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Aromatic Boranes with Planar-Tetracoordinate
Boron Atoms and Very Short B—B Distances**
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Boranes with planar-tetracoordinate boron atoms have
until now only been studied by computations. [l The
prototype of such compounds is anion 1 (Scheme 1), whose
planar-tetracoordinate boron atom forms a three-center, two-
electron (3c2e) o bond as well as a 3c2e it bond with the two
other boron atoms.”l Thus 1 is one of the simplest double

4 * 6u 5u

Scheme 1. Borane prototypes 1-3, Su, and 6u with planar-tetracoordinate
boron atoms. Solid lines symbolize 2c2e bonds, triangles drawn with dashed
lines 3c2e o bonds, circles 3c2e m bonds, and ellipsoids 4c2e m bonds. In the
distorted tetrahedral 4 the four connecting lines between the boron atoms
are drawn to indicate the spatial relationships. In 4 there are ten electrons
available to connect the boron atoms. In contrast, in the isomer 3 as well as
in Su and 6u there are only six electrons each.

aromatics.[! Upon protonation the classical B-B bond in 1 is
transformed into a 3c2e B-H-B bond in 2. However, the
double aromatic electronic structure of 1 is retained in 2. In
tetraborane(6) 3! the hydrogen bond in 2 is replaced by a
planar BH, bridge.[> 7l Known tetraboranes(6) are derivatives
of the distorted tetrahedral isomer 4, which according to
computations at the MP2/6-31G* level is 9.2 kcalmol~! lower
in energy than 3.1 Here we present 5a and 6a (Scheme 2), the
first derivatives of the prototypes Su and 6u; both represent
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R
7 5a: X=H
b: X=Cl

Scheme 2. Synthesis of the tetraboranes(6) Sa, b from 7 and of the pyridine adduct 6a

from 5a; Pyr = 4-tert-butylpyridine.

two-electron aromatics. In 6 a one of three boron m centers is
planar-tetracoordinate, in Sa all four are.

The dichlorotetraborane(6) 5b is formed along with KCl as
the sole product upon treatment of 1,2-dichloro-1,2-diboro-
lane 7¢! with K/Na alloy in pentane. The tetraborane(6) Sa
results from the reaction of 5b with two equivalents of
NaBEt;H. The adduct 6a crystallizes at —30°C from a
solution of 5a and two equivalents of 4-fert-butylpyridine in
pentane (Scheme 2). Figure 1 shows the structures of 5a and
6a in the crystal.’] Table 1 compares relevant structural data
experimentally observed for 5a and 6a with those computed
at the B3LYP levell' for Su and 3 as well as for the adduct
3-NH; (as a model for 6a). The NMR data for 5a, 5b, and 6a
are presented in Table 2.

sit

o

Figure 1. Structures of 5a (top) and 6a (bottom) in the crystal; for reasons
of clarity the methyl groups of the trimethylsilyl substituents are omitted.
Selected bond lengths [pm] and angles [°] (supplementing Table 1): 5a:
B1-H 112.3(17), B1—C1 155.8(2), B2—C3 157.8(2), C1-C2 156.3(2), C2-C3
156.4(2); H-B1-C1 117.7(9), B2-B1-B2A 51.7(1), B1-B2a-B2 64.4(1), B1-
B2-B2a 63.9(1), B1-B2-Bla 128.3(1), B1-B2-C3 109.1(1), B2-B1-Cl
99.8(1); 6a: B1-N1 164.9(3).
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The boron atoms in 5a form a diamond with a very
short diagonal length of 152.4(3) pm. In the slightly
folded (12.8°) pyridine adduct 6a the corresponding
distance is only 151.1(3) pm and thus represents the
shortest distance ever measured between two boron
atoms.'" 121 Even more unusual is the geometry at the
corner of the diamond in 5a and at the noncoordi-
nated corner in 6a: Both B1 and Bla in 5a as well as
B4 in 6a have four neighboring atoms in one plane
(torsional angles in 5a: H,B1,B2,B2a 4.3(16)°,
C1,B1,B2,B2A 179.4(2)°; in 6a: HO04,B4,B2B3
2.7(11)°, C4,B4,B3,B2 173.9(2)°).[* It is also remark-
able that despite the presence of two equivalents of 4-tert-
butylpyridine, only the monoadduct is formed. Diboranes(4)
with four donor substitutents (OR or SR) easily add two
molecules of 4-methylpyridine.'¥) While the addition of one
molecule of 4-methylpyridine to diborane(4) only leads to a
modest increase in the B—B distance (by 2.8 pm), the B—B
distance in the “pyridine-coordinated” boron triangle
B1,B2,B3 of 6a increases by about 13 pm. In the “non-

Table 1. Selected structural data for Sa and 6a (experimental) as well as
for Su, 3, and 3-NHj (caled).l?

