56
1
Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2002

Title: -Arene complexes of Ni(II), efficient catalysts for 1,3-butadiene and styrene polymerization
Authors: Juan Cámporaa*, María del Mar Conejoa, Kurt Mereiterb and Elisa Passaglia c
a Instituto de Investigaciones Químicas, Consejo Superior de Investigaciones Científicas- Universidad de Sevilla, c/ Américo Vespucio s/n, Isla de la Cartuja, 41092 Sevilla (Spain). E-mail: campora@iiq.csic.es (for J. Cámpora)

b Department of Chemistry, Vienna University of Technology, Getreidemarkt 9/164, A-1060 Vienna (Austria). E-mail: Kurt.Mereiter@tuwien.ac.at
c Dipartimento di Chimica e Chimica Industriale, Università di Pisa, CNR-ICCOM Sezione di Pisa, via Risorgimento 35, 56100 Pisa (Italy). E-mail: elpas@dcci.unipi.it 

Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2002-09-05
Synthesis and characterization

Synthesis of compound 2. All manipulations were performed under inert atmosphere using conventional Sclenk technique. A solution of 2,6-di-t-butyl-4-methylphenol (0.177 g, 0.77 mmol) and NaB(C6H3-3,5-(CF3)2)4 (0.688 g 0.77 mmol) in 10 mL of Et2O was added to a stirred solution of [Ni(3-C3H5)(-Cl)]2 (0.105 g, 0.38 mmol) in Et2O (30 mL) at -60° C. After 5 min, the cooling bath was removed and the mixture was allowed to stir at room temperature for 45 min. The solvent was evaporated under vacuum, and the residue extracted with 30 mL of CH2Cl2, and the resulting solution was filtered and concentrated. The product was isolated by cooling at -30° C, as a red-orange crystalline solid, and recrystallized twice form CH2Cl2-petroleum ether. Yield, 0.604 g, (0.51 mmol, 67 %). 1H NMR (CD2Cl2, 20° C):1.47 (s, 18H, t-Bu); 2.19 (s, 3H, CH3); 2.46 (d., 3JHH= 12.4 Hz, 2H, allyl CHanti); 3.61 (d., 3JHH= 6.6 Hz, 2H, allyl-CHsyn); 5.84 (s, 1H, OH); 5.85 (m, allyl CHcentral); 6.94 (s, 2H, arom CH); 7.57 (sa., 4H, CHp-Ar’); 7.73 (s., 8H, CHo-Ar’).13C{1H} NMR (CD2Cl2, 20° C):20.4 (CH3); 30.1 (CMe3); 35.2 (s, CMe3); 58.7 (allylCH2); 106.5 (allyl CH); 109. (aromCH); 109.2 (C-Me); 109.1 (aromCH); 109.20 (C-Me); 117.8 (Cp-Ar’); 124.9 (q, 1JCF= 272.83 Hz, CF3(Ar’)); 126.5 (C-tBu); 129.17 (q, 2JCF= 31.5 Hz, C-CF3(Ar’)); 135.1 (Co-Ar’); 140.2 (s, C-OH); 162.05 (m, C-B(Ar’)). IR (,cm-1): 3600, 1610.2, 1355.1, 1277.5, 1128.4, 888.8, 839, 744.5, 713.6, 682.2. Anal. Calcd for C50H41OBF24Ni: C, 50.7, H, 3.5. Found, C 50.2, H 3.5. 

Synthesis of compound 3. A solution of NaB(C6H3-3,5-(CF3)2)4  (0.623g, 0.70 mmol) and 1,3,5-trist-butylbenzene (0.353 g, 1.41 mmol) was added to a solution of [Ni(3-C3H5)(-Cl)]2 (0.095g, 0.35 mmol) in 25 mL of diethyl ether at -30°C, and the resulting mixture was stirred overnaight at room temperature. The solvent was evaporated, and the residue washed with 3 x 25 mL of hexane, extracted with 25 mL of CH2Cl2, and filtered. Concentrating the solution to a volume of to ca. 12 mL, and.cooling to -30° C overnight affords 0.250 g (0.20 mmol, 29% yield). 1H NMR (CD2Cl2, 20° C):1.36 (s, 18H, tBu); 2.40 (d., 3JHH= 12.42 Hz, 2H, allyl CHanti); 3.83 (d., JHH= 6.5 Hz, 2H, allyl CHsyn); 5.76 (m, allyl CHcentral); 7.00 (s, 3H, arom CH); 7.56 (sa., 4H, CHp-Ar’); 7.72 (sa., 8H, CHo-Ar’). 13C{1H} NMR (CD2Cl2, 20° C):30.91 (CMe3-Ph); 35.7 (CMe3); 58.27 (CH2-alilo); 102.63 (allyl CH); 105.27 (arom CH); 117.81 (Cp-Ar’); 124.9 (q, 1JCF= 272.4 Hz, CF3(Ar’)); 129.17 (q, 2JCF= 33 Hz, C-CF3(Ar’)); 162.05 (m, C-B(Ar’)).IR (,cm-1): 3646, 1610.5, 1279.2, 1124.8, 887.3, 838.4, 744.1, 712.4, 681.7. Anal. Calcd. for C53H47BF24Ni: C, 52.6, H, 3,9. Found, C, 52.4; H, 4.2.

