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Abstract: An isolable phenylborylene species supported by
two oxazol-2-ylidene ligands was synthesized and structurally
characterized. Computational studies revealed the presence of
lone-pair electrons on the boron atom in this molecule;
therefore, there are eight electrons around the three-coordinate
boron center. The nucleophilic property was confirmed by the
reactions  with  trifluoromethanesulfonic  acid  and
[(thf)Cr(CO)s], which gave the corresponding conjugate acid
and a chromium-borylene complex, respectively.

-rrivalent boron compounds are normally electrophilic
because of the unoccupied 2p orbital in the valence shell of
the boron atom, which enables the boron atom to accept two
electrons. Accordingly, boranes behave as Lewis acids and
electrophiles in general organic and inorganic reactions.
Meanwhile, nucleophilic boron species have rarely been
characterized as they are usually persistent only at low
temperature,'! and the isolation of such species has attracted
significant attention in organoboron chemistry. Recently,
several strategies for the preparation of “bottle-able” nucle-
ophilic boron species have been developed (Figure 1).? In
2006, Nozaki, Yamashita et al. reported the first isolation of
boryl lithium species I, which bears two bulky 2,6-diisopro-
pylphenyl groups on the nitrogen atoms next to the boron
atom.®¥ Braunschweig etal. demonstrated that both
N-heterocyclic carbenes (NHCs) and transition metals may
effectively stabilize nucleophilic boron centers; thus, they
synthesized a borole anion supported by an NHC (IT)P*! as
well as dimetalloborylene IIL® which readily reacted with
methyl iodide to form a boron—carbon bond.P*! Interestingly,
Bernhardt et al. showed that the reaction of K[B(CN),] with
potassium yields the dianionic boron species K,[B(CN);]
(IV), where the anionic charge is delocalized onto the cyanide
groups.! Recently, Bertrand and co-workers reported the
first deprotonation reaction of an adduct between a neutral
borohydride and a cyclic (alkyl)(amino)carbene (CAAC),*!
which provided the corresponding CAAC-stabilized boryl
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Figure 1. Structurally characterized nucleophilic boron compounds.
ce=dibenzo-[18]crown-6, Dipp = 2,6-diisopropylphenyl, dme=1,2-
dimethoxyethane, Mes =2,4,6-trimethylphenyl.

anion V.'! Remarkably, by using two CAACs, Bertrand et al.
also synthesized the neutral tricoordinate nucleophilic boron
species VI, in which the strong electrophilicity of the CAACs
as m-acceptors is critical for delocalizing and stabilizing the
lone pair of the HB: fragment of VLI? Although VI is
reluctant to react with most electrophiles because of steric
congestion around the boron center, it readily reacted with
Brgnsted acids to yield the corresponding boronium ions,
indicating its potential as an electron-donating ligand.
Encouraged by all of these pioneering studies, we decided
to investigate the preparation of a neutral tricoordinate boron
ligand. Herein, we report the synthesis, single-crystal X-ray
diffraction, and computational studies of a novel tricoordi-
nate nucleophilic boron species. Its reactivity towards electro-
philes is also described.

To stabilize nucleophilic tricoordinate boron atoms in
a way that still allows them to react with electrophiles, ligands
that feature similar ;t-acceptor capabilities to CAACs but are
considerably smaller should be required. We chose oxazol-2-
ylidenes, because they possess lower-energy LUMOs with
respect to NHCs and are sterically less demanding because of
the presence of an oxygen atom next to the carbene
center.>!¥ As isolable oxazol-2-ylidenes are not available,
we decided to construct oxazol-2-ylidenes by N alkylation of
oxazolinyl groups attached to a boron center in the course of
the synthesis. The oxazolinyl groups were installed on the
boron atom by treatment of 2-lithio-4,4’-dimethyl-2-oxazolide
(1) with dichlorophenylborane in THF (Scheme 1). Without
further purification of the crude product 2, a subsequent
reaction with two equivalents of methyl trifluoromethanesul-
fonate in CH,Cl, afforded boronium cation 3 (85% yield),
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the boron atom to the carbene carbon atoms of the
oxazol-2-ylidene ligands. This was confirmed by
quantum chemical calculations. The optimized geom-
etry of 4 at the M05-2X/6-311G(d,p) level of theory is

Ph . . -
3 (©5%) in good agreement with experimental structural
’ parameters. Natural bond order (NBO) analysis
2KCBJTHF gave Wiberg bond index (WBI) values for the

N
/
Ph
4a 4b 4c
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Scheme 1. Synthesis of bis(oxazol-2-ylidene)—PhB: adduct 4 and its resonance

forms. Tf=trifluoromethanesulfonyl.

which was fully characterized by NMR spectroscopy and X-
ray diffractometry.’™ By reducing 3 with two equivalents of
potassium graphite, the desired product 4 was then obtained
as a red solid in 21 % yield. The "B NMR spectrum of 4
displays a sharp singlet at —1.1 ppm, which is shifted down-
field compared to that of 3 (—9.4 ppm). Although 4 is
extremely soluble in all solvents, a few single crystals were
obtained from a hexane solution at room temperature, and X-
ray diffraction revealed the solid-state structure of 4."" There
are four molecules in the unit cell, and they are nearly
identical except for one, which is disordered because of the
respective conformation of the two oxazol-2-ylidenes (see the
Supporting Information). The C1, C2, B1, and C3 atoms are in
a planar arrangement, confirming the trigonal-planar geom-
etry of the boron center (bond-angle sum: 359.1°), which is
characteristic for sp” hybridization (Figure 2). The B1-Cl
(1.496 (12) A) and B1-C2 distances (1.511(13) A) are signifi-
cantly shorter than those (1.617(19) and 1.59(2) A) in 3 and lie
between typical boron—carbon single and double bonds,
suggesting the delocalization of the lone-pair electrons on

