
Reactions of Tetraalkyldiindane(4), R2In-InR2
(R ) CH(SiMe3)2), with tert-Butyl and Phenyl Isonitriles.
Formation of Adducts with Retention of the In-In Bond†

Werner Uhl* and Frank Hannemann

Fachbereich Chemie der Universität, Postfach 2503, D-26111 Oldenburg, Germany

Rudolf Wartchow

Institut für Anorganische Chemie der Universität, Callinstrasse 9,
D-30167 Hannover, Germany

Received April 1, 1998

Summary: Tetrakis[bis(trimethylsilyl)methyl]diindane-
(4) (1) reacts with tert-butyl or phenyl isonitrile not by
the insertion of the isonitrile carbon atom into its In-
In single bond but by the formation of weak adducts with
one isonitrile molecule coordinated to each of the coor-
dinatively unsaturated In atoms. While the tert-butyl
isonitrile adduct 5 is almost centrosymmetric in the solid
state with the largest possible separation between the
bulky tert-butyl groups, the phenyl groups are neigh-
bored and parallel in the corresponding phenyl deriva-
tive 6. The In-In distances of both compounds (2.8483
Å on average for 5 and 2.8482(6) Å for 6) are identical
and only slightly lengthened compared with the starting
compound 1 (2.828(1) Å).

Introduction

Organoelement compounds which contain a single
bond between the heavier elements of the third main
group aluminum,1 gallium,2 and indium (1)3 were
synthesized and characterized the first time 10 years
ago by our group, and subsequently, many important
derivatives have been published by others.4 These
compounds showed a remarkable and unprecedented
chemical reactivity, and many secondary products were
synthesized during the past decade.5 A very important
type of reaction is the insertion of atoms or whole
molecules such as isonitriles into the element-element
bonds. The insertion of one isonitrile molecule into the
Al-Al bond of the aluminum analogue of 1 was easily
achieved by the reaction with 1 equiv of the correspond-
ing isonitrile.6 A three-membered heterocycle was
formed by the interaction of the nitrogen lone pair with
one of the coordinatively unsaturated Al atoms (2),
Scheme 1. Only use of phenyl isonitrile in excess
resulted in the insertion of a second isonitrile molecule
to yield compound 3, in which a carbon-carbon single
bond was formed and each nitrogen atom was coordi-
nated to an Al atom with short Al-N bonds to give two
anealated four-membered heterocycles.6 In contrast, an
excess of tert-butyl isonitrile yielded a trimeric dialkyl-

aluminum cyanide by the cleavage of the N-C(tert-
butyl) bond.7 The gallium analogue of 1 with a Ga-Ga
single bond on treatment with isonitriles gave exclu-
sively the products of the two fold insertion (4). The
insertion of only one RNC molecule has up to now not
been realized, even by systematically enlarging the
steric demand of the isonitrile or by changing the
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stoichiometric ratios of the reactants.8 The different
behavior of the dialuminum and digallium compounds
may be caused by the better steric shielding of the
gallium compound due to the shorter Ga-Ga bond,
which, once opened, favors the attack of a second
isonitrile molecule, or by the weaker Lewis-acidic
character of the digallium compound. The molecular
structure of 4 showed an important difference in com-
parison with the corresponding aluminum derivative 3
in that only weak interactions between the nitrogen and
the gallium atoms were observed, as deduced from the
long Ga-N distances and from temperature-dependent
NMR experiments.8 It is now of particular interest to
investigate the behavior of the diindium(4) derivative
1 in its reaction with isonitriles. Surprisingly, a third
type of reaction was encountered and is reported here.

