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Abstract: The 1-methyl-3-(tricyanoborane)imidazolin-2-yliden-
ate anion (2) was obtained in high yield by deprotonation of
the B(CN)3-methylimidazole adduct 1. Regarding charge and
stereo-electronic properties, anion 2 closes the gap between
well-known neutral NHCs and the ditopic dianionic NHC, the
1,3-bis(tricyanoborane)imidazolin-2-ylidenate dianion (IIb).
The influence of the number of N-bonded tricyanoborane
moieties on the σ-donating and π-accepting properties of
NHCs was assessed by quantum chemical calculations and
verified by experimental data on 2, IIb, and 1,3-dimeth-

ylimidazolin-2-ylidene (IMe, IIa). Therefore NHC 2, which acts
as a ditopic ligand via the carbene center and the cyano
groups, was reacted with alkyl iodides, selenium, and [Ni-
(CO)4] yielding alkylated imidazoles 3 and 4, the anionic
selenium adduct 5, and the anionic nickel tricarbonyl complex
8, respectively. The results of this study prove that charge,
number of coordination sites, buried volume (%Vbur) and σ-
donor and π-acceptor abilities of NHCs can be effectively
fine-tuned via the number of tricyanoborane substituents.

Introduction

N-heterocyclic carbenes (NHCs) are an important class of
compounds with widespread applications in chemical industry
and academia, for example in organo- and transition metal
catalysis or in medical applications.[1] The properties of NHCs,
namely their strong σ-donor and π-acceptor ability, can be
tuned over a wide range. Especially, the introduction of
substituents at the central NHC ring is of importance for the
variation of the nature of the carbene. Since the isolation of the
first stable, crystalline NHC by Arduengo and coworkers (A,
Figure 1) in the early 90ies of the last century,[2] a wealth of
different NHCs has been synthesized and their physicochemical
and chemical properties have been explored, in detail.

The introduction of borane substituents at the NHC core is a
straightforward and promising strategy towards anionic NHCs
with tunable electronic and steric properties.[3] Triscarbene B

(Figure 1)[4] was the first representative of this class of
compounds and since then related anionic tris- and biscarbenes
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Figure 1. Neutral Arduengo-type NHCs (A), selected anionic borane-substi-
tuted NHCs (B–D), the dianionic bis(borane)-substituted NHC IIb, and
intramolecular follow-up reactions of in situ generated carbenes Eb and Fb.
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have been described.[5] Surprisingly, related NHCs with a non-
bridging borane moiety at either one or both nitrogen atoms
remain scarce. The BH3-substituted N-heterocyclic carbene C
(Figure 1) was the first example that was reported in 1998.[6]

Carbene C and related anionic NHCs with a single BH3 group
were used as ligands in transition metal coordination chemistry,
in nucleophilic substitution reactions with tetrele halides, and in
reactions with boranes.[7] Another rare example of an anionic
borane-substituted NHC with an alternative binding mode was
described in 2012 (D, Figure 1).[8]

Unlike C, the weakly coordinating borane moiety B(C6F5)3 of
imidazolin-2-ylidenate D is not bonded to nitrogen but to the
carbon backbone. The anionic borane substituted NHC D is not
only a useful building block for the synthesis of unusual group
13, 16, and 17 derivatives,[9] but also a versatile tool for the
activation of organic compounds, and for the preparation of
catalytically active transition metal complexes.[8,9c,10]

In contrast to the formation of C and D, attempted synthesis
of other borane-imidazole derivatives did not lead to the
respective anionic carbene. For instance, deprotonation of 3-
triethylborane-1,4,5-trimethylimidazole (Ea, Figure 1) resulted in
Ec with a Ccarbene� B bond, which was rationalized by an instant
migration of the Et3B group.[7] Another example is the
deprotonation of 3-tris(pentafluorophenyl)borane-1-meth-
ylimidazole (Fa, Figure 1) that gave the cyclisation product Fc,
which was the result of an intramolecular nucleophilic attack of
the carbene C atom at one of the C6F5 rings.

