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Coordination of a Phosphine-Tethered Aminoborane to
Group 10 Metals
Martine R. Tiddens,[a] Bram T. Kappé,[a] Tom J. Smak,[a] Martin Lutz,[b] and
Marc-Etienne Moret*[a]

While π-complexes of C=C bonds are ubiquitous in organo-
metallic chemistry, analogous complexes of the isoelectronic
but strongly polarized B=N double bond of aminoboranes are
extremely scarce. To address this gap, a diphosphine-amino-
borane ligand (PhDPBAiPr) is introduced and its coordination
with group 10 metals is investigated. The B=N bond does not
coordinate to the metal in Pt(0) and Pd(II) complexes. In
contrast, side-on coordination of the B=N bond is observed in
the Ni(0) complex (PhDPBAiPr)Ni(NCPh), and the X-ray crystal

structure reveals B� N bond elongation compared to the free
ligand. The choice of co-ligand strongly influences the presence
or absence of side-on coordination at Ni(0) as evidenced by
NMR spectroscopy. While the B=N π-complex is geometrically
similar to C=C analogues, a bonding analysis reveals that the
interaction of the B=N motif with the electron-rich Ni(0) center
is best described as 3c4e hyperbond, in which Ni and N are
competing for the empty orbital on B.

Introduction

Transition metal complexes of π-ligands like alkenes and
alkynes are pivotal intermediates in catalytic reactions including
hydrogenations, hydroadditions, and polymerizations. Their
coordination is generally described by the Dewar–Chatt–
Duncanson (DCD) model,[1,2] which consists of two orbital
interactions: π-donation to the metal and backbonding from
the metal to a ligand π* orbital. These interactions give rise to
two resonance structures: the π-complex (Figure 1, A) and the
metallocycle extreme (Figure 1, B), the latter dominating with
strong π-backdonation.

π-Complexes of polar double bonds are attracting interest.
An electronegative heteroelement (C=N, C=O) lowers both the
π and π* orbital, resulting in primarily acceptor ligands.[3–6] In
contrast, the electron-deficient element boron affords anionic
borataalkene (C=B)� ligands (Figure 1, C),[7] which engage in
both alkyl-like η1-(C) and alkene-like η2-(B,C) coordination.[7–11]

Bourissou and co-workers reported a platinum complex of an
η2-(P=B) phosphineborane (Figure 1, D) exhibiting a polarized
DCD bonding situation: bonding occurs mainly from
phosphorus and backbonding mainly towards boron.[12]

A perhaps more common class of compounds featuring
polar π-bonds are aminoboranes (R2BNR2). These are intermedi-
ates in the dehydrogenation of amine boranes,[13] and their B� N
bond is described by two resonance extremes (Figure 1): one
features a nitrogen-centered lone pair (E), and the other a
dative N!B π-bond (F).[14,15] Though isoelectronic to the C=C
bond, the polar B=N bond differs in reactivity.[16] Aminoborane
monomers can dimerize under ambient conditions,[17] and B=N
bonds have a relatively low rotation barrier (5–25 kcal/mol).[15,18]

Since a B� N bond rotation disrupts the dative π-bond, it is
associated with B� N bond elongation.[19] Similar elongation is
observed in boranes bearing more than one π-donating amino
substituent due to competition for the empty orbital on
boron.[20]

Somewhat surprisingly, the coordination chemistry of
isolated B=N bonds to transition metals is virtually unexplored.
If B� H bonds are present, σ-(B,H) bond coordination is generally
preferred.[21–25] Calculations indicate that side-on B=N coordina-
tion is energetically less favorable, but accessible.[21,26–28] One
structurally characterized η2-(B=N) complex was recently pre-
pared by Ozerov and co-workers (Figure 1, G)[29] via N� H
activation across an iridium-boryl bond. We reasoned that the
pincer ligand design, which positions a functional group in close
proximity to a metal center, would help stabilizing side-on
coordination of an B=N motif. Supporting this idea, group 10
examples of related pincer η2-olefin complexes have been
reported for Pd[30] and Ni.[31,32]

Herein, we describe the synthesis of bis[2-(diphenylphosphi-
no)-phenyl](diisopropylamino)-borane (PhDPBAiPr), a new pincer
ligand with a B=N fragment at the central position. We
investigate its coordination to group 10 metals. While the B=N
bond remains uncoordinated in most cases, one Ni(0)-complex
featuring the desired side-on coordination mode is isolated and
structurally characterized (Figure 1, this work). Computational
investigations shed light on its unusual bonding situation.

