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Experimental Section

8: Compound 7 (30.3 g, 0.1 mol) was added to a stirred solution of sodium
cyclopentadienide (0.1 mol) in THF (600 mL) at 0°C under nitrogen
atmosphere. After the mixture was stirred at 0°C for 15 min, solids were
formed and removed by suction filtration through a celite pad. The solids
and celite were washed with ethyl acetate/hexane (1/4), and the filtrate was
concentrated under vacuum. The residual solids were purified by recrys-
tallization from CH,Cl,/hexane (1/2) to give 8 as green plates (14.0 g, 63 %
yield). M.p. 145-147°C; 'H NMR (400 MHz, CDCl;): 6=3.29 (s, 6H;
NCH,), 6.26 (dt, /=5.0, 1.7, 1H), 6.45 (ddm, J=5.0, 3.1 Hz, 1H), 6.54
(ddm, J=5.0, 3.1 Hz, 1H), 6.58 (ddm, J=4.6, 2.9 Hz, 1H), 6.67 (dm, J =
5.0 Hz, 1H), 6.73 (dm, J =4.6 Hz, 1H), 6.89 (dm, J=2.9 Hz, 1H), 6.99 (d,
J=12.4 Hz, 1H), 700 (d, /] =14.4 Hz, 1H), 7.19 (dd, J = 14.4, 12.4 Hz, 1H),
741 (s, 1H); *C NMR (100 MHz, CDCl;, —30°C): 0 =40.7, 48.0, 114.0,
117.7,118.9, 119.7,121.4, 124.5, 129.2, 130.9, 131.4, 134.5, 141.2, 142.3, 147.6;
IR (KBr): 7=1623, 1580, 1359, 1055 cm~!; elemental analysis calcd for
CcH;N: C 86.06, H 7.69, N 6.27; found: C 85.97, H 7.72, N 5.99.

4: A solution of 8 (1.00 g, 4.48 mmol) in 2,6-lutidine (200 mL) was refluxed
under nitrogen atmosphere for 90 min. The solvent was removed under
vacuum. The dark-colored solids were suspended in hexane (50 mL), and
insoluble black solids were removed by filtration. The filtrate was
concentrated with an evaporator, and the residue was purified by
chromatography on silica gel with hexane as eluent to provide 4 as a dark
red solid (16.5 mg, 2% yield). An analytical sample of 4 as red-purple
leaflets was obtained by recrystallization from methanol/water (7/1).
M.p. 139-140°C; 'H NMR (400 MHz, CDCL,): 6=6.58 (d, J=11.6 Hz,
2H; H-4,6), 737 (t, J=4.0 Hz, 2H; H-2, 8), 7.59 (dd, /=4.0, 1.6 Hz, 2H;
H-3,7), 771 (dd, J=4.0, 1.6 Hz, 2H; H-1,9), 794 (t, J =11.6 Hz, 1 H; H-5),
8.64 (s, 1H; H-10); *C NMR (100 MHz, CDCl;): 6 =113.7 (C-5), 128.9 (C-
2,8), 129.5 (C-8a, 9a), 133.3 (C-3a, 6a), 138.4 (C-3, 7), 139.4 (C-1, 9), 140.0
(C-4, 6), 141.2 (C-10); IR (KBr): 7=1589, 1413, 1396, 1192, 774, 749 cm™!;
MS (70 eV): m/z (%): 179 (M* +1,15), 178 (M*, 100), 177 (26), 152 (31), 76
(21); UV/Vis (n-hexane): A, (€) =213 (15100), 218 (15000), 222 (15200),
238sh (11000), 248sh (7840), 273 sh (7760), 283 (9770), 290sh (8320), 329sh
(38900), 344 (112000), 446 (1070), 468sh (933), 498sh (812), 531 (851), 608
(186), 631 (186), 649 (194), 663 (224), 677 (257), 692sh (355), 701 (407), 718
(427), 737 (437), 750 (746), 767 (1290), 800sh (36), 818shnm (12);
elemental analysis calcd for C;H;y: C 94.35, H 5.65; found: C 94.19, H 5.80.
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Orthogonality (@ = 90°) of the planes of the terminal atoms
of the allene skeleton and their neighbors, here referred to as
“terminal planes”, is a characteristic feature of allenes. Strong
deviation from this orthogonality has been observed up to
now only for an allene skeleton as part of a highly strained six-
membered ring.! Almost orthogonal (@ =92°)? terminal
planes have also been found for the heteroallene 1 of the ion
pair 1-Li-3Et,O (Scheme 1),) where 1 contains four steri-
cally demanding aryl substituents. Here we present contact-
ion triples of 2a, which is isoelectronic with 1, and of related
tetraaryl-1,3-diboratallenes 2b—d and show their planes
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Scheme 1. Isoelectronic heteroallenes 1 and 2a as well as contact-ion
triples of the 1,3-diborataallenes 2a—d (substituent key see Scheme 2).