[11]

Recently, we reported on the synthesis of a new type of a
borane-substituted NHC, the dianionic ditopic 1,3-
bis(tricyanoborane)imidazolin-2-ylidenate IIb (Figure 1).[12] The
reason for the unprecedented stability of dianion IIb are the
B(CN)3 moieties that are connected via B � N bonds to the
central NHC core. Tricyanoborane is a Lewis superacid,[13] which
explains the very robust B � N bonds and thus the stability of
IIb. The B(CN)3 group results in very stable borate anions, in
general.[14] This includes tricyanoborates of the type [RB(CN)3]

�

(R=H,[15] F,[16] Cl,[17] NC,[16a,18] CH3O,[19] perfluoroalkyl,[20]

(fluoro)aryl[21]), the hexacyanoborate dianion [B2(CN)6]
2� ,[22] and

the boron-centered nucleophile B(CN)3
2� .[23] Dianion IIb can

coordinate to a metal center via the carbene C atom and the
cyano groups of the B(CN)3 units. The carbene center is shielded
as evident from the buried volume (%Vbur) of 39.9%. Further
experimental results of our preliminary study on IIb provided
evidence for an increased σ-donor and π-acceptor ability
compared to other unsaturated NHCs. To gain a more
sophisticated insight into the influence of the B(CN)3 group on
the properties of NHCs, a comparison of the related NHCs 1,3-
dimethylimidazolin-2-ylidene (IMe, IIa),[24] 1-methyl-3-
(tricyanoborane)imidazolin-2-ylidenate (2), and IIb is necessary.
Herein, we report on the synthesis of 2, selected derivatives of
2, IIa, and IIb, and a comparative experimental and theoretical
study on the properties of the three related NHCs.

Results and Discussion

1-Methyl-3-(tricyanoborane)imidazole (1) was prepared from
tricyanoborane-pyridine adduct (B(CN)3·py; py=pyridine)[25] and
1-methylimidazole in acetonitrile (Figure 2). Since the starting
materials are easily accessible and because of the high yield of
more than 95%, 1 can be synthesized on a multigram scale.
Neutral 1 melts at 182 °C and decomposes at 360 °C (DSC,
onset). It is stable towards air, moisture, and water. It was
characterized by NMR and vibrational spectroscopy, single-
crystal X-ray diffraction (SC-XRD), and high-resolution mass
spectrometry (HRMS). Single crystals of 1 were obtained by
slow evaporation of an acetone solution (Figure 2). The B1 � N3
distance of 155.3(2) pm is in the range of related B(CN)3 Lewis
base adducts, for example 157.1 pm in B(CN)3·py

[25a] or 153.4(4)/
155.8(4) pm in lithium 1,3-bis(tricyanoborane)imidazolate.[12]

With the neutral imidazole 1 as starting material in hand, its
deprotonation was investigated. Lithium and potassium
hexamethyldisilazide were found to be suitable bases for the
formation of the 1-methyl-3-(tricyanoborane)imidazolin-2-
ylidenate anion 2. Treatment of 1 with a small excess of LiHMDS
in THF resulted in Li2·THF0.5 as a solid in a yield of 85%
(Figure 3). K2·Et2O0.5 precipitated upon addition of diethyl ether
from the reaction mixture in THF and it was isolated in 96%
yield (Figure 3). The selective deprotonation of 1 at the C2 atom
to result in 2 was confirmed by NMR spectroscopy (Figure 3).
The 11B NMR signal is shifted from � 25.5 (1) to � 24.1 ppm (2).
The signal of the backbone H atom at C5 (H5) of 2 reveals
coupling to boron (4J(11B,1H)) that is not observed for 1
(Figure 3). The most significant difference was observed in the
13C{1H} NMR spectrum for the C2 nucleus. Its signal was shifted
from 139.7 (1) to 205.4 ppm (Li2) or 211.9 ppm (K2), which is in
the typical range observed for Ccarbene nuclei, for example
205.9 ppm for IIb,[12] 215.2 ppm for IIa,[24] or 211.2 ppm for D.[8]

