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Alkyl high-valent early transition metal compounds are im-
portant organometallic species, particularly because their re-
actions with unsaturated molecules, such as carbon monox-
ide and organic isocyanides, are relevant to several industrial
stoichiometric and catalytic processes. Recently, we have re-
ported several studies concerning (alkyl)(monocyclopentadi-
enyl) derivatives of group-5 metals, including both synthetic

Introduction

The transfer of alkyl groups from transition metal atoms
to coordinated unsaturated molecules,[1] such as carbon
monoxide and isocyanides, is an important organometallic
reaction that has been the subject of relevant synthetic,
mechanistic and theoretical studies.[2] Further, the resulting
η2-acyl� and η2-iminoacyl�metal functionalities consti-
tute a powerful strategy for C�C bond formation under
mild reaction conditions and are versatile reactive inter-
mediates in many transition-metal-promoted stoichiometric
and catalytic organometallic transformations.[3]

Compared with the η2-acyl moiety, the reactivity of the
η2-iminoacyl group is even more versatile because it can
be transformed into metallacyclic imines,[2d,2f,2h,2k] azaallyl
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Manuel Gómez was born in Cieza (Murcia, Spain) in 1954. He received his Diploma in Chemistry at the
University of Murcia in 1976 and his Ph.D. in 1981 from the University of Alcalá de Henares working in
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aspects and chemical behaviour in insertion reactions. This
Microreview is an account of this work, covering syntheses,
structure, spectroscopic, and reactivity details that have been
reported by us together with the most significant contribu-
tions from other authors.
( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

complexes,[3i,3j,3k] and aminocarbyne derivatives[3f] or may
participate in alkyne coupling processes[3g] and doub-
le[3e,3i,3j,3k] or multiple[3e,3i,3j,3k] isocyanide insertion reac-
tions. It may also be transformed into azametallacyclopro-
pane species, which give imido complexes[2e] by thermal de-
composition. These reactions[2c,2d,2j,3g] are profoundly de-
pendent on both the metal and the nature of its substitu-
ents, particularly on the number of metal-bound alkyl
groups that can participate in the reaction. In this context,
a systematic study[4] of isocyanide insertion reactions into
methyl�tantalum bonds of different chloro(methyl)(penta-
methylcyclopentadienyl) derivatives (TaCp*Cl4�xMex) led
us to isolate a series of (η2-iminoacyl)- (x � 1) and di-
chloroazatantalacyclopropane (x � 2) as well as chloro-
and (methyl)(alkenylamido)(imido) (x � 3, 4) complexes.

This Microreview aims to systematically overview the
synthetic methods of producing different alkyl(monocy-
clopentadienyl)niobium- and -tantalum() derivatives and
also their behaviour in insertion reactions, as well as provid-
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ing some data on intra- or intermolecular rearrangement
processes of the insertion products.

Results and Discussion

Synthesis of Dichloro Complexes

The studies described here start with dichloro(imido)-,
dialkyldichloro-, (alkyne)dichloro-, and (diazabutadiene)d-
ichloro(monocyclopentadienyl)niobium and -tantalum
complexes. Recent years have witnessed an extensive devel-
opment of imido group-5 metal chemistry containing mon-
ofunctional,[5] tetradentate triamidoamine,[6] and cyclopen-
tadienyl ligands in mono-[7] and dicyclopentadienyl-type[8]

complexes. Protonated lithium amides[7b] have been exten-
sively used to generate the imido ligand, but other synthetic
strategies have been based on the deprotonation of cyclo-
pentadiene by metal amides,[7e,8c] β-hydrogen elimination of
amides and amines coordinated to metal() com-
pounds[8a,8b] and oxidation of metal() complexes with azi-
des.[8b] Related alkoxyimido and hydrazido(2�) derivatives
have been reported[9] more recently.

Pseudo-tetrahedral dichloro(imido) compounds
MCpCl2(NR1) (M � Nb,[10] Cp � η5-C5H4SiMe3 � Cp�,
R1 � 2,6-Me2C6H3, 1; 2,6-iPr2C6H3, 2; SiMe3, 3; M � Ta,
Cp � η5-C5Me5 � Cp*, R1 � C6H5, 4;[11] 2,6-Me2C6H3,
5[4]) can be easily obtained from the corresponding tetra-
chloro derivative MCpCl4 (Scheme 1). Complex 5 was pre-
pared by reacting TaCp*Cl2Me2

[12] with 2 equiv. of 2,6-
Me2C6H3NC in toluene as described previously.[4c]

Dialkyldichloro complexes MCp*Cl2R2 (M � Nb, R �
Me, 6;[13c] M � Ta, R � CH2SiMe3, 7;[13d] CH2CMe2Ph
8;[13d] CH2CMe3, 9;[13a,13b] CH2Ph, 10[13a,13b]) have been ob-
tained by treating n-hexane suspensions of the MCp*Cl4
complex with stoichiometric amounts of the Grignard re-
agents MgClR (R � Me, CH2SiMe3, CH2CMe2Ph, CH2Ph)
or Mg(CH2CMe3)2(THF)2 under rigorously anhydrous
conditions at room temperature (Scheme 1).

The (alkyne)dichloro complex NbCp�Cl2(Me3Si-
CCSiMe3), 11[14] has been synthesized in high yield by tre-
ating NbCp�Cl4 with an excess of aluminium powder and
mercury() chloride in the presence of 1 equiv. of bis(trime-
thylsilyl)acetylene. Additionally, the reaction of 11 with 2,3-
dimethyl-1,4-diphenyl-1,4-diazabuta-1,3-diene (Me,Ph-
DAD) in hexane leads to the (diazabutadiene)dichloro com-
plex NbCp�Cl2(Me,Ph-DAD), 12[15] with elimination of
C2(SiMe3)2 (Scheme 1). Related DAD complexes[16] have
been, essentially, isolated by treatment of the corresponding
half-sandwich complexes NbCpCl4 (Cp � η5-C5H5, η5-
C5Me5) with a dilithium salt of the different DAD ligands.

Synthesis of Alkyl Complexes

Although the imido ligand has been employed as an an-
cillary group to support high-oxidation state metal
centres,[17] these complexes can be made highly reactive in
terms of synthesizing coordinatively unsaturated derivatives
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Scheme 1. Synthesis of dichloro complexes

containing multiple π-bonded ligands. Further, an increas-
ing number of complexes having reactive imido ligands have
been shown to participate in C�H activation[18] and cyclo-
addition reactions.[19] Conversely, reactions based on
carbon�carbon bond formation have led to many import-
ant synthetic applications of organo group-5 metal com-
plexes by migration of methyl substituents to unsaturated
isocyanide[4,20] and carbonyl[20a] ligands through the inter-
mediate formation of (iminoacyl)- and (acyl)metal com-
pounds, respectively. Whereas the chemistry of (cyclopen-
tadienyl)(halo)(imido)niobium and -tantalum complexes is
well defined, the alkyl derivatives are less well known al-
though a great number of related amido and alkoxide com-
plexes have been reported recently. Following our prelimi-
nary work on the dichloro- and chloro(methyl)(imido) de-
rivatives[4b,20a] we reported a systematic study on the reac-
tivity of (arylimido)(monocyclopentadienyl)niobium and
-tantalum complexes towards alkylating reagents.

