Electronic Material (ESI) for Dalton Transactions

This journal is © The Royal Society of Chemistry 2000

Sterically Hindered Iminophosphorane Complexes of Vanadium, Iron, Cobalt and Nickel: A Synthetic, Structural and Catalytic Study 

Sarah Al-Benna,a Mark J. Sarsfield,a Mark Thornton-Pett,a Daniel L. Ormsby,a Peter J. Maddox,b Philippe Brès,b and Manfred Bochmann*c 

a School of Chemistry, University of Leeds, Leeds LS2 9JT, UK; 

b BP Amoco Chemicals Ltd., Sunbury Research Centre, Chertsey Road, Sunbury-on-Thames TW16 7LN, UK; 

c School of Chemical Sciences, University of East Anglia, Norwich NR4 7TJ, UK. 

Electronic Supplementary Information


Preparation of mesitylazide. This compound was prepared by a modification of a literature procedure.26 To a mixture of 2,4,6-trimethylaniline (13.52 g, 0.1 mol) in 20 cm3 2 M HCl and ca. 30 g crushed ice was added 7.38 g (0.107 mol) of sodium nitrite dissolved in water. The solution was stirred for 20 min. and neutralised with calcium carbonate. A solution of 7.54 g sodium azide (0.116 mol) in water was added slowly. The mixture stirred until no further effervescence was observed and extracted with 3 x 10 cm3 diethyl ether. The combined extracts were washed with aqueous NaHCO3 and dried over sodium sulphate. The solvent was removed in vacuo. The oily residue was distilled at 74-76 °C / 1 mm Hg to give the product as a yellow oil (11.32 g, 0.07 mol, 70%). 1H NMR (CDCl3, 20 °C):  2.2 (s, 3H, Me), 2.4 (s, 6H, Me), 6.9 (s, 2H). 13C NMR (CDCl3, 20 °C):  17.6 (Me), 20.7 (Me), 129.6 (p-C), 131.9 (o-C), 134.4 (m-C), 135.3 (C-N). 


2.6-Diisipropylphenylazide. This was made by an analogous procedure. The red oil is however not distilled due to danger of explosion and used without further purification. 1H NMR (CDCl3, 20 °C):  1.3 (s, 12H, Me), 3.4 (s, 2H, CHMe2), 7.2 (d, 2H), 7.3 (t, 1H). 13C NMR (CDCl3, 20 °C):  23.7 (Me), 28.8 (Me2CH), 122.3 (o-C), 124.1 (m-C), 126.8 (p-C), 143.0 (ipso-C).

Preparation of bis(aryliminophosphoranyl)alkanes 


CH2(Ph2P=NPh)2 (Ic). The synthesis of ligands I – IV is a modification of a literature procedure7 and is exemplified here for bis(phenyliminophosphoranyl)​methane (Ic). To a solution of dppm (19.59 g, 0.05mol) in toluene at 60 °C was added dropwise 14.9 g PhN3 (0.125 mol). The mixture was stirred for 4 h at 60 °C. The solvent was removed in vacuo to leave an oil. Washing with 3 x 50 cm3 light petroleum gave a cream solid which was dried in vacuo, yield 25.4 g (0.45 mol, 90 %). 1H NMR (CDCl3, 20 °C): d 7.70-7.75, (m, 8H, m-Ph), 7.33-7.45 (m, 12H, o, p-Ph), 7.00-7.06 (m, 4H, m-Ph’), 6.60-6.71 (m, 6H, o, p- Ph’), 3.74 (t, 2H, PCH2P, JPH = 13.6); 13C NMR (CDCl3 20°C): d 150.7 (s, i-C, Ph’), 132.2 (t, m-C, Ph, JCP = 5.0), 131.5 (s, m-C, Ph’), 130.5 (d, i-C, Ph, JCP = 97.5), 128.7 (s, p-C, Ph’), 128.4 (t, o-C, Ph’, JCP = 6.0), 123.1 (t, o-C, Ph, JCP = 9.7), 117.3 (s, p-C, Ph), 30.1 (t, P-CH2, JCP = 70.8); 31P NMR (CDCl3): d 0.1. Anal. Calc for C37H32N2P2: C, 78.4; H, 5.7; N, 4.9; P, 10.9 %. Found: C, 77.7; H, 5.8; N, 4.9; P, 10.8 %.