deviate by up to 36° from orthogonality. The central carbon
atoms in 2a—d-2Li-2Et,0 are planar-tetracoordinate.’]
The 1,3-diborataallenes 2a—d were prepared analogously
to 2el® from anions 3a—c¢ and two equivalents of aryllithium
compounds (Scheme 2). The NMR chemical shifts of the

1 i 1
R\E_C_B_Rl +2 R2Li R\éa . %\\ RL
B=—c—
(Me3Si);HC - (MesSi)HC-L R? g2
3a-c

2a-d

Scheme 2. Syntheses of 1,3-diborataallenes 2a—d from 1-bora-3-borata-
allenes 3a—c and aryllithium compounds LiR% Substituent key: a: R!'=
R?=24 6-trimethylphenyl (mesityl, Mes); b: R!=R?=235 6-tetra-
methylphenyl (duryl, Dur); ¢: R!=R?=2,6-dimethyl-4-tert-butylphenyl;
d: R!'=Dur, R?=245-trimethylphenyl; e: R! = Mes, R? = fert-butyl.

carbon atoms of their skeletons (Table 1) lie in the range
characteristic for allenes. Figure 1 shows the crystal structures
of 2b-2Li -2Et,O and 2d-2Li-2Et,0. In Table 1 relevant
experimental structure data of 2a—d are compared to those
calculated at the B3LYP levell' for tetraphenyl- and tetra(o-
methylphenyl)-1,3-diborataallenes, 2 f and 2g, as well as for
the unsubstituted 1,3-diborataallene 2 h.

The 1,3-diborataallenes 2a—d form contact-ion triples each
with two lithium cations which, in addition, are coordinated to
one molecule of Et,O. The atoms of the skeleton B=C=B are

Table 1. Selected NMR and structural data of contact-ion triples of 2a—e (exp)
and 2 f-h (calcd).

o(BC) o'"'B O Li-C-Li B-C-B  H;C---CH,;
(CBy) [] ['] ! [pm]
2a-2Li-2Et,0 205 26 1249 1749 179.4 346
346
2b-2Li-2Et,0 206 28 119.0 1762 177.2 334.1
337.2
2¢-2Li-2Et,0 205 27 1258 1771 179.2 347.3
342.4
2d-2Li-2Et,0 215 27 96.7 1745 176.3 373.701
383.5101
2e-2Li-2Et,0O 180 32 97 120.1 168.4 585.1
401.9
2f-2Li-2Me,O - - 955 1775 180.0 -
2f-2Li - - 1144 179.8 180.0 -
2g-2Li - - 133.9 180.0 180.0 381.3
2h-2Li - - 89.7 150.4 180.0 -

[a] Distance between o-methyl carbon atoms (see Figure 1 top). [b] Distance
H;C--- C,-H between o-methyl carbon atoms and o-carbon atoms (see Figure 1
bottom). [c] Distance between methyl carbon atoms of fert-butyl groups at
different boron atoms.
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Figure 1. Crystal structures of 2b-2Li-2Et,0O (top) and 2d-2Li-2Et,0
(bottom). Selected bond lengths [pm] and angles [°] (completing Table 1).
2b-2Li-2Et,0: C1-B1 146.5(1), B1-C10 164.9(2), B1-C20 166.6(2), C1-Lil
206.1(2), BI-Lil 253.0(3), BI-Lil’ 252.5(3), O-Lil 193.9(2), C10-Lil
248.1(3), C20-Lil 276.3(3); C1-B1-C10 119.3(1), C1-B1-C20 127.1 (1),
C10-B1-C20 113.4(1); 2d-2Li-2Et,0: C1-B1 145.8(7), C1-B2 146.8(7),
B1-C10 162.0(8), B1-C40 162.9(7), B2-C20 162.9(7), B2-C30 161.7(6), C1-
Lil 199.8(11), C1-Li2 205.2(11), B1-Lil 244.0(13), B1-Li2 243.8(10), B2-Lil
257.7(12), B2-Li2 253.6(14), O1-Lil 189.9(11), 02-Li2 190.3(10), C20-Lil
294(1), C40-Lil 256(2), C10-Li2 249(1), C30-Li2 275(1); C1-B1-C10
121.6(4), C1-B1-C40 122.8(4), C10-B1-C40 115.6(4), C1-B2-C20 124.6(4),
C1-B2-C30 118.4(4), C20-B2-C30 117.0(4).

arranged almost linear (176—179°). The terminal planes C-
B1-C; and C-B3-C; in 2a—-d-2Li-2Et,O form angles of & =
125, 119, 126, and 97°, respectively, with each other, and thus,
deviate considerably from orthogonality in 2a-—c-2Li-
2Et,0. The central carbon atoms of all four contact-ion
triples 2a—d-2Li-2Et,0 are surrounded by two boron atoms
and two lithium ions in a planar arrangement. With Li-C-B
angles close to 90°, they are—like Al,C anions!'l—rare
examples of species in which planar-tetracoordinate carbon
atoms form angles of comparable size with all their neighbors.