Results and Discussion

Treatment of the orange-red diindane(4) compound
1 with an excess of tert-butyl or phenyl isonitrile gave
bright yellow mixtures, from which, after evaporation
of the solvent and the excess of isonitrile, yellow solid
residues were isolated. Dissolution of these residues in
pure n-pentane for recrystallization resulted, however,
in orange-red solutions characteristic of 1, and the NMR
spectra in benzene showed the resonances of 1 in the
SiMe3 region as well as signals due to the corresponding
free isonitriles. Integration of the 1H NMR spectra
revealed a ratio of 1 to the isonitrile of 1:2. The yellow
reaction products could only be obtained in a crystalline
form when crystallized from a pentane solution in the
presence of an excess of the respective isonitrile. For
this reason we were unable to characterize the products
by NMR spectroscopy, and as expected, the determina-
tion of the molar mass in benzene gave only one-third
of the calculated formula weight owing to the complete
dissociation into three independent molecules. The
formulation of the molecular structure of the products
5 (tert-butyl isonitrile) and 6 (phenyl isonitrile) as
adducts with an intact In-In bond given in eq 1 is thus
derived mainly from the results of the crystal structures
discussed below. The slow transformation of 5 and 6

into the orange-red diindium(4) compound 1 is observed,

even in the solid state at room temperature, but yellow
crystals of 5 and 6 can be stored at -30 °C in the dark
for several months without decomposition. The melting
points (5, 78 °C; 6, 84 °C accompanied by slow decom-
position) are lowered compared with the decomposition
point of 1 (154 °C), which rapidly decomposes on melting
by the precipitation of elemental indium.3 Insertion of
the isonitriles into the In-In bond of the diindium(4)
compound 1 was not achieved, even when mixtures of
the components were heated in n-hexane under reflux.
Instead, owing to the low thermal stability of 1, slow
decomposition of 1 was observed after some hours by
precipitation of elemental indium and formation of bis-
(trimethylsilyl)methane.

The crystal structures of both compounds are depicted
in Figures 1 (5) and 2 (6). Both isonitriles did not insert
into the In-In bond but formed adducts in which each
indium atom is terminally coordinated by one isonitrile
ligand and the In-In bond is not cleaved. Both com-
pounds show identical In-In bond lengths (2.8483 Å on
average for 5 and 2.8482(6) Å for 6), which are only
slightly lengthened compared with the starting com-
pound 1 (2.828(1) Å).3 The In-C bonds to the bis-
(trimethylsilyl)methyl substituents are, however, sig-
nificantly influenced by the increase of the coordination
number of the indium atoms and are lengthened from
2.196(5) Å of the starting compound 1 to 2.247 and 2.246
Å (on average) in compounds 5 and 6. The distances
between indium and the carbon atoms of the isonitrile
groups are very long (2.437 Å on average in 5 and
2.449(3) Å in 6). They are lengthened by ca. 0.2 Å
compared to normal In-C single bonds and possibly
indicate a weak coordinative interaction, which may
cause the facile dissociation observed in solution. In
contrast, the B-C and Al-C distances detected in
adducts of isonitriles with boron and aluminum com-

(8) Uhl, W.; Hahn, I.; Schütz, U.; Pohl, S.; Saak, W.; Martens, J.;
Manikowski, J. Chem. Ber. 1996, 129, 897.

Figure 1. Molecular structure of 5. The thermal ellipsoids
are drawn at the 40% probability level. Methyl groups are
omitted for clarity. Important bond lengths (Å) and angles
(deg) (corresponding figures of the second molecule in
brackets): In1-In2 2.8469(4) [2.8497(5)], In1-C(a) 2.418(5)
[2.433(5)], In2-C(b) 2.454(5) [2.444(5)], In1-C1 2.248(4)
[2.234(4)], In1-C2 2.242(4) [2.249(4)], In2-C3 2.243(4)
[2.245(5)], In2-C4 2.256(4) [2.256(4)], C(a)-N1 1.142
[1.144(5)], C(b)-N2 1.134(5) [1.146(6)], In1-In2-C(b)
100.6(1) [97.7(1)], In2-In1-C(a) 98.3(1) [99.3(1)], In1-
In2-C3 125.8(1) [114.2(1)], In1-In2-C4 122.1(1) [125.5(1)],
In2-In1-C1 114.3(1) [124.4(1)], In2-In1-C2 126.8(1)
[122.2(1)].

