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Monocarboranes

Carbon Extrusion in 1,2-Dicarba-closo-
dodecaboranes: Regioselective Boron
Substitution in Ten-Vertex closo-
Monocarbaborane Anions**

Anna Laromaine, Francesc Teixidor, and Clara Vinias*

Dedicated to Dr. Raikko Kivekis
on the occasion of his 60th birthday

While dicarba-closo-dodecaboranes are the most investigated
of polyhedral boron-containing clusters,!"?! closo-monocarba-
boranes have been less examined,!!! probably because of the
absence of suitable protocols of synthesis. Currently, the
monocarbaboranes [1-closo-CB.H,,] ™ and [1-closo-CB,H,,]~
along with their derivatives are attracting much attention.*
This has stimulated the search for new methods of synthesis;
[1-closo-CByH,(]~ was originally obtained from B;(H;, and
CN~ but is now more conveniently produced from [6-(NMe;)-
nido-6-CB,H,;] by dehydrogenation.”! The method of Brel-
lochs,® based on the reaction of RCHO with arachno-B,;H,,,
is gaining importance for the synthesis of phenyl derivatives
of [1-closo-CByH,,]~."*7 Ultimately all these methods are
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based on a single carbon insertion into a B;,H, cluster
followed by a deboronation step. In theory, an alternative way
to the [1-closo-CB¢H,(|~ cluster would be from the highly
stable and widely studied 1,2-dicarba-closo-dodecaboranes,
namely, carbon extrusion with subsequent boron elimination.
This is the objective of this work.

Taking the well-known benzyl cation—tropylium ion
rearrangement as a model (Scheme 1a),® Jemmis and
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Scheme 1. Schematic representations of a) the benzyl cation—tropylium
rearrangement and b) the rearrangement of the 12-vertex dicarba-nido-
dodecaborate(-2).

Jayasree have carried out theoretical calculations on the
rearrangement of the dicarbaboranyl methyl cation to
generate tricarbaborane cations.”! We considered that a
monocarbaborane could be produced from a dicarbaborane
by a similar extrusion of one cluster carbon atom. The analogy
between the system in boron chemistry and the benzyl cation—
tropylium equilibrium is shown in Scheme 1b.

Although there is no experimental proof for the expected
rearrangement, support comes from the fact that isomer E
(Scheme 2), which is structurally similar to C (Scheme 1), is
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Scheme 2. Protonation of [C,B;,RR'H;¢]>~ produces the two isomers
[7-R-p-(9,10-HR'C)-7-nido-CByoH+;]~ (E) and [7-R-9-R’-7,9-nido-
CZB'IOH'H]7 (F)

produced on treatment of D with water. A second isomer F
(less stable than E by 6.7 kcalmol™') is also produced.!'”
Indeed F was considered to be the only reactive isomer,'?
and pioneering work for carbon extrusion from F has been
reported™"! in which a mixture of non-closo compounds
forms depending on the nucleophile. To our understanding,
the reactive nature of F as well as its easily accessible C,B,
open face facilitated formation of a range of products. It was
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anticipated that the more rigid structure of E would be more
likely to undergo a regioselective reaction.

Two drawbacks were apparent: Isomer E had been
synthesized in low yield, around 20%,"® and had been
considered to be unreactive.''2 Recently a convenient route
to E with Mg as a reducing agent has been described with
yields close to 95% for R =H, Me, Ph.""l As far as the low
reactivity of E was concerned, we have recently shown that it
can be forced to react with [PdCL,(PPh;),] to generate a
mixture of compounds, mostly obtained in low yield.!™
Although some products were generated by carbon extrusion,
no [l-closo-CByH,]” derivatives were found. In order to
generate the latter, a regioselective cluster deboronation on E
was of utmost importance, and we found K[NC,H,] and
K[NC,Me,H,] to be the most suitable nucleophiles for this
task.['%?]

In a typical experiment, [NMe,][u-(9,10-H,C)-7-nido-
CB,H;;] (E, R=H; 0.12mmol) in 20 mL of THF was
added to freshly prepared K[NC,H,] (0.48 mmol) under N,.
The mixture was heated at reflux for 72 h. The reaction was
monitored by "B{'H} NMR spectroscopy to examine the
appearance of a resonance near + 30 ppm. Following workup
of the products, [NMe,][6-Me-1-closo-CByH,] was obtained in
55% yield.

This product was characterized by "B, "B{'H}, “C{'H},
and 'H{''B} NMR spectroscopy and MALDI-TOF analysis. A
pattern 1(d):1(s):2(d):2(d):2(d):1(d) at 6 =30.3, —16.2, —17.1,
—18.2, —22.2, and —26.5 ppm, respectively, in agreement with
a six-substituted bicapped square antiprism,['”l was observed
in the "B{'H} NMR spectrum. Comparison with resonances
for [1-closo-CB4H,,]”, application of "B NMR rules!" for
closo species, and the position of the singlet at 6 = —16.2 ppm
indicated that a regioselective alkyl substitution at the 6-
position in [1-closo-CByH o]~ had taken place from the readily
available 1,2-closo-C,B,jH;, neutral compounds. The assign-
ments indicated on the "B{'H}-'"'B{'H} 2D COSY NMR
spectrum in Figure 1 are consistent with the structure of [6-
Me-1-closo-CB4H,|~: B10 is correlated with B6, B{7,9}, and
B8; B8 is correlated with B10, B{7,9}, and B{4,5}; B{7,9} is
correlated with B10, B8, B6, B{4,5}, and B{2,3}. The MALDI-

