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While dicarba-closo-dodecaboranes are the most 
investigated of polyhedral boron-containing clusters[1,2] closo-
monocarbaboranes are much less examined[1] probably 
because of the absence of suitable protocols of synthesis. 
Currently, monocarbaboranes [1-closo-CB9H10]- and [1-closo-
CB11H12]- and their derivatives attract much attention.[3,4] This 
has stimulated the search for new methods of synthesis; [1-
closo-CB9H10]- was originally obtained from B10H14 and CN- 
but nowadays is more conveniently produced by a de-
hydrogenation step from [6-(NMe3)-nido-6-CB9H11].[5] The 
method of Brellochs,[6] based on the reaction of RCHO with 
the arachno B10H14, is gaining importance for the synthesis of 
phenyl derivatives of [1-closo-CB9H10]-.[4,7] Ultimately all 
these methods are based on a single carbon insertion into a 
B10H14 cluster followed by a deboronation step. In theory, an 
alternative way to the [1-closo-CB9H10]- cluster would be a 
carbon extrusion pursued by boron elimination of the highly 
stable and widely studied 1,2-dicarba-closo-dodecaboranes. 
This is the objective of this work. 

Taking the well known benzyl cation-tropylium ion 
rearrangement as a model, Figure 1a,[8] Jemmis et al,[9] have 
examined the rearrangement by theoretical means of the 
dicarbaboranyl methyl cation to generate tricarbaborane 
cations.   We considered that a monocarbaborane could be 
produced from a dicarbaborane by a similar one cluster 
carbon extrusion.  The close suggested analogy system in 
boron chemistry to the benzyl cation-tropylium equilibrium is   
represented in Figure 1b.  

 

Figure 1. a) Rearrangement benzyl cation-tropylium. b) 
Rearrangement of the 12 vertex dicarba-nido-dodecaborate(-2). 

Although there is no experimental proof for the latter, this 
is supported by the fact that isomer E, in Figure 2, which is 
structurally similar to C in Fig 1, is produced on treatment of 
D with water. A second isomer, F, (less stable than E by 6.7 

Kcal mol-1) is also produced.[10] Indeed F was considered to 
be the only reactive isomer,[11,12] and pioneering work for 
carbon extrusion from F had been reported,[11c,13] in which a 
mixture of non-closo compounds, the nature of which varied 
with the nucleophile, was obtained. To our understanding, the 
reactive nature of F, and its lax C2B4 open face facilitated the 
range of products. It was anticipated that the more rigid 
structure of E would be more likely to undergo a 

regioselective reaction.C. 

Figure 2. Protonation of [C2B10RR’H10]2- produces both [7-R-µ-
(9,10-HR’C)-7-nido-CB10H11]- and [7-R-9-R’-7,9-nido-C2B10H11]- 
isomers. 

Two drawbacks were apparent: the synthesis of the E 
isomer had been in low yield, around 20%[11b] and the E 
isomer had been considered unreactive [11, 12] Recently a 
convenient route to E with Mg as a reducing agent has been 
described giving yields close to 95 % for R=H, Me, Ph.[14]  

Concerning the low reactivity of E, we have recently 
proved that it can be forced to react with [PdCl2(PPh3)2] to 
generate a mixture of compounds.[15] These were mostly 
obtained in low yield and some of them were generated via 
carbon extrusion but no [1-closo-CB9H10]- derivatives were 
found among the reaction products. 

In order to generate the latter, a regioselective cluster 
deboronation on E was of utmost importance, and suitable 
nucleophiles were needed. We tested several nucleophiles to 
do this task and K[NC4H4] and K[NC4Me2H2] proved to be 
the most suitable ones.[16a] 

In a typical experiment, carried out in a dinitrogen 
atmosphere, 0.12 mmol of [NMe4][µ-(9,10-H2C)-7-nido-
CB10H11] (E in Fig 2, with R=H) in 20 mL of THF was added 
to 0.48 mmol of freshly prepared K[NC4H4]. The mixture was 
refluxed for 72h.  
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Figure 3. Carbon extrusion for regioselective synthesis of [1-CH3-6-
CH2CH3-1-closo-CB9H9]- from 1,2-(CH3)2-1,2-closo-C2B10H10 
species. 

