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ABSTRACT: The reaction of the N-heterocyclic dicarbene (NHDC) [:C{[N(2,6-
Pri2C6H3)]2CHCLi(THF)}]n with iodomethane, in a hexane/THF mixture, affords the
ylidic N-heterocyclic olefin NHCCH2 (1; NHC = :C{N(2,6-Pri2C6H3)CH}2) in high
yield. The reaction of 1 with BBr3 in hexane gives the neutral compound NHC−CH2:BBr3
(2), which in THF unexpectedly converts to the borenium salt [NHC−CH2:B{O-
(CH2)4Br}2]

+[Br]− (3) through ring opening of THF.

As potent Lewis acids, the three-coordinate borenium
cations L:BR2

+ (L: = Lewis base donor ligand; R = σ-
bound substituents) are of considerable interest, due to their
enormous potential in organic synthesis and catalysis.1−6 The
chemical behavior of borenium cations can be substantially
influenced by electronically tuning both the R substituents and
the L: ligand. For example, a heteroatom (i.e., N or O)-
containing R substituent could enhance the stability of a
borenium cation by donating the lone pair of electrons of the
heteroatom to the vacant p orbital of the cationic boron
center.7,8 Consequently, the synthesis of the long-pursued
dihydrido borenium species was a significant achievement.9 In a
similar fashion, the electrophilicity and stability of borenium
cations may be affected by manipulating the electronic and
steric properties of the Lewis base (L:). Thus, incorporating
versatile ligands such as N-heterocyclic carbene based moieties
into borenium systems4,10−14 is promising from both synthetic
and catalytic perspectives. Indeed, N-heterocyclic carbene based
borenium cations have been not only utilized in hydrogen
activation and hydrogenation catalysis4 but also postulated to
catalyze hydroboration of alkenes.15

N-heterocyclic carbenes, as iconic Lewis bases, may be
considered ylidic N-heterocyclic olefins (NHOs) if the
bridgehead C2 carbon atom is capped by a methylene unit,
:CH2. Resonance forms b−d (Scheme 1, R = alkyl or aryl
substituents) clearly suggests a measure of Lewis base character.
Indeed, Kuhn has employed 1,3,4,5-tetramethyl-2-methylenei-
midazoline as a donor ligand to bind transition-metal and main-
group Lewis acidic species.16

The sterically demanding N-heterocyclic olefin NHCCH2
(1; NHC = :C{N(2,6-Pri2C6H3)CH}2) was synthesized by
Rivard via reaction of the corresponding N-heterocyclic carbene
with iodomethane (Scheme 2a; R = 2,6-Pri2C6H3).

17 This
species, in turn, was utilized in the stabilization of low-

oxidation-state main-group hydrides.17 We recently reported
the facile synthesis and molecular structure of the first anionic
N-he te rocyc l i c d i c a rbene (NHDC, [ :C{[N(2 ,6 -
Pri2C6H3)]2CHCLi(THF)}]n).

18 N-heterocyclic dicarbenes
have been utilized in the preparation of NHDC−borane
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Scheme 1. Resonance Forms of N-Heterocyclic Olefins

Scheme 2. Syntheses of NHO 1
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binuclear complexes,19 “abnormal” carbene−borane com-
plexes,20 and NHC-stabilized triorganozincates.21 Significantly,
NHO (1) may facilely be prepared in high yield (86%) by
reaction of the anionic NHDC with iodomethane (Scheme 2b;
R = 2,6-Pri2C6H3).