Furthermore the signal is split into a quartet due to the
coupling to 11B with 2J(13C,11B) of 11.8 Hz. This coupling constant
is close to the coupling of the two 11B nuclei with the C2

Figure 2. Synthesis and crystal structure of 1 (ellipsoids are drawn with 50%
probability except for H atoms that are depicted with arbitrary radii).
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nucleus of IIb (2J(13C,11B)=11.7 Hz).[12] To evaluate if solvated
anion 2 can be considered as NHC and not only as a lithio- or
potassio-carbenoid, metathesis with [Me4N]F to yield [Me4N]2 in
a yield of 79% was performed (Figure 3). [Me4N]2 was
characterized by NMR and vibrational spectroscopy as well as
by elemental analysis. The tetramethylammonium salt is stable
and storable as a solid. In solution, anion 2 is methylated at the
C2 atom by [Me4N]+ under formation of trimethylamine. Due to
the relatively fast decomposition, we were not able to obtain a
meaningful 13C{1H} NMR spectrum in solution. However, solid
state 13C MAS NMR spectra of both salts, [Me4N]2 and Li2,
respectively, were recorded (Figure 3). Surprisingly, a minor shift
of the signal of the C2 nucleus from 200.7 (Li2) to 202.0 ppm
([Me4N]2) was observed, supporting the assumption that the
electronic influence of the Li+ or K+ cation on the anionic NHC
2 is small. This is in accordance with δ(13C) of D with Li+

(δ(C2)=217.4 ppm) and [PPh4]
+ (δ(C2)=218.8 ppm) as counter

cation. In contrast to [Me4N]2, Li2 and K2 are stable in solution
and in the solid state for month at room temperature.
Decomposition starts at more than 70 °C in solution and in the
solid state (DSC, onset). Hence, Li2·THF0.5 and K2·Et2O0.5 are
thermally less robust than Li2IIb·THF (Tdec >150 °C)[12] but more
stable than IIa, which gradually decomposes already at room
temperature.[24] This trend in thermal stability highlights the
stabilizing effect of the tricyanoborane moieties as substituent
at the N atoms of NHCs.

Single crystals of 2
∞[Li2(THF)] were obtained from THF. The

carbene units form cyclic dimers via bridging Li1 atoms
(Figure 3). These dimers are interconnected to strands. The
lithium ion is coordinated to the C2 carbene atom and to two
CN groups of different anions 2, which highlights the ditopic
nature of 2. The distorted tetrahedral coordination at the
lithium cation is completed by a THF ligand. The Li � C2
distance of 217.0(6) pm is similar to related Li···Ccarbene separa-
tions, for example 215.1(6) pm in [Li2IIb(THF)],[12] 215.5(4) pm in
[(tBu2Im)Li(η5-1,2,4-(Me3Si)3C5H2)],

[26] and 209.2(2)/209.4(3) pm in
[LiD(THF)2].

[8] Crystallization of Li2 from THF in the presence of
12-crown-4 led to single crystals of [{Li(12-crown-4)}2]·(12-
crown-4) (Figure 3). The Li ion in [{Li(12-crown-4)}2]·(12-crown-
4) is coordinated to the C2 carbene atom and to all four oxygen
atoms of 12-crown-4. In contrast to 2

∞[Li2(THF)], the cyano N
atoms do not participate in the coordination to lithium.

Single crystals of 3
∞[K2(THF)] were obtained by diffusion of

hexane into THF. Two formula units of K2·THF form dimers,
similar to 2

∞[Li2(THF)]. The potassium cation adopts a distorted
pentagonal bipyramidal coordination sphere spanned by one
Ccarbene atom, four CN groups, and two THF molecules (Figure 3).

The K1···C2 distance of 298.7(1) pm is similar to related
K···Ccarbene separations, for example 298.6(2) pm in [{H2C(IiPr)2}
KN(SiMe3)2]2.

