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Figure 1. ORTEP depiction of 4. Hydrogen atoms and CHs groups of the ethyl groups
have been omitted for clarity.

DFT Calulations

PMe; substituted analogue of 1a in Cy, symmetry:

MesR F

/Ni
MesP F
Item Value Threshold Converged?
Maximum Force 0.000106 0.000450YES
RMS Force 0.000013 0.000300YES
Max. Displacement 0.000775 0.001800YES
RMS Displacement 0.000251 0.001200YES
Zero-point correction 0.291152
Thermal correction to Energy 0.314372
Thermal correction to Enthalpy 0.315316
Thermal correction to Gibbs Free Energy 0.238188
Sum of electronic and zero-point energies  -2859.97044
Sum of electronic and thermal energies -2859.94722

Sum of electronic and thermal enthalpies -2859.94628
Sum of electronic and thermal free energies -2860.02341
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Optimized XYZ coordinates:

37 C -1.436976 2.956917 -1.32918
scf  done: -2860.2616 H 0 -2.907338  -3.939537
C 0 -0.672807 1.246679 H -0.883237 -1.36847 -3.933614
C 0 0.672807 1.246679 H 0.883237 -1.36847  -3.933614
C 0 1.43493 2.411231 H 1.366781 3.90992  -1.861491
C 0 0.699784 3.593574 H 1.479609 3.14446  -0.255581
C 0 -0.699784 3.593574 H 2.365934 2.459719 -1.616178
C 0 -1.43493 2411231 H 0 2.907338 -3.939537
H 0 2.520863 2.463866 H 0.883237 1.36847  -3.933614
F 0 1.338313 4.790248 H -0.883237 1.36847  -3.933614
F 0 -1.338313 4.790248 H -1.366781 -3.90992 -1.861491
H 0 -2.520863 2.463866 H -1.479609 -3.14446  -0.255581
Ni 0 0 -0.510654 H -2.365934  -2.459719  -1.616178
P 0 -1.857204 -1.698921 H 1.366781 -3.90992  -1.861491
C 0 -1.884564 -3.55161 H 2.365934 -2.459719 -1.616178
C 1.436976 -2.956917 -1.32918 H 1.479609 -3.14446 -0.255581
C -1.436976  -2.956917 -1.32918 H -1.366781 3.90992  -1.861491
P 0 1.857204  -1.698921 H -2.365934 2.459719  -1.616178
C 1.436976 2.956917 -1.32918 H -1.479609 3.14446 -0.255581
C 0 1.884564 -3.55161
[(PMe3) Nil2(u-n'in'-3,4-F2CsH2-3',4'-F,CsH>)

PMe; substituted analogue of 2ain C, symmetry:

PMe3
/PMe3
—@ F
|v|e3P’N' F
PM63

Item Value Threshold Converged?

Maximum Force 0.000047 0.000450YES

RMS Force 0.000005 0.000300YES

Max. Displacement  0.000023 0.001800YES

RMS Displacement  0.000006 0.001200YES

Zero-point correction 0.585684

Thermal correction to Energy 0.632863

Thermal correction to Enthalpy 0.633807

Thermal correction to Gibbs Free Energy 0.508313

Sum of electronic and zero-point energies
Sum of electronic and thermal energies
Sum of electronic and thermal enthalpies

-5720.010309
-5719.963131
-5719.962187

S3



Sum of electronic and thermal free energies

Optimized XYZ coordinates:

scf done:

IOIITIITOIIITIOIOMNMIOOIZOOMNNOOOITITOOZTZO0TOTTTT

3.436268
1.183663
4.833916
2.732668
-1.183663
3.484636
0.215264
1.009125
-0.215264
1.354274
2.87225
-1.009125
3.47167
0.737923
-1.354274
1.482372
-3.436268
-0.737923
-2.732668
0.983587
-1.482372
-3.484636
-0.983587
-4.833916
-2.87225
-3.47167
0.48221
0.146885
-0.380324
1.227083
2.685432
2.399297
3.257391
3.324071
1.977127
2.656156

