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Indenyllithium reacts with dichlorobis(dimethylamino)dibo-
rane(4) with formation of bis(dimethylamino)bis(1-indenyl)-
diborane(4) which rearranges on heating to the isomer bis(di-
methylamino)bis(3-indenyl)diborane(4). The “mixed" bis(di-
methylamino)(1-indenyl)(3-indenyl)diborane(4) is obtained
from indenyllithium and chlorobis(dimethylamino)(3-inden-

yl)diborane(4). The main structural differences between the
two isomers 3 and 4 are a slightly shorter B—B bond in 4, as
well as a stronger twist about the B—B bond (89.9° vs. 67.4°)
and, as expected, a shorter B—C bond. There is, however, no
significant B—C = bonding.

Bis(dimethylamino)diorganyldiboranes(4) (Me,N)RB—
BR(NMe,) may either be reduced to their dianions
[B,(NMe,),R,]>~ which feature a B=B double bond™ or
may be deprotonated to a diborabutadiene dianion [R',=
B(NMe,)—B(NMe,)=R’]*>~ (R’ = CHR'’,) provided that
the organyl group carries a sufficiently acidic hydrogen
atomBl. The first route has been verified for R = phenyl,?!
the second for R’ = fluorenylPl*l and benzylPl. The alkali-
metal salts of B,(NMe,)>(CR’5),>~ not only show a notice-
able variation of structures®/%] but have also proved to be
useful reagents for the preparation of new heterocycles such
as l-stanna-3,4-diborolanes or 1-plumba-3,4-diborolanes
and 1,2-diboretanes[®. Other diorganyldiboranes(4) that
might readily be deprotonated are indenyl and cyclopen-
tadienyl derivatives. These are expected to exhibit a differ-
ent reactivity compared to the fluorenyldiborane(4) com-
pounds because they are less acidic, are sterically less de-
manding, and their alkali-metal salts may therefore display
different structural motifs. Here we report on the synthesis
and structural characterisation of bis(dimethylamino)bis(in-
denyl)diboranes(4)[1.

Synthesis

There are at least four different synthetic pathways by
which the synthesis of bis(dimethylamino)bis(indenyl)di-
boranes(4) can be achieved. These are summarized in
Scheme 1.

The most straightforward pathway is described by eq. 1
while the route shown in eq. 2 may suffer from depro-
tonation of the indenyl group; this would lead to B—C
bond formation in competition to B—B bond formation.

[ Part 241: Ref 1.
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The results of eq. 3 depend on the acidity of indene and the
Lewis acidity of the boron atoms in B,(NMe,),(ind), which
may prevent the liberation of Me,NH and hence the syn-
thesis of B,(NMe,),(ind),. The substituent exchange ac-
cording to eq. 4 is prevented simply by the access to tri(in-
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denyl)borane, an as yet unknown triorganylborane. Conse-
quently we studied the reaction described by eq. 1.

In toluene a surprising result was observed as even after
20 h at ambient temperature only monosubstitution with
formation of chlorobis(dimethylamino)(indenyl)diborane(4)
(1) occurred which was present in solution as the 1-indenyl
isomer (eq. 5). On distillation 1 converted into the 3-indenyl
isomer 2 (eq. 6).

M€2N\ /NMez MCZN\ /NMeZ
B—B B—B g
8 H,/ H 17, / N B 8
i 28 A 6
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However, when a small amount of THF was added to
the reaction mixture as described by eq. 1 then 1 was only
an intermediate on route to bis(dimethylamino)bis(1-in-
denyl)diborane. Under these conditions 3 was formed and
isolated in acceptable yields (55%).

Heating solutions of 3 in toluene under reflux converted
this compound into its bis(3-indenyl)derivative 5. Following
this rearrangement using 'H- and '3C-NMR spectroscopy
provided evidence that the “mixed” isomer 4 is an inter-
mediate. Actually, 4 can be readily prepared from the
chloro(3-indenyl)diborane(4) 2 by allowing it to react with
Li(ind) at ambient temperature as shown in eq. 7.

Experiments designed to obtain bis(cyclopentadienyl)bis-
(dimethylamino)diborane(4) have so far failed. The reaction
of TICp with (Me,N),B,Cl, in toluene led to a solution that
contained primarily the starting diborane(4) compound in
addition to unidentified products (ratio 9:1 according to
B_.NMR spectroscopy). Activation by ultrasound or re-
placement of TICp by NaCp and the use of THF as a sol-
vent lead to ether cleavage.