Notes Organometallics, Vol. 17, No. 17, 1998 3823

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 3
0,

 2
00

9
Pu

bl
is

he
d 

on
 J

ul
y 

7,
 1

99
8 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

98
02

50
c



pounds9 are only slightly lengthened with respect to the
corresponding element-carbon single bonds, which
further supports the description of 1 as a very weak
Lewis acid. The C-N triple bond lengths (1.142 Å on
average for 5 and 1.145(3) Å for 6) are similar to those
found in uncoordinated isonitrile groups (about 1.15-
1.16 Å).10 Similar short distances were observed in
compounds in which isonitrile groups act as pure
σ-donors, as in adducts with boranes or organoalumi-
num derivatives.9 Isonitrile ligands bound to transition
metals show differing C-N distances, which seem to
depend, in part, on the extent of the π-back-bonding.11

The In-C-N-C groups of the coordinated isonitrile
ligands are almost ideally linear with In-C-N and
C-N-C angles in compound 5 of 176.8° and 178.5° (on
average) and in compound 6 of 171.9(3)° and 177.4(3)°,
respectively.

While the bond lengths and angles in both molecules
are quite similar, the molecular conformations differ
significantly. As expected for a compound that is
isoelectronic to a distannane derivative, the tert-butyl
adduct 5 adopts an ethane-like staggered conformation
across the In-In bond with the isonitrile groups almost
ideally in an antiperiplanar position. The torsion angles
C-In-In-C between the isonitrile carbon atoms are

178.5° and -179.4°. This structure is to be expected
the most sterically favorable conformation because it
ensures the best separation of the bulky substituents.
However, all substituents of the phenyl isonitrile adduct
6 are in the sterically unfavorable eclipsed position, and
the torsion angles across the In-In bond are C1-In1-
In1′-C2′ ) 14.8°, C2-In1-In1′-C1′ ) 14.8°, and C-In1-
In1′-C′ ) 11.3°. This unusual conformation may be
caused by an interaction between both of the parallel
phenyl groups. Such arene-arene interactions have
been verified by theoretical calculations12 and cause the
unusual packing observed in many solid-state structures
of aromatic compounds. The shortest separation be-
tween the phenyl rings in 6 is 3.710 Å (C3-C3′), and
this gradually increases to 3.967 Å (C6-C6′). This is
exactly the range for which significant interactions
between phenyl groups were discussed.

The IR spectra made an important contribution to the
discussion of the bonding situation in both molecules.
The stretching vibration of the C-N triple bond in-
creases upon coordination to the indium atoms in
comparison to the corresponding vibrations of the free
isonitriles by 57 (5) and 46 cm-1 (6) to 2187 and 2168
cm-1, respectively. Such shifts to higher wavenumbers
are common for isonitriles, which act exclusively as
σ-donors with little or no contribution by back-donation
of π electrons. Examples of such a bonding situation
are cationic transition-metal complexes11 or adducts of
isonitriles with coordinatively unsaturated boron or
aluminum compounds.9 Similar effects have been ob-
served recently in cationic transition-metal carbonyl
complexes.13

Experimental Section

All procedures were carried out under purified argon.
n-Pentane was dried over LiAlH4. Commercially available tert-
butyl isonitrile (Aldrich) was used without further purification,
and phenyl isonitrile was synthesized from aniline and diphos-
gene according to the literature14 and stored at -50 °C to
prevent decomposition. Diindane(4) 1 was prepared as re-
cently published.3

R2In-InR2‚2Me3CNC (5). Solid diindane(4) 1 (612 mg,
0.707 mmol) was treated with 3 mL of tert-butyl isonitrile
without any other solvent. The suspension was stirred at room
temperature, and a yellow solution was obtained after 10 min.
The excess isonitrile must be cautiously distilled off under
reduced pressure because the amorphous residue decomposed
on thorough drying in vacuo to yield the orange-red starting
compound 1. Recrystallization from 1.5 mL of a 1 M solution
of tert-butyl isonitrile in n-pentane gave the product (5) as
yellow crystals. Yield: 594 mg (81%). Dec. (argon, sealed