[a] M. R. Tiddens, B. T. Kappé, T. J. Smak, Dr. M.-E. Moret
Organic Chemistry and Catalysis, Faculty of Science, Utrecht University
Institute for Sustainable and Circular Chemistry
Universiteitsweg 99, 3584 CG, Utrecht, The Netherlands
E-mail: m.moret@uu.nl

[b] Dr. M. Lutz
Structural Biochemistry, Faculty of Science, Utrecht University
Bijvoet Centre for Biomolecular Research
Universiteitsweg 99, 3584 CG, Utrecht, The Netherlands

Supporting information for this article is available on the WWW under
https://doi.org/10.1002/chem.202400666

© 2024 The Authors. Chemistry - A European Journal published by Wiley-VCH
GmbH. This is an open access article under the terms of the Creative
Commons Attribution License, which permits use, distribution and re-
production in any medium, provided the original work is properly cited.

Wiley VCH Dienstag, 28.05.2024

2432 / 351420 [S. 234/240] 1

Chem. Eur. J. 2024, 30, e202400666 (1 of 7) © 2024 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH

Chemistry—A European Journal 

www.chemeurj.org

Research Article
doi.org/10.1002/chem.202400666

http://orcid.org/0000-0003-1524-9629
http://orcid.org/0000-0002-3137-6073
https://doi.org/10.1002/chem.202400666
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fchem.202400666&domain=pdf&date_stamp=2024-05-08


Results and Discussion

The PhDPBAiPr ligand was synthesized by reacting
dichloro(diisopropylamino)borane with two equivalents of o-
(diphenylphosphino)phenyllithium[33,34] (Scheme 1). Its X-ray
crystal structure (Figure 2) exhibits crystallographic C2-symme-
try. A relatively short B1� N1 bond (1.396(3) Å) and a small
C1� B1� N1� C19 A torsion angle (� 1.7(2)°) are consistent with a
N!B π-bond.[15,17] Furthermore, long P⋯B distances
(3.1603(9) Å) indicate no dative interaction akin to that found
for the related triphosphine-borane [o-(iPr2P)C6H4]3B (P⋯B=

2.154 Å).[35]

In solution, PhDPBAiPr displays a broad 11B NMR signal at δB

44 ppm.[17] A single 31P NMR resonance (δP � 10.1 ppm) is
observed at room temperature, which decoalesces at � 90 °C
into three singlets (δP � 9.5 ppm, � 14.1 ppm and � 14.5 ppm) in
a ratio of 2 :2 : 3 (Figure S1). This suggests that PhDPBAiPr exists
as a mixture of an unsymmetric and a symmetric conformer
(Scheme S1) which are connected by a C� B rotation but do not
feature a P!B interaction. In support of this interpretation, DFT
calculations predict a small energy difference (0.8 kcal/mol)
between these two conformers (see SI section 2.1). The absence
of intramolecular P!B bonds, which are observed in related
diphosphine-borane compounds,[35–37] likely originates from π-
donation from the nitrogen substituent decreasing the Lewis
acidity of the borane.