CH2(Ph2P=NC6H2Me3-2,4,6)2 (Ia). This was synthesised by the above procedure using dppm (13.49 g, 0.035 mol) and 2,4,6-trimethylphenyl azide (11.32 g, 0.07 mol), yield 17.9 g (0.027 mol, 78 %). 1H NMR (CDCl3, 20 °C): d 7.66-7.58, (m, 8H, m-Ph), 7.33-7.30 (m, 4H, p-Ph), 7.23-7.16 (m, 8H, o-Ph), 6.71 (s, 4H, mes-H), 3.90 (t, 2H, PCH2, JPH = 14.4), 2.23 (s, 6H, p-Me), 1.95 (s, 12H, o-Me); 13C NMR (CDCl3, 20 °C): d 143.5 (i-C of mes), 135.3 (o-C, mes), 132.7 (d, JCP = 97.5, i-C, Ph), 131.3 (t, JCP = 5.0, m-C, Ph), 130.8 (p-C, Ph), 128.6 (m-C, mes), 128.2 (t, JCP = 6.2, o-C, Ph), 126.9 (p-C, mes), 35.9 (t, JCP = 68.4, PCH2), 21.3 (o-Me), 20.5 (p-Me); 31P NMR (CDCl3): d -15.1. Anal. Calc for C43H44N2P2: C, 79.4; H, 6.8; N, 4.3; P, 9.5 %. Found: C, 79.3; H, 6.7; N, 4.2; P, 9.7 %.

(CH2)(Ph2P=NC6H3Pri2-2,6)2 Ib. From dppm (3.00 g, 7.8 mmol) and 2,6-diisopropylphenyl azide (4.67 g, 23.0 mmol), yield 4.6 g (6.2 mmol, 80%). 1H NMR (CDCl3 20 °C): d 7.54-7.46, (m, 8H, m-Ph), 7.30-7.27 (m, 4H, p-Ph), 7.19-7.13 (m, 8H, o-Ph), 6.92 (d, 4H, J = 7.3, m-aryl), 6.77 (t, 2H, J = 7.3, p-aryl); 3.91 (t, 2H, JPH = 15.2, PCH2), 3.17 (sept, 4H, J = 6.9, CHMe2), 0.88 (d, 24H, J = 6.9, CHMe2); 13C NMR (CDCl3, 20 °C): d 143.2 (ipso-C, aryl), 141.8 (t, JCP = 4.0, o-C), 132.9 (d, JCP = 103.5, ipso-C, Ph), 131.4 (t, JCP = 5.0, m-C, Ph), 130.8 (s, p-C, Ph), 128.0 (t, JCP = 6.2, o-C, Ph), 122.6 (s, m-C, aryl) 118.8 (s, p-C, aryl), 34.9 (t, JCP = 58.7, PCH2), 28.8 (CHMe2), 23.5 (CHMe2). 31P NMR (CDCl3): d -16.2. Anal. Calc for C49H56N2P2: C, 78.7; H, 8.2; N, 4.1; P, 9.0 %. Found: C, 78.9; H, 7.5; N, 3.6; P, 7.9 %.


(CH2)(Me2P=NC6H2Me3-2,4,6)2 IIa.  From dmpm (1.8 g, 13.4 mmol) and 2,4,6-trimethylphenyl azide (5.4 g, 33.6 mmol), yield 3.8 g (9.4 mmol, 70 %). 1H NMR (CDCl3, 20 °C):  6.73 (s, 4H, m-mes), 2.43 (t, 2H, JPH = 14.0, PCH2P); 2.19 (br s, 18H, Me of mes), 1.66 (m, 12H, PMe). 13C NMR (CDCl3, 20 °C): d 144.3 (ipso-C, mes), 131.8 (t, J = 3.7, o-C of mes), 129.5 (p-C of mes), 128.5 (m-C of mes), 34.8 (t, JCP = 66.6, PCH2), 20.5 (p-Me), 20.2 (o-Me), 19.8 (m, PMe). 31P NMR (CDCl3): d 0.9. Anal. Calc for C24H38N2P2: C, 68.6; H, 9.0; N, 7.0 %. Found: C, 68.0; H, 9.2; N, 6.5 %. 

(CH2)(Me2P=NC6H3Pri2-2,6)2 IIb. This was synthesised using the same procedure given above, except the solution was stirred only 0.5 h, using dmpm (0.67 g, 4.9 mmol) and 2,6-diisopropylphenyl azide (2.0 g, 10 mmol), yield 1.8 g (75%). 1H NMR (CDCl3, 20 °C): d 6.95 (d, 4H, J = 7.5, m-C, aryl), 6.76 (t, 2H, J = 7.5, p-C, aryl), 3.20 (sept, 4H, J = 6.9, CHMe2), 2.42 (t, 2H, JPH = 13.5, PCH2), 1.63 (m, 12H, PMe), 1.10 (d, 24H, J = 6.9, CHMe2). 13C NMR (CDCl3, 20 °C): ( 143.4 (ipso-C), 142.6 (t, o-C, JCP = 3.9), 122.7 (m-C), 119.7 (p-C), 34.1 (t, JCP = 66.3, PCH2), 28.1 (CHMe2), 24.0 (CHMe2), 18.8 (m, PMe). 31P NMR (CDCl3): d ‑2.4. Anal. Calc for C29H48N2P2: C, 71.6; H, 9.9; N, 5.8; P, 12.8 %. Found: C, 72.7; H, 10.2; N, 5.3; P, 13.0 %.

