
FULL PAPER    

 
 
 
 
 

Borylated N-heterocyclic carbenes: rearrangement and chemical 
trapping 
Lilja Kristinsdóttir,[a] Petra Vasko,[a] Haoyu Niu,[a] Eugene L. Kolychev,[a] Jesús Campos,[a] M. Ángeles 
Fuentes,[a] Jamie Hicks,[a] Amber L. Thompson,[a] and Simon Aldridge*[a] 

 

Abstract: This study details attempts to access N-heterocyclic 
carbenes (NHCs) featuring the diazaborolyl group, {(HCNDipp)2B}, 
as one or both of the N-bound substituents, in order to generate 
strongly electron-donating and sterically imposing new carbene 
ligands. Attempts to isolate N-heterocyclic carbenes based around 
imidazolylidene or related heterocycles, are characterized by facile 
N-to-C migration of the boryl substituent. In the cases of imidazolium 
precursors bearing one N-bound diazaborolyl group and one methyl 
substituent, deprotonation leads to the generation of the target 
carbenes, which can be characterized in situ by NMR measurements, 
and trapped by reactions with metal fragments and elemental 
selenium. The half-lives of the free carbenes at room temperature 
range from 4-50 h (depending on the pattern of ancillary 
substituents)	 with N-to-C2 migration of the boryl function being 
shown to be the predominant rearrangement pathway. Kinetic 
studies show this to be a first order process that occurs with an 
entropy of activation close to zero. DFT calculations imply that an 
intramolecular 1,2-shift is mechanistically feasible, with calculated 
activation energies of the order of 90-100 kJ mol-1 reflecting the 
retention of significant aromatic character in the imidazole ring in the 
transition state. Trapping of the carbene allows for evaluation of 
steric and electronic properties via systems of the type LAuCl, 
LRh(CO)2Cl and LSe. A highly unsymmetrical (but nonetheless 
bulky) steric profile and moderately enhanced σ-donor capabilities 
(compared to IMes) are revealed. 

Introduction 

Singlet carbenes have attracted a huge amount of interest in the 
past three decades, following initial reports from Bertrand and 
Arduengo.[1,2] This reflects not only their application as ancillary 
ligands in a range of Noble metal catalysts (drawing on the 
strength of the associated M–C bonds),[3] but also their use as 
bespoke donors for the stabilization of a range of compounds 
featuring p-, d- and f-block metals with unprecedented structural 
motifs.[4] CR2 species of this type feature a filled σ-type orbital as 
the HOMO, with a formally vacant pπ-orbital typically being the 
LUMO.[4] The HOMO-LUMO energy gap is critical in dictating 

patterns of reactivity and donor properties as ligands, and can 
be tuned, for example by variation in the R substituents or by 
adjusting the angle at carbon. The most common class of 
carbenes, N-heterocyclic carbenes (NHCs), feature α-nitrogen 
substituents that are both σ-withdrawing and π-donating. These 
features, together with the incorporation of the carbene into a 
cyclic structure, serve to increase the HOMO-LUMO gap and 
thus stabilize the NHC. In addition, sterically demanding N-
substituents provide kinetic stabilization with respect to 
dimerization.[2] 

We have recently been interested in employing the bulky Dipp-
substituted diazaborolyl group {(HCDippN)2B} (Dipp = 2,6-
iPr2C6H3) as an strongly donating ancillary ligand, in order to 
synthesize highly electron-rich metal complexes.[5-7] The 
sensitivity of the nucleophilic lithium reagent 
{(HCDippN)2B}Li(THF)2,[5] however, prompted us to examine 
routes for incorporating the boryl group not as a directly bound 
ligand, but as a modulating substituent within, for example, an 
amido or alkoxo framework. Thus, for example, we recently 
reported the synthesis of the acyclic diamidosilylene, 
({(HCDippN)2B}(Me3Si)N)2Si, featuring a mixed boryl/silyl 
stabilized amide donor and which has an unusually wide angle 
at the silicon centre.[8] With this in mind, we were interested to 
examine the possible use of this particular boryl group as the N-
bound substituent(s) within an NHC donor framework, 
hypothesizing that it would influence both the electronic and 
steric properties of the resulting carbene. Notably, strong σ-
donation from the boryl substituents would be expected to 
augment the σ-donor capability of the carbene, and the pres-
ence of two bulky boryl N-substituents would likely generate very 
high peripheral steric loading. Examples of carbenes featuring 
boryl groups as α-substituent(s), or positioned more remotely, 
are not common, and to our knowledge there are no examples 
of isolable NHCs featuring an exocyclic N-boryl group.[9] 

Results and Discussion 

Syntheses of imidazolium and related precursors 
Synthetically, N-borylated systems featuring an imidazolylidene 
or the corresponding benzannulated core appeared to present 
viable synthetic targets. With this in mind, we set about 
synthesizing the precursor imidazolium salts via reactions of the 
readily available bromoborane {(HCDippN)2}BBr[5a,10] with the 
parent heterocycles (Scheme 1). In both cases, the introduction 
of the first boryl function could be achieved readily via the 
reactions of imidazole/benzamidazole, bromoborane and a 
potent base such as K[N(SiMe3)2]. Both monoborylated 
heterocycles 1 and 2 could be characterized by standard spectro 
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Scheme 1. Syntheses of borylated imidazolium salts from the bromoborane 
{(HCDippN)2}BBr (counter-ions omitted for clarity). Reagents and conditions: 
(a) {(HCDippN)2}BBr (1.0 equiv.), nBuLi (1.5 equiv.), Et2O, -78oC to RT, 80-
90% or {(HCDippN)2}BBr (1.0 equiv.), K[N(SiMe3)2] (1.0 equiv.), benzene, RT, 
15 min.,40-50%; (b) excess {(HCDippN)2}BBr, base, benzene or pyridine 115 
oC; (c) MeOTf (1.1 equiv.), hexane, RT, 12 h ; (d) (from 1) {(HCDippN)2}BBr 
(1.0 equiv.), Na[BPh4] (1 equiv.), MeCN, 90%; (directly from imidazole) 
{(HCDippN)2}BBr (2.7 equiv.), K[N(SiMe3)2] (1.0 equiv.), benzene, RT, 1 h, 
then removal of volatiles, Na[BPh4], MeCN., 80-90%; (e) MeOTf (1.1 equiv.), 
hexane, RT, 4 h, 85%. 

 

Figure 1. Molecular structures of [(3B2)H][BPh4] (upper left), [(3BMe)H][OTf] 
(upper right) and [(4BMe)H][OTf] (lower), in the solid state as determined by X-
ray crystallography. Counter-ions and most hydrogen atoms omitted, and Dipp 
groups shown in wireframe format for clarity; thermal ellipsoids set at the 35% 
probability level. Structural data for 1 and 2 are included in the ESI. 

-scopic/analytical techniques, and their structures in the solid 
state confirmed by X-ray crystallography (see ESI). The 
introduction of a second boryl substituent proves to be more 
challenging, and in the case of the less basic (and more 
sterically hindered) benzimidazole system 2 we were unable to 

effect borylation of the remaining heterocycle nitrogen. On the 
other hand, imidazole 1 reacts with {(HCDippN)2}BBr in aceto-
nitrile solution to give the target bis(boryl)imidazolium cation 
[(3B2)H]+ in good yield (>80%) after anion metathesis using 
Na[BPh4] (Scheme 1). Exchange of bromide for a more weakly 
coordinating counter-ion is found to be critical to the stability of 
[(3B2)H]+; the bromide salt – although stable in polar solvents – 
spontaneously undergoes the reverse reaction to regenerate 
bromoborane and 1 in non-polar media such as benzene. By 
contrast, [(3B2)H][BPh4] is perfectly stable and can be re-
crystallized from dichloromethane/hexane, and characterized 
both by standard spectroscopic/analytical techniques and by X-
ray crystallography (Scheme 1 and Figure 1).  

More active electrophiles such as MeOTf react with both 1 and 
2 to give the corresponding unsymmetrical imidazolium/benz-
imidazolium cations [(3BMe)H]+ and [(4BMe)H]+. These systems are 
very conveniently prepared as the respective triflate salts, by the 
addition of MeOTf to 1 or 2 in hexane. The product in each case 
precipitates out of solution as an analytically pure material. 
Single crystals of both compounds could be obtained from 
acetonitrile solution, with the structural data obtained from X-ray 
crystallography revealing comparable B–N distances [1.491(3)-
1.499(7) Å] and N–C–N angles [106.9(6) and 110.6(2)-111.4(2)o] 
to those measured for [(3B2)H][BPh4] [1.496(4) and 1.499(4) Å; 
110.2(2)o]. 

Deprotonation chemistry 
Attempts to deprotonate these imidazolium salts using alkyl or 
aryllithiums lead to nucleophilic attack either at C2, or at one of 
the boron centres (see ESI), so attention was turned instead to 
bulky amide bases. In the case of [(3B2)H][BPh4], reaction with 
Na[N(SiMe3)2] or K[N(SiMe3)2] does indeed lead to deprotonation 
(as determined by mass spectrometry and microanalysis), but 
examination of the product by 1H NMR spectroscopy reveals a 
lower symmetry product than would be expected for 
deprotonation at C2 (e.g. two boryl heterocycle CH signals at δH 
= 6.06 and 6.14 ppm). X-ray crystallography reveals that the 
product 5 in fact results from deprotonation at the backbone C4 
position with an accompanying N-to-C migration of the boryl 
function (Scheme 2). The thermodynamic driving force for such 
a rearrangement can readily be understood in terms of the 
generation of a two-coordinate imidazole nitrogen (rather than a 
carbenic carbon) with migration of the boryl group to C4 (rather 
than, for example, to C2) being understood on steric grounds. 
Consistently, DFT studies of the relative energies of various 
isomeric forms of 5 show that the observed product is 
significantly more stable than the C2-borylated or carbenic 
isomers (Figure 2). 

With this in mind, attempts were made to prevent boryl 
migration to the C4 position by blocking the backbone sites with 
methyl groups. The corresponding 4,5-dimethylimidazolium 
system, [(6B2)H][BPh4] was synthesized in similar fashion to 
[(3B2)H][BPh4] (Scheme 3; see ESI for structural character-
ization) and its chemistry towards K[N(SiMe3)2] investigated. 
However, here too, deprotonation does not appear to take place 
at the C2 position. The product (7) has been characterized by 
NMR and mass spectrometry and, judged by the presence of 
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Scheme 2. (upper) Backbone deprotonation of [(3B2)H][BPh4] with 
accompanying boryl group migration to yield 5 (counter-ions omitted for clarity). 
Reagents and conditions: (a) NMR scale: Na[N(SiMe3)2] (1.1 equiv.), C6D6, RT, 
quantitative by 1H NMR; preparative scale uses K[N(SiMe3)2] giving 55% yield 
(ca. 1 g). (lower) Molecular structure of 5 in the solid state as determined by X-
ray crystallography; most hydrogen atoms omitted and Dipp groups shown in 
wireframe format for clarity; thermal ellipsoids set at the 35% probability level. 