Scheme 1.
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Figure 1. ORTEP perpective of the cationic part of 2.
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Table 1. 1, 3-Butadiene and styrene polimerization with 2 and 3.

	
	Catalyst


	Monomera
(mole)
	Solventb
(mL)
	Yield (%)
	TOFc
(x 10-4)
	Stereospecifitie of

polymersd
	Mw
	Mn
	Mw/Mn

	1
	2
	BN (0.44)
	TOL (100)
	63.0
	8.03
	93.5/4.3/2.2e
	87,062
	34,307
	2,5

	2
	2
	BN (0.24)
	TOL (30)
	98.7
	6.78
	93.6/4.7/1.7e
	149,602
	32,187
	4,6

	3
	3
	BN (0.24)
	TOL (30)
	76.4
	5.56
	94.0/4.2/1.8e
	114,720
	52,920
	2,2

	4
	2
	BN (0.24)
	HEX (30)
	48.2
	3.35
	92.9/4.9/2.2e
	64,000
	25,400
	2,5

	5
	2
	BN (0.24)
	DCM (30)
	22.3
	1.55
	92.4/5.5/2.1e
	33,800
	16,450
	2,2

	6
	2
	ST (0.12)
	TOL (11)
	56.3
	1.95
	44, 29, 27f
	4,400
	2,140
	2,1

	7
	2
	ST (0.12)
	HEX (11)
	66.4
	2.31
	41, 30, 29f
	2,770
	1,140
	2,4

	8
	2
	ST (0.12)
	DCM (11)
	76.9
	2.67
	40, 30, 30f
	2,300
	1,090
	2,1


Polymerization conditions: 60° C, 60 min., 3.45 x 10-6 mol of Ni complex. a, BN: 1,3-butadiene; ST: styrene; b, TOL: toluene; HEX: hexane; DCM: dichloromethane. c, h-1; d, determined from the 13C NMR spectra; e, cis/trans/1,2; f, mm, mr, rr, approximate distribution from integration of the Cipso signals.

Polybutadiene (Table I, entry 2) 1H-RMN (300 MHz, CDCl3, 20 oC); 10 s delay.


[image: image3]
Polybutadiene (Table I, entry 2) 13C{1H}-RMN (75 MHz, CDCl3, 20 oC); 30o pulse, 1 s delay.
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Polystyrene (Table I, entry 6) 1H-RMN (300 MHz, CDCl3, 55 oC); 10 s delay.


[image: image5]
Polystyrene (Table I, entry 6) 13C{1H}-RMN (75 MHz, CDCl3, 55 oC); 30o pulse, 1 s delay.
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Tables S1 to S3 and Figure S1:  Crystallographic details, atomic coordinates, molecular geometry, and a drawing with the atom numbering of [Ni((3-C3H5)((6-C6H2OH(t-Bu)2Me)]​[BAr’4]·1.5CH2Cl2  -  2·1.5CH2Cl2.

Table S1.  Crystal data and structure refinement for  [Ni((3-C3H5)((6-C6H2OH(t-Bu)2Me)]​[BAr’4]·1.5CH2Cl2  -  2·1.5CH2Cl2.

(((((((((((((((((((((((((((((((((((((((((((((((
Identification code               ecej3fr
Empirical formula                 C51.50 H44 B Cl3 F24 Ni O     (idealized)
Formula weight                    1310.74
Temperature                       213(2) K
Wavelength                        0.71073 Å
Crystal system, space group       Triclinic,  P(1  (no. 2)
Unit cell dimensions              a = 13.807(9) Å    ( =  95.84(2) deg.
                                  b = 13.981(9) Å    ( = 101.41(2) deg.
                                  c = 17.466(11) Å   ( = 118.19(2) deg.
Volume                            2838(3) Å3
Z, Calculated density             2,  1.534 Mg/m3
Absorption coefficient            0.599 mm-1
F(000)                            1322
Crystal size                      0.06 x 0.32 x 0.70 mm, pale red plate
Diffractometer                    Bruker AXS SMART CCD platform type 3-circle
                                  (sealed X-ray tube, Mo K( radiation, graphite
                                  monochromator, detector distance 40 mm,