C2H4(Ph2P=NC6H2Me3-2,4,6)2 IIIa. From dppe (2.9 g, 7.4 mmol) and 2,4,6-trimethylphenyl azide (3.0 g, 18.6 mmol), yield 4.4 g (6.6 mmol, 89 %). 1H NMR (CDCl3, 20 °C): d 7.35-7.24, (m, 20H, Ph), 6.77 (s, 4H, m-mes), 2.36 (m, 4H, PCH2); 2.23 (s, 6H, p-Me), 1.98 (s, 12H, o-Me). 13C NMR (CDCl3, 20 °C): d 144.4 (ipso-C, mes), 133.5 (m, ipso-C, Ph), 131.9 (t, JCP = 3.8, o-C, Ph), 130.5 (p-C, Ph), 130.2 (t, JCP = 5.0, m-C, Ph), 128.3 (m-C, mes), 127.9 (t, JCP = 6.0, o-C, mes), 127.3 (t, JCP = 1.7, p-C, mes), 22.5 (o-Me), 22.4 (m, PCH2), 21.7 (p-Me). 31P NMR (CDCl3): d ‑2.6. Anal. Calc for C44H46N2P2: C, 79.5; H, 7.0; N, 4.2; P, 9.3 %. Found: C, 79.3; H, 6.8; N, 4.1; P, 8.8 %. 
C2H4(Ph2P=NC6H3Pri2-2,6)2 IIIb. From dppe (5.0 g, 13.0 mmol) and 2,6-diisopropylphenyl azide (6.1 g, 25.0 mmol), reaction time 0.5 h. Yield: 6.9 g (9.2 mmol, 71%). 1H NMR (CDCl3, 20 °C): d 7.48-7.34 (m, 20H, Ph), 6.95 (d, 4H, J = 7.5, m-C, aryl), 6.80 (t, 2H, J = 7.5, p-C, aryl), 3.17 (sept, 4H, J = 6.9, CHMe2), 2.50 (m, 4H, PCH2), 0.86 (d, 24H, J = 6.9, CHMe2). 13C NMR (CDCl3, 20 °C): d 144.2 (ipso-C, aryl), 142.3 (o-C), 132.8 (m, ipso-C, Ph), 132.0 (t, JCP = 4.5, m-C, Ph), 131.7 (p-C, Ph), 128.5 (t, JCP = 5.8, o-C, Ph), 122.6 (m-C, aryl) 119.0 (p-C, aryl), 28.6 (CHMe2), 23.4 (CHMe2), 22.9 (m, PCH2). 31P NMR (CDCl3): d ‑4.3. Anal. Calc for C50H58N2P2: C, 80.2; H, 7.8; N, 3.7; P, 8.3 %. Found: C, 79.0; H, 7.9; N, 3.5; P, 7.4 %.
C2H4(Me2P=NC6H2Me3-2,4,6)2 IVa. From dmpe (1.7 g, 11.4 mmol) and 2,4,6-trimethylphenyl azide (4.6 g, 28.5 mmol), yield 3.5 g (8.4 mmol, 74 %). 1H NMR (CDCl3, 20 °C):  6.77 (s, 4H, m-mes), 2.17 (br s, 22H, o, p-mes and PCH2), 1.48 (m, 12H, PMe). 13C NMR (CDCl3, 20 °C): d 144.6 (t, JCP = 2.5, ipso-C), 131.9 (t, J = 3.6, o-C), 127.8 (t, JCP = 2.2, m-C), 127.7 (p-C), 25.3 (m, PCH2), 20.5 (p-Me), 20.2 (o-Me), 16.0 (m, PMe). 31P NMR (CDCl3): d 0.9. Anal. Calc for C25H40N2P2: C, 69.2; H, 9.2; N, 6.7, P, 14.9 %. Found: C, 69.2; H, 9.4; N, 6.8; P, 14.7 %. 
C2H4(Me2P=NC6H3Pri2-2,6)2 IVb. From dmpe (0.90 g, 6.0 mmol) and 2,6-diisopropylphenyl azide (2.5 g, 15.0 mmol), reaction time 0.5 h. Yield 1.6g (54%). 1H NMR (CDCl3, 20 °C): d 6.93 (d, 4H, J = 7.6, m-aryl), 6.77 (t, 2H, J = 7.6, p-aryl), 3.31 (sept, 4H, J = 6.9, CHMe2), 2.11 (d, 4H, JPH = 2.8, PCH2), 1.45 (m, 12H, PMe), 1.11 (d, 24H, J = 6.9, CHMe2). 13C NMR (CDCl3, 20 °C): d 143.1 (ipso-C), 141.7 (o-C), 121.5 (m-C) 118.6 (p-C), 27.2 (CHMe2), 24.4 (CHMe2), 23.0 (m, PCH2), 14.2 (m, PMe). 31P NMR (CDCl3): d 4.3. Anal. Calc for C30H50N2P2: C, 72.0; H, 10.0; N, 5.6 P, 11.8 %. Found: C, 72.0; H, 10.3; N, 5.4; P, 12.4 %. 

