath 

a red-brown solution. Filtration and drying in vacuo led to the isolation of 3 (63 mg, 41% based 

on 1-CF3).  

Compound 3 can also be accessed in a directly through the 

addition of 1-CF3 to Ni(cod)2: a mixture of those species in a 

2:1 ratio (150 mg and 50 mg (0.18 mmol), respectively) is 

dissolved in toluene (20 mL) at ambient temperature, with rapid 

stirring, leading to the formation of deep purple solutions. 

Removal of all volatiles in vacuo, followed by the addition of 

pentane (5 mL), leads to formation of a purple solid, which is 

washed with a further 5 mL pentane, and dried in vacuo. The solid is identified as 3 (76%, 

118 mg). 

1H NMR (C6D6, 400 MHz, 298 K): δ = 7.90 (t, JHH = 8.3 Hz, 3H, Ar-H), 7.79 (s, 2H, Ar-H), 7.61 

(m, 4H, Ar-H), 7.39 (s, 4H, Ar-H), 7.07-7.12 (m, 6H, Ar-H), 6.97 (m, 6H, Ar-H), 6.89 (t, JHH = 

7.7 Hz, 5H, Ar-H), 6.83 (d, JHH = 6.9 Hz, 2H, Ar-H), 3.50 (sept, JHH = 6.9 Hz, 2H, L-iPr-CH), 

3.39 (sept, JHH = 6.9 Hz, 2H, L-iPr-CH), 1.13-1.22 (m, 16H, L-iPr-CH3 + Si-iPr-CH3 + Si-CH2-

P), 0.98-1.08 (m, 10H, L-iPr-CH3 + Si-iPr-CH + Si-iPr-CH3), 0.93 (d, JHH = 7.3 Hz, Si-iPr-CH3), 

0.58-0.67 (m, 24H, L-iPr-CH3 + Si-iPr-CH3). 

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 176.0 (s, Ar-C), 145.7 (s, Ar-C), 144.6 (s, Ar-C), 

144.3 (s, Ar-C), 144.2 (s, Ar-C), 142.1 (s, Ar-C), 134.6 (s, Ar-C), 133.1 (s, Ar-C), 132.9 (s, Ar-

C), 132.8 (d, JPC = 8.0 Hz, Ar-C), 132.2 (br s, Ar-C), 131.2 (s, Ar-C), 130.5 (s, Ar-C), 129.4 

(s, Ar-C), 128.8 (s, Ar-C), 128.7 (s, Ar-C), 125.8 (s, Ar-C), 125.7 (s, Ar-C), 124.9 (s, Ar-C), 

124.5 (s, Ar-C), 124.2 (s, Ar-C), 123.5 (s, Ar-C), 123.1 (s, Ar-C), 122.6 (br s, Ar-C), 27.8 (s, 

L-iPr-CH), 27.7 (s, L-iPr-CH3), 26.6 (s, L-iPr-CH3), 26.1 (s, L-iPr-CH3), 24.1 (s, iPr-CH3), 24.0 
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(s, iPr-CH3), 23.9 (s, iPr-CH3), 19.5 (s, iPr-CH3), 19.1 (s, iPr-CH3), 18.4 (s, iPr-CHx), 18.4 (s, 

iPr-CHx),  18.3 (s, iPr-CHx),  18.1 (s, iPr-CH3), 14.3 (s, Si-CH2-P), 14.0 (s, Si-CH2-P). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = 6.2 (s, CH2-Si-(iPr)2). 

31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = 25.4 (s, CH2-P-

(Ph)2). 

 

PhL(p-BPh)Sn·Ni·IPr, 2-pBP. The complex was synthesized 

according to the general Method B using 1a-pBP (470 mg, 

0.62 mmol, 1.00 eq.) and IPr·Ni·(η6-toluene) (284 mg, 0.53 

mmol, 1.00 eq.). The resulting brown pentane solution was stored at -32°C for 14 days 

yielding dark brown crystals of 2-pBP (213 mg, 0.18 mmol, 36%) suitable for X-Ray diffraction 

analysis. 

1H NMR (C6D6, 400 MHz, 298 K): δ = 7.67 (br s, 3H, Ar-H), 7.48 (m, 2H, Ar-H), 7.43 (t, JHH = 

7.7 Hz, 2H, Ar-H), 7.32 (d, JHH = 7.9 Hz, 2H, Ar-H), 7.25 (d, JHH = 7.9 Hz, 4H, Ar-H), 7.09-

7.14 (m, 6H, Ar-H), 6.99 (s, 7H, Ar-H), 6.68 (s, 2H, N-CH=CH-N), 6.64 (d, JHH = 7.9 Hz, 4H, 

Ar-H), 3.20 (t, JHH = 6.7 Hz, 4H, IPr-L-iPr-CH), 1.96 (br s, 2H, Si-CH2-P), 0.85-1.45 (m, 50H). 

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 200.4 (d, 2JPC = 26.6 Hz, N-C-N), 167.0 (d, JPC = 

12.3 Hz, Ar-C), 148.7 (d, JPC = 1.8 Hz, Ar-C), 146.9 (s, Ar-C), 144.5 (s, Ar-C), 142.5 (s, Ar-

C), 142.3 (s, Ar-C), 142.0 (s, Ar-C), 142.0 (s, Ar-C), 139.8 (s, Ar-C), 138.0 (s, Ar-C), 136.7 (s, 

Ar-C), 132.6 (br s, Ar-C), 129.7 (s, Ar-C), 128.9 (s, Ar-C), 128.5 (s, Ar-C), 127.6 (s, Ar-C), 

127.3 (s, Ar-C), 126.9 (s, Ar-C), 125.6 (s, Ar-C), 125.0 (s, Ar-C), 124.1 (s, Ar-C), 123.6 (br s, 

Ar-C), 122.8 (s, Ar-C), 28.7 (s, L-iPr-CH), 27.8 (s, iPr-CH3), 26.3 (s, iPr-CH3), 24.3 (br m, iPr-

CH3), 22.6 (s, iPr-CH), 20.9 (s, iPr-CH3), 19.8 (br m, iPr-CH), 11.7 (d, 1JPC = 10.6 Hz, Si-CH2-

P). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = 2.2 (d, JSiP = 9.7 Hz, CH2-Si-(iPr)2). 

31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = 16.4 (s, CH2-P-(Ph)2, 1J117SnP = 661 Hz, 1J119SnP = 

690 Hz). 

MS/LIFDI-HRMS found (calcd.) m/z: 1207.4830 (1207.4861) for [PhL(p-BPh)Sn·Ni·IPr]+. 

Anal. calcd. for C70H88N3NiPSiSn: C, 69.60%; H, 7.34%; N, 3.48%; found: C, 68.13%; H, 

7.33%; N, 3.53%. 

λmax, nm (ε, Lcm-1mol-1): 405 (13999), 569 (7314), 832 (4568). 
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N.B. Repeated elemental analysis gave variable but consistently low values for C, possibly 

due to Si-carbide and Ni-carbide formation.[9] 

 

PhL(o-BPh)Sn·Ni(cod), 4. The complex was synthesized 

according to the general Method A using 1a-oBP (470 mg, 0.62 

mmol, 1.15 eq.) and Ni(cod)2 (145 mg, 0.53 mmol, 1.00 eq.). The 

resulting deep purple pentane solution was stored at -32°C for 10 

days yielding purple crystals of 4 (186 mg, 0.20 mmol, 38%) 

suitable for X-Ray diffraction analysis. 

1H NMR (C6D6, 400 MHz, 298 K): δ = 7.66 (d, JHH = 7.3 Hz, 2H, Ar-H), 7.46-7.50 (m, 5H, Ar-

H), 7.41 (t, JHH = 7.7 Hz, 2H, Ar-H), 7.28 (t, JHH = 7.7 Hz, 1H, Ar-H), 7.07-7.14 (m, 9H, Ar-H), 

7.03 (t, JHH = 7.3 Hz, 1H, Ar-H), 6.52 (d, JHH = 7.3 Hz, 2H, Ar-H), 4.25 (br t, JHH = 8.2 Hz, 2H, 

cod-C=C-H), 3.83 (sept, JHH = 7.1 Hz, 2H, L-iPr-CH), 2.20 (d, JHH = 10.7 Hz, 2H, Si-CH2-P), 

1.98 (br s, 2H, cod-CH2), 1.84 (t, JHH = 8.4 Hz, 2H, cod-CH2), 1.45 (d, JPH = 8.9 Hz, 2H, Si-

iPr-CH), 1.30 (d, JHH = 7.2 Hz, 6H, L-iPr-CH3), 1.14-1.21 (m, 7H, L-iPr-CH3 + Si-iPr-CH), 0.98 

(d, JHH = 7.3 Hz, 6H, Si-iPr-CH3), 0.86-0.89 (m, 6H, Si-iPr-CH3). 

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 173.5 (d, 2JPC = 12.0 Hz, N-C-N), 148.4 (s, Ar-C), 

146.4 (s, Ar-C), 144.8 (s, Ar-C), 134.1 (s, Ar-C), 130.0 (s, Ar-C), 129.8 (s, Ar-C), 129.3 (s, Ar-

C), 129.2 (s, Ar-C), 128.8 (s, Ar-C),  128.7 (s, Ar-C),  128.6 (s, Ar-C),  128.5 (s, Ar-C), 127.9 

(s, Ar-C), 126.9 (s, Ar-C), 125.7 (s, Ar-C), 124.3 (br s, cod-C=C), 123.8 (s, Ar-C), 32.8 (s, 

cod-CH2), 32.7 (s, cod-CH2), 28.4 (s, Si-iPr-CH), 28.0 (s, L-iPr-CH), 25.0 (s, L-iPr-CH3), 22.7 

(s, L-iPr-CH3), 21.4 (s, Si-iPr-CH), 19.0 (s, Si-iPr-CH3), 18.5 (d, 1JPC = 5.3 Hz, Si-CH2-P), 14.3 

(s, Si-iPr-CH3). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = 2.8 (s, CH2-Si-(iPr)2). 

31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = 23.2 (s, CH2-P-(Ph)2, 1J117SnP = 97 Hz, 1J119SnP = 

108 Hz). 

MS/LIFDI-HRMS found (calcd.) m/z: 819.1992 (819.1997) for [PhL(o-BPh)Sn·Ni]+. 

Anal. calcd. for C51H64NNiPSiSn: C, 66.04%; H, 6.96%; N, 1.15% found: C 64.52 %; H, 6.79 

%; N, 1.46 %. 

λmax, nm (ε, Lcm-1mol-1): 551 (5992), 331 (20676). 
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N.B. Repeated elemental analysis gave variable but consistently low values for C, possibly 

due to Si-carbide and Ni-carbide formation.[9] 

 

 

 

 

 

 

 

General method for hydrogen reactions of PhL(Ar)Sn·Ni·IPr, forming 5. 

 

 

In a J. Young’s NMR tube or pressure flask compounds 2-Ar (20-300 mg) were dissolved in 

toluene(-d8) or C6D6 and pressurized with dihydrogen (1.5 bar). After 16h the reaction yielded 

the desired product 5 quantitatively, as confirmed by 1H and 31P NMR.  

 

PhLSn(μ-H)Ni·IPr 5. Method A. The complex was 

synthesized according to the general method, using 2-Ph, 2-

CF3, or 2-pBP (30 mg, 0.05 mmol). In all cases, a deep 

orange-brown solution is formed and utilized for analysis.  

Method B. To a solution of IPr·Ni·(η6-toluene) (44.3 mg, 

0.82 mmol, 1.00 eq.) in toluene (5 mL) cooled to -78 °C, is 

added PhL(H)Sn: (50.0 mg, 0.82 mmol, 1.00 eq.) as a solution in toluene (2 mL). The reaction 

is warmed to RT and stirred for 1 h. All volatiles are subsequently removed, and the residue 

extracted into pentane, and filtered. The resulting deep orange-brown pentane solution, 

though largely consisting of 5, did not yield crystals suitable for SC-XRD, which we 

hypothesize is due to the formation of 7 (see below). 

1H NMR (C6D6, 400 MHz, 298 K): δ = 7.40-7.45 (m, 4H, Ar-H), 7.21-7.26 (m, 3H, Ar-H), 7.11-

7.14 (m, 6H, Ar-H), 7.01-7.04 (m, 1H, Ar-H), 6.93-6.96 (m, 5H, Ar-H), 6.70 (s, 2H, N-CH=CH-
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N), 3.23 (br p, 3JHH= 6.4 Hz, 4H, IPr-L-iPr-CH), 2.90 (p, 3JHH= 6.9 Hz, 2H, L-iPr-CH), 2.13 (d, 

2JPH= 39.8 Hz, 1H, Sn-H-Ni), 2.05 (br d, 2JPH= 10.7 Hz, 2H, Si-CH2-P), 1.40 (d, 3JHH= 7.0 Hz, 

3H, iPr-CH3), 1.36 (d, 3JHH= 6.8 Hz, 6H, iPr-CH3), 1.23 (d, 3JHH= 6.8 Hz, 3H, iPr-CH3), 1.20 

(d, 3JHH= 6.8 Hz, 3H, iPr-CH3), 1.10-1.16 (m, 21H, iPr-CH3 + Si-iPr-CH), 1.07 (d, 3JHH= 6.9 

Hz, 12H, iPr-CH3), 1.00-1.02 (m, 2H, Si-iPr). 

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 209.05 (d, 2JPC = 15.8 Hz, N-C-N), 149.5 (s, Ar-

C), 146.3 (s, Ar-C), 146.2 (s, Ar-C), 143.7 (s, Ar-C), 137.8 (s, Ar-C), 132.2 (br s, Ar-C), 129.5 

(s, Ar-C), 128.2 (s, Ar-C), 127.3 (s, Ar-C), 124.3 (s, Ar-C), 123.4 (s, N-C=C-N), 123.1 (s, Ar-

C), 123.0 (s, Ar-C), 122.9 (s, Ar-C), 122.2 (s, Ar-C), 119.1 (s, Ar-C), 28.8 (s, Alkyl-C), 28.4 (s, 

L-iPr-CH), 28.3 (s, IPr-L-iPr-CH), 28.1 (s, L-iPr-CH), 27.5 (s, Alkyl-C), 25.8 (s, Alkyl-C), 25.7 

(s, Alkyl-C), 24.5 (s, Alkyl-C), 24.2 (s, Alkyl-C), 23.4 (s, iPr-CH3), 23.2 (s, Alkyl-C), 22.8 (s, 

iPr-CH3), 22.4 (s, iPr-CH3), 20.5 (s, iPr-CH3), 19.4 (d, JPC = 13.2 Hz, Si-CH2-P), 19.2 (br s, 

iPr-CH3), 17.8 (d, JPC = 3.7 Hz, Si-iPr). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = -0.1 (d, 2JSiP = 6.8 Hz, CH2-Si-(iPr)2). 

31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = -14.8 (s, CH2-P-(Ph)2). 

MS/LIFDI-HRMS found (calcd.) m/z: 1055.4280 (1055.4235) for [PhLSn(μ-H)Ni]+. 

 

CyLSn(μ-H)Ni·IPr, 6. The complex was synthesized is the 

same manner as compound 5, but using 1b-H (139 mg, 

0.22 mmol, 1.00 eq.) and IPr·Ni·(η6-toluene) (121 mg, 

0.22 mmol, 1.00 eq.). The resulting deep orange-brown 

pentane solution was stored at room temperature for 2 

days yielding dark brown crystals of 6 (95.8 mg, 0.09 

mmol, 40%) suitable for X-Ray diffraction analysis. 

1H NMR (C6D6, 400 MHz, 298 K): δ = 7.19-7.20 (m, 2H, Ar-H), 7.07-7.12 (m, 9H, Ar-H), 6.53 

(s, 2H, N-CH=CH-N), 3.89 (p, 3JHH= 7.0, 2H, L-iPr-CH), 3.33 (d, 2JPH= 27.1, 1H, Sn-H-Ni), 

3.21 (sept, 3JHH= 6.9, 4H, IPr-L-iPr-CH), 1.97 (br s, 3H, Si-iPr-CH + Cy-H), 1.63-1.75 (m, 11H, 

Cy-H), 1.44-1.47 (m, 18H, L-iPr-CH3 + IPr-L-iPr-CH3), 1.32 (d, 3JHH= 7.8, 6H, Si-iPr-CH3), 

1.28 (d, 3JHH= 6.7, 6H, L-iPr-CH3), 1.09-1.22 (m, 17 H, Si-iPr-CH3 + Cy-H), 0.99-1.07(m, 16H, 

IPr-L-iPr-CH3 + Cy-H + Si-CH2-P).  

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 149.2 (s, Ar-C), 146.1 (s, Ar-C), 145.6 (s, Ar-C), 

138.9 (s, Ar-C), 130.0 (s, Ar-C), 124.5 (s, Ar-C), 123.5 (s, Ar-C), 123.4 (s, Ar-C), 122.4 (s, Ar-
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C), 30.7 (d, JCP = 3.7 Hz, Cy-C), 29.7 (s, Cy-C), 28.6 (s, IPr-L-iPr-CH3), 28.0 (s, Alkyl-C), 27.9 

(s, Alkyl-C), 27.8 (s, Alkyl-C), 27.7 (s, Alkyl-C), 27.5 (s, Alkyl-C), 27.5 (s, L-iPr-CH3), 26.9 (s, 

Alkyl-C), 25.9 (s, IPr-L-iPr-CH3), 23.5 (s, iPr-CH3), 23.4 (s, iPr-CH3), 20.8 (s, Si-iPr-CH3), 19.4 

(s, Si-iPr-CH3), 16.4 (d, JCP = 4.1 Hz, Cy-C), 10.2 (d, JCP = 22.0 Hz, Si-CH2-P). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = -0.26 (d, 2JSiP = 5.4 Hz, CH2-Si-(iPr)2). 

31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = -8.8 (s, CH2-P-(Cy)2). 

119Sn{1H} NMR (C6D6, 112 MHz, 298 K): δ = 1220 (br). 

MS/LIFDI-HRMS found (calcd.) m/z: 1067.5184 (1067.5174) for [PhLSn(μ-H)Ni]+. 

Anal. calcd. for C58H92N3NiPSiSn: C, 65.24 %; H, 8.68%; N, 3.94%; found: C, 63.79%; H, 

9.05%; N, 3.89%. 

N.B. Repeated elemental analysis gave variable but consistently low values for C, possibly 

due to Si-carbide and Ni-carbide formation.[9] 

 

7. Method A. A toluene (30 mL) solution of 2-oBP (500 mg, 

0.41 mmol) was treated with a dihydrogen atmosphere (1.5 bar) 

at room temperature for 24 h. The volatiles were subsequently 

removed in vacuo, and the residue extracted in pentane (30 

mL), and filtered. The resulting solution was concentrated to 

~10 mL, and stored at -32°C for 5 weeks, yielding dark purple-

brown crystals of 7 suitable for X-Ray diffraction analysis. 

Method B. A toluene (20 mL) solution of 2-CF3 (500 mg, 0.39 

mmol) was treated with a dihydrogen atmosphere (1.5 bar) at room temperature for 24 h. The 

solution was subsequently heated to 60 °C for 10 days. 31P NMR analysis indicated complete 

transformation to 7. Subsequently, all volatile components were removed in vacuo, and the 

solid residue extracted in pentane (15 mL), filtered, concentrated to ~ 5 mL, and crystallized 

at 4 °C for 3 days, leading to the formation of purple crystals of 7 (46 mg, 0.09 mmol, 15%) 

suitable for X-ray diffraction analysis. We note that this species is highly soluble in aliphatic 

solvents, including pentane, hence the low isolated yield.  

1H NMR (C6D6, 400 MHz, 298 K): δ = 7.38-7.43 (m, 4H, o-H-Ph-P), 7.21-7.24 (m, 4H, Ar-H), 

7.05-7.11 (m, 14H, Ar-H), 6.90-6.96 (m, 3H, Ar-H), 6.48 (s, 2H, N-CH=CH-N), 4.95 (p, 3JHH= 

6.5, 2H, IPr-L-iPr-CH), 3.69 (p, 3JHH= 7.5, 2H, IPr-L-iPr-CH), 2.91 (p, 3JHH= 6.9, 2H, L-iPr-
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CH), 2.71 (p, 3JHH= 6.7, 2H, L-iPr-CH), 1.96 (d, 3JHH= 7.6, 6H, IPr-L-iPr-CH3), 1.48 (d, 3JHH= 

7.0, 6H, IPr-L-iPr-CH3), 1.45 (m, 6H, iPr-CH3), 1.37-1.41 (m, 12H, iPr-CH3), 1.30 (d, 3JHH= 

6.9, 6H, iPr-CH3), 1.21-1.27 (m, 10H, Si-iPr-CH), 1.04 (d, 3JHH= 7.2, 6H, Si-iPr-CH3), 0.99-

1.04 (m, iPr-CH3 + Si-CH2-P), 0.86-0.89 (m, 12H, iPr-CH3), 0.79 (d, 3JHH= 6.9, 6H, iPr-CH3), 

0.58 (d, 3JHH= 6.9, 6H, iPr-CH3), 0.28 (d, 3JHH= 6.6, 6H, iPr-CH3), 

13C{1H} NMR (C6D6, 101 MHz, 298 K): δ = 151.1 (s, Ar-C), 145.8 (s, Ar-C), 145.6 (s, Ar-C), 

145.0 (s, Ar-C), 138.5 (s, Ar-C), 131.2 (d, JPH = 6.0, P-Ph-o-C), 130. 0 (s, Ar-C), 129.1 (s, Ar-

C), 129.0 (s, Ar-C), 127.5 (s, Ar-C), 125.2 (s, Ar-C), 124.8 (s, N-C=C-N), 124.4 (s, Ar-C), 

123.8 (s, Ar-C), 123.7 (s, Ar-C), 123.6 (s, Ar-C), 122.9 (s, Ar-C), 29.2 (s, iPr-CH3), 28.7 (s, L-

iPr-CH), 27.6 (s, IPr-L-iPr-CH), 25.2 (s, iPr-CH3), 24.9 (s, iPr-CH3), 24.7 (s, iPr-CH3), 24.2 (s, 

iPr-CH3), 23.6 (s, iPr-CH), 23.4 (s, iPr-CH3), 23.0 (s, iPr-CH3), 22.7 (s, iPr-CH3), 22.4 (s, iPr-

CH3), 21.5 (s, alkyl-C), 21.2 (s, alkyl-C), 20.4 (s, IPr-L-iPr-CH), 18.5 (s, alkyl-C), 18.3 (s, alkyl-

C), 17.1 (s, alkyl-C). 