Figure 2. Solid-state structure of 4, only the main conformer is shown
(hydrogen atoms omitted for clarity). Thermal ellipsoids are set at the
30% probability level. Selected bond lengths [A] and angles []; values
calculated at the M05-2X/6-311G(d,p) level of theory are given in
square brackets: B1-C1: 1.496 (12) [1.494], B1-C2: 1.511 (13) [1.500],
B1-C3:1.570 (12) [1.587]; C1-B1-C2: 118.1 (8) [120.2], C2-B1-C3:
117.9 (8) [118.5], C1-B1-C3: 123.1 (3) [120.7].
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B—C(carbene) bonds (1.26 for B1-C1 and 1.22 for
B1—C2) that support the partial B=C double-bond
character. Indeed, the HOMO of 4 displays an
electron lone pair on the boron atom that is
delocalized onto the p orbital of the two oxazol-2-
ylidene carbon atoms (Figure 3). Natural population
analysis (NPA) shows an almost neutral charge at the
boron center, which can be rationalized by the charge
exchange that occurs through carbene —BPh o do-
nation and BPh—carbene m back-donation, indicat-
ing the great contribution of the resonance forms 4a
and 4c¢ rather than 4b. Note that 4a can be viewed as
a bis(oxazol-2-ylidene)—phenylborylene adduct. The IR spec-
trum of 4 in a THF solution displayed a signal at 1180 cm™!
corresponding to the stretching of the B—C(phenyl) bond,
which is in agreement with computational results (mode 74:
1195 cm™'; see the Supporting Information) and comparable
to the results obtained at 10 K in a N, matrix for the free
phenylborylene PhB: (1225/1215 cm™).01%!

Figure 3. Plot of the HOMO (—4.80 eV) of 4 calculated at the M05-2X/
6-311G(d,p) level of theory.

Under argon atmosphere at room temperature, com-
pound 4 is stable both in the solid state and in solution for
several months, but rapidly decomposes upon exposure to air.
To investigate the reactivity of 4 toward Brgnsted acids, we
added one equivalent of trifluoromethanesulfonic acid to
a solution of 4 in toluene at —30°C. After removing the
solvent in vacuo, the conjugate acid § was obtained in 75 %
yield (Scheme 2). The "B NMR spectrum of 5 displays
a doublet (Jyy=87.9Hz) at —21.2 ppm, which is due to
coupling with the hydrogen atom. The boronium nature of §
was confirmed by single-crystal X-ray diffraction, which
revealed the presence of a tetracoordinate boron center
(Figure 4, top).! The electron-donating property of 4 to
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Scheme 2. Reaction of 4 with HOTf and [(thf)Cr(CO);].

Lewis acids was also confirmed by the reaction with transition
metals. The reaction of 4 with a THF solution of
[(thf)Cr(CO)s], which had been freshly generated by irradi-
ation of [Cr(CO)], proceeded instantaneously, and after
work-up, complex 6 was isolated as a yellow solid in 65 %
yield. It is noteworthy that the direct synthesis of borylene—
transition-metal complexes through the reaction between
neutral borylene species and neutral transition metals has not
been reported thus far.'"” The ''B NMR signal of 6 appears as
a singlet at —21.2 ppm, which is shifted upfield from that of 4.
Single crystals of 6 were obtained from a saturated toluene
solution at —25°C, and X-ray diffraction analysis disclosed

Figure 4. Solid-state structures of 5 and 6 (hydrogen atoms omitted
for clarity). Thermal ellipsoids are set at the 309% probability level.
Selected bond lengths [A] and angles [°] for 5: B1-C1: 1.596 (7),
B1-C2:1.616 (7), B1-C3: 1.618 (12); C1-B1-C2: 111.8 (4), C2-B1-C3:
113.2 (9), C1-B1-C3: 104.0 (9). For 6: B1-Cr1: 2.535 (2), B1-C1: 1.561
(3), B1-C2: 1.568 (3), B1-C3: 1.614 (3), Cr1-C4: 1.831 (2), Cr1-C5:
1.886 (2); C1-B1-C2: 112.56 (16), C2-B1-C3: 115.50 (17), C1-B1-C3:
113.63 (16).
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that the tetracoordinate boron atom coordinates to the
chromium(0) center in an n' fashion (Figure 4, bottom).["”!
The B1—Cr1 distance of 2.535(2) A is significantly longer than
those (ca. 1.878-1.996 A) reported for terminal borylene—
chromium complexes [(OC);Cr=BR],!"® indicating a lack of
Cr—B m-backbonding in 6. Consequently, the enhanced
interaction between the Cr atom and the carbonyl ligands
induces the shorter Cr—C distances in comparison to those
found in [(OC)sCr=BR]. This was also confirmed by the
infrared CO vibration frequencies of 6 (1892, 1933, 1977, and
2016 cm™"), which are significantly red-shifted with respect to
those of [(OC);Cr=BR].['¥

In summary, we have demonstrated that two oxazol-2-
ylidenes effectively stabilize a PhB: fragment, affording
adduct 4. X-ray diffraction and computational studies
revealed the presence of a lone pair on the trigonal-planar
boron center, which readily reacts with both Brgnsted and
Lewis acids. This result illustrates the direct preparation of
borylene—transition-metal complexes using tricoordinate
nucleophilic boron ligands that are synthetically available.
Investigations concerning the further reactivity and ligand
properties of 4 are underway in our laboratory.
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