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Abstract

Activation of O, by the three-coordinate Ni(I) ring-expanded N-heterocyclic carbene
complexes Ni(NHC)(PPh;)Br (NHC = 6-Mes, 7-Mes) produced the dimeric Ni(I)
complexes Ni(6-Mes)(Br)(1~OH)(1-0-6-Mes")NiBr (3) and Ni(7-Mes)(Br)(¢-OH)(1~O-
7-Mes')NiBr (4) containing oxidized ortho-mesityl groups from one of the carbene
ligands. Mass spectrometry was consistent with bis-z-aryloxy compounds also being
formed in these reactions. Low temperature UV-visible spectroscopy showed that the
reaction between Ni(6-Mes)(PPh;)Br and O, was too fast even at ca. -80 °C to yield any
observable intermediates. Addition of O, to Ni(I) precursors containing a less donating
diamidocarbene (6-MesDAC) or the less bulky 6-/7-membered ring diaminocarbene
ligands (6-/7-0-Tol) proceeded quite differently, affording phosphine and carbene
oxidation products (Ni(O=PPh;),Br; and (6-MesDAC)=0) and mononuclear dibromido

Ni(IT) complexes (Ni(6-/7-0-Tol)(PPh;3)Br,) respectively.



Introduction

The activation of gaseous small molecules by Ni containing complexes is
fundamental to a number of bioinorganic transformations. Thus, carbon monoxide is
transformed during the action of acetyl coenzyme A synthase' and CO dehydrogenase,’
dihydrogen by [NiFe] hydrogenase® and O, by nickel superoxide dismutase* and
acireductone dioxygenase.” Efforts to further the understanding of Ni promoted oxidation
chemistry have employed Ni model complexes and focussed on reactions of Ni(I)
compounds with H,0,%® or Ni(I) species with O, itself.”!" This latter approach is of
particular interest given the importance often attached to Ni(I) as a key oxidation state,'?
although wide-ranging studies have been restricted by the lack of suitable ligand sets
capable of stabilizing well-defined Ni(I) precursors.'"'**

We have recently shown that N-heterocyclic carbene (NHC) ligands based on
6-, 7- and 8-membered rings (Chart 1) and containing bulky N-aryl substituents allow

access to three-coordinate Ni(I) complexes of the general formula Ni(NHC)(PPh3;)X (X =

Br, C1)."*' In preliminary observations, we found that inadvertent exposure of yellow



solutions of these highly air-sensitive compounds to air resulted in extremely rapid
changes of color to purple. We now report that for the 6- and 7-membered ring N-mesityl
derived complexes, these color changes arise as a result of O, activation and formation of
dimeric Ni(I) complexes containing NHCs that have undergone oxidation at an ortho-
methyl C-H group.'” We also show that Ni(I) precursors bearing either a less electron-
rich diamidocarbene (DAC) ligand or a less bulky ortho-tolyl N-substituted 6- and 7-
membered ring diaminocarbene also react with O, to give Ni(II) products, but that
mononuclear species are formed as a result of phosphine oxidation or halide

redistribution reactions.
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Chart 1
Experimental
All manipulations were carried out using standard Schlenk, high vacuum and
glovebox techniques using dried and degassed solvents. NMR spectra were recorded in
CeDg (referenced to 6 7.15 and 128.0), CD,Cl; (8 5.32 and 54.5) and CDCl; (6 7.24) on

Bruker Avance 400 and 500 MHz NMR spectrometers. 3P NMR spectra were



referenced to 85% H3PO4 at 8 0.0. UV-Visible spectroscopy was performed on a CARY
50 (Varian) UV-visible spectrophotometer using an all-quartz immersion probe with 1
cm optical path length from Hellma. The temperature was kept constant at -83 °C by
means of a liquid Ny/acetone bath and monitored by a low-temperature thermometer.
Kinetic data were processed by use of the program SPECFIT/32 Global Analysis System,
which uses the method of Singular Value Decomposition (SVD). Mass spectra were
recorded on a Bruker MicrOTOF electrospray time-of flight (ESI-TOF) mass
spectrometer (Bruker Daltonik GmbH) coupled to an Agilent 1200 LC system (Agilent
Technologies). Elemental analyses were performed by the Elemental Analysis Service,
London Metropolitan University, London, UK. Complexes 1, 2, 9 and 6-MesDAC, were
prepared according to the literature.'®'8 Ni(cod), and Ni(PPh;),Br, were purchased from

