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Free Three-Dimensional Carborane Carbanions 

H. D. A. Chathumal Jayaweera,a Md. Mamdudur Rahman,a Perry J. Pellechia,a Mark D. Smith,a and 
Dmitry V. Peryshkov*a

Carbon atom functionalization via generation of carbanions is the cornerstone of carborane chemistry. In this work, we 

report the synthesis and structural characterization of free ortho-carboranyl [C2B10H11]−, a three-dimensional inorganic 

analog of the elusive phenyl anion that features a “naked” carbanion center. The first example of a stable, discrete C(H)-

deprotonated carborane anion was isolated as a completely separated ion pair with a crown ether-encapsulated potassium 

cation. An analogous approach led to the isolation and structural characterization of a doubly deprotonated 1,1′-bis(o-

carborane) anion [C2B10H10]2
2−, which is the first example of a discrete molecular dicarbanion. These reactive carbanions are 

key intermediates in carbon vertex chemistry of carborane clusters.

Introduction

Alkali-metalated carbanions are reactive synthetic blocks, 

which exist as complex mixtures of aggregates and solvates.1,2 

Organolithium reagents, which play an important role in organic 

synthesis, dominate the chemistry of these strong carbon-

based nucleophiles, while sodium and potassium congeners 

remain relatively less studied.3–6 Group 1 organometallic 

compounds exhibit a variety of coordination modes, spanning 

from contact molecules with bridging non-classical covalent 

bonding to completely dissociated pairs of ions. These 

separated ion pairs, which display increased nucleophilicity due 

to an essentially uncompensated negative charge on the 

deprotonated carbon atom, have attracted significant attention 

from synthetic organometallic chemists. One successful 

strategy for the synthesis of carbanion-containing separated ion 

pairs, involving the use of crown ethers to capture metal 

cations, was pioneered by Power and co-workers for the 

synthesis of diarylmethyl and triarylmethyl anions.7,8 

Subsequently, several free, discrete, “naked” carbanion centers 

have been isolated and structurally characterized, with the 

majority being based on sp3-hybridized carbon atoms and often 

being stabilized by the presence of silyl or aromatic substituents 

(Scheme 1).9–14 Importantly, separated ion pairs based on sp2-

hybridzed carbon atoms of aromatic arenes have not been yet 

isolated while the related free phenylide-like carbanions based 

on heterocyclic carbenes have been reported.15

In addition to organic reactions involving carbanions, some 

inorganic transformations rely upon negatively charged carbon 

nucleophiles. Icosahedral carboranes are chemically robust 

Scheme 1. Examples of discrete carbanions isolated and structurally characterized in 

solid state from literature and in this work. Unlabeled cluster vertices represent BH units.

three-dimensional clusters built of carbon and boron atoms 

connected by delocalized intracluster bonds.16 

The high degree of electron delocalization leads to the 

remarkable stability of carboranes and can be described as 3D 

aromaticity.17–19 The unusual steric and electronic properties of 

boron cluster derivatives have been utilized in coordination 

chemistry, catalysis, luminescent materials, metal-organic 

frameworks, polymers, medicine, and energy storage.20–33 The 

most commonly studied icosahedral anionic [CB11H12]− and 

neutral C2B10H12 clusters contain relatively acidic C−H bonds (for 

example, pKa of ortho-dicarbaborane is ca. 23).16 The major 

route for carbon vertex derivatization of these molecules relies 

on deprotonation of the carbon atom with strong bases (e.g. n-

BuLi, i-Pr3MgCl, or KHMDS). Metalated carborane clusters 

synthesized in this manner are most of the time not isolated but 

utilized in situ in subsequent reactions with organic or inorganic 
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In the case of crown ether addition, orange single crystals of 

[K(12-crown-4)2]2(C2B10H10)2·4(THF) (6) were obtained (Fig. 5). 

As we envisaged, potassium ions are entirely enclosed by pairs 

of crown ether ligands with no metal-carbon bonds (the 

shortest C1···K1 distance is 6.283(1) Å; the shortest distance 

between the cation and the cluster is at 4.664(2) Å between the 

potassium and one of the boron atoms). The 1,1’-bis(o-

carboranyl) dianion, featuring two “naked” carbanionic centers 

in a trans- orientation relative to each other, exhibits the 

elongated intracluster C1−C2 distance of 1.712(1) Å and the 

intercluster C2−C2A bond length of 1.532(2) Å. The distance 

between boron atom B1 of the cluster and the deprotonated 

anionic carbon atom B1–C1 is 1.724(2) Å, while its bond length 

to the carbon atom connecting to the second cage B1–C2 is 

significantly shorter at 1.698(2) Å. The completely dissociated 

ion pair [K(12-crown-4)2]2(C2B10H10)2 is the first example of a 

molecular doubly deprotonated free carbanion with a 

dinegative charge. DFT calculations indicate that HOMO and 

HOMO-1 of the free biscarboranyl dianion are localized on the 

deprotonated carbon atoms (see Fig. S-23 in ESI for details).

Scheme 4. Reaction of the strongly nucleophilic deprotonated free carboranyl anion with 

the parent protonated carborane cluster and the formation of the two-cage anion 

[C4B20H23] −. Unlabeled cluster vertices represent BH units.

The formation of a “naked” carbanion within the completely 

separated ion pair in the presence of crown ether ligands is 

expected to lead to an increase in its nucleophilic character. 

Addition of ortho-carborane to the solution of [K(12-crown-

4)2][C2B10H11] led to the immediate formation of a single 

product, the previously characterized [C4B20H23]− anion, at room 

temperature according to 11B and 13C NMR spectroscopy 

(Scheme 4). This product is formed upon nucleophilic attack of 

the discrete [C2B10H11]− anion on neutral C2B10H12. Its formation 

has also been previously reported in the reactions of ortho-

carborane with sterically hindered N-heterocyclic carbenes.47 

The gradual formation of [C4B20H23] − has also been observed in 

solutions of the lithiated carborane Li[C2B10H11] in THF upon 

prolonged standing (days) at room temperature or at reflux 

overnight in the presence of alkali metal halides.38 The facile 

formation of this product from the reaction of [C2B10H11]− and 

C2B10H12 at room temperature demonstrates the dramatic 

enhancement of nucleophilicity of the carboranyl anion upon 

complete separation of the potassium cation from the anionic 

carbon. Notably, this rapid formation of the dimeric [C4B20H23]− 

cluster was not observed in the THF solution of [K(12-crown-

4)2][C2B10H11] upon standing, as it apparently requires the 

presence of the neutral C2B10H12 cluster, or, in other words, 

nucleophilic bimolecular decomposition of discrete [C2B10H11]− 

anions is presumably precluded by their negative charges.

Conclusions

The utilization of crown ether ligands facilitated the 

isolation and structural characterization of “naked” carborane 

cluster carbanions. This strategy also resulted in the synthesis 

of the first dianionic deprotonated biscarborane cluster, 

containing two carbanionic centers. The obtained completely 

separated ion pairs feature non-planar carbanions stabilized by 

the three-dimensional boron cluster framework. These 

electron-rich inorganic nucleophiles have been regarded as 

elusive species prior to this work, and they are related to yet 

unknown discrete aromatic phenyl anions. The synthesis of 

reactive free anionic carboranyl fragments provides an insight 

into the structure of intermediates in carbon vertex 

derivatization and opens a way for broadening the scope of 

functionalized molecular boron clusters.
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