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The (amido)methyl complexes [Ta(η5-C5Me5)(NtBu)-
Me(NR2)] [R = Ph (3), SiMe3 (4)] were prepared by reaction of
[Ta(η5-C5Me5)(NtBu)ClMe] (1) with the appropriate lithium
amides. Attempts to isolate the analogous NHMe derivative
afforded a mixture of complexes [Ta(η5-C5Me5)(NtBu)-
Me(NHMe)] (5) and [Ta(η5-C5Me5)(NMe)Me(NHtBu)] (6), re-
sulting from hydrogen exchange between the amido and im-
ido ligands. Insertion of CN(2,6-Me2C6H3) into the Ta−Me
bond of complexes 3 and 4 gave the η1-iminoacyl derivatives
[Ta(η5-C5Me5)(NtBu)(NR2){η1-C(Me)=N(2,6-Me2C6H3)}] [R =
Ph (7), SiMe3 (8)], while insertion into the Ta−NRMe (R = H,

Introduction

It is well known that isocyanides can be inserted into
early transition metal�alkyl[1�5] and metal�amido[1,6�10]

bonds to give η2-iminoacyl and η2-iminocarbamoyl com-
pounds, respectively. These are versatile and potentially use-
ful reagents in many synthetic applications.[1]

We reported[11] the insertion of isocyanide into the
tantalum�methyl bond of various (η5-pentamethylcyclo-
pentadienyl)(imido) complexes of the type [Ta(η5-
C5Me5)(NR)MeX] to verify that this insertion takes place
into the tantalum�methyl bond[12] not only for X � Cl,
OR (R � Me, tBu), noncompetitive ligands, but also for
X � NHtBu, which could behave as a competitive ligand
to give η2-iminocarbamoyl derivatives. We concluded that
the steric demands of the X substituent influence these reac-
tions more significantly than its π-donor capacity, the reac-
tion being easier for X � Cl, Me, OMe (immediate at room
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Me) bond of the complexes [Ta(η5-C5Me5)(NtBu)Me(NRMe)]
[R = H (5), Me (2)] gave the η2-iminocarbamoyl compounds
[Ta(η5-C5Me5)(NtBu)Me{η2-C(NRMe)=N(2,6-Me2C6H3)}]
[R = H (10), Me (9)]. All of the new compounds were charac-
terized by 1H and 13C NMR spectroscopy. The X-ray crystal
structure of 9 is reported. DFT calculations were carried out
to justify the preference of the insertion either into the Ta−C
or the Ta−N bond.

( Wiley-VCH Verlag GmbH, 69451 Weinheim, Germany,
2002)

temperature) than for X � OtBu (7 h at room temperature)
and X � NHtBu (3 d at 75 °C). We also observed that the
double insertion of isocyanide into the tantalum�iminoacyl
bond is preferred over the insertion into the Ta�NHtBu
bond, allowing for the isolation of [Ta(η5-
C5Me5)(NtBu)(NHtBu){η2-C(CMe�NR)�NR}] (R �
2,6-Me2C6H3) complexes. Consequently, formation of η2-
iminocarbamoyl derivatives by insertion into tantalum�
amido bonds would only be possible if no alkyl substituent
were present, as observed for [Ta(η5-C5Me5)-
(NtBu)Cl{NHtBu)][12] and related (amido)niobium com-
pounds.[13]

However, an unexpected behaviour was observed when
[Ta(η5-C5Me5)(NtBu)Me(NMe2)], which contains a less
bulky dimethylamido ligand, was used. This reaction was
immediate at room temperature affording the η2-iminocar-
bamoyl derivative with preferential insertion into the
tantalum�amido rather than the tantalum�methyl bond.
For this reason we decided to thoroughly investigate these
insertion reactions using different amido ligands. Mean-
while, a similar preferential insertion into a
metal�dimethylamido bond was reported for related
[Nb(η5-C5H4SiMe3){N(2,6-Me2C6H3)}Me(NMe2)] and
[Ta(η5-C5Me5){N(2,6-Me2C6H3)}Me(NMe2)] complexes.[14]

Here we report the synthesis of new (amido)methyltanta-
lum complexes [Ta(η5-C5Me5)(NtBu)Me(NR2)] [R2 �
HMe, Ph2, (SiMe3)2] and the competitive insertion of
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CN(2,6-Me2C6H3) into their Ta�Me and Ta�NR2 bonds.
The X-ray molecular structure of the η2-iminocarbamoyl
complex [Ta(η5-C5(CH3)5](NtBu)Me{η2-C(NMe2)�N(2,6-
Me2C6H3)}] is also reported, as well as DFT calculations
carried out to justify the notion of preferential insertion
into Ta�dimethylamido bonds.

Results and Discussion

As previously reported[15] the dimethylamido complex
[Ta(η5-C5Me5)(NtBu)Me(NMe2)] (2) was isolated in high
yield as a dark yellow oil by addition of LiNMe2 to an
ethereal solution of the (chloro)(methyl) derivative [Ta(η5-
C5Me5)(NtBu)ClMe] (1). As shown in Equation (1), the
same procedure afforded complex [Ta(η5-C5Me5)(NtBu)-
Me(NPh2)] (3) as a yellow oil in 90% yield. It is an air-
sensitive compound that can be stored for long periods un-
der an inert gas. The complex [Ta(η5-C5Me5)-
(NtBu)Me{N(SiMe3)2}] (4), which was not isolated as a
solid, was prepared in quantitative yield by the same reac-
tion in a sealed NMR tube, and is stable in C6D6 solution
for long periods.