Monitoring of the reaction was done by 11B{1H} NMR 
examining the appearance of a resonance near +30 ppm. 
Following workup of the products, [NMe4][6-Me-1-closo-
CB9H9] was obtained in 55% yield. This was characterized by 
11B, 11B{1H}, 13C{1H}, 1H{11B} NMR and MALDI-TOF 
analysis. A pattern 1(d):1(s):2(d):2(d):2(d):1(d) at 30.3, -16.2, 
-17.1, -18.2, -22.2, -26.5 ppm, respectively, in agreement with 
a 6 substituted bicapped square antiprism was observed in the 
11B{1H} NMR spectrum. Comparison with resonances for [1-
closo-CB9H10]-, application of 11B NMR rules[17] for closo 
species and the NMR position of the singlet at -16.2 ppm 
indicated that a   regioselective  alkyl substitution at the 6 
position in [1-closo-CB9H10]- had been discovered from the 
readily available 1,2-closo-C2B10H12 neutral compounds. In 
only two steps [1-R-6-CH2R’-1-closo-CB9H8]- derivatives 
could be generated. [6-Me-1-closo-CB9H9]- is the first 
example of a monoalkyl substitution on B in [1-closo-
CB9H10]- derivatives.  

 
[1-R-6-CH2R’-1-closo-CB9H8]- Compound 

R R’ Yield (%) 
[NMe4][1] H H 55 
[NBu4][2] H Me 30 
[NBu4][3] Me Me 47 
[NBu4][4] H Ph 45 

Table 1. Non-optimized yields for the synthesis of [1-R-6-
CH2R’-1-closo-CB9H8]-  

In order to demonstrate the versatility of this reaction, it 
was also applied to 1-Me-1,2-closo-C2B10H11, 1,2-Me2-1,2-
closo-C2B10H10, and 1-Ph-1,2-closo-C2B10H11. In all cases 
anions corresponding to [1-R-6-CH2R’-1-closo-CB9H8]- were 
obtained. Non-optimized yields are shown in Table 1. 

In Figure 3 the transformation from the neutral 
dicarbaborane to the anionic monocarbaborane cluster is 
exemplified for [1-Me-6-Et-1-closo-CB9H8]-. Considering 
that carbon extrusion takes place, the alkyl group at 6 position 
necessarily will have one more carbon than in the precursor 
dicarbaborane. As an example if [6-Pr-1-closo-CB9H9]- was 
sought, 1-Et-1,2-C2B10H11 would be required as starting 
compound. 

A plausible pathway for this reaction is shown in Figure 4, 
for the synthesis of [3]-. A B3+ unit is formally removed from 
[7-Me-µ-(9,10-HMeC)-7-nido-CB10H11]- by using [NC4H4]-. 
At this stage the non-classical bridging carbon of µ-(9,10-
HMeC) is converted to a classical one. The boron removed is 
B(9) or B(10) generating a six member open face. De-
hydrogenation leads to the closo monocarbaborane anion. The 
deboronation step is very relevant in this synthetic process. In 
work preceding this research,[15] a neutral nucleophile (PPh3) 
attacked the bridging µ-(9,10-HMeC)- to generate the moiety 
–CH(Me)PPh3. The result was a nucleophilic addition. The 
negative [NC4H4]- removes B(9) or B(10) to produce a closo 

{CB9} anionic cluster and (H4C4N)3B-THF.[16b] As the 
deboronation succeeded with an anionic nucleophile, tests 
were also done with CN- and F- on [7-Me-µ-(9,10-HMeC)-7-
nido-CB10H11]-. For CN-, [1-Me-6-Et-1-closo-CB9H8]- was 
formed in yields <3% and with F- the starting material was 
fully recovered. The effect of an enhanced nucleophilicity 
was monitored by 11B NMR using [NC4Me2H2]-. Interestingly 

the same conversion (55%) as for [NC4H4]- was obtained in 
24h (72 h for [NC4H4]-).  