Treating PhDPBAiPr with (MeCN)2PdCl2 afforded the yellow
complex (PhDPBAiPr)Pd(II)Cl2 (1) quantitatively (Scheme 1). An X-
ray crystal structure determination (Figure 3) revealed a square
planar geometry (ΣPd=360.28(3)°) with the two chloride
ligands in cis-positions. The PhDPBAiPr ligand coordinates overall
k2(P,P) with a P� Pd� P angle of 94.771(16)° and a small
C62� C12� C11� C61 torsion angle of � 23.4(2)°. This torsion
angle is smaller than that in in analogous Pd(II) complexes of
PEP-pincer ligands (E=CH2: 40°;[38] E=S: 30°[39]), which suggests

Figure 1. Schematic bonding of ethylene (A and B) to a transition metal centre; Resonance extremes of the nitrogen lone pair in aminoborane (E and F);
Examples of polarized ligands coordinating to transition metal centres (C, D and G) including this work (P1=P(iPr)2; Cy=cyclohexyl-; PhCN=benzonitrile;
arrows indicate dative bonds).

Scheme 1. Synthesis of PhDPBAiPr in two steps (step 1: Et2O, � 78 °C to rT, 1 h;
step 2: toluene, � 78 °C to rT, overnight) and coordination of PhDPBAiPr to
Pd(II) (1; THF, 30 min, rT), Pt(0) (2; THF, 50 °C, 36 h), and Ni(0) in the presence
of various co-ligands (BPI=benzophenone imine; PhCN=benzonitrile). The
Ni-complexes are synthesized in overnight reactions which are performed in
benzene at rT.

Figure 2. Molecular structure in the crystal of PhDPBAiPr. Ellipsoids are drawn
at 50% probability. Only the major conformation of the disordered isopropyl
group is shown. Hydrogen atoms are omitted for clarity. Selected bond
lengths (Å) and angles (deg): B1� N1 1.396(3), P1…B1 3.1603(9),
C1� B1� N1� C19 A � 1.7(2), ΣB 360.00(19), ΣN 360.0(6). Symmetry code i: 1=2-x,
y, -z.
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that a central boron atom renders the ligand backbone some-
what more flexible than a carbon or sulfur atom.

The aminoborane unit is not coordinated to the Pd(II)-
center, as shown by Pd⋯B (2.903(2) Å) and Pd⋯N (3.3884(15) Å)
distances being significantly longer than the sum of covalent
radii (Pd,B: 2.23 Å; Pd,N: 2.1 Å).[40] Even though these distances
are within the sum of van der Waals radii (Pd,B: 4.06 Å; Pd,N:
3.81 Å),[41] which might suggest a weak interaction, the position
of the B� N bond is more likely imposed by the rigid backbone
of the k2(P,P) PhDPBAiPr ligand. Supporting this interpretation,
the boron atom is only slightly pyramidalized (ΣB=357.0(3)°),
the nitrogen atom remains planar (ΣN=360.0(6)°), and the B� N
bond is not elongated compared to the free ligand.

In the solid state, the B=N motif is roughly parallel to the
Pd� Cl2 bond (Figure 3), rendering the two phosphorus atoms
chemically inequivalent. In solution, a single 31P NMR signal at
δP 36.1 ppm suggests the presence of a fast, fluxional process
involving a pendulum motion of the B=N fragment from Cl1 to
Cl2 facilitated by the flexible 8-membered chelate ring. Tauchert
and co-workers observed a similar fluxional process for
PhDPBPh� PdCl2 (PhDPBPh=bis[2-
(diphenylphophino)phenyl]borane) featuring a pendular B� CPh

motif.[42] In that case, the η1-(B) coordination of the B� CPh to
Pd(II) decreases the flexibility of the ligand backbone resulting
in a broad 31P NMR signal at room temperature which splits into
two broad singlets at � 30 °C.

The bidentate coordination mode of PhDPBAiPr in 1 also
contrasts with the tridentate coordination of iPrDPBPh to Pd(II),[43]

for which a weak Pd!B interaction is observed (Pd� B:
2.650(3) Å, ΣΒ=354.9(9)ο). This difference is in line with the
nitrogen-centered lone pair being much more π-donating to
the formally empty orbital on boron than a phenyl group,
making the borane less σ-accepting.