NMR Spectra

NMR-spectroscopic data on compounds 2—5 are sum-
marized in the Experimental Section. Assignments were
made from the analysis of 'H-'H-COSY and 'H-'3C-
HETCOR experiments.

The ''B resonances of the indenyldiboranes(4) 3—5 all lie
in a very narrow range, 6 = 48 * 2, irrespective of whether
the indenyl group is present as the 1- or 3-isomer. However,
the linewidth increases as the number of the 3-indenyl
groups increases. The observed shielding corresponds to di-
alkylbis(dimethylamino)diboranes(4)®l. 3-Indenyl groups
should actually lead to a better shielding due to possible
B—C = bonding as observed for amino(vinyl)boranesll.
Therefore, we can assume that the 3-indenyl group is not
coplanar with the B,NC plane. Two 'H- and '3C-NMR sig-

506

nals for the dimethylamino group in 5 indicate hindered
rotation about the B—N bonds. In the case of compound 4
there are even four 'H-NMR signals of equal intensity as
well as four '3C resonances, which again demonstrate hin-
dered rotation about the B—N bonds. Surprisingly, com-
pound 3 displays eight signals for the Me,N groups in the
'H-NMR spectrum and shows six 3C resonances. This fact
can only be rationalized by assuming the presence of rota-
mers.

Compound 2 is exceptional in so far as one would expect
two separated 'B-NMR signals but only one is actually
observed. This can be explained by an inductive effect of
the B(CI)NMe, group which brings about stronger B—N
bonding on the neighbouring R(Me,N)B group, as indi-
cated by a deshielding of the protons of the dimethylamino
groups. It is a well-known phenomenon that the '3C reso-
nances of carbon atoms bound to a boron atom are often
difficult to detect due to the quadrupole-induced broaden-
ing of its resonance!®. Thus only the '3C resonances of the
C atom of the l-indenyl compounds could be determined
but not those of the 3-indenyl groups.

The NMR data also suggest free rotation about the B—B
bond. However, for the bis(1-indenyl)diborane(4) 3 hin-
dered rotation about the B—C bonds may also be possible.
Nevertheless, no firm conclusions as to the structure of the
dominant conformation could be derived from NMR
experiments. We therefore determined the molecular struc-
tures by X-ray crystallography although the results are, of
course, restricted to the solid state.

Molecular Structures

Two of the indenyldiboranes(4) gave single crystals from
hexane solutions suitable for an X-ray diffraction study.
Figures 1 and 2 depict the results whilst Table 1 contains
the bonding parameters.

The molecular structures of 3 and 4 confirm the con-
clusions drawn from the NMR data that 3 contains 1-in-
denyl groups only, while 4 carries both a 1-indenyl and 3-
indenyl substituent.

A significant structural feature of both compounds is the
B—B bond, which seems to be slightly longer in 3 than in
4. However, both B—B bonds are longer than found for
the comparable diborane(4) derivatives 1,2-difluorenyl-1,2-
dipyrrolidinodiborane(4) [1.697(4) A]!'%, 1,2-bis(dimethyl-
amino)-1,2-bis(phenylethynyl)diborane(4) [1.696(8) A]!0,
1,2-bis(dimethylamino)-1,1-diphenyldiborane(4) [1.714(4)
A] and 1,2-bis(dimethylamino)-1,2-dimesityldiborane(4)
[1.72(1) AJM'. It appears from these data that the B—B
bond length increases slightly when tetracoordinated C
atoms are replaced by trigonal-planar C atoms.

B—N = bonding is indicated by the B—N bond lengths
in compounds 3 and 4 which range from 1.386(4)—1.403(2)
A; this fits not only with the hindered rotation about the
B—N bonds but also with many other B—N bond lengths
of aminoboranes(4)!']. However, one should note that in
compound 4 the longer B—N bond is associated with the
boron atom that carries the 1-indenyl substituent. The
shorter B—N bond is found at the boron atom with the 3-
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Table la. Selected bond lengths [10%] and bond angles [°] of com-
pounds 3 and 4; estimated standard deviations are given in paran-