22 Although the mechanism of formation of
1 remains obscure, it is plausible that lithium iodide elimination
provides an open anionic C4 carbene site that may act as a
suitably strong base to intermolecularly deprotonate the methyl
cation that binds to the C2 carbene site of another imidazole
ring, thereby giving 1 as the product.
While an NHO ligand has been utilized in binding group 13

cations [GaX2]
+ (X = Cl, Br, I),23 the corresponding cationic

chemistry of boron has not been explored. Herein, we report
the syntheses, structures, and spectroscopic characterization of
NHO-complexed BBr3 (2) and borenium cation NHO:
[B{O(CH2)4Br}2]

+ (3+).22 Notably, the borenium salt 3 is
obtained by NHO:BBr3 (2)-mediated ring opening of THF,
thus presenting a new synthetic route to borenium cations.2,3

Compound 2 was synthesized in nearly quantitative yield
(97%) by combining 1 with BBr3 in hexane (Scheme 3; R =
2,6-Pri2C6H3). X-ray-quality crystals of 2 were subsequently
obtained by recrystallizing 2 from either toluene or methylene
chloride. It is well-known that, as a Lewis acid, BBr3 may bind
to the oxygen atom of an ether and then cleave a C−O bond of
that ether.24 However, without the ligand or substituent leaving
from the boron center, Lewis base−BBr3 adducts are usually
not expected to exhibit this reactivity due to the coordinative
and electronic saturation around the boron atom. Indeed,
NHC−BBr3 (4 in Scheme 3; R = 2,6-Pri2C6H3), does not react
with THF at ambient temperature. However, NHO−BBr3 (2)
is observed to slowly react with THF by cleaving the C−O
bond of the latter and subsequently giving the corresponding
borenium bromide salt [3+]Br− in 64% yield (Scheme 3), thus
clearly indicating that the reactivity of the Lewis acid core in
these Lewis acid−Lewis base adducts may be dramatically
affected by the electronic and steric properties of the Lewis
base.
Compound 2 crystallizes in the monoclinic space group P21/

c. The asymmetric unit contains two independent NHO−BBr3
molecules (Figure 1; for clarity, only one NHO−BBr3 molecule
is shown) and one toluene solvent molecule.22 In 2, with
donation of one pair of electrons of C(29) to the boron atom,
the C(29)−C(30) bond is elongated from a CC double
bond in 1 (1.331(4) Å, average)17 to a carbon−carbon single
bond (1.497(14) Å). The B(2)−C(29) bond of 1.576(18) Å in

2 is about 0.05 Å shorter than that (1.623(7) Å) in 4,25 which
may be due to the steric effect of 1 being less than that of the
corresponding NHC (NHC = :C{N(2,6-Pri2C6H3)CH}2)
ligand.26 As in compound 4, the boron atom in 2 is also
four-coordinate and adopts a tetrahedral geometry. However,
the 11B NMR resonance22 (−10.29 ppm) of 2 shifts downfield
in comparison with that (−16.46 ppm) of 4,25 indicating the
relatively weak electron-donating ability of the NHO ligand 1.
Borenium cation 3+ (Figure 2) contains a three-coordinate

boron in a trigonal-planar geometry (the sum of the bond
angles around the B(1) atom is 360°). The 3.92 Å distance
between the cationic boron center and the counteranion Br− is
larger than the sum of van der Waals radii of B and Br (3.77 Å),
ruling out the presence of real close contacts between them.27

The B−C bond in 3+ (1.530(13) Å) is shorter than that in 2
(1.576(18) Å), which indicates the relatively strong donor−
acceptor interaction between the NHO ligand 1 and the
electron-deficient cationic boron center. It is also noteworthy
that the reported B−CNHC bond distances of NHC-stabilized
borenium cations are in the range 1.58−1.60 Å.4,8,11,13,14 While
these compare well to those in an NHC-stabilized dihydrox-

Scheme 3. Synthesis of Compounds 2 and 3

Figure 1. Molecular structure of NHO−BBr3 (2). Thermal ellipsoids
represent 30% probability; hydrogen atoms on carbon are omitted for
clarity. Selected bond distances (Å) and angles (deg): B(2)−C(29) =
1.576(18), B(2)−Br(4) = 2.037(15), B(2)−Br(5) = 2.034(14), B(2)−
Br(6) = 2.042(15), C(29)−C(30) = 1.497(14); B(2)−C(29)−C(30)
= 121.3(9), C(29)−B(2)−Br(4) = 112.9(9), C(29)−B(2)−Br(5) =
107.6(8), C(29)−B(2)−Br(6) = 115.2(9).
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yborenium cation (1.310 and 1.307 Å),8 the B−O bonds in 3+