Next, coordination to a more basic Pt(0)-center was
investigated. Heating a 1 :1 mixture of PhDPBAiPr and Pt(PPh3)4 in
THF for 36 h at 50 °C afforded complex (PhDPBAiPr)Pt(0)PPh3 (2)
in 64% yield (Scheme 1). The 31P NMR spectrum of 2 is

consistent with an A2B system[44] with 2JA,B=125 Hz, and its 8-
lines 195Pt NMR spectrum can be simulated as an A2BX system[45]

(X=Pt) with 1JA,X=4521 Hz, 1JB,X=4231 Hz and 2JA,B=125 Hz.
Both spectra indicate that the two phosphorus atoms of the
PhDPBAiPr ligand are equivalent in 2. In the 13C NMR spectrum of
2, the B� C (δC 154.5 ppm) and N� C (δC 50.3 ppm) signals have
very similar chemical shifts to those of free PhDPBAiPr (δC

154.7 ppm; δC 50.6 ppm) and complex 1 (δC 153.0 ppm; δC 54.2),
suggesting that the B=N motif does not coordinate to the Pt(0)-
center.

This was confirmed by an X-ray crystal structure determi-
nation (Figure 3). The platinum center adopts a slightly
distorted trigonal geometry with k2(P,P) coordination of Ph-
DPBAiPr and one additional PPh3 ligand. The P� Pt� P bite angle
of PhDPBAiPr (121.03(7)°) is significantly larger than in the square
planar Pd(II) complex 2. As suggested by the spectroscopic
data, the B=N motif does not coordinate to Pt: the Pt⋯B
(3.368(8) Å) and Pt⋯N distance (3.868(5) Å) are significantly
longer than the sum of covalent radii (Pt,B 2.2 Å and Pt,N
2.07 Å).[40] The boron atom is slightly pyramidalized (ΣB=

355.5(11)°), but much less than observed for phosphine-
tethered Pt(0)!B retrodative bonds (ΣB=334°–336°)[37,46] or
related η2-(B,CPh)

[37] and η2-(P=B)[12] complexes (ΣB=345°–354°).
The slight pyramidalization in 2 likely originates from strain
imposed by the PhDPBAiPr bite angle rather than from a direct
Pt⋯B interaction. A space-filling model of 2 (Figure S4)
illustrates how the isopropyl substituents on nitrogen and the
PPh3 co-ligand compete for the same space, suggesting that
steric repulsion may prevent B=N motif coordination. Our
combined observations on 1 and 2 show that PhDPBAiPr can
accommodate a wide range of P� M� P bite angles (94°–121°)
which is tentatively ascribed to the flexibility of the central
boron atom.

Finally, nickel(0) was found to be the metal of choice to
access the desired η2-(B,N) coordination mode, combining
relatively strong basicity with facile ligand exchange. Treating
PhDPBAiPr with Ni(COD)2 and benzonitrile afforded the nickel

Figure 3. Molecular structures in the crystals of 1, 2 and 3a. Ellipsoids are drawn at 50% probability. For clarity, hydrogen atoms are omitted and selected
phenyl-rings are displaced in wireframe style (as well as the isopropyl-residues in 1). Selected bond lengths (Å) and angles (deg), for complex 1: B1� N1
1.404(2), Pd1…B1 2.903(2), Pd…N 3.3884(15), C61� C11� C12� C62 23.39, P1� Pd1� P2 94.771(16), ΣB 357.0(3), ΣN 359.8(3). For complex 2: B1� N1 1.405(9), Pt1…
B1 3.368(8), Pt1…N1 3.868(5), P1� Pt1� P2 121.03(7), ΣB 355.5(11), ΣN 359.9(10). For complex 3a: B1� N1 1.4940(18), Ni1� B1 2.1397(15), Ni1� N1 2.1438(11),
P1� Ni1� P2 119.357(15), ΣB 354.30(19), ΣN1 353.32(18).
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complex 3a in 79% yield (Scheme 1). Its X-ray crystal structure
(Figure 3) reveals a distorted tetrahedral geometry with
k3(P,B=N,P) coordination of PhDPBAiPr, the aminoborane frag-
ment engaging in η2-(B,N) coordination to Ni(0). The Ni� B and
Ni� N distances are comparable (Ni� B: 2.1397(15) Å and Ni� N:
2.1438(11) Å), resulting in a symmetric coordination geometry.
A substantial B� N bond elongation (1.4940(18) Å vs 1.396(3) Å
in PhDPBAiPr) and pyramidalization of both B and N atoms (ΣN=

353.32(18)°, ΣB=354.30(19)°) closely match the geometrical
changes observed for olefins upon coordination.