theses
Bond lengths 3 4 Bond angles 3 4

B1—-B2 1.726(4) 1.716(3) NI1-B1-C5 121.6(2) 119.3(2)
B1-NI1 1.393(4)  1.403(2) NI-BI-B2 122.1(3) 121.8(2)
B2—N2 1.386(4) 1.3904) C5—-B1—B2 116.3(2) 118.8(1)
B1-C5 1.631(4) 1.621(3) Cl4—B2—-N2 118.0(3) 120.4(2)
B2—Cl4  1.640(5) 1.583(5) N2—-B2—Bl 1232(3) 125.7(2)
C5-C6 1.495(5) 1.512(2) Cl14-B2—-B1 118.6(3) 113.9(2)
C6—C7 1.3414)  1.331(3) BI-NI-C4 126.1(3) 126.7(2)
C7-C8 1.459(5) 1.4703) C4—-N1-C3 111.4(3) 111.2(2)
C8—C9 1.401(4)  1.402(3) BI-NI-C3 122.5(3) 122.1(2)
C9—C5 1.516(4)  1.509(3) B2-N2—C2  122.93) 123.12)
Cl4—C15  1.537(5) 1.351(3) B2-N2—Cl 126.2(3) 124.9(2)
C15-Cl6 1.307(5) 1.5053) C1-N2-C2 110.9(3) 111.9(2)
Cl6—C17  1498(5) 1.504(3) BI-C5-C9 120.92) 107.0(1)
C17-CI18 1.386(5) 1.4033) B1-C5-C6 113.1(2) 114.4(1)
Cl14—-Cl18 1.484(5) 1.488(2) B2—-Cl14—-C18 115.5(2) 127.3(2)
B2—-Cl14—C15 113.0(3) 125.8(2)

Table 1b. Selected torsion and interplanar angles [°] of compounds

3and 4
Torsion angles 3 4 Interplanar angles 3 4
NI-BI1-B2—-N2 67.4 89.9 C5-C9/C14—-C18 1042 34
C1-N2-B2-Bl 177.6 —178.6 C8—CI3/C17—-C22 1059 5.6
C4—-N2-B1-B2 —1744 168.8 Cl4—B2—-N2/ 653 923
C5-B—NI1
C5-B1-B2-Cl4  63.6 85.9

Figure 1. The molecular structure of the bis(1-indenyl)diborane(4)

derivative 3 in the crystal; thermal ellipsoids are shown on a 25%

probability level; hydrogen atoms (except those of the unique CH,
groups) are omitted for clarity

indenyl group; this atom is expected to participate in B—C
n bonding with a consequent weakening of B—N 7 bond-
ing.

As expected the lengths of the B—C bonds to the 1l-in-
denyl groups are longer than the B—C bonds of the 3-inde-
nyl substituent reflecting the different hybridization at the
carbon atoms. Moreover, the C—C bond lengths clearly
show that there is no electron delocalisation in the five-
membered rings, and even the benzo rings show signifi-
cantly different C—C bond lengths due to the disturbance
by the o-disubstitution.
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Figure 2. The molecular structure of the “mixed” bis(1-indenyl)di-

borane(4) derivative 4 in the crystal; thermal ellipsoids are drawn

on a 25% probability level; hydrogen atoms (except for the unique
CH and CH, group) are omitted for clarity

Strong B—N 7 bonding is indicated not only by short
B—N bond lengths but also by planar geometry around the
nitrogen and boron atoms. This is the case for these atoms
in 3 and 4. Moreover, the C,N plane should be coplanar
with the B,C plane, e.g. the torsion angle C—N—B—B
should be 0°. This is almost fulfilled for both compounds
under consideration, the largest torsion angle being 11.0°
(C11-N1-B1—B2 in 4). While there is little difference be-
tween the two molecules there is a large conformational dif-
ference in the N—B—B—N torsion angle which is 67.4° for
3 but §9.9° for 4. Another feature that determines the mo-
lecular shape of these molecules in the solid state is the
orientation of the respective C? parts of the indenyl groups.
For 3 the C5C6C9 plane is twisted against the N1B1B2
plane by 75.2°, and the C14C15C18 plane twisted against
the N2B2BI1 plane by 68.6°. In contrast, the C14C15C18
plane of the 3-indenyl group is rotated out of the N2B2B1
plane by 63.0° while the C5C6C9 plane is twisted against
the N1B1B2 plane by 71.6°. As can be seen from Figure 1
the 1-indenyl groups are arranged in such a manner that
the unique CH protons (on C5, Cl14) point in the same
direction. This conformation is rather similar to that found
in bis(dimethylamino)difluorenyldiborane(4)%.