Thus, the reactions of the dichloro complexes 1 and 5
with a stoichiometric amount of the alkylating reagent gave
solutions from which the alkyl(chloro)imido complexes
MCpClR(NR1) [R1 � 2,6-Me2C6H3; M � Nb,[10] Cp �
Cp�, R � Cp*, 13; Me, 14; M � Ta, Cp � Cp*, R � Me,
15;[10] CH2SiMe3, 16;[21] CH2CMe2Ph, 17;[21] CH2CMe3,
18;[21] CH2C6H5, 19;[21] 2-(CH2NMe2)C6H4, 20;[21] Cp�,
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21;[21] NMe2, 22;[10] OtBu, 23[10]] and dialkyl(imido) com-
plexes MCpR2(NR1) [R1 � 2,6-Me2C6H3; M � Nb,[10]

Cp � Cp�, R � Me, 24; CH2SiMe3, 25; CH2CMe3, 26;
NMe2, 27; CH2C6H5, 28; M � Ta, Cp � Cp*, R �
CH2SiMe3, 29;[21] CH2CMe2Ph, 30;[21] C6H5, 31;[21]

CH2C6H5, 32;[21] CH2CMe3, 33;[21] o-(NSiMe3)2C6H4,
34;[10] Me, 35[20a]] were isolated. Alternatively, the chloro-
(methyl)(imido)tantalum derivative 15 can be prepared[21] by
treating the (alkenylamido)imido(methyl) complex [TaCp*
Me(NR1){η1-NR1-C(Me)�CMe2}] (R1 � 2,6-Me2C6H3)[4c]

with HCl or by a redistribution[21] reaction between the cor-
responding dichloro- (5)[4c] and dimethyl- (35)[20a] (imido)-
tantalum derivatives (Scheme 2).

Scheme 2. Synthesis of alkyl(chloro) and dialkyl complexes

Conversely, dialkyl(alkyne) derivative NbCp�R2(Me3Si-
CCSiMe3)[14] (R � Me, 36; CH2SiMe3, 37; CH2CMe3, 38;
CH2C6H5, 39) and dialkyl(diazabutadiene) derivative
NbCp�R2(η2-Ph2N2C2Me2-2,3)[15] (R � Me, 40; CH2SiMe3,
41; CH2C6H5, 42) were, respectively, isolated in good yields
by alkylation of the dichloro complexes 11 and 12 with
Grignard reagents in a 1:2 molar ratio (Scheme 2).

As shown in Scheme 3, the mixed alkylated imido com-
pounds MCpRMe(NR1) [R1 � 2,6-Me2C6H3; M � Nb,[10]

Cp � Cp�, R � CH2SiMe3, 43; NMe2, 44; M � Ta, Cp �
Cp*, R � CH2SiMe3, 45,[21] CH2CMe2Ph, 46;[21]

CH2CMe3, 47;[21] C6H5, 48;[21] 2-(CH2NMe2)C6H4, 49;[21]

CH2C6H5, 50;[21] Cp�, 51;[21] NMe2, 52;[10] NiPr2, 53;[10]

NHtBu, 54;[10] 2,6-Me2C6H3O, 55[10]] were obtained from
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the starting chloro(methyl)imido complexes 14 and 15 by
reactions with the corresponding alkylating reagent, except
for the methyl(imido) phenoxide complex 55 which was syn-
thesized by treating the alkenylamido(imido)methyltanta-
lum derivative [TaCp*Me(NR1){η1-NR1-C(Me)�CMe2}]
(R1 � 2,6-Me2C6H3)[4c] with 2,6-Me2C6H3(OH). Related
alkyl, amido, and imido alkoxide derivatives of different
stoichiometries such as monoalkyl compounds
MCpClR(NR1) [M � Nb, Cp � η5-C5H5, R � Me, R1 �
tBu;[7c] 2,6-Me2C6H3;[22d] 2,6-iPr2C6H3;[7c,22d] R � CH2Ph,
NHtBu, R1 � 2,6-iPr2C6H3;[22a,22d] R � NHR1,[22d] R1 �
tBu; 2,6-Me2C6H3; R � NEt2, R1 � tBu;[22d] R �
CH2CH�CH2, CH2C(Me)�CH2, R1 � tBu;[22b] Cp � η5-
C5H4SiClMe2;[7h,22c] η5-C5H4SiClMePh,[7c] R � CH2Ph,
R1 � tBu; Cp � η5-C5H4SiMe2NHtBu,[7h] R � CH2Ph,
NHtBu, R1 � tBu; M � Ta,[22f] Cp � η5-C5Me5, R � Me,
NHtBu, R1 � tBu], dialkyl compounds MCpR2(NR1) (M �
Nb, Cp � η5-C5H5, R � NHR1, R1 � 2,6-Me2C6H3;[22e]

R � Ph, R1 � 2,6-iPr2C6H3;[22a] R � tBuO; 2,6-Me2-
C6H3O, R1 � Me;[7a] R � 2,6-iPr2C6H3O; 2,6-Ph2C6H3O,
R1 � tBu;[7a] Cp � η5-C5Me5, R � Me,[7c] CH2Ph,[22a]

R1 � 2,6-iPr2C6H3; Cp � η5-C5H4CMe2C9H7, R � NEt2,
R1 � 2,6-iPr2C6H3;[22e] Cp � η5-C5H4SiMeXY, X � Cl,
CH2Ph, Y � Me,Ph; X � Me, Y � NHtBu; R � CH2Ph,
R1 � tBu;[7h] M � Ta, Cp � η5-C5Me5, R1 � tBu;[2d] 2,6-
iPr2C6H3

[7c]) and mixed alkyl compounds MCpRR�(NR1)
[M � Nb, Cp � η5-C5H5, R � Me, R� � NHtBu, R1 �
2,6-iPr2C6H3;[22d] R � NHtBu, R� � nBu, NEt2, σ-C5H5,
R1 � tBu;[22d] R � Me, R� � NHR1, R1 � 2,6-Me2-
C6H3;[22e] M � Ta, Cp � η5-C5Me5, R � Me, R� � NMe2,
NHMe, OOCNMe2, OOCNHtBu, R1 � tBu;[22g] R � Me,
R� � OMe, OtBu, NHtBu, R1 � tBu;[22f] R � Me, R� �
NPh2, N(SiMe3)2

[22h]] have been reported.

Scheme 3. Synthesis of alkyl(methyl)imido complexes
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Complexes 1�55 are air- and moisture-sensitive and sol-

uble in most organic solvents, including saturated hydro-
carbons, except that dichloro(diazabutadiene) complex 12 is
insoluble in hexane.

