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The title compound1was unexpectedly synthesized by the reaction of ClTi(i-PrNCH2CH2)3N and excess NaNH2
in THF. A single-crystal X-ray diffraction study of1 revealed that two azatitanatrane units and a sodium atom
are bridged by a T-shaped nitrido ligand, the first such structure unsupported by a metal-metal bond. Structural
evidence is presented for substantialπ bonding in the TiN(nitrido)Ti bridging linkages that at least partially
accounts for the unexpectedly long sodium-nitrido distance.

Introduction

Nitrido transition metal complexes are gaining attention
because of their diverse chemistry, their role in catalytic
reactions, and their usefulness and potential usefulness as tumor,
heart, and brain imaging agents and their interest as subjects of
theoretical studies.1-5 Nitrido complexes can include one or
more transition metals with a variety of coordination numbers.
It is quite common for a nitrido ligand to act as a terminal1-6

or aµ2-bridging1-5,7 ligand, although compounds with a nitrido
ligand linking three,1,8 four,9,10 five,10 and six11 metal atoms
have also been reported. Nitrido ligands in group 4 metal
complexes are extremely rare. To our knowledge, there are only
two reports of nitrido titanium complexes, namely, [{η5-C5-
Me5)Ti(NH)}3N],8b and [({η5-C5Me5)}4(µ3-N)4],8g in which the
pyramidal nitrido ligand bridges all three metals. Heretofore,

compounds containingµ3-bridging nitrido ligands have fallen
into the four structural types shown below asA (trigonal
planar),8eB (pyramidal),8bC andC′8c,d,f (T-shaped cluster), and
D (a T-shaped nitrido cluster with one arm bridged by a second

nitrido ligand).8a Here we report the accidental synthesis of

{[N(CH2CH2N-i-Pr)3Ti] 2(µ3-N)Na(THF)}, 1, an example of a
T-shaped nitrido system unsupported by a metal-metal bond
and the first member of the new structural classE in which
one of the metals is a main group metal loosely bound to the
nitrogen. Compound1 was obtained in reaction 1 during an

attempt to synthesize H2NTi(i-PrNCH2CH2)3N, 2,13 since a

similar route was successfully utilized to produce Me2NTi(Me3-

SiNCH2CH2)3N.14 Although the pathway followed in reaction
1 is not known, a plausible route is proposed in Scheme 1. The
primary driving force in this sequence of reactions appears to

† Current address: YTC America Inc., 550 Via Alondra, Camarillo, CA
93012.

X Abstract published inAdVance ACS Abstracts,August 1, 1996.
(1) (a) Dehnicke, K.; Stra¨hle, J.Angew. Chem., Int. Ed. Engl. 1992, 31,

955 and references therein. (b) Dehnicke, K.; Stra¨hle, J.Angew.
Chem., Int. Ed. Engl. 1981, 20, 413 and references therein.

(2) Nugent, W. A.; Mayer, J. M.Metal-Ligand Multiple Bonds; John Wiley
and Sons: New York, 1988; see also references therein.

(3) Che, C.-M.Pure Appl. Chem. 1995, 67, 225 and references therein.
(4) (a) Leipoldt, J. G.; Basson, S. S.; Roodt, A.AdV. Inorg. Chem. 1993,

40, 241 and references therein. (b) Leipoldt, J. G.; Basson, S. S.;
Roodt, A.; Purcell, W.Polyhedron1992, 11, 2277.

(5) (a) Bellande, E.; Comazzi, V.; Laine, J.; Lecayon, M.Nucl.Med. Biol.
1995, 22, 315. (b) Mutalib, A.; Sekine, T.; Omori, T.; Yoshihara, K.
Radiochim. Acta1993, 63, 117.