Sigma-Aldrich. All the Cyclic Voltammogram (CV) experiment were carried out inside

an Mbraun glove box (O, <0.1 ppm, H,O = 0.3 ppm) using anhydrous inhibitor-free

THEF containing 0.1 M nBusNPFg as solvent using a IJ-Cambria CHI-660 potentiostat.

Glassy carbon disks (3 mm diameter) were used as working electrode, Pt wire as counter

electrode and an Ag wire as a quasireference electrode. The CVs were run at 100 mVs™

scan rate and the potentials were referred to ferrocene, added at the end of each

experiment and subsequently converted to NHE.

Reaction of Ni(6-Mes)(PPh;3)Br with O,. A THF (15 mL) solution of Ni(6-
Mes)(PPh;3)Br (140 mg, 0.194 mmol) in an ampule fitted with a J. Youngs resalable
PTFE valve was freeze-pump-thaw degassed three times and the yellow solution exposed

to 1 atm of O,, leading to the instantaneous formation of a purple colored solution. After
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stirring for 5 min, the solvent was removed under vacuum, the residue washed with
hexane (10 mL) and then dissolved in C¢HsF (10 mL). Hexane (20 mL) was added with
vigorous stirring to yield a purple microcrystalline solid. Combined yield of 3 and 5: 47.5
mg. Crystals of 3 appropriate for both X-ray and elemental analysis were grown from
THF/hexane. Anal. Calcd. (found) for 3, C44Hs6N4O,B1Ni; (%): C 55.62 (55.39), H 5.94
(5.94), N 5.90 (5.85).

Reaction of Ni(7-Mes)(PPh;)Br with O,. As above, but with Ni(7-Mes)(PPh;)Br
(162 mg, 0.220 mmol). Combined yield of 4 and 6: 56.5 mg. X-ray quality crystals of 4
(which were also used for microanalysis) were grown from CH,Cly/hexane. Anal. Calcd.
(found) for 4, C46HeoN4O2Br> Ni, (%): C 55.62 (56.29), H 5.94 (5.97), N 5.90 (5.87).

Ni(6-MesDAC)(PPh;3)Br (7). A THF (20 mL) solution of free 6-MesDAC (386
mg, 1.02 mmol) was added to a mixture of Ni(cod), (139 mg, 0.50 mmol) and
Ni(PPhs),Br; (381 mg, 0.51 mmol). The mixture was stirred at room temperature for 2.5
h to afford a dark orange solution. After filtration, the filtrate was concentrated and
hexane (20 mL) added to precipitate a dark purple solid, which was filtered, washed with
hexane (10 mL) and dried in vacuo. Yield: 490 mg (62 %). Analytically pure 7 was
obtained by recrystallization from C¢H¢/hexane. Anal. Calcd. (found) for
C42H43N20,PBrNi (%): C 64.89 (64.61), H 5.58 (5.39), N 3.60 (3.41).

Reactivity of 7 with O,. A THF (10 mL) solution of Ni(6-MesDAC)(PPh;z)Br (79
mg, 0.10 mmol) was free-pump-thaw degassed (3 cycles) and the solution opened to 1
atm O,. A color change from dark orange-red to nearly colorless ensued in < 1 min. After
stirring for 5 min, the solution was reduced to dryness, and the residue washed with

hexane (10 mL) to afford a dark yellow material. Recrystallization from CH,Cl,/hexane



generated 22 mg of a mixture of Ni(O=PPh;),Br; (green crystals) and (6-MesDAC)=0
(colorless crystals). '"H NMR (400 MHz, CD,Cl,, 25°C): & 7.82 (br s), 7.03 (br s), 6.72"
(s, 4H), 2.07" (s, 12H), 2.05" (s, 6H), 1.61" (s, 6H). The resonances marked * match with
those reported for (6-MesDAC)=0."

