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Summary: Either C-H activation or C-C coupling is
observed in reactions of titanocene with azines
(R1R2CdN-NdCR1R2), which lead to the formation of
complexes 2 and 3, respectively. The reaction with two
different metallocene units can yield heterobimetallic bis-
(alkylideneamido) complexes (4).

Reactions of organic substrates containing multiple
bonds with transition-metal complexes are of general
interest in organometallic chemistry from the theoreti-
cal and the synthetic point of view, respectively.1 In a
series of investigations concerning the reactions of group
4 metallocenes with alkynes and substituted butadiynes2
as well as with ketones, aldehydes, and imines we could
often illustrate unexpected results which also lead to
an interesting resulting chemistry.2 Herein we report
reactions of titanocene with azines and a subsequent
reaction which provides an “early-late” heterobimetallic
complex. Since the bis(trimethylsilyl)acetylene-ti-
tanocene complex Cp2Ti(η2-Me3SiC2SiMe3) (1)3 is an
excellent starting material for the generation of the
reactive Cp2Ti fragment, reactions with azines were
carried out with 1 as a metallocene precursor.
The reaction of 1 with acetone azine leads, after

substitution of the alkyne with the azine, to an unex-
pected activation of the methyl C-H bond (Scheme 1,
R1 ) R2 ) Me). In the resulting green complex 24 a
hydrogen atom is shifted from one methyl group to the
carbon atom of the second CdN moiety, and a five-
membered metallacycle is obtained. The NMR spectra
of 2 confirm the C-H activation by signals of a CH2

group at 1.36 ppm (very broad; becomes a sharp singlet
at 330 K) and 55.9 ppm in 1H and 13C NMR, respec-
tively. In addition, there are two different methyl
signals at 1.14/2.28 ppm and 24.5/25.7 ppm in the ratio
of 2:1. In the 1H NMR spectrum the isopropyl methyl
groups appear as a doublet (1.14 ppm, 3JHH ) 6.3 Hz,
6H), and consequently, the signal of the methine proton
is a septet at 3.82 ppm (3JHH ) 6.3 Hz, 1H). Very broad
methylene and cyclopentadienyl resonances at ambient
temperatures result from a dynamic behavior due to a
folded ground-state conformation typical for azametal-
lacycles.5 Indeed, at higher temperatures (330 K) the
NMR spectra of 2 suggest Cs molecular symmetry in
solution; however, decreasing the temperature reveals
a nonplanar molecular geometry and the 1H NMR
spectrum at 220 K displays two diastereotopic Cp units
(5.06 (s, 5H), 5.21 (s, 5H)) as well as two nonequivalent
methylene protons (0.65 (s, 1H), 2.16 (s, 1H)). The
course of the reaction of acetone azine and titanocene
with the activation of a strong sp3 C-H bond in 2 is
rather surprising in view of the ease of oxidative
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addition of the N-N bond of Ph2CdN-NdCPh2 to Cp2-
Zr(C4H6)6a and CpCo(C2H4).6b

A completely different result was obtained in the
reaction of 1 with benzaldehyde azine (Scheme 1; R1 )
Ph, R2 ) H). In this case the paramagnetic complex 37
is formed in a 1:1 reaction of metallocene with the azine.
Due to the absence of NMR data the structure of 3 was
determined by X-ray crystallography8 (Figure 1). The
structure analysis reveals a binuclear titanium(III)
complex resulting from an reductive C-C coupling9
which converts two azine molecules into a dianionic
bridging ligand. Each Ti(III) center is complexed by an
amido nitrogen and additionally coordinated by the
electron pair of the second imine nitrogen. The struc-
ture of the ligand chain is characterized by two C-N
double bonds and two C-N single bonds, respectively,
intact N-N single bonds, and the newly formed central
C-C single bond.
The course of the intermolecular azine coupling can

only be a matter of speculation prior to further studies.
However, it seems reasonable to assume that the azine
unit coordinates to one titanium center via the nitrogen
atoms. The metal-promoted dimerization of two mono-
mers could proceed by a radical mechanism, which is
not uncommon for early transition metals in low oxida-
tion states.10 A monoelectronic reduction of the azine

could produce the radical Ti(III) species Cp2Ti-
[N(NdCHPh)C•HPh] which dimerizes to the binuclear
complex 3.
The reaction of 3 and [CpCo(C2H4)2]11 yields almost

quantitatively the heterobimetallic product 412 (eq 1).

The interaction of the bis(titanocene) 3 with an ad-
ditional Co(I) center causes the activation of the central
C-C bond as well as the cleavage of the azine N-N
bonds, leading to the bridged bis(alkylideneamido)
complex 4.
NMR spectra of 4 show the resonances corresponding

to the phenyl groups and two different Cp units in the
ratio of 2:1. In addition, the 1H and 13C signals of the
azine CH function appear at 10.70 ppm (s, 2H) and
170.5 ppm, respectively. The structure of 4 was unam-
biguously determined by an X-ray diffraction analysis
(Figure 2).13
The bond distances and angles support the nitrogen-

bridged coordination with a central four-membered Ti-
N-Co-N cycle. Additionally, there seems to be an
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Figure 1. ORTEP view of one of the two independent
molecules in the asymmetric unit of 3 (for clarity only main
atoms are drawn as 50% probability ellipsoids). Selected
average bond lengths (Å) and angles (deg): Ti1-N1,
2.06(2); Ti1-N2, 2.10(2); Ti2-N3, 2.06(2); Ti2-N4, 2.13(2);
N1-N2, 1.33(2); N3-N4, 1.35(2); N2-C69, 1.30(2); N4-
C50, 1.31(2); N1-C87, 1.46(2); N3-C42, 1.47(2); C42-C87,
1.57(2); N1-Ti1-N2, 37.4(6); N3-Ti2-N4, 37.5(6).

Figure 2. ORTEP view of one of the two independent
molecules in the asymmetric unit of 4 (30% probability
ellipsoids). Selected average bond lengths (Å) and average
angles (deg): Ti-Co, 2.568(6); Ti-N1, 2.00(2); Ti-N2,
1.99(2); Co-N1, 1.86(2); Co-N2, 1.85(2); N1-C16, 1.30(4);
N2-C23, 1.29(4); N1-Ti-N2, 91.4(9); N1-Co-N2, 101.2(9).
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interaction between the titanium and the cobalt center.
The average Ti-Co distance of 2.568(6) Å in the bridged
complex 4 is compatible with the Ti-Co distances of
2.565 Å in (tBuO)3Ti-Co(CO)414a and 2.614 Å in [(CO)9-
Co3CO]Ti-Co(CO)4.14b Unequal steric demands of the
different metallocene units cause a slight bending of the
bridging alkylideneamido ligands toward the smaller
CpCo moiety (average angles: Ti-N1-C16, 148(2)°; Ti-
N2-C23, 148(2)°; Co-N1-C16, 128(2)°; Co-N2-C23,
128(2)°). Although there are bimetallic complexes known
to contain bridging alkylideneamido ligands,6,15 4 rep-
resents the first heterobimetallic complex of its type and
the facile formation could be an easy way to synthesize
complexes of various metal combinations.

We have demonstrated reactions of azines with ti-
tanocene. Depending on the azine substituents, either
C-H activation or C-C coupling is observed. Reactions
of azines with two metal centers can lead by the
cleavage of the N-N single bond to “early-late” het-
erobimetallic bis(alkylideneamido) complexes. Further
studies aimed at the clarification of the mechanism of
azine-metallocene reactions and at determination of
the scope of the bimetallic reactions are currently in
progress.
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