                                  512x512 pixel mode)
Scan type / width / speed         (-scan frames / (( = 0.3° / 20 sec. per frame
                                  full sphere data collection, 2550 frames, 
                                  6 frame-sets
Theta range for data collection   1.70 to 25.01 deg.
Index ranges                      -16<=h<=16, -14<=k<=16, -20<=l<=20
Reflections collected / unique    31705 / 9971 [R(int)= 0.043, R(sigma)= 0.050]
Completeness to theta  = 25.01    99.6%
Absorption correction             Semi-empirical from equivalents (prg. SADABS)
Max. and min. transmission        0.96 and 0.79
Structure solution                Patterson method (program SHELXS97)
Refinement method                 Full-matrix least-squares on F2 (prg SHELXL97)
Data / restraints / parameters    9971 / 325 / 820
Goodness-of-fit on F2             1.023
Final R indices [I>2sigma(I)]     R1 = 0.0531, wR2 = 0.1299  (6448 data)
R indices (all data)              R1 = 0.0931, wR2 = 0.1514  (9971 data)
Largest diff. peak and hole       0.515 and -0.505 e Å-3
(((((((((((((((((((((((((((((((((((((((((((((((
 R1 = (((Fo(-(Fc((/((Fo(, wR2 = [((w(Fo2-Fc2)2)/((w(Fo2)2)]½
(((((((((((((((((((((((((((((((((((((((((((((((

Table S2.  Atomic coordinates (x104; for Ni x105) and equivalent isotropic displacement parameters (Å2 x 103) for  [Ni((3-C3H5)((6-C6H2OH(t-Bu)2Me)]​[BAr’4]·1.5CH2Cl2  -  2·1.5CH2Cl2.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor.