Discussion

The study of the indenyldiboranes(4) 2—5 show conclu-
sively that the 1-indenyl derivatives represent the kinetic
products while the 3-indenyl isomers are the stable thermo-
dynamic products. The former are obtained from indenyl-
lithium and B,Cl,(NMe,), at ambient temperature and re-
arrange to the latter on heating of their toluene solutions
or on distillation. Although one might expect that the driv-
ing force for the rearrangement is due to B—C 7w bonding,
the molecular structure of 4 provides no support for this
assumption because the 3-indenyl group is oriented orthog-
onally to the NB, plane, thus ruling out any B—C n-bond-
ing contribution. This, however, need not be the case in
solution.

Similar behaviour has been observed for cyclopentadien-
ylboranes. Grundke and Paetzold™?! have shown that cyclo-
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pentadienylboranes RCp—BEt, are present as the isomer A,
and they found no NMR-spectroscopic evidence for iso-
mer B.

Moreover, Jutzi and Seufert demonstrated that both the
methyl and dihalogenoboryl group of the cyclopentadienyl-
dihalogenoborane are only bonded to a vinylic carbon
atom, e.g. like C, and the structure D follows for bis(dihalo-
genoborylcyclopentadiene) from NMR datal'l. When pro-
tic shifts are excluded, as is the case for (pentamethylcyclo-
pentadienyl)boranes Cp*BX, (X = Cl, Br, I, NMe,) rapid
sigmatropic rearrangements are observed, except for X =
NDMe, which possesses a static structure E at ambient tem-
perature showing both vinylic- and allylic-bound methyl
groups!!¥. The indenyldiboranes reported here therefore
represent the first examples where both the allylic and the
vinylic isomeric species could not only be detected by NMR
methods but also isolated. This is due to the fact that the
1,3-sigmatropic rearrangement of the proton occurs slowly
and, of course, raises the question of whether indenylbor-
anes (ind); _ BX behave similarly. We will report on these
results in due course.

Experimental Section

General: All experiments were performed under anhydrous con-
ditions using Schlenk techniques under N, or Ar. All reagents were
purified before use either by distillation or crystallization. — El-
emental analysis using a Haereus MX instrument were done at the
Institute’s microanalytical laboratory. — IR: Perkin FT. — MS: At-
las CH7, 70 eV ionisation energy. — NMR: JEOL GSX 270 and
JEOL EX 400, internal TMS ('H, '3C), external BF5-OEt, (!'B).
— X-ray: Siemens P4 with CCD area detector, SAINT software for
data reduction; SHELX97 program package for structure solution
and refinement. Numbering scheme of the NMR data refer to for-
mulae 3—5.

1-Chloro-1,2-bis( dimethylamino )-2-( 3-indenyl) diborane(4)  (2):
By analogy to the preparation of 3, B,Cl,(NMe), (2.96 g, 16.4
mmol) in toluene (50 ml) was treated with a suspension of Li(ind)
(2.0 g, 16.4 mmol) in toluene (30 ml) at —78°C. The insoluble mate-
rial (found 0.67 g, calcd. for LiCl: 0.69 g) was removed after 2 d.
2 could not be crystallized from hexane, but was distilled at
95—98°C/1073 Torr as a colourless viscous oil. Yield: 2.53 g of 2
(63%).— C3H,9B,CIN, (260.38): caled. C 59.97, H 7.35, N 10.76;
found C 59.48, H 7.37, N 10.59. — "B NMR (64 MHz, C¢Dy):
8 = 43.6 [h, = 480 Hz, By(NMe,),(1-ind),] — '"H NMR (400
MHz, C¢Dg): § = 7.53 [d, 1 H, 3J(H,H) = 7.7 Hz, indenyl: H>%],
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737 [d, 1 H, 3J(H,H) = 7.4 Hz, indenyl: H¥], 7.29 [t, 1 H,
3J(H,H) = 7.7 Hz, indenyl: HY7], 7.15 [t, 1 H, *J(H,H) = 7.4 Hz,
indenyl: H%], 6.55 [t, 1 H, 3J(H,H) = 2.1 Hz, indenyl: H?], 3.21
[d, 2 H, 3J(H,H) = 1.8 Hz, indenyl: H], 2.74 [s, 3 H, N(CH)],
2.61 [s, 3 H, N(CHs)], 2.54 [s, 3 H, N(CHs)], 2.52 [s, 3 H, N(CH})]
— 13C NMR (100 MHz, CeDy): & = 148.5 (indenyl: C*), 144.9
(indenyl: C°), 137.1(indenyl: C?), 126.5 (indenyl: C®), 124.5 (inden-
yl: C5), 124.1 (indenyl: C7), 122.5 (indenyl: C%), 44.2 [~ N(CHa)],
419 [-N(CHy)|, 41.1 [-N(CHs)], 40.6 (indenyl: C?), 37.5
[-N(CH;)].