Synthesis of 2,6-bis(diphenylphosphino)pyridine) ligands

2,6-C5H3N(PPh2)2. The compound was prepared by a modification of a literature procedure.12 Ammonia (ca. 1 l) was condensed onto sodium (23.0 g, 1.0 mol) at –78 °C. Triphenylphosphine (131.0 g, 0.5 mol) in thf (200 cm3) was added dropwise over one hour at –78 °C, followed by the addition of ammonium chloride (26.8 g, 0.5 mol) in small portions. Stirring was continued for another hour at –78 °C. A solution of 2,6-difluoropyridine in thf (100 cm3) was added dropwise and the mixture stirred for 1 h. Toluene was added and the mixture allowed to warm to room temperature and stirred overnight. The resulting dark red solution and was refluxed until no further ammonia could be detected (ca. 1 h). The solvent was removed in vacuo, leaving a red oil. The addition of methanol (200 cm3) resulted in a creamy precipitate which was filtered and dried (103.8 g, 0.23 mol, 93%). 1H NMR (CDCl3, 20 °C): d 7.25-7.36 (m, 21H, 4Ph and p-H of py), 7.06 (dt, 2H, JHH = 7.8, JHP = 2.9, m-H of py). 31P NMR (CDCl3): d ‑5.0. 13C NMR (CDCl3, 20 °C): d 136.3 (d, JCP = 10.8, ipso-C of py), 135.0 (t, JCP = 4.0, p-C of py), 134.2 (d, JCP = 20.3, o-C of Ph), 128.8 (s, p-C of Ph), 128.9 (d, JCP = 9.8, m-C of Ph), 126.5 (d, JCP = 22.3, m-C of py). Anal. Calcd for C29H23NP2: C, 77.8; H, 5.14; N, 3.1; P, 13.8%. Found: C, 77.35; H, 5.01; N, 3.0; P, 13.7%. MS (EI): m/z 447 (M+). 

2,6-C5H3N(PCy2)2. To Cy2PH (5.0 g, 25 mmol) in thf (50 cm3), BunLi in hexanes (15.8 cm3, 25 mmol) was added dropwise at ‑78°C. The solution was stirred for 0.5 h at –78 °C, allowed to warm to room temperature and stirred for a further 2 h. A solution of 2,6-difluoropyridine (1.14 cm3, 12.5 mmol) in thf (50 cm3) was added dropwise at –78°C and stirred for 0.5 h, followed by refluxing overnight. Removal of the solvent in vacuo left a cream coloured solid. Adding methanol (100 cm3) gave an orange solution and cream solid which was filtered off, washed with light petroleum and dried in vacuo, yield 3.79g (8.0 mmol, 65%). 1H NMR (CDCl3, 20 °C): d 7.36 (m, 3H, py), 2.14-0.90 (m, 44H, Cy). 31P NMR (CDCl3, 20 °C): d 9.9. 13C NMR (CDCl3, 20 °C): d 161.3 (dd, J = 14.6 and 2.2, ipso-C of py), 133.1 (t, J = 11.1, p-C of py), 131.5 (d, J = 42.3, m-C of py), 32.5 (d, J = 10.2, Cy), 29.8 (d, J = 14.7, Cy), 29.4 (d, J= 8.3, Cy), 27.4 (d, J = 11.9, Cy), 27.0 (d, J = 8.3, Cy), 26.5 (Cy). 

Synthesis of 2,6-Bis(aryliminophosphoranyl)pyridines
2,6-C5H3N(Ph2P=NC6H2Me3-2,4,6)2, Va. A toluene solution of 2,6-C6H3N(PPh2)2 (6.26 g, 14.0 mmol) heated to 60 °C was treated dropwise with 2,4,6-trimethylphenyl azide (5.64 g, 35 mmol) and stirred for 4 h at this temperature. The solvent was removed in vacuo to give a brown oil. Washing the oil three times with light petroleum (ca. 100 cm3) afforded a cream coloured solid which was dried under vacuum, yield 7.8 g (0.01 mol, 78%). 1H NMR (CDCl3, 20 °C): d 8.37 (m, 2H, m-py), 7.86 (m, 1H, p-py), 7.34-7.30, (m, 12H, m, p-Ph), 7.16-7.10 (m, 8H, o-Ph), 6.64 (s, 4H, m-mes), 2.10 (s, 6H, p-Me), 1.88 (s, 12H, o-Me). 13C NMR (CDCl3, 20 °C): d 158.6 (dd, JCP = 149.0 and 18.5, ipso-py), 144.2 (ipso-C of mes), 136.7 (t, JCP = 8.3, p-py), 133.2 (d, JCP = 97.2, ipso-C of Ph), 132.6 (d, JCP = 9.6, o-C of Ph), 132.2 (d, JCP = 7.7, m-C of mes), 131.4 (p-C, Ph), 129.5 (dd, JCP = 22.1, 3.0, m-py), 128.9 (m-C of mes), 128.4 (d, JCP = 12.4, o-C of Ph), 123.1 (p-C of mes), 21.9 (o-Me), 21.0 (p-Me). 31P NMR (CDCl3): d ‑13.5. Anal. Calc for C47H45N3P2: C, 79.1; H, 6.4; N, 5.9; P, 8.7 %. Found: C, 80.0; H, 6.3; N, 5.8; P, 8.6 %. 