 

Figure 2. Relative energies (E, kJ mol-1) of isomeric forms of 5. 

two distinct sets of boryl substituent resonances, does not retain 
the plane of symmetry present in [(6B2)H]+. The 1H NMR spect-
rum also contains only one backbone methyl signal (at δH = 1.40 
ppm) integrating to three protons, and features a second signal 
at δH = 2.06 ppm integrating to 2H; the proton bound to C2 is 
also retained. Although 7 could not be isolated as single crystals 
suitable for X-ray crystallography, we propose on the basis of its 
spectroscopic signature that its formation involves deprotonation 
of one of the two backbone methyl substituents with 
accompanying N-to-C boryl group migration (Scheme 3). 

 

Scheme 3. Generation and deprotonation of [(6B2)H][BPh4] with accompanying 
boryl group migration to yield 7 (counter-ions omitted for clarity). Reagents and 
conditions: (a) {(HCDippN)2}BBr (2.0 equiv.), K[N(SiMe3)2] (1.0 equiv.), 
benzene, RT, 1 h, then Na[BPh4] (1.0 equiv.), MeCN, RT, 15 min, 31%; (b) 
K[N(SiMe3)2] (1.0 equiv.), benzene, RT, 2 h, 30%. Structural data for 
[(6B2)H][BPh4] are included in the ESI. 

C2 carbene generation and rearrangement 
Given the fact that the rearranged system 5 features a pendant 
imidazole function, we hypothesized that alkylation at nitrogen 
might be possible to generate an unsymmetrical imidazolium 
cation analogous to [(4BMe)H]+ and [(3BMe)H]+. In such a case 
(Scheme 4), the propensity of the remaining N-boryl function to 
migrate to the backbone carbon would presumably be reduced 
on steric grounds. Accordingly, methylation of 5 with methyl 
triflate was examined, and the N-boryl-N'-methyl imidazolium 
salt [(8BMe)H][OTf] shown to be accessible in good (70-80%) 
yield. Moreover, in contrast to both [(3B2)H][BPh4] and 
[(6B2)H][BPh4], deprotonation of [(8BMe)H][OTf] leads to the 
formation of a carbene via deprotonation at C2 (Scheme 4).  

	

 

Scheme 4. (upper) Deprotonation of [(8BMe)H][OTf] to yield the persistent 
carbene 8BMe and ultimately C2-borylated 9 (counter-ions omitted for clarity). 
Reagents and conditions: (a) MeOTf (1.0 equiv.), benzene, 3 h, 76%; (b) 
(carried out in situ) K[N(SiMe3)2] (1.0 equiv.), toluene-d8, -78oC, 1 h. (lower) 
Molecular structures of [(8B2)H][OTf] (left) and 9 (right) in the solid state as 
determined by X-ray crystallography. Counter-ions and most hydrogen atoms 
omitted, and Dipp groups shown in wireframe format for clarity; thermal 
ellipsoids set at the 35% probability level. 

Thus, the reaction of [(8BMe)H][OTf] with K[N(SiMe3)2] in 
toluene leads to the clean generation of 8BMe which has been 
characterized by in situ NMR measurements and trapped via 
reactions with metal reagents as the corresponding NHC 
complex (vide infra). Spectroscopically, deprotonation is 
characterized by the disappearance of the 1H NMR resonance at 
δH = 8.57 ppm assigned to the imidazolium C2 proton of 
[(8BMe)H][OTf], and the appearance of a new 13C signal at δC = 
225.8 ppm characteristic of a carbene centre (cf. 220.6 ppm for 
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IMes).[11] Although 8BMe can be obtained cleanly in situ at room 
temperature, it undergoes rearrangement with a half-life of ca. 4 
h to give a second species which features no 13C NMR signals 
at lower field than δC = 150 ppm. This compound can be shown 
by single crystal X-ray diffraction to be the N-to-C2 boryl 
migration product 9 (Scheme 4).  

While intramolecular 1,2-shifts in singlet carbenes are well 
studied,[12–14] such rearrangements in imidazolylidenes have 
generally been considered kinetically unfavourable. This is due 
to the dearomatization of the five membered heterocycle 
required in the transition state in order to accommodate transfer 
of the electron pair associated with the migrating R group to the 
carbene pπ-orbital.[15] Intermolecular pathways have been 
demonstrated by crossover experiments both by Bertrand et 
al.[14] and by Chiu et al.[9e] In the former case – involving the N-
to-C shift of a silyl substituent – migration involves nucleophilic 
attack by the carbene centre of one molecule on the silyl group 
of another. The rate-determining step is expected to be 
bimolecular and would be expected to be accompanied by a 
significant negative entropy of activation. By contrast, in the 
case of the N-borylated system examined by Chiu and co-
workers, a radical pathway is favoured.[9e,16] The rate-
determining step is presumably the (unimolecular) homolytic 
cleavage of the N–B bond, implying a large positive entropy of 
activation. With this in mind, we sought to obtain kinetic data on 
the rearrangement of 8BMe to 9, with the aim of differentiating 
between different possible mechanistic pathways. 

Monitoring by in situ 1H NMR spectroscopy was carried out at 
temperatures in the range 298-323 K, with the behaviour of the 
resonances due to 8BMe as a function of time being found to be 
consistent with first order kinetics (Figure 3). The data obtained 
at 298 K yield a rate constant, k = (4.80 ± 0.04) x 10-5 s-1, which 
implies a half-life at that temperature of 4.01 ± 0.07 h. These 
analyses suggest that the rate-determining step in this particular 
rearrangement is unlikely to involve two molcules of 8BMe.[14] 

	

	

Figure 3. Rearrangement of 8BMe (!) to 9 (!) at 298 K in toluene-d8 solution, 
as determined by the behaviour of 1H NMR resonances of the two species. 

Determination of the rate constant as a function of temperature 
allows for estimation of the enthalpy and entropy of activation 
using a conventional Eyring plot (Figure 4; ΔH‡ = 97 ± 2 kJ mol-1 
and ΔS‡ = -3.1 ± 0.2 J mol-1 K-1, respectively). Interestingly, while 
these data imply a relatively large enthalpy of activation – 
consistent with a significant degree of bond breakage in the rate-
determining transition state, the entropy of activation is very 
close to zero. This is difficult to reconcile on the basis of the 
expectations for either an intermolecular nucleophilic or 
dissociative radical pathway. As a further probe of the latter 
pathway, experiments were carried out involving either EPR 
monitoring or the use of radical traps (TEMPO, 2,3-
dimethylbutadiene), but in neither case was any evidence 
obtained for the formation of any radical intermediates. 

	

Figure 4. Eyring plot based on rate constants derived at temperatures in the 
range 298-323 K for the rearrangement of 8BMe to 9. 

As noted previously, the barriers associated with direct 
intramolecular 1,2-shifts in aromatic NHCs have been calculated 
to be too high to be mechanistically compatible with the 
observed reactivity.[15,17] In part, this is thought to reflect the 
need for de-aromatization to allow for interaction of the exocyclic 
σ-bond of the migrating group and the empty pπ-orbital of the 
carbene. Given the very small magnitude of ΔS‡ measured for 
the rearrangement of 8BMe, however, we wondered whether such 
a mechanism might be feasible in this case. With this in mind, 
we carried out DFT calculations on a model system in which the 
iPr groups of the Dipp substituents were replaced by methyl 
groups for computational efficiency. A transition state could be 
located corresponding to intramolecular N-to-C migration of the 
boryl group (Figure 5) with a free energy of activation of ΔG‡ = 
92 kJ mol-1 (at 298 K). This activation barrier is not only similar 
to the experimentally determined value at the same temperature 
(ΔG‡

298 = 98 ± 2 kJ mol-1), but is significantly lower than the 
values calculated for other N-heterocyclic systems, e.g. 288 kJ 
mol-1 for the 1,2-shift of hydrogen in 2,3-dihydroimidazol-2-
ylidene,[17] and 177 kJ mol-1 for the 1,2-shift of hydrogen in 2,3-
dihydrothiazol-2-ylidene.[18] Further evidence that the calculated 
transition state in the case of 8BMe might have some 
experimental validity comes from the fact that the enthalpy and 
entropy of activation derived from the DFT studies (ΔH‡ = 95 kJ 
mol-1, ΔS‡ = 9 J mol-1 K-1) are similar to the experimental values 
(97 ± 2 kJ mol-1, ΔS‡ = -3.1 ± 0.2 J mol-1 K-1). 
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Figure 5. (upper left) Structure obtained by DFT methods for the transition 
state in the 1,2-shift of the boryl group in a model of 8BMe (in which Dipp 
groups have been replaced by Xylyl). Most hydrogen atoms omitted and Xyl 
groups shown in wireframe format for clarity. (upper right) Schematic of the 
electronic stabilization of the electrophilic boron centre in the transition state. 
(lower) DFT-calculated HOMO for the transition state showing interactions 
between N- and C- atoms and the boryl heterocycle π system (isovalue = 0.05).  

The structure of the transition state is depicted in Figure 5, and 
shows that the boron centre of the migrating boryl group is 
almost equidistant between the nitrogen and carbon atoms 
(1.598, 1.698 Å). The resulting BNC plane is orientated at an 
angle of ca. 37o to that of the imidazole unit, and the pendant 
boryl heterocycle lies approximately perpendicular to the 
imidazole plane. Comparison of the geometry of the imidazole 
ring in the transition state with that determined experimentally for 
the analogous unit in imidazolium salt [(8BMe)H][OTf] reveals 
close similarities. Both heterocycles are planar and the N–C–N 
angle [109.0 vs 109.7(1)o] and C–N distances relating to the 
carbenic carbon are very similar [1.351/1.350 vs 
1.344(2)/1.320(2) Å]. As such, the geometry calculated for the 
heterocycle in the transition state implies little loss of aromaticity.  

With this in mind, we postulate that the migration of the boryl 
group draws on its electrophilic character at boron, allowing it to 
‘shuttle’ between the exocyclic N- and C2-centred lone pairs, 
and as such, effect a 1,2-shift without significant dearomatization 
of the imidazole heterocycle (Figure 5). The orientation of the 
boryl group allows for interaction of the vacant pπ-orbital at 
boron with the σ-orbitals (lone pairs) of both nitrogen and the 
carbene carbon. While these interactions might be expected to 
be optimized by keeping the migrating boron centre in the 
imidazole plane, positioning it below the plane (Figure 5) allows 
for additional stabilization of the electron deficient boron centre 
via donation from the imidazole π-system into the boron σ-orbital.  