29Si{1H} NMR (C6D6, 99 MHz, 298 K): δ = 11.0 (d, 2JSiP = 4.0 Hz, CH2-Si-(iPr)2). 

31P{1H} NMR (C6D6, 162 MHz, 298 K): δ = 89.0 (s, CH2-P-Ph).  
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NMR, MS, UV/vis spectra of the synthesized compounds 

 

Figure S1. 1H NMR spectrum (400 MHz, C6D6, 298K) of CyL(Cl)Sn:. * shows an unidentified impurity. 

 

Figure S2. 13C NMR spectrum (400 MHz, C6D6, 298K) of CyL(Cl)Sn:. 
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Figure S3. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of CyL(Cl)Sn:. 

 

Figure S4. 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of CyL(Cl)Sn:. 
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Figure S5. LIFDI-MS of CyL(Cl)Sn:, Top found MS for [CyL(Cl)Sn:]+. Bottom. Calculated MS spectrum of [CyL(Cl)Sn:]+. 

 

Figure S6. 1H NMR spectrum (400 MHz, C6D6, 298K) of 1b-H. * shows an unidentified impurity. 
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Figure S7. 13C NMR spectrum (400 MHz, C6D6, 298K) of 1b-H. 

 

Figure S8. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of 1b-H. 
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Figure S9. 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of 1b-H. 

 

Figure S10. LIFDI-MS of 1b-H, Top found MS for [PhLSn]+. Bottom. Calculated MS spectrum of [PhLSn]+. 
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Figure S11. 1H NMR spectrum (400 MHz, C6D6, 298K) of 1a-Ph. 

 

Figure S12. 13C NMR spectrum (400 MHz, C6D6, 298K) of 1a-Ph. 
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Figure S13. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of 1a-Ph. 

 

Figure S14. 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of 1a-Ph. * marks PhLH. 
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Figure S15. LIFDI-MS of 1a-Ph, Top found MS for [PhL(Ph)Sn:]+. Bottom. Calculated MS spectrum of [PhL(Ph)Sn:]+. 

 

Figure S16. 1H NMR spectrum (400 MHz, C6D6, 298K) of 1a-CF3. 
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Figure S17. 13C NMR spectrum (400 MHz, C6D6, 298K) of 1a-CF3. 

 

Figure S18. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of 1a-CF3. 
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Figure S19. 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of 1a-CF3. * marks PhLH, # shows unidentified impurity. 

 

Figure S20. LIFDI-MS of 1a-CF3, Top found MS for [PhLSn[m-(CF3)2-Ph]]+. Bottom. Calculated MS spectrum of [PhL[m-

(CF3)2-Ph]Sn:]+. 
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Figure S21. 1H NMR spectrum (400 MHz, C6D6, 298K) of 1a-pBP. * shows unidentified impurity. 

 

Figure S22. 13C NMR spectrum (400 MHz, C6D6, 298K) of 1a-pBP. 
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Figure S23. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of 1a-pBP. 

 

Figure S24. 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of 1a-pBP. * marks PhLH, # shows unidentified impurity. 
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Figure S25. LIFDI-MS of 1a-oBP, Top found MS for [PhLSn(p-BPh)]+. Bottom. Calculated MS spectrum of [Ph(p-BPh)LSn:]+. 

 

Figure S26. 1H NMR spectrum (400 MHz, C6D6, 298K) of 1a-oBP. 
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Figure S27. 13C NMR spectrum (400 MHz, C6D6, 298K) of 1a-oBP. 

 

Figure S28. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of 1a-oBP. 
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Figure S29. 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of 1a-oBP. * marks PhLH. 

 

Figure S30. LIFDI-MS of 1a-oBP, Top found MS for [PhL(o-BPh)Sn]+. Bottom. Calculated MS spectrum of [PhL(o-BPh)Sn]+. 
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Figure S31. 1H NMR spectrum (400 MHz, C6D6, 298K) of 1b-Ph. 

 

Figure S32. 13C NMR spectrum (400 MHz, C6D6, 298K) of 1b-Ph. 
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Figure S33. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of 1b-Ph. 

 

Figure S34. 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of 1b-Ph. 
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Figure S35. LIFDI-MS of 1b-Ph, Top found MS for [PhL(Ph)Sn:]+. Bottom. Calculated MS spectrum of [PhL(Ph)Sn:]+. 

 

Figure S36. 1H NMR spectrum (400 MHz, C6D6, 298K) of 2-Ph. 
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Figure S37. 13C NMR spectrum (400 MHz, C6D6, 298K) of 2-Ph. 

 

Figure S38. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of 2-Ph. 
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Figure S39. 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of 2-Ph. * marks PhLH. 

 
Figure S40. 119Sn{1H} NMR spectrum (C6D6, 298K) of 2-Ph. 
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Figure S41. LIFDI-MS of 2-Ph, Top found MS for [{PhL(Ph)Sn}·Ni·IPr]+ Bottom. Calculated MS spectrum of 

[{PhL(Ph)Sn}·Ni·IPr]+. 
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Figure S42. UV-Vis spectrum of 2-Ph in toluene (1.0x10-4 M) at ambient temperature. 
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Figure S43. 1H NMR spectrum (400 MHz, C6D6, 298K) of 2-CF3. 

 

Figure S44. 13C NMR spectrum (400 MHz, C6D6, 298K) of 2-CF3. 
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Figure S45. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of 2-CF3. 

 

Figure S46. 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of 2-CF3. * marks PhLH. 
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Figure S47. LIFDI-MS of 2-CF3, Top found MS for [PhL(m-(CF3)2-Ph)Sn·Ni·IPr]+ Bottom Calculated MS spectrum of [PhL(m-

(CF3)2-Ph)Sn·Ni·IPr]+. 

 

Figure S48. UV-Vis spectrum of 2-CF3 in toluene (1.0x10-4 M) at ambient temperature. 
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Figure S49. 31P NMR spectrum for the reaction between a mixture of 1-CF3, IPr, and Ni(cod)2, leading to a ~2:1 mixture of 

3 (25.4 ppm) and 2-CF3 (18.8 ppm). 

 

Figure S50. 1H NMR spectrum (400 MHz, C6D6, 298K) of 2-pBP. 
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Figure S51. 13C NMR spectrum (400 MHz, C6D6, 298K) of 2-pBP. 

 

Figure S52. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of 2-pBP. 
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Figure S53. 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of 2-pBP. * marks PhLH. 

 

Figure S54. LIFDI-MS of 2-pBP, Top found MS for [PhL(p-BPh)Sn·Ni·IPr]+ Bottom. Calculated MS spectrum of [PhL(p-

BPh)Sn·Ni·IPr]+. 
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Figure S55. UV-Vis spectrum of 2-pBP in toluene (0.5x10-4 M) at ambient temperature. 

 

Figure S56. 1H NMR spectrum (400 MHz, C6D6, 298K) of 3. *marks unidentified impurities. 
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Figure S57. 13C NMR spectrum (400 MHz, C6D6, 298K) of 3. 

 

Figure S58. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of 3. 
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Figure S59. 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of 3. * marks PhLH. 

 

 

Figure S60. 1H NMR spectrum (400 MHz, C6D6, 298K) of 4. # marks free cod and * marks toluene. 
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Figure S61. 13C NMR spectrum (400 MHz, C6D6, 298K) of 4. # shows unidentified impurity. 

 

 

Figure S62 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of 4. # marks PhLH. 
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Figure S63. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of 4. 

 

Figure S64: UV-Vis spectrum of 4 in toluene (1.0x10-4 M) at ambient temperature. 
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Figure S65. LIFDI-MS of 4, Top found MS for [PhL(o-BPh)Sn·Ni]+ Bottom. Calculated MS spectrum of [PhL(o-BPh)Sn·Ni]+. 

 

Figure S66. 1H NMR spectrum (400 MHz, C6D6, 298K) of 5. # marks an unknown spezies. 
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Figure S67. 13C NMR spectrum (400 MHz, C6D6, 298K) of 5. # marks an unknown spezies. 

 

Figure S68. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of 5. 
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Figure S69. 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of 5. * marks the unknown species 5 reacts to and # marks 7. 

 

Figure S70. LIFDI-MS of 5, Top found MS for [PhLSn(μ-H)Ni·IPr]+ Bottom. Calculated MS spectrum of [PhLSn(μ-H)Ni·IPr]+. 
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Figure S71. 1H NMR spectrum (400 MHz, C6D6, 298K) of 6. 

 

Figure S72. 13C NMR spectrum (400 MHz, C6D6, 298K) of 6. 
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Figure S73. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of 6. 

 

Figure S74. 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of 6. 
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Figure S75. 119Sn{1H} NMR spectrum (C6D6, 298K) of 2-Ph. 

 

 

 

Figure S76. LIFDI-MS of 6, Top found MS for [CyLSn(μ-H)Ni·IPr]+ Bottom. Calculated MS spectrum of [CyLSn(μ-H)Ni·IPr]+. 
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Figure S77. 1H NMR spectrum (400 MHz, C6D6, 298K) of 7. # marks the unknown species and * marks IPr. 

                                                         
        

 
  
 

 
  
 

 
  
 

 
 
  
 

 
 
  
 

 
  
 

 
 
  
 

 
 
  
 

 
 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

   

 

 

 
 



60 
 

 

Figure S78. 13C NMR spectrum (400 MHz, C6D6, 298K) of 7. # marks impurities. 

 

Figure S79. 29Si{1H} NMR spectrum (99 MHz, C6D6, 298K) of 7. 
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Figure S80. 31P{1H} NMR spectrum (162 MHz, C6D6, 298K) of 7. #marks PhLH. 
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3. Analysis of reactions leading to PhL(H)Sn·Ni·IPr, 5. 

 

When pressurizing 2-Ph, 2-CF3, or 2-pBP (30.0 mg) in C6D6 with H2 (1.5 bar), after 16h the 

same single species is observed for all three starting compounds via 31P{1H} NMR 

spectroscopy (see Figure S79). Conducting the same experiment with D2 leads to the same 

compound as evidenced by 31P{1H} NMR spectroscopy, but now with a clear and equal 2JPD 

coupling (Figure S80). 

 

 

 

Figure S81. 31P{1H} NMR spectra (162 MHz, C6D6, 298K) of 2-Ph, -pBP, -CF3 pressurized with H2 after 16 h. 
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Figure S82. 31P{1H} NMR spectra (162 MHz, toluene-d8, 298K) of 2-Ph, 2-pBP, 2-CF3 pressurized with D2 after 16 h. A 
shows 5 at -14.93 ppm and B shows the unidentified species A reacts to over time. 

 

 

For more in depth comparison, additional samples were prepared in toluene-d8, and VT-NMR 

spectroscopic data was collected, again for all compounds (i.e. 2-Ph, 2-CF3, 2-pBP; 30.0 

mg). First, 1H NMR and 31P NMR spectra again confirm the same species is made in all cases 

(Figures S81 and S82). No discernable differences are observed for the corresponding 

species generated from D2 at -60 °C (Figure S83). Finally, no high-field signals are observed 

at -60 °C for the reaction with H2 (Figures S84-S86), indicating that a terminal Ni-H is likely 

not formed. 
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Figure S83. 1H NMR spectra (400 MHz, toluene-d8, 213K) of 2-Ph, -pBP, -CF3 pressurized with H2 after 16 h. 

 

Figure S84. 31P{1H} NMR spectra (162 MHz, toluene-d8, 213K) of 2-Ph, 2-pBP, 2-CF3 pressurized with H2 after 16 h. 5 is 

seen at -14.93 ppm, # shows educt, and * shows PhLH. 
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Figure S85. 1H NMR spectra (162 MHz, toluene-d8, 213K) of 2-Ph, 2-pBP, 2-CF3 pressurized with D2 after 16 h, measured 
at -60 °C. 

 

Figure S86. 1H NMR spectrum (400 MHz, toluene-d8, 213K) of 2-Ph pressurized with H2 after 16h, measured at -60 °C. 
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Figure S87. 1H NMR spectrum (400 MHz, toluene-d8, 213K) of 2-CF3 pressurized with H2 after 16h, measured at -60 °C. 

 

Figure S88. 1H NMR spectrum (400 MHz, toluene-d8, 213K) of 2-pBP pressurized with H2 after 16h, measured at -60 °C. 

                                                                   
        

 
1  NM  at   0   

                                                                   
        

 
1  NM  at   0   



67 
 

No crystalline material could be obtained from these reactions. We therefore utilised (a) high-

res mass spectroscopy to identify the species formed following H2 activation, and (b) 19F 

NMR and mass spectroscopies to identify the eliminated aryl fragment using, both using 

compound 2-CF3.  

 

(a) Firstly, a sample of 2-CF3 (20.0 mg, 15.  μmol) was treated with H2 pressure (1.5 bar) in 

C6D6 according to general method, and analysed by LIFDI-MS after 5 h. Three clear species 

are observed: 2-CF3 (1267.4368 m/z), [2-CF3 - (C6H5) - (C8H3F6)] (977.3737 m/z; viz. 7) and 

[2-CF3 - (C8H3F6) + H] (1055.4262 m/z; viz. 5) (Figure S89). Prolonging the reaction time up 

to 16 h lead to the same result besides the full conversion of 2-CF3. This suggests Ar-H 

elimination. 

 

(b) Following the above, the quantitative formation of m-(CF3)2-C6H4D/H through reaction of 

2-CF3 with D2/H2 was shown. Two independent samples of 2-CF3 (20.0 mg, 15.  μmol) were 

dissolved in toluene (0.5 mL) and treated with D2 or H2 pressure (1.5 bar) in J-Young NMR 

tubes. 19F NMR analysis indicated the clean formation of m-(CF3)2-C6H3D or m-(CF3)2-C6H4, 

but comparison with a commercial sample (Figure S90). 

 

Both protonation and deuteration of the aryl was then confirmed using mass spectroscopy. 

The above described samples were quenched with H2O (for the D2 reaction) and D2O (for 

the H2 reaction), filtered over neutral Al2O3. Analysis by GC-MS clearly shows that the sample 

generated from D2 contains m-(CF3)2-C6H3D, whilst the sample generated from H2 contains 

m-(CF3)2-C6H4 (Figure S91 and Figure S92). 
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Figure S89. LIFDI-MS of 2-CF3 reacting with H2 for 5 h. A shows [2-CF3 - (C6H5) - (C8H3F6)] (i.e. 7) at 977.3737 m/z, B 

shows [2-CF3 - (C8H3F6) + H] (i.e. 5) at 1055.4262 m/z, and C shows 2-CF3 at 1267.4368 m/z. 

 

Figure S90. 19F NMR spectra (376 MHz, toluene-h8, 298K) of Top: 2-CF3 + D2; Bottom: m-(CF3)2-Ph. 
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Figure S91. GC-MS spectrum (1.832-1.849 min retention time) of 2-CF3 pressurized with D2 in toluene-h8, after 16h 

quenched with H2O. m-(CF3)2-Ph-D can be identified as the pattern at 215.0 m/z. 

 

Figure S92. GC-MS spectrum (1.832-1.849 min retention time) of 2-CF3 pressurized with H2 in toluene-d8, after 16h 

quenched with D2O. m-(CF3)2-Ph-H can be identified as the pattern at 214.0 m/z. 

 

The above data, indicating the loss of Ar-H, and the observation of the LIFDI-MS spectrum 

of reaction mixtures (Figure S89) aligns with the common product being PhLSn(μ-H)Ni·IPr 5. 

With this, we re-assessed 1H NMR spectra of reactions between compounds 2 and H2/D2. 

This shows the absence of the hydride when pressurized with D2. A shouldered doublet with 

a large J-coupling can be observed in solutions of 5 generated from H2 at 2.12 ppm. This is 

absent in the reaction using D2 (Figure S93). 
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Figure S93. Top (black): 1H NMR spectrum (400 MHz, C6D6, 298K) of 2-Ph pressurized with D2 after 16h according to the 
general method.  

Bottom (blue): 1H NMR spectrum (400 MHz, C6D6, 298K) of 2-Ph pressurized with H2 after 16h according to the general 
method.  

Inset: superimposed spectra at the region of the metal hydride. 

 

 

To further confirm this, compound 5 was directly accessed through the addition of our 

previously reported SnII hydride compound PhL(H)Sn: (50.0 mg, 0.82 mmol, 1.00 eq.) to 

IPr·Ni·(η6-toluene) (44.3 mg, 0.82 mmol, 1.00 eq.). This leads to a species identical to that 

formed through hydrogenation of compounds 2 (i.e. 5; Figure S94 and S95). We note that 

the H2 activation route is a more selective route than this hydride addition pathway. 

 

Finally, as no crystal of structure of 5 could be obtained in our hands, the novel complex 

CyLSn(μ-H)Ni·IPr (6) was synthesized through the addition of CyL(H)Sn: (139 mg, 0.22 mmol, 

1.00 eq.) to IPr·Ni·(η6-toluene) (121 mg, 0.22 mmol, 1.00 eq.), affording crystals suitable for 

SC-XRD. Importantly, 5 and 6 both exhibit similar hydride signals and J-coupling values in 

the 1H NMR, centred at 2.13 (2JPH = 39.8 Hz) and 3.33 ppm (2JPH = 27.1 Hz), respectively. 

This supports that compound 5 has a bridging hydride ligand (i.e. Sn-(μ-H)-Ni) as seen in 6. 
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Figure S94. A: 1H NMR spectrum (400 MHz, C6D6, 298K) of 2-Ph pressurized with H2 after 16h according to the general 
method. B: 1H NMR spectrum (400 MHz, C6D6, 298K) of 5 sythesized via Method B. # marks toluene.  

 

 

Figure S95. 31P{1H} NMR spectra (162 MHz, C6D6, 298K) of 5. Top: 2-Ph pressurized with H2 after 16 h according to the 
general method. Bottom: reaction of PhL(H)Sn: and IPr·Ni·(η6-toluene) (Methode B). * marks the species 5 reacts to over 

time and # shows PhLH.  
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4. X-ray crystallographic details 

 

Single crystals of 1a-Ph, 1a-CF3, 1b-Ph, 1b-pBP, 2-Ph, 2-pBP, 3-CF3, 4, 6, and 7 suitable 

for X-ray structural analysis were mounted in perfluoroalkyl ether oil on a nylon loop and 

positioned in a 150 K cold N2 gas stream. Data collection was performed with a STOE 

StadiVari diffractometer (MoKα radiation) equipped with a DECTRIS PILATUS 300K 

detector. Structures were solved by Direct Methods (SHELXS-97),[10] or using SHELXT-16,[11] 

and refined by full-matrix least-squares calculations against F2 (SHELXL-2018).[12] The 

positions of the hydrogen atoms were calculated and refined using a riding model. All non-

hydrogen atoms were treated with anisotropic displacement parameters. Crystal data, details 

of data collections, and refinements for all structures can be found in their CIF files, which 

are available free of charge via www.ccdc.cam.ac.uk/data_request/cif, and are summarized 

in Table S1 and S2.  

 

Table S1. Summary of X-ray crystallographic data for compounds 1a-Ph, 1a-CF3, 1b-Ph, 1b-pBP and 2-Ph. 

 1a-Ph 1a-CF3 1b-Ph 1b-pBP 2-Ph 

empirical form. C37H48NPSiSn C39H46F6NPSiSn C37H60NPSiSn 
C43H64NPSiSn, 

0.5(C4H10O) 
C64H84N3NiPSiSn 

formula wt 684.51 820.52 696.61 809.76 1131.80 

crystal syst. orthorhombic monoclinic triclinic monoclinic monoclinic 

space group Pbca P21/n P1 P21/n P21/c 

a (Å) 12.140(2) 13.802(3) 10.302(2) 15.824(3) 45.000(9) 

b (Å) 15.050(3) 15.016(3) 11.250(2) 17.408(4) 13.690(3) 

c (Å) 38.530(8) 19.310(4) 16.905(3) 17.563(4) 21.360(4) 

α (deg.) 90 90 79.85(3) 90 90 

 () 90 106.58(3) 80.12(3) 111.74(3) 92.60(3) 

γ (deg.) 90 90 74.86(3) 90 90 

vol (Å3) 7040(2) 3835.7(15) 1845.4(7) 4493.8(18) 13145(5) 

Z 8 4 2 4 8 

ρ(calc) (g.cm-3) 1.292 1.421 1.254   1.197 1.144 

μ (mm-1) 0.830 0.796 0.793 0.661 0.745 

F(000) 2848 1680 736 1716 4768 

T (K) 150(2) 150(2) 150(2) 150(2) 150(2) 

reflns collect. 45522 46271 18204 53775 83694 

unique reflns 6905 7516 11432 8837 12891 

Rint 0.0603 0.0243 0.0559 0.0279 0.0951 

R1 [I>2σ(I)] 0.0665 0.0488 0.0367 0.0683 0.0520 

wR2 (all data) 0.1945 0.1363 0.0784 0.1793 0.1350 

CCDC No. 2492619 2492620 2492621 2492622 2492623 
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Table S2. Summary of X-ray crystallographic data for compounds 2-pBP, 3-CF3, 4, 6, and 7. 

 

 

Figure S96. The molecular structure of 1a-Ph, with thermal ellipsoids at 30% probability, and H atoms omitted for clarity. 