2,6-C5H3N(Ph2P=NC6H3Pri2-2,6)2 Vb. This compound was synthesised by the above procedure given for Va, from 2,6-C5H3N(PPh2)2 (3.65 g, 8.1 mmol) and 2,6-diisopropylphenyl azide (5.78 g, 28.35 mmol), yield 3.4 g (4 mmol, 54%). 1H NMR (CDCl3, 20 °C): d 8.33, (m, 2H, m-py), 7.89 (m, 1H, p-py), 7.26 (m, 12H, m, p-Ph), 7.14 (m, 8H, o-Ph), 6.89 (d, 4H, J = 6.9, m-isityl), 6.75 (t, 2H, J = 6.9, p-isityl), 3.17 (sept, 4H, J = 6.9, CHMe2), 0.79 (d, 24H, J = 6.9, CHMe2). 13C NMR (CDCl3, 20 °C) d 158.0 (dd, JCP = 141.1, 18.9, ipso-py), 143.7 (ipso-isityl), 141.0 (d, i-C of Ph, JCP=90.6), 136.1 (t, JCP = 8.3, p-py), 133.4 (o-isityl), 132.2 (d, JCP = 9.5, m-Ph), 130.9 (p-Ph), 128.9 (dd, JCP = 45.3, 3.0, m-py), 128.0 (d, JCP = 12.2, o-Ph), 122.7 (m-isityl), 119.0 (p-isityl), 28.5 (CHMe2), 23.5 (CHMe2). 31P NMR (CDCl3): d ‑12.5. Anal. Calc for C53H57N3P2: C, 79.8; H, 7.2; N, 5.3; P, 7.8 %. Found: C, 78.4; H, 7.1; N, 4.9; P, 7.5 %. 

2,6-C5H3N(Ph2P=NSiMe3)2 (Vc). A suspension of 2,6-C5H3N(PPh2)2 (12.20 g, 27.30 mmol) in toluene (150 cm3) was treated with trimethylsilyl azide (7.84 g, 68.25 mmol). The mixture was refluxed for two weeks and filtered to remove unreacted starting material (4.92 g, 11.01 mmol). The filtrate was reduced in volume (ca. 50 cm3), layered with light petroleum and left to stand at room temperature for 3 days to give a white crystalline solid (7.91 g, 12.74 mmol, 78 % based on the amount of 2,6-C5H3N(PPh2)2 consumed). 1H NMR (CDCl3, 20 °C): ( ‑0.05 (s, 18 H, SiMe3), 7.21 (m, 8H, o-Ph), 7.42 (m, 12H, p,m-Ph), 7.96 (m, 1H, p-py), 8.37 (m, 2H, m-py). 13C NMR (CDCl3, 20 °C): ( 158.3 (dd, i-py, JCP = 135.8, 18.1), 135.9 (t, p-py, JCP = 9.1), 134.3 (d, i-Ph, JCP = 99.6), 132.1 (d, m-Ph, JCP = 10.6), 130.6 (d, p-Ph, JCP = 1.5),128.4 (dd, m-py, JCP = 15.1, 3.0), 127.8 (d, o-Ph, JCP = 12.1), 3.7 (SiMe3). 31P NMR (CDCl3, 20°C): ( -2.8. Anal. Calc for C35H41N3P2Si2: C, 67.6; H, 6.7; N, 6.8 %. Found: C, 67.9; H, 6.9; N, 6.7 %.