(1.345(11) and 1.339(11) Å) reside between the B−O single
bond (1.663 Å) in an abnormal NHC-stabilized B(Et)2OTf

20

and the BO double bond (1.304 Å) in a Lewis acid
coordinated oxoborane.28 This suggests that an electron lone
pair on each oxygen in 3+ may engage in π donation to the
vacant p orbital of the central cationic boron atom. Both the O-
to-B π donation and the pronounced steric shielding (as shown
in Figure 2b) of the NHO ligand and two O(CH2)4Br chains
favor the stability of 3+. The cationic character of 3+ is further
endorsed by the obviously downfield 11B NMR chemical shift
(+26.60 ppm) in comparison to that (−10.29 ppm) of the
precursor 2. Moreover, the 11B NMR chemical shift (+26.60
ppm) of 3+ compares well to that (+22.5 ppm) of the
dihydroxyborenium cation [NHC:B(OH)2]

+ (NHC = :C{N-
(2,6-Pri2C6H3)CH}2).

8

In conclusion, we report a new anionic-NHDC-based
synthetic strategy for the preparation of ylidic N-heterocyclic
olefins (NHOs) (1). Utilizing this platform, we report the
synthesis and characterization of the first NHO-stabilized boron
tribromide (2) and borenium cation (3+). The cation 3+ is

obtained by NHO−BBr3 (2)-mediated ring opening of THF,
representing a unique synthetic method to access borenium
cations.
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(1) Kölle, P.; Nöth, H. Chem. Rev. 1985, 85, 399.
(2) Piers, W. E.; Bourke, S. C.; Conroy, K. D. Angew. Chem., Int. Ed.
2005, 44, 5016.
(3) De Vries, T. S.; Prokofjevs, A.; Vedejs, E. Chem. Rev. 2012, 112,
4246.
(4) Farrell, J. M.; Hatnean, J. A.; Stephan, D. W. J. Am. Chem. Soc.
2012, 134, 15728.
(5) Clark, E. R.; Del Grosso, A.; Ingleson, M. J. Chem. Eur. J. 2013,
19, 2462.
(6) Eisenberger, P.; Bailey, A. M.; Crudden, C. M. J. Am. Chem. Soc.
2012, 134, 17384.
(7) Davidson, M. G.; Fox, M. A.; Hibbert, T. G.; Howard, J. A. K.;
Mackinnon, A.; Neretin, I. S.; Wade, K. Chem. Commun. 1999, 1649.
(8) Solovyev, A.; Geib, S. J.; Lacote, E.; Curran, D. P. Organometallics
2012, 31, 54.
(9) Ines, B.; Patil, M.; Carreras, J.; Goddard, R.; Thiel, W.; Alcarazo,
M. Angew. Chem., Int. Ed. 2011, 50, 8400.
(10) Weber, L.; Dobbert, E.; Stammler, H. G.; Neumann, B.; Boese,
R.; Blaser, D. Chem. Ber. 1997, 130, 705.
(11) Matsumoto, T.; Gabbai, F. P. Organometallics 2009, 28, 4252.
(12) McArthur, D.; Butts, C. P.; Lindsay, D. M. Chem. Commun.
2011, 47, 6650.
(13) Wang, Y.; Robinson, G. H. Inorg. Chem. 2011, 50, 12326.
(14) Mansaray, H. B.; Rowe, A. D. L.; Phillips, N.; Niemeyer, J.;
Kelly, M.; Addy, D. A.; Bates, J. I.; Aldridge, S. Chem. Commun. 2011,
47, 12295.
(15) Prokofjevs, A.; Boussonniere, A.; Li, L.; Bonin, H.; Lacote, E.;
Curran, D. P.; Vedejs, E. J. Am. Chem. Soc. 2012, 134, 12281.
(16) Kuhn, N.; Bohnen, H.; Kreutzberg, J.; Blaeser, D.; Boese, R. J.
Chem. Soc., Chem. Commun. 1993, 1136.
(17) Ibrahim Al-Rafia, S. M.; Malcolm, A. C.; Liew, S. K.; Ferguson,
M. J.; McDonald, R.; Rivard, E. Chem. Commun. 2011, 47, 6987.
(18) Wang, Y.; Xie, Y.; Abraham, M. Y.; Wei, P.; Schaefer, H. F., III;
Schleyer, P. v. R.; Robinson, G. H. J. Am. Chem. Soc. 2010, 132, 14370.
(19) Wang, Y.; Xie, Y.; Abraham, M. Y.; Wei, P.; Schaefer, H. F., III;
Schleyer, P. v. R.; Robinson, G. H. Organometallics 2011, 30, 1303.
(20) Wang, Y.; Abraham, M. Y.; Gilliard, R. J., Jr.; Wei, P.; Smith, J.
C.; Robinson, G. H. Organometallics 2012, 31, 791.
(21) Wang, Y.; Xie, Y.; Abraham, M. Y.; Gilliard, R. J.; Wei, P.;
Campana, C. F.; Schaefer, H. F.; Schleyer, P. v. R.; Robinson, G. H.
Angew. Chem., Int. Ed. 2012, 51, 10173.
(22) See the Supporting Information for synthetic and crystallo-
graphic details.
(23) El-Hellani, A.; Monot, J.; Guillot, R.; Bour, C.; Gandon, V. Inorg.
Chem. 2013, 52, 506.