The similar Ni� B and Ni� N bond lengths contrast with the
(iPrPBN(H)nBuP)Ir(H)CO complex (Figure 1, G),[29] to our knowledge
the only other structurally characterized η2-(B,N) coordination of
an aminoborane unit. There, the longer Ir� B distance
(2.272(3) Å) compared to Ir� N (2.175(2) Å) have been inter-
preted as a retrodative B !Ir bond complemented by a dative
N!Ir bond. The more symmetrical B=N coordination in 3a
suggests a stronger accepting character of the B=N fragment
when bound to Ni(0) as compared to the less electron-rich Ir(I).

Spectroscopic evidence for η2-(B,N) coordination in solution
was obtained by NMR. A single 31P NMR signal at 25 ppm
indicates a symmetric coordination of PhDPBAiPr to nickel, and
the upfield shift of the 11B NMR signal of 3a to δB 23 ppm (ΔδB=

� 20 ppm compared to free PhDPBAiPr) supports borane
coordination.[47] Furthermore, shifted B� C (δC 161 ppm, ΔδC=

+6 ppm) and N� C (δC 58 ppm, ΔδC= +7 ppm) 13C NMR signals
with respect to free PhDPBAiPr (B� C: 154.7 ppm; N� C: 50.6 ppm)
confirm symmetric side-on coordination of the B=N bond in
solution. These 13C NMR signals are convenient handles
complementary to 11B NMR in assessing side-on B=N coordina-
tion in solution (Table S2).

To investigate co-ligand effects on B=N coordination, Ni(0)-
complexes of PhDPBAiPr featuring either PPh3 (3b), styrene (3c)
or benzophenone imine (BPI, 3d) as stabilizing co-ligand were
synthesized following similar procedures (Scheme 1). The
31P NMR spectrum of (PhDPBAiPr)Ni(0)PPh3 (3b) displays an A2B
system (2JA,B=79 Hz) consistent with a k2(P,P) coordination of
PhDPBAiPr to the Ni(0)-center, which is additionally stabilized by
a PPh3 co-ligand. Furthermore, the characteristic 13C NMR and
11B NMR handles (Table S2) indicate a pendant B=N motif,
making 3b isostructural to 2. Next to PPh3, a competing π-
ligand (styrene) or a larger co-ligand (BPI) can also displace the
η2-(B,N) coordination as inferred from the 13C and 11B NMR
spectra of 3c and 3d, respectively (see SI for full NMR analysis).
Of note, a close inspection of multinuclear NMR data for 3d
suggests a rapid equilibrium between two isomers, coordina-
tion of the B=N bond being coupled with a change of
coordination mode of the BPI ligand from η2-(C=N) to η1-(N)
(see SI section 2.4). Hence, the B=N interaction can be displaced
by either a donor ligand (PPh3) or a π-acceptor ligand (styrene).
This contrasts with analogous nickel complexes featuring a
side-on coordinated ketone, which is only displaced by a
strongly π-accepting alkyne but not by PPh3 or styrene.[3] This
difference likely has both steric and electronic origins: the
isopropyl substituents on N clash with large ligands such as
PPh3, while the η2-(B,N) coordination is weaker than η2-(C,O)
coordination allowing its facile displacement by π-ligands.

Consequently, only a small donor ligand such as η1-PhCN allows
for the targeted η2-(B,N) coordination.

