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Diboriranide o-Complexes of d- and p-Block Metals

Philipp Grewelinger, Tim Wiesmeier, Carsten Prisang, Bernd Morgenstern, and

David Scheschkewitz*

Abstract: Diboriranides are the smallest conceivable
monoanionic aromatic cycles, yet only limited examples
have been reported and their reactivity and complex-
ation behavior remain completely unexplored. We
report a straightforward synthesis of the first peraryl
diboriranide c-(DurB),CPh™ as its lithium salt in three
steps via the corresponding non-classical diborirane
from a readily available 1,2-dichlorodiborane(4) (Dur=
2.3,5,6-tetramethylphenyl). With the preparation and
complete characterization of representative complexes
with tin, copper, gold and zinc, we demonstrate the
strong preference of the diboriranide for o-type coordi-
nation modes towards main group and transition metal
centers under unperturbed retention of the three-
membered B,C-ring’s 2e™ n-system. )

Introduction

The coordination chemistry of aromatic species such as
benzene,!! cyclopentadienide anions®? and tropylium cations”
is dominated by the dative bonding of the n-system to
electron-deficient acceptors from the p- and the d-block of
the periodic table. The isoelectronic replacement of carbon
atoms of the ring systems by one or two boron atoms led to
various examples of borole dianions,* boratabenzenes® and
diboratabenzenes® as well as the seven-membered
borepins.! While monoanionic boratabenzenes and neutral
borepins are employed as conceptually obvious substitutes
for cyclopentadienide ligands, the dianionic species allow for
a straightforward access to various triple decker complexes.®
In comparison, the coordination chemistry of three-mem-
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bered aromatics is much less developed: Although the all-
carbon cyclopropenium cations I (Scheme 1) have been
employed as ligands, they predominantly react under reduc-
tive ring-opening, in other words oxidative addition of the o-
framework to the transition metal.”! Borirenes II, formally
derived by isoelectronic replacement of one carbon by a
boron atom, have enjoyed particular attention due to the
convenient access by borylene transfer to alkynes.'” This
methodology also provides facile access to borirenes in X-
type coordination to transition metals,'"! but the coordination
to transition metals as L-type ligands is rare and occurs
exclusively in the n*-mode through the n-system.!"?

While a few diboriranides III were described by Berndt
etal,™ triborirandiides TV have only been known as
homoaromatic derivatives' until Braunschweig etal. re-
ported a monocyclic example in 2015."" Stable complexes
with d- and p-block elements are unknown in both cases. In
fact, even the general reactivity of diboriranides III is an
almost unchartered terrain, presumably due to (a) the
relatively bulky substitution patterns in all known examples
and (b) the rather complicated access, typically in multi-step
procedures and/or poor yields.

The first diboriranides reported by Berndt et al. in 1985
had been prepared by excessive reduction of 1,1-
bis(chloroboryl)-2,2-bis(trimethylsilyl)alkene.* In this reac-
tion, the boryl-substituted end of the C=C bond becomes part
of the anionic B,C ring and the silyl-substituted end is
transformed into an exocyclic methyl group with an addi-
tional anionic charge that can be selectively protonated to
give A (Scheme 2). While the procedure requires only three
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Scheme 1. Schematic representation of isoelectronic cyclopropenium
analogues with boron atoms.
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Scheme 2. Previously reported B,C ring structures (NHC=1,3-diiso-
propyl-4,5-dimethylimidazol-2-ylidene).
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steps from a 1,2-dichlorodiborane(4), it is inherently limited
in scope. All other diboriranides reported after 1985 have
been prepared from neutral diboriranes B by reductive
cleavage of the B—B-bridging hydrogen atom, allegedly as
hydride."

The procedures, however, often involve more than six
steps from 1,2-dichlorodiboranes(4), result in mediocre yields
and lack general applicability.**') For example, aromatic
substituents at the ring carbon atom remain inaccessible, thus
precluding any extension of the conjugated system for the
exploitation of the peculiar electronic properties in extended
systems. The same limitation applies to the two classical
diboriranes C and D reported by the groups of Wagner!™® and
Liu,™ which are inherently unsuitable as precursors for
diboriranides anyway due to the tetracoordinate ring carbon
atoms and the absence of a suitable leaving group in this
position.

