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Abstract—The reaction of Ta(NMe,)s with 2-(2-pyridine)benzimidazole (HBzImPy) gave the molecular

complex [Ta(NMez)4(BZImPy3)],
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Tantalum nitride (TaN) films are widely used in
microelectronics owing to combination of chemical,
mechanical, and thermal stability and electrical con-
ductivity [1, 2]. The TaN coating is deposited most
often by chemical vapor deposition (CVD) or atomic
layer deposition (ALD) technique. The requirements
to compounds that serve as precursors for these meth-
ods include sufficient volatility, thermal stability, and
stability against oxygen and moisture. Most often, the

amides [Ta(NR,);] or amidoimides [Ta(NR)(NR'z)3]
are used for this purpose; they, however, have a rela-
tively low thermal stability and are highly sensitive to
moisture. In addition, deposition may result in the
formation of Ta;Ns, which is a dielectric unlike TaN.
The variation of ligands in the precursor complex
makes it possible to stabilize the complex by means of
combination of steric and electronic factors and to
affect the phase and elemental (N/C/Hal) composi-
tion of the obtained film. In addition, by replacement
of aliphatic amides by heterocyclic ones, it is possible
to vary the effective charge on the central atom due to
the difference between their t-donor properties [3].
Apart from the theoretical interest, this variability can
affect the catalytic properties of the resulting early
transition metal complexes, for example, towards
hydroaminoalkylation of alkenes [4, 5]. In this con-
nection, it is important to search for new tantalum
complexes with purely nitrogen environment of the
central atom. Previously, mixed-ligand Ta complexes
containing, apart from amides, amidinates or guanid-
inates [6—11], hydrazides [12, 13], amidopyridines
[14, 15], or other N,N-donor ligands have been stud-
ied as complexes of this type.
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which was characterized by X-ray diffraction (CIF file CCDC
NMR spectroscopy in solution confirmed the structure detected in the

This study is devoted to the synthesis of the different-
ligand tantalum complex of dimethylamide and 2-(2-
pyridin)benzimidazolate, [Ta(NMe,),(BzImPy)] (I).

EXPERIMENTAL

The syntheses were carried out in an inert atmo-
sphere using the standard Schlenk techniques. The
solvents were dehydrated and degassed by refluxing
and distillation under inert gas atmosphere using
appropriate drying agents [16]. NMR spectra were
recorded on a Bruker Avance III 500 spectrometer
operating at 500.13 MHz for 'H nuclei and
125.76 MHz for *C nuclei. The C¢Dg solvent signals
served as the standard. The IR spectrum of the prod-
uct was recorded on a SCIMITAR FTS 2000 instru-
ment using KBr pellets. Elemental analysis was per-
formed at the Analytical Laboratory of the Nikolaev
Institute of Inorganic Chemistry, Siberian Branch,
Russian Academy of Sciences.

Synthesis of complex I. A mixture of solid
Ta(NMe,)s; (330 mg, 0.822 mmol) and HBzImPy
(160 mg, 0.820 mmol) was placed into a Schlenk vessel
and evacuated, and ~25 mL of toluene was condensed
on cooling. The flask was heated at 70°C for 24 h and
the content was evaporated to dryness. The lemon-
yellow residue was washed with pentane and dissolved
in 15 mL of toluene, and the solution was filtered
through a glass filter (G4) into a L-shaped tube, which
was then sealed. Slow evaporation of the solution
resulted in the formation of dark yellow crystals of I
suitable for X-ray diffraction. Yield 325 mg (70%).

'H NMR (C4D,; 8, ppm): 8.69 (d, /= 7.8 Hz, 1H),
8.32(d, J=8 Hz, 1H), 8.24 (d, J=5 Hz, 1H), 7.74 (d,
J=38.1Hz, 1H), 7.44 (td, J, = 7 Hz, J, = 1.1 Hz, 1H),
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Table 1. Crystallographic data and structure refinement parameters for compound |

Parameter Value
M 551.47
System, space group Monoclinic, P2,/c
Temperature, K 296
a, A 14.3215(8)
b, A 9.1407(5)
¢, A 17.2268(8)
B, deg 96.569(2)
v, A3 2240.3(2)
Z 4
F(000) 1096
u, mm-~! 4.926
Crystal size, mm 0.20 x 0.20 x 0.12
Data collection range of 6, deg 2.380—27.503

Ranges of reflection indices 4, k, [

Number of measured, unique,
and observable (/ > 26(/)) reflections

Rim

R\, wRy (I > 20(1))