(6) (a) Caulton, K. G.; Chisholm, M. H.; Doherty, S.; Folting, K.
Organometallics1995, 14, 2585. (b) Danopoulos, A. A.; Wilkinson,
G.; Sweet, T. K. N.; Hursthouse, M. B.J. Chem. Soc., Dalton Trans.
1995, 205. (c) Plass, W.; Verkade, J. G.Inorg.Chem. 1993, 32, 3762.
(d) Plass, W.; Verkade, J. G.J. Am. Chem. Soc. 1992, 114, 2275. (e)
Yam, V. W.-W.; Tam, K.-K.; Cheng, M.-C.; Peng, S.-M.; Wang, Y.
J. Chem. Soc., Dalton Trans. 1992, 1717. (f) Li, Z.-Y.; Yu, W.-Y.;
Che, C.-M.; Poon, C.-K.; Wang, R.-J.J. Chem. Soc., Dalton Trans.
1992, 1657. (g) Marchi, A.; Marvelli, L.; Rossi, R.; Magon, L.;
Bertolasi, V.; Ferretti, V.; Gilli, P.J.Chem. Soc.,Dalton Trans. 1992,
1485. (h) Archer, C. M.; Dilworth, J. R.; Griffiths, D. V.; McPartlin,
M.; Kelly, J. D. J. Chem. Soc., Dalton Trans. 1992, 183. (i) Ware,
D. C.; Taube, H.Inorg. Chem. 1991, 30, 4598. (j) Critchlow, S. C.;
Lerchen, M. E.; Smith, R. C.; Doherty, N. M.J. Am.Chem. Soc. 1988,
110, 8071.
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Gómez-Sal, P.; Martin, A.; Mena, M.; Ye´lamos, C.J. Chem. Soc.,
Chem. Commun. 1995, 2185.

(9) (a) Fjare, D. E.; Gladfelter, W. L.J. Am. Chem. Soc. 1981, 103, 1572.
(b) Braga, D.; Johnson, B. F. G.; Lewis, J.; Mace, J. M.; McPartlin,
M.; Puga, J.; Nelson, W. J. H.; Raithby, P. R.; Whitmire, K. H.J.
Chem. Soc., Chem. Commun. 1982, 1081.

(10) Tachikawa, M.; Stein, J.; Muetterties, E. L.; Teller, R. G.; Beno, M.
A.; Gebert, E.; Williams, J. M.J. Am. Chem. Soc. 1980, 102, 6648.

(11) (a) Bonfichi, R.; Ciani, G.; Sironi, A.; Martinengo, S.J. Chem. Soc.,
Dalton Trans. 1983, 253. (b) Martinengo, S.; Ciani, G.; Sironi, A.;
Heaton, B. T.; Mason, J.J. Am. Chem. Soc. 1979, 101, 7095.

(12) Schubart, M.; O’Dwyer, L.; Gade, L. H.; Li, W.-S.; McPartlin, M.
Inorg. Chem. 1994, 33, 3893.

ClTi(i-PrNCH2CH2)3N
ref 12

+ excess NaNH298
THF

reflux
1 (1)

5325Inorg. Chem.1996,35, 5325-5327

S0020-1669(96)00638-6 CCC: $12.00 © 1996 American Chemical Society



be the release of gaseous NH3 which was detected in the cold
trap through which the argon used to blanket the reaction was
passed. The putative intermediate4 is likely to possess a
virtually linearC3 axis owing to steric strain encountered during
rehybridization of the nitrido nitrogen toward sp2 to more tightly
bond the proton. The last step in Scheme 1 apparently occurs
despite the electron-rich and sterically protected nature of the
imido nitrogen in the proposed intermediate4. The electron
richness of the imido nitrogen (owing to the presence of two
NfTi transannular bonds) would tend to bind the NH hydrogen
more tightly to a nitridop orbital. On the other hand, a multiply
bonded resonance structure in the nitrido-titanium linkages
(Ti-dN+dTi- in the extreme) in4 would countervail the
transannular bonding effect, rendering the imido hydrogen more
protonic and therefore more vulnerable to abstraction by NH2