[27] Compared to 1, the B� N distance in 2 is slightly
shorter (153.4(4) pm), whereas d(C2-N) are a little longer. Both
differences reflect the increased electron density at the C2

Figure 3. Syntheses of Li2·THF0.5, K2·Et2O0.5, and [Me4N]2 (top left), NMR spectra of 1, Li2·THF0.5 and [Me4N]2 (bottom left). A dimer of 2
∞[Li2(THF)] and 3

∞K2(THF)]
and a unit of [{Li(12-crown-4)}2] · (12-crown-4) in the crystal structures (right; ellipsoids are drawn with 50% probability except for H atoms that are depicted
with arbitrary radii, disorder and H atoms of the THF solvate molecules and of the coordinated 12-crown-4 moiety are not shown and their C atoms are
depicted as wireframe model, the co-crystallized 12-crown-4 molecule is omitted for clarity).
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carbene atom in 2, which results in a slight weakening of the
C2� N bonds, an increased basicity of the N atoms in the ring,
and in turn stronger B� N bonds, similar to IIb.[12]

DFT calculations (def2-TZVPP/B3LYP/D3(BJ)/COSMO [ɛ =

infinite], for details see the Supporting Information) were
performed to evaluate the electronic features of 2 in compar-
ison to the neutral NHC IMe (IIa)[28] and the dianionic NHC IIb.
For IMe, the electronic structure can be considered as a 6 π-
electron aromatic system that is superimposed with the NHC
carbene σ-type orbital, which is basically a spz-type hybrid
orbital. The latter is the HOMO of the molecule and lies at
� 6.36 eV calculated at this level of theory (see Figure 4). The
carbene π-orbital of IMe is the LUMO+1 (the LUMO is another
orbital of the NHC π-system), mainly centered at the carbene C
atom, and is mostly composed of the carbene px orbital. This
unoccupied orbital lies at +0.70 eV, which leads to a σ/π-
separation of 7.06 eV. This separation decreases continuously
upon successive formal replacement of the methyl against
B(CN)3

� substituents to 6.82 eV for 2 and 6.61 eV for IIb. The
HOMO is always the NHC σ-orbital, whereas the relevant NHC
π-orbital varies. In case of IIa it is the LUMO+1, in case of 2 the
LUMO+3, and for IIb the LUMO+6 (Figure 4). For the
cyanoboron-substituted compounds, some C�N antibonding
combinations are located in between the NHC σ- and π-orbitals.
However, as B(CN)3 substitution proceeds the NHC π-orbitals
decrease in energy going from +0.70 eV (IIa) to +0.58 eV (2) to
+0.48 eV (IIb), whereas the orbital energy of the HOMO
increases going from � 6.36 eV (IIa) to � 6.24 eV (2) to � 6.13 eV
(IIb). Thus, the donor and the acceptor capabilities of the
different NHCs increase in the row IIa <2 < IIb, as was verified
experimentally (see below).

To get a first impression on the basic reactivity of the
anionic NHC 2 and to assess its σ-donating and π-accepting
properties experimentally, Li2 was reacted with methyl iodide,

the chalcogens sulfur, selenium, and tellurium, as well as nickel
tetracarbonyl as archetypical reactions for organic, main-group,
and transition-metal substrates. Methylation of 2 with methyl
iodide afforded 1,2-dimethyl-3-(tricyanoborane)imidazole (3) in
an internal yield of 52%. 1-Methyl-3-(tricyanoborane)imidazole
(1) and the related ethylated imidazole 4 were obtained as side
products in equimolar amounts (24%, Figure 5). Formation of 4
and 1 can be rationalized by a methylene intermediate, which is
formed by deprotonation of 3 with unreacted 2. The methylene
intermediate subsequently reacts with methyl iodide to form 4
(Figure 5). The ethyl derivative 4 was obtained as sole product
by the reaction of 2 and ethyl iodide. The synthesis of the
related methylene derivate 1,3-dimethyl-2-methyleneimidazole
was also accomplished by deprotonation of 1,2,3-trimeth-
ylimidazole with strong bases such as KHMDS or KH as reported
previously.[29] Anyway, considering all side products the reaction
of Li2 with methyl iodide proceeds quantitatively. In contrast to
2, the reaction of dianionic NHC IIb with methyl iodide solely
afforded the methylated derivative and no ethylated product
was observed.[12] The different behavior of 2 and IIb may be
explained by the higher steric hinderance of IIb or the different
electronic properties of both NHCs and consequently of the
related C2-methylated derivatives. Single crystals of 3