With this 1,2-rearrangement in mind, we next sought to 
examine the deprotonation chemistry of the closely related 

system [(3BMe)H][OTf] (Scheme 1). The reaction with 
K[N(SiMe3)2] in toluene proceeds along similar lines to that with 
[(8BMe)H][OTf], leading to the generation of a transient free 
carbene which rearranges via N-to-C2 migration of the boryl 
substituent. The carbene in this case is characterized by a 13C 
signal at δC = 223.6 ppm, and (as judged by in situ 1H NMR 
monitoring) is significantly longer lived than 8BMe (Figure 6). Thus, 
the half-life determined experimentally for 3BMe at 298 K (49 ± 1 
h) is an order of magnitude longer than that measured for 8BMe. 
A transition state corresponding to intra-molecular N-to-C boryl 
migration could also determined computationally for 3BMe; this 
has similar structure features to that calculated in the case of 8Me, 
and is associated with an activation energy (ΔG‡ = 99 kJ mol-1) 
which is marginally higher than that calculated for 8BMe (92 kJ 
mol-1). This finding is not only consistent with experiment, but 
also with the notion that the electrophilic boron centre in the 
transition state should be stabilized to a greater degree by the 
more electron-rich (backbone borylated) imidazole heterocycle 
found in 8BMe. 

	

Figure 6. Half-lives determined for boryl-substituted NHCs based on in situ 
NMR studies. 

Carbene trapping 
While 8BMe could not be structurally characterized by X-ray 
crystallography, comparison with related systems could be 
accomplished through the synthesis of transition metal and main 
group derivatives of types that have previously been used to 
gauge the steric and electronic properties of NHCs. The 
percentage buried volume (%Vbur) of a carbene ligand is often 
calculated from the respective AuCl complex,[19] and with like-
for-like comparison of the steric properties of 8BMe in mind, its 
coordination to the AuCl fragment was investigated. Accordingly, 
(8BMe)AuCl was synthesized from the in situ generated carbene 
and (THT)AuCl, and isolated in 34% yield (Scheme 5). A singlet 
at 177.0 ppm is observed in the 13C NMR spectrum, consistent 
with other gold carbene complexes,[20] and (8BMe)AuCl could 
additionally be characterized by X-ray crystallography (Figure 7). 
The expected linear coordination geometry at gold is confirmed 
[178.0(1)o], with a decidedly unsymmetrical steric profile being 
presented at the metal by the N-bound boryl and methyl groups 
of the 8BMe carbene (see Figure 8 for topographic map obtained 
using the SambVca 2.0 program).[19f] The percentage buried 
volume (%Vbur) could be calculated from the solid state structure 
of (8BMe)AuCl (50.0%), which despite the presence of one N-
methyl group, places 8BMe among the bulkier carbenes reported 
to date (cf. IDipp 44.5%, 6Dipp 50.8%, 7Dipp 52.6%).[19e,21] 
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Scheme 5. Formation of metal/selenium derivatives from borylated NHC 8BMe. 
Reagents and conditions: (a) K(N(SMe3)2] (1.0 equiv., benzene, RT, 5 min, 
used in situ; (b) [Rh(cod)Cl]2 (0.5 mmol of dimer), benzene, RT, 30 min, 40%; 
(c) CO (1 atm.), quantitative by NMR; (d) [Rh(CO)2Cl]2 (0.45 mmol of dimer), 
benzene, 10 min, quantitative by NMR; (e) (THT)AuCl (1.0 equiv.), toluene, -
40oC to RT, 30 min, 34%; (f) Se powder (ca. 4 equiv.), benzene, RT, 1 h, 66%. 

	

Figure 7. Molecular structures of (8BMe)AuCl (upper left), (8BMe)Rh(cod)Cl 
(upper right) and 10 (lower) in the solid state as determined by X-ray 
crystallography. Minor disorder component and most hydrogen atoms omitted 
and Dipp groups shown in wireframe format for clarity; thermal ellipsoids set at 
the 35% probability level. The structure of cis-(8BMe)Rh(CO)2Cl is included in 
the ESI. 

	

Figure 8. Topographic steric map of (10BMe)AuCl complex.[19f] 

The electronic properties of 8BMe were also probed, making 
use of the [Rh(CO)2Cl] complex to allow for calculation of the 
Tolman Electronic Parameter (TEP).[22] (8BMe)Rh(CO)2Cl could 
be synthesized via two routes, either directly from [Rh(CO)2(µ-
Cl)]2 or through the intermediacy of (8BMe)Rh(cod)Cl.[23] In the 
latter case, the cyclooctadiene complex was first synthesized by 
reacting in situ generated 8BMe with [Rh(cod)Cl]2 and isolated in 
40% yield. Spectroscopically, its formation is signalled by 
appearance of a doublet in the 13C NMR spectrum at 189.0 ppm 
(1JRhC = 52.0 Hz), and confirmed by X-ray crystallography 
(Figure 7). Reaction with CO in C6D6 then allows access to the 
dicarbonyl complex (8BMe)Rh(CO)2Cl.[23] Single crystals of the 
latter could be obtained, allowing for crystallographic proof of 
composition, although the diffraction data was not of sufficiently 
high quality to allow for discussion of structural metrics (see ESI). 
The mutually cis disposition of the two carbonyl ligands is 
consistent with the 13C NMR spectrum, which contains three 
doublets in the range 180-190 ppm due to inequivalent carbonyl 
groups and the carbene carbon. 

The two CO stretching bands can be found at 1990 and 2069 
cm-1, based on solution-phase samples of cis-(8BMe)Rh(CO)2Cl in 
dichloromethane. The average CO stretching frequency so 
obtained (2030 cm-1) then allows for the determination of a value 
of 2043 cm-1 for the TEP.[24] This value is lower than that for 
IMes (2051 cm-1),[24] suggesting increased electron density at the 
metal centre, and is similar to those determined for SIMes (2048 
cm-1) and 6Mes (2042 cm-1).[25] Superficially, this implies that 
8BMe is a better σ-donor than IMes, and comparable to 
SIMes/6Mes. It needs to be borne in mind, however, that 
saturated NHCs typically also have enhanced π-acidity 
compared with imidazolylidene-derived systems,[26,27] which 
reduces the overall electron density at the metal and thus 
increases the value of the TEP. To allow for systematic 
comparison between ligands, independent estimation of the π-
acidity of 8BMe was carried out. 

Selenium adducts of carbenes offer a useful probe for 
estimating their π-acidity and 10 was therefore synthesized from 
in situ generated 8BMe and selenium powder, and isolated in 66% 
yield (Scheme 5). Single crystals of the compound 10 suitable 
for X-ray crystallography could be obtained by recrystallization 
from benzene (Figure 7); the 77Se NMR spectrum of crystalline 
samples redissolved in acetone-d6 show a signal at δSe = 67 
ppm. This shift is significantly lower than those of the saturated 
NHCs SIMes (δSe = 181 ppm) and 6Mes (δSe = 271 ppm),[26] and 
similar to that of IMes (δSe = 87 ppm), implying (i) that 8BMe is 
markedly less π-accepting than saturated NHCs; and (ii) that (by 
comparison with IMes) π-acidity is not greatly affected by the 
presence of the N-bound boryl group.  

The π-acidity of 8BMe is similar to IMes and so comparison of 
the two TEP values implies that the presence of the boryl groups 
in the former augments its σ-donor abilities. On the other hand, 
the π-acidity of 8BMe is lower than that of (for example) 6Mes, 
and the fact that the TEP values of the two systems are very 
similar, indicates that the σ-donor properties of 8BMe are 
somewhat lower than 6Mes. As such, σ-donor capabilities 
intermediate between IMes and 6Mes are indicated. This 
conclusion is further supported by the results of DFT 
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calculations on the three ligands, which imply that the HOMO 
energies for the free carbenes fall in the order -421 kJ mol-1 
(6Mes) > -441 kJ mol-1 (8BMe) > -475 kJ mol-1 (IMes).[28] 

Conclusions 

We have attempted to access N-heterocyclic carbenes (NHCs) 
featuring the diazaborolyl group, {(HCNDipp)2B}, as one or both 
of the N-bound substituents, in order to generate strongly 
electron-donating and sterically imposing new carbene ligands. 
However, attempts to isolate N-borylated imidazolylidenes 
featuring this particular group are frustrated by very ready N-to-
C migration of the boryl substituent. In the cases of imidazolium 
precursors bearing one N-bound diazaborolyl group and one 
methyl substituent, deprotonation leads to the generation of the 
target carbenes, which can be characterized by in situ NMR 
measurements, and trapped by reactions with metal fragments 
and elemental selenium. The half-lives of these free carbenes at 
room temperature vary by an order of magnitude (depending on 
ancillary substituents), with N-to-C2 migration of the boryl 
function being shown to be the predominant rearrangement 
pathway. Kinetic studies on 8BMe show this to be a first order 
process that occurs with an entropy of activation close to zero. 
DFT calculations imply that an intramolecular 1,2-shift is feasible, 
with calculated activation energies of the order of 90-100 kJ 
mol-1 reflecting the retention of significant aromatic character in 
the imidazole ring in the transition state. While such a pathway 
has previously been associated with much higher activation 
barriers for hydride or silyl group migration, the reasons 
underpinning this alternative pathway might arise from the fact 
that the migrating group possesses a vacant pπ-orbital, which 
allows for shuttling of the electrophilic boryl function between 
putative N and C lone pairs. That said, the BMes2 group also 
possesses a vacant pπ-orbital and experimental data is 
consistent with an intermolecular (radical) pathway for the 
corresponding 1,2-carbene rearrangement.[9e] A significant 
difference between BMes2 and the diazaborolyl moiety, however, 
is the presence of π-donating nitrogen atoms α to the boron 
centre in the latter, which potentially serve to stabilize the 
migrating (electrophilic) boryl fragment and thus lower the 
energy of the transition state for the direct 1,2-shift. 

Experimental Section 

General methods and instrumentation 

All manipulations were carried out using standard Schlenk line and glove 
box techniques under an atmosphere of argon and dinitrogen, 
respectively. With the exceptions of tetrahydrofuran and diethyl ether, 
solvents were dried using a commercially available Braun SPS. 
Tetrahydrofuran and diethyl ether were distilled from 
sodium/benzophenone. Imidazole was sublimed in vacuo at 120°C; 
benzimidazole and 4,5-diphenylimidazole were dried in vacuo at 100°C. 
Methyl trifluoromethanesulfonate, sodium bis(trimethylsilyl)amide, 
potassium bis(trimethylsilyl)amide and selenium powder were used as 
received. {(HCDippN)2}BBr,[10] (THT)AuCl,[29] [Rh(cod)Cl]2,[30] and 

[Rh(CO)2Cl]2[31] were synthesized according to literature procedures. 1H, 
13C{1H}, 11B, 19F and 77Se NMR spectra were measured on a Bruker 
Avance III HD nanobay 400 MHz or a Bruker AVC500 spectrometer and 
referenced internally to residual protio-solvent (1H) or solvent (13C) 
resonances, and are reported relative to tetramethylsilane (δ = 0 ppm). 
11B and 19F NMR spectra were referenced to external Et2O·BF3 and 77Se 
NMR spectra to SePh2 in CDCl3. Assignments were confirmed using two 
dimensional 1H-1H, 13C-1H and ROESY NMR correlation experiments. 
Chemical shifts are quoted in δ (ppm) and coupling constants in Hz. 
Elemental analyses were carried out by London Metropolitan University.  