(1)

It was found[15] that 2 shows dynamic NMR spectro-
scopic behaviour, indicating free rotation of the amido li-
gand and making the two methyl groups equivalent, to give
a unique broad signal in both 1H and 13C NMR spectra at
room temperature. Dynamic NMR spectroscopy experi-
ments showed a coalescence temperature of ca. 302 K and
a Gibbs activation energy ∆G� of 58.15 kJ/mol for this pro-
cess, in agreement with reported values for analogous com-
plexes.[16] However, the 1H NMR spectra of complexes 3
and 4 show the presence of two nonequivalent phenyl- and
silylamido substituents, respectively, every aryl ring proton
of 3 appearing as a sharp signal (δ � 6.7�7.2 ppm) while
two sharp signals for the SiMe3 groups of 4 were observed
at δ � 0.18 and 0.50 ppm. Resonances for the methyl, tert-
butyl and pentamethylcyclopentadienyl groups in com-
plexes 3 and 4 appear in the usual region (see Exp. Sect.).

In an attempt to complete the series of (amido)(imido)
complexes analogous to 2, we tried the reaction of 1 with
LiNHMe in THF. This reaction was not so simple and gave
a mixture of [Ta(η5-C5Me5)(NtBu)Me(NHMe)] (5) and
[Ta(η5-C5Me5)(NMe)Me(NHtBu)] (6) in ca. 1:1 ratio
[Equation (2)], as a pale yellow oil from which they could
not be separated. No interconversion between 5 and 6 was
observed when the mixture was heated up to 80 °C in the
NMR tube, indicating that the temperature does not sub-
stantially modify the equilibrium.
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(2)

Complexes 5 and 6 were easily distinguished by their 1H
NMR spectrum, which shows the methyl resonance of the
amido ligand as a doublet (δ � 3.63 ppm, 3JH,H � 7 Hz)
whereas that of the imido ligand appears as a singlet (δ �
3.77 ppm). Two sets of signals for the methyl, tert-butyl and
pentamethylcyclopentadienyl groups were observed for the
mixture of complexes 5 and 6. The amido proton of the
corresponding NHMe and NHtBu appears as a broad sig-
nal at δ � 4.62 and 4.88 ppm, respectively. The values of
∆δ (∆δ � δquat � δMe) observed in the 13C NMR spectra
of 5 (30.2 ppm) and 6 (21.6 ppm) are consistent with the
presence of the tert-butylimido and tert-butylamido li-
gands, respectively.[17]

Therefore, formation of 5, followed by proton transfer
from the methylamido to the more basic tert-butylimido
ligand,[16,18�25] affords complex 6, and the kinetic barrier
for interconversion between 5 and 6 must be high.

Treatment of complexes 3 and 4 with CN(2,6-Me2C6H3)
resulted in insertion into the Ta�Me bond, to give the η1-
iminoacyl compounds [Ta(η5-C5Me5)(NtBu)(NPh2){η1-
C(Me)�N(2,6-Me2C6H3)}] (7) and [Ta(η5-C5Me5)-
(NtBu)[N(SiMe3)2]{η1-C(Me)�N(2,6-Me2C6H3)}] (8),
after heating at 80 °C for 8 h and 20 h, respectively [Equa-
tion (3)]. This is the same behaviour previously observed for
[Ta(η5-C5Me5)(NtBu)Me(NHtBu)].[12]

(3)

Formation of the iminoacyl compounds 7 and 8 was con-
firmed by the low-field shift (δ � 1 ppm) of the 1H NMR
signal of the migrated methyl group and the 13C resonance
of the iminoacyl sp2-carbon atom observed at δ � 249.3 (7)
and 251.9 ppm (8), as expected for complexes of this type.

In contrast, an almost immediate and complete reaction
of the dimethylamido complex 2 with 1 equiv. of CN(2,6-
Me2C6H3) took place at room temperature in hexane to af-
ford the η2-iminocarbamoyl compound [Ta(η5-
C5Me5)(NtBu)Me{η2-C(NMe2)�N(2,6-Me2C6H3)}] (9)
[Equation (4)], which was recrystallized from pentane and
isolated as colourless air-stable crystals soluble in all the
usual organic solvents. Its crystal structure was determined
by X-ray diffraction methods.
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(4)

Addition of 2 equiv. of CN(2,6-Me2C6H3) to a C6D6 so-
lution of a ca. 1:1 mixture of 5 and 6 proceeded with
darkening of the solution and isocyanide insertion into the
Ta�NHMe bond of complex 5 to give [Ta(η5-
C5Me5)(NtBu)Me{η2-C(NHMe)�N(2,6-Me2C6H3)}] (10)
after 24 h at room temperature [Equation (4)]. Under these
conditions complex 6 remained unaltered. No insertion into
the Ta�Me bond was observed even after heating to 80 °C,
which caused complex 6 to decompose, while 10 remained
unchanged.

Formation of the η2-iminocarbamoyl compounds 9 and
10 was confirmed by the high-field shift (δ � 1 ppm) of the
methylamido signal, the very slight displacement of the
Ta-Me resonance and the presence in the 13C NMR spectra
of a low-field signal ( δ � 200 ppm) due to the iminocarba-
moyl sp2-carbon atom.[26] Three ν(C�N) IR stretching vi-
brations were observed[6] for the η2-iminocarbamoyl com-
plex 9.