 2-pBP 3-CF3 4 6 7 

empirical form. C80H112N3NiPSiSn 
C78H92F12N2NiP2

Si2Sn2 
C51H64NNiPSiSn C58H92N3NiPSiSn 

C77H112N4Ni2P2Si2
Sn2 

formula wt 1352.18 1699.74 927.49 1067.80 1566.62 

crystal syst. triclinic trigonal tetragonal monoclinic monoclinic 

space group P-1 R-3c P1 P21/n P21/c 

a (Å) 12.840(3) 33.475(5) 28.920(4) 12.766(3) 16.051(3) 

b (Å) 13.880(3) 33.475(5) 28.920(4) 19.113(4) 26.835(5) 

c (Å) 21.998(4) 43.630(9) 11.610(2) 23.772(5) 19.363(4) 

α (deg.) 84.37(3) 90 90 90 90 

 () 81.89(3) 90 90 93.27(3) 97.22(3) 

γ (deg.) 77.88(3) 120 90 90 90 

vol (Å3) 3785.3(14) 42341(15) 9710(3) 5791(2) 8274(3) 

Z 2 18 8 4 4 

ρ(calc) (g.cm-3) 1.186 1.200 1.269   1.225 1.258 

μ (mm-1) 0.658 0.844 0.992 0.842 1.152 

F(000) 1440 15624 3872 2272 3264 

T (K) 150(2) 150(2) 150(2) 150(2) 150(2) 

reflns collect. 50602 55017 69769 78166 106166 

unique reflns 14872 9242 9541 11378 16230 

Rint 0.0981 0.0423 0.0366 0.0224 0.0423 

R1 [I>2σ(I)] 0.0658 0.0458 0.0342 0.0295 0.0618 

wR2 (all data) 0.1802 0.1206 0.0861 0.0704 0.1656 

CCDC No. 2492624 2492625 2492626 2492627 2492628 
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Figure S97. The molecular structure of 1a-CF3, with thermal ellipsoids at 30% probability, and hydrogen atoms omitted for 

clarity. 

 

 

Figure S98. The molecular structure of 1b-Ph, with thermal ellipsoids at 30% probability, and hydrogen atoms omitted for 

clarity. 
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Figure S99. The molecular structure of 1b-pBP, with thermal ellipsoids at 30% probability, and hydrogen atoms omitted for 

clarity. 

 

 

Figure S100. The molecular structure of 2-pBP, with thermal ellipsoids at 30% probability, and hydrogen atoms omitted for 

clarity. 
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5. Computational methods and details 

Computational Methods 

We carried out all density functional theory (DFT) calculations with Gaussian 16[10] at the 

BP86-D3(SMD=Benzene)/def2-TZVP//B97-D3/def2-SVP[11–13] level of theory. To correct the 

Gibbs free energies from gas phase standard state to liquid phase standard state, an energy 

correction of 1.89 kcal/mol was applied to all the computed energies considering 298 K as 

reaction temperature.[14] Harmonic vibrational frequency calculations confirmed that the 

transition states had only one imaginary frequency, and the reactants, products and 

intermediates were local minima with no imaginary frequency. Intrinsic reaction coordinate 

(IRC) calculations validated the identified transition state structures and confirmed their 

connections to the associated minima. We performed Natural Bond Orbital (NBO) analysis 

using the NBO utility program (version 3.1)[15] in Gaussian 16. To generate molecular orbital 

surfaces, we employed an isovalue of 0.03 in Avogadro software (version 1.2.0)[16,17]. Time-

dependent density functional theory (TD-DFT) excited state singlepoint calculations were 

performed at BP86-D3(SMD=Benzene)/def2-TZVP level of theory on DFT-optimized 

structures.  

 

Optimized Structures 

 

Figure S101. Optimized geometries for complexes 2-Ph, 4, 5, 7’ and 7. Hydrogen atoms are omitted for clarity, except for 

complex 5 due to the presence of an important bridging Sn∙∙ ∙∙Ni coordination. Color code: C – gray, Sn – teal, N – blue, 

Ni – green, P – orange. 
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Electronic Structure Analysis 

Table S3. Calculated bond length [Å], NPA, Wiberg Bond Index (WBI), and Mayer Bond Order (MBO) in complex 

2-Ph. 

 roperty      

 ond lengt  [Å]  Ni Sn 2.40  

N   c arge Ni Sn  0.  2 2.12  

Wiberg  ond Index  Ni Sn 0. 3  

Mayer  ond Order  Ni Sn 1.023 

 

Table S4. Calculated bond length [Å], NPA, WBI, and MBO in complex 4. 

 roperty  omplex 4 

 ond lengt  [Å]  Ni Sn 2.401 

N   c arge Ni Sn  0.  2 1. 3  

Wiberg  ond Index  Ni Sn 0. 45 

Mayer  ond Order  Ni Sn 1.051 

 

Table S5. Calculated bond length [Å], NPA, WBI, and MBO in complex 5. 

 roperty  omplex   

 ond lengt  [Å]  Ni Sn 2.50  

N   c arge Ni Sn  0. 12 1.0 3 

Wiberg  ond Index  Ni Sn  0.501 

Mayer  ond Order  Ni Sn  0.5   

 

Table S6. Calculated bond length [Å], NPA, WBI, and MBO in complex 7’. 

 roperty  omplex 7’ 

 ond lengt  [Å]  Ni Sn 2.42  

N   c arge Ni Sn  0. 4  1.1 4 

Wiberg  ond Index  Ni Sn 0.534 

Mayer  ond Order  Ni Sn 0.    

  

Table S7. Calculated bond length [Å], NPA, WBI, and MBO in complex 7. 

 roperty  omplex 7 

 ond lengt  [Å]  Ni Sn 2.5   (2.5 0) 

N   c arge Ni Sn  1.441 1.111 ( 0.32  1.135) 

Wiberg  ond Index  Ni Sn 0.530 (0.50 ) 

Mayer  ond Order  Ni Sn 0. 15 (0. 3 ) 
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HOMO-LUMO Analysis 

 

Figure S102. Lowest unoccupied molecular orbital (LUMO) of complexes 3-Ph, 4, 5, 7’ and 7. Orbital energies: 3-Ph: -2.383 

eV, complex 4: -2.465 eV, complex 5: -2.295 eV, complex 7’: -2.337 eV, and complex 7: -3.066 eV. 

 

Figure S103. Highest occupied molecular orbital (HOMO) of complexes 3-Ph, 4, 5, 7’ and 7. Orbital energies (eV): 3-Ph: -

3.812 eV, complex 4: -4.076 eV, complex 5: -3.989 eV, complex 7’: -3.926 eV, and complex 7: -3.932 eV. 
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Natural Bond Order (NBO) Analysis 

Table S8. NBO analysis of the Ni-Sn moiety of complex 2-Ph. 

Alpha 

orbitals 
Occupation Atom Polarization s-character 

p-

character 
d-character 

Bond 1.81 
Ni 19.79% 33.47% 63.74% 2.78% 

P 80.21% 38.22% 61.68% 0.10% 

Bond 1.87 
Ni 17.89% 40.09% 54.94% 4.96% 

C 82.11% 49.54% 50.43% 0.02% 

Lone Pair 1.87 Ni 19.42% 22.28% 76.51% 1.20% 

Lone Pair 1.98 Sn 80.58% 93.12% 6.83% 0.03% 

Lone Pair 1.97 Ni - 0.39% 0.02% 99.60% 

Lone Pair 1.95 Ni - 0.63% 0.07% 99.30% 

Lone Pair 1.94 Ni - 0.15% 0.29% 99.56% 

Lone Pair 1.87 Ni - 2.03% 1.51% 96.46% 

Empty 

Orbital 
1.78 Ni - 0.43% 2.49% 97.08% 

Empty 

Orbital 
0.04 Ni - 0.56% 96.07% 3.36% 

Empty 

Orbital 
0.32 Sn - 5.29% 94.62% 0.04% 

Empty 

Orbital 
0.27 Sn - 2.18% 97.67% 0.12% 

Empty 

Orbital 
0.18 Sn - 0.49% 99.11% 0.34% 

 

Table S9. NBO analysis of the Ni-Sn moiety of complex 4. 

Alpha 

orbitals 
Occupation Atom Polarization s-character 

p-

character 
d-character 

Bond 1.83 

Ni 24.52% 24.01% 75.10% 0.89% 

Sn 75.48% 93.78% 6.15% 0.06% 

Bond 1.78 

Ni 22.67% 18.61% 79.20% 2.18% 

P 77.33% 37.82% 62.06% 0.12% 

Lone Pair 1.97 Ni - 0.03% 0.01% 99.95% 

Lone Pair 1.95 Ni - 0.02% 0.30% 99.68% 

Lone Pair 1.87 Ni - 0.02% 1.96% 98.03% 

Lone Pair 1.81 Ni - 0.03% 0.11% 99.85% 
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Lone Pair 1.75 Ni - 0.15% 1.78% 98.06% 

Empty 

Orbital 
0.28 Ni - 0.85% 96.06% 3.09% 

Empty 

Orbital 
0.23 Ni - 56.04% 43.71% 0.25% 

Empty 

Orbital 
0.31 Sn - 1.36% 98.55% 0.06% 

Empty 

Orbital 
0.29 Sn - 4.41% 95.39% 0.14% 

Empty 

Orbital 
0.20 Sn - 1.38% 98.28% 0.29% 

 

Table S10. NBO analysis of the Ni-Sn moiety of complex 5. 

Alpha 

orbitals 
Occupation Atom Polarization s-character p-character d-character 

Bond 1.88 
Ni 20.29% 32.75% 61.85% 5.40% 

C 79.71% 49.41% 50.57% 0.02% 

Bond 1.81 
Ni 22.08% 35.46% 61.72% 2.82% 

P 77.92% 38.08% 61.80% 0.10% 

Bond 1.62 
Ni 28.84% 29.46% 65.35% 5.19% 

H 71.16% 99.96% 0.04% 0.00% 

Lone Pair 1.93 Sn - 89.54% 10.45% 0.01% 

Lone Pair 1.97 Ni - 0.19% 0.09% 99.71% 

Lone Pair 1.95 Ni - 1.08% 0.26% 98.66% 

Lone Pair 1.94 Ni - 0.14% 0.11% 99.75% 

Lone Pair 1.84 Ni - 0.19% 0.31% 99.50% 

Lone Pair 1.74 Ni - 0.59% 8.87% 90.53% 

Empty 

Orbital 
0.48 Sn - 9.44% 90.40% 0.12% 

Empty 

Orbital 
0.27 Sn - 0.03% 99.79% 0.13% 

Empty 

Orbital 
0.22 Sn - 1.94% 97.83% 0.17% 

Empty 

Orbital 
0.06 Ni - 0.19% 97.12% 2.69% 
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Table S11. NBO analysis of the Ni-Sn moiety of complex 7’. 

Alpha 

orbitals 
Occupation Atom Polarization s-character p-character d-character 

Bond 1.84 
Ni 18.64% 47.60% 45.15% 7.24% 

C 81.36% 48.49% 51.46% 0.04% 

Bond 1.70 
Ni 28.64% 32.59% 59.19% 8.21% 

P 71.36% 17.63% 82.08% 0.27% 

Lone Pair 1.98 Ni - 0.13% 0.14% 99.73% 

Lone Pair 1.97 Ni - 0.16% 0.09% 99.75% 

Lone Pair 1.94 Ni - 0.01% 0.15% 99.83% 

Lone Pair 1.85 Ni - 0.56% 0.40% 99.04% 

Lone Pair 1.77 Ni - 9.75% 3.98% 86.27% 

Lone Pair 1.91 Sn - 93.71% 6.28% 0.01% 

Empty 

Orbital 
0.19 Ni - 8.74% 89.47% 1.79% 

Empty 

Orbital 
0.04 Ni - 0.37% 97.42% 2.20% 

Empty 

Orbital 
0.43 Sn - 6.12% 93.84% 0.03% 

Empty 

Orbital 
0.25 Sn - 0.72% 99.12% 0.13% 

Empty 

Orbital 
0.19 Sn - 1.73% 98.02% 0.20% 

 

Table S12. NBO analysis of the Ni-Sn moiety of complex 7. 

Alpha 

orbitals 
Occupation Atom Polarization s-character p-character d-character 

Bond 1.61 
Ni 26.07% 29.53% 67.67% 2.80% 

P 73.93% 44.66% 55.06% 0.26% 

Bond 1.62 
Ni 26.55% 30.50% 66.50% 3.00% 

P 73.45% 43.72% 56.00% 0.27% 

Bond 1.90 
Ni 24.58% 47.55% 21.55% 30.90% 

C 75.42% 46.89% 53.07% 0.03% 

Bond 1.73 
Ni 30.44% 16.05% 50.79% 33.17% 

P 69.56% 10.42% 89.30% 0.27% 

Bond 1.74 
Ni 31.16% 15.12% 50.63% 34.24% 

P 68.84% 11.35% 88.38% 0.26% 

Lone Pair 1.90 Sn - 91.64% 8.35% 0.01% 

Lone Pair 1.97 Ni - 0.10% 0.08% 99.82% 
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Lone Pair 1.95 Ni - 0.01% 0.08% 99.91% 

Lone Pair 1.95 Ni - 0.21% 0.01% 99.77% 

Lone Pair 1.89 Ni - 0.00% 3.96% 96.04% 

Lone Pair 1.78 Ni - 1.40% 0.37% 98.23% 

Lone Pair 1.98 Ni - 0.77% 0.21% 99.01% 

Lone Pair 1.95 Ni - 0.01% 0.00% 99.99% 

Lone Pair 1.94 Ni - 0.00% 0.13% 99.86% 

Lone Pair 1.86 Ni - 0.01% 0.14% 99.86% 

Lone Pair 1.90 Sn - 92.25% 7.74% 0.01% 

Lone Pair 0.50 Sn - 7.84% 92.04% 0.09% 

Empty 

Orbital 
0.27 Sn - 0.82% 99.03% 0.13% 

Empty 

Orbital 
0.18 Sn - 1.73% 97.95% 0.24% 

Empty 

Orbital 
0.82 Ni - 37.70% 59.91% 2.39% 

Empty 

Orbital 
0.12 Ni - 0.00% 98.67% 1.32% 

Empty 

Orbital 
0.31 Ni - 20.46% 75.74% 3.80% 

Empty 

Orbital 
0.03 Ni - 0.01% 99.04% 0.94% 

Empty 

Orbital 
0.49 Sn - 7.67% 92.23% 0.08% 

Empty 

Orbital 
0.26 Sn - 0.79% 99.09% 0.10% 

Empty 

Orbital 
0.17 Sn - 1.69% 97.97% 0.25% 
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Calculated Pathway for Stannylene H2 Activation 

 

Figure S104. DFT-derived Gibbs free energy reaction profile for H2 activation of complex 2-Ph. TS and INT denote transition 

state and intermediates, respectively. 

 

 

Calculated Pathway for Benzene Elimination  

 

Figure S105. DFT-derived Gibbs free energy reaction profile for benzene elimination from complex 5, yielding complex 7, 

and complex 5 hydrogenation reaction towards stannylene-hydride formation (shown by the reaction coordinate in the 

dotted, red colored line). TS and INT denote transition state and intermediates, respectively. 
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Optimized Cartesian Coordinates of Reactants, Intermediates, Transition States, and Product  

 

Table S13. Cartesian geometry of complex 2-Ph in Figure S104 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

   0.13204 2. 1505 1.1   2 

   0.22    2.002   2.2 3 5 

   0. 3 41 2.445   3.50342 

   1.151   3.      3.  20  

   1.0 0   4.   2.5 52  

   0.54   4.24  3 1.351 5 

P 0.425 2 0.2  1  1.   3 

Ni 1.0112   0.0 435  0.0204  

  2. 2 2   0.044    0. 4 3  

N 3.5 2 2  1.02  1  1.1  41 

  4.   4   0.532 3  1.  51  

  4.43    0.  555  2.11  2 

N 3.1 043 1.0 444  1.551 2 

  3.35     2.43145  0.  15 

  2.  4 4  3.2252   2.0 01  

  2.  33   4. 1 2   1.   2  

  3.11 2   5.1 24   0. 2235 

  3.45221  4.3 4   0.4   1 

  3.5   5  2.   0.321 3 

  2.4     2.311 4  1. 3531 

  1.5  15 2.40 15  2. 21   

  0. 2 14 3. 455   3.023 5 

  1.1 0  4. 3  4  2.1 04  

  2.0  33 4. 143   1.1131  

  2. 4  1 3.3  2   0.  02 

  2. 0  3  2.5  1   3.4204  

  3.1 54   3.350 4  4. 23   

  3.       2.045   1.4     

  3.5 0   2. 45 3 2.  11  

  1.30  1.220 4  3. 45   

  2.40143 1.0   2  4. 2 03 

  3.  15  3.2 2 5 0.25324 

  3.2 34  3. 2441 1.5 5  

  1.  2   0.34 4  3.2  5  

  3.02333 0. 3  2 2.   24 

  4.0 1   0.    1 3.  52  

  3. 0 03 0. 200  5.1222  

  2.   1  0.113   5.54 4  

  1. 040   0.01 1  4. 3 44 

   0. 4223  0. 114 2.  321 

Si  1. 415   1. 33 5 1.5244  

   0.30 2   2.  44  0. 2    

   0.5 111  3.  1    0.51025 

   3.0 113  2. 1431 2.4  4 

   2. 4343  3.201   3. 401  

N  2.52 1  1.024   0.23   

   3. 2  1  0. 34 4 0.13 1  

   4.  01   1. 3     0.      

    .0 2 3  1.41 45  0. 1531 
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    . 1503  0.41 1   0.1 511 

   5.  45  0.3   3 0. 0 45 

   4.5   4 0.1  4  0.  405 

   3.  3 4  2.  45   1. 3 3  

   3.40505  2.0423  2. 2  5 

   3. 134  1.120 5 1. 05   

   4.0     0.    1 3.2 3   

   3.52     4.1 22  1. 3254 

Sn  1.1 00  0.12252  0.  43  

   2.5   2 1. 1551  1. 150  

   3. 3253 1.53 3   2.0112  

   4. 2 0  2. 424   2.3 2   

   4.1 02  3. 4223  2.3512  

   2. 4    4.13204  1.  04  

   2.05 4  3.0255   1. 2353 

   4. 1 3   3. 0 2   1.  23 

   4.0  2  2. 0    1.534 3 

  0.1 10   3.  50  1.  3 2 

  1.0 50   2.454    3.52 21 

  5.35 3   1.55  1.434   

   0.0     1.245 5  4.40024 

  5.12 31 3.  001  0.1  53 

   0.  2   1. 50  4.35 25 

   1.55 11  0.222 1 3.400   

   0.30 52  1.4  3  3.4 3 1 

   2. 3  0. 44   1. 053  

  3.14 0  1.0 251 1. 004  

  0.51214  2.2344  0. 4 4  

  5.0323  1.5 223  2. 22  

   3.0  03  3.0100   1.04 34 

    . 42    2.034   1. 1  3 

  2.2 512 5.4 425  0.45254 

    .4 1   1.1  33 1.2 215 

   3. 5  1  2.2151  2.454   

  5.5231   1.1 1 5  2.1 204 

   1.54  5 4.1141  4. 3204 

   1.00  2 3.1  3  1.34542 

  1.354 4 0.31 22  3.10241 

  3. 232 2.1  0  0.435 3 

  0.3021  2.5 1 5 0.24 13 

  0.335 4  4.1 013  0.  001 

   0. 11   2.  0   1.2 342 

   1.3 101  4.4   3  0.4123 

  0. 3  3  0.404 4 4.  335 

   5.145 4 0. 50   3.5443  

   3.4 002 1.41022 3. 5253 

   3. 5  2  0.2  4  3.50    

   3. 0 2 2.  5 5 0.4 40  

   3.42155 3.23 4  2.15 4 

   5.13    2.  534 1.  12  

    .   3   0.25 34  0.2 331 

   3.5 423  3. 2105 4.451 4 

   2.5342  2.2 42  4.511 1 

   1. 5222  3. 5    4.03 1  

   2.4122  5.144    1.  511 
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  2.40 24 1.  45   5.4 5 1 

  2.211   0.20  2  5.4   3 

  3.412 3 0.       4.3 2  

   4.3     0.53  3  2.0254  

  5.050 5 1.3 14  3.42  3 

  3.22 3   1.1     1.35123 

   0.5  2   4.      2.0 2 5 

  0.424    3.51113 2. 54 4 

  1.11205  4.50 12 1.53  4 

  0.  4   5.  5    2.35 05 

   0.    4 1.40 5   3.  11  

   0.2 3 1 0.2   1  4. 0 5  

   0.1 3 3 2.042    5.1  2  

   4.21  3  1. 224   3.55 2  

   2. 4444  2.   0   3.52 2  

   2. 02    1.20     2. 054  

   1.3 2 3 5. 2243 2. 115  

   5.2 2 5  4.354    1.0 014 

   4.1  3   4.  2    2.4  2  

   5. 4 11  3.  2    2.    5 

  3.02     1.5 00   3.4403  

  0.20451 3. 52 5  3. 44   

   2. 1 2   4. 501 1. 050  

   3. 2  1  3.  521 0.   04 

   4.4011   4.  524 2.23 4  

   5.      2.4 1    2.  322 

   0.4     4. 432  0.503 4 

   4. 1 5  4. 0532  2. 2 3  

  2.525    0.1 0 1  . 0144 

  4. 3  4 0. 220  5. 3  5 

  4.0234  3. 3203 2.3   1 

  2.314 3 3.51 5  1.  525 

  3.1     5.025   1.4 053 

  5.03552 4. 5452  0.40 1  

  5.5123 3.3 41   1.102 4 

  5.   51 3. 4 4  0. 111  

  2.5 522  5.2 2 3  2. 1  1 

  3. 245   4. 1 3  1.454   

  2.5320   2.  404 2. 2001 

  3. 2     1.    1 3. 4  1 

  4.24513  3.50221 3.10 25 

  3.0325   .2 1 2  0.4 42  

   .05 5   2.41 5  1.51 22 

  5.55  4  0.   2  2.2     

  5.5      1.01 3 0.4 522 

  4.2  32  3.45 1   4.53 44 

  2.   2   2. 0401  5.5 425 

  2.  205  4.3  4   4. 2 3  

  0.5  01  3.44  3  3.50  4 

  0.  32   1. 4     4.4 3 3 

  0.  4    1. 5 3   2.  21  

 

Table S14. Cartesian geometry of complex 5 in Figure S104 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

  4.   44  1.310 4  0.02  5 
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  4.2 52   0.02     0.3  03 

  5.1255  0. 23    1.02 02 

   .4 2   0.5 51  1.2 313 

   .  532  0. 5102  0.  3 5 

   .15341  1.5 4    0.2 1   

N 2. 1 55 0.30 14  0.11 05 

Sn 1.4  54  0.3 3 3  1.550   

Ni  0. 3135 0.24553  0.32  5 

   2.45453 0. 1  3  0.5     

N  3.2  4  1. 5543  0.14 2  

   4.5 015 1.4 4    0.5 01  

   4. 2 41 0.3342   1.304  

N  3.32 25  0.1 3 3  1.2     

   2. 55 5 2.  115 0.40 03 

   2.2504  3. 5 53  0.4 041 

   1. 05 2 5.0   0.052  

   1.    5 5.321  1.431   

   2.3 3   4.33 1  2.2     

   2. 0   3.0 422 1. 033  

   2.  441  1.32215  2.0 324 

   3.2 34  2. 24    1.   5  

   2. 30    3. 12 1  2.45245 

   1.    2  3.51  3  3.550   

   1. 0 03  2.21 35  3. 1 35 

   2.0 4   1.0 2 2  3.20 04 

   2.23 1 3. 331   1.      