Ni(6-0-Tol)(PPh3)Br (8). [6-0-Tol]BF4 (153 mg, 0.58 mmol) and K[N(SiMe3);]
(116 mg, 0.58 mmol) were dissolved in THF (15 mL) and left stirring for 30 min. After
cannula transfer to a mixture of Ni(cod), (80 mg, 0.29 mmol) and Ni(PPh;),Br; (215mg,
0.29 mmol), the solution was left stirring at room temperature for 2 h to afford a dark
yellow solution. Cannula filtration and addition of hexane (20 mL) gave a yellow
precipitate, which was filtered, washed with hexane (10 mL) and dried under vacuum.
Analytically pure product was achieved upon recrystallization from CsHe/hexane. Yield:
220 mg (57 %). Anal. Calcd. (found) for C3H3sBrN,NiP (%): C 65.00 (64.81), H 5.30
(5.21), N 4.21 (4.35).

Ni(6-0-Tol)(PPh3)Br; (10). Exposure of a freeze-pump-thaw degassed (three
cycles) THF solution (10 mL) of Ni(6-0-Tol)(PPh3)Br (41 mg, 0.062 mmol) to 1 atm of
O, led to an instantaneous color change from yellow to purple/red. Removal of the
solvent in vacuo gave a purple/red residue, which was washed with hexane (10 mL),
dissolved in C¢HsF (10 mL) and layered with hexane (20 mL) to give 10 as a purple
microcrystalline solid. Yield: 9 mg (20 %). Alternatively, a toluene solution (20 mL) of
6-0-Tol (prepared in-situ by reaction of the pyrimidinium salt [6-0-TolH]|BF4 (345 mg,
1.30 mmol) and KN(SiMes), (257 mg, 1.29 mmol)) was added to a toluene solution (10
mL) of Ni(PPh;3),Br; (959 mg, 1.29 mmol). The mixture was stirred at room temperature

for 1 h to give a dark purple solution. After cannula filtration, the volatiles were removed