The transformation of the (benzyl)(η2-iminocarbamoyl)
species into the corresponding (amido)(η2-iminoacyl) deriv-
ative, typical in related (amido)niobium compounds,[13] was
not observed for complex 9, which decomposed on heating
to over 100 °C. It can therefore be concluded that insertion
occurred directly into the Ta�NMe2 rather than the
Ta�Me bond.

An X-ray diffraction study of complex 9 confirms that
the isocyanide was inserted into the tantalum�amido bond.
A view of the molecular structure of complex 9, together
with the atomic labeling system, is shown in Figure 1. Se-
lected bond lengths and angles are given in Table 1.

Figure 1. ORTEP view of the molecular structure of 9; thermal
ellipsoids are drawn at 30% probability level; hydrogen atoms are
omitted for the sake of clarity
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Table 1. Selected bond lengths [Å] and angles [°] with e.s.d.s in
parentheses for compound 9 [CE(1) is the centroid of the
C(1)···C(5) cyclopentadienyl ring and M(1) the midpoint of the
N(1)�C(12) double bond]

1.785(4) Ta�C(4) 2.406(6)Ta�N(3)
Ta�C(11) 2.230(5) Ta�C(5) 2.503(6)
Ta�N(1) 2.164(4) N(1)�C(12) 1.303(5)
Ta�C(12) 2.146(5) N(1)�C(13) 1.418(6)
Ta�CE(1) 2.182(6) C(12)�N(2) 1.339(6)
Ta�M(1) 2.054(5) N(2)�C(21) 1.444(6)
Ta�C(1) 2.567(5) N(2)�C(22) 1.464(7)
Ta�C(2) 2.485(6) N(3)�C(23) 1.441(7)
Ta�C(3) 2.441(6)
CE(1)�Ta�C(11) 106.8(3) N(1)�Ta�C(12) 35.2(1)
CE(1)�Ta�N(3) 122.6(2) Ta�N(1)�C(12) 71.7(3)
CE(1)�Ta�M(1) 120.7(2) Ta�N(1)�C(13) 150.0(3)
CE(1)�Ta�N(1) 122.6(2) C(12)�N(1)�C(13) 133.6(4)
CE(1)�Ta�C(12) 115.7(2) Ta�C(12)�N(1) 73.1(3)
C(11)�Ta�N(3) 97.0(2) Ta�C(12)�N(2) 155.5(3)
C(11)�Ta�M(1) 98.4(2) N(1)�C(12)�N(2) 130.3(4)
C(11)�Ta�N(1) 81.4(2) C(12)�N(2)�C(21) 119.1(5)
C(11)�Ta�C(12) 115.5(2) C(12)�N(2)�C(22) 124.6(4)
N(3)�Ta�M(1) 105.7(2) C(21)�N(2)�C(22) 116.3(5)
N(3)�Ta�N(1) 111.9(2) Ta�N(3)�C(23) 176.8(4)
N(3)�Ta�C(12) 98.2(2)

The tantalum atom shows a four-legged piano stool ar-
rangement involving the pentamethylcyclopentadienyl ring
[Ta�CE(1) � 2.182(6) Å], [CE(1) being the centroid of the
ring], the methyl carbon atom [Ta�C(11) � 2.230(5) Å],
the nitrogen atom of the tert-butylimido ligand [Ta�N(3) �
1.785(4) Å], and the carbon and nitrogen atoms of the η2-
iminocarbamoyl ligand [Ta�C(12) � 2.146(5) and
Ta�N(1) � 2.164(4) Å]. The dihedral angle between the
cyclopentadienyl ring and the N(3)C(11)N(1)C(12) mean
plane is 5.2(2)°. This arrangement can also be viewed as a
three-legged piano-stool if the midpoint [M(1)] of the
N(1)�C(12) bond is taken into consideration [Ta�M(1) �
2.054(5) Å]. The coordination geometry around the Ta
atom can be described also as pseudotetrahedral if the cen-
troid CE(1) and the midpoint M(1) are considered as coor-
dination sites. The complex is chiral, and both enantiomers
are present in the crystals. The insertion of CN(2,6-
Me2C6H3) into the coordinated dimethylamido group is
stereoselective; in fact the η2-iminocarbamoyl shows the N
atom in a cis position with respect to the coordinated
methyl group. Only one of the two possible stereoisomers is
so formed. This stereoselectivity is probably mainly due to
steric factors.

The inside coordination of the N(1) iminocarbamoyl ni-
trogen atom located between C(12) and C(11) is similar to
that found for similar (chloro)(iminoacyl)(imido)(pentame-
thylcyclopentadienyl)- or (iminoacyl)(imido)(methyl)(penta-
methylcyclopentadienyl)tantalum complexes[11,12,14,27] in
which the N(1) iminoacyl nitrogen atom is located between
the iminoacyl carbon atom and the chlorine atom or the
methyl carbon atom. The values of the Ta�N(3) bond
length, consistent with triple bond character, and of the
nearly linear Ta�N(3)�C(23) bond angle of 176.8(4)° are
as expected for an imido ligand and compare well with
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those found in other (imido)(pentamethylcyclopentadienyl)-
tantalum complexes.[11,12,14,27�30] The Ta�C(11) bond
length presents the normal value for a Ta�CH3 bond. The
Cp* (C5Me5) ring is bound to the Ta atom in a nearly sym-
metric η5-fashion; a slight trend towards η3-coordination is
observed, as indicated by three short [Ta�C(2) � 2.485(6),
Ta�C(3) � 2.441(6), Ta�C(4) � 2.406(6) Å] and two long
Ta�CCp* ring carbon distances [Ta�C(1) � 2.567(5) and
Ta�C(5) � 2.503(6) Å], involving the C(1)�C(5) bond
nearly trans to the imido group[30]

