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There is an extensive chemistry of species with bonding between
heavier group 13 elements and nitrogeBuch 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 &s in

—RR

amide imide nitride

R;MNR;
amine adduct

where M is AFTlI and R and R are hydrogen or organic
substituents.

The amine adductsind amideShave been widely studied. The
imides have also received much attention. They are usually found
as strongly associated species (RMNRn > 4) that have cage
structures. There are a few lower aggregate rings, (RMNRor
(RMNR')3,” that have three coordinate metals where Mmultiple
bonding is possible. Although monomeric species, RMNR
which both M and N are two coordinate, and where a unique triple
M~—N interaction may be observed, are known for botomey are
unknown for A-TI. 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 imide4 and 2 were obtained by the
reaction of the recently reported dimers' MMAr' (Ar' = CgHs-
2,6-Dippy; Dipp = CgHs-2,6-Piy; M = Ga or Inp with 2 equiv of
the azide NAr" (Ar'" = CgHs-2,6(Xyl-4-BU),) as shown bif

ArMMAT’ + 2NAr" ——=- 2AFMNAr" + 2N,

where M is Ga ) or In (2), Ar" = CgHs-2,6-Dipp, (Dipp = CeHs-
2,6-Pty), and A" = CgH3-2,6(Xyl-4-Buiy).

The reaction proceeded readily in hexane at caCQwvith N,
evolution. The products were isolated as r&dof green 2) crystals,
which were characterized by spectroscopy and by X-ray crystal-
lography?! Structural details are given in Table 1.

The monomersl (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(3N(1)—M(1)
array. Both M—-N bonds are the shortest recorded between these
elements in a stable compound. The-®adistance of 1.701(3) A
is shorter than the 1.821.94 A range in monomeric Ga amides
and the 1.742(3) A in thg-diketiminate imide specieH(CMe-
CDippN)} GaNGH3-2,6-Trip, (Trip = Ce¢H»-2,4,6-P).12 Similarly,
the In—N bond in2, 1.928(3) A, is significantly shorter than the
2.05-2.09 A range in unassociated In amides.
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Table 1. Selected Bond Lengths (A) and Angles (deg) for the
Imides ArMNAr"”, 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) df The structure of
2 is analogous. Bond distances and angles are given in Table 1.

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 exceeds that id by ca. 6 at
the metal and nitrogen atoms. The bent geometry contrasts with
the linearity of the boron imides RBNR, which have short®
distances in the range ca. 1-2B.26 A8 (cf., 1.18 A in acetylené}
consistent with B-N triple bonding. Moreover, the BN bond
strength in HBNH has been calculated to be only slightly less than
that in HCCH?* The M—N bonding in1 and2 can be regarded as
an interaction of the triplet forms of the nitreneA and the
monovalent metal species'M. The nitrene A¥N probably exists
as a triplet in the ground state because photodetachment experiments
on the related PhN showed it to be ca. 4 kcal th@wer in energy
than the singlet® For the AftM moieties, calculations on the model
species M-H have shown that the triplet states lie 46.7 (Ga) and
47 (In) kcal mofit above the singlet form®. Thus, the sum of the
singlet-triplet gaps for the AtN and ArM fragments is probably
in the range 4645 kcal mot L. Their combination leads initially
to a doubly bonded structure with an MN bond strength of at least
40—-45 kcal mof?, in which the lone pair remains on nitrogen as
illustrated by B. Alternatively, the structure could be described as
an adduct between the singlet'@a and singlet nitrene to give D.

0® ) SRS ® O
Ar'Ga=NAr" <«—» Ar'Ga=NAr" <«—» Ar'Ga-NAr' <«—» Ar'Ga—I'\_IAr"
A B C D

However, the structures of and 2 show that there is a bent
geometry at the metal, suggesting a contribution from C. Calcula-
tions'” for trans-RGaNR (R= H or Ph) model compounds afford
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Figure 2. MO illustrations and energies (kcal mé) for HNGaH (as

drawn) at the B3YLP level of theory.

Ga—N distances of 1.682 (R H) and 1.701 A (R= Ph), in good
agreement with the experimental value, as well as very low barriers
to linearization of ca. 1 kcal mol. The softness of the trans-bending
angles agrees with the essentially negligible strength of the “extra”
N — Gaum-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 A, 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 MN z-character; HOMO-1 has lone pair/
character which correlates with the N and N-H bonds.
HOMO-2 has M-N o¢-bond character, whereas HOMO-3 and -4
are associated with MH and N-H bonding (Figure 2). These
results are in agreement with data for HAINH where a trans-bent

structure (AFN = 1.633 A, HAIN = 165.2, HNAI = 154.5)
and a low linearization barrier (0.2 kcal m&) were calculated®