under vacuum and the residue washed with hexane (15 mL). The resulting purple-green
residue was recrystallized repeatedly from toluene/hexane to remove all traces of [6-o-
TolH][Ni(PPhs)Br3] (see ESI) and leave just 10. Yield 141 mg (15%). *'P{'"H}NMR (162
MHz, CD,Cl,, 25°C ): 8 17.3 (s), 16.6 (s). *C{'H} NMR (126 MHz, CD,Cl,, 25°C ): &
194.1 (d, “Jep = 122 Hz, NCN), 193.7 (d, 2Jcp = 123 Hz, NCN), 146.3 (s, N-C), 145.9 (s,
N-C), 137.7 (s), 136.9 (s), 135.2 (br m), 132.9 (s), 132.6 (s), 131.9 (s), 131.7 (s) 129.7 (s),
128.6 (s), 128.4 (s), 127.8 (s), 127.7 (s), 127.0 (s), 126.7 (s,), 49.4 (s, NCH>), 49.0 (s,
NCH,), 21.3 (s, NCH,CH,), 20.2 (s, 0-CH3), 19.8 (s, 0-CH3). Anal. Calcd. (found) for
C36H3sN2PB1oNi (%): C, 58.03 (57.85), H4.73 (4.83), N 3.76 (3.69).
Ni(7-0-Tol)(PPh3)Br; (11). As for 10, by reaction of Ni(7-0-Tol)(PPh;)Br (47
mg, 0.069 mmol) with O, to give 10 mg (38 %) of 11. The alternative route to 10 could
also be applied to 11 starting with Ni(PPh;),Br, and addition of a toluene solution (20
mL) of 7-0-Tol (prepared in-situ by reaction of [7-o-TolH]BF,4 (200 mg, 0.55 mmol) with
KN(SiMes), (110 mg, 0.55 mmol)) to a toluene solution (5 mL) of Ni(PPh;),Br; (406 mg,
0.55 mmol). Yield: 47 mg (12 %). *'P{'"H}NMR (162 MHz, CDCls, 25°C ): 8 21.4 (s),
21.3 (s),20.3 (s), 17.5 (s), 16.7 (s). *C{'H} NMR (100 MHz, C¢Ds, 25°C ): 8 206.7 (d,
*Jep = 123 Hz, NCN), 148.7 (s), 147.4 (s), 147.1 (s), 137.4 (s), 137.2 (5), 135.6 (s), 135.5
(s), 133.0 (s), 131.6 (s), 129.2 (s) 127.6 (d, Jcp = 9 Hz), 126.7 (s), 56.0 (s, NCH>), 55.9 (s,
NCHy), 55.7 (s, NCH,), 55.6 (s, NCHy), 25.5 (s, NCH,CHy), 23.7 (s, NCH,CH,), 21.4 (s,
0-CH3), 20.8 (s, 0-CH3), 20.6 (s, 0-CHs), 20.1 (s, 0-CH3). Yield 48 mg (12%). Anal.
Calcd (found) for C37H37N,PBruNi (%): C, 58.69 (58.54), H 4.93 (5.05), N 3.69 (3.60).
X-ray Crystallography. Single crystals of compounds for 3-5, 7, 10 and 11

were analysed using a Nonius Kappa CCD diffractometer. Data were collected at -123°C



using Mo(Ka) radiation throughout. Details of the data collections, solutions and
refinements are given in Table 1. The structures were solved using SHELXS-97%° and
refined using full-matrix least squares in SHELXL-97.%° Refinements were generally
straightforward and notable points follow.

The hydrogen atoms on the hydroxyl groups in 3 and 4 were readily located and
refined at distances of 0.9 and 0.98 A from the relevant parent oxygen atoms,
respectively, in these structures. Halide disorder (80:20 ratio) of chloride versus bromide
was accommodated in the model for 5. The ADPs for the associated pairs of fractional-
occupancy atoms, at each ligand site, were refined subject to being similar. In 10, the
tolyl ring based on C(12) exhibited disorder in a 75:25 ratio. To assist convergence in the
latter structure, the arising fractional occupancy rings were refined as rigid hexagons and
ADP restraints were also applied. It is likely that there is also some similar disorder
associated with the tolyl ring based on C(5) in this structure but, despite copius efforts, a
model to further resolve this region of the electron density map could not be attained.

Crystallographic data for compounds 3-5, 7, 10, 11 and Ni(O=PPh;),Br, (ESI
only) have been deposited with the Cambridge Crystallographic Data Centre as
supplementary publications CCDC 972766 (3), 972767 (4), 972768 (5), 972769 (7),
905841 (10), 905840 (11) and 974548 (Ni(O=PPhs),Br, ). Copies of the data can be
obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ,

UK [fax(+44) 1223 336033, e-mail: deposit@ccdc.cam.ac.uk].

Results and Discussion



Conversion of Ni(6-/7-Mes)(PPh3)Br to Ni(I) Dimers With Oxidized N-
Mes Ligands. Addition of 1 atm O, to yellow THF solutions of either Ni(6-
Mes)(PPh;3)Br (1) or Ni(7-Mes)(PPh;)Br (2) led to instantaneous color changes to purple.
Upon removal of the solvent and recrystallization of the resulting residues from
fluorobenzene/hexane, purple crystals of Ni(6-Mes)(Br)(1~OH)(1-0O-6-Mes")NiBr (3)
and Ni(7-Mes)(Br)(u#-OH)(u-O-7-Mes')NiBr (4) were isolated (Scheme 1). Both
products result from the oxidation of a C-H bond of one of the ortho-methyl groups on
the NHCs and comprize of Ni(I) dimers with bridging aryloxy and hydroxy ligands. The

most likely source of hydrogen in the latter is the oxidized methyl arm of the carbene.®