∞[3·LiI(H2O)]
were obtained from the reaction mixture under air (Figure 5).
The Li cation is coordinated to three CN groups of different
imidazole units and to one aqua ligand. Thus, the structure
exemplifies the coordination ability of the tricyanoborane
moiety even in case of neutral imidazole derivatives such as 3.

Figure 4. NHC σ- and π-orbitals of IIa, 2, and IIb. Energies were calculated at
the DFT/def2-TZVPP/B3LYP/D3(BJ)/COSMO [ɛ = infinite] level of theory and
orbital plots are drawn at the 0.1 isosurface.

Figure 5. Formation of a mixture of 3, 4, and 1 and selective synthesis of 4
by ethylation of Li2 (top) and crystal structure of 3

∞[3·LiI(H2O)] (ellipsoids are
drawn at the 50% probability level except for the H atoms that are depicted
with arbitrary radii).
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The reaction of Li2 with elemental selenium gave the
selenourea derivative Li5 in a yield of 96% (Figure 6). In analogy
to Li2·THF0.5, Li5·THF0.5 contains half an equivalent of THF per
formula unit, which was confirmed by NMR spectroscopy and
elemental analysis. Crystallization of Li5 from wet THF afforded
single crystals of 3

∞[Li5(H2O)]. The tetrahedral coordination at Li
is composed of three cyano groups and an aqua ligand
(Figure 6). The C=Se distance with 185.3(5) pm lies in the typical
range observed for selenoureas, for instance 185.2(2) in 3

∞[Li2Vb-
(H2O)3]

[12] or 184.2(4) in Va.[30] 3
∞[Li5(H2O)] reveals weak Se···H2O

bonds[31] of 279.1(14) and 281.5(12) (Figure 6), similar to 3
∞[Li2Vb-

(H2O)3] (279(2) and 281(2) pm).[12]

The 77Se chemical shift of Li5 was observed at 74.8 ppm in
(CD3)2CO, which fits almost perfectly between the shifts of Vb
(139.1 ppm)[12] and Va (8.5 ppm) (Figure 6). δ(77Se) is a well-
accepted measure for the π-acceptor ability, in general.[32] So,
the increasing δ(77Se) with increasing number of B(CN)3 groups
indicates an increasing π-acceptor ability in the row IIa<2< IIb,
as predicted by theory. The 1J(77Se,13C) coupling constant of 5

(228.0 Hz) is smaller than the one of Va (234.4 Hz) but larger
than the one of Vb (214.5) (Figure 6).[12] An analogous trend is
observed for 1J(13C,1H) in DMSO-d6 for the parent imidazole
derivatives that decrease in the order 1,3-dimethylimidazolium
cation (Ia, 221.9 Hz, counterion I� ), 1 (220.3 Hz), and 1,3-
bis(tricyanoborane)imidazolate anion (Ib, 217.8 Hz). Both cou-
pling constants 1J(77Se,13C) and 1J(13C,1H) are indicative for the σ-
donor strength of the corresponding NHC,[32b,e] which increases
with decreasing coupling constants. Thus, the σ-donor strength
increases in the same order as the π-acceptor ability (IIa<2<
IIb). Both experimental trends are in line with those derived
from quantum chemical calculations (see above).

