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Boryllithium: A novel boron nucleophile and its
application in the synthesis of borylmetal
complexes*
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Abstract: The first boryl anion, boryllithium, was synthesized by a reduction of bromoborane
precursor using lithium naphthalenide in tetrahydrofuran (THF) solvent at —45 °C. Structural
and spectroscopic study revealed an ionic character of B—Li bond. Boryllithium could be uti-
lized as a source of boryl ligand in the transition-metal chemistry. Structural and spectro-
scopic features of the resulting boryl complexes confirmed the large trans influence of boryl
ligand.
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INTRODUCTION

For most of the p-block elements in the second row of the periodic table, anions can be prepared as
lithium salts, such as lithium fluoride (LiF), lithium hydroxide (LiOH), lithium amide (LiNH,), and
methyllithium (H;CLi) [1]. However, there have been no direct observations of the lithium salt of
anionic boron atom, boryllithium (a parent H,BLi or its analog) [2]. Since 1952, three examples [3-5]
have been reported asserting the existence of alkali metal salts of anionic organoboron compounds as
reactive intermediates, but none of these studies succeeded in spectroscopic characterization or isola-
tion of the boryl anions [6—16]. This limitation for availability of boryl anion also narrows the chem-
istry of boryl transition-metal complexes [17-22], which show unique catalytic activity [23-29]. In fact,
the following three types of reactions are the major methodologies to introduce a boryl ligand [17-22]:
(1) salt elimination through the reaction of anionic metal carbonyl complexes with haloboranes [30];
(2) oxidative addition of a boron-heteroatom bond to low-valent transition metals [31]; and (3) o-bond
metathesis reactions between alkyl metal complexes and hydroboranes in the presence of light [32] or
oxygen-substituted metal complexes and diborane [33-35]. Thus, a new and general methodology for
the synthesis of boryl complexes by use of boryl anion would enable access to new types of boryl com-
plexes. Here, we briefly review our recent discovery of boryllithium, which can be considered as a boryl
anion, and its substitution onto the metal center of transition-metal halides [36-38].

*Paper based on a presentation at the 14 International Symposium on Organometallic Chemistry Directed Towards Organic
Synthesis (OMCOS-14), 2—-6 August 2007, Nara, Japan. Other presentations are published in this issue, pp. 807-1194.
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RESULTS AND DISCUSSION
Synthesis, structure, and reactivity of boryllithium

Synthesis of boryllithium

Scheme 1 illustrates the synthesis of boryllithium 5. The B-Li bond of boryllithium can be drawn as a
resonance between a covalent and an ionic bond. The isoelectronic relation of the boryl anion to a sin-
glet carbene prompted us to synthesize diaminoboryllithium 5 [39] as an isoelectronic analog of stable
N-heterocyclic carbene 7 (Fig. 1) [40,41]. Also, the parent N-heterocyclic boryl anion 8 was predicted
to realize aromatic stabilization by the five-membered ring structure containing two nitrogen atoms
[42,43]. The nitrogen-containing five-membered ring structure has led to successful isolation of a free
anionic gallium(I) species 9a,b, which are heavier congeners of boryl anion [44,45]. Large 2,6-diiso-
propylphenyl groups were introduced on the nitrogen atoms to prevent the boryl radical intermediates
from dimerizing to diborane [5,46—48]. A bromoborane precursor (4) [36,37] was synthesized in 77 %
yield from diimine 1 [49]. The bromoborane 4 was successfully reduced to the boryllithium 5§ with the
use of a combination of lithium powder and naphthalene in tetrahydrofuran (THF) at —45 °C. The re-
action of § with water quantitatively gave a hydroborane 6 [50]. Treatment of § with D,O afforded the
corresponding deuterioborane 6-D in 82 % yield, which indicates that 6 was mostly generated from the
reaction of 5 with water rather than with the solvents or ligand backbone.

Dlp = 2,6-(i—Pr)206H3
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Scheme 1 Synthesis of boryllithium 5.
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Fig. 1 Reference compounds [Dip = 2,6-(i-Pr),C4H;].
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Structure of boryllithium

The DME-coordinated dimeric structure of boryllithium [S-DME], was confirmed by X-ray crystall(o)-
graphic analysis (Fig. 2). The solid-state structure of [S-DME], Qreveals a B-Li bond of 2.291(6) A,
which is 8.5 % longer than the sum of the covalent radii (2.11 A) of boron and lithium atoms [51].
Structural comparison of [S-DI\/OIE]2 with related compounds (Table 1) shows that the two BTN bond
lengths [1.465(4) and 1.467(4) A] in [S-DME], are longer than those [1.418(3) and 1.423(3) A] in the
hydroborane 6, and that the angle of NI1-B1-N2 [99.2(2)°] in [S-DME], is smaller than that in 6
[105.25(16)°]. These B-N lengths and the N—B—Ncangle in [S-DME], are closer to those in the previ-
ously calculated free boryl anion 8 (B-N = 1.475 A; N-B-N = 97.72°) [42] than to those in 6, consis-
tent with a highly polarized B-Li bond and anionic character of the boron center in 5. The structural
change from 6 to [S-DME], is similar to that from the corresponding imidazolium salt 10 to singlet car-
bene 7 [52], reflecting the similar electronic character between [S-DME], and 7.

Fig. 2 Crystal structure of [S-DME], with 50 % thermal ellipsoids (hydrogen atoms and minor portions of
disordered isopropyl groups were omitted for clarity).

