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Abstract: 

A twisted mono-cationic bis-benzimidazolium salt was serendipitously isolated from the dehydrative 

condensation of 5,6-dihydroxyl-1,3-dimesityl-benzimidazolium and 1,4-benzenediboronic acid. Subsequent 

deprotonation of the benzimidazolium salt led to the formation of a spiroborate linked free bis-NHC, 

which was further transformed into the corresponding diborane adduct and the di-Rh complex. 

Page 1 of 5 Dalton Transactions

D
al

to
n

 T
ra

n
sa

ct
io

n
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t



Journal Name

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ►

ARTICLE TYPE
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

A Spiroborate-Based Anionic Bis-N-Heterocyclic Carbene 
Jia-Hong Su, Gene-Hsiang Lee, Shie-Ming Peng, Ching-Wen Chiu* 

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX 
DOI: 10.1039/b000000x 

A twisted mono-cationic bis-benzimidazolium salt was 5 

serendipitously isolated from the dehydrative condensation of 
5,6-dihydroxyl-1,3-dimesityl-benzimidazolium and 1,4-
benzenediboronic acid. Subsequent deprotonation of the 
benzimidazolium salt led to the formation of a spiroborate 
linked free bis-NHC, which was further transformed into the 10 

corresponding diborane adduct and the di-Rh complex.  

N-Heterocyclic carbenes (NHCs) have attracted considerable 
attention over the past two decades since the isolation of stable 
free carbene by Arduengo in 1991.1 NHC ligands have become 
ubiquitous in organometallic catalysis due to their strong electron 15 

donating ability, which helps in stabilising active metal centres.2-8 
Amongst the numerous ylidene molecules reported to date, 
increasing interest is focused on anionic NHCs, a subclass of 
NHCs that possesses negative charges.9 According to the position 
of the negative charge, anionic NHCs can be roughly categorised 20 

into three different types. The type A ligand features an anionic 
side arm on the nitrogen atoms and generally forms chelate 
complexes with metal centres.9 The type B ligand contains 
negative functionalities on the C4/C5 carbons,10-17 while the 
negative charge is delocalised over several ring atoms in the type 25 

C ligand.18-23  
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 In addition to anionic monotopic carbenes, anionic multi-
dentate carbenes that feature more than one ylidene binding site 
have also been reported.24, 25 A representative example of a 30 

chelating anionic poly-NHC is the borate-linked scorpionate 
triscarbene ligand (type D), which was first reported by 
Fehlhammer and co-workers in 1996.26-28 Recently, Robinson’s 
group demonstrated that by deprotonation of imidazol-2-ylidene, 
a bridging anionic dicarbene consisting of both normal and 35 

abnormal carbenes (type E) could be realised and structurally 

characterised.29, 30 In this work, we report the synthesis and 
coordination chemistry of a twisted linear anionic bis-NHC (type 
F), an anionic version of linear “Janus-type” bis-NHC ligand,31, 32 
produced by the deprotonation of a spiroborate-linked bis-40 

benzimidazolium derivative, which was obtained from the 
dehydrative condensation of mono-functional benzimidazolium 
salt and 1,4-benzenediboronic acid (1,4-BDBA). We also 
experimentally investigated the unusual synthetic pathway of the 
bis-benzimidazolium salt. 45 

As shown in Scheme 1, 5,6-dimethoxy-1,3-dimesityl-
benzimidazolium was prepared from the Buchwald-Hartwig 
amination of 4,5-dibromo-1,2-dimethoxybenzene with 2,4,6-
trimethylaniline to afford the ortho-phenylenediamine derivative, 
which was then cyclised in triethyl orthoformate in the presence 50 

of HBF4. Double demethylation of the methoxyl derivative at low 
temperature with BBr3 resulted in the desired compound [1][Br] 
as colourless solid, which was further purified via 
recrystallisation.‡ The smooth transformation of the diamine to 
the benzimidazolium salt was a surprising finding because the 55 

formylative cyclisation of N,N’-dimesityl-ortho-
phenylenediamine is notoriously difficult.33-35 The only exception 
is the triphenylene-based tris-azolium salt, which is prepared 
from the formylative cyclisation of the hexa-mesitylamine 
derivative.36  60 

 
Scheme 1 Synthetic procedures of [1][Br] and [2][Br]. Reaction 
conditions: (a) Pd(OAc)2, NaOtBu, IPr·HCl, MesNH2, toluene, 110 oC, 16 
h. (b) HC(OEt)3, HBF4·OEt2, r.t., 16 h. (c) (i) BBr3, DCM, -78 oC to r.t., 1 
h. (ii) MeOH. (d) EtOH, 80 oC, 16 h. 65 

 Our initial goal was to develop an easy synthetic method for 
obtaining symmetrical poly-benzimidazolium salts, the apparent 
precursor for bridging-type poly-NHC ligands, via the 
dehydrative condensation of [1][Br] and appropriate poly-boronic 
acids. Such an assembly process has been used for constructing 70 

boronate ester-linked polymers37, 38 and covalent organic 
frameworks.39, 40 However, the reaction of [1][Br] and 1,4-BDBA 
did not afford the dicationic bis-benzimidazolium derivative; 
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