2,6-C5H3N(Cy2P=NC6H3Pri2-2,6)2 VIb. From 2,6-C5H3N(PCy2)2 (2.0 g, 4.2 mmol) and 2,6-diisopropylphenyl azide (2.15g, 11 mmol), yield 2.4 g (2.9 mmol, 70%). 1H NMR (CDCl3, 20 °C): d 8.07 (m, 2H, m-py), 7.81 (m, 1H, p-py), 6.95 (d, 4H, J = 7.1, m-isityl), 6.73 (t, 2H, J = 7.1, p-isityl), 3.20 (sept, 4H, J = 6.7, CHMe2), 2.44 (br m, 4H, Cy), 2.30 (br m, 4H, Cy), 1.78 (br m, 4H, Cy), 1.65 (br m, 14H, Cy), 1.23 (br m, 18H, Cy), 1.16 (d, 24H, J = 6.7, CHMe2). 13C NMR (CDCl3, 20 °C): d 156.5 (dd, JCP = 108.1, 15.2, ipso-py), 145.6 (s, ipso-isityl), 141.9 (d, JCP = 5.5, o-isityl) 134.7 (t, JCP = 7.5, p-py), 130.3 (dd, JCP = 15.8, 2.8, m-py), 122.9 (m-isityl), 118.5 (p-isityl), 37.1 (d, JCP = 66.0, CH of Cy), 29.1 (CHMe2), 27.4 (d, JCP = 4.2, Cy), 27.3 (d, JCP = 5.2, Cy), 27.1, 26.5, 26.2 (all Cy). 31P NMR (CDCl3): d 1.2. Anal. Calc for C53H81N3P2: C, 77.4; H, 9.9; N, 5.1; P, 7.5 %. Found: C, 77.1; H, 9.7; N, 4.9; P, 7.5 %. 

