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Summary: Reactions of aryl isocyanide with bis(guani-
dinate) Zr(IV) hydrocarbyl complexes are presented. With
1 equiv of Ar′NC the ultimate products are the terminal
Zr imido complexes [{(R′NR′′)C(NR)2}2ZrN(2,6-Me2C6H3)]
(3, R ) R′ ) iPr, R′′ ) H; 5, R ) iPr, R′ ) R′′ ) Me),
which are derived via a unique transformation from
intermediate η2-iminoacyl species. With 2 equiv of Ar′NC,
[{(Me2N)C(NiPr)2}2Zr(η2-Ar′NdCMe)2] (6) was isolated.
Mild thermolysis of 6 generates an enediamido complex
via intramolecular coupling of the iminoacyl groups.

Guanidinate anions, [R′R′′NC(NR)2]-, exhibit versa-
tile and flexible coordination properties and have re-
ceived increasing attention as ancillary ligands for both
main-group and transition-metal complexes.1-3 These
species offer several patterns of substitution, and we are
particularly interested in those with either one or two
organic substituents on the tertiary N(R′)R′′ center (e.g.
N(H)R′ or NR2′). Most of the efforts in this area have
been in the development of new guanidinate complexes,
with fewer examples of reactivity studies involving
small-molecule activation by complexes supported by

guanidinate ligands. Insertion reactions represent a
fundamental reaction type in organometallic chemistry,
and isocyanides are among the common substrates of
such reactions.4 We report a sequence of reactions of
isocyanide with two bis(guanidinate) Zr(IV) hydrocarbyl
complexes that proceed beyond insertion to form new
C-C bonds. One of these transformations gives rise to
the terminal Zr imido complexes [{(R′NR′′)C(NR)2}2ZrN-
(2,6-Me2C6H3)] (R ) R′ ) iPr, R′′ ) H; R ) iPr, R′ ) R′′
) Me) through a novel reaction pathway. A change in
reaction stoichiometry produced an enediamido complex
via intramolecular coupling of iminoacyl groups. These
reactions exemplify the ability of group 4 guanidinate
complexes to undergo migratory insertion and to exhibit
noteworthy reactivity.

The direct reaction of a 1:2 molar ratio of Zr(Bz)4

and N,N′,N′′-triisopropylguanidine, (iPrN)dC(NHiPr)2,
in toluene at room temperature proceeds via proton
transfer and toluene elimination to yield the new species
[{(iPrNH)C(NiPr)2}2ZrBz2] (1) in 88% isolated yield. The
1H and 13C NMR spectra of 1 display two sets of iPr
signals in a 2:1 ratio and a single methylene resonance,
suggesting a pseudo-octahedral Zr center with freely
rotating, cis-oriented benzyl groups. An X-ray crystal-
lographic analysis confirms this hypothesis.5
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Complex 1 reacts rapidly with 1 equiv of 2,6-dimethyl-
phenyl isocyanide, as indicated by a color change from
yellow to dark orange to generate compound 2 (Scheme
1). The identity of 2 as the monoinsertion product was
indicated by the relative intensity of the aromatic
methyl signals and appearance of two equal-intensity
resonances for the benzyl methylene protons in the 1H
NMR spectrum at 2.41 ppm (Zr-CH2Ph) and 4.06 ppm
(Zr-η2-Ar′NdCCH2Ph). A characteristic resonance for
the iminoacyl C appeared at δ 252.86.4

The molecular structure of 2 confirmed the connectiv-
ity of this species and was consistent with our spectro-
scopic observations (Scheme 1).6 The Zr(IV) coordina-
tion environment consists of two chelating, bidentate
guanidinate monoanions, a benzyl ligand, and an η2-
iminoacyl ligand derived from the insertion of the aryl
isocyanide into a Zr-Bz bond. Although formally seven-
coordinate, the geometry of 2 can be considered distorted
octahedral if the η2-CdN is assigned a single coordina-
tion site. The N(7)-C(35) bond length of 1.292(3) Å is
consistent with double-bond formation. This moiety is
symmetrically bonded to the Zr center (Zr-C(35) )
2.295(3) Å, Zr-N(7) ) 2.242 (2) Å). The guanidinate
ligands exhibit bonding parameters similar to those of
related complexes.1,3

Solutions of 2 underwent a transformation at room
temperature over several hours, as indicated by the
disappearance of the signals attributed to the benzyl

ligand and the appearance of new signals in the olefinic
region of the 1H NMR spectrum (multiplet, δ 6.2-6.4).
The olefin byproduct of this reaction was determined
to be trans-2-benzylstyrene by comparison of MS and
NMR data with literature values.7 The Zr-containing
product exhibited two isopropyl signals in a ratio of 2:1
as well as resonances attributed to a single 2,6-Me2C6H3
group. On the basis of these observations, we were
able to assign the formula of 3 as [{(iPrNH)C(NiPr)2}2-
ZrdN(2,6-Me2C6H3)] and to suggest the C2-symmetric
structure depicted in Scheme 1. Compound 3 could be
prepared directly by allowing the reaction of 1 and
isocyanide to proceed at room temperature for 1 day.

