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The 1 : 2 adduct of 1-bromo-ortho-carborane and pyridine has

been identified as a significant intermediate in the deboronation

of ortho-carborane to a nido-anion

Icosahedral carboranes (more specifically the closo-dicarbado-

decaboranes) constitute a class of boron-containing cluster

compounds that exhibit a remarkable thermal and chemical

stability.1 An important reaction in icosahedral carborane

chemistry is the deboronation of the so-called ortho isomer

(closo-1,2-C2B10H12 (1)) by strong Lewis bases, such as alk-

oxides, amines and fluoride, affording a nido-anion ([7,8-

C2B9H12]
� (2), Fig. 1).2 The nido-anionic derivatives can bind

strongly to metal ions, and are useful in catalysis or as

synthetic intermediates leading to closo-carboranes and het-

eroboranes.3,4 However, the details of the mechanism of the

deboronation of 1 have remained unclear for over 40 years.

The generally accepted reaction scheme is shown in Fig. 1.2d,5,6

Thus, the nucleophile (Nu�) attacks the most electron-poor

boron atom of 1 adjacent to the two carbon atoms to afford

the 1 : 1 adduct, Adduct I. After the reaction of Adduct I with

another molecule of nucleophile, the 1 : 2 adduct, Adduct II, is

deboronated and protonated to afford nido-anion 2. While the

first step in the formation of Adduct I is supported by

theoretical calculations on the electronic properties of carbor-

anes,7 and by the identification of the 1 : 1 adduct of 1 and

HNP(NMe2)3, 3 (Fig. 2a),8 there is no experimental evidence

for the latter steps.9 Here, we describe the first identification of

Adduct II-type derivative 6a (Fig. 2b) as an intermediate of

deboronation in the reaction of ortho-carboranes 4 and 5 with

pyridines.

In the deboronation of ortho-carboranes, the introduction

of halogen atoms onto the carbon atoms of the carborane

moiety accelerated the reaction; for example, 1,2-dichloro-

ortho-carborane can be deboronated by treatment with neutral

nucleophiles such as alcohol and water.10 1-Bromo-ortho-

carborane (4) also reacted with pyridine, and the 1 : 2 adduct

was isolated; its structure was assigned as 1-bromo-3,6-dipyr-

id-1-yl-ortho-carborane on the basis of IR spectroscopic ana-

lysis (Fig. 3).11 As we previously reported the significance of

the interactions between the most electron-poor 3(6)-boron

atom of ortho-carboranes and solvents involved in solvolysis

occurring adjacent to the carborane moiety,12 so we examined

systematically the reactions of ortho-carboranes with several

pyridines. The reaction of 1-bromo-ortho-carborane (4) with

pyridine at room temperature for 20 h afforded the 1 : 2 adduct

(6a; C12H21B10N2Br from elemental analysis) in 99% yield

(Table 1, run 1); this was expected to be the same product as

that isolated by Ples̆ek et al.11 However, X-ray crystallography

showed that the structure of 6a was different from their

proposed structure, as shown in Fig. 2b and Fig. 4.y
The crystal structure of 6a is a nido-type complex, correspond-

ing to Adduct II in Fig. 1.z Two pyridines are attached to

one boron atom, which was originally at the 3(6)-position of 4,

and has one bond with another boron atom (B–B length =

1.723(4) Å). Other bond lengths and bond angles in the cluster

are similar with those of a typical carborane moiety.

Next, the reactions of unsubstituted or C-bromo-substituted

ortho-carboranes with various pyridines were examined

(Table 1). The structures of the products were determined by

means of 1H- and 11B-NMR spectroscopy, and elemental

analysis. 1-Bromo-ortho-carborane (4) did not react with

3-chloropyridine (91% recovery of 4), while it afforded similar

1 : 2 adducts in reactions with 3- and 4-methylpyridine, in 86%

(6c) and 50% (6d) yield, respectively. Thus, the formation of

1 : 2 adduct 6 depended on the nucleophilicity of the pyridine

Fig. 1 Possible reaction mechanism of the deboronation of ortho-

carborane 1 to nido-anion 2.6
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ring. Unsubstituted ortho-carborane 1 did not react with

pyridine or with the more reactive 4-methylpyridine, even at

60 1C, while 1,2-dibromo-ortho-carborane (5) afforded 1 : 2

adduct 7a in 95% yield under the same conditions, and also

reacted with the less reactive 3-chloropyridine. Thus, the

introduction of a C-bromo atom decreased the electron den-

sity at the 3-position and consequently increased its reactivity

to nucleophilic attack by pyridines. In each case, the 1 : 1

adduct, corresponding to Adduct I, was not detected.8
The reaction of ortho-carboranes and pyridines afforded