Figure 4. Suggested pathway for deboronation and C extrusion in the 
[7-Me-µ-(9,10-HMeC)-7-nido-CB10H11]-. 

The inadequacy of isomer F for this reaction was proved by 
attempting to produce [1]- from this isomer using the same 
conditions and K[NC4Me2H2] as a nucleophile. In this case a 
yield of only 2 % of [1]-, was produced, along with 21 % of 
[NMe4] [7,8-nido-C2B9H11] and 58 % of 1,2-closo-C2B10H12. 
Even the low yield of [1]- cannot be claimed to originate from 
F because the latter slowly isomerizes in the applied reaction 
conditions to yield E, which in turn may generate the [6-Me-

1-closo-CB9H9]- cluster. 

MALDI-TOF-MS for the species [NMe4][1] with a comparison of the 
theoretical and experimental distribution for the molecular peak. 

With these results it has been proved that [1-H-6-CH2R’-1-
closo-CB9H8]- (R’= H, Me, Ph) or [1-Me-6-CH2Me-1-closo-
CB9H8]- derivatives can be produced in a regioselective way 
from the available 1-H-2-R’-1,2-closo-C2B10H10 (R’= H, Me, 
Ph) or 1,2-Me2-1,2-closo-C2B10H10. Work is now underway 
for the case of unsymmetrical alkyl/aryl substitution on both 
C cluster atoms in the dicarbaboranes, to discern which group 
will occupy the 6th position in the resulting [1-closo-CB9H10]- 
derivatives, and which functional groups are compatible with 
such rearrangement 
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11B{1H}-11B{1H} 2D COSY NMR spectrum of compound [NMe4][1] 
with the assignments deduced from the off-diagonal resonances. 

Experimental Section 
General Details. Elemental analyses were performed using 

a Carlo Erba EA1108 microanalyzer. IR spectra were 
recorded from KBr pellets on a Shimadzu FTIR-8300 
spectrophotometer. The mass spectra were recorded in the 
negative ion mode using a Bruker Biflex MALDI-TOF-MS 
[N2 laser; λexc 337 nm (0.5 ns pulses); voltage ion source 
20.00 kV (Uis1) and 17.50 kV (Uis2)]. The 1H, 1H{11B} NMR 
(300.13 MHz), 11B NMR (96.29 MHz) and 13C{1H} NMR 
(75.47 MHz) spectra were recorded on a Bruker ARX 300 
spectrometer. All NMR spectra were recorded from acetone-
d6 solutions at 25ºC. Chemical shift values for 11B NMR 
spectra were referenced to external BF3·OEt2, and those for 
1H, 1H{11B} and 13C{1H} NMR spectra were referenced to 
Si(CH3)4. Chemical shifts are reported in units of parts per 
million downfield from reference, and all coupling constants 
are reported in Hertz. 

All reactions were performed under an atmosphere of 
dinitrogen employing standard Schlenk techniques. THF was 
distilled from sodium benzophenone prior to use. Compounds 
1,2-closo-C2B10H10, 1-Me-1,2-closo-C2B10H11 and 1-Ph-1,2-
closo-C2B10H11 were supplied by Katchem Ltd. (Prague) and 
used as received. 1,2-Me2-1,2-closo-C2B10H10

18
  was 

synthesized according to the literature. Pyrrole and 2,5-
dimethylpyrrole from Aldrich were freshly distilled before 
use. Potassium was refluxed in THF prior to use. 