We now report the straightforward and high yielding
synthesis of a simple diboriranide with a sterically innocent
and potentially conjugated phenyl substituent at the ring
carbon atom in three steps from a readily available 1,2-diaryl-
1,2-dichlorodiborane(4). As we will show, the coordination of
the thus obtained diboriranide to p- and d-block elements is
dominated by the B—B o-bond leaving the 2e” n-system
essentially unperturbed and resulting without exception in
species with an anti-van’t Hoff/Le Bel-geometry at the boron
centers.

Results and Discussion
Synthesis of lithium diboriranide

Carbon atoms in o-position to an electron deficient boron
center can readily be deprotonated to result in the corre-
sponding methyleneborates with a B—C double bond.”” We
therefore anticipated that the restrictions mentioned above
may be overcome by the deprotonation of a suitably
substituted derivative of a 1-methyl-2-halodiborane(4) and
subsequent ring closure to the corresponding diborirane
under salt elimination. Instead of the parent methyl, we opted
for a benzyl group to further facilitate deprotonation and
provide minimal kinetic stabilization while still maintaining a
relative steric innocence and - at the same time - extending
the conjugated system of the diboriranide by a phenyl
substituent.

The required 1-benzyl-2-chloro-1,2-diduryldiborane(4) 1
was prepared by the surprisingly selective reaction of 1,2-
dichloro-1,2-diduryldiborane(4)”"! with one equivalent of
benzyl magnesium chloride®™ at —78°C in 97 % yield. It was
characterized by multinuclear NMR spectroscopy and single
crystal x-ray diffraction (see Supporting Info). The deproto-
nation of 1 in benzylic position is indeed possible using
lithium tetramethylpiperidide (LiTMP) and results in instant
ring closure to the non-classical diborirane 2 (Scheme 3),
which was isolated from a concentrated toluene solution at
—23°C as colorless crystals in 85% yield. The "B NMR
chemical shift at §=25.7 ppm is very similar to those of the
previously reported diboriranes with duryl substituents at the
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Scheme 3. Synthesis of lithium diboriranide 3 from 1-benzyl-2-
chlorodiborane(4) 1 via non-classical diborirane 2
(Dur=duryl=2,3,5,6-tetramethylphenyl; TMP =2,2,6,6-tetrameth-
ylpiperidide).

boron atoms (3"'B =24 to 29 ppm).'”? The 'H NMR signal at
8=73 ppm is attributed to the BHB bridge (BHB of
preceding 1,2-diduryldiboriranes 8'H=7.36 to 7.83 ppm).['”
The substantial broadening caused by the coupling to the two
quadrupolar boron nuclei confirms this assignment.

In adaption of the protocol by Berndt etal. ['**! the
addition of an excess of lithium powder to a solution of 2 in
diethylether leads to the formation of diboriranide 3
(Scheme 3), which was isolated as pale-yellow crystals in 60 %
yield by crystallization from Et,O/thf. The ''B NMR spectrum
in thf-d; shows one broad signal at §=44.2 ppm. The
deshielding compared to diborirane 2 is probably due to the
more pronounced Hiickel aromaticity of the B,C ring system.
Accordingly, the ring carbon atom of 3 at §°C=151.9 ppm is
also deshielded compared to that of diborirane 2 (“C=
135.7 ppm) and thus in range of cyclopropenium cations I,/
borirenes II'” and other diboriranides.!" The lithium counter
cation in 3 is probably solvent-separated in thf-dg as
concluded from the absence of significant broadening of the
LiNMR signal at the unremarkable chemical shift of §=
0.4 ppm.

Syntheses of diboriranide metal complexes

In view of the 2e3c o-BHB-bridges that allow for the
retention of the 2e” Hiickel aromaticity of the three-
membered ring of non-classical diboriranes, we envisaged the
possibility of similar coordination modes for the metal
complexes of diboriranides.