Syntheses of novel compounds 

1: Method (a) To a solution containing imidazole (0.29 g, 4.26 mmol) and 
{(HCDippN)2}BBr (2.00 g, 4.28 mmol) in diethyl ether (20 mL) at -78°C 
was added dropwise nBuLi (2.6 mL of a 2.5 M solution in hexane, 6.4 
mmol), and the reaction mixture warmed to room temperature overnight. 
The resulting solution was filtered, concentrated and stored at -25°C, 
leading to the formation of colourless crystals of 1 (as the diethyl ether 
mono-solvate). Yield: 2.30 g, 89%. Slow evaporation of a hexane solution 
yielded colourless single crystals suitable for X-ray crystallography. 
Method (b) Imidazole (0.06 g, 0.86 mmol), potassium 
bis(trimethylsilyl)amide (0.17 g, 0.86 mmol) and {(HCDippN)2}BBr (0.40 g, 
0.86 mmol) were dissolved in benzene (10 mL) and the reaction mixture 
stirred for 15 min at room temperature. The solution was filtered and the 
solvent removed in vacuo; recrystallization from acetonitrile yielded the 
product as colourless crystals, which were isolated by filtration, washed 
with cold acetonitrile (3 x 3 mL) and dried in vacuo to yield 1 as a 
spectroscopically and analytically pure material. Yield: 0.16 g, 41%. 1H 
NMR (MeCN-d3, 400 MHz, 298 K): δH 7.44-7.48 (m, 2H, p-H of Dipp), 
7.34-7.36 (m, 4H, m-H of Dipp), 6.73 (m, NCHCHNB of imidazole), 6.64 
(m, NCHCHNB of imidazole), 6.40 (s, 2H, N(CH)2N of boryl group), 6.18 
(m, 1H, NCHN), 3.00 (sept, 3JHH = 6.9 Hz, 4H, CHMe2), 1.23 (d, 3JHH = 
6.9 Hz, 12H, CHMe2), 0.98 (d, 3JHH = 6.9 Hz, 12H, CHMe2). 13C{1H} NMR 
(MeCN-d3, 101 MHz, 298 K): δC 147.0 (o-C of Dipp), 139.8 (NCHCHNB 
of imidazole), 137.8 (ipso-C of Dipp), 129.9 (NCHCHNB of imidazole), 
129.5 (p-C of Dipp), 125.1 (m-C of Dipp), 120.2 (NCHN), 119.9 (N(CH)2N 
of boryl group), 66.2 (CH2 of Et2O solvate), 29.3 (CHMe2), 24.6 (CHMe2), 
23.4 (CHMe2), 15.6 (CH3 of Et2O solvate). 11B NMR (C6D6, 128 MHz, 298 
K): δB 21 (br s, boryl ligand). MS(CI): m/z (assignment, %) 455.3 ([M]H+, 
6%). Acc. mass (EI): calc. for C29H40

10BN4: 454.3382; meas.: 454.3383. 
Elemental microanalysis, meas. (calc. for C29H39BN4): C 76.26 (76.64)%, 
H 8.76 (8.65)%, N 12.06 (12.33)%.  

2: Benzimidazole (0.13 g, 1.07 mmol), {(HCDippN)2}BBr (0.50 g, 1.07 
mmol) and potassium bis(trimethylsilyl)amide (0.21 g, 1.07 mmol) were 
dissolved in benzene (15 mL) and the reaction mixture stirred for 1 h. 
The solution was filtered and the volatiles removed in vacuo. The crude 
product can be isolated at this point and used for subsequent steps 
without further purification (yield: 0.40 g, 74%). Alternatively, 2 can be 
purified by dissolving the crude compound in minimum acetonitrile at 
80°C, and allowing the solution to cool slowly in the oil bath, to produce 
colourless crystals. These can be isolated by filtration, washed with 
acetonitrile (4 x 5 mL), and dried in vacuo to yield a spectroscopically and 
analytically pure product (0.22 g, 41%). Colourless single crystals 
suitable for X-ray crystallography were obtained from cold hexane. 1H 
NMR (C6D6, 400 MHz, 298 K): δH 7.87 (1H, d, 3JHH = 7.8 Hz, 
benzimidazole o-H), 7.83 (1H, br s, NCHN), 7.14-7.18 (3H, overlapping 
m, p-H of Dipp and C6D5H), 7.04-7.06 (4H, m, m-H of Dipp), 6.96-6.99 
(1H, m, benzimidazole m-H), 6.90-6.94 (2H, overlapping m, 
benzimidazole o-H and m-H), 6.23 (2H, s, N(CH)2N of boryl ligand), 3.27 
(4H, sept, 3JHH = 6.8 Hz, CHMe2), 1.14 (12H, d, 3JHH = 6.8 Hz, CHMe2), 
0.93 (12H, d, 3JHH = 6.8 Hz, CHMe2). 13C{1H} NMR (C6D6, 101 MHz, 298 
K): δC 145.7 (o-C of Dipp), 145.7 (NCCN), 145.0 (NCHN), 137.8 (i-C of 



FULL PAPER    

 
 
 
 
 

Dipp), 135.7 (NCCN), 128.6 (p-C of Dipp), 124.6 (m-C of Dipp), 122.9 
(NCCH(CH)3CN or NCCH(CH)2CHCN), 122.8 (NCCH(CH)2CHCN), 
120.7 (NCCH(CH)3CN), 119.7 (N(CH)2N of boryl ligand), 113.0 
(NCCH(CH)3CN or NCCH(CH)2CHCN), 28.9 (CHMe2), 25.4 (CHMe2), 
23.0 (CHMe2). 11B NMR (C6D6, 128 MHz, 343 K): δB 22 (br s, boryl 
ligand). MS (EI): m/z (assignment, %) 504.3 ([M]+, 14%). Acc. Mass EI: 
calc. for C33H41

10BN4: 503.3455; found: 503.3405. Elemental 
microanalysis, found (calc. for C33H41BN4): C 78.54 (78.56)%, H 8.59 
(8.19)%, N 11.33 (11.11)%. 

[(3B2)H][BPh4]: Imidazole (0.08 g, 1.18 mmol), sodium 
bis(trimethylsilyl)amide (0.23 g, 1.18 mmol) and {(HCDippN)2}BBr (1.50 g, 
3.21 mmol) were dissolved in benzene (15 mL) and the reaction mixture 
stirred for 1 h. Volatiles were removed in vacuo and acetonitrile (15 mL) 
added; to the resulting solution was added Na[BPh4] (0.42 g, 1.23 mmol) 
and the mixture stirred for 15 min. Volatiles were again removed in vacuo, 
and the resulting residue washed with benzene (3 x 10 mL) to yield 
[(3B2)H][BPh4] as a pale brown powder. Yield: 1.20 g, 86%. Single 
crystals suitable for X-ray crystallography were obtained by layering a 
solution in dichloromethane with hexane. 1H NMR (MeCN-d3, 400 MHz, 
298 K): δH 7.45-7.49 (4H, m, p-H of Dipp), 7.30-7.36 (8H, m, o-H of 
[BPh4]-), 7.28-7.30 (8H, m, m-H of Dipp), 7.01-7.04 (9H, overlapping m, 
m-H of [BPh4]- and NCHN), 6.86-6.89 (4H, m, p-H of [BPh4]-), 6.62 (2H, 
br s, N(CH)2N of imidazole), 6.43 (4H, s, N(CH)2N of boryl ligand), 2.74 
(8H, sept, 3JHH = 6.9 Hz, CHMe2), 1.15 (12H, d, 3JHH = 6.9 Hz, CHMe2), 
0.85 (12H, d, 3JHH = 7.0 Hz, CHMe2). 13C{1H} NMR (MeCN-d3, 101 MHz, 
298 K): δC 164.8 (q, 1JCB = 49.3 Hz, i-C of [BPh4]-), 145.7 (o-C of Dipp), 
136.8 (br m, o-C of [BPh4]-), 136.1 (NCHN), 135.6 (i-C of Dipp), 130.5 (p-
C of Dipp), 126.6 (br q, 3JCB = 2.7 Hz, m-C of [BPh4]-), 126.1 (m-C of 
Dipp), 125.9 (N(CH)2N of imidazole), 122.7 (p-C of [BPh4]-), 121.5 
(N(CH)2N of boryl ligand), 29.5 (CHMe2), 24.5 (CHMe2), 23.8 (CHMe2). 
11B NMR (MeCN-d3, 128 MHz, 298 K): δB 19 (br s, boryl ligand), -7 (s, 
[BPh4]-). MS (ESI): m/z (assignment, %) 841.6 ([M]+, 97%). Acc. Mass 
ESI: calc. for C55H75B2N6: 841.6251; found: 841.6246. Elemental 
microanalysis: found (calc. for C79H95B3N6): C 81.60 (81.72)%, H 8.36 
(8.25)%, N 7.21 (7.24)%.  

[(3BMe)H][OTf]: To a solution of 1 (0.01 g, 0.18 mmol) in hexane (3 mL) 
was added methyl trifluoromethanesulfonate (22 µL, 0.20 mmol) and the 
resulting mixture stirred for 4 h. The solution was filtered and the residue 
washed with hexane (3 x 2 mL) and dried in vacuo to yield the product as 
an off-white powder. Yield: 0.11 g, 85%. Colourless single crystals 
suitable for X-ray crystallography could be obtained by dissolving the 
product in a minimal amount of hexane at 60 °C and allowing the solution 
to cool slowly in the oil bath. 1H NMR (C6D6, 400 MHz, 298 K): δH 7.53 
(1H, s, NCHN), 7.29 (2H, m, p-H of Dipp), 7.15-7.16 (5H, overlapping m, 
m-H of Dipp, NCHCHN of imidazole and C6D5H), 6.30 (1H, s, NCHCHN 
of imidazole), 5.95 (2H, s, N(CH)2N of boryl ligand), 3.41 (3H, s, NMe), 
2.93 (4H, sept, 3JHH = 6.8 Hz, CHMe2), 1.08-1.11 (24H, overlapping d, 
CHMe2). 13C{1H} NMR (C6D6, 101 MHz, 298 K): δC 145.8 (o-C of Dipp), 
137.0 (NCHN), 135.5 (i-C of Dipp), 130.0 (p-C of Dipp), 126.2 (NCHCHN 
of imidazole), 125.2 (m-C of Dipp), 121.4 (NCHCHN of imidazole), 120.0 
(N(CH)2N of boryl ligand), 36.7 (NMe), 28.9 (CHMe2), 24.8 (CHMe2), 23.4 
(CHMe2). 11B NMR (C6D6, 128 MHz, 298 K): δB 19 (br s, boryl ligand). 19F 
NMR (MeCN-d3, 470 MHz, 298 K): δF -63.3. MS (EI): m/z 
(assignment, %) 469.4 ([M]+, 99%). Acc. Mass EI: calc. for C29H40

10BN4: 
469.3502; found: 469.3607. 