The frontier Kohn–Sham molecular orbitals of 3a feature
five filled orbitals of primarily d-character, which supports a d10

configuration (Figure S42). One of them (HOMO� 1) shows
some bonding with boron. More insights into the nature of the
interaction of the B=N motif with Ni(0) in 3a is provided by DFT
calculations including Natural Bond Orbital (NBO)[48] and
Quantum Theory of Atoms in Molecules (QTAIM)[49,50] analysis.

NBO analysis of the free ligand PhDPBAiPr identifies a
strongly polarized σ-(B,N) bonding orbital (19% B; 81% N) and
an N-centered lone pair with 99% p character in the principal
Lewis structure (similar to resonance structure E in Figure 1).
Second order perturbation analysis finds a strong donation
(76.7 kcal/mol) from the N lone pair to an empty B-centered p
orbital. Significant π-(B,N) bonding is additionally confirmed by
a B� N Wiberg bond index (WBI) of 1.04 (see SI section 5.3). As a
consequence, the natural localized molecular orbital (NLMO)
derived from the N lone pair is strongly delocalized towards B
(14%, Figure S40). Reassuringly, imposing the Lewis structure
containing a B=N double bond as a starting point yields a very
similar NLMO, now derived from the π-(B,N) bonding orbital. N
contributions of 76%–85% for the σ- and π-(B,N) bonds have
been previously reported and attributed to the formal dative
character of the B� N π bond.[51]

Upon coordination of the B=N π-bond to nickel (3a), the
total natural charge of the BN fragment decreases by Δq(B=

N)= � 0.34 e� , indicating transfer of electron density from nickel
to the acceptor B=N motif (Table S5). The charge on nitrogen
remains almost constant (Δq(N)= � 0.02 e� ) while the charge on
boron changes significantly (Δq(B)= � 0.32 e� ), suggesting that
most of the bonding occurs between Ni and B. WBIs of 0.32 for
the (Ni,B) atom pair and of only 0.10 for (Ni,N) confirm the
electronically unsymmetric nature of the Ni� (BN) interaction.

This dissymmetry is supported by a QTAIM analysis of the
electron density in 3a (Figure S41). It identifies a Ni� B bond
critical point (BCP) in the negative Laplacian region (r2ρ=

� 0.15 a.u.), indicative of a covalent interaction. In contrast, the
Ni� N BCP (r2ρ= +0.084 a.u.) is found very close to the
corresponding ring critical point (RCP), implying that the BCP is
a very shallow density maximum on the interatomic surface,
consistent with a very weak, ionic Ni� N interaction. In stark
contrast, a previously reported QTAIM analysis on a closely
related η2-olefin complex of Ni(0)[31] shows ionic Ni� C bonds
and a central RCP, both consistent with electronically symmetric
bonding of the olefin motif to nickel.

A more detailed bonding picture is again provided by an
NBO analysis of 3a, which finds a principal Lewis structure
featuring five filled, nonbonding d orbitals on the Ni(0) center
and a lone pair on N (Figure 4, top box). Consequently, the B� N
interaction is described as a single bond. Second order
perturbation analysis identifies Ni!B (14.3 kcal/mol) and N!B
(59.3 kcal/mol) donations. The latter is significantly weaker than
the N!B donation in the PhDPBAiPr ligand (vide supra), which
suggests that nitrogen and nickel act as competing donors to
an empty orbital on B. In support of this idea, the NLMOs
(Figure 4, top) derived from the 5th d orbital on nickel and from
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the N-centered lone pair both have substantial delocalization
tails to B (11–12%). In contrast, the energy for N!Ni donation
is much smaller (2 kcal/mol), and the corresponding NLMO
(Figure 4, top right) only has 0.6% Ni character, confirming a
weak orbital interaction between Ni and N. To be complete,
some level of N,Ni interaction is indirectly accounted for by a
donation of the σ-(B,N) bond to the vacant Ni(4s) orbital
(12.3 kcal/mol).