Imido complexes 1�5, 13�35, and 43�55 are mono-
mers, pseudotetrahedral, and isostructural with other half-
sandwich imido group-5 metal derivatives.[7a,23] The formu-
lation as dichloro- 1�5, (alkyl)chloro- 13�23, dialkyl-
24�35, and alkyl(methyl)- 43�55 -(imido) complexes is
supported by analytical and spectroscopic data (IR, and 1H
and 13C{1H} NMR) that show the expected behaviour
for such prochiral, chiral, prochiral and chiral species,
respectively. Further, the molecular structure of 21 (Fig-
ure 1) shows a typical bent-metallocene moiety with the
chlorine atom and the imido group lying in the equatorial
plane. Although the two Cp rings differ, the distance from
the tantalum atom to both centroids is the same, the angles
between the equatorial plane and the mean Cp planes are
also equivalent, and the bonding of both Cp rings to the
metal centre is very similar. The Ta1�N1 distance of
1.803(4) Å is very similar to those of the closely related
complexes [TaCp*2X(NPh)] [X � Cl: 1.799(4) Å;[8a] X �
H: 1.831(10) Å[9c]] and the Ta1�N1�C41 angle, 174.6(3)°,
is almost linear. These data are consistent with a Ta�N
bond order of about 2, in an 18-electron configuration at
the metal centre,[24] and an sp nitrogen atom with a lone
pair of electrons involved in bonding with the phenyl sub-
stituent centred on it.

Figure 1. Molecular structure and atom labelling scheme for
[TaCp*Cp�Cl(NR1)] (Cp* � η5-C5Me5; Cp� � η5-C5H4SiMe3;
R1 � 2,6-Me2C6H3, 21)

The dichloro- 11 and dialkyl- 36�39 -(alkyne) complexes
are monomers with a Cs symmetry and spectroscopic
properties that are basically similar to those reported for
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metallacyclopropene derivatives[25,26] in which the alkyne li-
gand acts as a four-electron donor. The IR spectra show an
absorption band for the stretching vibration ν (C�C) (ν̃ �
1582 cm�1) in accordance with the hybridization change of
the carbon atoms in the alkyne ligand,[26,27] whereas
13C{1H} NMR chemical shifts for the acetylenic carbon
atoms appear to be δ � 244.[28] Complex 37 (Figure 2) can
be described as a monomer with a typical three-legged pi-
ano-stool environment for the niobium atom, assuming that
the centroid of the alkyne ligand occupies a single coordi-
nation site. Notable are the perpendicular disposition of the
alkyne ligand with respect to the C5H4SiMe3 ring and the
plane formed by the alkyl substituents at the niobium cen-
tre. The average Nb�Calkyne distance is 2.090(6) Å and
C41�C51 is 1.323(7) Å, values just within the range ex-
pected for a four-electron-donor alkyne ligand,[26,29] in
which the C�C bond order is less than 3. Conversely, the
DFT theoretical data[14] corresponding to the dichloro- and
dimethyl(acetylene) compounds NbCpR2(HCCH) (R � Cl,
Me) agree with a preferential disposition of the alkyne li-
gand lying perpendicular to the Cp plane, such as that ob-
served for complex 37.

Figure 2. Molecular structure and atom labelling scheme for
[NbCp�R2(Me3SiCCSiMe3] (Cp� � η5-C5H4SiMe3; R �
CH2SiMe3, 37)

The NMR spectroscopic data of complex 12 suggest that
the (ene)diamido ligand adopts a supine conformation with
respect to the (trimethylsilyl)cyclopentadienyl ring
(Scheme 2), which accords with studies by Mashima et
al.[30] on the geometric preferences of 1,4-diazadiene ligands
in half-sandwich metallocene complexes of early transition
metals. Furthermore, detailed DFT analysis of the fragment
orbital interactions in the model complex
NbCpCl2(HNCHCHNH) provides no evidence for positive
overlap between the niobium centre and the inner carbon
atoms of the DAD ligand.[15] The 1H NMR spectrum of 40
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displays a singlet at δ � 0.15 due to the Nb�Me, and shows
an AB spin system for the diastereotopic α-CH2 protons of
alkyl groups in complexes 41 and 42. The singlet δ � 1.75
due to the methyl substituents of the (ene)diamido ligand
is at higher field than the δ � 1.84 ppm of the starting
dichloro complex 12. The 13C resonances of the inner car-
bon atoms also show a high field displacement. These data,
along with the preferential orientation discussed by Mash-
ima et al.[30] in related complexes, suggest that the alky-
lation reactions of the dichloro complex involve an orien-
tation change in the (ene)diamido ligand from the supine
conformation in 12 to the prone form in the dialkyl deriva-
tives 40�42.[16d]

Insertion Processes

Reactions with Carbon Monoxide

Dimethyl(imido) complex 35 reacts with carbon monox-
ide (1 atm) at room temperature in toluene to give the di-
nuclear µ-enediolate complex [{TaCp*Me(NR1)}2{µ-η2-
OC(Me)�C(Me)O}] (R1 � 2,6-Me2C6H3, 58)[20a] in good
yield. This takes place by intermolecular coupling between
two acyl carbon atoms of the intermediate η2-acyl(methyl)i-
mido derivative [TaCp*Me(NR1){η2-C(Me)�O}] (R1 � 2,6-
Me2C6H3, 57),[20a] (Scheme 4) whose formation can be ob-
served in situ by NMR spectroscopy[31] at low temperatures.
Complex 57 is quantitatively transformed into the enediol-
ate species 58 on heating to room temperature, preventing
its isolation as a solid.

With the chloro(methyl)imido complex 15 as starting ma-
terial the expected η2-acyl(imido) derivative was not ob-

Scheme 4. Insertion reactions of carbon monoxide
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tained, since it was spontaneously converted into the
chloro(η2-methyliminoacyl)oxo complex [TaCp*Cl(O){η2-
C(Me)�NR1}] (R1 � 2,6-Me2C6H3, 59).[20a] The formation
of 59 can be explained (Scheme 4) by assuming the initial
coordination of CO, followed by migration of the methyl
group bonded to the metal atom to the electrophilic car-
bonyl carbon atom to give the scarcely stable intermediate
η2-acyl(chloro)imido complex [TaCp*Cl(NR1){η2-C(Me)�
O}] (R1 � 2,6-Me2C6H3, 56),[20a] which was identified in
solution by NMR spectroscopy[31] at �40 °C. Nucleophilic
attack of the imido nitrogen atom at the electrophilic acyl
carbon atom leads to an unidentified intermediate species
that spontaneously rearranges, breaking the C�O bond
with simultaneous formation of M�C single and M�O
double bonds to give the final chloro(η2-methyliminoacy-
l)oxo compound 59. Complex 59 is chiral and its structure
(Figure 3) shows the tantalum centre in a three-legged pi-
ano-stool environment, assuming that the centroid of the
Cp* ring and the centroid of the iminoacyl group is taken
as occupying a single coordination site. The η2-iminoacyl
group is coordinated in a similar mode to that in related
complexes[4c] with Ta�C1 and Ta�N1 distances of 2.133(9)
and 2.132(7) Å, respectively, corresponding to single bonds,
and a C1�N1 distance of 1.276(11) Å, which implies
double-bond character. The oxygen ligand�tantalum atom
bond of 1.731(7) Å is in the range reported for Ta�O
double bonds.[32]