-5720.595994

-0.385295
1.716057
0.423732

-0.089357

-1.716057
0.313908

-1.160291

-3.189
1.160291

-0.238423

0.592591

3.189
0.913824
0.061962
0.238423
0.462478
0.385295

-0.061962
0.089357
0.701067

-0.462478

-0.313908

-0.701067

-0.423732

-0.592591

-0.913824
2.833448
3.777325
2.361368
3.052979
2.675442
3.552186
3.000821
2.048254
0.447498
0.917169

0.25267
2.039984
-1.875451
-0.893502
2.039984
-1.992768
0.385357
-0.229395
0.385357
-0.918043
-3.201498
-0.229395
-4.045602
-2.169924
-0.918043
-3.280808
0.25267
-2.169924
-0.893502
-4.215708
-3.280808
-1.992768
-4.215708
-1.875451
-3.201498
-4.045602
3.349883
2.917489
3.824448
4.120293
1.533602
0.952775
2.407468
0.911897
3.132737
3.851653

I rTrrTrOXIr TOIr TOITITITOIITITOIITIITOIIITIOIIIOIIIOIIT

-5720.087681

1.212017
2.533817
-2.58275
-2.967859
-3.332643
-2.41265
-0.015934
-0.58402
0.270708
0.896463
-1.482372
-1.891221
-0.603395
-2.222685
1.482372
0.603395
2.222685
1.891221
0.015934
-0.896463
0.58402
-0.270708
-2.685432
-3.324071
-2.399297
-3.257391
-1.977127
-2.533817
-2.656156
-1.212017
2.58275
2.967859
3.332643
2.41265
-0.48221
-1.227083
-0.146885
0.380324

-0.100388
-0.259307
3.692726
4.634373
2.9125
3.813218
4.751172
5.616857
4.92973
4.672768
3.345866
4.338264
3.183592
2.590285
-3.345866
-3.183592
-2.590285
-4.338264
-4.751172
-4.672768
-5.616857
-4.92973
-2.675442
-2.048254
-3.552186
-3.000821
-0.447498
0.259307
-0.917169
0.100388
-3.692726
-4.634373
-2.9125
-3.813218
-2.833448
-3.052979
-3.777325
-2.361368

3.684037
2.519557
0.608653
0.206085
0.474595
1.680803
-0.060469
-0.413517
0.977006
-0.655752
-2.010026
-2.220133
-2.636731
-2.271466
-2.010026
-2.636731
-2.271466
-2.220133
-0.060469
-0.655752
-0.413517
0.977006
1.533602
0.911897
0.952775
2.407468
3.132737
2.519557
3.851653
3.684037
0.608653
0.206085
0.474595
1.680803
3.349883
4.120293
2.917489
3.824448




[(PMe3)2Ni]2(u-n"n*4,5-F,CsHo-4',5'-F,CeH>)
PMe; Substituted Analogue of 7a in C, symmetry:
PMe3

> F
F” Mesp™ N\I
PMeg

Item Value Threshold  Converged?
Maximum Force 0.000131 0.000450 YES

RMS Force 0.000023 0.000300 YES

Max. Displacement 0.000148 0.001800YES

RMS Displacement 0.000039 0.001200YES
Zero-point correction 0.586328
Thermal correction to Energy 0.633516
Thermal correction to Enthalpy 0.634455
Thermal correction to Gibbs Free Energy 0.508808
Sum of electronic and zero-point energies -5719.992422
Sum of electronic and thermal energies -5719.945234
Sum of electronic and thermal enthalpies -5719.944295

