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Carbon Extrusion/Cluster Contraction: Synthesis of the Fluorinated
Cyano-closo-Undecaborate K,[3-NC-closo-B,;F;,]**

Maik Finze*

The first report on the simplest closo-undecaborate anion
[B;;H,;]** was published in 1966,') and in recent years
improved syntheses have been developed.”! Salts of the
perhalogenated anions [B,Hal,,]*>~ (Hal = Cl, Br, I)[! as well
as partially halogenated anions were prepared.->* To date,
fluorinated derivatives are unknown,”’ which is not surpris-
ing, because [B;;H;]*" and its derivatives exhibit a signifi-
cantly lower chemical stability than [B,H;o]*", [B;,H»]* ", and
related species.”! The fluorination of [B,;H,J*" is also
difficult; HF is not an appropriate fluorination reagent,
because the borate anion is sensitive to acids.”) Salts of a
perfluorinated derivative are only known for the most stable
closo-borate dianion, [B,H,,]*".*7")

Currently, the chemistry of the monocarba-closo-dodeca-
borate anion is the subject of intensive investigations, because
it is of interest for a large number of applications.**! This
increasing interest is mainly due to the unique variability of
the properties of the anion by variation of the substituents at
the C atom and the B atoms.”! Examples of applications are
pharmaceuticals,"” the stabilization of reactive cations,” """
and ionic liquids.”'! Important derivatives are halogenated
monocarba-closo-dodecaborate anions, which exhibit high
chemical and thermal stabilities; hence, they are attractive
weakly coordinating anions.!'!~%%]

Recently, we reported the synthesis of the first function-
alized fluorinated monocarba-closo-dodecaborate K[1-H,N-
closo-CB,,F;;]."" A comparison of the reactivity of this
compound with the related ion [1-H-closo-CB,,F;;]” revealed
similarities (in aqueous KOH solution two fluoro ligands are
exchanged for hydroxy groups) as well as different behaviors
(the aminocarborate anion is not stable towards aqueous
acids).""!

As a derivatization of the amino group of [1-H,N-closo-
CB,,F;;]” is not possible in H,0O under basic conditions,
alternate reactions were studied. The deprotonation of the
aminocarborate anion was achieved in dimethoxyethane or
tetrahydrofuran with stoichiometric amounts of an alkyl-
lithium reagent or lithium diisopropylamide (LDA) [Eqg. (1)].

[*] Dr. M. Finze
Institut fiir Anorganische Chemie und Strukturchemie Il
Heinrich-Heine-Universitit Diisseldorf
Universititsstrasse 1, 40225 Diisseldorf (Germany)
Fax: (+49) 211-8114146
E-mail: maik.finze@uni-duesseldorf.de

[7‘: *

Financial support by the Fonds der Chemischen Industrie (FCI) is
gratefully acknowledged. The author thanks Prof. W. Frank for
generous support and Mrs. E. Hammes, Mr. P. Roloff, Dr. G. ).
Reiss, and Dr. P. Tommes for technical support.

@ Supporting information for this article is available on the W\WW
under http://www.angewandte.org or from the author.

T IWILEY
N

{7 InterScience*

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

These reactions are reversible: [1-HN-closo-CB,Fy;]*" reacts
with water to yield the corresponding amine.

+LDA, —nPryNH, —Li*
P N

[1-H,N-closo-CB,,Fy|~ [1-HN-closo-CB,F, >~ (1)

+H,0, —~OH

Addition of two equivalents of LDA or of an alkyllithium
reagent results in a second deprotonation reaction. Immedi-
ately, an unexpected reaction takes place. The lithiated
intermediate, which was not observed, rearranges under loss
of F~ (or rather LiF) to produce the cyanoborate dianion
[NC-closo-B;;Fyy]*~ (Scheme 1). During this rearrangement,
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j\ -2 nPr,NH, -LiF, -Li"

THF, -78 °C = RT
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Scheme 1. Carbon extrusion/cluster contraction reaction of [1-H,N-
closo-CB,,Fy;]™ resulting in [3-NC-closo-B,;Fy)* ™

the C atom is extruded from the icosahedron, and the 12-
vertex closo-cluster is converted into a closo-undecaborate
dianion. To our knowledge, no similar concerted carbon
extrusion/cluster contraction reaction has been reported to
date. However, this rearrangement reaction may be related to
the transformation of 1,2-Me,-1,2-closo-C,B,(H;;,, which
results in either [1-Me-6-Et-1-closo-CByH,| "l or 2-Me-3-
{CHMe(PPh,)}-2-closo-CB, H, (Scheme 2)," although these
two transformations are multistep procedures.