Preparation of [NMe4][µ-(9,10-HCR)-7-R’-nido-CB10H11]. 
General Procedure. The starting nido species were 
synthesized according to the general procedure described in 
the literature for [NMe4][µ-(9,10-H2C)-7-nido-CB10H11]19. 
For the following preparations only the reagents are indicated.  

Synthesis of [6-R-1-R’-closo-CB9H8]. General Procedure.  
The reaction, under nitrogen, of [NMe4][µ-(9,10-HCR)-7-

R’-nido-CB10H11] in dry THF and potassium pyrrolyl in a 
ratio 1:4 respectively. After 72 hours of refluxing, the solvent 
was evaporated. Products, after addition of water, were 
precipitated with [NMe4]Cl or [NBu4]Cl. These were filtered 
off, washed with water and diethyl ether and dried under 
vacuum.For the following preparations only the reagents are 
indicated.  

No starting anion D remained. All closo-{CB9}generated 
anions, were white solids, and were studied by 1H- and 11B 
NMR spectroscopy. Their mass spectra were studied by 
MALDI-TOF analysis confirming in all cases the structures 
proposed. Structural confirmation was obtained by comparing 
the 11B NMR of these anions with reported [6-R-1-CB9H9]-

data. All the spectra are in deuterated acetone. 
Synthesis of [NMe4][6-Me-1-closo-CB9H9]. 

Procedure a: 200 mg, 0.91 mmol [NMe4][µ-(9,10-H2C)-7-
nido-CB10H11], 389 mg, 3.64 mmol K[NC4H4] obtained 103 
mg, 0.5 mmol [NMe4][6-Me-1-closo-CB9H9] after 72 hours. 

Procedure b: 30 mg, 0.14 mmol [NMe4][µ-(9,10-H2C)-7-
nido-CB10H11], 21 mg, 0.54 mmol K[NC4Me2H2] obtained 48 
mg, 0.22 mmol [NMe4][6-Me-1-closo-CB9H9] after 24 hours. 

Anal. Calcd. for C6H24B9N. 0.2 CH3COCH3: C: 36.89, H: 
11.39, N: 6.32 %. Found: C: 36.60, H: 11.18, N: 6.23 %. IR ν 
(cm-1): 2928, 2857 (C-Halkyl ), 2537, 2498 (B-H), 1482 (∂ Me). 
1H NMR δ: 5.24 (br s, 1H, Cc-H), 3.44 (s, 12H, N(Me)4), - 
0.21 (br s, 3H, Bc- Me). 1H{11B} NMR δ: 5.24 (s, 1H, Cc-H), 
4.48 (s, B-H), 3.44 (s, 12H, N(Me)4), 1.47 (s, B-H), 0.88 (s, 
B-H), 0.44 (s, B-H), - 0.21 (s, 3H, Bc- Me). 13C{1H} NMR: δ: 
55.16 (s, N(Me)4), 51.12 (s, Me).11B NMR : δ: 30.3 (d, 1J(B, 
H)= 142, 1B), -16.2 (s,1B), -17.1 (d, 1J(B, H)= 150, 2B), -
18.2 (d, 1J(B, H)= 154, 2B), -22.2 (d, 1J(B, H)= 136, 2B), -
26.5 (d, 1J(B, H)= 140, 1B). MALDI-TOF (m/z): 133.2 (100) 
[M]-.  

Reaction of [NMe4][µ-(9,10-HCMe)-7-nido-CB10H11] 
with CN-: 30 mg, 0.17 mmol [NMe4][7-Me-µ-(9,10-HCMe)-
7-nido-CB10H11], 38 mg, 0.58 mmol KCN. No reaction was 
observed after 72 hours at room temperature, and no reaction 
was observed after 72 extra hours at reflux.  

Reaction of [NMe4][µ-(9,10-HCMe)-7-nido-CB10H11] 
with F-: 50 mg, 0.23 mmol [NMe4][µ-(9,10-H2C)-7-nido-
CB10H11], 245 mg, 0.92 mmol  [NBu4]F at reflux for  24 
hours. No reaction was observed. 