Sa Su 3 6a 3-NH;
B1-B2 175.2(2) 176.3 174.4 188.6(3) 187.0
B2-B1A 174.5(3) 173.3 174.4
B2-B4 169.7(3) 168.1
B1A-B2A 175.2(2) 176.3 174.4
B4-B3 169.1(3) 168.1
B2A-B1 174.5(2) 173.3 174.4
B3-B1 187.4(3) 187.0
B2-B2A 152.4(3) 152.0 153.0
B2-B3 151.1(3) 150.9
B1,B2,B2A,B1A 180.0 166.4 180.0
B1,B2,B3,B4 167.2(2) 167.0
B2A-B2-C3 172.9(1) 169.0 -
B3-B2-C3 171.3(2) -

[a] Bond length [pm], bond angles [°]; see Figure 1 for the numbering of the
atoms.

Table 2. Selected physical and spectroscopic properties of Sa, 5b, and 6a.

5a: Yellow solid, m.p. 165 °C (no decomp), yield 60 %; 'H NMR (300 MHz,
C¢Dg, 27°C): 6 =7.00 (br.s, 2H; BH), 2.31 (s, 2H; (B,H)BCHSIi), 2.03 (d,
3J(H,H) =42 Hz, 2H; B;BCHSI), 1.78 (pseudo triplet, 3J(H,H) =3.5 Hz,
2H; CHSI), 0.28, 0.20, 0.08 (each s, each 18 H; SiMe;); *C NMR (75 MHz,
C¢Dg, 27°C): =414 (br.d, J(CH)=111Hz; (B,H)BCHSIi), 28.8 (d,
1J(C,H) =122 Hz; CHSI), 27.2 (br.d, overlapping, B;BCHSI), 0.6, 0.2, — 3.7
(each q; SiMe;); "B NMR (96 MHz, CDy, 27°C): 6 =50, 26.

5b: Yellow solid, m.p. 102°C (decomp), yield 96 %; 'H NMR (300 MHz,
C¢Dg, 27°C): 6=240 (d, *J(HH)=32Hz, 2H; B;BCHSI), 2.37 (d,
3J(HH)=2.9 Hz, 2H; (B,CI)BCHSIi), 1.53 (pseudo triplet, 3/(H,H) =
2.9 Hz, 2H; CHSI), 0.29, 0.22, 0.08 (each s, each 18 H; SiMe;); *C NMR
(75 MHz, C¢Dy, 27°C): 6 =48.3 (br.d, 'J(C,H)=110 Hz; (B,Cl)BCHS:i),
27.7 (br.d, 'J(C,H) =116 Hz; B;BCHSI), 24.8 (d, 'J(C,H) = 122 Hz; CHSi),
1.9, 0.3, — 3.0 (each q; SiMe;); "B NMR (96 MHz, C;Dg, 27°C): d =62, 28.
6a-0.2 4-tert-butylpyridine: Yellow solid, m.p. 112°C, yield 85 %; 'H NMR
(500 MHz, [Dg]Toluol, —50°C): 6 =8.67 (br.s, 2H; coord. Pyr), 8.59 (s;
Pyr), 7.13 (br.s, 1H; BH), 6.74 (s; Pyr), 6.40 (s, 2H; coord. Pyr), 4.45 (br.s,
1H; BH), 2.38 (m, 1H; CHSI), 2.22 (d, 1H; CHSi), 1.92-1.86 (m, 2H;
CHSi), 1.84 (d, 1H; CHSi), 1.02 (s; Pyr), 0.83 (s, 9H; coord. Pyr), 0.75 (m,
1H; CHSI), 0.55, 0.53, 0.38, 0.33, — 0.06, — 0.34 (each s, each 9H; SiMe;); at
27°C the '"H NMR spectrum displays one broad signal at 6.28 instead of two
broad signals at 7.13 and 4.45.
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coordinated” boron triangle B2,B3,B4 the distances shorten
by ca. 5 pm upon addition of pyridine.