(9) (a) Fontaine, X. L. R.; Greenwood, N. N.; Kennedy, J. D.;
MacKinnon, P.; Thornton-Pett, M. J. Chem. Soc., Dalton Trans. 1988,
2809. (b) Ditzel, E. J.; Fontaine, X. L. R.; Greenwood, N. N.; Kennedy,
J. D.; Sisan, Z.; Stibr, B.; Thornton-Pett, M. J. Chem. Soc., Chem.
Commun. 1990, 1741. (c) Fisher, J. D.; Wie, M.-Y.; Willett, R.; Shapiro,
P. J. Organometallics 1994, 13, 3324.
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Hu, C.; Bennett, D. W. J. Mol. Struct. 1994, 328, 133. (b) Colapietro,
M.; Domenicano, A.; Portalone, G.; Torrini, I.; Hargittai, I.; Schultz,
G. J. Mol. Struct. 1984, 125, 19. (c) Lentz, D.; Preugschat, D. Acta
Crystallogr., Sect. C 1993, 49, 52. (d) Buschmann, J.; Lentz, D.; Luger,
P.; Perpetuo, G.; Scharn, D.; Willemsen, S. Angew. Chem. 1995, 107,
988; Angew. Chem., Int. Ed. Engl. 1995, 34, 914. (e) Hahn, F. E.;
Tamm, M. Angew. Chem. 1991, 103, 213; Angew. Chem., Int. Ed. Engl.
1991, 30, 203. (f) Britton, D.; Konnert, J.; Lam, S. Cryst. Struct.
Commun. 1978, 7, 445. (g) Yamamoto, Y.; Hagiwara, T.; Yamazaki,
H. Inorg. Chim. Acta 1986, 115, L35. (h) Britton, D. J. Crystallogr.
Spectrosc. Res. 1993, 23, 689. (i) Carter, V. B.; Britton, D.; Gleason,
W. B. Cryst. Struct. Commun. 1977, 6, 543.

(11) Some recent examples of homoleptic isonitrile complexes: (a)
Ruiz, J.; Riera, V.; Vivanco, M.; Garcia-Granda, S.; Pertierra, P.
Organometallics 1992, 11, 2734. (b) Lentz, D. J. Organomet. Chem.
1990, 381, 205. (c) Acho, J. A.; Lippard, S. J. Organometallics 1994,
13, 1294. (d) Bassett, J.-M.; Berry, D. E.; Barker, G. K.; Green, M.;
Howard, J. A. K.; Stone, F. G. A. J. Chem. Soc., Dalton Trans. 1979,
1003. (e) Bohling, D. A.; Mann, K. R. Inorg. Chem. 1984, 23, 1426. (f)
Leach, P. A.; Geib, S. J.; Corella, J. A.; Warnock, G. F.; Cooper, N. J.
J. Am. Chem. Soc. 1994, 116, 8566. (g) Utz, T. L.; Leach, P. A.; Geib,
S. J.; Cooper, N. J. J. Chem. Soc., Chem. Commun. 1997, 847. (h)
Crossley, J. G.; Orpen, A. G. Acta Crystallogr., Sect. C 1995, 51, 1102.
(i) Connelly, N. G.; Crossley, J. G.; Orpen, A. G.; Salter, H. J. Chem.
Soc., Chem. Commun. 1992, 1564.

(12) Smith, G. D.; Jaffe, R. L. J. Phys. Chem. 1996, 100, 9624.
(13) Willner, H.; Aubke, F. Angew. Chem. 1997, 109, 2506; Angew.

Chem., Int. Ed. Engl. 1997, 36, 2402.
(14) Skorna, G.; Ugi, I. Angew. Chem. 1977, 89, 267; Angew. Chem.,
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Figure 2. Molecular structure of 6. The thermal ellipsoids
are drawn at the 40% probability level. Methyl groups are
omitted for clarity. Important bond lengths (Å) and angles
(deg): In1-In1′ 2.8482(6), In1-C 2.449(3), In1-C1 2.235(2),
In1-C2 2.257(3), C-N 1.145(3), In1′-In1-C1 124.96(8),
In1′-In1-C2 114.17(8), In1′-In1-C 97.66(8), C1-In1-
C2 113.4(1), C1-In1-C 100.0(1), C2-In1-C 99.9(1) (In′
calculated by -x + 2, y, -z + 0.5).
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capillary): 78 °C. IR (CsBr plates, paraffin, cm-1): 2187 w
νNC; 2130 vw νNC of free isonitrile; 1462 vs, 1377 vs paraffin;
1255 w, 1246 s δCH3; 1202 vw, 1170 vw, 1153 vw, 1113 vw,
1077 vw; 1020 m δCH; 916 w, 849 vs, 785 m, 761 m, 750 m,
723 m FCH3(Si); 685 w, 667 m νasSiC; 611 vw, 602 vw νsSiC;
521 vw, 467 w, 412 vw νInC; 338 vw δSiC.

