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centered molecular orbitals (lcalc = 320 nm: HOMO!1!
LUMO; lcalc = 436 nm: HOMO!LUMO + 1; lcalc = 519 nm:
HOMO!LUMO).[5] In contrast, phosphine-stabilized dibor-
ene 4 only shows two broad absorption bands in its UV/Vis
spectrum at lmax = 366 nm and 403 nm with the lowest energy
transition significantly shifted to higher energies (DE
6567 cm!1). TD DFT revealed that these absorptions are
much more complicated in nature and involve different
electronic excitations each consisting of a series of transitions
all emanating from the B!B-centered HOMO into different
virtual MOs. Accordingly, the absorptions at lmax = 366 nm
(lcalc = 319, 346, 361 nm) and lmax = 403 nm (lcalc = 401, 412,
423 nm) each consist of three distinct excitations. At this
point, we also puzzled why the HOMO–LUMO gap of 1 is
obviously that much smaller than that of 4. To address this
question, we first evaluated the energies and shapes of the
involved molecular orbitals of 1 and 4 by DFT methods
(Figure 2). The calculations reproduced the observed exper-
imental UV/Vis data very well, thus confirming a much larger
HOMO–LUMO gap for 4 (3.48 eV; cf. 1: 2.67 eV). Here, as
already described in the CV discussion, the HOMO of 4 is
lower in energy than the HOMO of 1 (DG 0.38 eV), while its
LUMO is higher in energy (DG 0.43 eV). Furthermore, the
calculations showed the HOMOs of 1 and 4 to be associated
with the B!B p bonding interaction and the LUMOs to be
mainly ligand-centered. Consequently, we reasoned that the
large differences observed upon electronic excitation are
a result of two different effects: The presence of a) an energy-
rich HOMO of diborene 1 due to the larger s donor strength
of the NHC ligand; and b) a high-lying ligand-centered
LUMO in 4, which is presumably related to the lower
electronegativity of the phosphorus center (P vs. C).

Next, we tried to assess the radical cationic species
observed in the CV measurements experimentally by selec-
tive chemical oxidation of 1 and 4 by (C7H7)BArf

4 (Arf = 3,5-
(CF3)2-C6H3). (C7H7)BArf

4 was considered a suitable oxidant
because of its low oxidation potential, which also only
produces an innocent and easy to remove by-product
(C14H14), and also features a weakly coordinating anion thus
providing stability and solubility. Reactions of 1 and 4 with
(C7H7)BArf

4 occurred readily in Et2O at room temperature,
and the radical cations 5 and 6 were eventually isolated as
purple (5 : 71%) and green crystalline solids (6 : 72%),
respectively (Scheme 2).[10] Removal of one electron from the
bonding p orbital between the two boron atoms results in
a formal bond order of 1.5 for the radical cations 5 and 6,
which is also evident in their crystal structures.[10,12] Thus, the
B!B distances of 5 (1.636(4) !) and 6 (1.631(6) !) are

elongated with respect to their precursors (1: 1.590(5) !; 4 :
1.579(3) !), while the planarity of the boron centers remains
unaffected by the lower bond order (5 : SB1 = 359.858, SB2 =
360.018 ; 6 : SB1 = 359.858, SB2 = 360.018).[5]

In the continuous-wave X-band EPR spectra of diethyl
ether solutions of the two radical cations, the resonances are
only poorly resolved, even at low concentrations around the
detection limit. While radical 5 displays a single broad
resonance at giso 2.0027, the spectrum of 6 exhibits a 1:2:1
triplet owing to the coupling of the unpaired electron with two
equivalent phosphorus atoms (giso 2.0024; A(31P) 21 G;
Figure 3). In both cases, the lack of an observable boron

hyperfine coupling, which can be approximated from the EPR
line widths to be smaller than 1 G, suggests a rather small
amount of unpaired spin density on the boron atoms.

The electronic structure of radical cations 5 and 6 was also
elucidated by a combination of UV/Vis spectroscopy (Et2O;
Figure 4) and TD DFT calculations.[10] The results of these
studies are analogous to that obtained for the neutral
diborene precursors 1 and 4. Thus, removal of one electron
from the HOMOs of 1 and 4 by oxidation does not alter the
shape of the resulting molecular orbitals, and the SOMOs of 5
and 6 are still of pure B!B p bonding character.[12] The UV/
Vis spectrum of NHC-substituted radical cation 5 features
seven absorption bands between lmax = 270 nm and 503 nm,
with the main absorptions being at lmax = 340/367 nm and 445/
503 nm. These absorption bands are quite well reproduced by
the calculations. Here, excitations were found at lcalc = 509 nm
and 468 nm, which consist of SOMO(a)!LUMO(a)/
HOMO!1(b)!SOMO(b) and HOMO!4(b)!SOMO(b)Scheme 2. Syntheses of 5 and 6.

Figure 3. Experimental (black) and simulated (red) X-band (9.38 GHz)
EPR spectra of 5 (top) and 6 (bottom) in Et2O solution.
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