Scheme 1

The X-ray crystal structures of 3 and 4 are shown in Figure 1. In both cases, the
four-coordinate Ni centers display distorted square planar geometries. This may reflect
the strain imposed by the bridging OCH,-aryl group, which contributes to some acute O-
Ni-O bond angles (3: 80.18(10), 80.55(10)°; 4: 80.13(13), 79.40(13)°). The Ni-O
distances in the central Nip(£-OR)(1~OH) units are also asymmetric; the longest

distances are found between the non-oxidized NHC bound Ni and z#~OCH;-aryl (3:

10



Ni(1)-O(1) 1.926(2) A; 4: Ni(2)-O(1) 1.936(3) A), the shortest Ni-O bond lengths being
from the same Ni centers to the z-OH groups (3: Ni(1)-0(2) 1.869(3) A; 4: Ni(2)-0O(2)
1.878(4) A). It is notable that, in 3, deviation of the carbene nitrogen atoms from the
mean plane of the surrounding bonded carbon atoms is maximized in the case of that
bonded to the hydroxylated mesityl ring (0.11 A for N(3) relative to an average of 0.02 A
for N(4), N(5) and N(6). These data reflect a distortion from idealized sp2 geometry at
N(3), about which, strain is optimal. A comparative observation is evident in 4 where the

distance of N(2) from the mean plane of the surrounding bonded carbon atoms is 0.16 A.
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Additional characterization of 3 and 4 was provided by NMR and IR
spectroscopy. Although the carbene region of the "H NMR spectrum of 3 was largely
uninformative due to the presence of quite broad, overlapping resonances (see ESI), the
hydroxyl group was apparent as a singlet at 8 -8.21 (THF-dg).”' By IR spectroscopy, a z-
OH stretch appeared at 3412 cm™. Both NMR and IR signals disappeared upon addition
of D,0. The "H NMR spectrum of 4 in C¢Ds showed two Ni-OH resonances at & -8.37
and -9.02, which we believe arise from different conformers of the product (c.f. 10
below). Shaking with D,O removed both OH resonances, along with a 4~OH IR
absorption band at 3437 cm™ . Neither 3 nor 4 were soluble enough in a range of solvents
(acetone, acetonitrile, benzene, toluene, dichloromethane, C¢HsF) to allow observation of
the Ni-Cnpc resonances by *C{'H} NMR. Complex 3 proved to be soluble in neat
pyridine or in pyridine doped CH,Cl, (5 equiv CsHsN) with the formation of orange
solutions; layering a sample in CH,Cl,/CsHsN with hexane afforded a small number of
purple crystals, which upon analysis by X-ray crystallography (Figure 2), were found to
be the doubly oxidized Ni(II) product Ni(Br)(x-0-6-Mes"),NiBr (5). The coordination
spheres of the two identical square planar Ni centers consisted of an oxidized 6-Mes
ligand, two £~OR linkages and 80:20 mixture of disordered Br and Cl ligands, the latter
presumably arising from the CH,Cl, solvent. The oxidized arms of the 6-Mes ligands
were in a syn arrangement about the planar Niy(£-OR), core with Ni-O distances
comparable to those in 3. In contrast to 3 and 4, structural distortions of the nitrogen
atoms attached to the oxidized mesityl group were marginal.