{τ[N(3)�Ta�CE(1)�C(1)] � 159.7(4), τ[N(3)�Ta�
CE(1)�C(5)] � �128.6(6), τ[N(3)�Ta�CE(1)�C(3)] �
17.3(7)°}. The midpoint of the N(1)�C(12) bond nearly ec-
lipses the C(5) atom of Cp* {τ[M(1)�Ta�CE(1)�C(5)] �
10.3(7)°}. The Ta�N(1) and Ta�C(12) bond lengths are
similar to those found in (η2-C,N-iminoacyl)Ta com-
plexes.[11,12,14,27] The N(1)�C(12) [1.303(5) Å], and the
C(12)�N(2) [1.339(6) Å] bond lengths reveal π delocaliza-
ton in the η2-C,N-iminocarbamoyl moiety. The
N(1)C(12)N(2)C(21)C(22) fragment is quite planar {max.
dev. 0.050(7) Å for C(21), τ[N(1)�C(12)�N(2)�C(21)] �
173.4(5), τ[N(1)�C(12)�N(2)�C(22)] � �6.8(8)°} and
forms dihedral angles of 4.5(2) and 81.7(2)° with the
TaN(1)C(12) and the aryl groups, respectively.

The close similarity between the symmetry properties of
the frontier orbitals of (cyclopentadienyl)(imido)metal
[Ta(η5-C5Me5)(NtBu)] and the metallocene [Ti(η5-C5Me5)2]
fragments[30] suggests that the 1a1 metal orbital is used for
π-bonding by the NMe2 ligand. The dynamic behaviour ob-
served for 2 at room temperature indicates that this 1a1 or-
bital is energetically accessible for ligand binding, allowing
the isocyanide to be located at any of the two positions
appropriate for insertion into either the Ta�Me or
Ta�NMe2 bonds. Insertion into the Ta�NRMe (R � H,
Me) bonds is the most favorable, being followed by rotation
around the Ta�C bond to give the η2-iminocarbamoyl
compound, and similar behaviour should be expected for
the NHtBu derivatives 6 and [Ta(η5-C5Me5)(NtBu)-
Me(NHtBu)].[12] However steric effects from the presence
of the bulky tert-butyl substituent are more important than
the electronic effects and probably prevent this reaction,
leaving the energetically less favorable insertion into the
Ta�Me bond as the only possible pathway, which requires
heating at 75 °C for 3 d in the case of [Ta(η5-C5Me5)-
(NtBu)Me(NHtBu)].[12] Complexes 3 and 4 favor preferen-
tial insertion into the Ta�Me bond when heated at 80 °C
for 8 and 20 h, respectively, probably due to electronic
effects of the amido substituents.

To help answer the question why compound 3 shows a
preference for insertion into the tantalum�methyl bond, ra-
ther than insertion into the tantalum�amido bond, as ob-
served for compound 2, we performed density functional
calculations on possible insertion products of the reaction
of 2 and 3 with CN(2,6-Me2C6H3). The relative energies
and coordination geometries are collected in Scheme 1.

According to our calculations, the most stable insertion
product for compound 2 is the η2-iminocarbamoyl complex
9 based on the approach of the isocyanide between the alkyl

Eur. J. Inorg. Chem. 2002, 2810�2817 2813

and the amido ligands. However, the corresponding imin-
oacyl derivative is only 3 kJ/mol higher in energy. Further-
more, the optimized geometry shows that the iminoacyl li-
gand is bound in an η1-fashion, with the two N groups in
a cis position with respect to the Ta�C bond. A rotation
around the latter bond leads to a complex with an η2-
iminoacyl ligand. This compound, however, is 40 kJ/mol
higher in energy than the one bearing an η1-iminoacyl li-
gand. The possibility of an attack of the isocyanide from
the other ‘‘side’’ of the amido ligand (between the amido
and imido ligands) has also been investigated but the η2-
iminocarbamoyl insertion product is about 36 kJ/mol
higher in energy.

Turning to the insertion products for compound 3, the
calculations show that the iminoacyl complex 7 is the ener-
getically favored insertion product. Again, the iminoacyl
group acts as an η1-ligand, and the corresponding η2 com-
plex is 44 kJ/mol higher in energy. Also, the η2-iminocarba-
moyl complexes are energetically disfavored by 49 and
68 kJ/mol.

An analysis of the charge distributions in complexes 2
and 3 holds an answer for the observed preferences in coor-
dination geometry. Charges (in a.u.) at the atoms forming
the Ta�C and Ta�N bonds of 2 and 3 are displayed in
Scheme 2.