Positional parameters used for molecular orbital calculations

Geometry used for (L-H)NiBr: 
Ni -0.042932 -0.877789 -0.284504

Br -0.077202 -2.761901 -1.633242 

C 0.002818 0.663391 1.001851

H -0.044002 0.245863 1.825076

N 1.858766 -0.596044 -0.183829

N -1.937914 -0.436001 -0.288516

P 1.657107 0.872222 0.436221

P -1.606337 0.983308 0.385138

C 3.021135 -1.431153 -0.181387

C 3.337420 -2.174034 0.970219

C 4.537745 -2.884928 0.991422

H 4.777934 -3.365415 1.774815

C 5.384351 -2.907345 -0.094219

H 6.212346 -3.370379 -0.045175

C 5.020653 -2.253308 -1.254170

H 5.588307 -2.302513 -2.013850

C 3.830256 -1.518874 -1.331124

C 2.390544 -2.307119 2.146187

H 1.632509 -1.669806 2.001652

C 1.808542 -3.727909 2.168256

H 1.359398 -3.910788 1.317606

H 1.163545 -3.805369 2.901988

H 2.532540 -4.375127 2.301507

C 3.041152 -1.959213 3.482130

H 3.744442 -2.610943 3.681984

H 2.364532 -1.980982 4.191111

H 3.431822 -1.061633 3.431429

C 3.429570 -0.886771 -2.644192

H 2.500614 -0.534101 -2.536585

C 3.402566 -1.922468 -3.775009

H 4.318645 -2.193242 -3.992584

H 2.980340 -1.529087 -4.568247

H 2.889293 -2.706902 -3.486947

C 4.328345 0.294132 -3.019866

H 4.311840 0.959504 -2.300689

H 4.002877 0.700060 -3.849946

H 5.246993 -0.022987 -3.149740

C 2.750931 1.332758 1.790276

C 2.234275 1.865249 2.963739

H 1.294322 1.952832 3.067624

C 3.082452 2.270270 3.987514

H 2.722162 2.617888 4.795580

C 4.453106 2.165164 3.826691

H 5.035502 2.447211 4.522448

C 4.978096 1.650336 2.652465

H 5.919435 1.589075 2.543978

C 4.142298 1.224098 1.637092

H 4.506939 0.858228 0.839368

C 1.861187 2.198219 -0.778644

C 1.371446 2.023694 -2.072658

H 0.928126 1.217037 -2.305236

C 1.527680 3.025333 -3.022073

H 1.187387 2.905844 -3.900633

C 2.180428 4.200883 -2.684597

H 2.278669 4.889692 -3.331762

C 2.687520 4.375751 -1.414684

H 3.148325 5.176764 -1.193914

C 2.527060 3.384220 -0.456965

H 2.871647 3.511308 0.418986

C -1.582844 2.400067 -0.729609

C -1.875147 2.298580 -2.079612

H -2.050503 1.446932 -2.464018

C -1.911649 3.438574 -2.872001

H -2.126710 3.368794 -3.794425

C -1.636436 4.673182 -2.320469

H -1.670925 5.452596 -2.863563

C -1.310195 4.780778 -0.982668

H -1.102891 5.629781 -0.612021

C -1.287842 3.650872 -0.180737

H -1.071420 3.726224 0.741377

C -2.767440 1.486102 1.676962

C -2.326062 1.875683 2.937478

H -1.396130 1.877482 3.134527

C -3.245768 2.264071 3.910145

H -2.944168 2.534734 4.768644

C -4.598311 2.254001 3.622758

H -5.224661 2.505482 4.290118

C -5.044503 1.878002 2.365900

H -5.974823 1.883670 2.172329

C -4.135091 1.492660 1.386695

H -4.441340 1.236059 0.525090

C -3.117281 -1.246118 -0.239848

C -3.871493 -1.434140 -1.414790

C -5.061495 -2.163679 -1.348234

H -5.586890 -2.272706 -2.131899

C -5.487240 -2.729230 -0.165570

H -6.310600 -3.200258 -0.130052

C -4.707972 -2.606046 0.966779

H -4.991496 -3.024059 1.771538

C -3.512450 -1.882839 0.962154

C -3.444713 -0.868682 -2.752388

H -2.505119 -0.541734 -2.658274

C -3.460694 -1.933139 -3.851863

H -2.882050 -2.680439 -3.591282

H -3.132727 -1.543192 -4.688594

H -4.375992 -2.258707 -3.979004

C -4.322035 0.331038 -3.129684

H -5.226981 0.021456 -3.340013

H -3.940251 0.781221 -3.912043

H -4.357897 0.959023 -2.377257

C -2.658375 -1.882344 2.223620

H -2.024769 -1.111102 2.158423

C -1.826475 -3.158268 2.283907

H -2.421726 -3.936258 2.315543

H -1.264933 -3.144525 3.087550

H -1.256145 -3.215293 1.488989

C -3.471626 -1.702564 3.500153

H -4.013950 -0.889450 3.430093

H -2.865974 -1.626517 4.265818

H -4.059391 -2.476874 3.624199

Geometry of {py(CMe=NPh)2}FeCl2:  