During (unsuccessful) attempts to generate S in higher yield for more complete

characterization, we showed that ESI-QTOF mass spectrometry of MeCN solutions of

13



microcrystalline material precipitated from the reaction of 1 with O, gave an isotope
pattern consistent with the formation of both 3 and 5 in the initial O, activation reaction
(this was also the case for 4 and the doubly oxidized analogue 6: see ESI for mass
spectra).22 Indeed, integration of the 'H NMR spectrum relative to the Ni-OH resonance
at 8 -8.21 showed clearly that there were too many protons than could be accounted for

by the presence of just 3 alone.

Figure 2. Molecular structure of 5. Ellipsoids are shown at the 30% level. Hydrogen
atoms (except for those on the oxidized methyl arms) are removed for clarity. Selected
bond lengths (A) and angles (°): Ni(1)-C(1) 1.868(2), Ni(2)-C(23) 1.872(2), Ni(1)-O(1)
1.9204(14), Ni(1)-O(2) 1.8806(15), Ni(2)-O(1) 1.8873(14), Ni(2)-O(2) 1.9166(14),

Ni(1)-0(1)-Ni(2) 99.48(6), Ni(1)-O(2)-Ni(2) 99.86(7).
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UV-Visible Spectroscopic Studies on the Reaction of 1 with O,. The room
temperature electronic absorption spectrum of 3 in THF solution contained a single
absorption band at A, = 362 nm with e =474 M cm’!. In an effort to probe the
mechanism of formation of 3 in more detail, complex 1 was dissolved in THF at -83 °C
and 1 mL of air was added at this temperature. The color of the solution changed from
light orange to purple and the reaction was monitored by UV-vis spectroscopy as
displayed in Figure 3. After 6 min reaction time, no further change was observed in the
UV-vis revealing that the reaction was complete. The final spectrum obtained is very
similar to that of p-alkoxy/u-hydroxy complex 3 suggesting that this is the major species
of the reaction of (1 + O,). However, it is likely that the bis-z~alkoxy complex 5 would
have a very similar UV-vis spectrum due to the very similar chromophores. Indeed,
evidence for the formation of multiple species was suggested by the kinetic analysis
where the singular value decomposition (SVD) analysis shows the presence of at least
three eigenvectors. It is therefore not possible to develop a simple kinetic model even if
at first sight nice isosbestic points are observed at 290 and 420 nm.

The formation of 3 from 1 and oxygen suggest the formation of highly reactive
high oxidation state Ni bis-oxo or peroxo species that further evolve towards the
formation of 3 and 5.7 Attempts to detect such intermediates by carrying out the reaction

at different temperatures were unsuccessful.
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Figure 3. UV-vis monitoring of the reaction of 1 mL of air with 0.5 mM 1 at -83 °C in
THF over a period of 6 min. Measurements were taken every 18 s. The inset shows the

abs vs time plot at 374 nm.

Synthesis and Reactivity Towards O, of Ni(6-MesDAC)(PPh3)Br (7). In an
attempt to retard the rate of mesityl group oxidation, the reactivity of the less electron-
rich diamidocarbene®* complex Ni(6-MesDAC)(PPh3)Br (7) was probed. Employing the
same approach used for the synthesis of 1 and 2, a comproportionation reaction of
Ni(cod); and Ni(PPh;),Br; in the presence of free 6-MesDAC gave the purple Ni(I)

product 7, which was isolated in 60% yield (Scheme 2).
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Scheme 2

The spectroscopic properties of 7 were in agreement with those found for 1 and
2, namely a series of broad resonances between 6 11 and -1 in the proton NMR spectrum,
and no sign of any signal in the *'P{'H} spectrum. Likewise, the X-ray structure of 7
(Figure 4) was isostructural with that of 1. There was a significant shortening of the Ni-C
bond length relative to that in 1 (1.8702(18) A c.f. 1.942(2) A), presumably resulting
from the enhanced n-acceptor character of the amidocarbene.”