   0. 4 5  3.  133  2. 10   

   3.32225 2.022 5 2. 5014 

   4.  24  2.42031 3.3 443 

   4.1  13  2.  1 3  0.4   2 

   5.5 52  3.31     0. 3  1 

   1. 5    0.32103  3.  333 

   0.5505  0.4144   4. 3201 

  4.545   2.254    1.4  25 

  5.5425 3.422    1.45 41 

  3.   4   2.3 5 0.54 3  

  3. 51    3.5 224  0.4323 

P  0.140 4  1.0 505 1.2 115 

  1.2      0.53523 2.33  3 

Si 2.3     0. 131  1.4 132 

  3. 2003 1.0   1 2.5     

  4. 5322 2.3 3 2 2.2  04 

  0.213 1  2. 3 35 0.  0   

   0.0   4  3.2 42   0.44   

  0.11 01  4. 315  0. 005  

  0.5  3   5.551 3 0.15222 

  0.  11   5.11  2 1.4 1 2 

  0.   21  3.  1   1. 12 4 

   1.44  2  1.3 301 2.5 103 

   1.14  1  1.  203 3. 11   

   2.1  42  2.0 0 2 4. 23 3 

   3.524 2  1. 4342 4.4304  

   3. 30 3  1.54044 3.1201  

   2.  5 5  1.25 0  2.21432 

   3.3212  4.4 04  2.   34 
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   2.2 5 2 1. 55 3 3. 031  

   3.5 2 4  3. 2 04 0.4 2   

   3.00244 0. 4 3  4.35 43 

  1.1 53  2.32 1  1.40  1 

  0.    5 2. 41   2. 01   

  1.5  2  3.3  5  0.3  55 

  3.   1 0. 041  4.0  25 

  3. 12 4 2.11  2  2.    1 

  4.34  1  2.   2  1. 4123 

  0.124   1.24523  1.303   

  0.  501  3.44 11 2. 4251 

  1. 1     1.404  2. 4302 

  0.  20   0.0 1   3.2  5  

  2.       1. 4 13 0.  35  

   3.01 2   0. 20   1.1 22  

  0.220  1.  2 2 1.0 01  

   5.450 5  0.1 2    1. 2 43 

  3. 1 5  2.4  2   0.    5 

   .13015 1.32  5  1. 533  

   3.12 34  4. 33   2.1  54 

   .55545  2.5 3    0.00 4  

  4.5 031 0.23  1 2.25 1  

   5.3 01  2.223 2  0.34105 

  1.22  5  5. 33  2.213   

   1.504 1 0. 0 4   2.  42  

   4.2 4    1. 3    0.0 541 

   0.4 535  2.5      1.1 5   

  0.  2 3 4.1 3 0.340  

  1. 4 55 2.  401  0. 3  5 

  2.53 45 3.  1  0. 1 5  

   0.100   1.      4.24152 

  5.34 33  3.34    1. 05   

  3. 3432  3. 11 5 2.35155 

  4.413 3  2.01  1 2. 544  

  3.3  5   3.221  1.4124  

  3.04345  4.32 1   0.03 21 

  4. 2 54  4.0 1   0. 134  

   .054 5  0.   23  1.0   2 

  4. 1532 0.   53 4.  15  

  3.231    0.0  31 4.33    

  2.  2 5 1.   4  4.4 0   

   3.310 2 0.3 2    5.24 54 

   2.  013 1.  34  4.   02 

   3.  5 1 0.       3.  41  

   4.  033  1.43253 2. 023  

   3.5012  1.114 3 2.1435  

  1. 0 1 3.4 253 3.15041 

  0. 2 11 2.1   2 3.5 2 4 

  0.1  1 3.   0  2.  5 5 

   1. 2  4  4.3   5  4.132  

  0.35335  0.055   4.1  1 

   0.310   1.4  1  4. 2    

   0. 3     0.0   4  5. 1505 

  4.   2 1. 50    3. 4 25 

  3.41    3.0 0   3.2015  
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  3.14    1.30 13  2. 0 55 

  0. 2      . 0  1  0.1225  

   .0323  3.51 41  0.4  34 

  5.021 2 4.3      1.   24 

   .34342 3.30 35  2.220   

   2.4   3 2.5 13  2.1 423 

   0. 5133  2.0 34   4.      

  4.04535 3.2 013 2.54 2  

  4.   4  2.4 141 1.1 0   

  5. 1105 2.45215 2. 2 11 

   0.10  3  4. 54    1. 2 31 

   1. 2 55  2.3  22 5. 523  

   4.3311   2.15 14 5.14    

   4.1  52  4.01 0  1.3     

   2.54     3. 35 2 0.  04  

   3.51244  4. 3113 0.0153  

   5.55     4.2 22  1.5045  

    .05     2.55 52  1.5  43 

    .2 3 4  3.4   1  0.0 41  

   1.40  3 5. 524   0. 21 

   2.400  4.52    3.3 043 

   1.32 4  1.3422  3.30 45 

   2. 1    0. 1323 4.4311  

   2.032   2.51123 4.4 1  

   1.51  2  .2 4 4 1. 35   

   4.5554  3.323   4.0315  

   5.041 5 1.5  04 4.0355  

   5.43221 2. 411  2. 2 15 

   4.32 4 4.2 2 3  2.2 1  

   3.3523  4.2   2  3.   5 

   3.125 2 5.5 4    2.53  4 

   0.4 222 4. 045   2.4 431 

   0.  103 3. 5 1   3. 01   

   0.10 1 3.1 5  2.14  4 

 

Table S15. Cartesian geometry of INT1 (14.4 kcal/mol) in Figure S104 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

   2. 15    1. 1  2 3.0 42  

   3.1 33   1.0 10  1. 241  

   3.   42 0.1 4 5 2.03  5 

   4.1 4 4 0. 2    3.3301  

   3.   0   0.12405 4.4     

   3.1 4 1  1.3351  4.33302 

N  2.    2  1. 5523 0. 23   

   2.212 5  1.1 411  0.4313  

N  2.515    2.0   4  1.445   

   3.42 4  3.0   1  1.0330  

   3. 22 3  2.  4   0.2 11  

Ni  1.002   0.2 0 3  0. 534  

P  0.5  0  2.13  3 0.3   

   1.5  15 3.5 045  0.31  4 

   1.34 5 4. 150  0.004   

   2.10  5 5. 3     0.5  3  

   3.10 43 5. 25    1.523 

   3.35001 4.2 25   1. 5 4 
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   2.5   1 3.2 34   1.252 2 

   2.0 3    1.  551  2. 131  

   0.       2. 0     3.2 4   

   0.5 44   2.553 3  4. 24   

   1.2  5  1.  3 5  5.4  2  

   2.3 42  0.  4    4.   02 

   2. 0     1.0 2    3. 5  5 

   0.203 3  3. 43 3  2.3505  

  1.2     3. 10 3  2.  504 

   4.0120   0.3054   3.1354  

   5.30 0   1.12153  3.31 41 

   4.32 4  0. 544  0. 0 54 

   5.51325 0.25    0.1102  

   2.00 35  3.10 21 2.    4 

   0.  14  2. 541  3. 2    

  1.1115  2. 1532 0.4 022 

Si 2.434 3 2.24 4   0. 2 23 

  1. 5125 2.21153  2.4 5   

  0. 3  2 3.513    2.  25  

N 2.    3 0.5 315  0.20 3  

Sn 1.1 315  0.  33   0.51022 

  1. 31 3  2.5  3  0.540   

  0. 2 1  3.52532 0.  254 

  1.2442  4. 0 52 1.34 55 

  2.5 145  5.1  5  1.50    

  3. 0 3   4.25    1.1   5 

  3.2 121  2.   5 0. 0 44 

  3.   1  0.24 41 0.4 5   

  3.  24  0.10414 1. 1 44 

  5.1 153  0.24 35 2.5  31 

   .3     0.4 125 1. 5 5  

   .35 3   0.34  3 0.4 012 

  5.1     0.00253  0.233 5 

  2. 2 53 0.313   2. 5  3 

  2.43  2  0.   4  3.  534 

  5.1 1   0.04 01  1. 55 1 

   .4    0.4  45  2.3   3 

  4. 0 4   1.30345  2.330   

  2.  3   1. 1 0  3.5  4 

  4.0003  3.34 1   0. 12   

  3. 2 3  4.  34   1.3     

  4.4 1 1 3. 0245 0. 32   

   1.01 12 2.1311 2.1   4 

   0. 25   0. 42   2.  131 

   0. 52 2 0.      4.2 5 5 

   1.31435 2.010 4 4.    5 

   1. 5 33 3.1 105 4.2  53 

   1.500   3.2453 2.  3   

   0. 0 52  5.0 1 4  2.33532 

   4.15125 1.0  4   3.    2 

   4.  3   2.41522 1.104   

   2.   11  4.325 2 3.4 50  

  2.5414  1.   3   3. 01   

   1.04525 1.15423  2.1 0   

   1.34532 0.403 3  2.3 1 3 
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  0.2 115  3.1121   5.00    

   4.3   4  3.2 225 0.    1 

   1. 5  3 4.1 423 2.3 3 1 

  1.4  2  2.  3 1 1.4  0  

  1.02 05 4.01 53 0.422   

  1.   5 0.40 5  2.04 5  

   2.   1  2.20     1.5055  

  0. 51   1.4555   2.302 3 

  4.40003 0.       2.03   

   .2 44   0.53 45  0.104 1 

   4. 10 2 1.5 11  3.45053 

  5.1 2 4  0.35401 3.   13 

  4.   44 2.  2 2  1.121   

   3.  055  3. 5234  1. 04   

   2.03 34 4.05 05 4. 354  

   0.13444  3.24   0. 52  

   1.   1   3.2 4   1. 0    

   3.454   0. 41   0.110  

   0.404 3 0.05  2 2.30    

  1.  0   1. 55 5  4.5   4 

  2.  2   0. 2 31  3.3  4 

  3.45  1 2.2 03  3. 53 1 

   0.551 1 5.1 505 0. 153  

  3. 05 4 1.5  2  4.33501 

  1. 3 01 1.  255 4.1102  

  2.   25 2.4 443 2. 3 5 

  2.353   1. 25 5 3.0 5 1 

  1.4  34  0. 25 3 4.2343  

  3.24303  1.023 4 4.42  5 

   .2 23   0. 44   2.3   3 

  5.3   2 4.21  3 0. 4   

  4.   25 2.  024 1.3 312 

  3.  35  4.1 041 1.411 4 

  0.43 22  5.5214  1.5 524 

   3.05  5  4.220   4.5 011 

   2.201 2  5.254 3 3.3 2 3 

   3. 4 15  4.4 10  2. 2 35 

  4.0  21  2.2 1   0.4 514 

   4.12 31 4.024    2.5 3 3 

   3. 51    0.15    2.04  3 

  0.30 23 3. 2     2.0 10  

  0.2  01 3.335 3  3. 511  

  1. 54   4.30522  3.1 44  

   4.15204 0.24 05 5.4   1 

   0.0 3    2.121 5 3.31024 

   0.05  2  3.  154 3. 3 2 

   0. 3342  2. 5    4. 0 54 

  5.40 34  2.11     2.0502  

  4. 402   1.2  4   3.43    

  3. 04 5  1.5  2   1. 4053 

   1.4245  1.  51   .0 13  

   . 4 22 1.455 4  1. 512  

   .3 24  0. 41   3.4 03  

   .304    0.25205  2.24  4 

   0.31452  3.2300   1.32 5 
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   2. 2 11  1. 1404 5.2304  

  2.   22 5.2 454  0.  033 

  3. 5 5 4.5145  2.4 0   

  4. 311 5.312    1.2 245 

  4.  4 1  4.53   1.314 1 

   0. 11    0.041 4 4. 0 1  

  2. 5044   .1 414 1.      

   1. 05 1  .   15  0.323   

   3.  40   .42  2  1.   0  

   4.  52  2. 550  0.1 1   

   3. 553 2. 44   1. 1351 

   5.5 22  2.4 413 1. 3  5 

    .3 4   0.2220  0.  542 

   5.2  01  0.  1    0.1 35  

   5. 0 23 0. 1     0. 00 3 

   2. 350   0.2  53  5.  324 

   3.1     1. 5502  3. 1 05 

   4. 2 3  1.  0   3.22  1 

   4.4 31 1.03 15  4. 30   

   0.  431  1.5 53    .52 5  

   5.4 542  1.3234   4.3 42  

    .1 13   0.5   1  2. 141  

   5.253 5  2.0 55  2.  32  

   1.  3 5  5.0552   2.02 3  

   0.254 1  5. 03 5  1. 1    

   0. 4 52  5.52 3   3.340   

  1.50025  4.2500   3. 143  

  1. 33 2  4.241    1. 5343 

  1. 3 3   2.  4    2. 505  

 

Table S16. Cartesian geometry of INT2 (16.6 kcal/mol) in Figure S104 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

   3.  32  1.4 1    1.3  4  

   3.   0  0.1  44  0.   33 

   4.  4    0. 343   1.1 5 5 

   5.  3 1  0.5 205  2.14 2  

   5. 02   0. 0   2. 2 1  

   4. 151  1. 1  2  2.3405 

N  2. 3    0.101   0.13 5 

Si  2. 14   0.52 2  1. 5  2 

   1.3 0 1 2.002 3 1.  115 

P 0.2 5 1.  225 1.153   

Ni 1.114  0.1 523 0.31 23 

Sn  1.13 14  1.42514  0.  115 

   0. 4 0   0.11     2.50   

  0.1  51 0.    4  2. 0105 

  0.3 243 1.41344  3.  244 

   0.5 202 1.3431   4. 11 2 

   1. 1  3 0.55 54  4. 3 0  

   1. 1204  0.15  1  3.541 3 

   4. 0 01  2.244   0. 05   

   5. 5245  2. 2 04  0.02    

   2. 42   2. 4254  1.0 35  

   2.33 3 3.2  4   2.34  2 

  0.2  54 3.51222 0.0   2 
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  1.03    3.51212  1.1015  

  1.1 2  4.  2 1  1.   0  

  0.53 4  5.       1.44 3 

   0.2043  5.       0.253   

   0.32 1  4. 0  3 0.510 5 

  1.4353  2. 1  4 2.4 0  

  1.00534 3.3 0 4 3.5 4   

  1. 3 33 3.      4.4 4 4 

  3.310 3 3. 4 34 4.30  4 

  3. 4 5  2.   3  3.2043 

  2. 1505 2.3 223 2.2 01  

  2.304   1.212    0.00043 

N 3.3 1  1.2 34   0.    

  4.253    2.2   4  0.54  1 

  3. 410   2. 1  5 0.55  2 

N 2.53 25  2.2 342 0. 5 04 

  3.4  0   0.51144  2.0 42  

  2.   21  1.0010   3.2 3   

  3.12123  0.2   4  4.4 451 

  3. 20 1 0.  1 5  4.4 1   

  4.4 43  1.342 5  3.2 2 2 

  4.2     0.  0 4  2.0 4 2 

  1.  1 3  2.    2 1.  012 

  0.  1 1  3.  53  1. 044  

  0.23532  4.5 5 5 2. 5  3 

  0.1 03   3.  0 3 3. 1 2  

  0. 31   2. 4  1 4.14441 

  1.5 4 3  2.12 21 3.1320  

  1.  043  2.22413  3.254   

  0.  0    2.25244  4.42115 

  4. 504  1.143    0.   3  

   .42015 0.  012  0. 11 1 

  1.02242  4.    5 0.23    

   0.35  5  5.1  5   0.220   

  2.2 55   0.   0  3.35  

  3. 0     0. 215  3.4 0 4 

  2. 444   3.5543   3.2221 

  4. 3 1 2.   4   0.5  02 

  2.031    5. 4531 0.223 1 

  1. 23 4  0.014 4.55    

   1.  53  0. 2401 2.  554 

   2.11  2  0.3  01 4.43  2 

   4.333   1.20 05 2.2 123 

   5.322   0.0  35 2. 211  

   2.5 551  2.211 3 2. 30   

   4.0 1    3.25 5   1. 4 31 

   3. 313  3. 3 1   0.245   

   4.31434 2.2  1  3.3 5 4 

  0.0   5  0. 5404 1.03103 

   1.1 31  2.0453 3.0 3 3 

  2.1 243 1.1035   0.1  43 

   0.   4  4. 3    1.452 4 

   1. 0 3  2. 3  4 1. 2 5  

   2.104   2.20 2  0.5022  

  3.13453 1.  3   1.431  
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   0.   1   0. 0533 2. 4241 

  5.15 43  2.4  1   1.132  

   3.   23  2.2023  0.22 44 

    .3  55  1.3  11  2.44  4 

  5.0 35  2.25 2  3.2  4 

   5.000 3 2. 14 2  2. 015  

   4. 0 32 1.  534 1.342   

  4.11524  3. 4553 1.1 3 4 

   0.  1    . 0 1  0.0  2  

  0.  3 2 0. 1251  1. 001 

  1.3  4   2.155 2  2.31321 

  4.405   0.  5 5 0.0 2   

  1.533 3 2.5 3    1.41    

   2.224    2. 4153 3.4 0 2 

   2.32 0   2. 12   1. 3154 

   3. 01 4  2.1 2   2.   12 

   0.0 52  3.5 51  3. 1 45 

   4.4  04 4.1 2 3  0. 0  2 

   2. 24  4.5 44   0.02 2  

   4.031 1 3.35 5  0. 12 3 

   1. 325  2.52 23  2.  4 3 

   1.5  5  4.051    2.0  4  

   3.11  3 3.  332  2.  45 

    .5  25 0. 055   3.4 55  

   5.34053 2.    3 3.5     

   3.  3 2 3.1 3 2 3.0 5 2 

   3. 1  2 1.   5  4.33 3 

  1.2   1 2.02  2  4.003 2 

  3.3     3. 5552  4.12 5 

  2.03 2  4.40  5  3.2041  

  3.3  21  3. 4  2  2.334 3 

   2. 3  3  0. 4  2  3.4233  

  4. 205  2. 0031 3.05 21 

  2.04434  0.1 4   2.440 3 

   3.1 045  0.352   4. 5253 

   1.  2   0.5  3  4. 4415 

   1. 1021  1.124  5.1105  

  4.0   2 1.402 3  5.41 45 

  0.425   1.2 254  4.53    

  0.201   3.04022  4.2402 

  1.4 4 2  2.4   2  5.3 0 4 

   4.  1 2  3.34042  2.50 4 

   3.  543  4.2      1.2003  

   3.103   2.  11   2.05 1  

  0. 2  2  .   34  2.05045 

    .3 4    2.00531 0. 043  

   5. 2  4  3. 04 1 0.4 355 

    . 15 4  2.  412  0. 2402 

  1.3 014  3. 1  4  0.4  55 

  2. 50 1  0. 2 4   5.3  15 

   5.0 014  0.43303 3.5 13  

   5.3504   0.   42 1. 23   

    .355 5 0.4 40  2. 3 2  

   2.4 24 0.51 3   5.52  4 

  1. 450  4.  02   2. 012 
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   0.4133  1. 0 14  5. 453  

  1.5 55  4.4     5.345   

  4.03 5  4.04 13 5.0322  

  5.24 0  2.  05 0.3  3  

  3.  404 3.0014   0. 44 5 

  5.4122  3.21  1  1.3 0 1 

   .01131 1.113 1  1.54  

   .5040   0.42335  0.   5 

   .    4 0.   54 0.24242 

   0.311 5  5.5133  2.4  1  

  0. 501   2.2     5.12 15 

  0. 2  1 0.132 1 4.4 21  

  2.1  33 0.  3   4. 1 5  

  1. 35 3  0.53 13 5.51 12 

   0.3 3    4.443 2 4. 2 2  

  4.0 5 5  1.54 5  4.335 1 

  4.2 4   0.0  3  3.5 5   

  4.255  1.3  1  2.55 1  

  3.05 0   5.520   0.4     

  2.0 335   .31013  0.  323 

  1. 313   . 3041 0. 4 44 

   0. 1 33   .02    0.3   5 

   0.301    5.540    1.2  5  

   1.110    4.3  0   0.1 2   

 

Table S17. Cartesian geometry of INT4 (-4.3 kcal/mol) in Figure S104 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

   4.55201 1.3232  0. 3 52 

   3.  3 3 0.124   0. 15   

   4.2 41   1.1102  1.13 54 

   5.55  4  1.1434  1.  041 

    .32 0  0.01 45 1. 12 3 

   5. 0 3  1.243  1.4     

N  2.5 24  0.1 234  0.0 51  

Sn  0. 2 32 0. 2 44 1.2 053 

Ni 1.03 3   0.25423  0.302 1 

  2.10 45 1.1232  0.33    

N 2. 0335 2.1  32  0.3     

  3. 2503 2. 524  0.2 45 

  3.  444 2.220 4 1.4   5 

N 2. 2  4 1.1  1  1.51    

  2.140 4 2. 3 1   1.  50  

  1.5 2   3. 425   1. 53   

  1.31   4.45 32  3.03 52 

  1.540   3.  2 5  4.1 43  

  2.01435 2.3  5   4.0 0   

  2.32 4  1. 1432  2. 1  5 

  2. 0 2  0.34  1 2.    1 

  3.14     0.  112 2.   2  

  2. 4 04  1. 2    3. 50   

  2.2350   1.21335 4. 43 4 

  1. 030  0.0 03  4.  523 

  1.    2 0.  43  3. 5   

  1.2     4.  4 5  0.51 22 

   0.21111 5.1 25   0.4 4 1 
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  2. 2423 0.3  15  2. 0005 