Angewandte

TOF mass spectrum of [6-Me-1-closo-CBsH,|~ (Figure 2)
displays a signal group centered at m/z 133.2 corresponding to
the anionic fragment. All this data prove that [1-R-6-CH,R’-
1-closo-CByHg]™ derivatives can be generated in only two
steps. [6-Me-1-closo-CByH,] ™ is the first example of a mono-
alkyl substitution on B in [1-closo-CByH, ]~ derivatives.
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Figure 2. The MALDI-TOF mass spectrum of [NMe,]-1 with a compari-

son of the theoretical and experimental distribution for the molecular
peak. I=intensity.

To demonstrate the versatility of this reaction, it was also
applied to 1-Me-1,2-closo-C,B,(H,;, 1,2-Me,-1,2-closo-
C,B,yH,y, and 1-Ph-1,2-closo-C,B,,H,;. In all cases anions
corresponding to [1-R-6-CH,R’-1-closo-CB,Hg]~ were
obtained (Table 1).

Table 1: Nonoptimized yields for the synthesis of [1-R-6-CH,R"-1-closo-
CByHg) .

Compound [1-R-6-CH,R"-1-closo-CBgyHg]~

R Yield [%]
[NMe,J-1 H H 55
[NBu,J-2 H Me 30
[NBu,-3 Me Me 47
[NBu,-4 H Ph 45

In Scheme 3 the transformation from the neutral

I'I P dicarbaborane to the anionic monocarbaborane cluster
| is exemplified for [1-Me-6-Et-1-closo-CByHg]™. Con-
B(?ml}aim:_:. . % E _op sidering that carbon extrusion takes place, the alkyl
Eﬁg% ‘;‘é‘--_-.l @ & T group at the 6-position must have one more carbon
® | atom than in the precursor dicarbaborane. As an
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Figure 1. The ""B{'H}-""B{'H} 2D COSY NMR spectrum of [NMe,]-1 with the

assignments deduced from the off-diagonal resonances.
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Scheme 3. Schematic representation of the carbon extrusion
for regioselective synthesis of [1-Me-6-Et-1-closo-CBsH,] ™ from
[1,2-Me;-1,2-closo-C,B,oH,] species.
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example, if [6-Pr-1-closo-CByHy]~ were sought, 1-Et-1,2-
closo-C,B,,H;; would be required as the starting compound.

A plausible pathway for the synthesis of 3~ is shown in
Scheme 4. A B*" unit is formally removed from [7-Me-p-

H

Scheme 4. Suggested pathway for deboronation and carbon extrusion
in the [7-Me-pi-(9,10-HMeC)-7-nido-CB1oH 1]

(9,10-HMeC)-7-nido-CB,,H,;]~ by using [NC,H,]". At this
stage the nonclassical bridging carbon atom of p-(9,10-
HMeC) is converted into a classical one. The boron atom
removed is B(9) or B(10), generating a six-membered open
face. Dehydrogenation leads to the closo monocarbaborane
anion. The deboronation step is very important in this
synthetic process. In previous work,!'”! a neutral nucleophile
(PPh;) was shown to attack the bridging p-(9,10-HMeC)
group to generate the CH(Me)PPh; moiety. The result was a
nucleophilic addition. The negative [NC,H,]” removes B(9)
or B(10) to produce a closo {CBo} anionic cluster and
(H,C,N),B-THE.'®! As the deboronation succeeded with an
anionic nucleophile, experiments were also carried out with
CN~ and F~ on [7-Me-p-(9,10-HMeC)-7-nido-CByH,,]~. For
CN~, [1-Me-6-Et-1-closo-CB,Hg]~ was formed in yields of
less than 3%, and with F~ the starting material was fully
recovered. The effect of enhanced nucleophilicity was moni-
tored by "B NMR spectroscopy using [NC,Me,H,] . Inter-
estingly the same conversion as for [NC,H,]” (55%) was
obtained in 24 h (72 h for [NC,H,]").

The inadequacy of isomer F (Scheme 2) for this reaction
was demonstrated by attempting to produce 1° under the
same conditions and with K[NC,Me,H,] as a nucleophile. In
this case 1~ was produced in only 2 % yield, along with [NMe,]
[7,8-nido-C,BsHy;] (21%) and 1,2-closo-C,BgHy, (58 %).
Even the low yield of 17 cannot be claimed to originate
from the use of F because the latter slowly isomerizes under
the reaction conditions to yield E, which in turn may generate
the [6-Me-1-closo-CByH,| ™ cluster.

With these results we have shown that [1-H-6-CH,R’-1-
closo-CByHg]™ (R’=H, Me, Ph) or [1-Me-6-CH,Me-1-closo-
CByHg] ™ derivatives can be produced in a regioselective way
from 1-H-2-R’-1,2-closo-C,B;jH;y (R"=H, Me, Ph) or 1,2-
Me,-1,2-closo-C,B,,H,,. Work is now underway for the case of
unsymmetrical alkyl/aryl substitution on both cluster carbon
atoms in the dicarbaboranes, to discern which group will
occupy the 6-position in the resulting [1-closo-CBgH4|~
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derivatives, and which functional groups are compatible
with such rearrangements.
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