((((((((((((((((((((((((((((((((((((((
                x            y             z            Ueq
((((((((((((((((((((((((((((((((((((((
Ni            4774(4)      25854(4)      22829(3)       39(1)
C(1)        -1053(3)       1288(4)       2254(3)       69(1)
C(2)        -1147(4)       1931(4)       1726(3)       67(1)
C(3)         -558(4)       2053(4)       1158(3)       69(1)
C(4)         1619(3)       2958(3)       3482(2)       39(1)
C(5)         1975(3)       2506(3)       2897(2)       34(1)
C(6)         2167(3)       3030(3)       2251(2)       35(1)
C(7)         2012(3)       3946(3)       2174(2)       36(1)
C(8)         1687(3)       4367(3)       2776(2)       41(1)
C(9)         1474(3)       3891(3)       3434(2)       40(1)
O            1421(3)       2516(2)       4127(2)       55(1)
C(10)        2189(3)       1526(3)       2974(2)       41(1)
C(11)        1121(4)        480(3)       3025(2)       53(1)
C(12)        3195(4)       1890(4)       3714(3)       63(1)
C(13)        2515(4)       1196(3)       2252(2)       56(1)
C(14)        2213(3)       4480(3)       1474(2)       46(1)
C(15)        1125(4)       4391(3)       4086(2)       55(1)
C(16)         -56(4)       3511(4)       4144(3)       83(2)
C(17)        2026(5)       4793(4)       4884(3)       77(1)
C(18)        1035(5)       5388(4)       3875(3)       90(2)
B            5536(3)       7976(3)       1827(2)       30(1)
C(19)        6279(3)       8349(2)       1174(2)       29(1)
C(20)        6081(3)       8947(3)        632(2)       33(1)
C(21)        6755(3)       9357(3)        118(2)       36(1)
C(22)        7646(3)       9165(3)        116(2)       37(1)
C(23)        7863(3)       8573(3)        647(2)       33(1)
C(24)        7201(3)       8187(3)       1170(2)       31(1)
C(25)        6507(4)      10008(3)       -429(2)       53(1)
C(26)        8825(3)       8361(3)        655(2)       49(1)
C(27)        4192(3)       7607(2)       1441(2)       30(1)
C(28)        3585(3)       6997(3)        657(2)       34(1)
C(29)        2426(3)       6584(3)        350(2)       40(1)
C(30)        1808(3)       6771(3)        821(2)       45(1)
C(31)        2381(3)       7366(3)       1599(2)       40(1)
C(32)        3540(3)       7767(3)       1906(2)       35(1)
C(33)        1838(3)       5908(4)       -481(3)       59(1)
C(34)        1737(3)       7567(4)       2130(3)       59(1)
C(35)        5448(3)       6856(3)       2102(2)       31(1)
C(36)        5349(3)       5982(3)       1568(2)       33(1)
C(37)        5181(3)       4992(3)       1780(2)       38(1)
C(38)        5119(3)       4847(3)       2541(2)       42(1)
C(39)        5204(3)       5689(3)       3079(2)       40(1)
C(40)        5342(3)       6662(3)       2858(2)       36(1)
C(41)        5013(4)       4075(3)       1163(3)       57(1)
C(42)        5139(4)       5579(3)       3911(2)       57(1)
C(43)        6192(3)       9065(3)       2573(2)       31(1)
C(44)        7031(3)       9206(3)       3244(2)       35(1)
C(45)        7579(3)      10131(3)       3877(2)       42(1)
C(46)        7340(3)      10984(3)       3853(2)       43(1)
C(47)        6554(3)      10900(3)       3182(2)       40(1)
C(48)        5993(3)       9959(3)       2560(2)       34(1)
C(49)        8440(4)      10196(4)       4570(2)       60(1)
C(50)        6320(4)      11826(3)       3113(3)       60(1)
F(25A)       7251(4)      10427(3)       -838(2)      127(2)
F(25B)       5479(3)       9441(3)       -932(2)      129(2)
F(25C)       6510(3)      10870(2)        -45(2)       85(1)
F(26A)       8833(5)       7646(6)       1035(5)      172(3)
F(26B)       8837(3)       8027(5)        -87(2)      105(2)
F(26C)       9831(2)       9276(3)        903(3)      112(2)
F(26D)       9514(10)      8965(13)       317(11)      51(2)
F(26E)       9443(10)      8517(15)      1341(5)       51(2)
F(26F)       8528(6)       7398(8)        326(10)      51(2)
F(33A)        753(2)       5672(3)       -743(2)       97(1)
F(33B)       2327(2)       6418(3)      -1014(2)       88(1)
F(33C)       1804(3)       4947(2)       -583(2)      112(1)
F(34A)       2348(4)       8503(4)       2669(3)      128(2)
F(34B)        904(5)       7694(6)       1732(3)      137(2)
F(34C)       1293(6)       6786(5)       2488(4)      145(3)
F(34D)        747(8)       6765(9)       2006(8)       51(2)
F(34E)       2180(10)      7718(16)      2868(4)       51(2)
F(34F)       1622(14)      8377(10)      2073(9)       51(2)
F(41A)       5222(7)       3346(4)       1467(2)      129(2)
F(41B)       3987(4)       3528(5)        682(4)      166(3)
F(41C)       5685(5)       4415(3)        697(3)      116(2)
F(41D)       4490(16)      4015(10)       475(4)       51(2)
F(41E)       5908(8)       4112(11)      1092(9)       51(2)
F(41F)       4394(16)      3127(5)       1261(8)       51(2)
F(42A)       5137(7)       4656(3)       4068(2)      150(3)
F(42B)       6048(3)       6367(3)       4458(2)       88(1)
F(42C)       4270(5)       5552(9)       4062(3)      179(3)
F(42D)       4903(15)      6243(11)      4262(4)       51(2)
F(42E)       4385(12)      4656(9)       3951(3)       51(2)
F(42F)       6047(9)       5765(16)      4371(4)       51(2)
F(49A)       8673(5)      10932(4)       5218(2)      146(2)
F(49B)       8137(3)       9253(3)       4802(2)       90(1)
F(49C)       9424(3)      10470(5)       4423(2)      130(2)
F(49D)       8920(20)      9660(30)      4413(6)       51(2)
F(49E)       9249(17)     11155(9)       4891(14)      51(2)
F(49F)       8072(9)       9850(30)      5141(10)      51(2)
F(50A)       6799(4)      12613(3)       3762(2)      119(2)
F(50B)       6715(4)      12329(3)       2536(3)      116(2)
F(50C)       5233(3)      11500(2)       2891(3)      101(1)
F(50D)       5710(30)     11706(15)      2444(9)       51(2)
F(50E)       5830(30)     11990(20)      3595(15)      51(2)
F(50F)       7196(9)      12748(8)       3210(20)      51(2)
C(51S)       8410(7)       6329(7)       2576(5)      135(3)
Cl(1S)       8103(2)       5212(2)       2913(1)      129(1)
Cl(2S)       8660(4)       7524(3)       3261(2)      174(2)
Cl(2T)       9220(20)      7376(18)      3310(12)     174
Cl(3S)       5450(20)      1633(19)      5570(10)     273(12)
Cl(4S)       5640(40)       730(40)      5374(16)     610(30)
Cl(5S)       4810(30)       420(60)      4950(30)     530(50)
H(1A)       -1214           542          2021          83
H(1B)       -1335          1322          2723          83
H(2)        -1558          2341          1785          81
H(3A)        -494          2623           856          83
H(3B)        -679          1369           837          83
H(6)         2264          2653          1785          42
H(8)         1416          4893          2664          49
H(1OH)       1530(40)      1970(30)      4180(30)      82
H(11A)        494           256          2550          80
H(11B)        907           643          3498          80
H(11C)       1286          -118          3060          80
H(12A)       3328          1275          3768          95
H(12B)       3018          2110          4188          95
H(12C)       3877          2514          3654          95
H(13A)       1890           949          1771          83
H(13B)       2667           596          2322          83
H(13C)       3195          1833          2201          83
H(14A)       2963          5148          1633          69
H(14B)       1632          4676          1298          69
H(14C)       2173          3963          1038          69
H(16A)        -12          2884          4301         124
H(16B)       -618          3258          3627         124
H(16C)       -282          3838          4541         124
H(17A)       2082          4168          5035         116
H(17B)       1812          5117          5290         116
H(17C)       2760          5349          4836         116
H(18A)        809          5687          4287         135
H(18B)        467          5151          3363         135
H(18C)       1772          5959          3842         135
H(20)        5469          9077           613          39
H(22)        8096          9430          -237          45
H(24)        7380          7803          1533          37
H(28)        3982          6860           322          41
H(30)        1020          6498           614          54
H(32)        3902          8160          2444          42
H(36)        5398          6063          1047          40
H(38)        5020          4186          2688          50
H(40)        5365          7212          3231          43
H(44)        7230          8651          3268          42
H(46)        7705         11610          4283          51
H(48)        5459          9920          2112          41
H(51A)       7780          6160          2111         162
H(51B)       9089          6528          2386         162
((((((((((((((((((((((((((((((((((((((
Remarks