  4.2 0   0.2  5   2.21543 

  3. 0  5  1.5153 1.4 44  

  5.3023   0.  045 1.32 04 

  1.32051 2.31 3  3. 33 3 

   0.0 4   2.43443 4.3 4   

   3.44 5   2.3 5 5 1.0  0  

   3.0 1 1  2. 44 5 2.51553 

   3.  30  2.  111 0.45 13 

   4.    1 3. 0 4   0.25 0  

P 0.124 5  2.1032   0.   4 

   1.4   2  2.112    1. 3344 

Si  2.3   1  0.404 3  1. 0 3  

   4.11032  0. 5 3   2.4 0 2 

   4.  2 5 0.   21  2.  30  

  1.2  2   3.02 12  2.0 132 

  2. 203   3.12  2  1.  22  

  3.5 32   3.  114  2.45 14 

  3.1  35  4.35     3.   2  

  1.  2 4  4.2 1 5  4.11 4  

  0. 0     3. 0404  3.3212  

   0.02 2   3.3331  0.4020  

  0.4014   2. 51  1.   05 

  0.3 5 4  3.      2. 44 3 

   0.0 42   5.1   2 2.51  5 

   0.50421  5.5 2   1.233 3 

   0.4  54  4. 4 54 0.1  1 

  2.1 1 4  .031    0.44055 

  2. 152   0.44  5  3.  21  

  4.043   3.0442  1.50 54 

  2.3003  3.3040  4.4052  

   1.1  4  0. 3 5   2.  4 2 

   1.1111  0.3 55   4.1  0  

   1.4  4  2.22 22  2.4 0   

   4.14522  1.  304  3. 53   

   4.1043   3.505   0.2 4   

   3.3 523 3.3  5  1. 0 33 

   0.5  1  2.35  2 0. 3   

   0.       4. 5 55  0. 31 1 

   2.122    2. 4     1.4  02 

   1.31     2.2 02   2. 14   

   2.50025  2.0  02 0.5 5   

  2. 143  2.  31   0. 1 0  

   0.1  1  0.53122  2.2152 

  4.44 1  2.3  5  2.332   

   3.1301  2.4 2    0.23205 

    .3 0   2.1  02 1. 2152 

  3.34 03  2. 5002 3. 00   

   5. 423   2.102   2.14523 

   4. 0151  1.0  1   1. 4 14 

  4.15 33 3.      0.14 11 

   0. 5 0    . 005  1.055 3 

  1.20  5 2. 11   2.    3 

  3.2  2   1.2333 0.5 0   

  0. 55    1. 1 25 1. 3 1  
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   0.  444 2.  54   3.0312  

   1.3 20  2.4 01   1.3  3  

   2.52 3  2.4 5   2.  444 

   0.134    3.54 12  3.  201 

   5.04 43  3. 512  0. 5 03 

   3.42 43  4.3 31  0.214 2 

   4.3551   3.1 5 1  0. 444  

   2.525 1  2.051 2 3.05    

   2.43 3   3. 4 3  2.4  5 

   3.      3.0 24  3.10 35 

    .31 0   0.02 11 2.3 3   

   5.1 25   1.  4 3  4.0353  

   3.   4   2.       3.353   

   3.52 0   1.32 4   4.5133  

  2.44 11 3.03 13 5.4 3 2 

  1. 0015 4.33 3  4.3 155 

  3.2  01 3.30  3 3. 2134 

  4. 1     3. 5 1   2.11123 

  2.1  12  0.0 514  1. 014  

   2.0  31 0.5 355  4.  432 

   0. 35 5  0.    2  4.35131 

   0.35044 1.01315  4.  03  

  2.0  4   1. 33 1 5. 41 1 

   0.  54  1.  02  3.   31 

   0.4  0  3.433 4 4.1     

   0.00 35 2.31 52 5.4     

   4.1    3. 0 4  2.43 35 

   2.  3   4.324 5 1.43 05 

   2. 53   2. 30  2.221   

   0.0  5   5. 144  3.34 1  

   5.4155 3.12401  1.14 33 

   4.45 1  4.53     0.5 4   

   5. 030  3. 1  4 0.40  4 

  1.4 153 4.15 0  0.3   

  1.1322 0.4   5 5. 5214 

   4.24 53 1.1  5  3. 2233 

   4.  115 1.3  2   2.02334 

   5. 31 2 0.52  1  3.1 14  

  0. 03 1  3.5 0   3. 4 4 

  1.55 23  4. 0331  5.0  4  

  3. 43 1  4.  151  4.314   

  4.54243  3.3   4 0.5 32 

  3.05 0   3.54 43 1.5   4 

  4.  305  3.3 435 2.35  5 

  5. 3  1  1.105 2 2.20 44 

  5.2514  0.23005 1.22  3 

  5. 0 5   1.2 45  0.422   

  0.   5  5.4 3    3.12 15 

  2.1533  1.    2  4.  023 

  1.555    0.444 4  4.2 24  

  2. 12 3  1.4      3.  545 

  3.235    0.0  0   4. 1141 

  1.31 45 4.11034  5.1   4 

  4.  1 1 0. 1 3   2. 5   

  4.55 55  0.       2.0 3 2 
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  4.44 4  0.  30   1.2452  

  3.25    5.       0.44 55 

  1.   2   . 04  0.4  0  

  2.001    . 1155  1.3002 

   0.514  5.    3  1.342  

   0.415 3 5.  1   0.44    

   0. 4343 4.2 413  0.4224  

 

Table S18. Cartesian geometry of product (-4.3 kcal/mol) in Figure S104 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

   2.5      2.155 2 2.1 104 

   1.2322   2.1233  2.532 3 

   0. 331   2. 311 3.    3 

   1.  43   3.1 504 4.  42  

   3.142    3.20  5 4.3152  

   3.54 4   2. 02 3 3.0 5 3 

P  0.0  5  1.44335 1.245 3 

  0.2 5 1  3.0320  0.340 4 

  0.0011   3.0 2 2  1.041  

  0.1 1   4.2 3    1. 4  4 

  0.5 5 4  5.45112  1.0  3  

  0. 55 4  5.4013  0.3054 

  0.  14   4.1     1.01021 

Ni  0. 04   0.10101  0.0212  

   2.50325 0. 3524  0.453 1 

N  3.2 40  1. 4    0.0 544 

   4.535 4 1. 23 5  0.54 22 

   4.5545  0. 4 3   1.50 4  

N  3.31444 0.20  3  1.44 5  

   2.  5   2. 42 3 0.  55  

   2.3  0  3.  323 0.44  1 

   1.  035 4.  252 1.350   

   1. 4 5  4. 45  2. 2  5 

   2.2 423 3.4 123 3.23012 

   2. 113  2.44 3  2.3    

   2. 2 5   0. 52    2.405 1 

   3.1      2.115   2.25  5 

   2. 035   3.0243  3.22  4 

   1.  3    2.5 22   4.2 40  

   1.5514   1.23 25  4.40323 

   2.02331  0.2 301  3.4 141 

   2.32 44 4.22 2   1.05  4 

   2. 4052 5.5 2 1  1.4  4  

   3.05 54 1.053 5 2.  141 

   2.44  5 0. 1 5  4.23 4 

   4.05 44  2.5 4 5  1.1131  

   3.5421   3.   3   0.4     

   1. 15 5 1.20253  3. 4    

   2. 04  1. 5     4.2 03  

Sn 1.1 0 3 0.2 0 3  1.3 0  

N 2. 53   0.35103  0.0    

Si 2.430   0.41    1. 31 1 

  1.1  5  1. 2405 1.  041 

  1.4135 3.13115 1.1   1 

  4.1 145 0.0  44  0.54232 
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  4.  0   1.1   5  1.01    

   .2 0   0. 405   1.4352  

   . 344   0.352 4  1.40254 

   .03 1   1.42205  0.  415 

  4. 0 21  1.2234  0.5545 

  4.3 3 2 2.5 214  1.111   

  3. 3 33 2.  41   2.45  2 

  3. 4 51  2.4223   0.1 322 

  4.3 44   3.13 43 1.0   2 

   0.  2 1 4.0   1  1.54155 

   4.5 12  0. 1 03 2.  542 

   5.52204  2. 414   1.5 4   

   0.43 3  1.4   1  4.4525  

  3.       3.3      1.353 4 

  5.3 43  3. 24    0.  201 

  1.4  4  1.13 44 2.2323  

  4.05 5  0.52 3  2. 34 4 

  3. 4  3 0.00243 4.0    

  4.      1. 331 2.5 423 

  1.02014 2.0 3 5 3.4     

  0.   13  4.1 31  2.0 544 

  2.11 3   2.03 5  2.2 54  

  1.1 54   0. 1 3  3.2 4 1 

  2. 3 42  2.03253 0.051 1 

   2.   22  1. 1  1.22 41 

  0.1  2  1.3  3  1.5 30  

   5.330 4 0.55 1   2.2211  

  3.5   4 2. 3541  0.31 5 

   . 10  1.    5  1.  21  

   2. 5  5  4.0 04   3.13 0  

   .452 4  2.44335  0.  34 

  4. 3 53  0.154   2.0 52  

   5.2 542 2.5 41   0.251 4 

  1.1  1    .30  5 0. 3 45 

   1.554   1. 002  2. 24   

   4.031 5  1. 005   0.33  5 

   0.3 4    2.1 024  1.55244 

  0.5  2  3. 454  1.3 331 

  1.4  0  2. 5 5  0.1052 

  2.35331 3. 2554 1.5224 

  0.22 4   2. 1251 4.0 115 

  5.3  13  3.5 333 0. 1 5  

  3.   25  3.  2 2 1.3  2  

  4.451    2.44223 1. 45   

  3.2 5 1  2.  132  2.233 2 

  3.02     4.23 13  1.0 2  

  4.   3   3. 253   1. 5    

   .  3    0.52  4  1. 22   

  4. 3 2  0.034   4.5 542 

  3.5 542  1.04 4  4.11  2 

  3.25143 0. 1022 4.  11 

   3.115  1.5 5    5.301   

   2.  34  3.03  2  4.3 0 4 

   3. 2    1. 5 3   3.    4 

   4. 1044  2. 2  5 2.   4  
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   2.5  4  0.3 12 2.13103 

  1. 415 2.53 5  3.  101 

  0. 1 21 1.15    4.045   

  0.1 4 3 2.   21 3.   34 

   1.521    3.31 2   5.0250  

  0.42    0.     4.0 1 4 

   0.1 53  2.55335  4.3 1  

   0.5 02  1.23013  5.52 35 

  4.34  5 2. 00 3  3.30   

  3.114   3. 43    2.50 5  

  2.    4 1.   15  2. 2331 

  0. 2 35   .3 4 3  1. 2 41 

  5. 235  3.5 2 4 0.0  04 

  4. 3413 4.    1  0. 34 3 

   .10 0  3.   44  1. 02 3 

   2. 1    3.42 0   1.55453 

   0. 11    0. 125  5.23 5 

  4.05 53 2.    2 3.1250  

  4. 00  2.2 005 1.54344 

  5.      1. 42 5 3.05    

   0.03 11  4.31 3   2. 2 35 

   1.4 03   3.55223 5. 5344 

   3.  5 5  3. 2 0  5.01131 

   4.1315   4.14  1 0.425 

   2.4  23  3. 12    0.1 15  

   3. 312   4. 55 3  1.1  1  

   5. 0    3.50 23  2.3 4 1 

   5. 220   1.   5   1.    3 

    .1 14   3.0540   0. 304  

   1.   34 5.  511 0.  4 3 

   2.23  1 3.2 1   4.31153 

   1.3520  0.  41  4.23 51 

   2. 3 0   0.345   4.4   3 

   2.   31 1.32  3 5.053   

   1. 241  5.53 25 3.4212 

   5.0 0 3 1.52  3 3.5 00  

   4. 0352  0.21243 3.22  1 

   5.033 5 0. 4511 1.  214 

   3.   44 5.  55   1.130   

   2. 4342 5. 5 52  2.5 2 5 

   2.3 2    .43544  1.0 2  

   0.21 44 4. 45 4  1.0  25 

   0. 10 4 4.1  04  2. 43   

   0.4 03  3.0 0    1.2 42  

  2.04  5  0. 042   2.  12 

 

Table S19. Cartesian geometry of H2 in Figure S104 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

  0 0 0 

  0 0 0.   3 2 

 

Table S20. Cartesian geometry of TS1 (20.6 kcal/mol) in Figure S104 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

   0. 241  1.4 5   2.  1 1 

   1.13  3 2.41  5 1. 44 3 



101 
 

   1.    5 3.5 312 2.435 3 

   1.   5  3.      3. 1    

   1.3315  2.  3 4 4. 31   

   0.   43 1. 2553 4.2500  

P  0.  40  2.0 04  0.14    

  0. 13 2 2. 354  0.0 0 5 

Si 2.1 034 2.1  42  1.11 54 

  1.24 4  1.  555  2. 54 1 

  1. 3 5  1.00155  3. 01 5 

N 2. 1    0. 452   0.3 024 

Sn 1.1   1  0. 3  1 0.150   

  2.2  31  2.55 0  0. 140  

  3.    2  2. 54 1 0. 3343 

  4.215    4.001   1.0   2 

  3.3 03   5.0  33 1.452 

  1.   21  4.  2 3 1.44 4  

  1.4415   3. 35 1.0  25 

  3.   2  0.5125  0.21 53 

  4.1  55 0.5 0 5 1. 404  

  5.4 1   0.41 01 2.1 553 

   .5  24 0.211   1.3545 

   .4120  0.14 32  0.035   

  5.13  4 0.2  03  0. 1  2 

  3.01 4  0.    3 2. 0    

  3.0 35 2.1 223 3.2 1   

  4. 5442 0.12003  2.121  

  4.5  02  1.33 5  2.45 54 

  3.   1 3.3      1.23 3  

  4.1 3 4 3.    1 0.1313  

  3.44322 4.534  2.21 

   .14432 0. 0543  2.  04  

  2. 2402  0.32 4  3.  253 

Ni  0.   53 0.00     0.4 1 3 

   2.235 3  1.3 50   0.1    

N  2. 32 5  1.  22  0. 4 23 

   3. 352   2. 5    0. 50 1 

   3.4  3.33     0.5424  

N  2.5 14   2.3  3   1.0     

   3.03     1.0054  2.1  4  

   3. 3131 0.1 3 4 2.1 153 

   4.03341 0. 0001 3.424 3 

   3.4   4 0.2 55  4. 04   

   2.  51   0.    1 4.55 45 

   2.4303  1.5244  3.332 1 

   2.22013  2.31 1   2.4  25 

   1.03  4  2. 4 3   2. 54 1 

   0. 5 34  2.  2    4.3335  

   1. 10 4  2.20 41  5.21 34 

   2.  15   1.5 12   4. 334  

   3.0   5  1. 0525  3.3 3 3 

   4.4  5 0. 14   0. 04 2 

   4.   52 2.1 2   0.  40  

   1.4 4   2. 1 45 3.2 33  

   2.0510   3. 41 3 4.02  4 

   0.103    3.  3   1.  14  
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   0.52  5  5.12 05  1.  312 

   4.332   0. 0451  2. 3 1 

   4. 53 1 0.3 12   3.5     

   1. 2345 3.31403  0. 5 43 

   1.  4 5 4. 131   0. 320  

   2.502   5.5  33  1.3535 

   3.4  4 5.0 5 5  2.21 5 

   3. 322  3.  543  2.35 42 

   2. 03 2 2. 12    1. 343  

  0. 2    3.14 45  3.3  03 

   5.  502  0.134   0.4 3  

   0.0 4 5  2.32 2 3. 121  

  1.3  0   3.5 4 4  2.4233  

   5.5505   1. 512   2. 4 3  

   0.054    0.45     1. 2   

   1.3  34 0.25     1.      

  0.1550   3.35 1  4. 201  

   4.242 1  3.40   1.53    

   2.22  4 4.2 4   1. 3 4  

  1.344 3 2. 3  2 1.10 4  

  0.    1 4.02213  0.0   

  2.0   2 0.  53  2.013 3 

   2.     1. 1  4  1. 4  2 

  0.3  1  1.2      2.35  2 

  4.0  5  0. 3115  2.405 2 

   .2 55   0.0252   0.  30  

   4. 2 03 1. 23   3.4 335 

  5. 0 51 0.4 25  3.2  22 

  4.52331 2. 52 3  1. 5 5  

   3. 5 22  4.1 515  1.11 54 

   2.41  4 4.   4  4.1 552 

  0.34551  3.5032  1.0 52  

   1.3 245  2.    2 2.21 2  

   3.  55  0. 2332 0.11 14 

   0.1   3 0.554 4 2.4  31 

  1.2515 0.       4. 50   

  2.23  3 0.023   3.3 153 

  2. 4  2 1.4  01  4.22 5  

   0.    4 5.1320  0.02  3 

  3.    2 2.2 5 4 3. 1 1 

  2.1 034 2.322 3 3. 231 

  3.0   2.   1 2.53314 

  2. 5 25  1.32 32 3.1  3  

  2.0313   0.1 33 4.304 5 

  3. 1203  0.331 3 4.32   

   .5   2 0.0   3 1.  53  

  5.043 4 4.55    0.01 3  

  4.4 215 3.0  04 0. 0 15 

  3.3   1 4.4 0   0. 3 55 

  1.3045   5. 101  1. 300  

   2.1 41   3. 2 3 5.10  2 

   1.35  5  4. 053  3. 44   

   3.033    4.24    3. 15 

  4.35    1. 3 13 0.4   2 

   4.3 0 1 3.2  1  3.043 3 
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   4.12252  0. 2 4   1.  2   

  0.1 03  3. 305   2. 1 22 

   0.2013  2.  0    4.0 45 

  1.3 04  3. 34 3  3.   1  

   3.  42  0.    4 5.5  22 

  0.31  3  1.4 10  3.22 2  

  0. 1  4  3.1  23 3. 25 1 

   0.13302  2.01 03 4.    

  5.4024   2.0320   2.1 5   

  4.3   2  1.4 132  3.543 4 

  3.  22   1. 4 5   1. 13   

   1.4005 3.0 0 3 5. 1502 

   .4305  1. 453   2.   1  

  5.   12 0.5 1 5  4.03  3 

   .042  0.0351   2. 2 24 

   0.200    3.13452  1.01  4 

   2.245 2  1.2 21  5.4 31  

  2.553   5.13432  1. 1 4  

  3.2 0   4.1      3.24 43 

  4.31235 5.22     2.22234 

  5.30 12  4.13    1.10 0  

   0.2  34 0.   24 4. 5135 

  3.   1    .0431 1. 35 3 

   2.3 41   .     1.245 3 

   4.131 1 5.  14   2.   5  

   5.1 30  2.55     0.0024  

   4.021 5 2. 242  1.32 0  

   5. 1   2.3505 1.  1 5 

    .4 314  0.10041 1.2 5 3 

   5.422    1.1  52 0.310   

    .122 5 0.2 1    0.45 0  

   3.414 2  1.02    5.43211 

   3. 5524 1.0303   3. 0334 

   5.431 2 0.   0   3.05534 

   5.04 0  0.1  42  4. 14   

   1.3  34  2.1  52   .2 015 

   5.   2   2.1 54   3.  124 

    .45015  1.33     2.44 44 

   5.3 535  2. 52 2  2.22    

   1.5 013  5.2021   1.3    

  0.152    5. 124   1.0311  

   0.4 024  5. 044  2. 1135 

  1.5 03  4.1 3 1  3.3441  

  2.0244   3.    5  1. 2 4  

  1.  103  2.53 1   2. 201  

 

Table S21. Cartesian geometry of TS2 (24.5 kcal/mol) in Figure S104 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

  0 0 0 

  0 0 1.43 01 

  1.2 412  0 2.11135 

  2.4 052  0.0 3  2 1.354 1  

  2.44 4 5 0.0    5  0.04451 

  1.215 2 0.040 42  0. 0    

N  1.220 1 0.0300  2.15 321 
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Si  1. 1423 1.44  32 3.0432 2 

   3.55344 1. 0534  2. 0 5 5 

   3.    1 3.2   4  3.2  004 

  1.40      0.1354  3. 2 404 

  2.324 5   1.30 45 4.025 0  

   1.2  1   0.0  25  0.  52  

   1.40 35 0.  540   1. 1005 

Sn  2.   42  1.55104 1. 35143 

   1.4 5   3.15 01 2. 0 22  

   0.11 32  3.24521 2.45  11 

  0.  0 5   4.3135  2. 00 22 

  0.13 5 2  5.30 1  3. 3  4  

   1.21 0   5.24    4.0 22   

   2.0210   4.1   2 3. 01 02 

Ni  3.34  5  1.  34  4. 030 5 

P  2.04532  0.4522 5.  555  

   1.5  0  1.1 52   4. 51 02 

   5.02 3   2. 3 0  4.  3  4 

N   .22 1   2.0 5 5 4.513 3 

    .312    2.      5.0      

    . 0 54  3. 0 3  5. 4     

N  5.42  2  3.  431 5.4414   

    .445    0. 224  3. 01 24 

    . 12   0.323444 4.34 513 

    .01 1  1.42002 3.5 00 5 

    .21 02 1.2   34 2.1 2    

    .  3 3 0.042    1.55   1 

    . 103   1.0 01  2.30034 

    .3   2 0.4 245  5. 431 5 

    . 04 1 0.504     . 2 014 

    .423    2.44 2  1. 2210  

    .0212   2.33 4  0.1433 2 

   4. 415   5.0 0 5 5.    3  

   4. 244    .0541 4. 5431  

   3. 52     .2 23  4. 1  45 

   3.31 12   .4 0    .1513   

   3.341     .4  4   .140 1  

   4.013   5.2     . 3045  

   5.3532   5. 5035 3.32  3  

   4.504     .23404 2.103 12 

   4.10     4.241 2  .04 3   

   5.02424  4. 5021  .1 0  4 

   0.4 023  1.1 534  .344 05 

   0.1 321  2.52433  .1012   

  0. 11532  3.143   . 0 133 

  1. 503   2.410 3  .5 255  

  1.4 2 25  1.04 12  .  0  3 

  0.3   4   0.42551  .1 3331 

   2. 50 2 0.0 1 0   .2 4225 

   2.4 2 1 1.23 00   .    02 

   3.0 001 1.5 2  3  .1 31 

   4.0     0.  401   . 1 04 

   4.4  3   0.3 2 3  .02 40  

   3.   1   0. 234   . 154   

    .  25    . 1 1  3.33 041 
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   2. 2 3   3. 21    .5 3344 