As well as alkyl (methyl) groups, the alkyl(chloro)- (17,
18, 22), dialkyl- (29�33), and alkyl(methyl)- (46, 47, 49)
-imidotantalum complexes [TaCp*XR(NR1)] (R1 � 2,6-
Me2C6H3) also react with carbon monoxide (1 atm) at
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Figure 3. Molecular structure and atom labelling scheme for
[TaCp*Cl(O){η2-C(Me)�NR1}] (Cp� � η5-C5Me5; R1 � 2,6-
Me2C6H3, 59)

room temperature in hexane or [D6]benzene (NMR tube
scale) to give η2-acyl(chloro)- (X � Cl, R � CH2CMe2Ph,
60), (η2-carbamoyl)chloro- (X � Cl, R � NMe2, 61), (η2-
acyl)alkyl- (X � R � CH2SiMe3, 62; CH2CMe2Ph, 63;
CH2CMe3, 64; CH2Ph, 65), and (η2-acyl)methyl- (X � Me,
R � CH2CMe2Ph, 66; CH2CMe3, 67) -imido complexes
[TaCp*X(NR1){η2-C(R)�O}] (60�67)[33] (Scheme 5), as re-
sult of migration of the alkyl group bonded to the metal
atom to the electrophilic carbonyl atom of the previously

Scheme 5. Insertion reactions of carbon monoxide
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coordinated CO ligand. The regioselective synthesis of the
(η2-acyl)methyl complexes 66 and 67 reflects the preferen-
tial migration of CH2CMe2Ph and CH2CMe3 groups with
respect to the methyl group, which accords with the se-
quence established for the isocyanide insertion process.[33]

When X � Cl, R � CH2CMe3 (18) and X � Me, R �
2-(CH2NMe2)C6H4 (49) the η2-acyl derivatives can neither
be isolated nor detected by 1H NMR spectroscopy due to
their very low stability; however, the dinuclear µ-enediolate
complexes [{TaCp*X(NR1)}2{µ-η2-OC(R)�C(R)O}] [R1 �
2,6-Me2C6H3; X � Cl, R � CH2CMe3, 68; X � Me, R �
2-(CH2NMe2)C6H4, 69] are easily obtained when the corre-
sponding chloro- or methyl(alkyl)imido complex reacts with
CO under the same conditions (Scheme 5), probably by in-
termolecular coupling between two acyl carbon atoms of
the unstable intermediate η2-acyl complexes ‘‘[TaCp*
X(NAr){η2-C(R)�O}]’’, which could not be observed in
situ by 1H NMR spectroscopy.[20a] The same reaction with
CO but using [TaCp*XR(NR1)] (R1 � 2,6-Me2C6H3; X �
Cl, R � CH2CMe3, 18; X � R � Ph, 31) as starting materi-
als failed to give the expected (η2-acyl)imido derivatives as
they were spontaneously converted into the (η2-iminoacy-
l)oxo complexes [TaCp*X(O){η2-C(R)�NR1}] after 35 d
(X � Cl, R � CH2CMe3, 70) and 12 h (X � R � Ph, 71),
respectively (Scheme 5); the formation of these products can
be explained as with the analogous chloro(methyl)imidot-
antalum derivatives.[20a]

When X � Cl and R � CH2SiMe3, 16; CH2Ph, 19; and
X � Me and R � CH2SiMe3, 45; Ph, 48; CH2Ph, 50 the
reaction with CO leads to an unidentified mixture of prod-
ucts, whereas for X � Cl, R � 2-(CH2NMe2)C6H4, 20 there
is no reaction, even on heating at 100 °C.

The dimethyl complexes [TaCp*Cl2Me2] (72)[12] and
[NbCp�Me2(Me,Ph-DAD)] (40) react with carbon monox-
ide (1 atm) at room temperature in [D6]benzene and toluene
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Scheme 6. Insertion reactions of carbon monoxide

to give the oxametallacyclopropane complexes [TaCp*
Cl2(η2-CMe2-O)] (73)[20a] and [NbCp�(η2-CMe2-O)(Me,Ph-
DAD)] (74),[15] respectively, by double migration of two
methyl groups, first to the electrophilic carbon atom of the
coordinated CO ligand and then to the related η2-acyl inter-
mediate, which could not be detected (Scheme 6). The ox-
ametallacyclopropane moiety, which is not further trans-
formed, is analogous to that reported for the (acetone)tan-
talum complex [TaCp*Me2(η2-CMe2-O)].[2d,34]

Conversely, the azatantalacyclopropane complexes
[TaCp*XMe(η2-CMe2NR1)] (R1 � 2,6-Me2C6H3; X � Cl,
75; Me, 76)[4b] react with 1 equiv. of CO, leading to the
pseudotetrahedral enolate derivatives [TaCp*X(NR1){η1-
OC(Me)�CMe2}] (X � Cl, 77; Me, 78)[20a] (Scheme 6),
probably by formation of intermediate species that could
not be detected in situ by 1H NMR spectroscopy.

All spectroscopic data for compounds 56�78 are consist-
ent with their formulation. The (η2-acyl)imido complexes
56, 57 and 60�67 show νTa�N

[7a,35] and νC(R)�O
[1d,36] at ν̃ �

1327 and 1589 cm�1, respectively. The C�O stretching vi-
bration in η2-acyl compounds ranges from 1453 to 1625
cm�1 and the lowest stretching frequencies occur for η2-
acyl complexes containing high-valent metal atoms (as we
also found). This has been attributed to the participation of
a ‘‘carbene-like’’ resonance form[37] or to the contribution
of a ‘‘carbenium-ion-like’’ acceptor orbital on the undis-
torted η2-acyl structure.[38] The η2-acyl[39] and η2-carba-
moyl[40] (61) carbon resonances appear at δ � 317 and 228
ppm, respectively, in the typical ranges for both types of
complexes. The η2-acyl(methyl)imido complex 66 (Figure 4)
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is a monomer with a chiral tantalum atom in a typical four-
legged piano-stool environment. The imido ligand is
bonded to the metal centre in an almost linear dispo-
sition[4a,20a] with a Ta1�N1 bond length and a
Ta1�N1�C21 bond angle of 1.815(11) Å and 172.2(10)°,
respectively. The bonding system between the η2-acyl moi-
ety and the metal centre is similar to that of the trichloro
derivative [TaCp*Cl3{η2-C(CH2CMe3)�O}],[41] but in our
case the Ta1�C31 [2.126(14) Å] and Ta1�O1 [2.214(11) Å]
bond lengths are slightly longer due to the different donor
capacities and the trans influence of the chloride and im-
ido ligands.

The µ-enediolates 58, 68�69, the (η2-iminoacyl)oxo com-
pounds 59, 70�71, the oxametallacyclopropanes 73 and 74,
and the enolate complexes 77 and 78 show the expected
structural behaviour according to IR and NMR spec-
troscopy.

