
S-1 

 

Supporting Information 

 

Stereoelectronic Effects in C-H Bond Oxidation Reactions of Ni(I) N-Heterocyclic 

Carbene Complexes 

 

Rebecca C. Poulten, Isidoro López, Antoni Llobet, Mary F. Mahon and Michael K. 

Whittlesey
 
 

 

Department of Chemistry, University of Bath, Claverton Down, Bath BA2 7AY, UK and 

Institute of Chemical Research of Catalonia (ICIQ), Avinguda Paisos Catalans 16, E-43007 

Tarragona, Spain 

 

CONTENTS 

1
H NMR spectrum of redissolved microcrystalline solid isolated from reaction of 1 with O2 

recorded in CD2Cl2.         S-3 

1
H NMR spectrum of redissolved microcrystalline solid isolated from reaction of 1 with O2 

recorded in C6D6.         S-4 

13
C{

1
H} PENDANT NMR spectrum of redissolved microcrystalline solid isolated from 

reaction of 1 with O2 recorded in CD2Cl2.     S-5 

1
H NMR spectrum of redissolved microcrystalline solid isolated from reaction of 2 with O2 

recorded in CD2Cl2.        S-6 

13
C{

1
H} PENDANT NMR spectrum of redissolved microcrystalline solid isolated from 

reaction of 2 with O2 recorded in CD2Cl2.     S-7 

1
H NMR spectrum of Ni(6-MesDAC)(PPh3)Br (7) in C6D6.   S-8 

1
H NMR spectrum of a mixture of Ni(O=PPh3)2Br2 and (6-MesDAC)=O formed from 

reaction of 7 with O2.        S-9 

1
H NMR spectrum of Ni(6-o-Tol)(PPh3)Br (8) in C6D6.    S-10 



S-2 

 

1
H NMR spectrum of Ni(6-o-Tol)(PPh3)Br2 (10) in CDCl3.   S-11 

31
P{

1
H} NMR spectrum of Ni(6-o-Tol)(PPh3)Br2 (10) in CDCl3.   S-12 

1
H NMR spectrum of Ni(7-o-Tol)(PPh3)Br2 (11) in C6D6.   S-13 

31
P{

1
H} NMR spectrum of Ni(7-o-Tol)(PPh3)Br2 (11) in C6D6.   S-14 

31
P-

31
P EXSY for 11        S-15 

Experimental and simulated mass spectra for mixtures of 3/5 and 4/6  S-16 

X-ray crystal structure of Ni(O=PPh3)2Br2     S-18 

Characterization of [6-o-TolH][Ni(PPh3)Br3]     S-19 

Cyclic voltammograms for 2, 8 and 9      S-20 

 



S-3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1
H NMR spectrum (500 MHz, 298 K) of redissolved microcrystalline solid isolated from reaction of 1 with O2 recorded in CD2Cl2. 
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-9-8-7-6-5-4-3-2-110 9 8 7 6 5 4 3 2 1 0 ppm

1
.0

0

1
4
4
.7

5

Current Data Parameters

NAME           rp290413

EXPNO                 1

PROCNO                1

F2 - Acquisition Parameters

Date_          20130429
Time              10.27

INSTRUM           spect

PROBHD   5 mm PABBO BB/

PULPROG            zg30

TD                65536

SOLVENT            C6D6
NS                   32

DS                    0

SWH           18518.518 Hz

FIDRES         0.282570 Hz

AQ            1.7694720 sec
RG                  228

DW               27.000 usec
DE                 6.50 usec

TE                298.0 K

D1           4.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        500.1300617 MHz

NUC1                 1H
P1                 9.50 usec

PLW1        27.19599915 W

F2 - Processing parameters

SI                32768

SF          500.1300000 MHz
WDW                  EM

SSB      0

LB                 0.30 Hz

GB       0

PC                 1.00

Ni(6Mes)(PPh3)Br + O2: C6D6

-8.0 -8.2 -8.4 -8.6 ppm
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1
H NMR spectrum (500 MHz, 298 K) of redissolved microcrystalline solid isolated from reaction of 1 with O2 recorded in C6D6. 
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Current Data Parameters