It was predicted that the isomer AINF& 40 kcal molt more stable
than HAINH. Moreover, AINH should be isolable due to the high

energy of the transition state (72.4 kcal mblabove AINH,)

between them. The synthesis of MNRM = Al—In) species

isomeric tol and2 is in hand.
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The azide AtN3 was synthesized in a manner similar to that described
for 2,6-TripHaCeN3.102 Yield 63%; mp 124-127 °C (dec 145°C). H
NMR (300 MHz, CDC}, 25°C): ¢ = 1.34 (s, 18Hp-C(CHs)3), 2.09 (s,
12H, 0-CHjz), 7.07 (d, 2H,m-CgH3) 334y = 7.5 Hz, 7.13 (s, 4HmM-(4-
But-Xyl)), 7.23 (t, 1H, p-CeHg) 3Iuy = 7.5 Hz.13C{*H} NMR (CDCl;,

75 MHz, 25°C): ¢ = 21.02 p-CHs) 31.63p-(CHs)3), 34.61 -C(CHs)s),
124.22 (-(4-Bu-Xyl)), 125.28 (©-CeHs), 129.99 (n-CeHs), 134.57 (-
(4-Bu-Xyl)), 134.90 ©-CsHs), 136.07 6-(4-Bu-Xyl)), 137.05 {-CsHs),
150.69 p-(4-Bu-Xyl)). IR: v(v-n) 2060 cnt, 2140 cnit. 1and2: Under
anaerobic and anhydrous conditions,'Ng (0.366 g, 0.835 mmol) in
hexane (30 mL) was added dropwise to a solution 6GaGaAf (0.390

g, 0.418 mmol) in hexane (40 mL) with cooling to ca’0. Gas (N)
was evolved, and the solution changed from a green to a deep red color.
Stirring was continued overnight, and the solution was warmed to room
temperature. Upon reducing the volume to ca. 10 mL, the prodluct
precipitated as a red solid. Yield: 0.33 g, 45%; mp 2236 °C. A
saturated solution ol in hexane afforded crystals suitable for X-ray
crystallography at ca—20 °C. The indium imide was synthesized in an
analogous manner and recrystallized frer0 °C toluene to give2 as
dark green crystals. Yield: 0.330 g, 45%; mp 3885°C. 1, '"H NMR
(400 MHz, GDs, 25 °C): 0 = 0.97 (d, 12H,0-CH(CHz),) 3Jun = 6.4

Hz, 0.98 (d, 12Hp-CH(CH3),) 3Jun = 6.4 Hz, 1.42 (s, 18Hp-C(CHa)3),
2.03 (s, 12Hp-CHg), 2.54 (sept, 4H, B(CHs)) 3Jun = 6.4 Hz, 6.67 (t,
1H, p-Cng, Ar') 3\]HH = 7.2 Hz, 6.75 (d, 2HmC6H3, AI'”) 3\JHH =76

Hz, 7.03 (m, 3H, Ar-H), 7.118 (s, 4H,m-(4-Bu-Xyl)), 7.15 (d, 4H,
m-Dipp) Iy = 7.6 Hz, 7.25 (t, 2Hp-Dipp) 3Jun = 7.6 Hz. 3C{'H}
NMR (CgDs, 100.6 MHz, 25°C): 6 = 21.33 0-CHj), 24.85 0-CH-
(CHg)2), 25.45 p-CH(CHa)y), 31.29 0-CH(CHjs),), 32.05 p-C(CHa)s),
34.57 ©-C(CHs)s), 117.42 p-CeHs, Ar'), 123.91 (-Dipp), 124.87 (-
(4-Bu-Xyl)), 128.82, 129.94 rr-CgHs unassigned), 130.40p{CsHs
unassigned), 134.54, 136.58-(@-Bu-Xyl)), 140.52, 140.75, 145.44,
147.06 0-CgHs, Ar'), 147.60, 148.17, 150.5p{(4-Bu-Xyl)), 152.76 (-
CgHaz, Ar'). UV/vis (hexanes)Amaxnm (€, mol L= cm~1): 303 (26 500),
366 (3900).2, *H NMR (300 MHz, GDs, 25 °C): 6 = 0.97 (d, 12H,
O‘CH(CH3)2) 3JHH = 6.9 Hz, 1.04 (d, leO-CH(CHg)g) 3~]HH = 6.9 Hz,
1.40 (s, 18Hp-C(CHg)3), 2.09 (s, 12Hp-CHs), 2.58 (sept, 4H, B(CHs),)

3Jun = 6.9 Hz, 6.60 (t, 1Hp-CgH3, Ar') 33y = 7.6 Hz, 6.83 (d, 2H,
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123.92 (m-Dipp), 124.85 -(4-Bu-Xyl)), 129.39 p-Ar unassigned),
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