-

by a dissociative mechanism. The sole evidence for the pathway
in Scheme 1 is the detection of a peak corresponding to the
mass of2+ H+ in the CI mass spectrum of1 and also in its EI
mass spectrum wherein self-ionization probably occurs.
Evidence forπ bonding in the nitrido bridging bonds in4

comes from the structure of1 determined by X-ray means
(Figure 1).15 The three metal atoms and the nitrido ligand form
a T-shape in this structure with a mean deviation from the plane
of the T of 0.0268 Å. The Ti(1)-N-Ti(2) axis is distorted
from linearity by only 5.5°. The Ti(1)-N and Ti(2)-N bond
lengths (1.828(4) and 1.836(4) Å, respectively) are within 3σ
of one another and their average (1.832(4) Å) is shorter than
that in the aforementioned complex{[(η5-C5Me5)Ti(NH)]3N}
(1.913(7) Å)8b in which the nitrido ligand is pyramidal, thus
promoting the formation of a single Ti-N bond length which
has been calculated to be 1.981 Å.16 By contrast the nitrido-
titanium bond lengths in1 are comparable to the imido-ti-
tanium distances in [(η5-C5H5)TiCl2NPPh3] (1.78(1) Å),17a

Ph2P(S)NTiCl2‚3py (1.720(2) Å),17b and Cl3TiNPPh3 (1.719-
(4) Å)17cwhich possess substantial Ti-N double bond character.
Consistent with the same notion for1 is its sodium-nitrido bond
length (Na(CN4)-N(CN3), 2.589(5) Å) which not only is the

longest of the three Na-N bond lengths in this compound
(Figure 1) but also is longer than the shortest Na(CN4)-N(CN4)
length (2.35 Å) and comparable to the longest Na(CN4)-
N(CN6) distance (2.60 Å) found in decameric and dodecameric
sodium amides (CN) coordination number).18 Thus it would
appear that the last resonance structure of the five shown in eq
2 is most influential in determining the metrics in1, and it is

perhaps also responsible for permitting the conversion of4 to
1. The nearly staggered arrangement of the azatitanatrane
units in1 shown in an idealized rendering of Figure 1 (torsion

angles of-62.3° for N(1)Ti(1)Ti(2)N(5),+58.1° for N(1)Ti-
(1)Ti(2)N(6), and-179.4° for N(1)Ti(1)Ti(2)N(7)) could allow
the sodium to be chelated by up to four nitrogens. The two
ligated amino nitrogens, the ligated oxygen, and the sodium
atoms all lie in the same plane (mean deviation 0.0313 Å) while
the nitrido ligand lies 1.01 Å above this plane and 2.589(5) Å
from the sodium. As with other structured monomeric azati-
tanatranes,12,14,18each titanium in1 has a slightly distorted tbp
geometry with protrusions of the metal atoms from the sur-
rounding plane of three amido nitrogens an average of 0.440 Å
in the direction of the nitrido ligand. The NfTi transannular
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Scheme 1

Figure 1. ORTEP drawing of1 with atomic numbering scheme.
Ellipsoids are drawn at the 50% probability level.
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bonds in1 (average 2.318(4) Å) lie between those determined

for Me2NTi(MeNCH2CH2)3N (2.257(2) Å)19 and Me3SiO-

Ti(Me3SiNCH2CH2)3N (2.451(5) Å).14 Thatπ bonding of the
axial Me2N and Me3SiO groups to titanium is also operative in
the latter compounds is suggested by the virtually trigonal planar
(sum of angles) 358.3(2)°) and linear (176.0(2)°) coordination
geometries of the nitrogen and oxygen atoms in these axial
groups, respectively.
In contrast to the solid state structure, the1H and13C NMR

spectra of1 in solution revealC3V symmetry, due to rapid
rotation on the NMR time scale of each tricyclic azatitanatrane
around the N(8)-Ti(2)-N-Ti(1)-N(4) axis.
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