NAME           rp030713

EXPNO                 5

PROCNO                1

F2 - Acquisition Parameters

Date_          20130703
Time              19.51

INSTRUM           spect

PROBHD   5 mm PABBO BB/

PULPROG         pendant
TD                65536

SOLVENT          CD2Cl2

NS                15360

DS                    4

SWH           37878.789 Hz

FIDRES         0.577984 Hz

AQ            0.8650752 sec

RG                 2050
DW               13.200 usec

DE                 6.50 usec

TE                298.0 K

CNST2       145.0000000
D1           2.00000000 sec

D4           0.00172414 sec

D12          0.00002000 sec

D15          0.00431034 sec

======== CHANNEL f1 ========

SFO1        125.7753951 MHz

NUC1                13C
P1                 7.50 usec

P2                15.00 usec

PLW1        63.66600037 W

======== CHANNEL f2 ========

SFO2        500.1310003 MHz

NUC2                 1H

CPDPRG[2        waltz16
P3                 9.00 usec

P4                18.00 usec

PCPD2             80.00 usec
PLW2        27.19599915 W

PLW12        0.34419000 W

F2 - Processing parameters
SI                32768

SF          125.7577184 MHz

WDW                  EM

SSB      0
LB                 3.00 Hz

GB       0

PC                 1.00

Crystalline product from 1 + O2 / CD2Cl2

170180190200210220230240250260270280 ppm

161718192021222324 ppm

 

13
C{

1
H} PENDANT NMR spectrum (126 MHz, 298 K) of redissolved microcrystalline solid isolated from reaction of 1 with O2 recorded in 

CD2Cl2. Insets highlight (i) lack of high frequency carbenic signals and (ii) extensive number of methyl carbons.  
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Current Data Parameters
NAME           rp070813
EXPNO                 1

PROCNO                1

F2 - Acquisition Parameters

Date_          20130807

Time              11.37
INSTRUM           spect
PROBHD   5 mm PABBO BB/

PULPROG            zg30

TD                65536
SOLVENT          CD2Cl2
NS                   32

DS                    0

SWH           19531.250 Hz
FIDRES         0.298023 Hz
AQ            1.6777216 sec

RG                  128

DW               25.600 usec
DE                 6.50 usec
TE                298.0 K

D1           4.00000000 sec

TD0                   1

======== CHANNEL f1 ========
SFO1        500.1306968 MHz

NUC1                 1H

P1                 9.50 usec
PLW1        27.19599915 W

F2 - Processing parameters

SI                32768
SF          500.1300227 MHz
WDW                  EM

SSB      0

LB                 0.30 Hz
GB       0
PC                 1.00

Crystalline product from reaction of 2  and O2 / CD2Cl2

-6 -7 -8 -9 -10 ppm
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1
H NMR spectrum (500 MHz, 298 K) of redissolved microcrystalline solid isolated from reaction of 2 with O2 recorded in CD2Cl2. 
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13
C{

1
H} PENDANT NMR spectrum (126 MHz, 298 K) of redissolved microcrystalline solid isolated from reaction of 2 with O2 recorded in 

CD2Cl2. Inset highlights the extensive number of methyl carbons. 
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-5-4-3-2-117 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm

Current Data Parameters

NAME           rp081013

EXPNO                 5

PROCNO                1

F2 - Acquisition Parameters

Date_          20131008

Time              18.00

INSTRUM           spect

PROBHD   5 mm PABBO BB/

PULPROG            zg30

TD                65536

SOLVENT            C6D6

NS                  128

DS                    0

SWH           12019.230 Hz

FIDRES         0.183399 Hz

AQ            2.7262976 sec

RG                  406

DW               41.600 usec

DE                 6.50 usec

TE                298.0 K

D1           4.00000000 sec

TD0                   1

======== CHANNEL f1 ========

SFO1        500.1327507 MHz

NUC1                 1H

P1                 9.50 usec

PLW1        27.19599915 W

F2 - Processing parameters

SI                32768

SF          500.1300007 MHz

WDW                  EM

SSB      0

LB                 0.30 Hz

GB       0

PC                 1.00

Ni(6Mes-DAC)(PPh3)Br (compound 7)/ C6D6

 

1
H NMR spectrum (500 MHz, 298 K) of Ni(6-MesDAC)(PPh3)Br (7) in C6D6. 
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Creamy-white precipitate from Ni(6-MesDAC)(PPh3)Br + O2  / C6D6