An analogous conversion of primary amines is also
unknown in organic chemistry. Though mechanistically differ-
ent, the carbon extrusion/cluster contraction reaction exhibits
parallels to the Favorskii rearrangement, in which a-haloke-
tones are transformed into carboxylic acids or carboxylic acid
derivatives (Scheme 3).['*2"!

The anions [1-H,N-closo-CB;;F,;H] and [1-H,N-closo-
CB,,FyH,]~, which are present in the starting material in small
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Scheme 2. Multistep reaction of 1,2-Me,-1,2-closo-C,B,oH,, to [1-Me-6-
Et-1-closo-CByH,] ™ (left)!'”) and 2-Me-3-{CHMe (PPh;)}-2-closo-CB,oH,
(right)."®!
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Scheme 3. Example of a Favorskii rearrangement.">*

amounts, react analogously to the fully fluorinated anion. The
formation of the resulting anions [NC-closo-B,F;,_,H,]*~
(n=1, 2) was confirmed by NMR spectroscopy and by mass
spectrometry (Figure 1). First attempts to convert other
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Figure 1. MALDI mass spectra of the products of the reactions of
K[1-H,N-closo-CB4;F;;] with 1.5 equiv tBuli (top), with 2.7 equiv LDA
(middle) and with 4-5 equiv tBuLi (bottom) (impurities with BH
groups are due to traces of K[1-H,N-closo-CB,,F;,_,H,] (n=1,2) in the
starting material).

aminocarborate anions, such as [1-H,N-closo-CB;H,,]~,*!l
[1-H,N-closo-CB,,1,,]~ I and [1-H,N-2-F-closo-
CB,,H,,]",® into the corresponding cyano-closo-undecabo-
rate anions failed. Hence, the carbon extrusion/cluster con-
traction reaction presented herein might be a unique property
of highly fluorinated boron clusters.

The addition of more than two equivalents of an alkyl
lithium reagent to a solution of K[1-H,N-closo-CBFy]
results in further reaction of the [NC-closo-B,Fy,]*~ dianion.
The fluoro ligands are replaced one after another by alkyl
groups. The reaction rate of this ligand exchange decreases
with an increasing number of alkyl groups [Eq. (2); R=Me,
nBu, tBu; n=1-7].
+2RLi, —2RH, —LiF, —Li"

- [NC-closo-By Fy >
THF, ~78°C—RT
+nRLi, —nLiF [NC-CZOSO'B11F11,,,R"]27

[1-H,;N-closo-CB,,F ]~ )

To date, exchange of a fluoro ligand bonded to a closo-
boron cluster or a carba-closo-boron cluster by reaction with
an alkyllithium reagent has not been observed. The only
examples of exchange reactions of halogeno substituents at
boron clusters by organyl substituents are palladium-cata-
lyzed coupling reactions of iodinated clusters with Grignard
reagents and related species.” >’

When K[1-H,N-closo-CB,,F,,] is treated with an excess of
methyllithium, anions containing up to seven methyl groups
(i.e. formation of [NC-closo-B;;F;Me;]*") were observed by
MALDI mass spectrometry of the reaction mixture. Figure 1
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shows an example of a mass spectrum recorded after reaction
of rBuLi with K[1-H,N-closo-CB,F;;].

The solid, colorless salt K,[3-NC-closo-B,;F,] is thermally
stable up to 137°C (as determined by differential scanning
calorimetry) and can be handled in air. The wavenumber of
the C—N stretch (2199 cm™") is comparable to that found for
Cs,[1,12-(NC),-closo-B,,H,o] (2200 cm ™).