Under the conditions indicated in Table 1, the addition of
the appropriate metal halides to lithium diboriranide 3 leads
to near quantitative conversion (according to NMR-spectro-
scopy) to new metal-bridged diboriranides 4 to 7 (Scheme 4).

The reaction of one equivalent of Me;SnCl with diborir-
anide 3 in hexane at room temperature affords the tin-
bridged diborirane 8, albeit with small traces (10%) of

Table 1: Reaction conditions of the addition of reactants to diborir-
anide 3. All reactions were carried out at room temperature.

Compound  reactant Eq. solvent duration yield
4 AuCl(PPhy) 1 thf 15min  47%
5 CuClor Cul(PPh;), 0.5  thf Th 39%
6 Cudl 1 thf 12h 42%
7 ZnCl, 1 thf 15 min 96 %
8 Me;SnCl 1 hexane 1h 50%
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Scheme 4. Syntheses of metal complexes starting from diboriranide 3
(Dur=2,3,5,6-tetramethylphenyl).

diborirane 2 as a side-product. In all cases, the 'H NMR
spectra in solution show only one singlet each for the ortho-
and meta- methyl groups of the duryl substituents confirming
their chemical equivalence and therefore symmetric structure
of the products in solution on the NMR time scale. The
*'P NMR spectrum of the crude product of the addition of 0.5
equivalents of Cul[(PPh;);] shows a single signal at §=
—4.9 ppm, which was assigned to free PPh;,?!l thus suggesting
the dissociation of the phosphane-ligand and the formation of
cuprate 5. Indeed, the reaction of CuCl with two equivalents
of 3 yields an identical product. In contrast, the *P NMR
spectrum of gold complex 4 shows a downfield-shifted signal
at 6=52.2 ppm, which confirms the retention of PPh; in the
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product. Similar "B NMR signals are observed in all five
complexes (4: 37.9 ppm, 5: 34.7 ppm, 6: 34.4 ppm, 7: 32.9 ppm,
8: 34.0 ppm), somewhat upfield-shifted compared to the
precursor, lithium diboriranide 3.

The "’Sn NMR spectrum of 8 shows a sharp singlet (v, =
13.2 Hz) at 8=-38.0 ppm, in stark contrast to the broad
signals of reported stannyl-bridged borane clusters.” The
absence of coupling of "Sn to the quadrupolar "B nuclei
suggests a predominant p-character of the 3c2e BSnB bond.
The C NMR chemical shifts of the ring carbon atoms are all
closer to that of diboriranide 3 than to that of diborirane 2 (4
147.8 ppm, 5: 1539 ppm, 6: 151.1 ppm, 7: 144.0 ppm, 8:
144.5 ppm, determined at —40°C to —70°C, see SI), which
indicates a similarly ionic character of the interaction between
the B,C ring and the metal center.

X-Ray diffraction studies

Single crystals of the non-classical diborirane 2 and all
diboriranide complexes 3 to 8 were obtained by crystallization
from the appropriate solvents (see Supporting Information
for conditions).’ The x-ray diffraction studies confirm the
presence of B,C ring systems in which the B-B bonds are
bridged by the hydrogen atom or the incorporated metal
fragments, respectively (Figure 1). The cuprate 5 features two
n’-bonded diboriranides, both coordinating edge-on to the
spirocyclic copper center with the B—B bonds. The angle
between the two B,C planes indicates almost perpendicularity
(B1,B2,C1 and B3,B4,C28: 84.1(2)°). The solvent-separated
lithium counter cation of 5 is coordinated by four thf
molecules. The B,C rings, the phenyl-ipso-carbon atoms and
the B—B-bridging atoms approximately reside in one plane in
all complexes 3 to 8; the largest deviation with 0.23 A occurs
for Lil of diboriranide 3 (Table 2). The coordination environ-
ments of the boron atoms thus approach tetragonal planarity
and constitute further examples of violations of the van't
Hoff/Le Bel-rule.?””**! The B-B bond length of 1.769(2) A in

Table 2: Crystallographic data of diborirane 2 and diboriranide s-, p- and d-block metal complexes 3 to 8. Duryl-ipso-carbon.” Angle between B,C-
ringplane and the phenyl-ring plane.! Composed of B1,B2,C1, the phenyl-ipso-carbon atom and the corresponding metal or hydrogen atom (X).!

