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Extended (E=B, Al, Ga, In, Tl)

Daniel Duvinage,” Lorraine A. Malaspina,” Simon Grabowsky,*" Stefan Mebs,*“ and

Jens Beckmann*®

Dedicated to Professor Klaus Jurkschat on the occasion of his 70th birthday.

In a combined experimental and computational study, the
molecular and electronic structures of the divalent bis(m-
terphenyl)element cations [(2,6-Mes,C¢H5),E1" of group 13 (1,
E=B; 2, E=Al; 3, E=Ga; 4, E=In; 5, E=TIl) were investigated. The
preparation and characterization of 2, 3 and 5 were previously
reported by Wehmschulte’'s (Organometallics 2004, 23, 1965-
1967; J. Am. Chem. Soc. 2003, 125, 1470-1471) and our groups
(Organometallics 2009, 28, 6893-6901). The indinium ion 4 was
prepared and fully characterized for the first time. Attempts to
prepare the borinium ion 1 by fluoride or hydride abstraction

Introduction

Borinium ions™ and their heavier group 13 analogs® have
received tremendous interest over the years, but the first truly
two-coordinate borinium ion, [Mes,B]", was only recently
reported by Shoji etal®™ The interest in these four-valence-
electron (4 VE) species stems from their high Lewis acidity and
applications in bond activation chemistry and catalysis deriving
therefrom.™

The present work revisits and extends a series of bulky
bis(m-terphenyl) element cations [(2,6-Mes,C¢H.),E1™ (1, E=B; 2,
E=AL" 3, E=Ga;® 4, E=In; 5, E=TI®), for which three examples
were already reported by Wehmschulte etal™ and our
group.” Here we describe the analogous [(2,6-Mes,C¢H,),In]*
(4), which represents the first donor-free, two-coordinate
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were unsuccessful. The electronic structures of 1-5 and the
stabilization by the bulky m-terphenyl substituents were
analyzed using quantum chemical calculations and compared
to the divalent bis(m-terphenyl)pnictogenium ions [(2,6-
Mes,CsH.)-El* of group 15 (6, E=P; 7, E=As; 8, E=Sb; 9, E=Bi)
previously investigated by our group (Angew. Chem. Int. Ed.
2018, 57, 10080-10084). The calculated fluoride ion affinities
(FIA) of 1-9 are higher than that of SbF;, which classifies them
as Lewis superacids.

indinium ion. By contrast, all previously known related inden-
ium cations, such as [(Me,SiCH,),In(THF);]* and [Mes,In]*[BF,]",
possess saturated hypercoordinate indium atoms due to
solvation or ion pairing.”” We also report on our failed attempts
to prepare the related borinium ion [(2,6-Mes,C¢H;),B1* (1) by
fluoride and hydride abstraction.”

Complementing the experimental results, the electronic
structures of 1-5 were investigated by density functional theory
(DFT) calculations and real space bond indicator (RSBI) analyses.
RSBIs comprise bond topology according to the Atoms-In-
Molecules (AIM)® theory, intramolecular contact patches ac-
cording to the noncovalent interactions (NCI)* index, and
bonding and lone-pair basins according to the electron local-
izability indicator (ELI-D)."® The results of group 13 are
compared to a complementary series of group 15 cations [(2,6-
Mes,C4H,),E1" (6, E=P; 7, E=As;!"" 8, E=Sb; 9, E=Bi""?), possessing
six valence electrons (6 VE) which were either assigned as
transient species in fluoride abstraction reactions"" or isolated
and fully characterized by us previously.'”

Results and Discussion

Attempted preparation of the borinium ion
[(2,6-Mes,CsHs),B1* (1)

The reaction of m-terphenyllithium, 2,6-Mes,C¢H,Li,"® with an
excess of boron trifluoride etherate, BF,-OEt,, provided the
mono-substituted product 2,6-Mes,CsH;BF, (10) in 66% yield
(Scheme 1). After isolation of 10, the reaction with 2,6-
Mes,C¢HsLi  afforded the  di-substituted product (2,6-
Mes,C¢H;),BF (11) in 82% vyield (Scheme 1). Efforts were made
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Scheme 1. Synthesis of mono- and di-substituted m-terphenyl boranes 10, 11 and 12 and attempted preparation of the borinium ion 1.

to prepare 11 in a one-pot procedure; however, it was noted
that the second equivalent of 2,6-Mes,C HsLi attacks the ether
molecule under these Lewis acidic conditions. Both m-terphe-
nylboron fluorides could be readily distinguished by hetero-
nuclear NMR spectroscopy. The ''B NMR spectra (CD,Cl,) of 10
and 11 show broad signals at =25.3 (W,,=1500Hz) and
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51.4 ppm (W,,=1600 Hz), respectively. The "F NMR spectra
(CD,Cl,) of 10 and 11 reveal very different signals at =-70.9
and 17.5 ppm. The reduction of 11 with LiAlH, (after workup
with Mel) produced the corresponding bis(m-terphenyl)boron
hydride (2,6-Mes,C¢H;),BH (12) in 96% yield (Scheme 1). The ''B
NMR spectrum (CD,Cl,) of 12 shows a broad signal at =
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