K,[3-NC-closo-B,,F ] crystallizes in the monoclinic space
group C2/c.” The cyano substituent is bonded to the B atom
in the 3-position of the B,; octadecahedron (Figure 2). This
finding is in agreement with data derived from DFT

Figure 2. The [3-NC-closo-B,;Fyo]*~ anion in the crystal structure of
IG,[NC-closo-B,,F,o] (thermal ellipsoids are set at the 50% probability
level).

calculations,™ which predict this isomer to be the most
stable of the five possible ones (see the Supporting
Information). The deviation of the geometry of the anion
from C, symmetry is small in the solid state. The B—C and C—
N bond lengths of 1.55(1) and 1.16(1) A, respectively, are
comparable to the corresponding bond lengths in [NC-closo-
B¢H,]*~ in the Cs* salt.”!] The B—B bond lengths are in the
range of 1.63(1) to 2.29(1) A, which can be rationalized by the
different numbers of adjacent skeletal atoms (four for B2 and
B3, six for B1, and five for B4-B11). The B—F bonds are
between 1.34(1) and 1.40(1) A.

In the YF NMR spectrum of the [NC-closo-B,;F,o]*~ ion
only one signal is observed for all ten F atoms, which is due to
fast rearrangement of the cluster in solution; such behavior is
typical of undecaborate anions.”*** The signal is split into a
quartet because of coupling to the ''B nuclei (Table 1; see also
the Supporting Information). Two signals are present in the
"BNMR spectrum of [NC-closo-By;Fy ]~ at —5.7 and
—38.5ppm, which was confirmed by a '"B{'H},"B{'H}-
COSY experiment (see the Supporting Information). The
signal at —38.5 ppm is assigned to the ''B nucleus of the B—
CN group. The signal of the "B nuclei of the B—F units is
detected at —5.7 ppm; 'J("'B,”F) coupling splits it into a
doublet. That only one signal is found for the ten ''B nuclei of
the B—F units is also due to cluster fluctuation. As an example
of a "B NMR spectrum of cyano-closo-undecaborate anions
containing alkyl substituents, the spectrum of a mixture of
[NC-closo-B,,F,,_,nBu,]*” (n=2, 3) that shows the assign-
ment of the signals, is depicted in the Supporting Information.

Additional studies on halogenated, especially fluorinated,
aminocarba-closo-dodecaborates and aminocarba-closo-
decaborates will reveal the limits of the carbon extrusion/
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Table 1: NMR data of the [NC-closo-B,;F;]>*™~ anion and related borate
anions.®

o("'B) [ppm] S("°F) [ppm] Y('H,"'B), assignment
Y("B,°F)® [Hz]
[NC-closo-ByFyo]*~

5.7 —233.0 63 B-F
—38.5 B-CN
[NC-closo-B,,FoH]*~

—4.0 —228.6 ~63 B-F
—25.5 142 B-H
—35.1 B-CN
[NC-closo-B,,FsH,]*

—2.4 —225.0 ~63 B-F
—24.7 142 B-H
—32.9 B-CN
[1-H,N-closo-CBy;Fy4]~
—18.5 —255.9 44 B2-B6
-17.3 —263.3 42 B7-B11
-10.7 —252.7 59 B12
[1-HN-closo-CB,Fy; >
-17.8 —254.5 n.o. B2-B6
-17.8 —266.2 n.o. B7-B11
-13.2 —259.0 n.o. B12

[a] Solvent: CD,CN. [b]"/("'B,"*F):
[Dg]THF. [d] n.o.=not observed.

FNMR spectrum. [c] Solvent:

cluster contraction reaction presented herein. Furthermore,
salts of the [NC-closo-B,,F,(]*~ anion are promising precur-
sors for the synthesis of fluorinated and alkylated boron
clusters.

Experimental Section

K,[NC-closo-B,,Fy]: In a cylindrical reaction vessel (40 mL) equip-
ped with a valve with a PTFE stem (Young, London), K[1-H,N-closo-
CBF};] (108 mg, 0.27 mmol) was dissolved in THF (10 mL). The
solution was cooled to —78°C, and a solution of LDA (0.4 mL,
0.72 mmol, 1.8 M) in THF/heptane/ethylbenzene was added while the
mixture was stirred. The reaction mixture was warmed to room
temperature and stirred for further 12 h. Then a mixture of equal
amounts of K,CO; and KHCO; (250 mg total) was added. The
suspension was filtered, and the solid residue was extracted with THF
(25mL). The solvent was removed from the filtrate by rotary
evaporation, and the crude product was dried in vacuum to yield
solid, colorless K,[NC-closo-B,,F,(] (102 mg, 0.25 mmol, 90 %).
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