Current Data Parameters

NAME           rp250613

EXPNO                 1

PROCNO                1

F2 - Acquisition Parameters

Date_          20130625

Time              16.21
INSTRUM           spect

PROBHD   5 mm QNP 1H/19

PULPROG            zg30
TD                65536

SOLVENT            C6D6

NS                   32

DS                    0

SWH           17006.803 Hz
FIDRES         0.259503 Hz

AQ            1.9267584 sec

RG                812.7
DW               29.400 usec

DE                 6.00 usec

TE                298.0 K
D1           4.00000000 sec

TD0                   1

======== CHANNEL f1 ========

NUC1                 1H
P1                11.50 usec

PL1               -2.00 dB

SFO1        400.1327780 MHz

F2 - Processing parameters

SI                32768
SF          400.1299946 MHz

WDW                  EM

SSB      0
LB                 0.30 Hz

GB       0
PC                 1.00

1.61.71.81.92.02.12.22.3 ppm

 

1
H NMR spectrum (500 MHz, C6D6, 298 K) of a mixture of Ni(O=PPh3)2Br2 and (6-MesDAC)=O formed from reaction of 7 with O2. 
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-25-20-15-10-545 40 35 30 25 20 15 10 5 0 ppm

Current Data Parameters

NAME           rp041212

EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters

Date_          20121204
Time              16.30

INSTRUM           spect

PROBHD   5 mm PABBO BB/
PULPROG            zg30

TD                65536

SOLVENT            C6D6

NS                  264
DS                    0

SWH           41666.668 Hz

FIDRES         0.635783 Hz
AQ            0.7864320 sec

RG                  456

DW               12.000 usec

DE                 6.00 usec
TE                298.0 K

D1           4.00000000 sec

TD0                   1

======== CHANNEL f1 ========

NUC1                 1H

P1                 9.50 usec
PL1               -1.00 dB

PL1W        27.19558716 W

SFO1        500.1330887 MHz

F2 - Processing parameters

SI                32768

SF          500.1300620 MHz
WDW                  EM

SSB      0

LB                 1.00 Hz
GB       0

PC                 1.00

Ni(6-o-Tol)PPh3Br (compound 8) in C6D6

 

1
H NMR spectrum (500 MHz, 298 K) of Ni(6-o-Tol)(PPh3)Br (8) in C6D6. 
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Current Data Parameters

NAME           rp081012

EXPNO                 2

PROCNO                1

F2 - Acquisition Parameters

Date_          20121008

Time              18.44

INSTRUM           spect

PROBHD   5 mm PABBO BB/

PULPROG            zg30

TD                65536

SOLVENT           CDCl3
NS                  132

DS                    0

SWH           15000.000 Hz

FIDRES         0.228882 Hz

AQ            2.1845334 sec

RG                  456

DW               33.333 usec
DE                 6.00 usec

TE                298.0 K

D1           4.00000000 sec

TD0                   1

======== CHANNEL f1 ========

NUC1                 1H
P1                 9.50 usec

PL1               -1.00 dB

PL1W        27.19558716 W

SFO1        500.1350013 MHz

F2 - Processing parameters

SI                32768

SF          500.1300247 MHz

WDW                  EM

SSB      0

LB                 0.30 Hz

GB       0

PC                 1.00

Ni(6-o-Tol)(PPh3)Br2 (10) in CDCl3

 

1
H NMR spectrum (500 MHz, 298 K) of Ni(6-o-Tol)(PPh3)Br2 (10) in CDCl3. 
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Ni(6-o-Tol)(PPh3)Br2 (10) in CDCl3
Current Data Parameters

NAME           rp081012

EXPNO                 1

PROCNO                1

F2 - Processing parameters

SI                32768

SF          202.4561770 MHz
WDW                  EM

SSB      0

LB                 2.00 Hz
GB       0

PC                 1.40
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1
H} NMR spectrum (202 MHz, 298 K) of Ni(6-o-Tol)(PPh3)Br2 (10) in CDCl3. 
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Ni(7oTol)(PPh3)Br2 (11) in C6D6/298K

Current Data Parameters

NAME           rp271112
EXPNO                 2

PROCNO                1

F2 - Acquisition Parameters

Date_          20121127

Time              10.48
INSTRUM           spect

PROBHD   5 mm PABBO BB-

PULPROG            zg30
TD                65536

SOLVENT            C6D6

NS                   36
DS                    0

SWH           13368.984 Hz
FIDRES         0.203995 Hz

AQ            2.4510465 sec

RG                  256
DW               37.400 usec

DE                 6.00 usec

TE                298.0 K

D1           4.00000000 sec

TD0                   1

======== CHANNEL f1 ========

NUC1                 1H

P1                10.75 usec
PL1      0 dB

SFO1        400.1326796 MHz

F2 - Processing parameters

SI                32768
SF          400.1299961 MHz

WDW                  no

SSB      0

LB       0 Hz

GB       0

PC                 1.00

 