    .    2  3.323   1. 5423 

   5.52 03 1. 1  15  .15   4 

   0.5 0  2. 1     2.5   4 

   0. 3 2  3.4  3  1.1 5 13 

   0.4  33 4.03  13 3. 42    

  1. 43 22 1.134  5 4.31 0 3 

   1.4  15  1.4  3   1.3 51  

   3. 4  3 1. 2 352 1.222523 

   3. 2     0.  1  3.5 3 4 

   2.2 025 1. 450  5.41  32 

   3.05 1   2. 1 4 5. 4 215 

  0.1 20 4 0. 3  14  .3      

   0.55 03 1.441 53 5.2  554 

  0.3 2 52  0.35 34 4.01351  

   4.1  0   1. 131   .245 4  

   4.1 012 1.14  22 3.25     

    .2   1  4. 3505  .1 2  2 

   2.1205 0.121    0.0   

  1.1 2 05 0.042  5  1. 0    

   2. 403    .   01  .104 12 

  3.42  33 0.0 31   1.  44   

  0.43 121 2.4354 2.5212 1 

    .3342  2.3 5 2 4.   202 

  2.15230   0.4 12   .450  1 

  0.340443  2.4 5   1. 2 155 

   5.5 3 1  4.    4 3.23 312 

   4.5 3 3  3.345    . 13541 

   0. 502  3.0  55 5.4355 5 

   4.   12 2.22412  1.0   5  

   3. 4    0.  33 3 0. 52 4 

   3.2     2.413 31 0.5 4 41 

   1.  214 1.   05  .5 0 53 

  2.  2134 1.3 05 2 3. 4 0   

  2.01  1 0.  10  5.41423  

  1.31245  2.025243 4.14 234 

  1. 5  42  2.2   1 3. 3113  

  2.3 51 3  1.3 32  5.12 3 4 

  3.3 0 32  1.152 5 3. 5 43  

  3.3 0042 0.15315   0. 1334 

  0.3021   4.    25 3.35  12 

   0.1 0 3 3. 525 3 4. 4  22 

   1.42  1 4.5 3  1 3. 5 44  

  1. 3  25  4.3  24 2.5  10  

    .520 1   . 0 21 3.441  5 

    .24 15   .44 44 2.3  52  

    .344   .2 3  4.1 2 3  

   3.0  5   4.1 3 2 3. 52 0  

   5.30425  1.01     .42412  

   5. 04 4  0.402    .1 0042 

   3.40    4.102   2. 14 4  

   3.5 51  3.40 314 4.34 5   

   4.  3   3.4 43  3.240 0  

   2.  2 4   .4310   .33 3 3 

   3.5334  5. 0204 2.0   13 
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   5.04 51  5.  1 5 1.1 20 5 

   4.2       .324  2.0  25  

   0. 145   1. 3 23  2.115   

   2.4 0 4  1. 005   1. 532  

   1.4325  2.2 041  0.5  24 

  2. 145 1  2.  5   .0431  

   1.2 02  2.000502  1.51325 

   2.40    0. 335    2.3     

   0. 52   0. 155 1  2. 1042 

   5.5 134  2. 55 5 2.15 23  

   3. 213    .04233 4.1441  

   1. 100  4.02452  1.133    

   0. 4 51 2.   344 0.4200   

   0.04 55 4.214  5 0.  1221 

   1.  1 5   .015   4. 404 4 

  1.1112 2  4.20535  .4   02 

  0.  1121   .1341 4.0  1 5 

   2.  552 2.4 5  3  . 1340  

   4.5 5 5 1.051413 10.  55 

   2. 2 14  3.0223   .3353 5 

   2.0 4 3  3.42 25  . 5344 

   2.1 154  4.  2 4  .043 14 

   4. 0 3   5.  043  .  045  

    .03 03  5.00511  . 02 15 

   5.13545  3.  50   .       

    .120 3  0.0434  0.4 0   

    .1 0 1 2.3  105 4.03  52 

   4.5 15  1.     3 5. 032   

   5.2 0 1 1. 5 005  .2414 3 

    .04    2.  3052 5.  2    

    .53  5 2.144 1 1.5 24 2 

    .33112 1.3 24 1  .33120  

    .504   0.5 4    . 1 0 3 

    .2   2  0.41501  .45 53  

    . 4 1   3.535 4 2. 0 533 

    .53322  4.2  4 1.244    

    .55 4   2. 24   1.2  424 

    . 5 33  1.  552  0.4  1 

   5. 43 5  3.3420   0.241   

   5.1433   1.  5 4 0.0115   

 

Table S22. Cartesian geometry of TS3 (-2.8 kcal/mol) in Figure S104 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

  4.114 5  1.3152   1.5     

  3.   25  0.04     1.024  

  4. 13 3 1.0 4    1.33 34 

  5. 5552 0. 102   2.140   

   .1011  0.34 54  2. 5    

  5.2 1 5  1.444 1  2.3 1 3 

N 2.  31  0.11 13  0.1 44  

Si 2.  23   0.4021  1.4 4 3 

  1. 5 1  0.    5 2. 5033 

  2.02  2 0.51 2  4.13 14 

  4.2314 2.4 4    0. 410  

  5.424 3 3.324    0.3 4  
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  3.1  54  2.51 31  1.41504 

  2. 2    2.   3   2.  43  

Sn 0.  533 0. 544   1.1 43 

Ni  0.  5    0.0 50  0.413 4 

   2.302  1.0  31  0.153   

N  3.25 52 0.   4   1.145   

   4.2 1 1 1. 253   0.  43  

   3. 410  2.  201 0.0   

N  2. 3502 2.1 315 0.5 2 3 

   3.134   0.1001   2.2 15  

   3. 042   1.1 333  2.21 34 

   3. 0251  2.00    3.3 10  

   2. 4225  1.55415  4.5105  

   2.3 5    0.2  22  4.53 14 

   2.4534 0.5 5    3.42    

   1.  3 5 2. 0 5 1. 215  

   1.3  03 4.0 0 1 1.3253  

   0. 115  4. 325  2.3   4 

   0. 00 3 4.1551  3. 3 4  

   1.122 2 2.  4 4 3.  12  

   1. 10 3 2.1     2.    2 

   4.4302   1.  5   0.   32 

   5. 3344  1.335 3  1.041   

   1.  14 1.  342  3.4 5  

   0. 320  2.105 5  4.3 151 

   1.41  5 4.       0.0 441 

   0.002 4 4.   45  0.5 4   

   2.32 1  0. 51   3.10 3 

   3.   11 0.   14 3.1142  

P  0.02    1.    1 1.04    

  1. 5 5   2.00414 1.  3 5 

   1.13402  2.   34 2.30 1  

   2.51  2  2.4     2.13 3  

   3.4421   3.0  0  3.01  1 

   2.    2  3. 5 23 4.0  44 

   1. 0 14  4.05 14 4.2  0  

   0.  435  3.4 2   3.3   5 

   0.0 5    3.20 54  0.2 025 

   0. 303  2.  3    1.51  4 

   0.  3   3.  142  2.4 431 

   0.41   5.20 13  2.21 3  

  0.1304   5.53253  0.  3   

  0.2 55   4.53 33 0.011 2 

   2.33 5  5. 024   0.131 1 

   1. 3   0.0   5 4.34442 

   4.21442  3.1 21   0.  32 

   2. 204  3.03  5  3.  2  

  3.42  5 3.23101  1. 1  1 

  3.  521  3.  44   0.  302 

  4.4 23   0. 4 2  1.  55 

  5.3 1   0.3 54 2.2331  

  4. 0 03  1. 5 53 3.140   

  2.2 1 4 2.331  2.3     

  0.4 052 2.05303 0.0     

  0. 0 51  4. 0201 0.      
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  2.1  0   2. 0134 1.40542 

  1.5524   2.11  1 2.  221 

  2.34223  2.1 542  0. 050  

   2. 514   1. 50   1.3101 

  0.      0.   12 2.3   1 

   5.12  5 1.  23   1.  151 

  3.55  5 2.315 1 0.0235  

   .3 231 1.  054  2.3  2 

   4.03332  3.01 44  3.3441  

  5.521 3  2.42  3  2. 2002 

  4.  2    1.340   1.0 4 2 

   4.44 13 3.5253  0.5 5 5 

  0.42  5   .5 005  0. 43   

   1.531 3 2.23    2.440   

   4.003 2  1.10 5   0.111 4 

   0. 30    1. 420   1. 1  4 

  1.  2 5 3.02401 3.0  23 

  1.   3  2. 3 2  1.35  5 

  3.3  23 2.4  21 2.4 5 5 

  0.3 305  3. 4   3.53 5  

  4. 2     4.0 05   1.24154 

  3.154 1  4.5011   0.4   

  4.2 41  3.345 5 0.31 51 

  2.0523  2.1 2 1  3.25334 

  1. 4 12  3. 4 35  2. 23 1 

  3.434 4  3.2   1  3.4 0 3 

   .00541  0.4  35  3.2 434 

  5.  254  2.1205 3.33335 

  4.0 241  2. 0   2. 2    

  4.1  5   1.453   4.0 0   

   3.2 532 2. 2401  4. 1 0  

   2.4  0  4.05455  3.  513 

   3.   5 3.05234  3.20    

   4.52145  2. 12   2.  33  

   1. 5555 0.1 55  2.21  2 

  3.0  41 0. 05  4.45 05 

  1.   5   0.515  4.3 223 

  1.4400  1.20 22 4.  2   

   2.       2.20     5.3 3 5 

  0.12122 1.32 4   4.155 5 

   0.14 31 3.0 413  4.2520  

   0. 0 33 2.0241   5.4 414 

  4.03   3.3   2. 3211 

  3.0  2  4.221 2  1.5455  

  2.5243 2. 5 5   2.22   

   0.54  5  5.   4   2.  2 5 

   .0452  2.   14 0.3 0  

  5.0     4.2  41 0.0 31  

   .0     3. 115   1.21 13 

   1. 3515 3. 0241  0.  023 

   1. 34 3 0.05     5.44142 

  5.04 1  0. 412  3.14 54 

  5.30  2 1.103   1.3 414 

   .4312  0.11 43 2.3  44 

   1.213 1  3. 113   3.4 41  
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   1.243    4.  554 5.1223  

   3. 0  3  4.310   4.   5  

   4.  45   3.45 51 0.2    

   3.13  5  3.42 2   0. 5    

   4.  3 1  3. 0453  1.4  53 

    .410 2  1. 541  1.    5 

    .1023   0.24  4  1.1  03 

    .454    1. 54 1  0.114 3 

   0.252  5. 13 5 2.1 3   

   0.   2  2.41524 4.    4 

   0. 3342 0.0 0 4 4.31 51 

   2.0  4  0.  354 4.3 1   

   2.0     0.5 53  5.2 341 

   0.0 5   4.  22  4.444 2 

   4.2  35 1.2 40  3. 4 32 

   4.1  23  0.3 0  3.2 0   

   4.31234 1.04  4 2.1 0 2 

   3.3 41  5.  033 0.1   3 

   2.3  2   .3103   1.1 32  

   1.   03  . 0 34 0.5341 

  0.4 431 5. 0514 0.00  5 

   0.0424 5.335 2  1. 40 2 

  0. 4022 4.0 4 5  0.52 1  

 

Table S23. Cartesian geometry of TS4 (3.6 kcal/mol) in Figure S104 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

   1.13441  3.53  2 3.32  2 

   1.5324   2. 4 3  2.30 31 

   2.   5   2.2 5 5 2.21052 

   3. 4012  2. 124  3.0   2 

   3.43     3.   5  4.1125  

   2.0 232  4.054 1 4.22 02 

P  0.3   5  1. 0  2 1.0  53 

   0.2     3.30123  0.155 5 

  0.3004   4.55442 0.1425  

  0.3233   5.5 0    0. 2 25 

   0.2344   5.3452   2.0  3  

   0. 13 2  4.1002   2.3  12 

   0. 253  3.0 111  1.43344 

Ni  0.    1  0.0 4 1 0.0  41 

   2.1  42 1.2 13   0.32425 

N  2.53 04 2.453   0.310 5 

   3. 4 3  3.04 11  0.2  2  

   3.  54  2.2544   1.3 1   

N  3.0    1.20332  1.3 14  

   1.  2 2 3.0 21 1.43315 

   1.20 35 4.2 52  1.204   

   0. 03 4 4.  2 4 2.32 05 

   0. 33 3 4.444 2 3. 1425 

   1.43  2 3.1 34  3. 01 4 

   1.  541 2.4  2  2. 1 1 

   2.  421 0.203 5  2.4134  

   3.   25  1.0151   2.2501 

   3. 2 31  1. 541   3.2  4  

   2.  411  1.  223  4.45 4  
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   2.1 12   0.4      4.5  41 

   2.21 0  0.4 04  3.5 435 

   0.  421 4.   34  0.21 4  

   0. 31    .312    0.31442 

   2. 200  1.10014 2. 02   

   2.2  53 0.443 3 4.24 41 

   4.5032  1.2 423  0.  2   

   4.52 5   2.  4 3  0. 2241 

   1.4 41  1. 0     3. 3325 

   2.3  53 2. 351   4.2511  

Sn 0. 45   0.1  4  1.40251 

N 2. 3 21 0.0155  0.050 5 

Si 2.3 231  0.42 51 1. 3 31 

  1.42 0  0.  52  2.52  

  1.  4 2.3 55  2.11431 

  3. 13 1  0.0      0.  4  

  4. 0252 1.05551  0.      

  5.  512 0.  154  1.53254 

   .4   2  0.3 20   1. 1 0  

  5.       1.52003  1.5 325 

  4.40 2   1.3  32  1.03332 

  4.1     2.4  1   0. 5  4 

  4.0451  3.22 2   2.0 224 

  3.50 0   2. 25 3  0. 1203 

  4.1   4  3. 5513  0.3033  

  4.0    0. 0 24 2.415  

  3.  0    1. 3 5 3. 0 22 

  1.2  42  1. 5 55 1. 25 2 

  5.0240  0.2  2  2.5  2  

  2.  515  2. 5     2.2   4 

  4.    3 3.2 1  0.24   

  0.205   4.01 02  0. 5532 

   4.1440  1.1311  2.  505 

   5. 3 25  0. 3 03  1.124   

   0.23502 1.   3   4. 4 44 

  1.431   0. 0 5  4.054 3 

  1.   1  1.41 2   2.4151  

  0. 2 2   4. 4 13 1.13 52 

  1.   1  2. 0 34 1. 03 3 

  1.0 401  1. 4 11 3.01  3 

  2.  21   2.35041  0.2422  

   3.1 23   1.553 5 1.43    

  0.3 033 0. 1  1 2.150   

   4.  541 2.33504  2.0 212 

  3.14 53 2.34 05  0.34052 

   .5  05 1.  202  1. 4    

   4.15 02  2. 110   3.1  03 

   .0  1   2.52021  1. 44 1 

  4.5314  1.5 433 1. 3  4 

   4.10 2  3. 5 31 0.0     

  0.   41   .5455   0.5  3  

   1.113 3 2.103    2. 1 4  

   4.005 1  0. 4125  0.1 542 

   1.2 042  2.0 35  1.  00  

  1.24 02 3.145 3 2. 1   



111 
 

  1. 55   2.521 2 1.023   

  2. 2 4  2.5 1   2.3  52 

   0.0   2  3. 2  1 3.4315 

  5.01034  4.24  1  0. 543  

  3.4  0   4.       0.1 3   

  4. 4     3. 1  5 0.  43  

  2.2 2    2.0 13   2.  3 1 

  2.1  41  3. 15 3  2.1 51  

  3. 515   3.1   4  3.03405 

   .50  2  0.50442  2.23    

  4.      2.043 3 4.0  14 

  3.3  1   2.  52 3.5 5 5 

  3.4 4   1.1 352 4.530   

   2.   3  2.  34   5.24 51 

   1. 1 54 3.  22   4.352 4 

   3.23 5 3.12 31  3.5 02 

   4.    5  2.51  1 3.00  5 

   2.1  0  0.4 4 3 2.0 513 

  2.451 4 0. 5203 4.4 12  

  1.0      0.1 0   4.3  1  

  0.    1 1.5  32 4.53313 

   2. 4 03  2.43  3  5.2  5  

  0.40 2  0. 334  4.3 225 

  0.3     2. 0 21  4.5 5   

   0.52    1.5 1 3  5. 14   

  5.03  1 3.3 5    2.55 5 

  3.5  05 4.22321  1. 33  

  3.41505 2.  2 1  2. 0    

   0.21331   .142 5  2. 5   

  5.0551  2.  2 3 1.23 3  

  4.55052 4.2  35 0.40354 

   .03 4  3.43253  0.1101 

   1.      4.5  4  0. 1    

   1.5 0   0.301 5  5.4   1 

  4. 134  1.03    3.30    

  5.2140  0. 001  1. 34 1 

   .00 4   0.03 4  2.      

   1.2511   3. 0 4   3.3 0 5 

   1.  054  4. 42 3 5.02   

   4.1  42  4.102 5 4. 1    

   5.02 12  2. 32   0.3552  

   3.5040   3.203 5  0.54    

   5.0 2    3.3 30   1.3  4  

    .4 452  1.232   1.  0   

   5. 3 2  0.352 5  1.31  3 

    .51111  0. 1  4  0.1 214 

   0.1   5 5. 432 2.1    

   1.504   2.  331 4. 14 1 

   1.1 5   0.3 32  4.411   

   2.    4  0.5  32 4.2 0   

   2. 3    0.  30  5.102   

   0.43   4.  5  4.4 113 

   4. 40   1.  5  3.413 4 

   4.5   2 0.11322 2. 002  

   4.415 2 1.4 52 1.  151 
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   1.55204  .      0.1 31  

   0.  014  . 21 1  1.3     

  0.22255  . 1534 0.1 534 

  1.1 24  4.25205  0.3452  

  0.31 54 4.2  42  1. 300  

  0.04 3 2. 23    0.  24  

 

Table S24. Cartesian geometry of complex 4 in Figure S101 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

   2.4 031 3.3 5 1  0. 3  2 

   2.34    3. 00 3 0. 5 5  

   1.  3  4.  21  1.10405 

   1.55 33 5.  234 0.1  2  

   1.  5 3 5. 443   1.1 513 

   2.12 0  4.3   3  1. 5 1  

   2. 14   2.525 1. 1525 

   2.2  43 1.1 5   1.3   2 

   2.      0.1 2 4 2.2  13 

   3.50    0.4  3 3.405 1 

   3. 1322 1. 1441 3. 2  4 

   3.51 42 2. 2 13 2. 4014 

Sn  0. 3 33 0.   2   0.101  

N  1.24  4  1.23 21  0. 0 52 

Si  0.04  5  1.  324  1.   3  

  1.5  14  2.2 55  0. 2 45 

P 2.1 454  0.  531 0.223 5 

Ni 1. 104 1.25424  0.25 52 

  3.14002 1. 3131  1.5 33  

  4.2242  2.5 41   0. 12 5 

  4.05 2  2.4 3   0. 3115 

  2. 2 3  2.3153  1.20  4 

  1.54 32 3.102   0.  51  

  1. 022  4.24  3  0.21    

  1.4   4 3. 1  4  1.  3 3 

  1. 3012 2.40 32  1.  554 

  4.030 5  1.0033 0.1413 

  4. 4 1   1.1  21  1.114 5 

   .04 3   1.20     1.2355  

   . 553  1.0220   0.10052 

   .251 5  0. 2 5  1.153 5 

  4. 5242  0. 13 3 1.2 43  

  1. 5 0   1.2  3  1.    2 

  2.401 1  2.4 2 3 2.51 35 

  2.1      2. 103  3.  5 1 

  1.43305  1.  51  4.  145 

  0.  0    0.      4.15  4 

  1.0 1    0.4 5 1 2. 0  4 

   2.433   1. 245  0.23 3  

   2.3 454  3.02  3 0.   3  

   3.53201  3.   53 0. 04   

   4. 555   3.4   5 0.3042  

   4. 35    2.3345   0.500 4 

   3. 05   1.53  3  0.  333 

   1.113    3.344   1.4 2   

   0.4 4    4.     1.133   
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   3.       0.2 2    1. 01   

   4.30 4   0.5 31   3.05  4 

   1.4024   3.30    2.   4  

   4. 1034 0.   31  0. 301  

   0. 13    3.    4  2.32112 

  0.4013   4. 455   2. 3    

  0.4 54   0.  2 4  3.0   4 

   0. 520  0.0143   3. 330  

   1.  101  3.5  3.4250  

  1.3 315  1.4 00   4.12    

  1.2 214  2.225 1 5. 4 2  

  2. 3 5   3. 32 1 4.2  34 

  0.2422   0.141 3 4.   25 

   2.13 5   4.0 544 3.2  42 

   0.4 1    3.4   4 3.5     

   1. 02 5  2.32 0  3.32034 

   1.15 3   5.53 3  1.342 2 

  0.44  5  4. 54 5 1. 4   

   3.4 3 4  4.  335 1.5 5 3 

   3. 25    0.315  4.0 125 

  3.011 5  3.1435  1.   5  

  0. 54   0.45   2.3  4  

   2.3 0    0. 5 15 2.12  5 

  4.3 31  0. 54 2.2 14  

   5. 4 0   4.0  4  0.4    

  0.3  14 3.   11  1.  11  

   .  5    0.  423 2.05043 

   0.3 1 5  2.542 5 1.25  5 

  0.      5.05152 0.03503 

   0.1 2 4  4.   0  0.0   1 

   4.552 4 2.0 231 4.4 0  

  0. 53 4 3.14224 1.4221 

  1. 43   4.54  4  2.3 101 

  1.52523  3.13 35  0.03 33 

  1.3  33 1. 1    2. 2 24 

   5. 0 41  2.04 52  0. 3524 

  2. 11  4.       0.10413 

   4. 10 5 0. 1525 0.10 1  

   . 5243  1.0305   0.1 3   

   1.2415   4.10 2  1.44 25 

   5. 23 0.223    0.  513 

   3.  52  3.  05  2.  51  

   2. 25    2.  04   3.0 14  

  2.3   4  2.52    1.4  1  

  4.25543 3. 233   1.14    

   2. 13  0.2403   1. 42   

  2.52    1.  5 2 2.1  0  

   2.1  04  4.4   3  3. 3 44 

   4.    3 1. 2    1.4  1  

  3.4 533 0. 30    2.14032 

  1.12445  4. 3504  1. 1 04 

  4.03043  1.3410   2.01 2  

   1.  105 5.03 0  2.1 51 

   5.2 3 1  1.0 4 3  3.0  0  

   .50  2  1.3 3 5  2.2240  
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   0.025 4  5. 2 2   3.032 1 

  4.50 53 3.403  1.1     

   2.  324 2.43 1   1.10305 

   3.5 024  1.1 3   3.5 2   

  1.105    0.0 04   2.50 4  

   1.35544  3.01552  4.3340  

  2.211    2.03     3.  12 

  5.20    2.13122  1.0 153 

  4. 52  1. 405 1.1103  

  0.  2  4.2 01   3. 04 5 

   4.41512 0.3 03   3. 32 4 

   1.205  0. 20 1  2.  4   

  0. 0442  2.1 3 4  4.  1   

   1.3 4    0. 323   4.24342 

   1.1   5  . 455 0.55 0  

  1. 23    0. 1     4. 1241 

   0.2501  0. 2131  4.4 2 5 

   2.234 1 4.20     2. 35  

   1.4115   .43     1. 1131 

 

Table S25. Cartesian geometry of complex 7' (-6.5 kcal/mol) in Figure S105 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

   1. 01 4 2.4 4   2.5 11 

   2.3255  2.41    1.342   

   2.40 5  3.4 32  0.425   

   1. 5 34 4.  3 2 0.  1 4 

   1.03 2  4. 00 2 1.      