Sum of electronic and thermal free energies -5720.069942

Optimized XYZ coordinates:

scf done: -5720.57875 C -3.431795
H 3.083532 1.232961  -0.302024 H -1.173026
P 1.666522 -1.299755  -2.244357 F -4.761123
F 4761123 0.953682 1.618402 C -2.909271
C 2.610638 0.861465 0.603293 F -3.728826
P -1.666522 1.299755  -2.244357 C 1.301123
C 3.431795 0.691167 1.71262 H 1.162251
Ni -0.161032 1.167729  -0.598288 H 0.378488
P 0.032554 3.322735 0.052055 H 2.110926
Ni 0.161032 -1.167729  -0.598288 C 3.358038
C 1.229382 0.603012 0.662789 H 3.306919
C 2.909271 0.262931 2.922308 H 4.042526
P -0.032554 -3.322735 0.052055 H 3.757936
F 3.728826 0.093364 3.989431 C 2.129232
C 0.723961 0.14894 1.918625 H 2.93806
C -1.229382 -0.603012 0.662789 H 1.263026
C 1.552703 -0.01248 3.030913 H 2.442618
H -3.083532 -1.232961  -0.302024 C -1.479042
C -0.723961 -0.14894 1.918625 H -1.583242
C -2.610638 -0.861465 0.603293 H -2.393562
H 1.173026 -0.372514 3.98247 H -1.362537
C -1.552703 0.01248 3.030913 C 1.301123

S5

-0.691167

0.372514
-0.953682
-0.262931
-0.093364

-2.49266
-3.500189
-2.207425
-2.516639
-1.871277
-2.872206
-1.890551
-1.201756

0.184593
-0.044741

0.529271

0.997533
-4.207858
-5.220749
-3.652416
-4.268276
-4.592061

1.71262
3.98247
1.618402
2.922308
3.989431
-3.621442
-3.226168
-4.130585
-4.356472
-1.743522
-1.314199
-2.596588
-0.980905
-3.256195
-3.957404
-3.822386
-2.600788
-0.694648
-0.29481
-0.481181
-1.779096
-0.204075



0.990524
1.551026
2.203561
-0.344181
-0.488792
0.506944
-1.227522
0.344181
-0.506944
1.227522
0.488792
-1.301123
-2.203561
-0.990524
-1.551026
-3.358038
-3.757936
-3.306919
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-5.572066
-4.692705
-4.289779
-3.587341
-4.64833
-3.216714
-3.031002
3.587341
3.216714
3.031002
4.64833
4.592061
4.289779
5.572066
4.692705
1.871277
1.201756
2.872206

0.169948
-1.261707
0.331523
1.854826
2.07767
2.429174
2.166678
1.854826
2429174
2.166678
2.07767
-0.204075
0.331523
0.169948
-1.261707
-1.743522
-0.980905
-1.314199
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-4.042526
-2.129232
-2.442618
-2.93806
-1.263026
1.479042
1.583242
2.393562
1.362537
-1.301123
-2.110926
-1.162251
-0.378488

1.890551
-0.184593
-0.997533

0.044741
-0.529271

4.207858

5.220749

3.652416

4.268276

2.49266

2.516639

3.500189

2.207425

-2.596588
-3.256195
-2.600788
-3.957404
-3.822386
-0.694648

-0.29481
-0.481181
-1.779096
-3.621442
-4.356472
-3.226168
-4.130585

PMe; substituted analogue of the speculated structure of 9a in C,

symmetry:
PM63 F
F%& §f%|:
/Ni
M83P
Item Value Threshold  Converged?
Maximum Force 0.000013 0.000450YES
RMS Force 0.000004 0.000300YES
Max. Displacement 0.001103 0.001800YES
RMS Displacement 0.000253 0.001200YES
Zero-point correction 0.355122
Thermal correction to Energy 0.384695
Thermal correction to Enthalpy 0.385639
Thermal correction to Gibbs Free Energy 0.293986
Sum of electronic and zero-point energies  -3289.54545
Sum of electronic and thermal energies -3289.51588

Sum of electronic and thermal enthalpies -3289.51493
Sum of electronic and thermal free energies -3289.60658