Reactions with 2,6-Dimethylphenyl Isocyanide
Several years ago we reported a systematic study[4] on the

insertion of isocyanides into Ta�C(methyl) bonds of vari-
ous chloro methyl derivatives, TaCp*Cl4�xMex. When x �
2 azatantalacyclopropane species are formed in which the
imine linkage typically binds strongly to the metal centre in
an η2-CN fashion.[2,42] These complexes have been postu-
lated as intermediates in organometallic transforma-
tions[2a,2g,2i,20a] but few have been isolated and fully charac-
terized.[4b,13d,43] Because of such high reactiv-
ity,[2b,4,42a,42d,44] we decided to extend our study to bulky
alkyltantalum derivatives.
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Figure 4. Molecular structure and atom labelling scheme for
[TaCp*Me(NR1){η2-C(CH2CMe2Ph)�O}] (Cp� � η5-C5Me5; R1 �
2,6-Me2C6H3, 66)

The complexes TaCp*Cl2R2 (R � CH2SiMe3, 7;[13d]

CH2CMe2Ph 8;[13d] CH2CMe3, 9;[13a,13b] CH2Ph, 10[13a,13b])
react with 1 equiv. of 2,6-Me2C6H3NC in hexane under a
rigorously dry inert gas to give reddish solutions, from
which, after workup, the alkyldichloro(η2-iminoacyl)tanta-
lum complexes [TaCp*Cl2R{η2-C(R)�NR1}] (R1 � 2,6-
Me2C6H3; R � CH2SiMe3, 79; CH2CMe2Ph, 80;
CH2CMe3, 81; CH2Ph, 82)[13d] could be recovered
(Scheme 7). This behaviour contrasts with that observed[4b]

for the [TaCp*Cl2Me2] derivative, which with 1 equiv. of
isocyanide gives a dichloroazatantalacyclopropane complex
by a migration of the second methyl group to the electro-
philic iminoacyl carbon atom of the dichloro(methyl)(η2-
iminoacyl) intermediate. In the present case, the remaining
bulkier alkyl substituent does not migrate. Furthermore, the
same η2-iminoacyl complexes (79�82) are obtained by tre-
ating [D6]benzene solutions of the starting dialkyldichloro
compounds with 2 equiv. of isocyanide at room tempera-
ture, and no bis(η2-iminoacyl) species are formed.

On the other hand, the η2-iminoacyl complexes 79�82
slowly decompose at room temperature in [D6]benzene or
hexane solutions to give the dichloro(imido)tantalum com-
pound TaCp*Cl2(NR1) (R1 � 2,6-Me2C6H3, 5) together
with a mixture of cis and trans olefins R�-CH2-CH�CH-R�
(R� � SiMe3, 79o; CMe2Ph, 80o; CMe3, 81o; Ph, 82o),[13d]

probably via intermediate dialkylazatantalacyclopropane
complexes (Scheme 7), which cannot be detected in situ by
1H NMR spectroscopy. However, the azatantalacyclopro-
pane structure favours agostic interactions between the β-
hydrogen atoms of the alkyl groups and the tantalum atom,
leading to concerted four-centre transition states A and B.
Subsequent 2,1-migration of the hydrogen atom and back-
rearrangements give the imido complex with elimination of
the corresponding olefins.
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Scheme 7. Insertion reactions of isocyanide

The spectroscopic data (IR and 1H and 13C{1H} NMR)
are consistent with the expected pseudooctahedral geo-
metries of these η2-iminoacyl complexes. Compound 80
(Figure 5) has a tantalum atom in a pseudooctahedral en-
vironment, with the centroid of the Cp* ring and the car-
bon atom of the iminoacyl ligand occupying the axial posi-
tions. The tantalum atom is 0.61(1) Å above the plane

Figure 5. Molecular structure and atom labelling scheme for
[TaCp*Cl2R{η2-C(R)�NR1}] (Cp� � η5-C5Me5; R � CH2CMe2Ph;
R1 � 2,6-Me2C6H3, 80)
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Scheme 8. Insertion reactions of isocyanide

formed by C21, Cl1, Cl2, and N1[45] and the C�N bond of
the iminoacyl group is almost perpendicular to this plane.

When R1NC is added to hexane solutions of the alkyl-
(chloro)- or dialkyl(imido) complexes MCpXR(NR1) (R1 �
2,6-Me2C6H3; M � Nb, Cp � η5-C5H4SiMe3�Cp�; M �
Ta, Cp � η5-C5Me5 � Cp*) in a 1:1 molar ratio an instan-
taneous insertion reaction gives the stable 18-electron
chloro imido(η2-iminoacyl) [M � Nb, Cp � Cp�, X � Cl,
R � Me, 83;[33] M � Ta, Cp � Cp*, X � Cl, R � Me,
89;[20a] CH2SiMe3, 90;[33] CH2CMe2Ph, 91;[33] CH2CMe3,
92;[33] CH2C6H5, 93;[33] 2-(CH2NMe2)C6H4, 94;[33]

O(Me)C�CMe2, 96[20]], alkyl(imido)η2-iminoacyl (M �
Nb, Cp � Cp�, X � R � Me, 85;[33] CH2SiMe3, 86;[33]

Scheme 9. Insertion reactions of isocyanide
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CH2CMe3, 87;[33] CH2Ph, 88;[33] M � Ta, Cp � Cp*, X �
R � Me, 97;[20a] CH2SiMe3, 98;[33] CH2CMe2Ph, 99;[33]

CH2CMe3, 100;[33] CH2C6H5, 101;[33] C6H5, 102[33]], meth-
yl- and chloro(imido)(η2-iminocarbamoyl) (M � Nb, Cp �
Cp�, X � Me, R � NMe2, 84;[33] M � Ta, Cp � Cp*, X �
Cl, R � NMe2, 95[33]) derivatives [MCpX(NR1){η2-C(R)�
NR1}] (R1 � 2,6-Me2C6H3, 83�102) (Scheme 8).

For dialkyl derivatives (X � R � alkyl) the migration of
the second alkyl group observed for [TaCp*Cl2Me2][4b] does
not occur and an excess of isocyanide does not produce a
second insertion reaction in the M�C(alkyl) or
M�C(iminoacyl) bonds.[1d,3d,3i,3j] However, when X �
OC(Me)�CMe2 and R � Me the methyl group bound to
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the tantalum atom migrates to the electrophilic carbon
atom of the isocyanide ligand, which does not attack the
terminal olefinic carbon atom of the enolate ligand, in con-
trast to when (alkenylamido)imido complexes[4c] are used.

The addition of 1 equiv. of 2,6-Me2C6H3NC to [D6]ben-
zene solutions of the alkyl(methyl)imido complexes [TaCp*
RMe(NR1)] under rigorously anhydrous conditions gives a
mixture of (η2-alkyliminoacyl)imido(methyl) [TaCp*
Me(NR1){η2-C(R)�NR1}] (R1 � 2,6-Me2C6H3; R �
CH2SiMe3, 103; CH2Ph, 105; CH2CMe2Ph, 107;
CH2CMe3, 109; C6H5, 111; 2-(CH2NMe2)C6H4, 113;
NMe2, 114)[33] and alkyl(η2-methyliminoacyl)imido [TaCp*
R(NR1){η2-C(Me)�NR1}] (R1 � 2,6-Me2C6H3; R �
CH2SiMe3, 104; CH2Ph, 106; CH2CMe2Ph, 108;
CH2CMe3, 110; C6H5, 112)[33] complexes, in ratios deter-
mined from 1H NMR spectra (Scheme 9).