From this analysis emerges a description of the bonding
situation in the N,B,Ni-triad as primarily consisting of a 3c4e
hyperbond. It is a superposition of two resonance structures (I
and II in Scheme 2) in which the central element (B in this case)
is bonded to one of the terminal elements (N or Ni) while the
other one hosts a lone pair. In support of this interpretation,
either of the two Lewis structures I and II were assigned a lower
non-Lewis percentage than the principal Lewis structure when
imposed to the NBO procedure, suggesting that they are at
least as good representations of the total electron density. In
both calculations, the NBO procedure found evidence for 3c4e
bonding with an approximate 50/50 contribution of I and II.
Related 3c4e bonding has been proposed for the N,B,N triad in
HB(NH2)2.

[52] Also, B� N bond elongation in a series of (NH2)xBH3-x

compounds has been attributed to reduced π-bonding due to
π-donors competing for the empty orbital on B.[53] The
elongation of the B� N bond upon binding to Ni in 3a can be
similarly accounted for by the Ni center competing with the N-
centered lone pair for the empty orbital on boron.

This bonding picture can be compared to the coordination
of a polarized P=B bond to Pt(0) (Figure 1, D).[12] There,
significant P!Pt bonding significantly contributes to the side-
on P=B coordination. In contrast, N� Ni orbital interactions are
weak in compound 3a. More generally, a more covalent
bonding picture is observed in structure D than in 3a, which is
imputable to small electronegativity differences between the
involved atoms (P 2.2; Pt 2.2 and B 2.0) as compared to 3a (Ni
1.9; N 3.0).[54] In addition, it is of interest to compare the donor-
acceptor interactions (second order perturbation analysis)
derived from Lewis structure II to those in an analogous
(η2-olefin)-Ni-PhCN complex (Figure 4, bottom). The energy
associated to π backdonation (Ni(d)!π*(C=C): 53 kcal/mol) is
significantly larger than that in 3a (Ni(d)!π*(B=N): 21 kcal/
mol). The π-donation in both systems is closer in energy
(π(C=C)!Ni(s): 20 kcal/mol; π-(B=N)!Ni(s): 15 kcal/mol). The
stronger π-accepting ability of the C=C bond compared to the
isoelectronic B=N bond can be explained by a symmetry
mismatch between donor orbital Ni(d) and acceptor orbital
π*(B=N), the latter having a large coefficient on B (see Figure 4,
bottom for NLMOs). The weakly accepting character of the B=N
motif also explains the propensity of PhDPBAiPr to adopt a
k2(P,P) binding mode even though the ligand positions the
motif in close proximity to electron-rich transition metal centers
(vide supra).

Figure 4. Left: Principal Lewis structure of 3a (top) and of a hypothetical (olefin)-Ni-PhCN complex (bottom); the number on Ni refers to the number of filled
d orbitals. Right: selected NLMOs derived from one d orbital on nickel and either from the N-centred lone pair of 3a (top) or from the olefin π-bonding orbital
(bottom). Atomic contributions (%) are reported in parentheses. Heteroatoms are coloured green for Ni, blue for N, pink for B and orange for P (see SI for
details on Computational methods).

Scheme 2. Resonance structures of 3a (the number on Ni refers to the
number of filled d orbitals).
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Conclusions

In conclusion, incorporation of an aminoborane fragment into a
pincer ligand enabled the study of η2-(B,N) coordination to
Ni(0). Spectroscopic and crystallographic data provides evi-
dence for a symmetric coordination and B� N bond elongation.
While these observations are commonly associated with olefin
side-on coordination, computational bonding analysis supports
a distinct description as a 3c4e hyperbond for the Ni,B,N triad.
Compared to an olefin analogue, the bonding of the BN
fragment to the metal is tenuous, and therefore the motif is
easily displaced. The resulting flexible k2(P,P) coordination
mode of PhDPBAiPr is more readily accessible and was observed
in Pd(II)- and Pt(0) complexes with different bite angles. In the
broader context of metal-ligand cooperation, the B=N fragment
is envisioned to function as a hemilabile motif. Consequences
for small molecule activation are currently under investigation
in our group.
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