For both compounds, the imido N atom as well as the
methyl C atom carry a negative charge, whereas the metal
center is positively charged. However, whereas for com-
pound 2 the electron-rich dimethylamido ligand carries a
sizeable amount of negative charge at the N atom, the N
atom of the diphenlyamido group of compound 3 carries
almost no charge at all. Also, in this compound, the central
metal atom as well as the imido N atom are more positively
charged by 0.2 and 0.1 a.u., when compared with 2. This
suggests that the diphenylamido ligand possesses some elec-
tron-withdrawing properties, since charge can be effectively
delocalized over the two aromatic phenyl groups. This as-
sumption is supported when the total charge on the NMe2

and NPh2 in compounds 2 and 3 is analyzed. Summing up
the individual contributions of all atoms of the NMe2

group, we find a charge value of �0.10 a.u., indicating that
the dimethylamido group is acting as an electron-donating
group. On the other hand, the total charge of the NPh2

group amounts to �0.61 a.u. This indicates that electron
delocalization over the phenyl groups indeed induces some
electron-withdrawing properties. The same behaviour
should be expected for compound 4 by electron delocaliza-
tion onto the silicon d orbitals. Thus, the isocyanide ligand
will insert into that Ta�R (R � C, N) bond, in which R
carries a sizeable amount of negative charge. In this case,
the attack of R at the LUMO of the CN(2,6-Me2C6H3) mo-
lecule, which is the first step in the formation of the new
R�CN(2,6-Me2C6H3) bond, is facilitated. We also note
that when steric bulk is provided by alkyl groups, the
sterically most hindered M�C bond can also be expected
to contain the C atom with the largest amount of negative
charge.
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Scheme 1

Scheme 2

Comparing the small energy difference between 9 and the
corresponding η1-iminoacyl complex, it becomes clear that
thermodynamic considerations do not explain the prefer-
ence for insertion into the Ta�NMe2 bond. In order to gain
further insight into the nature of the frontier orbitals, we
carried out an orbital analysis of the (amido)(imido) com-
pound 2. As expected, the lone pair of the amido ligand
interacts in a π-fashion with the empty 1a1 metal orbital.
The π-bonding interaction takes place in the highest occu-
pied molecular orbital of the complex (Figure 2), while the
corresponding π-antibonding interaction is mainly localized
in the LUMO.

The resulting metal�nitrogen π-bonding interaction
leads to a more stable orientation with one of the amido
substituents pointing towards the Cp* ring. For the real
insertion process of the CN(2,6-Me2C6H3) molecule into

Eur. J. Inorg. Chem. 2002, 2810�28172814

Figure 2. Calculated HOMO of the amido imido complex 2 show-
ing the π-bonding interaction between the metal orbital and the
amido lone pair

the Ta�amido bond, we may then take the attack of the
lone pair of the amido group in the HOMO (π-bonding
orbital) on the π* LUMO of the isocyanide molecule as the
major orbital transformation of this process (Scheme 3).
The preference of Ta�N over Ta�C insertion is therefore
governed by frontier orbital arguments, and is preferred on
kinetic, rather than thermodynamic, grounds.
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Scheme 3

Conclusions

Various (amido)methyltantalum complexes [Ta(η5-
C5Me5)(NtBu)Me(NR2)] [R2 � HMe, Ph2, (SiMe3)2] were
prepared by reaction of the (chloro)(methyl) derivative with
appropriate lithium amides Li(NR2). Easy hydrogen ex-
change between methylamido (NHMe) and the more basic
tert-butylimido (NtBu) groups was observed.

According to density functional calculations, coordina-
tion of isocyanide CN(2,6-Me2C6H3) followed by nucleo-
philic attack initiates the insertion, either into Ta�amido
or Ta�methyl bonds, that is governed by kinetic factors.
Insertion into Ta�methyl bonds is preferred for amido NR2

[R2 � Ph2, (SiMe3)2] complexes to give the η1-iminoacyl
[Ta(η5-C5Me5)(NtBu)(NR2){η1-C(Me)�N(2,6-Me2C6H3)}]
derivatives, whereas stereoselective insertion into the
Ta�amido bonds is preferred for NRMe (R � H, Me)
yielding inside-N-coordinated η2-iminocarbamoyl [Ta(η5-
C5Me5)(NtBu)Me{η2-C(NRMe)�N(2,6-Me2C6H3)}] com-
plexes.

Experimental Section

General: All operations were performed under argon using stand-
ard Schlenk-line or glovebox techniques. Hexane and pentane were
distilled from a sodium/potassium alloy and diethyl ether from so-
dium benzophenone ketyl. H2NMe (Aldrich), HNPh2 (Aldrich),
HN(SiMe3)2 (Aldrich), CN(2,6-Me2C6H3) (Fluka) were used as re-
ceived. LiBu (Aldrich) was titrated prior to use.[31] Complexes
[Ta(η5-C5Me5)(NtBu)ClMe] (1)[12] and [Ta(η5-C5Me5)(NtBu)-
Me(NMe2)] (2)[15] were prepared by known procedures. IR:
Perkin�Elmer 583 spectrophotometer (4000�200 cm�1). 1H and
13C NMR: Varian Unity 300 MHz spectrometer (1H, 299.95 MHz;
13C, 75.43 MHz). Chemical shifts (in ppm) were referenced intern-
ally using the residual solvent resonances and were reported relative
to tetramethylsilane. Elemental analyses: Perkin�Elmer 2400
CHNO.