1,2-Bis(dimethylamino )-1,2-bis( 1-indenyl)diborane(4) (3): B,-
(NMe,)-Cl, [15] (5.06 g, 28.0 mmol) was dissolved in toluene (20
ml) and the solution cooled to —78°C. A suspension of lithiumin-
denide (6.84 g, 56.0 mmol), which had been freshly prepared from
indene and butyllithium in toluene (90 ml), was added under vigor-
ous stirring. The suspension was allowed to attain ambient tem-
perature within 18 h, and was then heated for 3 h at 68°C, while
stirring was continued. At this time the !'"B-NMR spectrum showed
only a single-resonance signal of the monosubstituted product
Cl(Me,N)B—B(NMe,)ind; 0.3 ml of THF was then added to the
yellow suspension and the insoluble material was removed by cen-
trifugation after 1h. After washing with toluene (20 ml) and drying
in vacuum, 2.25 g (calcd. 2.38 g for LiCl) of the almost white insol-
uble material were obtained. Toluene was removed from the com-
bined solutions in vacuum leaving behind a yellowish mass of
honey-like appearance. It was then dissolved in hot hexane (75 ml).
Some insoluble materials were removed by filtration, and crystals
separated within 7 d at —20°C. Yield: 5.2 g of 3 (55%), m.p.
143—145°C. — CyH,¢B,N, (340.08): caled. C 77.70, H 7.71, N
8.24; found C 75.94, H 7.75, N 8.14. — ''B NMR (64 MHz, C¢Dy):
8 = 48.6 [h, = 520 Hz, B,(NMe,),(1-ind),] — "H NMR (400
MHz, C¢Dg): 6 = 7.44 ( m, indenyl: H,om), 7.38 (m, indenyl:
Harom)s 7.23 (m, indenyl: Hyom), 6.88 [dd, 2 H, 3J(H,H) = 5.4 Hz,
4J(H,H) = 2.2 Hz, indenyl: H3], 6.81 [dd, 4 H, 3J(H,H) = 5.4 Hz,
4J(H,H) = 2.2 Hz, indenyl: H3], 6.78 [dd, 1 H, 3J(H,H) = 5.4 Hz,
4J(H,H) = 2.2 Hz, indenyl: H3], 6.62 [dd, 2 H, 3J(H,H) = 5.4 Hz,
4J(H,H) = 2.0 Hz, indenyl: H3], 6.29 (dd, 4 H, 3J(H,H) = 5.4 Hz,
3J(H,H) = 1.9 Hz, indenyl: H?], 6.25 [dd, 2 H, 3J(H,H) = 5.4 Hz,
3J(H,H) = 1.8 Hz, indenyl: H?], 6.24 [dd, 1 H, 3J(H,H) = 5.4 Hz,
3J(H,H) = 1.9 Hz, indenyl: H?], 6.13 [dd, 2 H, 3J(H,H) = 5.4 Hz,
3J(H,H) = 1.8 Hz, indenyl: H?], 3.42 (br. s, indenyl: H'), 3.39 (br.
s, indenyl: H'), 3.37 (br. s, indenyl: H'), 3.36 (br. s, indenyl: H'),
2.58 [s, 6 H, N(CHj3),], 2.50 [s, 6 H, N(CHyz),], 2.48 [s, 3 H,
N(CH3),], 2.35[s, 12 H, N(CH3),], 2.34 [s, 12 H, N(CHs3),], 2.27 [s,
3 H, N(CH>),], 2.23 [s, 36 H, N(CHs),], 2.18 [s, 6 H, N(CH>),]. —
13C NMR (100 MHz, C¢Dg): & = 148.9 (Cyarom.))> 148.6 (Cqearom.))s
148.3 (Cyarom.))> 148.0 (Cyarom.)s 145.9 (Cygarom,))> 145.7 (Cyarom.))s
139.8 (indenyl: C?), 138.7 (indenyl: C?), 138.3 (indenyl: C?), 138.0
(indenyl: C?), 129.6 (indenyl: C3), 129.6 (indenyl: C3), 129.4 (inden-
yl: C%), 129.3 (indenyl: C3), 125.3 (Carom.)» 125.3 (Carom.)> 124.2 (C,.
rom)s 124.1 (Carom), 124.0 (Cyrom)s 123.9 (Curom.), 123.9 (Cyrom )s
123.8 (Carom.)» 123.8 (Carom.)s 123.7 (Carom.)»> 121.3 (indenyl: C3%),
121.2 (indenyl: C>®), 121.2 (indenyl: C>%), 121.1 (indenyl: C>%),
49.4 (indenyl: C'), 45.0 [N(CH3),], 44.8 [N(CH3),], 44.8 [N(CH3),],
39.1 [N(CHs),], 38.9 [N(CHs),], 38.8 [N(CHs),].

