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Abstract: The reactions of a diborene with elemental selenium or
tellurium are shown to afford a diboraselenirane or diboratellurirane,
respectively. These reactions are reminiscent of the sequestration of
sub-valent oxygen and nitrogen in the formation of oxiranes and
aziridines; however, such reactivity is not known between alkenes
and the heavy chalcogens. While carbon is too electronegative to
affect the reduction of elements of lower relative electronegativity,
the highly reducing nature of the B=B double bond enables reactions
with Se° and Te’. The capacity of multiple bonds between boron to
donate electron density is highlighted in reactions where diborynes
behave as nucleophiles, attacking one of the two Te atoms of
diaryltellurides, forming salts consisting of diboratellurenium cations
and aryltelluride anions.

The energy stored in small, highly strained cyclic molecules has
made them an integral part of modern synthetic chemistry. Since
this “strain energy” increases with decreasing ring size, it is
greatest for three-membered rings, and when these rings are
heterocyclic the charge-asymmetry induced in the molecyle
provides sites ready for reaction. Accordingly, an enor
amount of research has gone into both the synthetic pat \
and reactions of, members of this class of compounds, most

using, in the case of oxirane formation, subv
species such as Oy, peroxides, peroxyacids, and
reagents that impart a degree of electron
oxygen atom, such as chlorite or iodosylbenzene.
of olefins is most frequently accomplished through th
generation of nitrenes from azides or other electron defici
nitrogen sources such as iodinanes, hydroxylamines, and
hydrazines.!"*? These alkene-oxidatio
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For some time our group has been interested in the
ses and utilities of diborenes.”” In comparison to alkenes,
=B bonds of diborenes have been found to be exceptionally
cing,!"™ which is not surprising when considering both the
oxidation state of boron (rather than the more common +3)
and the lower electronegativity of boron (Xpauing = 2.04) than
carbon. Indeed, while direct oxidation of alkenes to thiiranes with
elemental sulfur is rare, the reaction of diborenes with Sg results
in the transfer of all four reducing equivalents of the double bond
to three sulfur atoms in the formation of a five-membered
trithiadiborolane.”'" Might these highly reductive double bonds
be capable of reaction with elemental Se and Te to form stable
diboraseleniranes and diboratelluriranes?

When a thienyl-substituted, N-heterocyclic carbene (NHC)
stabilized diborene (1, IMe;[5-(Me;Si)CsH2S]B2, IMe = 1,3-
dimethylimidazol-2-ylidene) was reacted with excess elemental
selenium in benzene, a color change from the deep purple of 1
to yellow was observed, along with the emergence of a new
signal at —14 ppm in its "B NMR spectrum. An equivalent
reaction with elemental tellurium evidenced a similar change,
with the emergence of a signal at —13 ppm in the "B NMR
spectrum concomitant with the change of color from purple to
yellow. After filtration to remove the excess chalcogen,
recrystallization from acetonitrile yielded pure 2 and 3, the
desired diboraselenirane and diboratelluriane, respectively. Both
were structurally characterized by single-crystal X-ray
crystallography (Figure 1)."# Though neither ""Se nor '**Te
nuclei could be detected by NMR spectroscopy with 2 and 3,
likely a result of extensive quadrupolar broadening induced by
proximity to multiple boron nuclei, the 'H NMR spectra of the



compounds are consistent with the solid-state structures, as is
the upfield shift of the "'B NMR resonances from the resonance
at 22 ppm found for 1, indicative of an increase in coordination
number at boron.
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Figure 1. Synthesis and crystallographically determined structures of 2 and 3.
The ellipsoids represent 50% probability, and have been omitted from the
ligand periphery. For clarity, all hydrogen atoms are likewise omitted. Selected
bond lengths (A) and angles (°): (2) B1-B2 1.707(3) , C2-B1 1.604(2), C1-B1
1.586(2), B1-Se1 2.115(2); (3) B1-B2 1.713(5), C1-B1 1.584(4), C2-B1
1.598(4), B1-Te1 2.360(3).
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diboraphenyltellurirenium fragment and a spatially separated
anionic phenyltelluride. An equivalent reaction utilizing the more