One selected molecule of two in the unit cell.

Compound B-B[A] B-X[A] B-Cring[A] B-CDur[A] B-B-CDur[J® B-Cring-B[*] dihedral angle []® Out of plane deviation [A]"
2 (X=H) 1.769(2) 1.278(2) 1.442(2) 1.564(2) 155.4(1) 75.6(1) 1.2(1) 0.01 (H1)
1.309(2) 1.442(2) 1.560(2) 157.2(1)
3 (X=Li) 1.630(4) 2.402(6) 1.454(4) 1.570(3) 159.3(2) 68.2(2) 16.3(2) 0.23 (Li1)
2.389(6) 1.455(4) 1.571(3) 159.4(2)
4 (X=Au)  1.809(4) 2.142(2) 1.442(3) 1.577(3) 167.6(2) 77.8(2) 12.9(1) 0.06 (C1)
2.242(2) 1.440(3) 1.588(3) 166.8(2)
5 (X=Cu)  1.690(4) 2.150(3) 1.445(4) 1.577(4) 168.2(2) 71.5(1) 35.2(3) 0.16 (B2)
2.140(3) 1.448(4) 1.567(4) 167.7(2)
1.702(4) 2.147(3) 1.448(4) 1.567(4) 169.5(2) 71.9(2) 1.5(2) 0.20 (B4)
2.148(3) 1.449(4) 1.573(4) 165.2(2)
6 (X=Cu)  1.728(5) 2.093(4) 1.450(5) 1.584(4) 165.0(3) 73.3(2) 13.2(2) 0.02 (C1)
2.071(4) 1.444(5) 1.578(4) 166.1(3)
7 (X=Zn)¥  1.719(3) 2.186(2) 1.443(2) 1.577(2) 161.4(1) 73.2(1) 8.2(2) 0.10 (B1)
2.199(2) 1.440(2) 1.581(2) 163.0(1)
8 (X=Sn)  1.799(2) 2.462(2) 1.453(2) 1.568(2) 160.1(1) 77.5(1) 10.6(1) 0.08 (B1)
2.636(2) 1.419(2) 1.559(2) 174.6(1)
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Figure 1. Molecular structures of diborirane 2 and diboriranide metal
complexes 3 to 8 in the solid state: gold diboriranide 4,
bis(diboriranide) cuprate 5, copper diboriranide 6, zinc diboriranide
complex 7, trimethylstannyl-bridged diboriranide 8. Most hydrogen
atoms, solvent separated counter cation of 5, and disordered solvent
molecules omitted for clarity. Thermal ellipsoids at 50%.%
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non-classical diborirane 2 is in the typical range of B—B bonds
with one bridging hydrogen!™* and as such much longer
than the one observed in lithium diboriranide 3 (1.630(4) A).

The latter distance is only slightly longer than neutral
B=B double bonds,* which is in line with cyclic delocaliza-
tion of the m electrons, but shorter than most dianionic
examples® reflecting the absence of Coulomb repulsion. The
small dihedral angle (16.3(2)°) between the phenyl group and
the diborirane plane in diboriranide 3 agrees with extended
n-conjugation although this value is larger than the one in the
non-classical diborirane 2 (1.2(1)°).

While the duryl groups at the boron atoms of diborirane 2
are only slightly distorted from the ideal arrangement in an
isosceles triangle (Table2; B1-B2—Cp,, 155.4(1)° and
B2-B1-Cp,, 157.2(1)°), the distortion in diboriranide com-
plexes 3 to 7 becomes progressively more pronounced
(159.4(1)° to 169.5(2)°), even approaching linearity in the
homoleptic cuprate 5, which could be attributed to the
increased electron density at the copper center.