An immediate but quite different color change took place upon addition of O; to
a THF solution of 7 (purple crystals of 7 dissolved to give dark orange-yellow solutions,
which became virtually colorless upon addition of O,), suggestive of the formation of
quite different products to 3 and 4. Indeed, crystallization from either CH,Cl,/hexane or
THF/hexane afforded a mixture of green and colorless crystals, which upon manual
separation and analysis by a combination of X-ray crystallography and NMR
spectroscopy were shown to be the Ni(Il) phosphine oxide complex Ni(O=PPh;),Br; (see

ESI for structure)™ and urea (6-MesDAC)=O0 respectively.'’
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Figure 4. Molecular structure of 7. Ellipsoids are shown at the 30% level. All hydrogen
atoms are removed for clarity. Selected bond lengths (A) and angles (°): Ni(1)-C(1)
1.8702(18), Ni(1)-P(1) 2.2614(5), Ni(1)-Br(1) 2.3029(3), C(1)-Ni(1)-P(1) 118.99(5),

C(1)-Ni(1)-Br(1) 127.66(5), P(1)-Ni(1)-Br(1) 113.352(16).

Reactivity of Ni(6-/7-0-Tol)(PPh3)Br, with O,. Sparging THF solutions of the
less bulky N-ortho-tolyl substituted carbene containing complexes Ni(6-0-Tol)(PPh;)Br
(8) and Ni(7-0-Tol)(PPh3)Br (9) with O, failed to bring about oxidation of the NHC
ligands. Instead, metal oxidation along with halide redistribution took place to afford the
mixed NHC-phosphine Ni(Il) complexes Ni(6-/7-0-Tol)(PPh;)Br;, (10, 11) (Scheme 3).
The products could be accessed far more straightforwardly by treating Ni(PPhs),Br, with
1 equiv of the corresponding in-situ generated NHC, although this also generated the
corresponding pyrimidinium salts of [Ni(PPh;3)Br;] in significant amounts (see ESI for

characterization).?
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The crystal structures of 10 and 11 displayed the expected square planar Ni
geometries with trans bromide ligands (Figure 5). The Ni-Cnyc distances of 1.910(5) A
(10) and 1.905(3) A (11) were comparable to the value reported in trans-
Ni(IPr)(PPh3)Cl, (IPr = 1,3-bis(2,6-diisopropylphenyl)irnidazo1-2—ylidene),27 which is
one of the few other reported Ni(NHC)(PR3)(halide), complexes. Neither 10 nor 11
showed the expected single *'P{'"H} NMR resonances; two resonances (ratio ca. 1:1.5)
were observed for 10 (CD,Cl,: 6 17.3 and 16.6) and five resonances for 11, although two
signals predominated (C¢Ds: 8 21.4, 21.3, 20.3, 17.5, 16.7 in approximate ratio of
1:2:1:38:13). An explanation based on the presence of cis-/frans-isomers was ruled out
for 10 by the presence of large (122 Hz) trans-"*C/*'P couplings on both of the carbene
resonances observed in the 13C~{1H} NMR spectrum. Whereas the 31P{IH} spectrum of
10 was unchanged between 272-332 K, that of 11 showed four much broader peaks at
332 K, but five signals upon cooling back to ambient temperature. A 3p2lp EXSY

experiment on 11 revealed room temperature exchange between the resonances at 6 17.5
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and 16.7, and a separate exchange process involving the three signals at 6 21.4,21.3 and
20.3 (see ESI).

The existence of rotamers affords the most likely explanation for the multiple
phosphorus signals. Cavell’s group have proposed rotamers (differing in syn- versus

anti-arrangements of the o-Me groups of an NHC) to account for the appearance of the

NMR spectra of the isoelectronic Rh(7-0-Tol)(cod)C1.%*

Figure 5. Molecular structures of 10 (left) and 11 (right). Ellipsoids are shown at the
30% level. Hydrogen atoms are removed for clarity. Selected bond lengths (A) and
angles (°) in 10: Ni(1)-C(1) 1.910(5), Ni(1)-P(1) 2.2505(15), Ni(1)-Br(1) 2.3026(8),
Ni(1)-Br(2) 2.3122(9), C(1)-Ni(1)-P(1) 179.26(18), Br(1)-Ni(1)-Br(2) 175.82(4).
Selected bond lengths (A) and angles (°) in 11: Ni(1)-C(1) 1.905(3), Ni(1)-P(1)
2.2615(8), Ni(1)-Br(1) 2.4013(4), Ni(1)-Br(2) 2.3511(4), C(1)-Ni(1)-P(1) 177.44(9),