R2In-InR2‚2H5C6NC (6). Diindane(4) 1 (414 mg, 0.478
mmol) was dissolved in 40 mL of n-pentane and cooled to -55
°C. A solution of 181 mg (1.76 mmol) of phenyl isonitrile in 8
mL of pentane was added in 10 min. The mixture was warmed
to room temperature and stirred for 45 min. After concentra-
tion to about 5 mL, the solution was cooled to -50 °C to obtain
yellow crystals of the product (6). It was recrystallized from
a mixture of cyclopentane (5 mL) with 150 mg of phenyl
isonitrile. Yield: 396 mg (77%). Dec. (argon, sealed capil-
lary): 84 °C. IR (CsBr plates, paraffin, cm-1): 2168 m νNC;
2122 vw νNC of free isonitrile; 1589 w phenyl; 1458 vs, 1377
vs paraffin; 1292 w, 1244 s δCH3; 1184 w, 1169 vw, 1115 vw,
1093 vw, 1069 vw; 1022 s δCH; 912 m, 849 vs, 787 m, 770 s,
748 s, 723 m FCH3(Si); 679 s, 665 vs νasSiC; 611 w, 600 m νsSiC;
509 m, 488 vw, 482 vw, 461 s, 449 m νInC; 362 vw, 342 vw
δSiC.

Crystal Structure Determinations. Single crystals were
obtained by slow cooling of a saturated solution in a mixture
of n-pentane and tert-butyl isonitrile (5) or in a mixture of
cyclopentane and phenyl isonitrile (6). The crystals were not
dried in vacuo after isolation. Owing to the beginning of
decomposition, the sealed, originally yellow crystals became
orange-red after 24 h. The crystallographic data were collected
with a STOE imaging plate diffractometer. Relevant crystal
data, data collection parameters, and results of the structure
refinement are summarized in Table 1. The structures were
solved by direct methods and refined with the program

SHELXL-9316 by a full-matrix least-squares method based on
F2. Compound 5 has two independent molecules in the
asymmetric unit, and its crystals include two molecules of
n-pentane in the unit cell, which are disordered over a 2-fold
rotational axis and were refined isotropically with fixed bond
lengths and angles without consideration of hydrogen atoms.
Two trimethylsilyl groups of 5 showed disorder (Si6 and Si10),
and their atoms were isotropically refined with occupancy
factors of 0.7 and 0.3 (Si6) and 0.53 and 0.47 (Si10) by the
restriction of bond lengths and angles. 6 is located on a 2-fold
crystallographic rotation axis perpendicular to the In-In bond.
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Table 1. Crystal Data, Data Collection Parameters, and Structure Refinement for Compounds 5 and 6
5 6

formula C38H94In2N2Si8‚0.125n-pentane C42H86In2N2Si8
cryst syst monoclinic monoclinic
space group I2/a; No. 1515 C2/c; No. 1515

Z 16 4
temp, K 293(2) 293(2)
Dcalcd, g/cm3 1.138 1.194
a, Å 21.108(3) 19.563(3)
b, Å 21.520(2) 14.264(2)
c, Å 53.861(6) 21.443(3)
â, deg 96.430(10) 93.83(2)
V, 10-30 m3 24312(5) 5970(2)
µ, mm-1 0.940 0.959
cryst dimens, mm 0.67 × 0.44 × 0.81 0.48 × 0.37 × 0.41
radiation Mo KR; graphite monochromator
2θ range, deg 4.0 e 2θ e 48.1 3.8 e 2θ e 48.2
index ranges -24 e h e 21 -22 e h e 22

-22 e k e 24 -16 e k e 16
-61 e l e 61 -24 e l e 23

no. of unique rflns 18999 4684
no. of params 977 256
R1 (I > 2 σ(I)) 0.0331 (11632) 0.0254 (3549)
wR2 (all data) 0.0661 0.0482
max/min residual electron density, 1030 e/m3 0.64/-0.67 0.57/-0.30
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