
Synthesis and Characterization of the Monomeric Imides Ar ′MNAr ′′ (M ) Ga
or In; Ar ′ or Ar ′′ ) Terphenyl Ligands) with Two-Coordinate Gallium and

Indium
Robert J. Wright, Andrew D. Phillips, Thomas L. Allen, William H. Fink, and Philip P. Power*
Department of Chemistry, UniVersity of California, DaVis, One Shields AVenue, DaVis, California 95616

Received November 20, 2002 ; E-mail: pppower@ucdavis.edu

There is an extensive chemistry of species with bonding between
heavier group 13 elements and nitrogen.1 Such compounds are of
interest because they are isoelectronic to the corresponding carbon
group 14 element derivatives, which permits interesting comparisons
of properties. Also, some group 13 element nitrogen compounds,
for example, gallium nitride, have important electronic applications.
They can be synthesized by decomposition of molecular species
in which hydrogen or organic substituents are eliminated as in2

where M is Al-Tl and R and R′ are hydrogen or organic
substituents.

The amine adducts3 and amides4 have been widely studied. The
imides have also received much attention. They are usually found
as strongly associated species (RMNR′)n (n g 4) that have cage
structures.5 There are a few lower aggregate rings, (RMNR′)2

6 or
(RMNR′)3,7 that have three coordinate metals where M-N multiple
bonding is possible. Although monomeric species, RMNR′, in
which both M and N are two coordinate, and where a unique triple
M-N interaction may be observed, are known for boron,8 they are
unknown for Al-Tl. Here, we describe two monomeric heavier
group 13 element imides, whose structures and bonding differ
considerably from those of their boron congeners.

The gallium and indium imides1 and 2 were obtained by the
reaction of the recently reported dimers Ar′MMAr ′ (Ar′ ) C6H3-
2,6-Dipp2; Dipp ) C6H3-2,6-Pri2; M ) Ga or In)9 with 2 equiv of
the azide N3Ar′′ (Ar′′ ) C6H3-2,6(Xyl-4-But)2) as shown by10

where M is Ga (1) or In (2), Ar′ ) C6H3-2,6-Dipp2 (Dipp ) C6H3-
2,6-Pri2), and Ar′′ ) C6H3-2,6(Xyl-4-But

2).
The reaction proceeded readily in hexane at ca. 0°C with N2

evolution. The products were isolated as red (1) or green (2) crystals,
which were characterized by spectroscopy and by X-ray crystal-
lography.11 Structural details are given in Table 1.

The monomers1 (Figure 1) and2 have a trans-bent, almost
planar, CMNC core. The terphenyl ligands are arranged so that
the central (i.e., C(1)) aryl ring at M(1) lies almost perpendicularly
to the C(1)-M(1)-N(1) plane. In contrast, the aryl ring attached
to the N(1) atom is almost coplanar with the C(31)-N(1)-M(1)
array. Both M-N bonds are the shortest recorded between these
elements in a stable compound. The Ga-N distance of 1.701(3) Å
is shorter than the 1.82-1.94 Å range in monomeric Ga amides4

and the 1.742(3) Å in theâ-diketiminate imide species{H(CMe-
CDippN)2}GaNC6H3-2,6-Trip2 (Trip ) C6H2-2,4,6-Pri3).12 Similarly,
the In-N bond in2, 1.928(3) Å, is significantly shorter than the
2.05-2.09 Å range in unassociated In amides.4

Apart from the M-N bond lengths, the most notable feature of
1 and2 is the trans-bent arrangement of the core C(1)M(1)N(1)C-
(31) atoms. The trans-bending in2 exceeds that in1 by ca. 6° at
the metal and nitrogen atoms. The bent geometry contrasts with
the linearity of the boron imides RBNR, which have short B-N
distances in the range ca. 1.23-1.26 Å8 (cf., 1.18 Å in acetylene)13

consistent with B-N triple bonding. Moreover, the B-N bond
strength in HBNH has been calculated to be only slightly less than
that in HCCH.14 The M-N bonding in1 and2 can be regarded as
an interaction of the triplet forms of the nitrene Ar′′N and the
monovalent metal species Ar′M. The nitrene Ar′′N probably exists
as a triplet in the ground state because photodetachment experiments
on the related PhN showed it to be ca. 4 kcal mol-1 lower in energy
than the singlet.15 For the Ar′M moieties, calculations on the model
species M-H have shown that the triplet states lie 46.7 (Ga) and
47 (In) kcal mol-1 above the singlet forms.16 Thus, the sum of the
singlet-triplet gaps for the Ar′′N and Ar′M fragments is probably
in the range 40-45 kcal mol-1. Their combination leads initially
to a doubly bonded structure with an MN bond strength of at least
40-45 kcal mol-1, in which the lone pair remains on nitrogen as
illustrated by B. Alternatively, the structure could be described as
an adduct between the singlet Ar′Ga and singlet nitrene to give D.

However, the structures of1 and 2 show that there is a bent
geometry at the metal, suggesting a contribution from C. Calcula-
tions17 for trans-RGaNR (R) H or Ph) model compounds afford
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Table 1. Selected Bond Lengths (Å) and Angles (deg) for the
Imides Ar′MNAr′′, 1 (M ) Ga) and 2 (M ) In)

parameter Ga (1) In (2)

M-N 1.701(3) 1.928(3)
M-C 1.940(3) 2.127(3)
N-C 1.377(5) 1.355(4)
N-M-C 148.2(2) 142.2(1)
M-N-C 141.7(3) 134.9(2)
C-M-N-C 177.7(4) 173.5(3)

Figure 1. Thermal ellipsoid plot (without H atoms) of1. The structure of
2 is analogous. Bond distances and angles are given in Table 1.
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Ga-N distances of 1.682 (R) H) and 1.701 Å (R) Ph), in good
agreement with the experimental value, as well as very low barriers
to linearization of ca. 1 kcal mol-1. The softness of the trans-bending
angles agrees with the essentially negligible strength of the “extra”
N f Gaπ-donor interaction (structure A), and this is in line with
the AIM bond order of 1.574 calculated for trans-bent HGaNH
(Ga-N ) 1.682 Å, HNGa) 129.9°, HGaN ) 166.1°), which
points to a structural model between B and C.

MO calculations for HNMH (M) Ga or In) model species show
that the HOMO has M-N π-character; HOMO-1 has lone pair/π-
character which correlates with the M-H and N-H bonds.
HOMO-2 has M-N σ-bond character, whereas HOMO-3 and -4
are associated with M-H and N-H bonding (Figure 2). These
results are in agreement with data for HAlNH where a trans-bent
structure (Al-N ) 1.633 Å, HAlN ) 165.2°, HNAl ) 154.5°)
and a low linearization barrier (0.2 kcal mol-1) were calculated.18

It was predicted that the isomer AlNH2 is 40 kcal mol-1 more stable
than HAlNH. Moreover, AlNH2 should be isolable due to the high
energy of the transition state (72.4 kcal mol-1 above AlNH2)
between them. The synthesis of MNR2 (M ) Al-In) species
isomeric to1 and2 is in hand.
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Figure 2. MO illustrations and energies (kcal mol-1) for HNGaH (as
drawn) at the B3YLP level of theory.
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