Br(1)-Ni(1)-Br(2) 174.192(19).
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structure, especially around the Ni metal center, an indicative trend can be deduced.
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The anodic potentials shown in Table 2. do not follow a regular trend based on the-- .. - { Formatted: Font: Not Bold )
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ligand backbone or by increasing the number of Me units in the N-substituted groups. It

is also surprising that 9, containing the amidocarbene group, displays one of the lowest - { Formatted: Font: Bold
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Summary and Conclusions

A series of three-coordinate Ni(NHC)(PPh;)Br complexes have been shown to
react very readily with O, to afford products that are dependent upon the nature of the
carbene. Bulky, 6- or 7-membered ring N-mesityl substituted NHCs lead to oxidation of
the carbene and formation of dimeric Ni(II) products with w-alkoxy ligands, whereas less
bulky N-o-Tol derived analogues react to give the simple Ni(Il) dibromido complexes
Ni(NHC)(PPh;3)Br,. Changing from a diamino to a diamidocarbene afforded isolable

products that result from Ni-carbene cleavage and NHC/phosphine oxidation.

W ) <Y

a2

\K\/\Cl,r
Y

Scheme 4

Our results show some parallels to previous studies from Sigman’s
grou13,13""21°’29 who reported that addition of O, to a Ni(I) dimer with large IPr ligands
(Scheme 4) resulted in oxidation of an N-dipp group, albeit through dehydrogenation
rather than hydroxylation of an 'Pr substituent. Addition of O5 to the Ni(II) allyl
complexes Ni(NHC)(n*-C3H;s)Cl containing bulky IPr, SIPr or IMes groups™ produced

the parent, non-dehydrogenated bis-z~OH dimers [Ni(NHC)Cl]»(#~OH),, whereas the
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use of less congested NHCs resulted in similar ligand rearrangement reactions to those
observed by us; for example, Ni(I-p-Tol)(n*-C3Hs)Cl was converted to Ni(I-p-
Tol),Cl,.>*° Neither electronics nor sterics alone adequately explained the product
distributions, but some correlation was drawn to the degree of Ni-NHC bond rotation,
which impacted upon the ability of O, to approach and coordinate to Ni(NHC)(n3—
C3H5)Cl in the first instance. The range of products that we observe upon changing N-
Mes to N-o-Tol substituents and diamino to diamido carbenes similarly points to a role
for both sterics and electronics. However, until we can find a method to slow down the
rates of reaction with O, and/or generate only single products, it is unlikely that we will
be able to extract any mechanistic details that will prove to be that informative.
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Table 2. Anodic and Cathodic Redox Waves Observed for Selected Complexes. - {Formatted: Highlight

" { Formatted: Highlight

Complex E,,(Vvs. NHE) E, . (Vvs. NHE) S { Formatted: Highlight
2 0.48 -0.49
1 0.35 -0.54
9 0.20 -0.72,-1.08
8 0.25 -0.68, -1.19
7 0.15 -0.77
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Stereoelectronic Effects in C-H Bond Oxidation Reactions of Ni(I) N-Heterocyclic
Carbene Complexes

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

Whittlesey

Exposure of three-coordinate Ni(I) N-heterocyclic carbene complexes to O, results in the
rapid oxidation of an N-substituent C-H bond with N-Mes substituted ligands. With less
bulky ortho-tolyl based ligands or less electron-rich amidocarbenes, very different

mononuclear Ni(Il) products are formed as a result of ligand redistribution.
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