In analogy to the syntheses of anionic selenoureas 5 and
Vb, the homologous NHC chalcogen derivatives of 2 and IIb
using sulfur and tellurium were obtained. The reaction of Li2
with S8 gave Li6·THF0.5, which was isolated in a yield of 96%.
Similarly, Li2II was reacted with elemental sulfur to yield 71% of
Li2VIb. Both sulfur compounds are stable against water and air.
The crystal structures of 3

∞[Li6(H2O)] and 3
∞[Li2VIb(THF)2] empha-

size the ditopic nature of the B(CN)3-imidazoline compounds
(Figure 7). The C=S distances 169.7(3) pm (3∞[Li6(H2O)]) and
167.5 pm (3∞[Li2VIb(THF)2]) are in the typical range observed for
d(C=S) of thioureas, for instance 168.1(5) pm for the corre-
sponding 1,3-dimethyl substituted thiourea VIa.[33] The tellurium
derivatives of Li2 and Li2II were synthesized, as well. Li7·THF
and LiVIIb · (THF)4 are sensitive towards moisture, air, and light,

Figure 6. Syntheses of Li5·THF0.5 (top), NMR spectra of Va, Li5·THF0.5, and
Li2Vb · 4H2O (middle), and crystal structures of Va,[30] 3

∞[Li5(H2O)], and 2
∞[Li2Vb-

(THF)2]
[12] (ellipsoids are drawn at the 50% (3∞[Li5(H2O)] and Va) or 30% (

2
∞[Li2Vb(THF)2]) probability level except for H atoms that are depicted with
arbitrary radii; partial disorder of the imidazolin-2-ylidene ring in 2

∞[Li2Vb-
(THF)2] and disorder and H atoms of the THF solvate molecules are omitted
for clarity; the C atoms of THF are shown as stick model in 2

∞[Li2Vb(THF)2]).

Figure 7. Crystal structures of 3
∞[Li6(H2O)], 3

∞[Li2VIb(THF)2], and
1
∞[Li2VIIb(THF)4] (ellipsoids are drawn at the 50% (3∞[Li6(H2O)]) or 35% (
3
∞[Li2VIb(THF)2] and

1
∞[Li2VIIb(THF)4]) probability level except for the H atoms

that are depicted with arbitrary radii; partial disorder of the imidazolin-2-
ylidene ring and disorder and H atoms of the THF solvate molecules of
3
∞[Li2VIb(THF)2] are omitted for clarity and the C atoms of the THF molecules
are shown as stick model).
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which is in agreement to reports on related NHC-tellurium
compounds.[9c] The crystal structure of 1

∞
1[Li2VIIb(THF)4] exhibits

a chain pattern with bridging lithium cations (Figure 7). The
C=Te distance of 207.6(10) pm is similar to d(C=Te) in related
compounds, for example 207.6(2) in Li[{(C6F5)3B}IDippTe][9c] and
205.5(3) in IDippTe.[34]

The reaction of nickel tetracarbonyl with Li2 gave the
anionic nickel tricarbonyl complex 8, which was isolated as
lithium salt Li8·THF in 86% yield (Figure 8). For a further
assessment of the relative donor strength of the anionic NHC 2,
neutral IIa, and dianionic IIb, the Tolman electronic parameter
(TEP),[35] which is defined as the νCO(A1) band position of
[LNi(CO)3] with L being a two electron donor ligand, was
determined. The IR spectra of [(IIa)Ni(CO)3] (VIIIa),[36] Li8·THF,
and [(IIb)Ni(CO)3]

2� (VIIIb).[12] were measured in THF solution to
minimize coordination effects of the lithium counter ions and
the respective section of the spectra are depicted in Figure 8. In
accordance with the quantum chemical calculations (Figure 4),
1J(77Se,13C), and 1J(13C,1H), the TEP of 8 (2048 cm� 1) is in-between
those of VIIIa (2050 cm� 1) and VIIIb (2045 cm� 1), which shows
that the donor strength of IIa, 2, and IIb depends on the
number of B(CN)3 groups attached.

