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Summary: Reaction of 1 equiV each of Ti(NMe2)2(dap)2 (1),
1-hexyne, tert-butyl isocyanide, and 1,1-dimethylhydrazine at
room temperature results in the formation of Ti(NNMe2)(dap)-
[N(But)CHCHC(Bun)N(NMe2)-κ2N] (2), where one of the ligands
is formed through iminohydrazination of the alkyne. A possible
pathway for the generation of2 and the crystal structure of
this rare terminal hydrazido(2-) complex of titanium are
discussed.

Hydrazido(2-) complexes are found as important intermedi-
ates in several catalytic cycles. Of greatest importance is their
role in the reductive cleavage of dinitrogen to produce ammonia,
where they are known to participate in the catalytic system of
Schrock1 and may be involved in the natural nitrogenase2

enzyme. In fact, terminal hydrazido(2-) complexes are postu-
lated to be involved in the E4 and E5 states of the FeMo cofactor
during nitrogen reduction.3 These metal-ligand multiple bond
complexes may also be involved in recent titanium-catalyzed
hydrohydrazination processes.4 Terminal hydrazido(2-) com-
plexes are known for many of the transition metals.5 A few
terminal hydrazido(2-) complexes have been reported for
titanium,6 and a couple of crystal structures have recently
appeared.7 Here, we report the synthesis and structure of an
unusual hydrazido(2-) complex of titanium prepared through

a novel multicomponent reaction related to a new catalysis under
scrutiny in our laboratory, alkyne iminohydrazination.

Hydrohydrazination of alkynes is a process for the synthesis
of hydrazones by hydrazine addition to alkynes.4 We have
recently modified this process to a new multicomponent coupl-
ing reaction where an alkyne, hydrazine, and isocyanide are
combined in a single titanium-catalyzed step.8 Multicomponent
coupling reactions are of interest, because they allow access to
more complex products in a single step.9 In this new titanium-
catalyzed reaction, the result is formal addition of iminohydro-
carbyl and hydrazinyl groups to an alkyne, iminohydrazination.
Typical reaction conditions are 100°C for 6-24 h in toluene.
A possible pathway for this iminohydrazination10 reaction is
shown in Scheme 1.

In an attempt to isolate a potential intermediate in this
interesting new reaction, we examined the reaction of the
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titanium precatalyst Ti(NMe2)2(dap)2 (1) with 1 equiv each of
1-hexyne, 1,1-dimethylhydrazine, andtert-butyl isocyanide
(Figure 1), where dap) 2-((dimethylamino)methyl)pyrrolyl.
The facile reaction occurs when started in near-frozen toluene
and warmed to room temperature. The isolated product contains
2 equiv of dimethylhydrazine and 1 equiv of the other reactants.
In addition, one of the pyrrolyl dap ligands has been protolyti-
cally removed. The product is the terminal hydrazido(2-)
complex Ti(NNMe2)(dap)[N(But)CHCHC(Bun)N(NMe2)-κ2N]
(2). The compound was formed in 94% yield versus limiting
1,1-dimethylhydrazine. Attempts to run the reaction with 2 equiv
of hydrazine resulted in low yields of2 and large amounts of
a dinuclear species, Ti2(µ2-η1:η2-NNMe2)2(dap)3(µ1-η1-NHNMe2).8

The structure of the terminal hydrazido(2-) complex2 was
determined by single-crystal X-ray diffraction and is shown in
Figure 1.11 The structure of2 has many features in common
with the only other structurally characterized titanium dimeth-
ylhydrazido(2-) complex, Ti(NNMe2)(bpy)(dpma), where dpma
is N,N-bis(pyrrolyl-R-methyl)-N-methylamine.7a Both have ap-
proximately linear terminal hydrazido(2-) Ti-N-N angles,
which measures 169.6(2)° in 2.