a) 6 CF3 groups of BAr’4 anion moderately orientation disordered and showing 3+3 complementary fluorine sites. Predominant 3 F sites refined anisotropically. Subordinate 3 F sites refined isotropically using a common temperature factor for all, and the soft geometric restraints SADI 0.01 for C-F distances, SADI 0.02 for F-F distances, and FLAT 0.01 for each 3+3 fluorine positions. Site occupation factors were for F(26ABC)/F(26DEF) = 0.855(5)/0.144(5), F(34ABC)/F(34DEF) = 0.846(6)/0.154(6), F(41ABC)/F(41DEF) = 0.869(6)/0.131(6), F(42ABC)/F(42DEF) = 0.851(6)/0.149(6), F(49ABC)/F(49DEF) = 0.936(4)/0.064(4), F(50ABC)/F(50DEF) = 0.943(4)/0.057(4).

b) CH2Cl2-solvent molecule C(51s)H2Cl(1s)Cl(2s/2t) disordered in Cl(2s/2t) with site occupation factors of 0.83(1) for Cl(2s) and 0.17(1) for Cl(2t) (isotropic displacement parameter).

c) A second CH2Cl2 disordered solvent molecule is located about a centre of inversion showing 3 independent electron density peaks that were refined as partly occupied Cl atoms. Site occupation factors were Cl(3s) 0.34(3), Cl(4s) 0.52(5), Cl(5s) 0.34(5). This molecule corresponds to about 0.5 CH2Cl2 per formula unit (or per 1Ni).

d) H(1oh) was refined in x,y,z with a distance restraint O-H(1oh) = 0.86 Å. All other hydrogen atoms were inserted in idealized positions and refined riding with the atoms to which they were bonded. All H atoms had Uiso = Ueq x 1.2 (x 1.5 for CH3) of their carrier atoms.

Table S3.  Selected bond lengths [Å] and angles [deg] for  [Ni((3-C3H5)((6-C6H2OH(t-Bu)2Me)]​[BAr’4]·1.5CH2Cl2  -  2·1.5CH2Cl2.  Data for subordinately occupied sites in italics (CF3 groups and CH2Cl2).

(((((((((((((((((((((((((((((((((((((((((((((((
Bond distances

Ni-C(2)            1.958(5)
Ni-C(3)            2.011(4)
Ni-C(1)            2.019(4)
Ni-C(6)            2.126(4)
Ni-C(7)            2.138(3)
Ni-C(8)            2.191(4)
Ni-C(5)            2.191(4)
Ni-C(4)            2.199(4)
Ni-C(9)            2.248(4)