The crystal structure analysis of 3
∞[Li8(THF)] reveals a

tetrahedral coordination at lithium composed of three CN
groups and one THF molecule and the common tetrahedral
coordination at Ni0 (Figure 8). The Ni1 � C2 bond of 197.2(4) pm

is in the range typically observed for NHC nickel tricarbonyl
complexes, for example VIIIb (198.4(5) pm),[12] [(IMes)Ni(CO)3]
(197.1(3) pm), and [(IDipp)Ni(CO)3] (197.9(3) pm).[37] The buried
volume (%Vbur)

[38] of the dianionic NHC 2 was estimated to
32.8% from the crystal structure of 3

∞[Li8(THF)]. It is thus smaller
than %Vbur determined for IIb (39.9%), which reflects the
sterically less demanding methyl group compared to B(CN)3.
The buried volume of 2 is similar to for example IDipp (%Vbur=

29%).[37] However, the steric shielding in 2 is highly unsym-
metrical, due to the different steric demands of the B(CN)3 and
methyl group (Figure 8).

Conclusion

The tricyanoborane-substituted imidazole 1 and salts of the
related anionic NHC 2, the 1-methyl-3-
(tricyanoborane)imidazolin-2-ylidenate anion, have been ob-
tained in high yield on gram scale. Anion 2 is a novel
unsymmetrical ditopic ligand with promising σ-donor and π-
acceptor abilities demonstrated, for example, with the Ni0

complex 3
∞[Li{(2)Ni(CO)3}(THF)] (3∞[Li8(THF)]) and the potassium

coordination polymer 3
∞[K2(THF)]. Furthermore, anionic NHC 2

closes the gap between the well-established neutral Arduengo-
type carbenes A[1] (Figure 1), for example 1,3-dimeth-
ylimidazolin-2-ylidene (IMe, IIa),[24] and the recently published
dianionic NHC, the bis(tricyanoborane)imidazolin-2-ylidenate
dianion IIb.[12] According to results of first quantum chemical
calculations, NMR spectroscopic data of the selenium adducts
of IMe (IIa), 2, and IIb (Figure 6) and the TEM of the Ni0

complexes VIIIa, 8, and VIIIb (Figure 8), the electronic properties
of NHCs can be effectively tuned by the number of B(CN)3
groups at the NHC core. Both, σ-donor strength and π-acceptor
ability increase with increasing number of B(CN)3 groups.
Especially the enhancement of the acceptor ability is surprising
and may be rationalized by the participation of the CN groups
in the π orbitals (Figure 4). In addition, the introduction of the
bulky B(CN)3 group enables a tuning of the buried volume (%
Vbur). This customizability combined with the ease of accessi-
bility renders tricyanoborane-imidazol-2-ylidenates a novel, out-
standing class of NHCs.

Experimental Section

Single-crystal X-ray diffraction

Single-crystal X-ray diffraction: Deposition Numbers 2132207 (for 1),
2132208 (for 2

∞[Li2(thf)]), 2132209 (for [{Li(12-crown-4)}2] · (12-
crown-4)), 2132210 (for 3

∞[K2(thf)]), 2132211 (for 3
∞[3·LiI(H2O)]),

2132212 (for 3
∞[Li5(H2O)]), 2132213 (for Va), 2132214 (for

3
∞[Li6(H2O)]), 2132215 (for 3

∞[Li2VIb(thf)2]), 2132216 (for 3
∞[Li8(thf)]),

and 2132217 (for 1
∞[Li2VIIb(thf)4]), contain the supplementary

crystallographic data for this paper. These data are provided free of
charge by the joint Cambridge Crystallographic Data Centre and
Fachinformationszentrum Karlsruhe Access Structures service.Figure 8. Synthesis of Li8·THF (top), IR spectra of VIIIa, Li8·THF, and

Li2VIIIb · 2THF (middle, left), crystal structure of 3
∞[Li8(THF)] (ellipsoids are

drawn at the 50% probability level except for H atoms that are depicted
with arbitrary radii), and steric maps of VIIIb and 8.
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