The same reaction at room temperature using n-hexane
as solvent in a dry box affords the insoluble microcrystalline
(alkyl)imido(η2-methyliminoacyl) (R � CH2SiMe3, 104;
CH2Ph, 106) and (η2-alkyliminoacyl)methyl(imido) (R �
CH2CMe2Ph, 107; CH2CMe3, 109. C6H5, 111) complexes
as solids, which are major components in the above-men-
tioned mixture. Further, when the resulting suspension of
the above experiment is concentrated to dryness, the 1H
NMR spectrum in [D6]benzene of the crude residue gave
the same result. The yields reflect the relative ease of mi-
gration[46] of the various alkyl groups, such as 2-
(CH2NMe2)C6H4 � NMe2 � CH2CMe2Ph � CH2CMe3 �
C6H5 � Me � CH2SiMe3 � CH2Ph as compared with the
methyl group. Our particular contribution also establishes
the regioselective migration of the 2-[(dimethylamino)me-
thyl]phenyl (113) and dimethylamido groups (114). The
preferential migration of the NMe2 moiety, for starting ami-
do(methyl)niobium and -tantalum derivatives that give (η2-
iminocarbamoyl)methyl complexes 84 and 114, is quite un-
usual because in similar alkyl- or methyl(amido)titan-
ium,[47] -zirconium,[48] -tungsten[49] and -uranium[50] com-
plexes the insertion occurs preferentially at the M�Calkyl

bond. More recent reports[22h] found similar behaviour in
an almost instantaneous reaction of the amido(imido)me-
thyl complexes [TaCp*MeX(NtBu)] (X � NMe2, NHMe)
with 1 equiv. of R1NC to give the corresponding η2-imino-
carbamoyl compounds [TaCp*Me(NtBu){η2-C(X)�NR1}]
(R1 � 2,6-Me2C6H3; X � NMe2, NHMe). The authors jus-
tify, by DFT calculations, that coordination of the isocyan-
ide ligand followed by nucleophilic attack initiates the inser-
tion reaction, neither into Ta�NR2 nor Ta�Me bonds, and
is governed by kinetic factors. However, insertion into the
Ta�Me bond is preferred for amido(imido)methyl [TaCp*
Me(NR2)(NtBu)] (R � Ph, SiMe3) complexes to give (ami-
do)imido(η1-iminoacyl) derivatives [TaCp*(NR2)(NtBu)-
{η1-C(Me)�NR1}], whereas stereoselective insertion into
the Ta�NR2 bond occurs for related amido(methyl) deriva-
tives, leading to (methyl)imido(η2-iminocarbamoyl) com-
plexes [TaCp*Me(NtBu){η2-C(X)�NR1}] (X � NMe2,
NHMe).

The reaction of the starting mixed alkyl(imido)methyl de-
rivatives with 2 equiv. of the isocyanide ligand in [D6]ben-
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zene solutions at room temperature affords the same η2-
iminoacyl complexes 103�114, and bis(η2-iminoacyl) de-
rivatives cannot be detected by 1H NMR spectroscopy.

Structural studies[33] of the imido(η2-iminoacyl) (83,
85�113) and imido(η2-iminocarbamoyl) (84, 95, 114) com-
plexes agree with the expected pseudo-square-pyramidal ge-
ometry found for similar chiral niobium and tantalum de-
rivatives.[20]

Early transition metal complexes[2f,42a,51] constitute a
powerful component in carbon�carbon bond formation
strategies in organic synthesis[52] and catalytic polymeriz-
ation.[53] In particular, (alkyne)niobium and -tantalum
complexes have provided convenient routes to carbonylic
derivatives[54] and nitrile[55] coupling reactions via metalla-
cyclic intermediates. Furthermore, (alkyne)niobium- and
-tantalum() derivatives react with nitriles to give azatanta-
lacyclopentene complexes that may participate in an inter-
molecular tautomerization process to enamines,[42c] and are
also efficient catalysts for the oligomerization and polymer-
ization of internal alkynes.[53]

In accord with this background, we recently reported a
novel study[14] of the chemical behaviour of the (alkyl)alk-
yne[(trimethylsilyl)cyclopentadienyl]niobium complexes
[NbCp�R2(Me3SiCCSiMe3)][14] (Cp� � η5-C5H4SiMe3; R �
Me, 36; CH2SiMe3, 37; CH2CMe3, 38; CH2C6H5, 39) in
insertion processes. Thus, when 1 equiv. of the isocyanide
2,6-Me2C6H3NC was added to [D6]benzene solutions of the
dialkyl(alkyne) derivatives 36�39, under a rigorously dry
inert gas in a sealed NMR tube, reddish solutions corre-
sponding to (alkyl)alkyne(η2-iminoacyl) complexes
[NbCp�R{η2-C(R)�NR1}(Me3SiCCSiMe3)][14] (Cp� � η5-
C5H4SiMe3; R1 � 2,6-Me2C6H3; R � Me, 115; CH2SiMe3,
116; CH2CMe3, 117) as the unique reaction products were
obtained (Scheme 10). The insertion process is instan-
taneous and after coordination of the isocyanide ligand the
migration of one alkyl group to the electrophilic isocyanide
carbon atom produces an η2-iminoacyl complex. With (alk-
yne)dibenzyl complex 39 the reaction takes place but,
probably, the η2-iminoacyl derivative is very unstable and
decomposes to an unidentified product mixture. In the
same reactions carried out in a Schlenk tube using hexane
as solvent, only complex 116, as a crystalline red solid,
could be isolated. Both 115 and 117 are unstable at room
temperature, and while 115 is partially transformed into an
imidoniobacyclopent-3-ene complex (118) the alkyne(η2-
iminoacyl)neopentyl derivative 117 decomposes into an un-
identified products mixture.

Alternatively, the imidoniobacyclopent-3-ene complex
[NbCp�(NR1){η4-CH(SiMe3)-C(SiMe3)�C(Me)-CH2}][14]

(Cp� � η5-C5H4SiMe3; R1 � 2,6-Me2C6H3, 118) can be
prepared when the (alkyne)dimethyl derivative 36 is treated
with 1 equiv. of isocyanide in hexane at 40�50 °C for 12 h
(Scheme 11). Conversely, if the alkyne(trimethylsilylmethyl)-
(η2-iminoacyl) complex 116 is heated to 80 °C in hex-
ane for 12 h it can be isolated as an imido(vinyl)niobacyclo-
propane derivative [NbCp�(NR1){η4-CH(SiMe3)C(SiMe3)-
C(CH2SiMe3)�CH(SiMe3)}][14] (Cp� � η5-C5H4SiMe3;
R1 � 2,6-Me2C6H3, 119), a crystalline red solid, the struc-
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Scheme 10. Insertion reactions of isocyanide

ture of which was determined by X-ray diffraction methods.
Identical results are obtained by thermally treating a mix-
ture of 37 and 2,6-Me2C6H3NC (1:1 molar ratio). In con-
trast, the reaction between the (alkyne)bis(neopentyl) com-
plex 39 and 2,6-Me2C6H3NC leads, in a first step, to an
alkyne(η2-iminoacyl)neopentyl complex (117) that is gradu-
ally transformed into the imidoniobacyclohept-2-ene com-
plex [NbCp�(NR1){η2-CH2CMe2CH2CH(CH2CMe3)C-
(SiMe3)�C(SiMe3)}][14] (Cp� � η5-C5H4SiMe3; R1 � 2,6-
Me2C6H3, 120), the structure of which may be proposed on
the basis of NMR spectroscopic data.