C(1)-C(2)          1.380(6)
C(2)-C(3)          1.377(6)
C(4)-O             1.353(4)
C(4)-C(9)          1.418(5)
C(4)-C(5)          1.430(5)
C(5)-C(6)          1.408(5)
C(5)-C(10)         1.545(5)
C(6)-C(7)          1.409(5)
C(7)-C(8)          1.402(5)
C(7)-C(14)         1.502(5)
C(8)-C(9)          1.398(5)
C(9)-C(15)         1.547(5)
C(10)-C(13)        1.519(5)
C(10)-C(12)        1.532(6)
C(10)-C(11)        1.537(5)
C(15)-C(17)        1.517(7)
C(15)-C(18)        1.531(6)
C(15)-C(16)        1.542(6)
B-C(43)            1.631(5)
B-C(35)            1.642(5)
B-C(27)            1.642(5)
B-C(19)            1.645(5)
C(19)-C(20)        1.395(4)
C(19)-C(24)        1.397(4)
C(20)-C(21)        1.389(4)
C(21)-C(22)        1.378(5)
C(21)-C(25)        1.483(5)
C(22)-C(23)        1.384(5)
C(23)-C(24)        1.387(4)
C(23)-C(26)        1.489(5)
C(25)-F(25A)       1.310(5)
C(25)-F(25B)       1.310(5)
C(25)-F(25C)       1.316(5)
C(26)-F(26A)       1.258(5)
C(26)-F(26B)       1.338(5)
C(26)-F(26C)       1.313(5)
C(26)-F(26D)       1.238(7)
C(26)-F(26E)       1.257(8)
C(26)-F(26F)       1.240(7)
C(27)-C(28)        1.392(5)
C(27)-C(32)        1.401(4)
C(28)-C(29)        1.381(5)
C(29)-C(30)        1.384(5)
C(29)-C(33)        1.480(6)
C(30)-C(31)        1.374(5)
C(31)-C(32)        1.384(5)
C(31)-C(34)        1.496(5)
C(33)-F(33A)       1.339(5)
C(33)-F(33B)       1.326(5)
C(33)-F(33C)       1.316(5)
C(34)-F(34A)       1.304(6)
C(34)-F(34B)       1.320(5)
C(34)-F(34C)       1.271(5)
C(34)-F(34D)       1.248(8)
C(34)-F(34E)       1.261(7)
C(34)-F(34F)       1.227(7)
C(35)-C(36)        1.393(5)
C(35)-C(40)        1.396(4)
C(36)-C(37)        1.394(5)
C(37)-C(38)        1.376(5)
C(37)-C(41)        1.483(5)
C(38)-C(39)        1.372(5)
C(39)-C(40)        1.389(5)
C(39)-C(42)        1.493(5)
C(41)-F(41A)       1.316(5)
C(41)-F(41B)       1.293(6)
C(41)-F(41C)       1.307(5)
C(41)-F(41D)       1.245(8)
C(41)-F(41E)       1.243(8)
C(41)-F(41F)       1.246(8)
C(42)-F(42A)       1.345(6)
C(42)-F(42B)       1.306(5)
C(42)-F(42C)       1.264(6)
C(42)-F(42D)       1.262(8)
C(42)-F(42E)       1.238(8)
C(42)-F(42F)       1.238(7)
C(43)-C(44)        1.399(5)
C(43)-C(48)        1.401(4)
C(44)-C(45)        1.385(5)
C(45)-C(46)        1.382(5)
C(45)-C(49)        1.481(5)
C(46)-C(47)        1.382(5)
C(47)-C(48)        1.387(5)
C(47)-C(50)        1.486(5)
C(49)-F(49A)       1.322(6)
C(49)-F(49B)       1.316(5)
C(49)-F(49C)       1.314(5)
C(49)-F(49D)       1.248(8)
C(49)-F(49E)       1.243(8)
C(49)-F(49F)       1.247(8)
C(50)-F(50A)       1.302(5)
C(50)-F(50B)       1.345(5)
C(50)-F(50C)       1.304(5)
C(50)-F(50D)       1.240(8)
C(50)-F(50E)       1.249(8)
C(50)-F(50F)       1.246(8)
C(51S)-Cl(1S)      1.621(8)
C(51S)-Cl(2S)      1.796(9)
C(51S)-Cl(2T)      1.59(2)
Cl(3S)-Cl(4S)      1.43(5)
Cl(3S)-Cl(5S)      1.63(8)
Cl(4S)-Cl(5S)      1.08(5)
Cl(4S)-Cl(5S)#1    1.42(10)
Cl(4S)-Cl(4S)#1    2.02(9)
Cl(5S)-Cl(4S)#1    1.42(10)
Cl(5S)-Cl(5S)#1    1.50(10)