The diboriranide gold complex 4 shows a nearly linear
arrangement of the PPh; ligand and the n*bonded B-B unit
(P1-Aul-centroid B1,B2 176.0(4)°). The B-B oc-bond
(B1-B2 1.809(4) A) is much longer than in lithium diborir-
anide 3 (B1-B2 1.630(4) A), but noticeably shorter than in a
related azadiboriridine gold complex (1.889 A).2l At the
same time, the Au—B distances in 4 (Bl-Aul 2.214(2) A,
B2-Aul 2242(2) A) are elongated compared to the said
azadiboridine Au(I) complex (2.118 A), quite possibly an
effect of the electron-withdrawing chloro-ligand at the Au
center of the latter. Indeed, the Au—B distances in 4 are
comparable to those in boryl (2.21-2.30 A)®! and diborene
complexes (2.21-2.22 A)* both equally free of electro-
negative ligands at their Au centers. It should be noted that
the azadiboriridine ligand is only of limited value for
comparison anyway because of the less effective delocaliza-
tion of the two n-electrons in the B,N heterocycle due to the
higher electronegativity of the nitrogen center.

Compared to gold complex 4, the coordination to copper
lengthens the B—B distances to a lesser extent: for the
homoleptic cuprate 5 (B1-B2 1.690(4), B3-B4 1.702(4) A)
they are in the range of heteroleptic copper complexes of
dianionic diboranes(4) (1.68-1.73 A),* the only other exam-
ple of a cuprate with at least one B—B ligand. The B—Cu
distances in 5 (B1—Cul 2.150(3) A and B2—Cul 2.140(3) A,
B3—Cul 2.147(3) A, B4—Cul 2.148(3) A) are similar to those
of neutral (2.10-2.15A)* and dianionic (2.14-2.23 A)33
B=B double bond n-complexes.

The solid-state structure of the heteroleptic monocuprate
6, which can alternatively be obtained by diboriranide trans-
fer from 5 to a second equivalent of CuCl, revealed the
completion of the coordination sphere at the copper center
by the chloride ion of one equivalent of LiCl. The lithium
cation is in turn coordinated by three thf molecules and the
chloride. In line with the presence of the electronegative and
thus weakly donating chloride ligand, the B-B bond in 6 is
noticeably longer (B1-B2 1.728(5) A) and the B—Cu bonds
(B1—Cul 2.093(4), B2—Cul 2.071(4) A) shorter than in 5.
This observation is confirmed by the molecular structure of
the zinc complex 7 in the solid state, which just like 6 contains
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one equivalent of LiCl to complete the coordination sphere
of the metal center. The B-B bond of 7 (B1-B2 1.719(3) A)
is almost identical to that in 6. The boron-zinc distances
(B1-Zn1 2.186(2) A, B2—Zn1 2.199(2) A) in the zinc complex
7 are significantly shorter than in n-complexes of neutral
diborenes with zinc dihalides (2.29-2.36 A),*” a manifestation
of increased Coulomb attraction. The B-B bond lengthening
seems to be a direct measure for the o-donation to the d-
block metal in complexes 4 to 7. Although steric effects
cannot be ruled out completely, the o-donation by the
diboriranide to Zn and Cu is approximately the same, but
considerably smaller than to Au.

Surprisingly, the x-ray diffraction study on single crystals
of tin-bridged diboriranide 8, also reveals an edge-on
coordination of the tin atom to the B—B moiety thus resulting
in an expanded five-fold coordination at the Snl center as in
reported Ph;Sn-bridged pentaborane(9) clusters.™ The B-B
bond (B1-B2 1.799(2) A) is even slightly shorter than in the
gold complex 4. In contrast to the d-block diboriranide
complexes, however, the tin atom is noticeably inclined
towards one of the boron atoms: the B—Sn bond lengths
strongly differ (B1-Sn1: 2.462(2); B2-Sn1 2.636(2) A), all the
while being both longer than the typical B—Sn single bonds of
electron precise stannyl boranes (2.28-2.32 A).**! While the
smaller B1-B2—Cy,,, angle of 160.1(1)° is in range of the other
diboriranide metal complexes 4 to 7, the larger B2-B1-C,,
angle is with 174.6(1)° remarkably close to linearity.