Preparation of [Ta(η5-C5Me5)(NtBu)Me(NPh2)] (3): Cooled THF
(30 mL) was added to a solid mixture of 1 (1.36 g, 3.11 mmol) and
LiNPh2 (0.59 g, 3.42 mmol) at 0 °C. The mixture was allowed to
warm slowly to room temperature. All volatiles were removed and
pentane (2 � 15 mL) was added to give a brown-yellow solution.
The solution was filtered and the solvent was completely removed
to give 3 as a yellow oil. Yield 1.60 g (90%). IR (Nujol, CsI): ν̃ �

1273 (s) cm�1. 1H NMR (CDCl3, 298 K): δ � 0.39 (s, 3 H, TaMe),
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0.79 (s, 9 H, NCMe3), 1.89 (s, 15 H, C5Me5), 6.7�7.2 (s, 10 H,
NPh2) ppm. 13C{1H} NMR (CDCl3, 298 K): δ � 11.2 (C5Me5),
28.0 (TaMe), 32.0 (NCMe3), 64.5 (NCMe3), 115.4 (C5Me5), 122.8,
125.3, 128.1, 129.3 (NPh2) ppm. C27H37N2Ta (570.55): calcd. C
56.84, H 6.49, N 4.91; found C 56.59, H 6.25, N 4.52.

NMR Tube Scale Preparation of [Ta(η5-C5Me5)(NtBu)-
Me{N(SiMe3)2}] (4): C6D6 was added to a solid mixture of 1
(0.034 g, 0.077 mmol) and LiN(SiMe3)2 (0.013 g, 0.077 mmol) in a
sealed NMR tube and the mixture was monitored by 1H NMR
spectroscopy. After 24 h at 90 °C, the signals of complex 1 disap-
peared leaving a solution that contained 4 in quantitative yield. 1H
NMR (C6D6, 298 K): δ � 0.18 [s, 9 H, N(SiMe3)2], 0.47 (s, 3 H,
TaMe), 0.5 [s, 9 H, N(SiMe3)2], 1.32 (s, 9 H, NCMe3), 1.91 (s,
15 H, C5Me5) ppm. 13C{1H} NMR (C6D6, 298 K): δ � 6.6, 7.7
[N(SiMe3)2], 12.2 (C5Me5), 20.3 (TaMe), 33.5 (NCMe3), 65.5
(NCMe3), 116.4 (C5Me5) ppm.

Preparation of [Ta(η5-C5Me5)(NtBu)Me(NHMe)] (5) and [Ta(η5-
C5Me5)(NMe)Me(NHtBu)] (6): According to a similar procedure
to that used for 3, compound 1 (1.06 g, 2.42 mmol) was treated
with LiNHMe (0.11 g, 2.91 mmol) in hexane (30 mL) at �78 °C,
to give a ca. 1:1 mixture of 5 and 6 as a pale yellow oil. Yield 0.76 g
(72%). 5: 1H NMR (C6D6, 298 K): δ � 0.33 (s, 3 H, TaMe), 1.37
(s, 9 H, NCMe3), 1.84 (s, 15 H, C5Me5), 3.63 (d, 3JH,H � 7 Hz, 3
H, NHMe), 4.62 (br, 1 H, NHMe) ppm. 13C{1H} NMR (C6D6,
298 K): δ � 11.1 (C5Me5), 20.4 (TaMe), 33.9 (NCMe3), 45.5
(NHMe), 64.1 (NCMe3), 114.0 (C5Me5) ppm. 6: 1H NMR (C6D6,
298 K): δ � 0.29 (s, 3 H, TaMe), 1.35 (s, 9 H, NHCMe3), 1.82 (s,
15 H, C5Me5), 3.77 (s, 3 H, NMe), 4.88 (br, 1 H, NHCMe3) ppm.
13C{1H} NMR (C6D6, 298 K): δ � 10.6 (C5Me5), 20.4 (TaMe),
34.7 (NHCMe3), 45.9 (NMe), 56.3 (NHCMe3), 113.3 (C5Me5)
ppm.

Preparation of [Ta(η5-C5Me5)(NtBu)(NPh2){η1-C(Me)�N(2,6-
Me2C6H3)}] (7): A solution of 3 (1.79 g, 3.14 mmol) in toluene (20
mL) was treated with CN(2,6-Me2C6H3) (0.42 g, 3.20 mmol) and
the mixture was heated (80 °C) and stirred for 8 h. The solution
was filtered and the solvent completely removed. The residue was
washed with hexane (2 � 15 mL) to give 7 as a brown oil. Yield
1.65 g (75%). IR (Nujol CsI): ν̃ � 1594 (s), 1260 (s) cm�1. 1H NMR
(CDCl3, 298 K): δ � 1.0 (s, 9 H, NCMe3), 1.91 [s, 3 H, C(Me)�
N], 1.98 (s, 3 H, 2,6-Me2C6H3), 2.12 (s, 15 H, C5Me5), 2.46 (s,
3 H, 2,6-Me2C6H3), 6.5�7.3 (m, 13 H, 2,6-Me2C6H3, NPh2) ppm.
13C{1H} NMR (CDCl3, 298 K): δ � 12.3 (C5Me5), 18.9, 19.3 (2,6-
Me2C6H3), 22.5 [C(Me)�N], 33.2 [NCMe3], 65.8 [NCMe3], 115.7
(C5Me5), 117.7, 120.9, 124.9, 125.0, 127.5, 127.9, 128.1, 129.3,
130.9, 142.0 (2,6-Me2C6H3, NPh2), 249.3 [C(Me)�N] ppm.
C36H46N3Ta (701.73): calcd. C 61.63, H 6.61, N 5.99; found C
61.33, H 6.39, N 5.66.