electron-poor di-[4-fluorophenyl]- rium showed identical
ization of 6
IDip—B==B—IDip [rRTe] (2
4
Bu—C=C—Bu + [soFd @)

reaction pathway to these products is
anic reaction, an [ArTe]" fragment is
generated by itelluride and subsequently reacted
with an alkyne (Eq. 3). It seems that in order to facilitate the
reaction with the more highly electronegative carbon atoms of

aIkyne,i tellurium must be cationic. In the diboryne

tion, th® presence of the anionic phenyltelluride in the
ct indicates a reaction pathway wherein the B=B bond acts
ucleophile, attacking one of the tellurium atoms of the
e, forcing out a [PhTe] leaving group. Such a process
ested as the pathway for the epoxidation of
peracids,”? though controversy surrounding this
assertion sthl exists.**
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Figure 2. Crystallographically determined structures of [5]° and [6]
(aryltelluride anions have been omitted). The ellipsoids represent 50%
probability, and have been omitted from the ligand periphery. For clarity, all
hydrogen atoms are likewise omitted. Selected bond lengths (A) and angles
(°): (5) B1-B2 1.490(6) , C1-B1 1.551(5) , C2-B2 1.552(5), B1-Te1 2.260(4),
B2-Te1 2.247(4), C1-B1-B2 165.0(4), C2-B2-B1 164.1(3), C1- B1- Te1
123.9(3), C2— B2-Te1 124.8(2); (6) B1-B2 1.494(10), C1-B1 1.545(9), C2-B2
1.559(10), B1-Te1 2.254(7), B2-Te1 2.243(8), C1-B1-B2 164.7(7), C2-B2—
B1 163.6(7), C1- B1- Te1 123.7(5), C2— B2-Te1 125.4(5).

The boron-boron bond lengths in 5 and 6 were found to be
1.490(6) A and 1.494(10) A, respectively. These are moderately
longer than the B=B length in 4 (1.449(3) A),/"" yet substantially
shorter than those typically found in diborenes (~1.58 — 1.61



A).'%"3) Similar structural features are found in the organic
tellurirenium, which has a central C-C bond measuring
1.288(14) A" _ longer than the central bond in di-tert-butyl
acetylene (1.202(2) A)?* but significantly shorter than the ~1.34
A typical of the double bond in alkenes.”® The B-B—C angles in
5 and 6 (~163 — 165°) are only slightly bent from linearity,
though it is possible that the steric bulk of the two IDip groups
prevents more acute bending. These angles are slightly more
linear than the C—C—Cg, angles in 7, which measure 155.5(10)°
and 157.6(9)°.%'@ The Te atoms of 5 and 6 are highly
pyramidalized, which is unsurprising since a planar tricoordinate
Te atom would necessarily place two electrons into the -
system between the boron atoms, resulting in an antiaromatic
electron count of four.®®
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Figure 3. Comparison of the experimentally measured and DFT simul
Raman spectrum of 5. The multicolored spectra represent the calculate
Raman spectra for the three constitutive isotopologues of 5 as well aspgTHF
bound in the crystal. The grey line represents the summation of all five
spectra. The green vertical lines in the experi
the positions of the Raman peaks previously

The relatively slight deviation
complexation of [PhTe]" led

corresponding to the sym
isotopomeric combinations o
with 5 and 6 sh
to lower wavenu
decrease in bond

and '°B. The spectra recorded
ostic isotopic pattern, shifted

and "B/'°B isotopomers,
owed a very similar spectrum,

which is provided in Figure S3™*For comparison, the stretching

WILEY-VCH

frequencies attributed to the B=B stretch in 4 are given in Figure
3 in green. Though direct comparison to organic tellurirenium
species such as 7 was not possi s these compounds lack
Raman data, the redshifting of the (Av = ~120 cm™)

=~380 cm').2"
reducing boron-boron
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