Synthesis of [NBu4][ 6-CH2Me-1-closo-CB9H9]. 
150 mg, 0.64 mmol [NMe4][µ-(9,10-HCMe)-7-nido-

CB10H11], 274 mg, 2.56 mmol K[NC4H4] obtained 75 mg, 
0.19 mmol [NBu4][6-CH2Me-1-closo-CB9H9].  

IR ν (cm-1): 2966, 2934, 2890, 2877 (C-Halkyl), 2529 (B-H), 
1470 (∂ Me).1H NMR: δ 5.25 (br s, 1H, Cc-H), 3.19 (t, 
3J(H,H)= 8.2, 8H, N(Bu)4), 1.6 (m, 8H, N(Bu)4), 1.46 (q, 
3J(H,H)= 7.2, 8H, N(Bu)4), 1.05 (t, 3J(H,H)= 7.2, 12H, 
N(Bu)4), - 0.21 (br s, 3H, Bc-Me). 1H{11B} NMR: δ: 5.25 (s, 
1H, Cc-H), 3.19 (t, 3J(H,H)= 8.2, 8H, N(Bu)4), 1.6 (m, 8H, 
N(Bu)4), 1.47 (s, B-H), 1.46 (q, 3J(H,H)= 7.2, 8H, N(Bu)4), 
1.05 (t, 3J(H,H)= 7.2, 12H, N(Bu)4), 0.44 (s, B-H), - 0.21 (s, 
3H, Bc- Me). 13C{1H} NMR: δ: 58.5 (s, N(Bu)4), 23.49 (s, 
N(Bu)4), 19.47 (s, N(Bu)4), 15.04 (s, Me) 12.92 (s, 
N(Bu)4).

11B NMR: δ: 30.02 (d, 1J(B, H)= 148, 1B), -15.39 (s, 
1B), -16.39 (d, 1J(B, H)= 168, 2B), -17.44 (d, 1J(B, H)= 142, 
2B), -21.41 (d, 1J(B, H)= 134, 2B), -25.78 (d, 1J(B, H)= 143, 
1B). MALDI-TOF (m/z): 160.3 (100) [M]-. 

Synthesis of [NBu4][1-Me-6-CH2Me-1-closo-CB9H8]. 
85 mg, 0.35 mmol [NMe4][7-Me-µ-(9,10-HCMe)-7-nido-

CB10H11], 148 mg, 1.38 mmol K[NC4H4] obtained 66 mg, 
0.16 mmol [NBu4][1-Me-6- CH2Me-closo-CB9H9]. 

IR: ν (cm-1): 2964, 2939, 2877 (C-Halkyl), 2541 (B-H).1H 
NMR: δ: 5.20 (br s, 3H, Cc-Me), 3.19 (t, 3J(H,H)= 8.3, 8H, 
N(Bu)4), 1.6 (m, 8H, N(Bu)4), 1.45 (q, 3J(H,H)= 7.3, 8H, 
N(Bu)4), 1.06 (t, 3J(H,H)= 7.2, 12H, N(Bu)4), 0.58 (br s, 2H, 
Bc-CH2Me), -0.14 (br s, 3H, Bc-CH2Me). 1H{11B} NMR: δ: 
5.20 (s, 3H, Cc-Me), 3.19 (t, 3J(H,H)= 8.3, 8H, N(Bu)4), 1.6 
(m, 8H, N(Bu)4), 1.45 (q, 3J(H,H)= 7.3, 8H, N(Bu)4), 1.06 (t, 
3J(H,H)= 7.2, 12H, N(Bu)4), 0.58 (s, 2H, Bc-CH2Me), -0.01 
(s, B-H), - 0.14 (s, 3H, Bc-CH2Me). 13C{1H} NMR: δ: 58.5 (s, 
N(Bu)4), 23.49 (s, N(Bu)4), 19.47 (s, N(Bu)4), 15.04 (s, Me) 
12.92 (s, N(Bu)4.