NMR Tube Scale Preparation of [Ta(η5-C5Me5)(NtBu)-
{N(SiMe3)2}{η1-C(Me)�N(2,6-Me2C6H3)}] (8): CN(2,6-Me2C6H3)
(0.015 g, 0.114 mmol) was added to an NMR tube containing a
C6D6 solution of 4 (0.114 mmol) and the mixture was monitored
by 1H NMR spectroscopy. After ca. 20 h at 80 °C, the signals of
complex 4 disappeared leaving a solution that contained 8 in quant-
itative yield. 1H NMR (C6D6, 298 K): δ � 0.17, 0.63 [s, 9 H,
N(SiMe3)2], 1.19 (s, 9 H, NCMe3), 2.01 (s, 15 H, C5Me5), 2.04 [s,
3 H, C(Me)�N], 2.22, 2.38 (s, 3 H, 2,6-Me2C6H3), 6.92 (m, 3 H,
2,6-Me2C6H3) ppm. 13C{1H} NMR (C6D6, 298 K): δ � 8.3, 8.9
[N(SiMe3)2], 12.8 (C5Me5), 18.6, 19.9 (2,6-Me2C6H3), 24.0
[C(Me)�N], 34.4 (NCMe3), 66.3 (NCMe3), 116.0 (C5Me5), 125.8,
128.5, 128.9, 132.2, 134.9, 144.0 (2,6-Me2C6H3), 251.9 [C(Me)�
N] ppm.
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Preparation of [Ta(η5-C5Me5)(NtBu)Me{η2-C(NMe2)�N(2,6-
Me2C6H3)}] (9): A solution of 2 (1.0 g, 2.24 mmol) in hexane (20
mL) was added to CN(2,6-Me2C6H3) (0.30 g, 2.26 mmol) and the
mixture was stirred for 1 h at room temperature. The solution was
filtered and the solvent was removed to give 9 as a white solid.
Recrystallization from pentane gave 9 as colourless crystals. Yield
1.14 g (88%). IR (KBr pellets): ν̃ � 1606 (s), 1586 (s), 1267 (s)
cm�1. 1H NMR (CDCl3, 298 K): δ � �0.29 (s, 3 H, TaMe), 1.03
(s, 9 H, NCMe3), 1.96, 2.0 (s, 3 H, 2,6-Me2C6H3), 2.04 (s, 15 H,
C5Me5), 2.59, 3.39 [s, 3 H, C(NMe2)�N], 6.87 (m, 3 H, 2,6-
Me2C6H3) ppm. 13C{1H} NMR (CDCl3, 298 K): δ � 11.8
(C5Me5), 14.2 (TaMe), 19.7 (2,6-Me2C6H3), 33.7 (NCMe3), 36.8,
45.3 [C(NMe2)�N], 64.1 (NCMe3), 112.4 (C5Me5), 123.7, 127.0,
127.4, 132.0, 132.5, 143.8 (2,6-Me2C6H3), 206.6 [C(NMe2)�N]
ppm. C26H42N3Ta (577.59): calcd. C 54.07, H 7.33, N 7.28; found
C 54.26, H 7.46, N 7.48.

NMR Tube Scale Preparation of Ta(η5-C5Me5)(NtBu)Me{η2-
C(NHMe)�N(2,6-Me2C6H3)} (10): C6D6 was added to a mixture
of 5 and 6 (0.054 g, 0.125 mmol) and CN(2,6-Me2C6H3) (0.016 g,
0.125 mmol) in a sealed NMR tube and the mixture was monitored
by 1H NMR spectroscopy. After ca. 24 h at room temperature, the
signals of complex 5 disappeared leaving a solution that contained
10, 6 and excess isocyanide. 10: 1H NMR (C6D6, 298 K): δ � 0.44
(s, 3 H, TaMe), 1.29 (s, 9 H, NCMe3), 2.04 (s, 15 H, C5Me5), 2.14,
2.21 (s, 3 H, 2,6-Me2C6H3), 2.66 [d, 3JH,H � 7 Hz, 3 H,
C(NHMe)�N], 4.68 [br, 1 H, C(NHMe)�N], 6.95 (m, 3 H, 2,6-
Me2C6H3) ppm. 13C{1H} NMR (C6D6, 298 K): δ � 12.0 (C5Me5),
16.6 (TaMe), 19.3, 19.5 (2,6-Me2C6H3], 34.1 (NCMe3), 64.3
(NCMe3), 67.8 [C(NHMe)�N], 112.8 (C5Me5), 125.0, 128.8, 132.5,
132.9, 141.8, 143.6 (2,6-Me2C6H3), 208.4 [C(NHMe)�N] ppm.

Crystal Structure Determination of 9: Crystals of compound 9 were
obtained by crystallization from pentane. A suitably sized crystal
in a Lindemann tube was mounted on a Philips PW 1100 diffracto-
meter with graphite-monochromated Mo-Kα radiation (λ �

0.71073 Å). Crystallographic and experimental details are summar-
ized in Table 2. A semi-empirical method of absorption correction
was applied (maximum and minimum values for the transmission
coefficient were 1.000 and 0.582).[32] A decay of 15% was observed
during the data collection. The structure was solved by direct
methods (SIR92)[33] and refined by least squares against Fo

2

(SHELXL-97).[34] All non-hydrogen atoms were refined aniso-
tropically except for the methyl carbon atoms of the Cp* ring and
of the tBu group. These last methyl groups were found to be disor-
dered in two positions and refined with s.o.f. of 0.5. All hydrogen
atoms were introduced from geometrical calculations and refined
using a riding model. All calculations were carried out with the
DIGITAL AlphaStation 255 of the ‘‘Centro di Studio per la Strut-
turistica Diffrattometrica del C.N.R.’’, Parma. The programs
PARST[35] and ORTEP[36] were also used. CCDC-187149 contains
the supplementary crystallographic data for this paper. These data
can be obtained free of charge at www.ccdc.cam.ac.uk/conts/re-
trieving.html or from the Cambridge Crystallographic Data Centre,
12, Union Road, Cambridge CB2 1EZ, UK [Fax: (internat.) � 44-
1223/336-033; E-mail: deposit@ccdc.cam.ac.uk].