These unusual properties can be explained by the fact that
5aand 6a (just as 1, 2, and 3) are two-electron aromatics. The
cyclic delocalization of two m electrons over four boron
centers in Sa and over three boron centers in 6a is only
possible when the axes of the p orbitals of the boron atoms at
the corners of the diamond in Sa or at the noncoordinated
corner in 6a are perpendicular to the plane formed by the
boron triangle. For this to occur, the four neighboring atoms
of these particular boron atoms must lie in one plane. The
addition of one pyridine molecule to 5a transforms the 4c2e
aromatic Sa into the 3c2e aromatic 6a, in which the two w
electrons are delocalized over the boron triangle without
coordinated pyridine. The B ---B distances are intermediate
between those in the negatively charged prototype 1 and
those in the hydrogen-bridged 2 (Scheme 1). The bridging
hydrogen bond in 2 corresponds to the BHR - pyridine bridge
in 6a. Addition of a second pyridine molecule to 6a would
result in loss of the cyclic delocalization of the two & electrons
and thus in loss of the aromaticity. Density functional
calculations!' show that the transformation of the d4c
aromatic 3 into the 3c aromatic 8 requires about 11 kcal mol L.
In contrast, the transformation of 8 into 9 with loss of
aromaticity requires almost 34 kcalmol~! (Scheme 3).

+10.7
keal mol™

B

NMeo

10 9
Scheme 3. Computed!"”) energies required for the transformation of 3 into
8 and of 8 into 9. In both cases a planar-tetracoordinate boron atom is
transformed into a tetrahedrally coordinated one.

The remarkably short B2 --- B2a distance in Sa is a result of
low ring strain and strong 1,3-7 overlap!™ along the short
diagonal. The distortion of a four-membered ring with four
2c2e o bonds to form a diamond would lead to significant ring
strain, owing to smaller angles between two electron pairs. In
the four-membered rings described here only four electrons
are available for the o framework to form two B-B-B 3c2e ¢
bonds, as shown by a natural bond orbital (NBO) analysis for
3. The bonding 1,3-interaction is further strengthened by a
4c2e m bond, whose electrons according to the NBO analysis
are preferentially (36 % each) localized on the boron centers
of the short diagonal. In contrast, additional ¢ electrons must

1528 © WILEY-VCH Verlag GmbH, 69451 Weinheim, Germany, 2002

occupy molecular orbitals with 1,3-antibonding character.!'"]
This explanation is supported by the fact that the B---B
distance in 9 (165.2 pm) with six ¢ framework electrons is
significantly longer than in 8 and 3 (150.9 and 153.0 pm,
respectively) with four o framework electrons each. In
addition, the B---B distance of 163.3 pm for the short
diagonal in 10, which has six electrons available for the o
framework, is similar to that in 9.
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A Planar, Aromatic bicyclo-Tetraborane(4)**
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Recently we demonstrated that the dehalogenation of
bis(dialkylamino)dichlorodiboranes(4) provides colorful tet-
raborane(4) derivatives (BR),. The blue diisopropylamino
derivative displays a folded B, ring, whereas a yellow
tetrabora-tetrahedrane is formed with the larger 2,2',6,6'-
tetramethylpiperidino substituents.! The existence of pla-
narl?l (BNMe,), could not be confirmed.?! We report here on
the bicyclo-tetraborane(4) 1, whose boron atoms form a
planar B, diamond (Scheme 1).
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Scheme 1.

The reaction of a mixture of Me,NBCl, and (Me,N),B,CL
with NakK, ¢ alloy in hexane produced neither the anticipated
B; nor a Bj ring. Instead a colorless compound of the
composition B¢(NMe,)s (EI-MS, m/z 330) was formed in
addition to oily products of unknown structure. This new
compound is a constitutional isomer of the orange cyclo-
(BNMe,)s, a chair-shaped compound that was first obtained in
low yields by N6th and Pommerening® upon dehalogenation
of (Me,N),BCl. The colorless Bs(NMe,) displays three "B
NMR signals at 6 =6, 41, and 63.° The pattern of the signals
corresponds to a four-membered ring with two different
substituents. The isomers 1’ and 1” can therefore be excluded.

The crystal-structure analysis’! of 1 displays a planar,
diamond-shaped B, ring. The short distance across the
diagonal (1.633(2) A) indicates the presence of a B—B bond
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