The structural parameters support a significant contribu-
tion by the methyleneborane resonance structure §
(Scheme 5). While there is no indication for such a lowering
of the symmetry in solution, this may well be due to a fast
exchange on the '"H NMR time scale even at —40°C.

DFT calculations

The electronic structure of the diborirane 2 and the
diboriranide metal complexes 3, 4, 5, 7 and 8 was investigated
by DFT calculations at the B3LYP/def2tzvpp level of theory.
The Kohn-Sham molecular orbitals (MOs) were calculated
from structures that were optimized at the BP86/def2SVP
level of theory. Whereas the optimized structures of 2, 3, 4, 5,
7 and 8 match the crystal structures reasonably well, the
experimentally determined Cl-Cu—BB(centroid) angle in the
mono(diboriranide)cuprate 6 was not reproduced by the
computations, presumably due to packing effects in the solid
state (see SI). Therefore, the MOs of 6 are derived from a
single point calculation using the coordinates experimentally
obtained from the solid state structure.

SnMej SnMejy
Dur~¢ _~-Dur Dur— —Dur

N7 -~ \/

i i

Ph Ph

8 8'

Scheme 5. Tin bridged diboriranide complex 8 and methyleneborane
resonance structure 8'.
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Whereas the all-bonding combination of the n-orbitals of
the B,C ring represents the HOMO in case of the diborirane
2, the o-donation to the Li* counterion is raised to above the
corresponding m-orbital in 3 (Figure 2 and SI). Natural bond
orbital (NBO) analyses yields a 3c2e interaction of nearly
perfect n-symmetry for both 2 and 3 (at least 99.7% p-
character for all involved atoms). In addition, the non-
classical diborirane 2 features the expected BHB 3c2e o-
interaction which is approximately composed of sp’-hybrids
at the boron centers (see SI). The disappearance of the BHB
3c2e o-bond in diboriranide 3 in favor of a classical 2e2c o-
bond is further confirmed by increasing Wiberg bond indexes
of the B-B bond from diborirane 2 (0.53) to diboriranide 3
(1.06). Concomitantly, the positive charges at the boron
atoms decrease according to natural population analysis
(NPA; 2: B1: 4049, B2: +0.48; 3: B1: +0.20, B2: +0.19),
illustrating the higher electron density in the B,C ring system
in diboriranide 3 compared to diborirane 2. As expected, the
main negative charge is located at the carbon atom of the
ring system (2: —0.62, 3: —0.60).

The HOMO of the gold(I) complex 4 (Figure 3) is an
antibonding combination of the c-orbital of the B—B moiety
and the d,. orbital of the metal center. The HOMO-1
corresponds to the all-bonding aromatic n-system delocalized
across the B,C ring with only very minor contributions by the
Au center, which further supports the essentially c-only
coordination. The LUMO of 4 is mainly composed of an
antibonding phosphorus-centered orbital of the PPh; ligand
with stabilizing interactions to the n-system of one of the
three phenyl groups at phosphorus.

In contrast to gold complex 4, both the homoleptic and
heteroleptic cuprates 5 and 6, respectively, exhibit a LUMO
resulting from the constructive interaction of the n*-system at
the B,C ring with the pending phenyl ring. The HOMO of
both cuprate complexes 5 and 6 is similar to that of the gold
complex 4 consisting of an antibonding combination of the o-
orbital of the B-B moiety and thed,. orbital of the metal
center. Here as well, the HOMO-1 represents the all-
bonding delocalized n-system of the B,C ring with minor

-6eV

-85eV—T

2X=H 3X=L 4X=Au 5X=Cu 6X=Cu 7X=Zn 8X=8Sn

Figure 2. Relative energies of the HOMOs and HOMOs—1 of diborir-
ane 2 and diboriranide derivatives 3 to 8.
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Figure 3. Selected frontier orbitals of diboriranide metal complexes 4
and 6 to 8 (energy in eV, contour value=0.05).