11B NMR: δ: 27.66 (d, 1J(B, H)= 142, 1B), -
15.45 (s,1B), -17.74 (d, 2B), -18.10 (d, 1J(B, H)= 142, 2B,), -
21.92 (d, 1J(B, H)= 121, 2B), -26.40 (d, 1J(B, H)= 129, 1B). 
MALDI-TOF (m/z): 161.4 (100) [M]-. 

Synthesis of [NBu4][6-CH2Ph-1-closo-CB9H9]. 
100 mg, 0.34 mmol [NMe4][µ-(9,10-HCPh)-7-nido-

CB10H11], 145 mg, 1.36 mmol K[NC4H4] obtained 69 mg, 
0.15 mmol [NBu4][6-CH2Ph-1-closo-CB9H9]. 

We obtain a mixture of 50% [6-CH2Ph-1-closo-CB9H8]- 
(4a) and 50 % [7-Ph-7,8-nido-C2B9H11]- (4b). 
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IR: ν (cm-1): 2064, 2939, 2877 (C-Haryl), 2541 (B-H). 1H 
NMR: δ: 7.98-6.98 (m, 10H, Ph), 5.56 (br s, 1H, Cc-H), 3.21 
(t, 3J(H,H)= 8.2, 8H, N(Bu)4), 1.6 (m, 8H, N(Bu)4), 1.46 (q, 
3J(H,H)= 7.2, 8H, N(Bu)4), 1.05 (t, 3J(H,H)= 7.2, 12H, 
N(Bu)4), -0.14 (br s, 2H, CH2). 1H{11B} NMR δ: 7.98-6.98 
(m, 10H, Ph), 5.56 (s, 1H, Cc-H), 3.21 (t, 3J(H,H)= 8.2, 8H, 
N(Bu)4), 2.19, 1.88, 1.71 (s, B-H), 1.6 (m, 8H, N(Bu)4), 1.46 
(q, 3J(H,H)= 7.2, 8H, N(Bu)4), 1.05 (t, 3J(H,H)= 7.2, 12H, 
N(Bu)4), 0.75, 0.64, 0.54, 0.27 (s, B-H), -0.14 (s, 2H, CH2), -
2.40 (s, 1H, Hbridge).13C{1H} NMR: δ: 130.33, 127.23, 127.05, 
126.57, 125.16, 124.05 (Ph), 58.5 (s, N(Bu)4), 23.49 (s, 
N(Bu)4), 19.47 (s, N(Bu)4), 12.92 (s, N(Bu)4).11B NMR: δ: 
32.46 (d, 1J(B, H)= 157, 1B, 4a), -6.47 (d, 1J(B, H)= 141, 1B, 
4b), -7.95 (d, 1J(B, H)= 130, 1B, 4b), -11.16 (d, 1J(B, H)= 
159, 3B, 4a), -12.17 (d, 1J(B, H)= 102, 2B, 4a, 1B, 4b), -14.06 
(d, 1J(B, H)= 161, 1B, 4b), -15.76 (d, 1J(B, H)= 131, 1B, 4b), 
-17.26 (d, 1J(B, H)= 146, 1B, 4b), -18.79 (d, 1J(B, H)= 148, 
2B, 4a), -20.53 (d, 1J(B, H)= 142, 1B, 4b), -23.07 (d, 1J(B, 
H)=129, 1B, 4a), -30.39 (d, 1J(B, H)= 139, 1B, 4b), -33.48 (d, 
1J(B, H)=150, 1B, 4b). MALDI-TOF (m/z): 209.5 (100) [M]-. 

[**] The authors thank CICYT for MAT01-1575, 
Generalitat de Catalunya for 2001/SGR/0033. 
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