Figure 2. (a) Molecular structure of the borenium cation 3+. Thermal
ellipsoids represent 30% probability; hydrogen atoms on carbon are
omitted for clarity. Selected bond distances (Å) and angles (deg):
B(1)−C(1) = 1.530(13), B(1)−O(1) = 1.345(11), B(1)−O(2) =
1.339(11), C(1)−C(2) = 1.472(9); B(1)−C(1)−C(2) = 119.5(7),
C(1)−B(1)−O(1) = 127.9(9), C(1)−B(1)−O(2) = 114.6(9), O(1)−
B(1)−O(2) = 117.5(9). (b) Space-filling model of 3+ (B, pink; O, red;
Br, brass; C, gray; N, blue; H, white).

Organometallics Communication

dx.doi.org/10.1021/om400539z | Organometallics 2013, 32, 6639−66426641

http://pubs.acs.org
mailto:robinson@uga.edu


(24) Yao, M.-l.; Kabalka, G. W. Organic synthesis using boron and
organoboron halides. In Boron Science: New Technologies and
Applications; Hosmane, N. S., Ed.; CRC Press: Boca Raton, FL,
2011; p 579.
(25) Wang, Y.; Quillian, B.; Wei, P.; Wannere, C. S.; Xie, Y.; King, R.
B.; Schaefer, H. F., III; Schleyer, P. v. R.; Robinson, G. H. J. Am. Chem.
Soc. 2007, 129, 12412.
(26) Arduengo, A. J., III; Krafczyk, R.; Schmutzler, R.; Craig, H. A.;
Goerlich, J. R.; Marshall, W. J.; Unverzagt, M. Tetrahedron 1999, 55,
14523.
(27) Alvarez, S. Dalton Trans. 2013, 42, 8617.
(28) Vidovic, D.; Moore, J. A.; Jones, J. N.; Cowley, A. H. J. Am.
Chem. Soc. 2005, 127, 4566.

Organometallics Communication

dx.doi.org/10.1021/om400539z | Organometallics 2013, 32, 6639−66426642