[(4BMe)H][OTf]: To a solution of 2 (0.17 g, 0.33 mmol) in hexane (5 mL) 
was added methyl trifluoromethanesulfonate (41 µL, 0.37 mmol) and the 
resulting mixture stirred overnight. After filtration, the residue was 
washed with hexane (2 x 3 mL) and dried in vacuo to yield the product as 
an off-white powder. Yield: 0.19 g, 87%. Colourless single crystals 
suitable for X-ray crystallography could be grown by dissolving the 

product in a minimal amount of acetonitrile at 80 °C and allowing the 
solution to cool slowly in the oil bath. 1H NMR (C6D6, 500 MHz, 298 K): 
δH 9.34 (1H, s, NCHN), 7.03-7.08 (4H, overlapping m, NCCH and p-H of 
Dipp), 6.99-7.00 (4H, m, m-H of Dipp), 6.86-6.89 (1H, ddd, 3JHH = 8.2 Hz, 
3JHH = 7.3 Hz, 4JHH = 1.1 Hz, [B]NCCHCH), 6.81-6.84 (1H, ddd, 3JHH = 
8.1 Hz, 3JHH = 7.3 Hz, 4JHH = 1.2 Hz, MeNCCHCH), 6.25 (2H, s, N(CH)2N 
of boryl ligand), 3.58 (3H, s, NMe), 3.20 (4H, sept, 3JHH = 6.8 Hz, CHMe2), 
1.19 (12H, d, 3JHH = 6.9 Hz, CHMe2), 1.17 (12H, d, 3JHH = 6.8 Hz, 
CHMe2). 13C{1H} NMR (C6D6, 126 MHz, 298 K): δC 145.9 (o-C of Dipp), 
144.7 (NCHN), 135.4 (i-C of Dipp), 132.7 (MeNCCH), 129.3 ([B]NCCH), 
127.1 ([B]NCCHCH), 126.8 (MeNCCHCH), 124.7 (m-C of Dipp), 121.0 
(N(CH)2N of boryl ligand), 114.2 (MeNCCH), 114.0 ([B]NCCH), 33.8 
(NMe), 29.1 (CHMe2), 26.0 (CHMe2), 23.5 (CHMe2). 11B NMR (C6D6, 128 
MHz, 298 K): δB 21 (br s, boryl ligand). 19F NMR (C6D6, 377 MHz, 298 K): 
δF -77.7. MS (EI): m/z (assignment, %) 519.4 ([M]+, 97%). Acc. Mass EI: 
calc. for C34H44BN2: 519.3660; found: 519.3761. Elemental 
microanalysis: found (calc. for C35H44BN4F3O3S): C 62.90 (62.87)%, H 
6.54 (6.63)%, N 8.71 (8.38)%. 

5: Method (a) (in situ): [(3B2)H][BPh4] (0.01 g, 0.01 mmol) and sodium 
bis(trimethylsilyl)amide (ca. 0.002 g, 0.01 mmol) were dissolved in C6D6 
(0.5 mL) in a J. Young’s NMR tube. The solution turned dark brown 
immediately. The 1H NMR spectrum measured after 10 min shows 
quantitative conversion to a single new product, 5. Method (b) 
(preparative scale): Imidazole (0.15 g, 2.20 mmol), potassium 
bis(trimethylsilyl)amide (0.85 g, 4.26 mmol) and 1 (2.00 g, 4.28 mmol) 
were dissolved in pentane (40 mL) and stirred at room temperature. A 
white precipitate formed immediately and the solution stirred overnight. 
After filtration, the residual solid was extracted with pentane (2 x 5 mL) 
and the filtered extracts combined, concentrated and stored at -20 °C 
overnight producing colourless crystals. After filtration at -20 °C, the 
crystals were dried in vacuo to yield the product as a white crystalline 
solid. Yield 0.99 g, 55%. Colourless single crystals suitable for X-ray 
crystallography were obtained from diethyl ether at -20 °C. 1H NMR 
(C6D6, 400 MHz, 298 K): δH 7.16-7.19 (4H, overlapping m, p-H of C-boryl 
ligand and C6D5H), 7.09-7.13 (6H, overlapping m, m-H of C-boryl ligand 
and p-H of N-boryl ligand), 6.96-6.98 (4H, m, m-H of N-boryl ligand), 6.86 
(1H, d, 4JHH = 0.8 Hz, NCHN), 6.15 (2H, s, N(CH)2N of C-boryl ligand), 
6.03 (1H, d, 4JHH = 0.8 Hz, NCHC[B]N of imidazole), 5.90 (2H, s, 
N(CH)2N of N-boryl ligand), 3.25 (4H, sept, 3JHH = 6.9 Hz, CHMe2 of C-
boryl ligand), 2.97 (4H, sept, 3JHH = 6.9 Hz, CHMe2 of N-boryl ligand), 
1.24 (12H, d, 3JHH = 6.9 Hz, CHMe2 of C-boryl ligand), 1.10 (12H, d, 3JHH 
= 6.9 Hz, CHMe2 of N-boryl ligand), 1.06 (12H, d, 3JHH = 6.9 Hz, CHMe2 
of C-boryl ligand), 0.82 (12H, d, 3JHH = 6.9 Hz, CHMe2 of N-boryl ligand). 
13C{1H} NMR (C6D6, 101 MHz, 298 K): δC 145.8 (o-C of C-boryl ligand), 
145.4 (o-C of N-boryl ligand), 140.5 (i-C of C-boryl ligand), 140.1 (NCHN), 
137.6 (i-C of N-boryl ligand), 128.5 (p-C of N-boryl ligand), 127.4 (p-C of 
C-boryl ligand), 124.8 (NCHC[B]N of imidazole), 124.5 (m-C of N-boryl 
ligand), 123.6 (m-C of C-boryl ligand), 119.8 (N(CH)2N of C-boryl ligand), 
118.9 (N(CH)2N of N-boryl ligand), 28.8 (CHMe2 of C-boryl ligand), 28.7 
(CHMe2 of N-boryl ligand), 24.6 (CHMe2 of C-boryl ligand), 24.5 (CHMe2 

of N-boryl ligand), 24.1 (CHMe2 of C-boryl ligand), 23.4 (CHMe2 of N-
boryl ligand). Boron-bound quaternary carbons were not observed. 11B 
NMR (C6D6, 128 MHz, 298 K): δB 21-24 (overlapping br s, C- and N- 
boryl ligands). MS (CI): m/z (assignment, %) 841.6 ([M]H+, 2%). Acc. 
Mass EI: calc. for C55H76

10B11BN4: 840.6261; found: 840.6276. Elemental 
microanalysis: found (calc. for C55H75B2N6): C 76.55 (78.47)%, H 8.64 
(8.98)%, N 9.97 (9.98)%.  

[(6B2)H][BPh4]: A mixture of {(HCDippN)2}BBr (0.15 g, 0.32 mmol), 
potassium bis(trimethylsilyl)amide (0.06 g, 0.32 mmol) and 4,5-
dimethylimidazole (0.03 g, 0.32 mmol) in benzene (10 mL) was stirred for 
1 h. Volatiles were removed in vacuo and a further portion of 
{(HCDippN)2}BBr added (15 mg, 0.32 mmol). After redissolving in 
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acetonitrile (10 mL), the resulting mixture was stirred for 15 min, 
whereupon Na[BPh4] (0.11 g, 0.32 mmol) was added and the solution 
stirred for a further 15 min. Volatiles were removed in vacuo, and the 
residue extracted into dichloromethane and filtered. Volatiles were again 
removed in vacuo and the resulting residue washed with hot hexane (3 x 
3 mL) to yield the product as a light brown powder. Yield: 0.12 g, 31%. 
Single crystals suitable for X-ray crystallography were obtained from a 
concentrated C6D6 solution at room temperature. 1H NMR (MeCN-d3, 400 
MHz, 298 K): δH 7.37-7.38 (4H, m, p-H of Dipp), 7.27-7.30 (m, 8H, o-H of 
[BPh4]-), 7.16-7.18 (8H, m, m-H of Dipp), 6.98-7.01 (8H, m, m-H of 
[BPh4]-), 6.83-6.86 (4H, m, p-H of [BPh4]-), 6.49 (4H, s, N(CH)2N of boryl 
ligand), 2.73 (8H, sept, 3JHH = 6.8 Hz, CHMe2), 1.85 (6H, s, N(CMe)2N), 
1.11 (24H, d, 3JHH = 6.7 Hz, CHMe2), 0.74 (24H, 3JHH = 6.9 Hz, CHMe2). 
13C{1H} NMR (MeCN-d3, 101 MHz, 298 K): δC 164.8 (q, 1JCB = 49.3 Hz, i-
C of [BPh4]-), 145.7 (o-C of boryl ligand), 136.7 (br m, o-C of [BPh4]-), 
135.3 (i-C of Dipp), 132.5 (N(CMe)2N), 130.0 (p-C of Dipp), 129.3 
(NCHN), 126.5 (br q, 3JCB = 2.7 Hz, m-C of [BPh4]-), 125.5 (m-C of Dipp), 
122.7 (p-C of [BPh4]-), 122.2 (N(CH)2N of boryl ligand), 29.4 (CHMe2), 
25.7 (CHMe2), 23.3 (CHMe2), 10.4 (N(CMe)2N). 11B NMR (MeCN-d3, 160 
MHz, 298 K): δB 20 (br s, boryl ligand), -7 (s, [BPh4]-). MS (ESI): m/z 
(assignment, %) 869.7 ([M]+, 97%). Acc. Mass ESI: calc. for C57H79B2N6: 
869.6636; found: 869.6564.  