Scheme 11. Insertion reactions of isocyanide
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On monitoring the formation processes of complexes
118�120 by 1H NMR spectroscopy, only complex 118 was
found to give an intermediate (alkyne)azaniobacyclopro-
pane derivative, [NbCp�{η2-C(CH2R��)-NR1}(Me3SiCC-
SiMe3)][14] (Cp� � η5-C5H4SiMe3; R1 � 2,6-Me2C6H3;
R�� � SiMe3, 115i). This transformation can be rationalized
by migration of the second metal-bonded methyl group to
the iminoacyl carbon center to give the intermediate 115i
(Scheme 12). Similar azametallacyclopropane species have
been proposed and isolated by us in the reactions of dichlo-
rodimethyl(pentamethylcyclopentadienyl)niobium[13d] and
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Scheme 12. Insertion reactions of isocyanide

-tantalum[4b] complexes and isocyanides and their structures
confirmed by X-ray diffraction methods. Rearrangement of
the intermediate 115i is followed by migration of the hydro-
gen atom, and back-rearrangement gives the imidoniobacy-
clopent-3-ene complex 118. Complexes 119 and 120 could
be formed via imidoniobacyclobutene intermediates; when
R�� � SiMe3, migration of the hydrogen atom and sub-
sequent rearrangement leads to 119, which is a niobacyclo-
propane complex with an η2-coordinated vinyl substituent
at the metal center. However, a different pathway may be
proposed by the formation of azaniobacyclopentatriene
species[3b,3g,56] as result of the intramolecular coupling be-
tween both alkyne and iminoacyl ligands. When R�� �
CMe3, C�H activation of a methyl group of the tert-butyl
fragment and back-rearrangement leads to the imidonioba-
cyclohept-2-ene complex 120. This is probably due to the
steric and electronic differences between SiMe3 and CMe3

groups. Thus, the lesser steric hindrance of the tert-butyl
group permits a closer approach to the metal atom and the
activation of a C�H bond gives the complex 120.

Structural studies (IR, 1H and 13C{1H} NMR)[14] of
complexes 115�120 agree with the proposed structures. The
pseudooctahedral complexes 115�117, due to the chiral
character of the metal center, show in their 1H and 13C{1H}
NMR spectra an ABCD spin system and five resonances,
respectively, for the C5H4SiMe3 moiety and, also, two in-
equivalent methyl groups for the 2,6-Me2C6H3 ring, in ac-
cordance with the slow rotation of the aryl substituent
around the N�Cipso(aryl) bond. Complex 118 exhibits
NMR behaviour that is consistent with a diene ligand in an
s-cis conformation, as has been observed in other diene
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group-5 metal derivatives.[57] The unusual conformation of
the diene ligand in complex 119 was deduced from detailed
analysis of the NMR spectroscopic and X-ray diffraction
data, which strongly suggest that the diene ligand is bonded

Figure 6. Molecular structure and atom labelling scheme for
[NbCp�(NR1){η4-CH(SiMe3)C(SiMe3)C(CH2SiMe3)�CH(SiMe3)}]
(Cp� � η5-C5H4SiMe3; R1 � 2,6-Me2C6H3, 119)
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Scheme 13. Insertion reactions of carbon monoxide and isocyanide

in an η2-niobacyclopropane fashion with a vinyl substituent
η2-coordinated to the metal center. This is the most relevant
detail of the molecular structure (Figure 6) because, fre-
quently, in diene mono(cyclopentadienyl)niobium and -tan-
talum complexes[57a,57d,58] the diene ligand forms a metal-
lacyclopent-3-ene system with a preferred supino confor-
mation, although there are examples with a prono confor-
mation. Furthermore, the diene ligand can adopt an s-trans
conformation, as observed in bis(cyclopentadienyl)zircon-
ium,[59] mono(cyclopentadienyl)tantalum[60] and cationic
bis(cyclopentadienyl)tantalum[61] complexes. In our case,
the crystallographic data do not correspond to the same
bonding system and, therefore, we propose a moiety con-
sisting of a ‘‘diene’’ C31�C32�C33�C34 fragment linked
to the metal atom through the C33�C34 atoms, forming a
niobacyclopropane ring, and the donor vinyl substituent
C31�C32.

Finally, when 2,6-Me2C6H3NC (1 equiv.) is added to a
hexane solution of the dimethyl complex NbCp�Me2-
(Me,Ph-DAD) (Cp� � η5-C5H4SiMe3, 40) under rigorously
anhydrous conditions an orange solution is obtained, which
after evaporation of the solvent produces the azaniobacy-
clopropane complex [NbCp�(η2-CMe2NR1)(Me,Ph-DAD)]
(R1 � 2,6-Me2C6H3, 121),[15] as the result of two consec-
utive steps (Scheme 13). The first step involves migration
of one methyl group to the electrophilic isocyanide
carbon atom to for m an η 2 - iminoacyl inter medi -
ate,[1d,2f,2h,2i,2j,2k,62] which could not be detected by 1H
NMR spectroscopy. Subsequent migration of the second
methyl group to the iminoacyl carbon centre yields an aza-
niobacyclopropane.[2b,2c,4b,13d,63]

Dialkyl complexes 41 (R � CH2SiMe3) and 42 (R �
CH2C6H5) do not react with isocyanide at room tempera-
ture; when the solution is heated the reaction probably
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takes place simultaneously with the decomposition of the
organometallic complex formed, leading to an unidentified
product mixture. When 40 is treated with 2 equiv. of isocy-
anide the result is the same, in contrast to the behaviour of
the azatantalacyclopropane derivatives [TaCp*Cl2(η2-
CMe2NR1)][4b] (R1 � 2,6-Me2C6H3; 2,4,6-Me3C6H2),
which in the presence of isocyanides give the corresponding
dichloro(imido) complex [TaCp*Cl2(NR1)] with elimination
of the arylimine ketene ArN�C�CMe2. However, the ox-
aniobacyclopropane [NbCp�Cl2(η2-CMe2-O)(Me,Ph-
DAD)] (74),[15] reacts with 1 or 2 equiv. of 2,6-Me2C6H3NC
to give the expected insertion products [NbCp�Cl2{η2-
OCMe2(CNR1)x}(Me,Ph-DAD)] (R1 � 2,6-Me2C6H3; x �
1, 122; x � 2, 123).[15] Complex 122 can be transformed
into 123 by a simple isocyanide insertion reaction.

Conclusions

The review shows that direct alkylation of the corre-
sponding chloro derivatives can afford dialkyldichloro
[MCp*Cl2R2] (6�10), alkyl(chloro)imido [MCpClR(NR1)]
(13�23), dialkyl(imido) [MCpR2(NR1)] (24�35), alkyl-
(methyl)imido [MCpRMe(NR1)] (43�55), dialkyl(alkyne)
[NbCp�R2(Me3SiCCSiMe3)] (36�39), and dialkyl(diazabut-
adiene) complexes [NbCp�R2(Me,Ph-DAD)] (40�42),
whose reactivity has been studied in carbon monoxide and
isocyanide insertion processes.