Table 1 Structural comparison of boryllithium 5 with related compounds [Dip = 2,6-(i-Pr),CsH;].

compounds 6 [5-DME], 8 10 7

1.418(3) 1.465(4) 1341 1.364 =\
BorO-N(A) {433y 1.467(4) 1475 17338 1369 Dip~ N N-pjp

N-B(or C)-N (°) 105.25(16) 99.2(2) 97.72 107.6 101.4 0 h cP

reference this work  this work 42 52 52

Spectroscopic features of boryllithium

The boryllithium compound [S-DME], was also spectroscopically characterized in THF-dg solution. In
the 'H NMR spectrum of [S-DME], in THF-dg, DME was found to dissociate from the lithium atom
(free DME resonances were observed at 3.42 and 3.26 ppm). The "B NMR spectrum of 5 showed a
resonance at 45.4 ppm with a large half-width of Ay, = 535 Hz. The lower field shift and larger half-
width of this signal relative to those of hydroborane 6 (35 22.9 ppm, /1, = 379 Hz) can be attributed to
the paramagnetic contribution to nuclear shielding by the low-lying transition from an sp? lone pair of
the boryl anion to the m* orbital on the dihydrodiazaborole ring, as was reported for the isoelectronic
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singlet diaminocarbene [53]. Absence of splitting in the proton-coupled 'B NMR spectrum of 5 con-
firmed that there is no B—H bond in 5, whereas a 1'B-'H coupling constant of 154 Hz was detected for
6. The "Li NMR spectrum of 5 showed a broad singlet signal with a peak at 0.46 ppm and a half-width
of hy, = 36 Hz; the large half-width may originate from the interaction of the lithium with the quadru-
ple boron nucleus [54]. Thus, the NMR spectroscopy of boryllithium 5 also indicates that the central
boron atom has an anionic character with a highly polarized B-Li bond in solution.

A new methodology for the syntheses of boryl transition-metal complexes:
Systematic study on the trans influence of boryl ligand

Syntheses of group 11 transition-metal boryl complexes

As many gallyl transition-metal complexes have been synthesized by nucleophilic introduction of an-
ionic gallium species 9b onto the transition-metal center [55-61], we also tried to the nucleophilic intro-
duction of boryl ligand using boryl anion [62]. IMes-borylmetal complexes 11-13 [IMes =
N,N'"-bis(2,4,6-trimethylphenyl)-imidazole-2-ylidene] and PPhy-borylgold(I) complex 14 were synthe-
sized through addition of S to equal amounts of IMes- or PPhs-ligated group 11 metal chlorides in THF
(Scheme 2). All complexes were characterized by spectroscopic, elemental, and X-ray analyses and
were shown to have a linear, two-coordinate structure (Fig. 3). Complexes 12-14 are the first examples
of fully characterized borylsilver and borylgold complexes.

| N =\ N._N
Dlp/ \$/ \Dlp IMesMCI D|p/N\ /N\D|p PPh3AUC| Dlp/ \$/ \D|p
M B Au
& L PPh
Mes\N/ \N,Mes 5 3
\—/ _ 14
M = Ag (12) \
M = Au (13) —

Scheme 2 Syntheses of group 11 borylmetal complexes with boryllithium 5 (yields of isolated product).

Fig. 3 Crystal structure of 12 with 50 % thermal ellipsoids (hydrogen atoms were omitted for clarity).
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Structure of boryl complexes

Structural parameters of boryl complexes 11-14 are summarized in Table 2. In the borylcopper com-
plex 11, the Cu-B and Cu-C bond lengths are shorter than those in the recently isolated borylcopper
complex 15 [Fig. 4.; 2.002(3) and 1.937(2) A][35]. Borylsilver complex 12 possesses two-center—two-
electron (2c—2e) Ag—B bond that is shorter than the silver—boron interactions (2.35-2.76 A) [63] in the
previously reported hydroborane silver complexes, which have 3c—2e bonds consisting of boron, hydro-
gen, and silver atoms. Similarly, borylgold complexes 13 and 14 also have 2c—2e Au-B bond that is
shorter than the gold—boron interactions (2.14-2.68 A) [64] in cage compounds containing gold and
boron atoms in which the boron atom forms one or more multicenter—multielectron bonds.

Table 2 Observed NMR chemical shifts of !B, 13C(carbene), and 31P
nucleus, and selected bond lengths obtained from crystallographic data for
11-14 and reference compounds 16-20.

Complexes 3y 8¢ 3p M-B (A) M-C(P) (A)
11 389 1853 1.980(2) 1.918(2)
12 407  194.6 2.118(2) 2.1207(18)
13 451  217.0 2.074(4) 2.078(4)
14 45.4 577 2.076(6) 2.3469(13)
IMesAgCl (16) 184.0 2.056(7)
IMesAuCl (17) 173.4 1.998(5)
PPh;AuCl (18) 33.5 2.235(3)
PPh;AuPh (19) 44.0 2.296(2)
PPh;AuMe (20) 47.7 2.279(8)
O. EI%/O
(|3u
Dip~p-C N -Dip
\—/
15

Fig. 4 Related borylcopper complex 15 [Dip = 2,6-(i-Pr),C¢H;].

Trans influence of boryl ligand

The strong trans influence of a boryl ligand [65-67] is demonstrated by the following three features: (1)
smaller silver—carbon coupling constants !/ Agin12 (81 and 88 Hz to 107Ag and 109Ag, respectively)
than those in [IMesAgCl] (16; 234, 270 Hz) [68]; (2) the M-C_, ; ... bonds in 12 and 13 are longer than
those of reference [IMesMCl] complexes 16 and 17 (M = Ag [68], Au [69]); and (3) the Au—P bonds
in 14 are longer than those in a series of PPh3—AuI complexes 18-20 [70-72] that have an additional
anionic ligand (Cl, Ph, or Me).
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CONCLUSION

A boryl anion, boryllithium, has been synthesized and fully characterized. This novel species reacted
with group 11 transition-metal chloride to form the corresponding boryl complexes.
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