contributions by the copper centers. While the LUMO of
cuprate 6 is composed of c*-orbitals at the solvent molecules
(see SI), the LUMO+1 of 6 corresponds to the LUMO of
bis(diboriranide) 5 being mainly composed of the m*-system
at the boron atoms and the phenyl ring.
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The HOMO of zincate 7 represents the donation of o-
electrons from the boron atoms to the zinc atom. In contrast
to the corresponding orbitals of the complexes discussed
above, it does not show contributions of any zinc-centred
orbital although the HOMO-1 once more represents the
diboriranide n-system.

Most notably, the energetic order of occupied frontier
orbitals is reversed in the Me;Sn-bridged 8: the HOMO
represents the n-system and the HOMO—1 the os-donation to
the tin center (Figure 2). The LUMO of 8 represents the m*-
system at the boron atoms and is of comparably low energy
(—=1.12 eV). The increased energy of the n-orbitals of 8 lends
further support to the disturbance of cyclic delocalization by
a significant contribution of resonance structure §
(Scheme 5).

For further confirmation of the aromaticity of diborirane
2 and diboriranide complexes 3 to 8, nucleus independent
chemical shifts (NICS) were calculated in the geometrical
center of the B,C moieties at the B3LYP/def2TZVP level of
theory (Table 3). The obtained values for NICS(0) are similar
to that of the cyclopropenium cation, which we calculated at
the same level of theory for comparison (NICS(0) = —23.2).5’
In order to minimize the effect of localized ring currents as
well as the shielding by the o-framework, NICS were also
calculated 1 A above and below the B,C ring plane.*’ All
values for NICS(1/—1) in the range of —10.6 to —13.3 are
only slightly lower than that of the cyclopropenium cation
(NICS(1)=—14.9)"" and thus confirm the 2n-aromaticity of
the three membered ring systems in 2 to 8 and its essential
independency from the nature of the coordinated metal.
Notably, even the coordination of the Me;Sn group in 8 does
not seem to exert an adverse effect on the magnetically
induced ring current.

Conclusion

We have disclosed a straightforward synthetic strategy to
access diboriranes in two steps from a readily available 1,2-
dichlorodiborane(4). Unlike in previously reported diborir-
anes, a phenyl group is attached to the ring carbon atom,; its
coplanarity allows for n-conjugation with the B,C ring plane
for the first time, thus offering new perspectives regarding the
incorporation of non-classical diborirane motifs into extended
n-systems. The nearly planar anti-van‘t Hoff/Le Bel-geometry
at the boron centers is retained upon reduction to lithium
diboriranide 3 and - more importantly - also upon complex-
ation to various d-block elements, namely gold (4), copper (5,
6), and zinc (7). The diboriranide binds to the p- and d-block
metal complexes in this very same plane, essentially by c-only
coordination thus leaving the m-system mostly unperturbed.
In case of the stannyl-bridged diboriranide 8, however,
crystallographic evidence suggests a weakening of the cyclic
delocalization as one of the two Sn—B distances is substan-
tially elongated to localize the bonding to some extent and
hence lower the degree of hypercoordination at the tin-
center, which is considered to be unfavorable in the absence
of electronegative substituents.
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Table 3: Different values for NICS (in ppm) of diborirane 2 and diboriranide derivatives 3 to 8. Calculated from the geometric center of the B,C

plane (NICS(0)) and 1 A above and below the B,C ring plane (NICS(1/—1)).

Compound NICS(0)

2 —25.3

3 —19.5

4 -19.9

5 -19.9
—20.1

6 —20.4

7 —233

8 —22.8

NICS(1/-1)

~12.6/-12.8
—12.1/-12.7
~10.6/-11.7
—12.4/-12.7
—12.9/-13.2
—11.9/-12.5
—122/-12.7
-13.3/-10.7

The scope of the new method, in particular with regards
to the tolerance of functional groups as well as to the further
extension of the m-conjugated system is currently under
investigation in our laboratory.
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