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NMR Spectral Data
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Figure S1: '"H NMR spectrum (500.13 MHz, C¢Ds, 298 K) of complex 1.
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Figure S2: BC{'H} NMR spectrum (201.19 MHz, CsDs, 298 K) of complex 1.
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Figure S3: '"H NMR spectrum (500.13 MHz, CsDs, 298 K) of complex 2.
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Figure S4: BC{'H} NMR spectrum (201.19 MHz, CsDs, 298 K) of complex 2.
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Figure S5: '"H NMR spectrum (500.13 MHz, CsDs, 298 K) of complex 3.
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Figure S6: *C{'H} NMR spectrum (201.193 MHz, C¢Ds, 298 K) of complex 3.
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Figure S7: 3'P{'H} NMR spectrum (202.46 MHz, 298 K) of complex 3.
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Figure S8: '"H NMR spectrum (500.13 MHz, CsDs, 298 K) of complex 4.

S5



® o v VLWLV
w oS © e~w © ~
] N © Cvo « ” e
o ww T ONN - - E
~ e o e o ~ o
\ | | |
\é/\N
)
“, P —_
. |.
.B'_©
— Al ‘ “ 1 \ ‘
. : r r : : : : : : : : : r : : :
10 200 190 180 170 160 150 140 130 120 110 100 90 e 70 60 50 40 30 20 10 0
1 (ppen)

Figure S9: BC{'H} NMR spectrum (201.193 MHz, C¢Ds, 298 K) of complex 4.
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Figure S10: 3'P{'"H} NMR spectrum (202.46 MHz, 298 K) of complex 4.
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Figure S11: '"H NMR spectrum (500.13 MHz, C¢Ds, 298 K) of complex 5.
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BC{'H} NMR spectrum (201.193 MHz, C¢Ds, 298 K) of complex 5.

Figure S12
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Figure S13: 3'P{'H} NMR spectrum (242.94 MHz, 298 K) of complex 5.
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Figure S14: '"H NMR spectrum (500.13 MHz, CsDs, 298 K) of the reaction mixture after heating
compound 3 at 90 °C for 24 hours.
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Figure S15: '"H NMR spectrum (500.13 MHz, CsDs, 298 K) of the reaction mixture after heating
compound 4 at 70 °C for 3 hours.
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Figure S16: FT-IR Spectrum of compound 3.
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Figure S17: FT-IR Spectrum of compound 4.
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Figure S18: FT-IR Spectrum of compound 5.
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Figure S19: X-ray crystal structure of 6. Ellipsoids represent 50% probability and all hydrogen
atoms have been omitted for clarity. Selected bond lengths (A) and angles (°): Bil-Bi2: 2.9867(7);
Bil-Cl1: 2.274(13); Bil-C7: 2.267(12); Bi2—C13: 2.261(13); Bi2—C19: 2.261(12). C1-Bil-Bi2:
90.5(3); C7-Bil-Bi2: 94.0(3); C7-Bil-Cl1: 92.3(4); Bil-Bi2—C13: 95.0(3); Bil-Bi2—C19:
91.9(3); C13-Bi2—C19: 93.0(5).
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Crystallographic Refinement Details

Table S1. Crystallographic data for 1-6.

1 2 3 4 5 6
CCDC 1962839 1962840 1962841 1962842 1976639 1962843
i(.(:)l:_fnn:lll;al C23H30CIN2Sb | C23H30BiCIN2 | C24H30N20PSb | C24H30BiN2OP Ca4HssN4OzP2 C24H20Bi2
FW 491 69 578.92 515.22 602.45 476.52 726.36
(g/mol)
T (K) 100(2) 100(2) 100(2) 100(2) 100(2) 100(2)
LA 1.54178 0.71073 1.54178 1.54178 0.71073 0.71073
Crystal 0.063 x 0.086 | 0.075 % 0.093 | 0.027 x 0.033 | 0.046 x 0.049 | 0.168 x 0.314 gggg i
size (mm) x 0.134 x 0.125 x 0.179 x 0.088 x 0.379 0:305
l?:l))llstt al Ic)(l);:);less colorless rod | yellow rod yellow rod orange block | yellow rod
Crystal triclinic triclinic triclinic monoclinic orthorhombic | monoclinic
system
Space P-1 P-1 P-1 P2ic F dd2 P2
group
a(A) 9.9641(14) 9.9533(12) 11.3208(7) 11.2834(3) 17.553(2) 5.9018(6)
b (A) 10.2681(16) 10.1962(12) 13.4788(9) 18.2355(5) 22.829(2) 21.746(2)
c(d) 10.9350(14) 11.0990(14) 17.8244(12) 23.2146(6) 13.3554(15) 16.0512(16)
a(® 90.719(10) 91.596(4) 92.540(4) 90 90 90
B 96.231(9) 95.821(4) 108.009(4) 95.508(2) 90 92.145(3)
v (©) 93.539(11) 93.214(4) 111.776(4) 90 90 90
V (A% 1109.8(3) 1118.2(2) 2362.8(3) 4754.5(2) 5351.7(10) 2058.5(4)
Z 2 2 4 8 8 4
Peate (g/em® | 1.471 1.719 1.448 1.683 1.183 2.344
p (mm?) 11.024 8.013 10.023 15.313 0.189 17.078
F(000) 500 564 1048 2352 2048 1320
0 range (°) | 4.07-68.38° | 3.69 - 51.48 2.65 - 68.53 3.09 - 68.39 2.11t025.35 | 2.53-56.70
Index -11<h<11 -12<h<12 | -13<h<13 -10<h<13 -20<h<21 -7<h<7
ranges -12<k<12 -12<k<12 | -165k<16 -21<k<21 -27<k<26 -28 <k <28
-13<1<12 -13<1<11 -19<1<21 -27<1<27 -15<1<16 -21<1<21