1,2-Bis(dimethylamino )-1-( 1-indenyl)-2-(3-indenyl)diborane(4)
(4): Cl(Me,N)B—B(NMe,)(3-ind) (750 mg, 2.88 mmol) was dis-
solved in toluene (10 ml) and the solution cooled to —78°C. The
vigorously stirred solution was added to a suspension of Li(ind)
(350 mg), 2.87 mmol) in toluene (20 ml). The suspension was al-
lowed to attain ambient temperature within 2 h, and stirring was
continued for additional 41 h. After that time, the ''"B-NMR spec-
trum revealed that no reaction had occurred. Addition of 0.2 ml
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of THF caused the formation of an almost clear solution which
became turbid within a few minutes. The insoluble product was
removed using a centrifuge and provided 0.13 g of an off-white
material soluble in water (calcd. 0.12 g for LiCl). Toluene was evap-
orated from the toluene solution. The slightly yellow, partly crystal-
line residue was redissolved in hexane (15 ml) and the crystals that
grew from the solution at —20°C were recovered after 2 weeks. —
Yield: 0.91 g of 4 (93%), m.p. 136—138°C. — C,,H»B,N, (340.08):
caled. C 77.70, H 7.71, N 8.24; found C 76.41, H 7.69, N 8.02. —
1IB NMR (64 MHz, C¢Dy): & = 48.4 [h;» = 600 Hz, Bo(NMe,),(-
ind),] — "H NMR (270 MHz, C4Dg): 6 = 7.43 [d, 1 H, 3J(H,H) =
7.2 Hz, indenyl: H*®], 7.38 (d, 1 H, bad resolution, indenyl: H¥®),
7.28 (m, 2 H, Hyom ), 7.16 (m, 4 H, Hypom ), 6.78 [d, 1 H, 3J(H,H) =
4.3 Hz, indenyl: H?], 6.50 [d, 1 H, 3J(H,H) = 4.5 Hz, indenyl: H?],
6.34[t, 1 H, 3J(H,H) = 1.9 Hz, indenyl: H'!], 3.75 (s, 1 H, indenyl:
HY, 3.22 [d, 2 H, 3J(H,H) = 2.1 Hz, indenyl: H'?], 2.77 [s, 3 H,
N(CH;)], 2.65 [s, 3 H, N(CH3)], 2.38 [s, 3 H, N(CH3)], 2.37 [s, 3
H, N(CH3)] — '3C NMR (68 MHz, C¢Dg): 8 = 150.4 (indenyl: C'¥
18), 148.5 (indenyl: C'¥18), 148.3 (indenyl: C*°), 144.7 (indenyl: C*
%), 139.4 (indenyl: C'"), 136.0 (indenyl: C'3), 129.4 (indenyl: C'!),
126.0 (indenyl: C¥17), 125.3 (indenyl: C¥17), 124.1 (indenyl: C>14),
123.9 (indenyl: C719), 123.7 (indenyl: C71¢), 122.9 (indenyl: C%¥13),
121.2 (indenyl: C¥'5), 49.4 (indenyl: C'0), 45.0 [-N(CHs)], 44.1
[-N(CH3)], 41.1 (indenyl: C'?), 40.3 [-N(CH3)], 39.1 [-N(CHj3)].