The TidN(hydrazido) distance in2 is 1.709(3) Å and is in
the usual range for a titanium-nitrogen double to triple bond.
The hydrazido(2-) N-N distance of 1.402(4) Å is slightly
shorter than might be expected for an N-N single bond, which
is 1.451 ( 0.005 Å in hydrazine.12 The slightly shorter
hydrazido(2-) N-N distance can be ascribed to a small amount
of participation by the isodiazene resonance form (Figure 2).
While the hydrazido(2-) form is favored for the quite electro-
positive titanium center, which would be very reducing as
titanium(II), for more weaklyπ-donating metal centers the
isodiazene form participates strongly and is known to be favored
in many compounds. For example, in an isodiazene iron

porphyrin complex the N-N bond distance is 1.232(5) Å,13

indicating a bond order of∼2.0.14

Most often, Nâ is planar in hydrazido(2-) complexes and
only a few examples with pyramidalized nitrogens have been
structurally characterized.15 The angles around Nâ in 2 sum to
335.5(3)°, only slightly higher than that expected for an sp3 NR3

compound of 328°.12 Thus far, all of the dimethylhydrazido-
(2-) complexes of titanium that we have structurally character-
ized have had a pyramidalized Nâ, consistent with high
participation by the hydrazido(2-) resonance form in these
early-metal derivatives (Figure 2).16

The overall geometry of the five-coordinate complex2 is
intermediate between a square pyramid and a trigonal bipyramid.
The square-pyramidal structure is only slightly favored, and the
complex has a continuous symmetry parameter value ofτ )
0.36, whereτ ) 0 would be a square pyramid andτ ) 1 would
be a trigonal bipyramid.17 The nacnac ligand18 of 2, although
quite unsymmetrically substituted, is close to symmetrically
bound with Ti-N(NMe2) and Ti-N(But) distances of 2.080(3)
and 2.055(3) Å, respectively. The other C-C and C-N
distances within the six-membered ring are also consistent with
a highly delocalized system.
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Scheme 1. Possible Pathway for Iminohydrazination
Catalyzed by Titaniuma

a [Ti] ) Ti(dap).

Figure 1. Synthesis and structure from X-ray diffraction of the
hydrazido(2-) complex2. Selected bond distances (Å) and angles
(deg): Ti-N(2), 1.709(3); Ti-N(3), 2.077(2); Ti-N(4), 2.055(3);
Ti-N(1), 2.119(3); Ti-N(11), 2.323(3); N(2)-N(21), 1.403(4);
N(3)-N(31), 1.457(3); Ti-N(2)-N(21), 169.6(2).

Figure 2. Possible hydrazido(2-) and isodiazene resonance forms
for 2. (The other ligands are not shown for simplicity.)
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Examination of the1H NMR spectrum of this hydrazido(2-)
complex revealed a slight broadening of the methyl groups
associated with the multiply bonded ligand due to relatively
slow exchange. The barrier associated with the exchange of the
two methyl groups was found with the aid of variable-
temperature NMR spectroscopy to be 12 kcal/mol. The nature
of the barrier was explored using density functional theory; see
the Supporting Information for details. Apparently, the barrier
is associated with steric interactions between the hydrazido-
(2-) methyl groups and the groups on the nacnac ligand.

New C-C and C-N bonds are formed in2 at or below room
temperature. A possible mechanism for the formation of2 is
shown in Scheme 1, without the protonolysis of the nacnac
ligand and product release (boxed portion of Scheme 1). The
complex forms despite the fact that the optimized conditions
for the iminohydrazination catalysis involve heating to 100°C
for 16 h.8 Considering the ease with which2 is formed, it
seemed reasonable that the catalysis involved protonation of
the product from2 to reenter the catalytic cycle, the slow step
possibly being this final protonolysis. Consistent with this,
reaction of 2 with 10 equiv of H2NNMe2 to release the
iminohydrazination product does not occur until the temperature
is raised to∼90°C, with no reaction occuring overnight at room
temperature.

The synthesis of this unusual terminal hydrazido(2-) titanium
complex suggests that hydrazido(2-) formation, [2 + 2]
cycloaddition, 1,1-insertion of isonitrile, and protonolysis of the

Ti-C bond in the five-membered metallacycle are quite
favorable in our catalytic system. Studies are ongoing to further
elucidate the mechanism of this iminohydrazination reaction and
to discern the role of this complex in the catalytic cycle. The
composition and ease with which the complex is formed are
certainly suggestive of it having a role in the catalysis. The
kinetic competence of2, its reactions with hydrazine, and its
reaction with Hdap are currently under investigation.

Aside from its potential role in these new C-N bond forming
reactions, the complex is a readily formed, rare terminal
hydrazido(2-) complex of titanium. The complex exhibits a
dimethylhydrazido(2-) ligand with a pyramidalized Nâ. The
metric parameters are consistent with only small participation
by the isodiazene resonance form.
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