Imido(methyl) complexes [TaCp*MeX(NR1)] (R1 � 2,6-
Me2C6H3; X � Cl, 15; Me, 25) react with carbon monoxide
via the expected η2-acyl derivatives [TaCp*X(NR1){η2-
C(Me)�O}] (X � Cl, 56; Me, 57) but lead to different prod-
ucts that depend on X. The higher carbenoid character of
the η2-acyl ligand when X � Me affords dinuclear µ-enedi-
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olate complex 58, whereas imido nitrogen attack at the
more electrophilic acyl carbon atom when X � Cl gives the
chloro (η2-iminoacyl)oxo complex 59.

Alkyl groups, other than methyl, as in alkyl(chloro)- (17,
18, 22) dialkyl- (29�33) and alkyl(methyl)- (46, 47, 49)
-imidotantalum complexes react with CO (1 atm) to give
(η2-acyl)chloro (X � Cl, R � CH2CMe2Ph, 60), (η2-carba-
moyl)chloro (X � Cl, R � NMe2, 61), (η2-acyl)alkyl (X �
R � CH2SiMe3, 62; CH2CMe2Ph, 63; CH2CMe3, 64;
CH2C6H5, 65), and (η2-acyl)methyl (X � Me, R �
CH2CMe2Ph, 66; CH2CMe3, 67) -imido derivatives [TaCp*
X(NR1){η2-C(R)�O}] (R1 � 2,6-Me2C6H3) as result of a
simple insertion process. The preferential migration of neo-
phyl and neopentyl groups with respect to the methyl group
determines the regioselective synthesis of complexes 66 and
67, but when X � Cl, R � CH2CMe3 (18) and X � Me,
R � 2-(CH2NMe2)C6H4 (49) the dinuclear µ-enediolate
complexes 68 and 69 are formed through intermolecular
coupling between two acyl carbon atoms of the unstable
intermediate η2-acyl complexes. For 18 and X � R � Ph
(31) insertion of CO furnishes (η2-iminoacyl)oxo complexes
70 and 71 by a mechanism similar to that proposed for the
chloro(methyl)imidotantalum derivative 15. However, the
related dichlorodimethyl complex TaCp*Cl2Me2 (72) reacts
with CO to give the oxametallacyclopropane derivative
TaCp*Cl2(η2-CMe2-O) (73) as result of a double migration
of both methyl groups, whereas the azatantalacyclopropane
complexes [TaCp*XMe(η2-CMe2NR1)] (X � Cl, 75; Me,
76) lead to the pseudotetrahedral enolate derivatives
[TaCp*X(NR1){η1-OC(Me)�CMe2}] (R1 � 2,6-Me2C6H3;
X � Cl, 77; Me, 78) by formation of unidentified intermedi-
ate species.

Dialkyldichloro complexes 7�10 react with R1NC (1
equiv.) to give (alkyl)dichloro(η2-iminoacyl) derivatives
[TaCp*Cl2R{η2-C(R)�NR1}] (R1 � 2,6-Me2C6H3; R �
CH2SiMe3, 79; CH2CMe2Ph, 80; CH2CMe3, 81; CH2C6H5,
82) in contrast to the related dichlorodimethyl compounds
(M � Nb, 6: Ta, 72) which, under the same conditions, give
a dichloroazametallacyclopropane system by migration of
the second methyl substituent to the electrophilic iminoacyl
carbon atom of the dichloro(η2-iminoacyl)methyl inter-
mediate species. Here, the remaining bulkier alkyl group
does not migrate and no bis(η2-iminoacyl) complexes are
formed by treating the starting dialkyldichloro compounds
with 2 equiv. of isocyanide. The η2-iminoacyl complexes
79�82 slowly decompose at room temperature in [D6]ben-
zene solutions to give [TaCp*Cl2(NR1)] and a mixture of
cis/trans olefins R�CH2CH�CHR� (79o�82o), probably
via unidentified intermediate azatantalacyclopropane spec-
ies.

S t ab l e 1 8 - e l e c t ro n η 2 - i m i n o a c y l d e r i va t i v e s,
[MCpX(NR1){η2-C(R)�NR1}] (83�102), are obtained by
inserting 1 equiv. of R1NC into the M�C(alkyl) bonds of
alkyl(chloro) or dialkyl(imido) complexes. In contrast,
alkyl(methyl)imidotantalum complexes react by migration
of alkyl or methyl substituent to give a mixture of (η2-alkyl-
iminoacyl)methyl(imido) [TaCpMe(NR1){η2-C(R)�NR1}]
(103, 105, 107, 109, 111, 113, 114) and (alkyl)imido(η2-
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methyliminoacyl) derivatives [TaCpR(NR1){η2-C(Me)�
NR1}] (104, 106, 108, 110, 112), respectively. When starting
with {2-[(dimethylamino)methyl]phenyl}methyl and (di-
methylamido)imido(methyl) complexes, insertion takes
place with regioselective migration of 2-[(dimethylamino)-
methyl]phenyl and dimethylamido groups.

The reaction of dialkyl(alkyne) derivatives 36�38 with
2,6-Me2C6H3NC (1 equiv.) occurs through initial formation
of the (alkyl)alkyne(η2-iminoacyl) compounds [NbCp�R-
{η2-C(R)�NR1}(Me3SiCCSiMe3)] (R1 � 2,6-Me2C6H3;
R � Me, 115; CH2SiMe3, 116; CH2CMe3, 117) but leads to
different coupling products depending on R. When hexane
solutions of 36 or 37 were treated with isocyanide (1 equiv.)
at 40�50 °C (36) and 80 °C (37), respectively, imidonioba-
cyclopent-3-ene [NbCp�(NR1){η4-CH(SiMe3)C(SiMe3)�
C(Me)CH2}] (118) and imido(vinyl)niobacyclopropane
[NbCp�(NR1){η4-CH(SiMe3)C(SiMe3)C(CH2SiMe3)�CH-
(SiMe3)}] (119) complexes are obtained, probably via az-
aniobacyclopropane intermediates. If R � CH2CMe3, after
the initial formation of a non-stable η2-iminoacyl complex
(117), spontaneous conversion into the imidoniobacy-
lohept-2-ene complex [NbCp�(NR1){η2-CH2CMe2CH2CH-
(CH2CMe3)C(SiMe3)�C(SiMe3)}] (120) occurs, but the in-
termediate species could not be observed by 1H NMR spec-
troscopy. The NMR spectroscopic data of the coupling
products confirmed an s-cis conformation for the diene li-
gand in complex 118, while in complex 119 such a ligand
presents an unusual coordination mode and forms, with the
metal center, a niobacylopropane system with an η2-vinyl
substituent.

The dimethyl(diazabutadiene) complex 40 reacts with
carbon monoxide and isocyanide to give oxa- and azanioba-
cyclopropane derivatives [NbCp�(η2-CMe2E)(Me,Ph-
DAD)] (E � O, 74; NR1, 121) due to migration of both
methyl groups and, probably, via undetected η2-acyl and
η2-iminoacyl intermediates. Successive isocyanide insertion
reactions into the Nb�C bond take place in the oxanioba-
cyclopropane complex 74, leading to insertion products 122
and 123.

Acknowledgments
I am grateful to DGICYT (Project. No. PB 97-0761), to MCYT
(Project No. BQU2002-03754) and to Universidad de Alcalá (Pro-
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ganomet. Chem. 1999, 580, 161�168.
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