Bond angles

C(2)-Ni-C(3)           40.58(18)
C(2)-Ni-C(1)           40.59(19)
C(3)-Ni-C(1)           71.28(19)
C(2)-Ni-C(6)          149.87(17)
C(3)-Ni-C(6)          109.65(16)
C(1)-Ni-C(6)          143.30(18)
C(2)-Ni-C(7)          133.57(18)
C(3)-Ni-C(7)          102.20(16)
C(1)-Ni-C(7)          173.46(17)
C(6)-Ni-C(7)           38.60(13)
C(2)-Ni-C(8)          125.20(18)
C(3)-Ni-C(8)          120.11(18)
C(1)-Ni-C(8)          145.03(18)
C(6)-Ni-C(8)           68.07(13)
C(7)-Ni-C(8)           37.78(13)
C(2)-Ni-C(5)          153.56(18)
C(3)-Ni-C(5)          135.87(17)
C(1)-Ni-C(5)          115.37(18)
C(6)-Ni-C(5)           38.04(12)
C(7)-Ni-C(5)           69.52(13)
C(8)-Ni-C(5)           80.58(13)
C(2)-Ni-C(4)          140.80(17)
C(3)-Ni-C(4)          172.18(18)
C(1)-Ni-C(4)          106.08(17)
C(6)-Ni-C(4)           67.80(13)
C(7)-Ni-C(4)           80.45(13)
C(8)-Ni-C(4)           66.38(13)
C(5)-Ni-C(4)           38.02(12)
C(2)-Ni-C(9)          127.18(17)
C(3)-Ni-C(9)          150.63(18)
C(1)-Ni-C(9)          117.36(17)
C(6)-Ni-C(9)           80.53(13)
C(7)-Ni-C(9)           68.04(13)
C(8)-Ni-C(9)           36.68(13)
C(5)-Ni-C(9)           68.60(13)
C(4)-Ni-C(9)           37.17(13)
C(2)-C(1)-Ni           67.3(2)
C(3)-C(2)-C(1)        116.8(5)
C(3)-C(2)-Ni           71.8(3)
C(1)-C(2)-Ni           72.1(3)
C(2)-C(3)-Ni           67.6(3)
O-C(4)-C(9)           116.3(3)
O-C(4)-C(5)           120.8(3)
C(9)-C(4)-C(5)        122.9(3)
C(6)-C(5)-C(4)        116.5(3)
C(6)-C(5)-C(10)       120.9(3)
C(4)-C(5)-C(10)       122.6(3)
C(5)-C(6)-C(7)        122.4(3)
C(8)-C(7)-C(6)        118.5(3)
C(8)-C(7)-C(14)       120.3(3)
C(6)-C(7)-C(14)       121.2(3)
C(9)-C(8)-C(7)        122.6(3)
C(8)-C(9)-C(4)        117.2(3)
C(8)-C(9)-C(15)       120.6(3)
C(4)-C(9)-C(15)       122.2(3)
C(13)-C(10)-C(12)     107.2(3)
C(13)-C(10)-C(11)     106.7(3)
C(12)-C(10)-C(11)     110.5(3)
C(13)-C(10)-C(5)      111.0(3)
C(12)-C(10)-C(5)      109.1(3)
C(11)-C(10)-C(5)      112.2(3)
C(17)-C(15)-C(18)     108.1(4)
C(17)-C(15)-C(16)     110.8(4)
C(18)-C(15)-C(16)     107.9(4)
C(17)-C(15)-C(9)      109.5(3)
C(18)-C(15)-C(9)      110.6(3)
C(16)-C(15)-C(9)      109.9(3)