R}, wR, (all reflections)
GOOF

Number of refined parameters
Number of restraints

Apmaxa Apmin’ e A_3

—18<h<I18,—11<k<11,-22</<22
17742, 5138, 4518

0.0253
0.0206, 0.0434
0.0268, 0.0450

1.035
253
0
0.61, —0.76

7.36 (td, J, = 8.1 Hz, J, = 1.1 Hz, 1H), 7.03 (td, J, =
7.7 Hz, J, = 1.5 Hz, 1H), 6.58 (m, 1H), 3.80 (6H,
NMe,), 3.30 (6H, NMe,), 2.85 (12H, 2x NMe,). BC
NMR (C6D67 69 ppm) 158.1 (Carom): 152.7 (Carom)a
149.1  (Cyom)> 1472 (CHypm), 1450 (Cirom)s
138.2 (CH,,o1), 122.6 (CH,,), 122.4 (CH,,,,), 122.3
(CH,;om), 122.0 (CH,,,), 120.8 (CH,,.), 116.1
(CH,,,,), 50.3 (NMe,), 46.3 (NMe,), 46.0
(2% NMe,). IR (KBr; v, cm™'): 2980 w, 2851 m,
2812 m, 2768 m, 1610 m, 1563 m, 1519 m, 1444 s,
1374 m, 1330 m, 1270 m, 1237 m, 1158 w, 1131 m,
1046 m, 985 w, 970 s, 947 s, 818 w, 793 m, 746 s,
645 m.

For C20H32N7Ta
Anal. caled., % C, 43.56; H, 5.85; N, 17.78.
Found, %: C, 43.85; H, 5.50; N 17.50.

X-ray Diffraction study of I. The crystallographic
and X-ray diffraction data were collected on a Bruker
X8 Apex CCD automated diffractometer (graphite
monochromator, M(MoK,) = 0.71073 A). The absorp-

tion corrections were applied empirically (SADABS)

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 43

[17]. The structure was solved by direct methods and
refined by least squares methods in the anisotropic
approximation (SHELXTL) [18]. The hydrogen atom
positions were calculated geometrically and refined in
the rigid body approximation. Selected crystal data
and structure refinement parameters are summarized
in Table 1.

The atom coordinates are deposited with the Cam-
bridge Crystallographic Data Centre (no. 15318354;
deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.
uk/data_request/cif) and are available from the
authors.

RESULTS AND DISCUSSION

The reaction of Ta(NMe,)s; with HL affords a
lemon-yellow solution, from which the crystals of
complex I were isolated. The structure of the complex
was determined by X-ray diffraction (Fig. 1). Com-
pound I crystallizes from toluene. The tantalum atom
coordination geometry is a distorted octahedron. One
of the octahedron edges is occupied by the nitrogen
atoms of deprotonated 2-(2-pyridine)benzimidazole
(L). The N(1)TaN(2) chelate angle of 70.29(7)° virtu-
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Fig. 1. Structure of complex I (thermal ellipsoids at 30%
probability; H atoms are not shown). Selected bond
lengths (A): Ta(1)=N(1), 2.383(2); Ta(1)—N(2), 2.230(2);
Ta(1)—N(4), 2.0289(19); Ta(1)—N(5), 2.023(2); Ta(1)—
N(6), 2.002(2); Ta(1)—N(7), 1.995(2).

ally coincides with these angles in the tantalum com-
plexes with the N,N'-coordinated 4,4-dimethyl-2-
pyrrole-2-oxazoline anion [19]. The Ta—N distances
in T are 2.383(2) and 2.230(2) A for the pyridine and
amide nitrogen atoms, respectively. The ligand L is
nearly planar; the dihedral angle between the pyridyl
and benzimidazole planes is 7.9°. The distances
between the Ta and dimethylamide N atoms vary in
the range of 1.995(2)—2.0289(19) A; the shortest of
them correspond to the groups located in the trans-
positions relative to each other. The NC, planes of the
dimethylamide groups are nearly perpendicular to
each other, the angle between the N(4)C(41)C(42)
and N(5)C(51)C(52) planes being 79.5°. The
N(4)TaN(5) angle is 168.72(9)°. The above-described
arrangement of the amide groups is encountered in
many [Ta(NR,),L] complexes. The authors of [6]
assume that this is caused by maximization of the
n-bonding of the amide ligands to metal d-orbitals.

In conformity with the X-ray diffraction data, the
'H NMR spectrum contains multiplet signals for eight
non-equivalent protons at 6.5—8.7 ppm and three sin-
glets with 1 : 1 : 2 ratio, corresponding to the dimeth-
ylamide groups. The more intense high-field signal
(6 2.84 ppm) can be assigned to two NMe, groups
located in trans-positions to each other. Similarly, the
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signals at 3.30 and 3.80 ppm correspond apparently to
dimethylamide groups in trans position to the benzim-
idazolide group and the pyridine ring, respectively.
The JMOD BC NMR spectra also attest to the pres-
ence of eight aromatic CH groups and three non-
equivalent NMe, groupsin 1 : 1 : 2 ratio.

Thus, a new pseudo-octahedral Ta complex with
deprotonated 2-(2-pyridine)-benzimidazole was syn-
thesized and characterized by X-ray diffraction. The
NMR spectra of complex I in solution are in agree-
ment with the X-ray diffraction data, indicating that
the molecular structure is stereochemically rigid.
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