Reflns coll. | 14729 18501 34781 37832 10231 36083
Ind. reflns 4033 [Rint = 4264 [Rint = 8638 [Rint = 8710 [Rint = 2390 [R(int) = | 10223 [Rint

) 0.0593] 0.0725] 0.0681] 0.0899] 0.0350] =0.0667]
Data / 2390/23 /
restraints / | 4033 /0/250 | 4264/0/250 8638/0/550 | 8710/0/559 218 10223/1/469
parameters
Goodness-
of-fit on F2 1.053 1.034 1.057 1.012 1.079 1.009
Ri 0.0519
(1>26(I)] 0.0338 0.0370 0.0604 0.0411 0.0364
:lv;:;][all 0.0875 0.0673 0.1643 0.0957 0.1414 0.0705
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Computational Details

The computations were carried out with the Gaussian 09 suite of programs.! The structures were
optimized using the ®B97XD functionals. We applied the def2-SVP basis set and we validated the
calculations with def2-TZVP basis set implemented in Gaussian 09. At each of the optimized
structures vibrational analysis was accomplished to check whether the stationary point located is
a minimum or a saddle point of the potential energy hypersurface. We neglected the solvent-effect,
because toluene was used as solvent, so the gas-phase computations simulated the reaction-
conditions well. For Wiberg Bond Indexes and NPA charges the NBO program version 3.1 was
employed.? The plotting of the orbitals was carried out with the AVOGADRO program
(www.avogadro.cc).

Figure S20. Chemical structure of NHC-carbene with Cartesian X,Y,Z-coordinates (ob97xd
def2-TZVP).

scfdone: -540.723559
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Figure S21. Chemical structure of BiPhoPCO with Cartesian X,Y,Z-coordinates (ob97xd def2-
TZVP with contour value 0,05).
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-1.345979
-4.663535
-5.451233
-3.840973
-1.430604
-0.626336

P

H

H

H

H

H

H 1.199208
H 3.390247
H 3.542460
H 1.477160
H -0.713710
C -0.613785
O

-0.086683

Table S2. Bond length and Wiberg-bond index of characteristic bonds.

0.381058
1.412952
3.595142
5.256332
4.716165
2.538060

-0.355511
-0.324123
-0.052996

0.178728
0.151040
1.767891
2.742549

4.741081
1.930364
1.139115
0.263527
0.195225
0.988784
3.144630
2.035175

-0.418274

-1.758832

-0.665901
4.205453
3.887146

Bond Bond lengths Wiberg-bond index
(A)

Bi-P 2,657 0,76
P-C 1,657 1,72
C-0 1,153 1,93

Table S3. Natural charges of main atoms.
Atom Charge
Bi +1,01
P -0,14
C +0,31
O -0,47
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Figure S22. Chemical structure of SbPh,PCO with Cartesian X,Y,Z-coordinates (®b97xd def2-
TZVP with contour value 0,05).
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Table S4. Bond length and Wiberg-bond index of characteristic bonds.

0.503007
1.251802
3.376755
5.168941
4.815149
2.694879

-0.561292
-0.646825
-0.152443

0.415679
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1.816903
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0.230606
0.286603
1.099557
3.135514
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-0.404294

-1.693793

-0.586690
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3.823278

Bond Bond lengths Wiberg-bond index
(A)

Sb-P 2,551 0,79
P-C 1,662 1,70
C-0 1,152 1,94

Table S5. Natural charges of main atoms.
Atom Charge
Sb +0,97
P -0,13
C +0,32
O -0,46

Figure S23. Chemical structure of NHC-BiPhoPCO complex with carthesian X,Y,Z-coordinates
(@b97xd def2-TZVP).
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Table S6. Bond length and Wiberg-bond index of characteristic bonds.