Computational Details: Gradient-corrected density functional cal-
culations were carried out with corrections for exchange and cor-
relation according to Becke[37] and Perdew,[38] respectively (BP86).
Geometries were optimized using the program system TURBOM-
OLE[39] within the framework of the RI-J approximation.[40] The
geometry was pre-optimized using a triple-ζ valence basis plus po-
larization TZVP[41] for Ta, and a split-valence basis set with one
set of polarization functions for the non-H atoms SV(P)[42] for the
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Table 2. Summary of crystallographic data for compound 9

Empirical formula C26H42N3Ta
Formula mass 577.58
Crystal system triclinic
Space group P1̄
Radiation (λ [Å]) Mo-Kα (0.71073)
a [Å] 8.592(5)
b [Å] 9.874(4)
c [Å] 16.940(9)
α [°] 101.55(2)
β [°] 93.04(2)
γ [°] 102.50(2)
V [Å3] 1367.7(12)
Z 2
Dcalcd. [Mg m�3] 1.403
µ(Mo-Kα) [mm�1] 4.034
F(000) 584
Crystal size [mm] 0.49 � 0.30 � 0.15
Diffractometer Philips PW 1100
θ range [°] 3.20�30.01
Scan type θ/2θ
Index ranges �12 � h � 12,

�13 � k � 13, 0 � l � 23
No. of reflections measured 7954
No. of unique total data 7954
No. of unique observed data 6016 [I � 2σ(I)]
Data/restraints/parameters 7954/0/253
Goodness-of-fit on F2 0.955
R1 [I � 2σ(I)] 0.0385
wR2 [I � 2σ(I)] 0.0947
R1 (all data) 0.0572
wR2 (all data) 0.1023

remaining elements. In the final steps of the geometry optimization,
all elements were treated with the TZVP basis. Atomic charges were
obtained from a population analysis based on occupation numbers,
and include multicenter corrections.[43] Optimized geometries and
final energies are presented in the Supporting Information (see also
footnote on the first page of this article).
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Royo, A. Tiripicchio, Organometallics 1994, 13, 1564�1566.

[29] P. Royo, J. Sánchez-Nieves, M. A. Pellinghelli, A. Tiripicchio,
J. Organomet. Chem. 1998, 563, 15�21.

[30] D. N. Williams, J. P. Mitchell, A. D. Poole, U. Siemeling, W.
Clegg, D. C. R. Hockless, P. A. O’Neil, V. C. Gibson, J. Chem.
Soc., Dalton Trans. 1992, 739�751.

[31] J. Suffert, J. Org. Chem. 1989, 54, 509�510.
[32] A. C. T. North, D. C. Phillips, F. S. Mathews, Acta Crystallogr.,

Sect. A 1968, 24, 351�359.
[33] A. Altomare, G. Cascarano, C. Giacovazzo, A. Gagliardi, M.

C. Burla, G. Polidori, M. Camalli, J. Appl. Crystallogr. 1994,
27, 435�435.

[34] G. M. Sheldrick, SHELXL-97, Program for the Refinement of
Crystal Structures, Universität Göttingen, Göttingen, Ger-
many, 1997.

[35] M. Nardelli, Comput. Chem. 1983, 7, 95�98.
[36] L. Zsolnai, H. Pritzkow, ZORTEP, ORTEP original program

modified for P.C., Universität Heidelberg, Heidelberg, Ger-
many, 1994.

[37] A. D. Becke, Phys. Rev. 1988, A38, 3098�3100.
[38] J. P. Perdew, Phys. Rev. 1986, B33, 8822�8824.
[39] [39a] R. Ahlrichs, M. Bär, M. Häser, H. Horn, C. Kölmel, Chem.

Phys. Lett. 1989, 162, 165�169. [39b] O. Treutler, R. Ahlrichs,
J. Chem. Phys. 1995, 102, 346�354. [39c] M. von Arnim, R.
Ahlrichs, J. Comp. Chem. 1998, 19, 1746�1757.

[40] [40a] K. Eichkorn, O. Treutler, H. Öhm, M. Häser, R. Ahlrichs,
Chem. Phys. Lett. 1995, 242, 652�670. [40b] K. Eichkorn, F.
Weigand, O. Treutler, R. Ahlrichs, Theor. Chem. Acc. 1997,
97, 119�124.

[41] A. Schäfer, C. Huber, R. Ahlrichs, J. Chem. Phys. 1994, 100,
5829�5835.

[42] A. Schäfer, H. Horn, R. Ahlrichs, J. Chem. Phys. 1992, 97,
2571�2577.

[43] C. Ehrhardt, R. Ahlrichs, Theor. Chim. Acta 1985, 68,
231�245.

Received April 12, 2002
[I02189]