Reaction of [(6B2)H][BPh4] with K[N(SiMe3)2] – generation of 7: 
[(6B2)H][BPh4] (0.03 g, 0.02 mmol) and potassium bis(trimethylsilyl)amide 
(ca. 0.005 g, 0.02 mmol) were dissolved in benzene (1 mL) and the 
reaction mixture stirred for 2 h. Volatiles were removed in vacuo and the 
residue washed with a minimal amount of acetonitrile and dried in vacuo 
to yield the product as a light brown solid. Yield: ca. 0.006 g, 30%. 1H 
NMR (C6D6, 500 MHz, 298 K): δH 7.17-7.20 (35H, overlapping m, p-H of 
Dipp of C- or N-boryl ligand and C6D5H), 7.08-7.13 (6H, overlapping m, 
m-H of Dipp of N-boryl ligand and p-H of Dipp of C- and N-boryl ligand), 
7.08 (1H, s, NCHN), 7.00-7.01 (4H, m, m-H of Dipp of C-boryl ligand), 
6.25 (2H, s, N(CH)2N of N-boryl ligand), 6.11 (2H, s, N(CH)2N of C-boryl 
ligand), 3.42 (4H, sept, 3JHH = 6.9 Hz, CHMe2 of C- or N-boryl ligand), 
3.07 (4H, sept, 3JHH = 6.9 Hz, CHMe2 of C- or N-boryl ligand), 2.06 (2H, s, 
NCCH2[B]), 1.40 (3H, s, NCMe), 1.20 (12H, d, 3JHH = 6.9 Hz, CHMe2 of 
C- or N-boryl ligand), 1.11 (12H, d, 3JHH = 6.8 Hz, CHMe2 of C- or N-boryl 
ligand), 1.05 (12H, d, 3JHH = 6.9 Hz, CHMe2 of C- or N-boryl ligand), 0.94 
(12H, d, 3JHH = 6.9 Hz, CHMe2 of C- or N-boryl ligand). 13C{1H} NMR 
(C6D6, 126 MHz, 298 K): δC 146.9 (o-C of Dipp of C- or N-boryl ligand), 
145.7 (o-C of Dipp of C- or N-boryl ligand), 139.5 (i-C of Dipp of N-boryl 
ligand), 137.5 (overlapping s, NCMe or NCCH2[B] and i-C of Dipp of C-
boryl ligand), 137.1 (NCMe or NCCH2[B]), 127.4-128.6 (overlapping 
signals, p-C of Dipp of C- and N-boryl ligands and C6D6), 124.2 (m-C of 
Dipp of C-boryl ligand), 123.5 (m-C of N-boryl ligand), 122.9 (NCHN), 
119.5 (overlapping s, N(CH)2N of C- and N-boryl ligand), 28.8 (CHMe2 of 
C- or N-boryl ligand), 28.3 (CHMe2 of C- or N-boryl ligand), 25.9 (CHMe2 
of C- or N-boryl ligand), 25.7 (CHMe2 of C- or N-boryl ligand), 23.8 
(CHMe2 of C- or N-boryl ligand), 23.1 (CHMe2 of C- or N-boryl ligand), 
10.0 (NCMe). Boron bound quaternary carbon not observed. 11B NMR 
(C6D6, 128 MHz, 298 K): δB 22-29 (br s, boryl ligands). MS (ESI): m/z 
(assignment, %) 825.6 ([M]+, 8%). Acc. Mass ESI: calc. for C57H78

10B2N6: 
866.6541; found: 866.6526.  

[(8BMe)H][OTf]: Method (a): To a solution of 5 (0.50 g, 0.59 mmol) in 
benzene (20 mL) was added methyl trifluoromethanesulfonate (67 µL, 
0.59 mmol) and the resulting mixture stirred for 3 h. The 1H NMR 
spectrum of an aliquot taken from the reaction mixture at this point 
indicates full conversion to a new product. Volatiles were removed in 
vacuo and the residue washed with pentane to yield the crude product as 
an off-white solid. Yield: 480 mg, 76%. Colourless single crystals suitable 
for X-ray crystallography could be obtained by layering a benzene 
solution with pentane. Method (b): A mixture of {(HCDippN)2}BBr (5.00 g, 

10.70 mmol), imidazole (0.36 g, 5.30 mmol) and potassium 
bis(trimethylsilyl)amide (2.10 g, 10.50 mmol) was dissolved in pentane 
(100 mL) and the reaction mixture stirred overnight. The 1H NMR 
spectrum of an aliquot taken from the reaction mixture at this point 
indicates full conversion to 5. Methyl trifluoromethanesulfonate (0.67 mL, 
5.9 mmol) was then added, which resulted in the immediate formation of 
a white precipitate. The reaction mixture was stirred overnight and filtered. 
The white solid was washed with pentane (5 x 20 mL) and dried in vacuo 
yielding the product as a white solid. Yield: 4.80 g, 84%. 1H NMR (C6D6, 
400 MHz, 298 K): δH 8.57 (1H, br s, NCHN), 7.24-7.28 (2H, m, p-H of N-
boryl ligand), 7.07-7.12 (6H, overlapping m, m-H of C-boryl ligand and p-
H of N-boryl ligand), 6.91-6.93 (4H, m, m-H of C-boryl ligand), 6.27 (1H, 
d, 4JHH = 1.4 Hz, NCHC[B]N of imidazole), 6.12 (2H, s, N(CH)2N of C-
boryl ligand), 5.90 (2H, s, N(CH)2N of N-boryl ligand), 3.70 (3H, s, NMe), 
2.77-2.90 (8H, overlapping m, CHMe2 of C- and N-boryl ligand), 1.10 
(12H, d, 3JHH = 6.8 Hz, CHMe2 of N-boryl ligand), 1.00 (12H, d, 3JHH = 6.8 
Hz, CHMe2 of C-boryl ligand), 0.96 (12H, d, 3JHH = 6.9 Hz, CHMe2 of N-
boryl ligand), 0.78 (12H, d, 3JHH = 6.9 Hz, CHMe2 of C-boryl ligand. 1H 
NMR (toluene-d8, 400 MHz, 298 K): δH 8.54 (br s, 1H, NCHN), 7.23-7.27 
(2H, m, p-H of Dipp of N-boryl ligand), 7.08-7.12 (2H, m, p-H of Dipp of 
C-boryl ligand), 7.05-7.07 (4H, m, m-H of Dipp of N-boryl ligand), 6.90-
6.92 (4H, m, m-H of Dipp of C-boryl ligand), 6.25 (1H, d, 4JHH = 1.3 Hz, 
NCHC[B]N of imidazole), 6.12 (2H, s, N(CH)2N of C-boryl ligand), 5.93 
(2H, s, N(CH)2N of N-boryl ligand), 3.65 (3H, s, NMe), 2.75-2.85 (8H, 
overlapping m, CHMe2 of C- and N-boryl ligand), 1.10 (12H, d, 3JHH = 6.8 
Hz, CHMe2 of N-boryl ligand), 1.01 (12H, d, 3JHH = 6.8 Hz, CHMe2 of C-
boryl ligand), 0.94 (12H, d, 3JHH = 6.9 Hz, CHMe2 of N-boryl ligand), 0.77 
(12H, d, 3JHH = 6.9 Hz, CHMe2 of C-boryl ligand). 13C{1H} NMR (C6D6, 
101 MHz, 298 K): δC 145.1 (o-C of Dipp of N-boryl ligand), 144.7 (o-C of 
Dipp of C-boryl ligand), 141.3 (NCHN), 136.9 (i-C of Dipp of C-boryl 
ligand), 135.0 (i-C of Dipp of N-boryl ligand), 129.8 (p-C of Dipp of N-
boryl ligand), 128.7 (p-C of Dipp of C-boryl ligand), 126.7 (NCHC[B]N of 
imidazole), 125.3 (m-C of Dipp of N-boryl ligand), 124.6 (m-C of Dipp of 
C-boryl ligand), 121.5 (N(CH)2N of C-boryl ligand), 120.3 (N(CH)2N of N-
boryl ligand), 37.2 (NMe), 28.9 (CHMe2 of N-boryl ligand), 28.7 (CHMe2 
of C-boryl ligand), 25.5 (CHMe2 of C-boryl ligand), 24.8 (CHMe2 of N-
boryl ligand), 23.8 (CHMe2 of N-boryl ligand), 23.2 (CHMe2 of C-boryl 
ligand). Boron-bound quaternary carbons not observed. 11B NMR (C6D6, 
128 MHz, 298 K): δB 19 (br s, C- and N-boryl ligands). 19F NMR (C6D6, 
377 MHz, 298 K): δF -77.63. MS (ESI): m/z (assignment, %) 841 ([M]+, 
96%). Acc. Mass ESI: calc. for C56H77B2N6: 855.6408; found: 855.6525. 
Elemental microanalysis: found (calc. for C57H77B2F3N6O3S): C 67.79 
(68.13)%, H 7.86 (7.72)%, N 8.23 (8.36)%.  

In situ generation of 8BMe: A mixture of [(8BMe)H][OTf] (0.04 g, 0.04 
mmol) and potassium bis(trimethylsilyl)amide (0.01 g, 0.05 mmol) in a J. 
Young’s NMR tube was dissolved in toluene-d8 (0.5 mL) at -78 °C and 
the tube shaken intermittently at -78 °C. The resulting precipitate was 
collected at the top of the tube using a centrifuge. The in situ 1H and 13C 
NMR spectra measured immediately show clean conversion to the free 
carbene, which is stable in solution at -80 °C but rearranges with a half-
life of ca. 4 h at room temperature. 1H NMR (toluene-d8, 400 MHz, 283 
K): δH 7.07-7.16 (5H, overlapping m, p-H of Dipp of C- and N-boryl ligand 
and C6D4HCD3), 6.94-7.02 (9H, overlapping m, m-H of Dipp of C- and N-
boryl ligand and C6D4HCD3), 6.23 (1H, s, NCHC[B]N of imidazole), 6.17 
(2H, s, N(CH)2N of C- or N-boryl ligand), 5.97 (2H, s, N(CH)2N of C- or N-
boryl ligand), 3.15-3.21 (7H, overlapping m, CHMe2 of C- or N-boryl 
ligand and NMe), 3.02 (4H, br m, CHMe2 of C- or N-boryl ligand), 1.19 
(12H, d, 3JHH = 6.4 Hz, CHMe2 of C- or N-boryl ligand, 1.08 (12H, d, 3JHH 
= 6.4 Hz, CHMe2 of C- or N-boryl ligand), 0.99 (12H, d, 3JHH = 6.4 Hz, 
CHMe2 of C- or N-boryl ligand), 0.80 (12H, d, 3JHH = 6.4 Hz, CHMe2 of C- 
or N-boryl ligand). 13C{1H} NMR (toluene-d8, 126 MHz, 298 K): δC 225.8 
(br s, NCN), 146.2 (o-C of Dipp of C- or N-boryl ligand), 145.4 (o-C of 
Dipp of C- or N-boryl ligand), 140.0 (i-C of Dipp of C- or N-boryl ligand), 
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139.3 (i-C of Dipp of C- or N-boryl ligand), 128.5-127.9 (overlapping 
signals, p-C of C- or N-boryl ligand and toluene-d8), 127.9 (p-C of C- or 
N-boryl ligand), 127.6 (NCHC[B]N of imidazole), 124.5 (m-C of C- or N-
boryl ligand), 124.1 (m-C of C- or N-boryl ligand), 120.8 (N(CH)2N of C- 
or N-boryl ligand), 119.4 (N(CH)2N of C- or N-boryl ligand), 38.5 (NMe), 
29.3 (CHMe2 of C- or N-boryl ligand), 29.0 (CHMe2 of C- or N-boryl 
ligand), 25.8 (CHMe2 of C- or N-boryl ligand), 25.1 (CHMe2 of C- or N-
boryl ligand), 24.2 (CHMe2 of C- or N-boryl ligand), 23.7 (CHMe2 of C- or 
N-boryl ligand). Boron-bound quaternary carbon not observed. 11B NMR 
(toluene-d8, 128 MHz, 253 K): δB 22 (br, C- and N-bound boryl ligands). 