1
H NMR spectrum (400 MHz, 298 K) of Ni(7-o-Tol)(PPh3)Br2 (11) in C6D6. 
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Current Data Parameters
NAME           rp271112

EXPNO                 1
PROCNO                1

F2 - Processing parameters

SI                32768
SF          161.9754460 MHz

WDW                  EM
SSB      0
LB                 2.00 Hz
GB       0

PC                 1.40

Ni(7oTol)(PPh)Br2 (11) in C6D6/298K

 

31
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1
H} NMR spectrum (162 MHz, 298 K) of Ni(7-o-Tol)(PPh3)Br2 (11) in C6D6. 
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31
P EXSY for 11 (202 MH, C6D6, 298 K) 
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X-ray crystal structure of Ni(O=PPh3)2Br2 

 

 

Molecular structure of Ni(O=PPh3)2Br2. Ellipsoids are shown at the 30% level. All 

hydrogen atoms are removed for clarity. Selected bond lengths (Å) and angles (°): 

Ni(1)-O(1) 1.9447(18), Ni(1)-O(2) 1.9561(19), Ni(1)-Br(1) 2.3622(4), Ni(1)-Br(2) 

2.3734(4), P(1)-O(1) 1.5103(19), Br(1)-Ni(1)-Br(2) 116.512(16), O(1)-Ni(1)-O(2) 

100.72(8), Br(1)-Ni(1)-O(1) 111.75(6). 

 

Characterisation of [6-o-TolH][Ni(PPh3)Br3]  

[6-o-TolH][Ni(PPh3)Br3]. A toluene solution (20 mL) of 6-o-Tol (prepared in-

situ by reaction of [6-o-TolH][BF4] (345 mg, 1.30 mmol) with KN(SiMe3)2 (257 mg, 

1.29 mmol) was added to a toluene solution (10 mL) of Ni(PPh3)2Br2 (959 mg, 1.29 

mmol). The mixture was stirred at room temperature for 1 h. After cannula filtration, 

the volatiles removed under vacuum and the residue washed with hexane (15 mL). 

The resulting purple-green residue was extracted with toluene (10 mL), reduced to 

dryness and recrystallized from toluene/hexane to afford the Ni(II) complex Ni(6-o-
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Tol)(PPh3)Br2 (10). The filtrate was removed, reduced to dryness and recrystallized 

from CH2Cl2/hexane to give X-ray quality crystals of [6-o-TolH][Ni(PPh3)Br3]. Yield 

15 mg. 
1
H NMR (500 MHz, CD2Cl2, 298 K):  19.55, 12.56, 10.48, 9.38, 8.20, 8.06, 

8.04, 7.95, 7.58, 4.09, 2.94, 0.48, 0.09, -4.85. Anal. calcd for C36H36N2PBr3Ni (MW 

826.02) C, 52.34; H, 4.39; N, 3.39. Found: C, 52.17; H, 4.49; N, 3.56. 

  

 

Molecular structure of [6-o-TolH][Ni(PPh3)Br3]. Ellipsoids are shown at 30 % 

probability with all hydrogen atoms, except H(1), removed for clarity. Selected bond 

lengths (Å) and angles (): Ni(1)-P(1) 2.3133(10), Ni(1)-Br(1) 2.3780(6), Ni(1)-Br(2) 

2.3772(6), Ni(1)-Br(3) 2.3728(5), P(1)-Ni(1)-Br(1) 101.14(3), Br(1)-Ni(1)-Br(2) 

110.73(2). 
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Cyclic voltammogram for 2 at 100 mV/s scan rate vs. NHE. The arrow indicates the 

initial scanning potential and the scan direction. 

 

 

Cyclic voltammogram for 8 at 100 mV/s scan rate vs. NHE. The arrow indicates the 

initial scanning potential and the scan direction. 
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Cyclic voltammogram for 9 at 100 mV/s scan rate vs. NHE. The arrow indicates the 

initial scanning potential and the scan direction. 

 

 