1.942206
0.791553
2.512078
1.306833
0.911638
1.717884
2.647648
-3.181002
-3.805417
-2.720171
-0.976554
-0.282396
-2.006764
-1.248676
0.789351
2.081882
1.359671

-2.708150
3.587797
3.203817
2.035725
3.927886
2.687788
3.699107
1.563511
3.038110
2.788740
1.060912
-0.352341
1.967137
3.448415
2.905241
0.866180
-0.592805

1.583087
-2.174809
-2.254457
-2.830519

0.448312

1.404351

0.277817
-0.265084
-2.124919
-4.332846
-4.652668

-2.771727

1.638443

3.436446

4.727535

4.175838

2.347929

Bond Bond lengths Wiberg-bond index
(A)
NI1-Cl 1,348 1,28
N2-Cl 1,350 1,27
C1-Bi 2,801 0,26
C2-0 1,162 1,86
P-C2 1,643 1,84
Bi-P 2,784 0,54
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Table S7. Natural charges of main atoms.

Atom or unit Charge
N1 -0,37
N2 -0,38
C1 +0,14
C2 +0,26
0 -0,51

P -0,23
Bi +1,12
Carbene +0,19

Figure S24. Chemical structure of NHC-SbPh,PCO complex with Cartesian X,Y,Z-coordinates

(0@b97xd def2-TZVP).

scf done: -1699.073067
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C -0.331840 2.483595 -1.284227
C -0.605079 3.836049 -1.142826
C 0.187398 4.619814 -0.317990
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Table S8. Bond length and Wiberg-bond index of characteristic bonds.

Bond Bond lengths Wiberg-bond index
(A)
NI1-Cl 1,347 1,28
N2-Cl1 1,349 1,27
C1-Sb 2,638 0,32
C2-0 1,161 1,87
P-C2 1,642 1,82
Sb-P 2,714 0,55

Table S9. Natural charges of main atoms.

Atom or unit Charge
NI -0,38
N2 -0,37
Cl +0,17
C2 +0,27
O -0,51

P -0,23
Sb +1,06
Carbene +0,23

Figure S25. Chemical structure of NHC-C(O)PBiPh, complex with Cartesian X,Y,Z-coordinates
(0b97xd def2-TZVP).
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-4.367673

Table S10. Bond length and Wiberg-bond index of characteristic bonds.

-3.814816
-3.043525
-2.113580
-4.485251
-3.194687
-3.520265

-1.910817
-0.972601
-2.191115
0.404504
1.448438
1.339024

Bond Bond lengths Wiberg-bond index
A)

NI1-C1 1,332 1,30
N2-Cl1 1,333 1,30
Cl1-C2 1,513 0,93
C2-O0 1,246 1,47
P-C2 1,743 1,42
Bi-P 2,601 0,91

Table S11. Natural charges of main atoms.
Atom or unit Charge
N1 -0,29
N2 -0,29
Cl +0,41
C2 +0,04
0] -0,68
P -0,24
Bi +0,94
Carbene +0,75

S29



Figure S26. Chemical structure of NHC-C(O)PSbPh> complex with Cartesian X,Y,Z-

coordinates (wb97xd def2-TZVP).
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Table S12. Bond length and Wiberg-bond index of characteristic bonds.

4.862072
-2.363321
-0.889387
-5.895920
-4.510612
-4.718350
-5.709576
-6.381953
-6.384695
-1.537232
-2.257597
-3.253957
-0.898699
-2.628244
-1.532385
-4.164754
-5.385992
-4.500986
-3.036198
-2.376977
-4.129165

0.412503
-2.505213
1.661136
1.597190
1.958600
2.796537
-2.127213
-0.528831
-1.217033
3.878308
2.598610
3.497928
3.329417
3.191794
1.855502
-3.722722
-2.949592
-2.004216
-4.500596
-3.266105
-3.563151

-0.494188
-1.076376
0.259269
1.614897
2.644230
1.107249
1.276760
1.545656
-0.075505
-0.535555
-1.514370
-0.344646
1.926587
2.237871
2.656662
-2.076666
-1.076410
-2.291138
0.156506
1.234177
1.174084

Bond Bond lengths Wiberg-bond index
(A)
NI1-Cl 1,333 1,30
N2-Cl1 1,333 1,30
C1-C2 1,513 0,93
C2-0 1,244 1,48
P-C2 1,745 1,41
Sb-P 2,515 0,92
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Table S13. Natural charges of main atoms.

Atom or unit Charge
N1 -0,29
N2 -0,29
C1 +0,41
C2 +0,06
0 -0,67

P -0,24
Sb +0,90
Carbene +0,76
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