1 : 2 adducts, depending on the electron density on the boron

atom at the 3-position of the carborane and the nucleophilicity

of the pyridine. However, the reaction of 4 with 4-methylpyr-

idine proceeded in lower yield than that of unsubstituted

pyridine or 3-methylpyridine, which have lower nucleophili-

cities, under the same conditions. Extension of the reaction

time resulted in lower yield (Table 1, run 4 vs. 5), and a mixture

of partially decomposed products was observed. Next, the

reaction was continued under the same conditions until 6d

disappeared (10 d), which afforded nido-anion 8d in 91%

isolated yield (Table 1, run 6). The isolated 1 : 2 adduct 6d

was stirred in 4-methylpyridine under the same conditions to

give 8d in 70% yield (Table 1, run 11). Similarly, the isolated

1 : 2 adduct 6a afforded 8d (54%) in the reaction with

4-methylpyridine for 1 month at room temperature. Therefore,

the 1 : 2 adducts 6a and 6d appear to be intermediates in the

deboronation of 1-bromo-ortho-carborane (4) to form nido-

anion 8d, although ortho-carborane (1) itself is less reactive to

pyridines, and requires a more nucleophilic solvent.

Our previous investigations on the solvolysis of a-(ortho-
carboranyl)benzyl tosylate revealed that the nucleophilic solvent

interacts with the most electron-poor 3(6)-boron atom, and it is

this that determines the reaction mechanism and stereochemistry

of solvolysis.12 In a solvent of moderate nucleophilicity, such as

alcohol, water or aniline, the solvent molecule interacting with

the 3(6)-boron atom participates in the solvolysis, while a much

more nucleophilic solvent, such as morpholine or piperidine,

causes deboronation of the ortho-carborane moiety, affording

the decomposition products (Fig. 5). Thus, the tendency in

solvolysis is similar to that observed in the reaction of ortho-

carboranes with pyridines. Therefore, the complexation with

nucleophiles at the 3(6)-boron atom of ortho-carborane is

significant, both for the chemical reactivity of the cluster itself

and for neighboring group participation.

In conclusion, the key intermediate in the deboronation of

ortho-carborane at the second reaction step (Adduct II) has

been identified for the first time. The crystal structure and

Fig. 2 Isolated intermediates of deboronation.6

Fig. 3 A proposed structure for the 1 : 2 adduct of 4 and pyridine in

ref. 11.

Table 1 The reaction of ortho-carboranes with pyridines

Run Carborane

Pyridinea

Temp. Time/h

Producta (Yield (%))

(X) Recovery 1 : 2 adduct nido

1 4 H rt 20 — 6a —
(99%)

2 4 3-Cl 60 1C 40 4 — —
(91%)

3 4 3-Me rt 2 — 6c —
(86%)

4 4 4-Me rt 2 — 6d —
(50%)

5 4 4-Me rt 20 — 6d —
(35%)

6 4 4-Me rt 240 — — 8d

(91%)
7 1 H 60 1C 20 1 — —

(96%)
8 1 4-Me 60 1C 20 1 — —

(66%)
9 5 H rt 20 — 7a —

(95%)
10 5 3-Cl rt 40 — 7b —

(64%)
11 6d 4-Me rt 240 — — 8d

(70%)

a In the illustrated structures of 6–8, Py represents pyridine (a),

3-chloropyridine (b), 3-methylpyridine (c), or 4-methylpyridine (d).6

Fig. 4 ORTEP crystal structure of 6a. The thermal ellipsoids are

drawn at the 50% probability level.
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reactivity of 6d clearly suggest that the second nucleophilic

attack on the Adduct I-type intermediate at the 3(6)-boron

atom caused boron–boron bond cleavage, followed by the

formation of a nido-anion. In a typical deboronation reaction,

the rate-limiting step is the formation of Adduct I,2 and the

following reactions lead rapidly to the nido-anion. The mod-

erate reactivity of both 4 and 4-methylpyridine enabled the

isolation of 6d, and the observation of its deboronation

reaction. The results obtained here, together with the results

of previous studies on the first step,7,8 have established the

mechanism of the deboronation of ortho-carborane.
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