The heteroallenes 2a—c that deviate strongly from ortho-
gonality have short nonbonding distances (334347 pm, see
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Table 1) between carbon atoms of ortho-methyl groups of aryl
substituents, which are bound to different boron atoms and
coordinated to different lithium ions (2b: C29---C29" and
C16---C16'). These distances are considerably shorter than
the sum of the van der Waals radii of two methyl groups
(400 pm).l?l Figure 1 reveals that these nonbonding distances
would become even shorter, if the angle between the terminal
planes decreased to approach 90°. The terminal planes of 2d-
2Li-2Et,0 deviate only by 7° from orthogonality. This can be
explained by the lack of steric hindrance because two of the
aryl groups of 2d-2Li-2Et,0 bear only a hydrogen atom at
an ortho-carbon atom. The distances of these ortho-carbon
atoms to the carbon atoms of ortho-methyl groups of duryl
substituents are considerably longer (374 and 384 pm) than
those between ortho-methyl groups in 2a—c-2Li-2Et,0.
Thus, steric hindrance plays an important role in the deviation
from orthogonality in 2a—c¢-2Li-2Et,0. However, four aryl
substituents each with two ortho-methyl groups alone are not
sufficient to create strong distortions, as seen by the angle of
©=92° for 1.1 Evidently, interactions of the aryl rings with
the lithium cations, which are absent in the solvent-separated
ion pair 1-Li- 3 Et,0, play a decisive role in contact-ion triples
2a-c-2Li,- 2Et0.

This argumentation is supported by calculations at the
B3LYP/6-31G(d) level for contact-ion triples of tetraphenyl-
1,3-diborataallene 2 f with and without ether ligands at the
lithium cations. A torsion angle of 95.5° is obtained for 2f-
2Li-2Me,0, but a considerably larger angle of 114.4° for 2 f-
2Li (Scheme 3). There are four short Li---C; distances
(250.0 £ 0.6 pm) in 2 f-2Li, but two significantly longer ones
(260.1 pm) and two very long distances (271.3 pm) in 2f-
2Li,-2Me,0O. These differences can be explained by the
well-known!'®! decrease of the coordination ability of lithium
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Scheme 3. Calculated structures for contact-ion triples from tetraphenyl-
and tetra-(o-methylphenyl)-1,3-diborataallenes 2 f and 2g and two lithium
ions without (top right and bottom) and with dimethyl ether ligands (top
left).
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cations versus s ligands by ether ligands. Since 2f-2Li-
2Me,0 without ortho-methyl substituents shows almost
no deviation from orthogonality (©=95.5°), the strong
deviations in contact-ion triples 2a—c-2Li-2Et,0O must
be due to steric hindrance; 2f-Li, without coordinated
ether molecules deviates considerably from orthogonality
inspite of lacking steric hindrance. Adding steric hindrance to
ether-free contact-ion triples of dilithium tetraaryl-1,3-dibor-
ataallenes leads to even stronger deviations from orthogon-
ality: a torsion angle of 133.9° is calculated for 2g-2Li
(Scheme 3).

Calculations!'”! also show that 1,3-diborataallenes are con-
siderably easier to distort than isoelectronic allenes.'4]
According to our calculations, planarization requires
43.6 kcalmol-!  for unsubstituted allene but only
24.7 kcalmol~! for unsubstituted 1,3-diborataallene 2h. Even
smaller energies are calculated for the contact-ion triples 2h-
2Li-2Me,O and 2h-2Li: 20.4 and 15.3 kcalmol~!, respec-
tively (Scheme 4).05]

p-—:_]—/ . B T
- . O {
2n 2. planar

Y'Y

2h 20 2Me0 2h: 23200, planar

oyl o

_.__..__ﬂ__.f B3 el .--*':‘-u.r'"
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[}

2 2Li 2hv2Li, planar

Scheme 4. Energies for the planarization of unsubstituted 1,3-diborata-
allene 2h (top) and its contact-ion triples with two lithium ions without
(bottom) and with (center) dimethyl ether ligands.

In conclusion, the strong deviations from orthogonality in
dilithium-1,3-diborataallenes 2a—c¢-2Li-2Et,0 are due to
the following effects: distortion towards planarity requires
less energy in 1,3-diborataallene than in allene, and inter-
action of the lithium cations with the m electrons of the
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arylsubstituents leads to steric hindrance between ortho-
methyl groups of aryl substituents bound to different boron
atoms.
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