9: A mixture of [(8BMe)H][OTf] (0.30 g, 0.03 mmol) and potassium 
bis(trimethylsilyl)amide (0.06 g, 0.03 mmol) was dissolved in benzene (10 
mL) and the resulting solution stirred at 80 °C for 20 min. After filtration, 
volatiles were removed in vacuo and the residue dissolved in a minimal 
amount of acetonitrile at 80 °C. The solution was allowed to cool slowly in 
the oil bath, producing colourless needle-like crystals. After filtration, the 
crystals were washed with acetonitrile (4 x 5 mL) to yield the product as a 
white crystalline solid. Yield: 0.12 g, 45%. Colourless single crystals 
suitable for X-ray crystallography were grown from diethyl ether at -20 °C. 
1H NMR (C6D6, 400 MHz, 298 K): δH 7.09-7.16 (4H, overlapping m, p-H 
of Dipp of C2- and C4-boryl ligand), 7.03-7.05 (4H, m, m-H of Dipp of C2-
boryl ligand), 6.98-7.00 (4H, m, m-H of Dipp of C4-boryl ligand), 6.72 (1H, 
s, NCHC[B]N of imidazole), 6.27 (2H, s, N(CH)2N of C2-boryl ligand), 
6.20 (2H, s, N(CH)2N of C4-boryl ligand), 3.31 (4H, sept, 3JHH = 6.8 Hz , 
CHMe2 of C2-boryl ligand), 3.10 (4H, sept, 3JHH = 6.8 Hz, CHMe2 of C4-
boryl ligand), 2.94 (3H, s, NMe), 1.20 (12H, d, 3JHH = 6.8 Hz, CHMe2 of 
C4-boryl ligand), 1.16 (12H, d, 3JHH = 6.8 Hz, CHMe2 of C2-boryl ligand), 
1.07 (12H, d, 3JHH = 6.8 Hz, CHMe2 of C2-boryl ligand), 0.82 (12H, d, 3JHH 
= 6.8 Hz, CHMe2 of C4-boryl ligand). 13C{1H} NMR (C6D6, 125.7 MHz, 
298 K): δC 145.9 (o-C of Dipp of C2-boryl ligand), 145.7 (o-C of Dipp of 
C4-boryl ligand), 140.6 (NCHC[B]N of imidazole), 139.4 (i-C of Dipp of 
C4-boryl ligand), 138.8 (i-C of Dipp of C2-boryl ligand), 128.4 (NC[B]N), 
127.6 and 127.8 (p-C of Dipp of C2- and C4-boryl ligand), 124.0 (m-C of 
Dipp of C4-boryl ligand), 123.6 (m-C of Dipp of C2-boryl ligand), 120.3 
(overlapping s, N(CH)2N of C2- and C4-boryl ligand), 34.4 (NMe), 28.7 
(CHMe2 of C2-boryl ligand), 28.6 (CHMe2 of C4-boryl ligand), 25.8 
(CHMe2 of C2-boryl ligand), 25.6 (CHMe2 of C4-boryl ligand), 23.5 
(CHMe2 of C2-boryl ligand), 23.2 (CHMe2 of C4-boryl ligand). Boron-
bound quaternary carbons not observed. 11B NMR (C6D6, 128 MHz, 298 
K): δB 23 (br s, C- and N-boryl ligands). MS (EI): m/z (assignment, %) 
854.6 ([M]+, 9%). Acc. Mass EI: calc. for C56H76

10B2N6: 852.6385; found: 
852.6364. Elemental microanalysis: found (calc. for C56H76B2N6): C 78.83 
(78.68)%, H 8.61 (8.96)%, N 9.74 (9.83)%. 

In situ generation of 3BMe: A mixture of [(3BMe)H][OTf] (0.03 g, 0.06 
mmol) and potassium bis(trimethylsilyl)amide (0.01 g, 0.07 mmol) in a J. 
Young’s NMR tube was dissolved in C6D6 (0.5 mL) and the tube shaken. 
The resulting precipitate was collected at the top of the tube using a 
centrifuge. The in situ 1H and 13C NMR spectra measured immediately 
show clean conversion to the free carbene, which is stable in solution 
at -80 °C but rearranges with a half-life of ca. 49 h at room temperature. 
1H NMR (C6D6, 500 MHz, 298 K): δH 7.19-7.22 (2H, m, p-H of Dipp), 
7.13-7.16 (4H, m, m-H of Dipp), 6.43 (1H, s, NCHCHN of imidazole), 
6.09 (2H, s, N(CH)2N of boryl ligand), 5.94 (1H, s, NCHCHN of imidazole), 
3.34 (4H, sept, 3JHH = 7.0 Hz, CHMe2), 3.09 (3H, s, NMe), 1.23 (12H, d, 
3JHH = 6.9 Hz, CHMe2), 1.19 (12H, d, 3JHH = 6.9 Hz, CHMe2). 13C{1H} 
NMR (C6D6, 126 MHz, 298 K): δC 223.6 (NCN), 146.4 (o-C of Dipp), 
139.4 (i-C of Dipp), 127.9-128.3 (overlapping signals, p-C of Dipp and 
C6D6) 123.9 (m-C of Dipp), 120.9 and 119.7 (NCHCHN), 119.0 (N(CH)2N 
of boryl ligand), 37.4 (NMe), 28.9 (CHMe2), 24.7 (CHMe2), 23.6 (CHMe2). 
11B NMR (C6D6, 160 MHz, 298 K): δB 23 (b s, boryl ligand). 

10: To a mixture of [(8BMe)H][OTf] (0.50 g, 0.47 mmol), sodium 
bis(trimethylsilyl)amide (0.09 g, 0.51 mmol) and selenium powder (0.15 g, 
1.9 mmol) was added benzene (7 mL), and the resulting mixture stirred 
at room temperature for 1 h. After filtration, the volume of the filtrate was 
reduced until the onset of precipitation. The solution was then warmed 
until all the precipitate dissolved, and the solution then allowed to cool 
slowly to room temperature in the oil bath, producing colourless single 
crystals suitable for X-ray crystallography. After filtration, the remaining 
crystals were dried in vacuo to yield the product as a white solid. Yield: 
0.29 g, 66 %. 1H NMR (C6D6, 400 MHz, 298 K): δH 7.17-7.21 (12H, 
overlapping m, p-H of Dipp of C-boryl ligand and C6D5H), 7.08 (6H, 
overlapping m, p-H and m-H of Dipp N-boryl ligand), 6.93 (4H, m, m-H of 
Dipp of C-boryl ligand), 6.32 (1H, s, NCHC[B]N of imidazole), 6.21 (2H, s, 
N(CH)2N of N-boryl ligand),  6.16 (2H, s, N(CH)2N of C-boryl ligand), 3.64 
(4H, br m, CHMe2 of N-boryl ligand), 3.20 (3H, s, NMe), 2.99 (4H, sept, 
3JHH = 6.8 Hz, CHMe2 of C-boryl ligand), 1.17 (12H, d, 3JHH = 6.8 Hz, 
CHMe2 of C-boryl ligand), 1.12 (12H, br m, CHMe2 of C-boryl ligand), 
1.05 (12H, d, 3JHH = 6.8 Hz, CHMe2 of N-boryl ligand), 0.69 (12H, d, 3JHH 
= 6.9 Hz, CHMe2 of N-boryl ligand). 13C{1H} NMR (C6D6, 126 MHz, 
298K): δC 163.7 (CSe), 146.6 (o-C of Dipp of C-boryl ligand), 144.7 (o-C 
of Dipp of N-boryl ligand), 138.0 (i-C of Dipp of C-boryl ligand), 137.3 (i-C 
of Dipp of N-boryl ligand), 128.4-127.9 (overlapping signals, C6D6, p-C of 
Dipp of C-boryl ligand and p-C or m-C of Dipp of N-boryl ligand), 125.0 
(NCHC[B]N of imidazole), 124.4 (m-C of Dipp of C-boryl ligand), 124.0 
(p-C or m-C of Dipp N-boryl ligand), 120.8 (N(CH)2N of C-boryl ligand), 
119.9 (N(CH)2N of N-boryl ligand), 36.8 (NMe), 28.7 (CHMe2 of boryl 
ligand), 28.5 (CHMe2 of boryl ligand), 26.6 (CHMe2 of C-boryl ligand), 
25.4 (CHMe2 of N-boryl ligand), 24.0 (CHMe2 of C-boryl ligand), 23.1 
(CHMe2 of N-boryl ligand). Boron bound quaternary carbon not observed. 
11B NMR (C6D6, 128 MHz, 298 K): δB 22 (br s, C- and N-boryl ligands). 
77Se NMR (Acetone-d6, 95 MHz, 298 K): δSe 67. MS (EI): m/z 
(assignment, %) 934.6 ([M]+, 3%). Acc. Mass EI: calc. for 
C56H76

10B11BN6Se: 954.5519; found: 954.5595. Elemental microanalysis: 
found (calc. for C56H76B2N6Se): C 71.72 (72.03)%, H 8.32 (8.20)%, N 
9.20 (9.00)%.  