   0. 50 5 3. 102  2. 4 0  

N  3.0240  1.2023  1.02  4 

   2.4 43  0.1 4  0.2 0 5 

N  3.51412  0.  541 0.10 44 

   4.  4 1  0.22 5  0. 15 1 

   4.3 45  0.  5 4 1.2 0 2 

Ni  0.   35 0.3 2    0.  01  

Sn 0. 4 5  0. 0  1 0.      

N 2.22154  0.    5 0.2152  

  3.42125  1.04 4 0.  0   

  3.4  04  2.03 34 1.  141 

  4.  2 4  2.202 2. 15  

  5. 0 4   1.402 5 2.452 4 

  5. 2 32  0.40 1  1.4   5 

  4.550    0.20 02 0. 22   

  2.2510   2.   0  2.3112  

  2.55103  4.2   5 2. 1335 

  4.4  1  0. 451   0.2 2  

  4.5535 2.300   0.4541  

   3.4 544  1. 3 0   0. 13   

   3.2 1 4  1. 13    2.02232 

   3.34553  3.1434   2. 0212 

   3. 001   4.341    2.015   

   3. 50 2  4.33    0. 2443 

   3.  32  3.13542 0.10 1  

   3.00 03  0. 0 31  2.  0 4 

   4.2 1 3 0.24 3   2.    1 

   3.   1   3.1 0   1. 324  
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   2. 53    4.00514 2.2 2   

   3.1 22  3.3  15  0.   5  

   4.4     4.2255   0. 0  5 

   1.554 3 1.30    3.52045 

   0.3125 1.2 524 4.42434 

P 0.53531 1.05  2.1 041 

  1. 5 42  0.1  2   2.  411 

Si 1.       1.5 531  1.40014 

  3.50     2.  5    1.  1   

  3.4 22  4.0245  1.0 134 

  1.4  1 2.5 355  1. 5553 

  1.0240  3.5001   0.  133 

  1.  2  4. 3113  0. 510  

  2.  15 5.0   1  1.4324  

  3.22  5 4.2141   2.42  5 

  2.5 3 3 2.  155  2. 3 1  

  0.2   2  2.45  2  1.5555  

  0.22   3.2 31   2. 5  2 

   0.13 51  3.2  34  0.345 5 

  1.33031  2.12551 3.2  05 

  5.52 3  0. 3 43  1.3 235 

   2.300 2  0.  0 5  4.10  3 

   5.1  35  3. 42  2.0 332 

   2.341 2 3. 25    2.111 3 

   2. 334 1.23 3  4.3 41  

  3.   5   2. 24 5  3.2  24 

  2.  41  2.31331  3.4325  

  2. 3 34 0.344   2.   1  

  1.5     0.5 5 3  3.   3 

  3.4 10  0.  42   0. 5215 

   0.42355  1.5 55  1. 2  4 

   4.      1.  3   1. 415  

  1.   5   2. 501  1.3 0 5 

  4. 3 04  2.  055 3.5022  

   1.   45 5.54  5 0.0   3 

   . 012  0.23 0  1.2 035 

  4.35051  2.0 2 3  1.352 5 

   5. 21 2  0.   51 0.  455 

  4.0     4.4      3.050   

   1.52  3 0.3 0   2.   21 

   3.4  44 2.31     0.   0  

  0.13 22 3.23 25  0.2 024 

   1.12     3. 52 5  0.52322 

   0.222 1  2. 4    0.55  5 

  0.5  0   4.10 42  0.11 0  

   .5 223 0. 032   0.  5   

  5.3  1  1.  4 4  2.12345 

  5.43  5  0.12244  1. 3   

  3. 53   2.3 03  1.220 1 

  4.42055 3.13 23  0.2 01  

  5.52    2.4315 0.  155 

   . 3 15  1.54 2  3.023 2 

  4. 2 25  3.3 4   3.4  0  

  3.   41  1. 45 4  3. 0    

  2.   14  3.3  3  3. 150  
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   2. 30   2.150 1 5.00    

   2.  3 3 0.3 105 5.0 43 

   3. 4 0  1.143   3.   4 

   2.2  1   0.0334  2.11 4  

  0.   11  4.15 2  2. 1354 

  0.5222   2.  23   3. 4  1 

   0. 02   3. 5312  3.031   

   0.524  5. 43 5 2.21    

  0. 2211 1.3  55 3. 353 

   0.25  4 0.33 44 4.  35 

   0.34244 2.11352 5.1 44  

  1. 3 1  1. 5 02 4.2 241 

  0.3 4    2.  5   3.4 4   

  1.0420   1.1251  2. 0 52 

  3.2   5  .0 0 4  1.2  5  

  3.23 43  4. 2 5  2.12 1  

  1. 122  4.  541 2.  02  

  3.01 14  4.2  13 3. 21   

   3. 435   2.122 2 1.    1 

   0.3 41 3. 0542 3.  2 4 

  2. 40 1  4.  3    1.43 01 

  3.34  1  3. 044  0.02252 

  4.415    4.5 0    1.235   

  1.2   5.402 2 0.13    

   2. 5  5 3. 4 2   3.031  

   1.4     3.02    2.221   

   1. 3 34 4. 5  3  2.0 5   

   4.2423  5.30  5  0. 145 

   5.1054  3. 4144 0.0 004 

   5.0 42  4.0 0 1  1. 2  4 

   3. 14 5  5.2   1  0.0 01  

   3.20  2  3.1 1 5  3.  2 1 

   1.40421  1.41311  4.0133  

   1. 5 4  0.221    4.4 3 3 

   2.  34   1.20423  4.   0  

   3.  22  5.2  41  2.5 34  

   5.033 2  0.25 42  3.52 52 

   4.03    1.22 2   3.350   

   4. 5314 0.445 3  1. 050  

   5.  0 1  3.01    1.   1  

   5.25052  3. 0534 3.1  54 

   5.35 0   4.  03 1.   54 

   2. 0     5.0  03 1. 4351 

   2. 2     3.  345 3.3     

   1. 5 31  3. 1 5 1.  5 3 

 

Table S26. Cartesian geometry of complex 7 (-13.3 kcal/mol) in Figure S105 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

  3.5   2  4. 15    1.0   3 

  3.5 01   3.   3   0.11  5 

  4.  3 3  3. 2 41 0. 5    

  5.  415  4.520 2 0. 542  

  5.  4 4  5.55332  0.2 4   

  4.  10   5.   45  1.15 15 

N 2.4      2.  0 3 0.0044 
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Sn 2.4030   1.10 3   1.24323 

Ni 0.4 2 3 0.01055 0.010 4 

Ni  1.  151  0.05 13 0.0  5 

   3. 4 51  0.11 52 0.00532 

N  4.   05  1.20153 0.2345  

    .0311  0.  2   0.03 0  

    .0 0 4 0.4313   0.32  2 

N  4. 4  5 0.  3 2  0.342   

   4.2  51  2.4  31 0. 0  4 

   3.  21   3.50 53  0.23511 

   3.  0   4.    5 0.2 01  

   3.   3   5.044 3 1. 4 1 

   3.  04   4.024   2.55  2 

   4.3023   2. 2 24 2.10  4 

   4.42    2.25 4   0. 2503 

   4.521   2. 0 3   1.    1 

   4.2     4.0 3    2.21 4  

   3.  4 5 4. 5331  1.1 15  

   3. 10  4.4 4   0.14 3  

   4.13 44 3.12   0.45 5 

   3. 404   3.205 3  1. 311  

   5.35 34  3.1 3    2.342 5 

   4.   33  1. 201 3.0 4 3 

   3.       1. 20 4 4.4425  

   4. 5  1 1.  2 1  3.100   

    .4  14 1. 5 3  3.3   4 

   4.0 52  2. 1  2 1.   4 

   3.3541  3.5 4   2. 5353 

  4. 21    2.4 0 4 1. 55   

  5.32    1.22 5 1.10451 

  2.42     4.   4   2.0 0 2 

  1.      .3 00   2.03444 

P  0. 22   1.53 35 0. 2322 

   0. 40 5 3.25    0.25    

Si 0. 1 5  3.3 045  0.  0   

  0. 122  5.1 0 1  1. 4  3 

   0.4 34  5. 4104  1.  4   

   0.   2 1.   1  2. 4 5  

  0.15 03 2.5  5 3.40  4 

  0.30253 2.54    4. 03 4 

   0.40322 1.5 513 5.55 3  

   1.25504 0.  205 4. 0 1  

   1.3 2 5 0. 152 3.513 5 

  0.40 1 2.0 0    2.30    

  1.4550  1. 4 3   3.3 3   

N 2.2 32  3.01  5  0.04 53 

  3.3     3. 43 3  0.0444 

  4.52254 3. 12 2  0.      

  5.55144 4.  3 3  0. 121  

  5.4   3 5. 4     0.1511  

  4.3  51  .053   0.  45 

  3.33    5.1212  0.      

  4.  143 2.42222  1.  114 

  5.      1.53 52  1.03 35 

  2.220 3 5.334 1 1.  24  
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  2. 2514 4.  54 3.1 24 

   0.  0 1 2.3 355  2. 3 23 

Sn 2.3  01 1.2     1.21  3 

P  0.  121  1.5   3  0. 43   

   0. 520   1.   02  2.  523 

  0.03 5  2.4  52  3.442   

   0.035    2.4  0   4. 4504 

   1.00     1. 011   5.4  4  

   1.    1  0. 1 0   4. 423  

   1. 155   0. 0 33  3.3413  

  4. 4143 2. 544  3.15 35 

  1. 11   . 4 1 1.  314 

   0.4545   3.2 1    0.21 44 

Si 1.041 4  3.313 4 0.    5 

  1.2  53  5.11033 1.5 5   

   0.0213   5. 1 21 1.  4   

  0.555 4  2.0   1 2.35    

  1. 2104  1. 02   3.344 4 

   0.       2. 4    3.0  43 

   3.0  5   4.1 405  2.54233 

    .225 5  1.5 5   3.313   

   4.1 03 1.  2    4.403  

   5.45223 2.2535  2.4  03 

  5.41 01  2. 03  3.0 5 1 

  2.  112  4. 04 2  3.4 5   

  1. 20 2 5.2 4 2  2. 5242 

  2.10    5.1 3 2 2.  342 

   2.4 52  0.2 2 3  2. 2 2  

   0.252 4  3.  303  1.0 235 

   1.3 351  3. 5 0.2  4 

  1. 501   4.2  04  1. 5143 

  0.20     1.1  54 1.  433 

  3.  2    2.244   1.  142 

   . 33    4.40 03 1.33303 

  4.   4   .4 44   1. 102  

  1. 04 5  5.5  0  0.  5 4 

   2.  323  0.30 22  5.24 23 

  0.   3   3.10 55  2. 43 5 

  1.1   5  0.  2   4.05   

  2.45  5  1.0 2 5 2. 3 34 

  2.05     2.43132 3. 3  1 

  2.51132   .1 125  2.3 2   

  0. 1214   .43 25  2. 02   

  1.4  4    . 5 5   1.0101  

  3.22214  3.55233  3.533 1 

  2.03  2  4. 22 4  4.21  3 

  3. 0 13  5.24 3   3. 3  2 

   . 2 01   .24  3  0.3 154 

  0.1 1 2   .  4  2.00 25 

   0.55  5  5. 5  2 0. 252  

   0. 2 13  5.4 3   2.4353  

   0.45052  3. 1   3.5 51  

   1.53 41  2. 02   2.42  1 

   0.  034  1. 4 45 3.   01 

   .3 1    1.3     0. 2    



119 
 

  5.2 5 2  0.34 0  1.   5 

  4.  43   0.  143 0.1 244 

   1.0 1 5  1. 041    .5     

  5.00542  3. 2 05 3.54 22 

  5.2 343  1.      3. 03   

   .5110   2. 45   2.  435 

  1.5  03  4. 3 5  3. 53 2 

  3.0  22  4. 51 2 2.  40  

  2.340    .23 3  3.1 225 

  0.  2 5  3.0  22  5.42  2 

   3.   2   .01 5   1.3 4  

   4.32 5 4.4525   3.24 1  

   3.  1 5.1  3  0. 5 54 

    .  30  2.    1  3. 4 5 

   4.3 0   2.  41  4. 4302 

   3.  15  4.4 5   3.0441  

    .0 3 1 1.  1    2.4 0   

   2.3     3. 0121 2.4   1 

    .11304 3.145 1 2.50241 

   3.0 15  1.  2 1  4.24 01 

    . 0151 1.24 2  4.1 1  

   4.4  53 1.245    5.1 0   

   3.1  0  3.0  12 3. 2 1  

   4.      0. 3   2.  313 

   5.  522 1.4     1.   11 

   5.342   1.  2   3.504 5 

    . 10 2 1.0 0 3  0.55 1  

   3.45 3  1.   12 1. 4505 

   4.40     0. 5434 2. 1 1  

   4.1      0. 0  3 5.04211 

    .4  43  0.    5 4.01513 

    . 2 3  1. 1 35 0.1 543 

   2.  2 1  1. 25   4.32 04 

    .   3   1.430  2.3   3 

   3.4      2.1 1 2  1. 255  

   4.3503   2.5  0  5.0340  

    .5  43  2.55 04 3. 54 2 

   5.  5 3  2.3 5    1.  2   

   5.2 23   2. 4204  3.42 2  

   3.533 1  5.1  3   2. 2042 

   2. 351   3.  531  3.5 1   

   3.   54  4.23 42 3. 3 55 

   5.  5 4  4.143 4  2.2242  

   2.0 01   4.2 335  2.1031  

   3.3  25  5.5 455  0.42 4  

   3.4331    .05241 2.01  2 

   0.2 153 1.5 3 2  . 542  

  0.  4 4 3.2 31 5.300   

  1. 251  5.0 45  3. 524  

  3.5   3 5. 122 3.4 4 3 

  3.0    3. 12   3.22 1 

   1. 14 4  0.0 0 5 5.4   4 

  0. 04   3.345 3 2. 2 5  

  4.34 4  .  013 1.32002 

  2.3424  .51 2  2.0   1 
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  0. 45 4  . 04 1 2.45552 

  1.41 53 4. 1    1.5134  

   .2  3   .5 1 5  0.203   

   2.0500  0.004 5 2.  4   

  1.25 1   .02313 0. 4 0  

  5.5 222 1.3   3 0.042 

   0.4 434 3.  35 1.0 4   

   .  552 2.01 5   1.11  3 

   .42 2 4.4 303  1.55  4 

  5. 25   0.550 1  1.53  4 

   1.5 4   3.521 2  0.23 41 

  1.4     5. 0551  0.   35 

  5. 1 5  3.15335  3.331 5 

  3. 1  3 1.   3  1.5 3 1 

   0.  5 1 5.  23   0.  20  

  0.2 4   1.13     1.   13 

  2.44132 1.510 3  2. 32   

  4.15414 3.2  2   3. 1332 

  2. 2 03 4. 0     2. 4 1 

  4. 5 1  1.       3. 045  

   0.35     .  01   2.121 3 

   1.131   5.31 3   2.4 04 

   1.  0 3 2.3 23   2.1  5  

  1.13  5 0.  3 1  3.  013 

  1.       .32 34  3.24    

  1. 040  2.5      4.0 1 2 

  1.20551 4. 5    3.    5 

   1.1   1.5  04  3.  0   

   0.  2 3.343    3.45   

 

Table S27. Cartesian geometry of tri-hydride complex (10.1 kcal/mol) in Figure S105 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

   0.42 5   3.0133   0.  0   

   0.1 3    2. 543  0. 0241 

   0.00023  3. 3 05 1.5  5 

   0.0      5.15 1  1.11  5 

   0.31325  5.40 3   0.24521 

   0.4 5    4.334    1.132 5 

P  0.24113  0.  5 1 1.2 5 3 

Ni  0.  2 1 0.35     0.3 355 

   2.4    0.  154  0.4 0  

N  3.4 532 0.0452   1.11  1 

   4. 0    0. 45 2  1.0 245 

   4.4    1. 31    0.45223 

N  3.114   1. 2    0.10223 

   3.2 5    1.1   1  1.  4 4 

   3. 35 3  2.3 331  1.3  13 

   3.  52   3.5515   2.1  3  

   2.  025  3.510 4  3.3 3 4 

   2.450    2.3003  3. 4143 

   2. 053   1.10     3.10  1 

   2.3  4  3.0  0  0.3 2 4 

   1.  1   3. 2 1   0. 105  

   1.0 035 5.05 43  0.150   

   0.  151 5.335 2 1.21 3  
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   1.5 5 2 4.4  54 2.15 5 

   2.2  21 3.32523 1. 5023 

   4.5  03  2.5033   0.0543  

   3. 32 4  3.5 05  0.  0   

   2.100   0.2145   3.   3 

   3.2414  0.  23   4.353 

   1. 5 52 3.  3 3  2.1031 

   3.0   1 4.5 4  2.   2  

   2.  45  2.3 503 2.  4 1 

   1.    4 1. 4    3. 3  3 

   1.4      1.1 245 2. 515 

   2. 450   0. 01 1 2.3     

   3. 4532  1.0 442 3.3403  

   3.50 35  1.51 31 4. 251  

   2.1 251  1. 0  2 4. 250  

   1.1  3   1. 44 1 3. 4  4 

  1.30  3  0. 42 5 2.2 2 3 

Si 2.5 55  0.4 2   1.5101 

  1. 5033 2.1510  1.54 02 

  2.1   2 3.1  5  0.555   

  4.132   0.3 0  2. 3412 

  3. 40 3 0.15  4 4.12 1  

N 3.0  14 0.10  1  0.1235  

  4.32 0   0.5005   0.45    

  5.3 514 0.2  22  1.0   

   . 1 03  0.32 35  1.3102 

   .    2  1.  50   0.  5   

  5. 33 2  2.4355  0.421   

  4.5 03   1.  451  0.1 025 

  5.10 11 1.   51  1.5 503 

  4.  2  1. 00    3.1024  

  3.43 21  2.  1   0.31104 

  3. 2   3.4054  1.  1   

  5.0   1 1.5 033 2.403   

Sn 1.50542 0.1   1  1.55  4 

    .0      2.   0   0.2   4 

   0.      0.0 0    4.5 54  

   0. 43 5 3. 3     2.  3   

   4.15144 3.01  1 3.40 43 

   .1   3 2. 0303  1.12343 

  3.1200   3.  40   0. 25  

  1.5     2. 2542 2.  34  

  0.1 4 2  3. 5153 2. 5 1  

  1.   22  1. 1 3  2.52 4  

  1.001 1  0.2 05 3.230   

  2.533   2.1 051 0.4015  

   3.0 3   0.5311  1.3 5 5 

  0. 0  1 1.  52  1.22 0  

   5. 21 5 0.33545  1.53551 

  4.13    1.   43  1.12 52 

   .41    0.2   1  1.  41  

   4.0 3 3  4.50 53  1. 024  

   .01225  3.4  31  0.1  32 

  4. 54   0.52 4  2.25232 

   5.12 1  2.  41   0.21    
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  0.0 20   5.  552 1. 1 33 

   1. 5141 0.       2.  3   

   4.502 5  1.522 2 0.453  

   0.5 102  2.1  0   1.34    

  1.5  33 4.130  0. 10 3 

  2.131   2. 3     0.4 1   

  3.23    3.4 05 0.  23  

   0.1202   1.  2 5 4.20 2  

  4. 10 5  4.0 04 1. 5 3  

  2.  2   4.005 4 2.04202 

  3. 41 5  2. 24 4 2.450 3 

  2. 433   3.430    1.   23 

  2.2 0 5  4.50 44  0.3 4   

  3.  241  4.550    0.  4 4 

   .  242  2.10 14  1.14153 

  4.   3 0.04 2  4. 0415 

  3.23 1   0. 5 45 4.30 2  

  3.2  52 1.01154 4.5  41 

   3. 4 03 0.424    5.21 5  

   2.  1   1.   2  4. 2  2 

   4.0  14 1.1  4   3. 54   

   4.  1   0. 2402 3.0 2 3 

   3.2143  1.4     2.230   

  2.5   3 3.05 05 3.3233  

  1.1    1.  143 3. 14   

  0. 0203 3. 0    3.012 5 

   2.       4.42 52  3.  0 4 

   0.0  53  0.54021  4.12 5  

   0.45  3 1.0 0 3  4. 1354 

   1.14     0.3 4 5  5.5   4 

  5. 3 3  1.432 4  3.5 52 

  4.  3   2. 0     3.4  54 

  4.20 3  0.  542  3.445 5 

   0.3 23    .444 4  0. 1404 

   .30  4 2. 1 2   0.022 3 

  5. 005 3. 2 54  1.44 2  

   .1 10  2.4   4  1.5 11  

   2.2 1   2. 1     2.223 1 

   1. 1115  2.2 41   4.      