Optimized XYZ coordinates:
-3289.90057

scf done:
F -2.35599
F -1.947703

4.215363 1.514194 H
3.213272 4.010248 C

-1.679643
-0.965499
-1.474019

3.050164 1.664418
2.704071 -3.556224
2.540563 2.936296



H -1.396437 2.830443 -0.421278 H

C -1.192167 2.38063 0.545596 H

H 0.537911 3.818663 -1.219788 H

H -2.990296  -0.598589 -2.025646 H

H 0.618021 2.867863 -4.338639 H

H -2.173422 0.003847 -3.468091 C

C -0.034457 2.183046 -3.790093 C

C -0.804777 1.33791 3.106922 C

H -0.696275 0.947566 4.113933 H

C 1.37154 3.180692 -1.511983 C

C -2.358826  -0.887922 -2.867896 C

H -2.898498  -1.617712 -3.477987 H

H 1.991926 3.719331 -2.233475 H

H -0.274527 1.340303 -4.441527 H

C -0.485946 1.183162 0.679909 C

H 1.957684 2.974488 -0.615588 C

C -0.326321 0.656429 1.986121 H

P 0.769198 1.589143 -2.228272 H

Ni 0 0 -0.762928 F

P -0.769198  -1.589143 -2.228272 C

C 0.326321  -0.656429 1.986121 F
Ni(PMe3)s, Tqg SsSymmetry

Item Value Threshold Converged?
Maximum Force 0.000039 0.000450 YES
RMS Force 0.000013 0.000300 YES
Maximum Displacement 0.000641 0.001800YES
RMS Displacement 0.000273 0.001200 YES
Zero-point correction 0.460709
Thermal correction to Energy 0.491087
Thermal correction to Enthalpy 0.492031
Thermal correction to Gibbs Free Energy 0.406301
Sum of electronic and zero-point energies  -3352.53621
Sum of electronic and thermal energies -3352.50584

Sum of electronic and thermal enthalpies -3352.50489
Sum of electronic and thermal free energies -3352.59062

Optimized XYZ coordinates:

scf
i

TOOOTZ

done: -3352.99692
0 0
-1.271962 1.271962
-2.464717 0.47225
-0.47225 2.464717
-2.464717 2.464717
1.271962  -1.271962

0
1.271962
2.464717
2.464717

0.47225
1.271962

O0O0O0OTOOO
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-1.957684
-1.991926
2.898498
0.274527
0.696275
-1.37154
2.358826
0.485946
-0.618021
0.804777
0.034457
2.173422
-0.537911
2.990296
1.192167
1.474019
0.965499
1.396437
1.947703
1.679643
2.35599

0.47225
2.464717
2.464717
1.271962
2.464717
2.464717

0.47225

-2.974488
-3.719331

1.617712
-1.340303
-0.947566
-3.180692

0.887922
-1.183162
-2.867863

-1.33791
-2.183046
-0.003847
-3.818663

0.598589

-2.38063
-2.540563
-2.704071
-2.830443
-3.213272
-3.050164
-4.215363

-2.464717
-2.464717
-0.47225
1.271962
2.464717
0.47225
2.464717

-0.615588
-2.233475
-3.477987
-4.441527
4.113933
-1.511983
-2.867896
0.679909
-4.338639
3.106922
-3.790093
-3.468091
-1.219788
-2.025646
0.545596
2.936296
-3.556224
-0.421278
4.010248
1.664418
1.514194