(8BMe)AuCl: A mixture of [(8BMe)H][OTf] (0.31 g, 0.29 mmol) and 
potassium bis(trimethylsilyl)amide (0.06 g, 0.29 mmol) was dissolved in 
toluene at -40 °C and the resulting solution stirred for 20 min. The cloudy 
solution was then filtered onto (THT)AuCl (0.09 g, 0.29 mmol), and the 
resulting mixture stirred at -40 °C for 30 min before being allowed to 
slowly warm to room temperature. Volatiles were removed in vacuo and 
the residue dissolved in a minimal amount of acetonitrile at 80 °C. The 
solution was allowed to cool slowly to room temperature producing 
colourless crystals. After filtration, the crystals were washed three times 
with a minimal amount of acetonitrile, and then dried in vacuo to yield the 
product as a white solid. Further crops of the product could be obtained 
by recrystallization from a concentrated solution of the filtrate stored at -
20 °C. Yield: 0.11 g, 34%. Colourless single crystals suitable for X-ray 
crystallography were grown from a concentrated solution in hexane. 1H 
NMR (C6D6, 400 MHz, 298 K): δH 7.12-7.16 (5H, overlapping m, p-H of 
Dipp of N-boryl ligand and C6D5H), 7.05-7.09 (2H, m, p-H of Dipp of C-
boryl ligand), 6.98-7.00 (4H, m, m-H of Dipp of N-boryl ligand), 6.88-6.90 
(4H, m, m-H of Dipp of C-boryl ligand), 6.37 (1H, s, NCHC[B]N of 
imidazole), 6.14 (2H, s, N(CH)2N of N-boryl ligand), 6.08 (2H, s, N(CH)2N 
of C-boryl ligand), 3.61 (4H, br m, CHMe2 of N-boryl ligand), 2.94 (3H, s, 
NMe), 2.85 (4H, sept, 3JHH = 6.8 Hz, CHMe2 of C-boryl ligand), 1.30-1.21 
(24H, overlapping m, CHMe2 of N-boryl ligand), 1.01 (12H, d, 3JHH = 6.8 
Hz, CHMe2 of C-boryl ligand), 0.46 (12H, d, 3JHH = 6.9 Hz, CHMe2 of C-
boryl ligand). 1H NMR (C6D6, 400 MHz, 333 K): δH 7.12-7.16 (5H, 
overlapping m, p-H of Dipp of N-boryl ligand and C6D5H), 7.06-7.10 (2H, 
m, p-H of Dipp of C-boryl ligand), 7.00-7.02 (4H, m, m-H of Dipp of N-
boryl ligand), 6.90-6.91 (4H, m, m-H of Dipp of C-boryl ligand), 6.37 (1H, 
s, NCHC[B]N of imidazole), 6.15 (2H, s, N(CH)2N of N-boryl ligand), 6.10 
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(2H, s, N(CH)2N of C-boryl ligand), 3.60 (4H, sept, 3JHH = 6.8 Hz, CHMe2 
of N-boryl ligand), 3.00 (3H, s, NMe), 2.86 (4H, sept, 3JHH = 6.8 Hz, 
CHMe2 of C-boryl ligand), 1.18-1.21 (24H, overlapping d, CHMe2 of N-
boryl ligand), 1.01 (12H, d, 3JHH = 6.8 Hz, CHMe2 of C-boryl ligand), 0.50 
(12H, d, 3JHH = 6.9 Hz, CHMe2 of C-boryl ligand). 13C{1H} NMR (C6D6, 
101 MHz, 333 K): δC 177.0 (NCN), 146.8 (o-C of Dipp of N-boryl ligand), 
144.6 (o-C of Dipp of C-boryl ligand), 137.7 (i-C of Dipp of C-boryl ligand), 
136.5 (i-C of Dipp of N-boryl ligand), 127.8-128.3 (overlapping s, p-C of 
Dipp of C-boryl and N-boryl ligands), 127.6 (NCHC[B]N of imidazole), 
124.6 (m-C of Dipp of C-boryl ligand), 124.0 (m-C of Dipp of N-boryl 
ligand), 120.9 (N(CH)2N of N-boryl ligand), 120.3 (N(CH)2N of C-boryl 
ligand), 37.8 (NMe), 29.2 (CHMe2 of N-boryl ligand), 28.5 (CHMe2 of C-
boryl ligand), 26.3 (CHMe2 of N-boryl ligand), 25.2 (CHMe2 of C-boryl 
ligand), 24.5 (CHMe2 of N-boryl ligand), 23.0 (CHMe2 of C-boryl ligand). 
Boron bound quaternary carbons not observed. 11B NMR (C6D6, 128 
MHz, 333 K): δB 22 (br s, C- and N-boryl ligands). MS (EI): m/z 
(assignment, %) 1086.6 ([M]+, 3%). Acc. Mass EI: calc. for 
C56H76

10B2N6AuCl: 1084.5739; found: 1084.5776. Elemental 
microanalysis: found (calc. for C56H76B2N6AuCl): C 61.66 (61.86)%, H 
7.23 (7.05)%, N 7.84 (7.73)%. 

Cis-(8BMe)Rh(CO)2Cl: Method (a) (in situ): (8BMe)Rh(cod)Cl (0.03 g, 0.03 
mmol) was dissolved in C6D6 (0.5 mL) in a J. Young’s NMR tube and the 
solution degassed via three freeze-pump-thaw cycles prior to backfilling 
the tube with CO. The 1H NMR spectrum measured at this point indicated 
complete conversion to cis-(10BMe)Rh(CO)2Cl. Method (b) (preparative 
scale): A mixture of [(8BMe)H][OTf] (0.40 g, 0.37 mmol) and potassium 
bis(trimethylsilyl)amide (0.08 g, 0.37 mmol) was dissolved in benzene (10 
mL) and the resulting mixture stirred for 5 min at room temperature. The 
cloudy solution was then filtered onto solid [Rh(CO)2Cl]2 (66 mg, 0.17 
mmol) and the resulting mixture stirred for 10 min. The 1H NMR spectrum 
of an aliquot taken from the solution at this point indicated complete 
conversion to the desired product (with < 5% impurities). Volatiles were 
removed in vacuo and the residue dissolved in hot hexane. The resulting 
solution was allowed to cool slowly to room temperature in the oil bath 
and then further cooled to -20 °C to yield a crystalline product. Isolated 
yields of the product were very low due to the high solubility of the 
product in compatible media. Single crystals suitable for X-ray 
crystallography were obtained by recrystallization from hexane at -20 °C. 
1H NMR (C6D6, 400 MHz, 298 K): δH 6.98-7.16 (21H, overlapping m, p-H 
and m-H of Dipp and C6D5H), 6.59 (1H, s, NCHC[B]N of imidazole), 6.21 
(2H, s, N(CH)2N of C-boryl ligand), 6.18 (2H, br s, N(CH)2N of N-boryl 
ligand), 4.02 (3H, s, NMe), 3.26 (4H, br m, CHMe2 of N-boryl ligand), 
2.98 (4H, br m, CHMe2 of C-boryl ligand), 0.72-1.36 (62H, overlapping m, 
CHMe2 and n-hexane solvate). 1H NMR (C6D6, 400 MHz, 343 K): δH 
7.12-7.18 (20H, overlapping m, p-H of Dipp and C6D5H), 7.06-7.08 (4H, 
m, m-H of Dipp of N-boryl ligand), 7.00-7.02 (4H, m, m-H of Dipp of C-
boryl ligand), 6.59 (1H, s, NCHC[B]N of imidazole), 6.20 (2H, s, N(CH)2N 
of C-boryl ligand), 6.17 (2H, br s, N(CH)2N of N-boryl ligand), 3.98 (3H, s, 
NMe), 3.22 (4H, br m, CHMe2 of N-boryl ligand), 2.99 (4H, sept, 3JHH = 
6.9 Hz, CHMe2 of C-boryl ligand), 1.23-1.29 (8H, overlapping m, CH2 of 
n-hexane solvate), 1.03-1.13 (42H, overlapping d, CHMe2), 0.88 (6H, t, 
3JHH = 6.8 Hz, CH3 of n-hexane solvate). 13C{1H} NMR (C6D6, 101 MHz, 
343 K): δC 187.5 (d, 2JRhC = 55.0 Hz, RhCO), 182.5-183.5 (overlapping d, 
RhCO and NCN), 145.5 (o-C of Dipp of N-boryl ligand), 145.4 (o-C of 
Dipp of C-boryl ligand), 138.4 (i-C of Dipp of N-boryl ligand), 137.8 (i-C of 
Dipp of C-boryl ligand), 129.4 (NCHC[B]N of imidazole), 127.8-128.3 
(overlapping signals, p-C of Dipp and C6D6), 125.0 (m-C of Dipp of N-
boryl ligand), 124.2 (m-C of Dipp of C-boryl ligand), 121.3 (N(CH)2N of C-
boryl ligand), 120.3 (N(CH)2N of N-boryl ligand), 39.9 (NMe), 31.9 (CH2 
of n-hexane solvate), 28.8 (CHMe2 of C-boryl ligand), 28.7 (CHMe2 of N-
boryl ligand), 26.0 (CHMe2 of C-boryl ligand), 25.8 (br s, CHMe2 of N-
boryl ligand), 23.7 (CHMe2 of C-boryl ligand), 23.5 (br s, CHMe2 of N-
boryl ligand), 23.0 (CH2 of n-hexane solvate), 14.2 (CH3 of n-hexane 

solvate). Boron bound quaternary carbons not observed. 11B NMR (C6D6, 
128 MHz, 343 K): δB 21-23 (br s, C- and N-boryl ligands). IR (CH2Cl2): 
1990 (s, C–O stretch) and 2069 (s, C–O stretch) cm-1. Elemental 
microanalysis: found (calc. for C58H76RhB2ClN6O2): C 66.38 (66.39)%, H 
7.61 (7.30)%, N 8.33 (8.01)%.  

Crystallography 

Single-crystal X-ray diffraction data for all compounds (except cis-
(10BMe)Rh(CO)2Cl) were collected on a Nonius KappaCCD diffractometer 
using Mo Kα radiation (λ = 0.71073 Å) or on an Oxford Diffraction 
Supernova diffractometer using mirror monochromated Cu Kα radiation (λ 
= 1.5418 Å) at 150 K. Crystals were selected under Paratone-N or 
perfluoropolyether oil, mounted on MiTeGen loops and quench-cooled 
using an Oxford Cryosystems open flow N2 cooling device.[32] Data 
collection and reduction were carried out using Collect and 
Denzo/Scalepack (Nonius KappaCCD)[33] or the CrysAlisPro package 
(Oxford Diffraction Supernova).[34] Structures were subsequently solved 
using SHELXT[35] and refined on F2 using the SHELXL 2018 package 
and the graphical interface Olex2 or X-Seed.[36-38] X-ray diffraction data 
for cis-(10BMe)Rh(CO)2Cl were collected using beamline I19-1 at 
Diamond Light Source at 100 K using a Dectris Pilatus 2M pixel-array 
photon-counting detector,[39] and data were reduced using XIA2.[40] The 
structure of cis-(10BMe)Rh(CO)2Cl was solved ab initio from the integrated 
intensities using SHELXT,[35] and refined using full-matrix least-squares 
refinement with CRYSTALS.[41-43]

 PLATON/SQUEEZE[44,45] was used to 
model diffuse scattering in the void space. CCDC numbers: 1867712-
1867724 and 1868625. 

DFT calculations 

All computational work reported here utilized density functional theory 
(DFT). Calculations of ground state structure/energetics on the isomers 
of compound 5 and on compound 8BMe were performed using the 
Amsterdam Density Functional (ADF) 2014 software package. 
Calculations were performed using the Vosko-Wilk-Nusair local density 
approximation with exchange from Becke,[46] and correlation correction 
from Perdew.[47] Slater-type orbitals (STOs) were used for the triple zeta 
basis set with an additional set of polarization functions (TZP).[48] The full-
electron basis set approximation was applied with no molecular 
symmetry. General numerical quality was good. Geometric details and 
molecular orbital energies were obtained after unrestricted geometry 
optimization. Mechanistic calculations on the rearrangement of 8BMe to 10 
were performed with Gaussian09 (Revision D.01) program package[49] 
using the PBE1PBE hybrid exchange-correlation functional[50] in 
combination with def-TZVP basis set[51] and the polarizable continuum 
solvent model (pcm, toluene).[52] In addition, Grimme’s empirical 
dispersion correction scheme was employed to treat dispersion 
effects.[48] The nature of all stationary points (minimum or saddle point) 
was confirmed by full frequency calculations. 
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FULL PAPER 
Attempts to access NHCs featuring 
the diazaborolyl group, 
{(HCNDipp)2B}, as the N-bound 
substituent(s) are reported. These 
are characterized by facile N-to-C 
migration, although in the cases of 
imidazolium systems bearing one 
diazaborolyl and one Me substituent, 
the target carbenes can be 
characterized in situ by NMR 
measurements, and trapped by 
reactions with metal fragments and 
elemental selenium. 
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