  4. 3214 2.52 1 2. 4 25 

  5.32524 1.  213 1.330 4 

   .03 1  1.43    2. 52 3 

   0.    4  4.51  3  2.2010  

   1.  53   2.1 02 5. 3155 

   4.2 424  1. 42   5.3 4  

   4.40     3.55104 1.  33  

   2. 504   3.3 032 0.  5 1 

   4.045    4.5 1   0.44121 

    .232    3. 5  4  0.   1  

    .55344  2.0033   0. 0321 

    . 1 22  2. 2442 0.  32  

   0. 2043 5. 33   0.  15  

   1.4 2 1 4.   41 3.23314 

   0.  0  1.4  42 3.35543 

   2.32  1 1.1 34  4.503 2 
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   1.53552 2.  332 4.4     

   0.42  2  .22 1  1.55 32 

   3. 0221 3. 405 3.   2  

   4. 2 03 2.30332 4.11325 

   4. 015  3.2 30  2. 3  

   4.04012 4.3 233  2.152   

   3.234   4.3510   3. 5531 

   2. 244  5. 403   2.5 3   

   0.2  3  4.   04  2.  5   

   0.  22  3.5523   3. 4 05 

  0.151  3.1   2  2.4 5   

   0.43 3  1.25 21  1.5 3   

  1. 24 1  1.2 031  2.4  14 

  2.0 4   1.41     2.   4  

 

Table S28. Cartesian geometry of INT1 (8.8 kcal/mol) in Figure S105 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

   1.  24  3. 2    1.23  2 

   1.5     3.4121   0.0 525 

   0.55 45 3.  12   0. 3 5 

  0.22 12 4.   0   0.4     

  0.02 4  5.5245  0.  3   

   0. 4 15 4.  5   1. 43   

N  2.4 4   2.44242  0.5 515 

   2.3553  1.0 3   0.541  

N  3.44412 0. 1     1.25    

   4.20332 1.   45  1.      

   3. 0  3 2. 2 1   1.335  

Ni  0.  5 4 0.003 1 0.1413 

Sn 1.52  5  0. 234   1.5253  

N 3.0 02   0.0 5 5  0.05405 

Si 2. 40    0.002   1. 52 4 

  1.  024 1. 0554 1.  2   

  2.2 114 2. 3 13 1.31  2 

   3.  05   0. 530   1.5 5 2 

   4. 34    1.3 5    0.   41 

   5.21     2.  3    1.31 3  

   4.5 032  3.2  24  2.3  32 

   3.4      2.  35   3.015 3 

   3.04 52  1.3 044  2. 2 51 

   5.551 5  0. 034  0.2 202 

    .101 5  1. 205 1.2    

   1. 3     0. 2 4   3.2 25  

   2.221   0.425    4.232   

   0.35 45 3.2 202  2.32411 

   1.03 1  4.152 2  3.40 15 

   2.    5 3.3 3   2.13 3  

   2.54011 3.4  32 3. 3402 

P 0.34 04  1.   3  0.5 50  

  1.41 2   1.44101 2.044 1 

   0.44 3   3.2  0  0. 5 21 

   1.2 5 5  3.  151  0.42151 

   1.  3    4. 04    0.3  33 

   1. 502   5. 5023 0. 42 1 

   1.02 35  5.3  0  1. 154 
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   0.333    4.144 4 1.   53 

   1. 14 5  0.5351  1. 10 3 

   1. 4353 0.2 113 2. 3 53 

   2.15 2   0.022 4 4.10  3 

   2.  4    1.15 22 4.2 2 4 

   3.25  4  1.  043 3.1 3   

   2. 4 05  1. 5   1. 0 3  

  4.3   3  0.4 412  0.4  55 

  5.2512  0.50     1.045   

   .5 541 0.14  4  1.400 1 

   .035 2  1.15 3   1.22 34 

   .1      2.13 1   0. 2 2  

  4. 423   1. 2 2   0.3 3   

  4. 4043 1. 122  1.3352  

  5.  42  3.02     0. 1 3 

  3. 0 24  2. 4 45 0.0 3 3 

  4.4454   3.  44  1.24 53 

  4.2100   0.223 1 2. 2153 

  3. 1    0.  2 5 4.1 5 

  5.1435  0.      2.  551 

    . 104  0.20  2  0.1  5  

   0. 2 03  1. 2124  4.01 1 

  1.12  3 3.0  4  2. 4  2 

   4.22 3  4.0 0  1. 4 04 

  4.4     2.0  1   2. 4454 

  3.53251  3. 4  3  1.120  

  1.44303 1. 442 3.4 53  

  0.05    0. 33    0.  23  

   1.4204  2.145    4. 1 23 

  4.42124  4.3  3   1.52403 

   2. 2    0.04  1  5.0 2   

   2. 53    3.1     3. 25 2 

   2.3       . 0433 0.    5 

   0.00 32  1.20 24  4.35 55 

  2.      4. 0  5  0. 220  

   1.30553 0.  322  4. 4   

   0. 33 3   .01    2.   35 

   4.  43   4.2  21  2. 0511 

  3.100    3.24  1  1. 504  

   0. 14 2  2.5 3    3.3  4  

   2. 24    5.1 5 4  1.21 34 

  5.3 4   4.3433  0.  0 2 

   .52123  3.1  03  0. 2554 

  3.       4.5313  1.5 143 

   2.      1.221 3  3. 2 03 

  1.23 43 2.51433  3. 032 

   .0 0    1.4201   1.50103 

  0.2 025  3. 3   2. 3 11 

   1.250 1  0.2  5   2.440 5 

   1.3  02  3.021 1  1.2  3 

  2.    5  2.4   3 0.40  4 

  1. 25 2 2.4  44  1. 5534 

  4.  314  3.14 15 2.120   

    .04114  3.1      0. 0 35 

   0. 0 1  3.  33   4.40 33 
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  1.  1 5 4.02411  2. 5 22 

   0. 41 4 2.2 51   2.323   

   .23502 0. 15 5  1. 252 

  3. 3 43 1.30545  3.1   5 

   5.0  3  1.50  4  2.4131  

  1.   3  2.3 2 3 2.2   5 

  5.3     1. 3234  3.434   

   0.5  03 5.1 2  3.43  2 

    .44 5  0.3      0.  23  

   2.124 2 4.25 51  3.221 4 

  4. 4152  1.05 31 2.20 12 

    .3   1.0 3    0.   5  

    .01 45  2.222 0. 1 03 

  1.01 11 5.3 1 2  1.13 54 

  4.0551  3.0 02   3.0  0  

   3.  124 3.  0 5  1.4 5 2 

  0.  40   1.1 31  2. 1544 

  5.3   4 1.2 4 4 1. 32   

  3.  2 5 1.  40   0. 0315 

   5.35 31  2.4    1.54 1  

   4.  141  0.0  2 0.   55 

   . 445  3.03313  1.3425  

    .23    0. 2    0. 0 52 

   .0  04 0.  0   3.20 5  

  3.2   4  1.5 2 4 4.202 2 

  0.  551 1.41 31 1.51432 

    .3  1   1.202   2.23 53 

  4.  523  0.   5  4. 105  

  5.  445 2. 155  0.2 5 1 

  1.022 4 0. 5  4.0142  

  4.  4 3 1.  513 3.1 1   

  5.1     4.022 4  0.      

   2.  5   2.303 3 1. 03 5 

   4.554 2 3. 1 15 0.      

  2.23   2. 553  0.21412 

  0. 512   .3  53 1.11  3 

  3.3 325 0.10  4 4. 4251 

  2.3 1 3 2.1134 4.00  3 

  3.344   2.     1.5  44 

  0. 3    2.   4  3.  0   

   1.0 425 5.425   2. 4  5 

   5.0201  3. 5    2.50 3  

   4.1 1   5.1 422 2.02  4 

  1. 2 54 3. 5    1.5  1  

   1.53314 3.0 30  3. 5   

   3.2 5 1 2. 22   4.2315  

   2.5 3   4.54    3.      

   2.       2.324   1.0 4 5 

   3.       2.  12  3.31212 

   3.35 1   1.412 1 5.2 03  

   1. 1514 0. 30   4.  421 

   1.002 1 1.1     2. 231  

 

Table S29. Cartesian geometry of TS1 (18.3 kcal/mol) in Figure S105 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 



126 
 

   4.51 42 1.       0.51 5  

   4.24 2 0.4 435  0. 04   

   5.1 54   0.3 04   1.2 3   

    .3 1 3 0.1 0 2  1. 003  

    . 4  5 1.55132  1.  453 

   5. 1    2.3  01  1.05    

N  3.05    0.0  44  0.0  02 

Si  2. 1  1  0.4 02 1. 1 0  

   1.  05  0. 034  2.34  5 

P  0.2 05 1.2140  1.1 2 2 

Sn  1.30 51 0.30433  1.3255  

Ni 0.  00   0.25 0  0.2 514 

  2.5   4  0. 11    0.545   

N 3.5503   0.13352  1.24 25 

  4.4 5 5  1.0113   1. 12  

  4.10 53  2.2 4 3  1.45345 

N 2. 4  2  2.13534  0.   55 

  3.55 2  1.2  4   1.53522 

  4.41 5 2.12 15  0.  2 4 

  4.4  1  3.4 1    1.1 535 

  3. 330  3.   53  2.24    

  2.  3 1 3.11     2. 4453 

  2. 511  1. 55   2. 044 

  2.120    3.23    0.2  53 

  1.21 15  3.  411  1.22  1 

  0.4 102  4.   54  0. 511  

  0.5  2  5.44  4 0.4305  

  1.453 5  4.  1  1.3   3 

  2.243    3. 51 2 1.03 0  

  5.250 2 1. 043  0.3  5 

   .5  0  0.   24  0.0  24 

  1.    4 0. 3 5   3.35    

  0.  41  1. 04    4.0   1 

  1.0  0   3.1 2    2. 1 4 

   0.3 325  3.13534  3.0 504 

  3.1      3.11032 2.05243 

  4.  1 4  3.40 3  1. 3 2  

   4. 52    1. 411   1.4 5   

   4.03 4   2.0154   2.  301 

   3.52 14 2. 431 0.1242 

   2.      3.  05  0.      

  0.021  3.005   1.0     

  0. 320  3.504 2  0.035   

  0.      4.   03  0.151   

  0.52 2  5.  015 0. 3434 

   0.1  3  5.2 553 1. 511  

   0.410   3.   1  2.0 155 

  1.331 1 0. 04   2.14    

  2.3 2   1.54141 2.3 131 

  3.1  0  1.4 401 3.51242 

  2.  2 4 0.4 225 4.4 1   

  1. 35 4  0.4 41  4.2   2 

  1.1240   0.3 522 3.14 14 

  5.5 1 2 2.   3  1.412 2 

  2.51231  0.0  1   4.3     
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  1. 5  1  3.    1  3. 4  1 

  2.  21   3.5223 3.4  1  

   1.  322  2.10 42 1. 121  

   1. 111   2. 032  3.2  0  

   4.4   4  0.3     2.543 

   5.3 51   1.5 5 4 2.2 4   

   2.31     3.2153  0. 5222 

    .0 15   2.  505  1.4 5  

   4.102   3.50 03 1.3    

   4.34  2  0.0 3   4.0511  

   0.2 00   1.20535  0.  142 

  1.04 3  2.1 25   4. 3    

   3. 05  4.553 1  1.243 4 

  3.035 4 0.52    5.13 15 

  2.25    3.5223   3.   4  

  0. 14    . 50 4 0. 33 3 

   0.0 22 0.  21   4.45535 

   2.22414 4.525 2  0.3  1  

  1.   42  0. 25  4.   34 

   0.5211  5.    3 2. 32  

  3. 12   5.02 1   2.53    

   2.531 5 3.3  0   1. 4  4 

  0.13 4 2.30402  3.3     

  1.543   5.2502   1.025   

   4.   0  4.14 23 1.14 15 

   5. 20 3 3.4  03  0.  2 2 

   3.33 5  4.14  3 1.  4   

  3.25554  0. 3 4   3.  404 

   0.4  25  2.5222   4.01501 

    .5 414 1.   31  2.0 204 

   0. 3 3  3.5154  2.   52 

  1.31 2  0.1  41  2.5 2 2 

  1.0 0   2. 05 4  0. 12  

   2. 55 2 2.23 53 0.431   

   1.0512  2.  241  2.322 1 

   4.443 4 2. 4    2.1242  

  5.14234 4.1  31  0. 211  

  1. 5  1  3.41 03  4. 504  

   0.  40   4.14     3.33 13 

  1.40    2.11  2.54 1 

    .0 411  0.4 53  2.31113 

   3.12     1.3   5  2.  1   

  5.31331  0. 5  3  2.43243 

   2.2524  1. 312  2.4 453 

   4. 3  4  1. 1 15  3.    2 

  1.    2  4. 5452  3. 3 04 

   .1 525 1. 000   0. 5 54 

  3.0303  3. 513   3.3   1 

   4.     0.51 54 2.0  12 

   .41 1  0.0   2  0. 2 33 

   .30 34 3.42314 1.02 53 

   0.24     5.33 52  1.5  22 

   3. 13    3.0  1   2. 2 2  

  4.55021  3.2504   1.   0  

   1.23    0. 3235 3.33 1  
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   5.5321   1. 4   1.1   1 

   4.1 4 1  2.12  1  0. 5    

  4. 5  5 3.2     1. 03 3 

  4. 421  0. 1 2  0.  5   

    . 2     2. 1524  2.3  53 

   .1 434 0. 3 3  0.   0  

    .3 1 5  1.45552 2. 202  

   3.      0. 2 4 4.25   

   0. 2  5  1. 303  1.4   4 

  5.  4 5 2.242   2.325  

   5.344 4 0.02 1 4.52 3  

    .    5  2. 31 3  0.5 54  

   1.5125   1. 0  4 3.  442 

   4. 534   2.51 02 2.      

   5. 44    3. 35    1.513 2 

  3.0341   2.010 2 1.  523 

  4.   5   3.02225 0. 4 4  

   2.21534  2.  241  0.202   

   0.013     .32   0. 110  

   3. 3 52  0. 2    4.5     

   2. 0022  2.  3 4 3. 012  

   3.3 0    3.4  33 1.01 23 

   1.0 502  3.43 21 3.3  52 

  1.51 13  5.302 1 2.3  32 

  5.32 2   2. 2  1 2.4 5   

  4.  5    4.500 1 1. 5 3  

   1. 00 1  4.12    0.  153 

  1. 1 1  3.35    3. 5 1  

  3.4      2. 232  4.1   3 

  3.120 3  4.5 23  3.   11 

  2.5453  2.345 5 1. 3 3  

  3.  4 5 2.20 32 3.  3   

  3.5 52 0.4233  5.3  32 

  1. 3 33  1.24012 5.042   

  0.3043   1.11 13 3.030 1 

 

Table S30. Cartesian geometry of TS2 (22.4 kcal/mol) in Figure S105 in Angstrom [Å]. 

Atomtype X  oordinates Y  oordinates Z  oordinates 

  2. 51   3.5 0 2  0.51305 

  2.35405  2. 5 5   1.3 435 

  1.04     2. 1 5   1. 1 55 

  0.33154  3.   4   1.540   

  0.   1   4. 104   0.      

  2.1 24   4. 25    0.1 354 

N 3.05     1.444    1. 04   

  2. 31    0.313    0. 3  5 

N 3. 01 2 0. 04 3  1.4  13 

  4.4 21  0.04 0   2.52  3 

  4.05124  1.250   2.  1 5 

Ni 1.  205  0.4 1   0. 000  

  1.  3 2  1.110 3 2.51   

  1. 255   0.2 3 5 3. 5541 

  1.5      0. 4402 4. 552  

  1.1 1    2.0  5  5.1  53 

  1.05 54  2. 343  4.05 5  
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  1.304   2.45 12 2. 5 54 

  3. 0225 1. 5     1.043   

  3.00 4  2.    1  1.4 2   

  3.33234 4.2  3   1.15 3 

  4.4  2  4. 055   0.405   

  5.2 5   3.5 04  0.0 203 

  5.0230  2.23101  0.2233 

  1. 1 15 2. 1214  2.212  

  0.  1 2 3. 453  2.1 1 3 

  5. 3 34 1.10    0.404 2 

   .35043 1.3     0.424 3 

  0.4 3    1.  25   2.      

   1.055 1  1. 5     2.  3 

  4.3     3.3  4  0.0102  

  5.3 0 1  4.1 341  0. 4413 

P  0.04  1 0.5  52 0. 312 

   1.3344  0.0 0 3 2.0113  

Si  2.    2  0.   4 1.250 4 

   4.2 4    0. 1 5  2.44125 

   5.3      1. 0  3 2.00 43 

  0.31 03 2.32054 1.223  

  1. 515  2.    5 1.4  5  

  1.  13  4.01  5 1. 4  4 

  0. 445  4.  1   1. 5524 

   0.3 0 1 4. 1    1. 033  

   0. 00 2 3.2 41  1.3505  

Sn  1. 1001 1.13  1  1.2     

N  3.23    0.12 2   0.1     

   4. 1324 0.4213   0.4  02 

   5.342    0.3010   1.45  1 

    . 1 5   0.041 4  1. 33   

    .3 04 0. 220   0.  5  

    . 4 02 1.  14  0.05 44 

   5.2 2 1 1.4 501 0.25 0  

   4. 40 4  1.2   1  2.3  4  

   4.3     0. 0  3  3. 502  

   4.4  4  2.425 5 1.14    

   4.121   3.    0.3224  

   5.3      2. 0    2.5 0   

   5.1    2. 1  3 2.4503 

  1. 42   2.15     3.    1 

  5.2 4   0. 1 11 1. 1 1  

  1.02  1  1. 404   4.2  3  

  4.50     3. 1 4  1.504   

   2.1103  2. 12   0. 2  4 

   1.  002  3.3  5  2.1403  

   2. 13 5  3.4 12   0.14    

   3.   54  1.100 3 3. 1 0  

  3.15 3  1.12354 1.2 131 

  1.013 4. 2  3  2. 4 0  

   5.03    4.1 3 4  0.04 5  

  2.3  3  2.  0 2  4.2 45  

  2.   1  5.112 4  1.4  51 

  1.1      .01 1  2.24022 

   0.2 504 3.40     2. 10  
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   3.5424 4.40  5 0. 23 5 

  0.  551 1.    4  4.1312  

   1.1 5   5.3 44  1.     

  4. 0 4  5. 55 2  0.1   4 

   3.51 01 3.41405  0.5 2 1 

  0.4  32 4.0  2   1.121   

  3.00 31 4.2  4  2.05123 

    .10 44 3.42  5 2.2 222 

    .15 4  2.4 31 0. 2  5 

   4.525 3 3.42    3.0     

  2. 20   1.2 54  3. 3 44 

   1.42 42  0. 1     3.515  

    .45   1.0     1.00215 

   1. 515  3.012   1.1 221 

  1.2   4 1. 404   1. 544  

  2.44543 1. 4253 1.3     

   3.54132 1. 155  1.4223  

   1.4 54   1. 5 1   1.  0 5 

   5.505   1. 24  3.03154 

   .1 225 3. 2 1  0. 142  

  0. 35 5  1.14332  4.  41  

   1.4 33  2.   1   3.32 4  

  0. 11 1  0.  332  2.4 5  

    .2  5   0. 104   2.3 32  

   3.  041 0.312 5  3. 2 2 

  5.20 33 0. 3442  3.0 0 1 

   1. 21 4 1.0030  2.4 313 

   5.31 3   0.31441  4.2452  

  0. 2 01  2. 2223  4. 204  

   . 0 0  2.234 3 1.0 524 

  2.132    1.  3 3  4.32223 

   4. 1 0  0.1020  2.3425 

   . 3  2 1. 2 5   0.5     

  5.350 1 1. 1    2.4 25  

   0.   22  4.12 2   1. 1 2  

   3. 2405  1.2 45   4.4331  

  4.3 1 3  2.041    3.345 4 

   0. 0 21  0.5031  2.  4 

   5.   2   1. 4314 0. 5    

   3.  051  1.4 43   1. 230  

  4.224   0.4 45  1. 5304 

  5.      0.1 051  0.2013  

    .34 22  2.4      3.10    

   .   4  0.5002  0. 0133 

    .2 353  1. 05 1 2. 4  3 

   3.13 0   0.3513  4.24 3  

   1.10 22  2.40 2  0.3 114 

  5. 500   0.00324 2.30412 

   4.  4    0.   02 4.5 02  

   5. 23    3.0 1 3  1.5 0   

   1.34  3  2.      2. 0 0  

   5.03 13  2.  0 5 2.0  2  

   4.   3   3.3304   3.14122 

  4. 0353  2.3112   0.10 04 

  5.30  5  3. 1 3  1. 1   
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   2.  10   3.043 5  1.1 133 

  0.31545  5.       0.3 14  

   3.451    2.10251 4.11055 

   2. 4443  3. 320  2.5 1  

   3. 54 2  3. 3   0.2000  

   1.2 3    4.2  05 1. 5204 

  2. 1 25  5.4  51 0.52 3  

   .411 5  4.0125   0.50331 

  5.1 0 2  5.2 342  0.   4  

   2.44  1  4.4   2  0.24 3  

  3.  311  3.1413  2.10    

  5.531 3  3.4 4   1. 54 2 

  4.3542   4.    5 1. 1014 

  2.1254  0.   32 3.5244  

  1.   22  0.05 5  5. 12   

  0.  5    2.451  .1  03 

  0. 5 35  3.   2  4.20442 

  1.1      3.14    1. 0 1  
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