C(43)-B-C(35)         112.7(3)
C(43)-B-C(27)         112.3(3)
C(35)-B-C(27)         103.2(2) 
C(43)-B-C(19)         104.6(3)
C(35)-B-C(19)         112.5(2)
C(27)-B-C(19)         111.8(3)
C(20)-C(19)-C(24)     115.8(3)
C(20)-C(19)-B         120.9(3)
C(24)-C(19)-B         123.1(3)
C(21)-C(20)-C(19)     122.4(3)
C(22)-C(21)-C(20)     120.6(3)
C(22)-C(21)-C(25)     120.2(3)
C(20)-C(21)-C(25)     119.2(3)
C(21)-C(22)-C(23)     118.4(3)
C(22)-C(23)-C(24)     120.7(3)
C(22)-C(23)-C(26)     119.1(3)
C(24)-C(23)-C(26)     120.2(3)
C(23)-C(24)-C(19)     122.2(3)
F(25A)-C(25)-F(25B)   108.5(4)
F(25A)-C(25)-F(25C)   104.8(3)
F(25B)-C(25)-F(25C)   103.0(4)
F(25A)-C(25)-C(21)    113.9(3)
F(25B)-C(25)-C(21)    113.1(3)
F(25C)-C(25)-C(21)    112.6(3)
F(26A)-C(26)-F(26B)   106.7(5)
F(26A)-C(26)-F(26C)   109.5(5)
F(26B)-C(26)-F(26C)    99.7(3)
F(26A)-C(26)-C(23)    115.2(3)
F(26B)-C(26)-C(23)    111.8(3)
F(26C)-C(26)-C(23)    112.8(3)
C(28)-C(27)-C(32)     115.2(3)
C(28)-C(27)-B         122.4(3)
C(32)-C(27)-B         122.0(3)
C(29)-C(28)-C(27)     123.0(3)
C(28)-C(29)-C(30)     120.5(3)
C(28)-C(29)-C(33)     119.4(3)
C(30)-C(29)-C(33)     120.0(3)
C(31)-C(30)-C(29)     118.0(3)
C(30)-C(31)-C(32)     121.2(3)
C(30)-C(31)-C(34)     119.6(3)
C(32)-C(31)-C(34)     119.2(4)
C(31)-C(32)-C(27)     122.1(3)
F(33A)-C(33)-F(33B)   103.9(3)
F(33B)-C(33)-F(33C)   105.9(4)
F(33A)-C(33)-F(33C)   106.1(4)
F(33A)-C(33)-C(29)    113.8(4)
F(33B)-C(33)-C(29)    112.9(3)
F(33C)-C(33)-C(29)    113.4(3)
F(34A)-C(34)-F(34B)   101.6(4)
F(34A)-C(34)-F(34C)   108.0(5)
F(34B)-C(34)-F(34C)   107.2(5)
F(34A)-C(34)-C(31)    113.8(3)
F(34B)-C(34)-C(31)    112.2(4)
F(34C)-C(34)-C(31)    113.2(3)
C(36)-C(35)-C(40)     115.4(3)
C(36)-C(35)-B         122.1(3)
C(40)-C(35)-B         122.2(3)
C(35)-C(36)-C(37)     122.3(3)
C(38)-C(37)-C(36)     120.6(3)
C(38)-C(37)-C(41)     120.4(3)
C(36)-C(37)-C(41)     118.9(3)
C(39)-C(38)-C(37)     118.6(3)
C(38)-C(39)-C(40)     120.5(3)
C(38)-C(39)-C(42)     121.1(3)
C(40)-C(39)-C(42)     118.4(3)
C(39)-C(40)-C(35)     122.5(3)
F(41A)-C(41)-F(41B)   107.2(5)
F(41A)-C(41)-F(41C)   104.5(4)
F(41B)-C(41)-F(41C)   105.0(5)
F(41A)-C(41)-C(37)    113.3(4)
F(41B)-C(41)-C(37)    112.6(3)
F(41C)-C(41)-C(37)    113.5(3)
F(42A)-C(42)-F(42B)   102.2(4)
F(42A)-C(42)-F(42C)   107.3(5)
F(42B)-C(42)-F(42C)   108.1(5)
F(42A)-C(42)-C(39)    111.7(4)
F(42B)-C(42)-C(39)    112.7(3)
F(42C)-C(42)-C(39)    114.0(4)
C(44)-C(43)-C(48)     115.2(3)
C(44)-C(43)-B         123.0(3)
C(48)-C(43)-B         121.7(3)
C(45)-C(44)-C(43)     122.6(3)
C(46)-C(45)-C(44)     120.5(3)
C(46)-C(45)-C(49)     120.8(3)
C(44)-C(45)-C(49)     118.7(3)
C(45)-C(46)-C(47)     118.6(3)
C(46)-C(47)-C(48)     120.4(3)
C(46)-C(47)-C(50)     120.3(3)
C(48)-C(47)-C(50)     119.3(3)
C(47)-C(48)-C(43)     122.6(3)
F(49A)-C(49)-F(49B)   105.1(4)
F(49A)-C(49)-F(49C)   106.1(4)
F(49B)-C(49)-F(49C)   104.6(4)
F(49A)-C(49)-C(45)    113.3(4)
F(49B)-C(49)-C(45)    114.1(3)
F(49C)-C(49)-C(45)    112.9(3)
F(50A)-C(50)-F(50B)   105.6(4)
F(50A)-C(50)-F(50C)   108.1(4)
F(50B)-C(50)-F(50C)   103.4(4)
F(50A)-C(50)-C(47)    114.1(4)
F(50B)-C(50)-C(47)    111.2(3)
F(50C)-C(50)-C(47)    113.6(4)
Cl(1S)-C(51S)-Cl(2S)  116.8(4)
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Symmetry transformations used to generate equivalent atoms:  #1 -x+1,-y,-z+1


Figure S1.  Asymmetric unit of  [Ni((3-C3H5)((6-C6H2OH(t-Bu)2Me)]​[BAr’4]·1.5CH2Cl2  -  2·1.5CH2Cl2.  20% ellipsoids, subordinately occupied F atoms and all hydrogen atoms omitted for clarity.
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