Fe 0.000000 0.267839 0.000000

Cl -0.906527 2.511344 0.000000

Cl -1.516462 -1.565194 0.000000

C 3.791781 2.880715 0.000000

N 1.682386 1.140985 0.000000

H 4.630094 3.569681 0.000000

C -1.444278 0.172877 3.729726

C -1.444278 0.172877 -3.729726

C -0.353740 -0.430369 3.093429

C -0.353740 -0.430369 -3.093429

C 0.065803 -1.733419 3.407339

C 0.065803 -1.733419 -3.407339

C -0.627022 -2.417464 4.397911

C -0.627022 -2.417464 -4.397911

C -1.706913 -1.840756 5.042600

C -1.706913 -1.840756 -5.042600

C -2.108577 -0.562755 4.708632

C -2.108577 -0.562755 -4.708632

N 0.378654 0.290754 2.023182

N 0.378654 0.290754 -2.023182

C 1.409466 0.994701 2.348423

C 1.409466 0.994701 -2.348423

C 1.920645 1.281622 3.759231

C 1.920645 1.281622 -3.759231

C 2.175887 1.572313 1.175351

C 2.175887 1.572313 -1.175351

C 3.255214 2.449634 1.207800

C 3.255214 2.449634 -1.207800

H 3.658320 2.798771 2.148500

H 3.658320 2.798771 -2.148500

H 1.343468 0.736215 4.496521

H 1.343468 0.736215 -4.496521

H 2.966075 0.999056 3.842853

H 2.966075 0.999056 -3.842853

H 1.833951 2.346319 3.961488

H 1.833951 2.346319 -3.961488

C 1.260846 -2.418213 2.714301

C 1.260846 -2.418213 -2.714301

H -0.319836 -3.418185 4.666775

H -0.319836 -3.418185 -4.666775

H -2.236831 -2.392890 5.808453

H -2.236831 -2.392890 -5.808453

H -2.955638 -0.121471 5.214916

H -2.955638 -0.121471 -5.214916

C -1.930899 1.593429 3.389909

C -1.930899 1.593429 -3.389909

C -3.348721 1.552114 2.772764

C -3.348721 1.552114 -2.772764

C -1.889497 2.520329 4.630314

C -1.889497 2.520329 -4.630314

H -1.270984 2.016680 2.639906

H -1.270984 2.016680 -2.639906

H -2.166217 3.529556 4.340771

H -2.166217 3.529556 -4.340771

H -2.580596 2.187426 5.398038

H -2.580596 2.187426 -5.398038

H -0.893038 2.552040 5.061382

H -0.893038 2.552040 -5.061382

H -3.643623 2.551245 2.467865

H -3.643623 2.551245 -2.467865

H -3.356586 0.911226 1.896064

H -3.356586 0.911226 -1.896064

H -4.076660 1.177837 3.486263

H -4.076660 1.177837 -3.486263

C 0.858481 -3.778925 2.097172

C 0.858481 -3.778925 -2.097172

H 1.599020 -1.783245 1.897260

H 1.599020 -1.783245 -1.897260

C 2.451196 -2.592303 3.692206

C 2.451196 -2.592303 -3.692206

H 1.692662 -4.186670 1.534062

H 1.692662 -4.186670 -1.534062

H 0.589194 -4.493307 2.867746

H 0.589194 -4.493307 -2.867746

H 0.013751 -3.651389 1.427791

H 0.013751 -3.651389 -1.427791

H 3.296395 -3.037407 3.175492

H 3.296395 -3.037407 -3.175492

H 2.766430 -1.637416 4.101160

H 2.766430 -1.637416 -4.101160

H 2.179484 -3.241161 4.518789

H 2.179484 -3.241161 -4.518789

Geometry of {py(Ph2P=NPh)2}FeCl2
Fe 0.000000 0.980068 0.000000

Cl -2.444172 1.143210 0.000000

Cl 0.886068 3.215458 0.000000

P -0.321412 -0.698284 2.738662

N 0.426136 0.828304 1.915485

P -0.321412 -0.698284 -2.738662

N 0.426136 0.828304 -1.915485

N -0.367179 -1.053154 0.000000

C -0.613683 -1.722891 1.152326

C -0.613683 -1.722891 -1.152326

C -1.099862 -3.023226 -1.192284

C -1.345389 -3.685857 0.000000

C -1.099862 -3.023226 1.192284

C 1.367354 -1.032279 5.014852

C 1.022343 -1.598163 3.792613

C 1.672076 -2.734863 3.331203

C 2.663635 -3.316653 4.106721

C 3.006654 -2.762766 5.331510

C 2.360055 -1.621570 5.783754

C 0.972562 1.733585 2.926042

C 2.365839 1.715842 3.119366

C 2.941899 2.586062 4.035901

C 2.161552 3.472672 4.754876

C 0.795380 3.510520 4.543885

C 0.184307 2.660672 3.628767

C 3.267982 0.806395 2.289654

C -1.320362 2.769162 3.408299

C 0.972562 1.733585 -2.926042

C 2.365839 1.715842 -3.119366

C 2.941899 2.586062 -4.035901

C 2.161552 3.472672 -4.754876

C 0.795380 3.510520 -4.543885

C 0.184307 2.660672 -3.628767

C 3.267982 0.806395 -2.289654

C -1.320362 2.769162 -3.408299

C -1.980143 -0.883939 -3.729480

C -3.127241 -0.285401 -3.226563

C -4.321492 -0.436453 -3.919654

C -4.362120 -1.169433 -5.095803

C -3.207268 -1.763004 -5.587630

C -2.009960 -1.623766 -4.905245

C 1.022343 -1.598163 -3.792613

C 1.672076 -2.734863 -3.331203

C 2.663635 -3.316653 -4.106721

C 3.006654 -2.762766 -5.331510

C 2.360055 -1.621570 -5.783754

C 1.367354 -1.032279 -5.014852

C -1.980143 -0.883939 3.729480

C -2.009960 -1.623766 4.905245

C -3.207268 -1.763004 5.587630

C -4.362120 -1.169433 5.095803

C -4.321492 -0.436453 3.919654

C -3.127241 -0.285401 3.226563

H -1.732140 -4.699337 0.000000

H -1.294383 -3.496933 2.144980

H -1.294383 -3.496933 -2.144980

H 4.013905 2.571090 4.180026

H 4.013905 2.571090 -4.180026

H 2.619956 4.145360 5.468578

H 2.619956 4.145360 -5.468578

H 0.188252 4.222641 5.086700

H 0.188252 4.222641 -5.086700

H -1.113366 -2.090558 5.287676

H -1.113366 -2.090558 -5.287676

H -3.237318 -2.337358 6.504626

H -3.237318 -2.337358 -6.504626

H -5.296220 -1.280368 5.633281

H -5.296220 -1.280368 -5.633281

H -5.220419 0.027509 3.533450

H -5.220419 0.027509 -3.533450

H -3.093761 0.289432 2.307322

H -3.093761 0.289432 -2.307322

H 1.415301 -3.168325 2.374726

H 1.415301 -3.168325 -2.374726

H 3.170661 -4.204139 3.749621

H 3.170661 -4.204139 -3.749621

H 3.782723 -3.219787 5.933365

H 3.782723 -3.219787 -5.933365

H 2.629766 -1.183079 6.736400

H 2.629766 -1.183079 -6.736400

H 0.867765 -0.138413 5.365652

H 0.867765 -0.138413 -5.365652

H -1.672892 3.736877 -3.747676

H -1.853790 2.005602 -3.967897

H -1.566881 2.659932 -2.357354

H 4.261016 0.757173 -2.724785

H 3.359425 1.200947 -1.280098

H 2.872675 -0.200779 -2.218538

H 4.261016 0.757173 2.724785

H 2.872675 -0.200779 2.218538

H 3.359425 1.200947 1.280098

H -1.672892 3.736877 3.747676

H -1.566881 2.659932 2.357354

H -1.853790 2.005602 3.967897