1,2-Bis(dimethylamino )-1,2-(3-indenyl)diborane(4) (5): A solu-
tion of 3 (200 mg, 0.59 mmol) in toluene (10 ml) was heated to
reflux for 48 h. All volatiles were then removed in vacuum leaving
behind 5 in colourless microcrystaline form. — Yield: 200 mg of 5
(100%), m.p. 148—151°C. — CyH,4B,N, (340.04): caled. C 77.70,

Table 2. Selected crystallographic data for the structures of 3 and
4 and data refering to data collectiion and structure refinement

3 4
Empirical formula C22HZGB2N2 C22H26B2N2
Formula mass 340.07 340.07
Crystal size [mm)] 0.15x0.2 X 0.3 0.06 X 0.3 x 0.7
Crystal system Monoclinic Triclinic
Space group P2(1)/c Plbar
a[A] 15.8977(3) 8.8466(1)
b [A] 7.5756(1) 10.3594(2)
c[A] 16.8297(3) 11.1737(3)
a [°] 90 77.403(1)
BI°] 93.323(1) 85.428(1)
Y [;’]3 90 83.222(1)
VA7) 2023.47(6) 990.84(3)
Z 4 2
p(caled.) [Mlg/m3] 1.116 1.140
mm~ '] 0.064 0.065
F(000) 728 364
Index range —-19 =h =19 —11 =h =11
-9 <k =9 —-13 =k =12
=21 =1=22 -14 =/ <14
201 57.46 58.54
T [K] 193 193
Refl. collected 10800 5635
Refl. unique 3467 3048
Refl. observed (40) 2781 2640
R (int.) 0.0398 0.0249
No. of variables 339 263
Weighting/ schemel®! 0.0628/2.2247 0.0435/0.4055
xly
GOOF 1.130 1.129
Final R (40) 0.0789 0.0474
Final wR2 0.1812 0.1141
Larg. res. peak [e/A3] 0.509 0.331

@yl = g2F,2 + (xP)*> + yP; P = (F,> + 2FA)/3.
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H 7.71, N 8.24, found: C 75.91 H 7.76, N 8.12. — "B NMR (64
MHz, CgDg): & = 48.3 [, = 650 Hz, By(NMey)s(ind),] — 'H
NMR (270 MHz, CeDe): & = 7.43 [d, 2 H, JA(H,H) = 7.1 Hz,
indenyl: H>®], 7.30 (m, 4 H, indenyl: H>*H®%7), 7.12 [pseudo t, 2
H, A(H,H) = 7.5 Hz, indenyl: H®"], 6.34 [t, 2 H, JA(H,H) = 1.9
Hz, indenyl: H?], 3.22 [d, 4 H, J3(H,H) = 1.9 Hz, indenyl: H, 2.90
[s, 6 H, N(CHs)al, 2.59 [s, 6 H, N(CH),] — 3C NMR (68 MHz,
CgDg): 6 = 148.6 (C*), 148.1 (C"), 144.7 (C%), 138.7 (C?), 126.6
(C5), 124.3 (C%), 124.0 (C7), 122.6 (CS), 44.9 [N(CHs),], 41.2 (C?),
40.5 [N(CHs),].

X-ray Structure Determinations: Single crystals of compounds 3
and 4 were grown from hexane solutions at —20°C. The selected
crystals were covered with perfluoroether oil, and mounted on a
glass fibre, placed on the goniometer head and cooled with a gas
flow of cold N,. Preliminary dimensions of the unit cells were cal-
culated from the reflection collected at four different settings of the
crystal by recording 15 frames each with a CCD area detector.
Data collection was performed with 10 s exposure time per frame
by rotating the crystal by 0.3° in ¢ at two different y settings. The
data on 1350 frames were reduced by using the program SAINT!
and the structures solved by direct methods using the XS and
SHELX97 programs for structure solution and refinement. Non-
hydrogen atoms were refined anisotropically, and the hydrogen
atoms were included as a riding model in the final cycles of refine-
ment. Relevant data are presented in Table 3.

Crystallographic data (excluding structure factors) have been de-
posited with the Cambridge Crystallographic Data Centre as sup-
plementary publication no. 101104. Copies of the data can be ob-
tained free of charge on application to CCCD, 12 Union Park,
Cambridge, UK, CB2 1EZ [Fax: int. code + 44(0)1223/336033;
E-mail: deposit@ccdc.cam.ac.uk].

* Dedicated to Prof. Dr. H.-P. Boehm on the occasion of his
70th birthday.
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