2.464717
0.47225
2.464717
-1.271962
-0.47225
-2.464717
-2.464717



P -1.271962  -1.271962  -1.271962 H 3.035492 1.21263  -3.035492
C -0.47225  -2.464717  -2.464717 H 1919633 -0.163813  -3.165918
C -2.464717  -2.464717 -0.47225 H 1.21263 3.035492  -3.035492
C -2.464717 -0.47225  -2.464717 H -0.163813 1.919633  -3.165918
H -1.21263 3.035492 3.035492 H -0.163813 3.165918  -1.919633
H 0.163813 1.919633 3.165918 H -1.21263  -3.035492  -3.035492
H 0.163813 3.165918 1.919633 H 0.163813  -1.919633  -3.165918
H -3.035492 1.21263 3.035492 H 0.163813  -3.165918  -1.919633
H -1.919633  -0.163813 3.165918 H -3.035492 -1.21263  -3.035492
H -3.035492 3.035492 1.21263 H -3.165918 0.163813  -1.919633
H -1.919633 3.165918  -0.163813 H -1.919633 0.163813  -3.165918
H -3.165918 1.919633  -0.163813 H -3.035492  -3.035492 -1.21263
H 3.035492 -1.21263 3.035492 H -1.919633  -3.165918 0.163813
H 3.165918 0.163813 1.919633 H 1.21263  -3.035492 3.035492
H 1.919633 0.163813 3.165918 H -0.163813  -1.919633 3.165918
H 3.035492  -3.035492 1.21263 H -0.163813  -3.165918 1.919633
H 1919633  -3.165918 -0.163813 H -3.165918  -0.163813 1.919633
H 3.035492 3.035492 -1.21263 H -3.165918  -1.919633 0.163813
H 1.919633 3.165918 0.163813 H 3.165918 -0.163813  -1.919633
H 3.165918 1.919633 0.163813 H 3.165918  -1.919633 -0.163813
In C, symmetry:
PMeg
FQ@—F
F Ni F
Me3P/

Item Value Threshold Converged?
Maximum Force 0.000376 0.000450 YES
RMS Force 0.000114 0.000300YES
Maximum Displacement 0.001376 0.001800YES
RMS Displacement 0.000330 0.001200YES
Zero-point correction 0.35563
Thermal correction to Energy 0.385056
Thermal correction to Enthalpy 0.386
Thermal correction to Gibbs Free Energy 0.296444
Sum of electronic and zero-point energies  -3289.55928
Sum of electronic and thermal energies -3289.52985
Sum of electronic and thermal enthalpies -3289.52891
Sum of electronic and thermal free energies -3289.61847
Optimized XYZ coordinates:

F 0.592928 4.792698 -1.855418
a7 H 0.553944 3.563927 -4.153107
scf done: -3289.915138 C 0.410927 3.460068 -2.025469
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-0.099236
0.406645
0.273344

0.2297

-2.144148
2.775268

-1.550967
1.713223

-0.700481
0.237442
0.273103

-2.581404
2317776
3.110936
-3.33546

-0.088101
0.015045

-3.063218
0.057093

-1.270393

0
1.270393

3.179474
2.916606
3.274745
2.647233
3.096227
0.67685
2.828561
0.514948
2.38403
1.537954
1.101549
2.224509
-0.042299
-0.561837
2.555093
1.850362
1.284441
1.614828
0.732605
1.232991
0
-1.232991

2.803753
-3.296097
0.312564
-0.907613
0.592971
2.188628
3.767876
3.587102
3.243747
-3.431699
-4.424915
1.076613
2.870954
3.415704
1.796378
3.972789
-0.998359
0.310662
-2.305608
1.914566
0.453845
1.914566
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-0.057093
3.063218
3.33546
-3.110936
0.088101
-0.273103
2.581404
-2.317776
-0.015045
1.550967
-0.237442
0.700481
-1.713223
2.144148
-2.775268
-0.2297
-0.406645
0.099236
-0.273344
-0.553944
-0.410927
-0.592928

-0.732605
-1.614828
-2.555093

0.561837
-1.850362
-1.101549
-2.224509

0.042299
-1.284441
-2.828561
-1.537954

-2.38403
-0.514948
-3.096227

-0.67685
-2.647233
-2.916606
-3.179474
-3.274745
-3.563927
-3.460068
-4.792698

-2.305608
0.310662
1.796378
3.415704
3.972789

-4.424915
1.076613
2.870954

-0.998359
3.767876

-3.431699
3.243747
3.587102
0.592971
2.188628

-0.907613

-3.296097
2.803753
0.312564

-4.153107

-2.025469

-1.855418