The level of aggregation for 3 was confirmed through
structural analysis, which revealed it to be a novel
terminal imido complex.8 Terminal imido complexes of
Zr have been isolated and structurally characterized
with amido, tetraaza macrocycle, cyclopentadienyl, and
aryloxido ligation.9 Complex 3 is the first example of
this moiety supported by guanidinate or amidinate
ligation. The geometry of 3 is derived from a trigonal

(5) The single-crystal X-ray structures for compounds 1, 5, and 6
have been determined. Thermal ellipsoid plots for these complexes can
be found in the Supporting Information. Full structural details will
be reported in a future paper.

(6) Crystal data: empirical formula C43H67N7Zr, T ) 203(2) K, λ )
0.710 73 Å, space group P21/c, a ) 10.8273(8) Å, b ) 16.3749(12) Å,
c ) 24.2102(17) Å, R ) γ ) 90°, â ) 90.2690°, V ) 4292.3(5) Å3,
Z ) 4, R indices (I > 2σ(I)) R1 ) 0.0469 and wR2 ) 0.1063.

(7) Moreno-Mañas, M.; Pajuelo, F.; Pleixats, R. J. Org. Chem. 1995,
60, 2396. Uozumi, Y.; Danjo, H.; Hagashi, T. J. Org. Chem. 1999, 64,
3384.

(8) Crystal data: empirical formula C28H53N7Zr, T ) 203(2) K, λ )
0.710 73 Å, space group P41212, a ) b ) 9.8146(13) Å, c ) 33.688(5) Å,
R ) â ) γ ) 90°, V ) 3245.1(8) Å3, Z ) 4, R indices (I > 2σ(I)) R1 )
0.0347 and wR2 ) 0.0983.

(9) (a) Thorman, J. L.; Guzei, I. A.; Young, V. G., Jr.; Woo, L. K.
Inorg. Chem. 1999, 38, 3814. (b) Krska, S. W.; Zuckerman, R. L.;
Bergman, R. G. J. Am. Chem. Soc. 1998, 120, 11828. (c) Fryzuk. M.
D.; Love, J. B.; Rettig, S. J. Organometallics 1998, 17, 846. (d) Blake,
A. J.; Mountford, P.; Nikonov, G. I.; Swallow, D. J. Chem. Soc., Chem.
Commun. 1996, 1835. (e) Breen, T. L.; Stephan, D. W. J. Am. Chem.
Soc. 1995, 117, 11914. (f) Zambrano, C. H.; Profilet, R. D.; Hill, J. E.;
Fanwick, P. E.; Rothwell, I. P. Polyhedron 1993, 12, 689. (g) Walsh, P.
J.; Hollander, F. J.; Bergman, R. G. Organometallics 1993, 12, 3705.
(h) Bai, Y.; Roesky, H. W.; Noltemeyer, M.; Witt, M. Chem. Ber. 1992,
125, 825. (i) Arney, D. J.; Bruck, M. A.; Huber, S. R.; Wigley, D. E.

Scheme 1
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bipyramid, with the imido ligand occupying an equa-
torial site. Structural and theoretical analysis of five-
coordinate Zr imido species along with the Zr-N bond
length of 1.863(3) Å and the linearity of the aryl imido
group (180.0(2)°) suggest that the Z-N(4) interaction
is best viewed as a triple bond.9f

The transformation of the η2-iminoacyl group of 2
to the terminal imido group of 3 is unique.10 The
formation of trans-2-benzylstyrene as the byproduct in
this reaction suggests a retro 2 + 2 cycloaddition from
an azametallacyclobutane as a route to this species. We
propose the formation of this metallacycle via the mech-
anism outlined in Scheme 2. First, 2 forms a metal-
laaziridine complex that undergoes a â-H elimination
reaction to yield a transient metal-hydride and a vinyl
amido ligand similar to an intermediate in the for-
mation of [(Ar′O)2Ta(dNAr′){N(Ar′)(CH2CH2Ph)}].11 An
insertion step could produce an azametallacyclobutane,
which can proceed to 3 by elimination of observed olefin.
The observation of only trans olefin requires stereo-
specific formation of the metallacycle and of the retro-
cycloaddition reaction. The closely related conversion
of an η2-imine complex, [Zr(tropocoronand){η2-Ar′NC-
(Bz)2}] (Ar′ ) 2,6-Me2C6H3), to yield a µ-imido species
apparently proceeds via elimination of a carbene group.10

Support for our proposal as well as evidence of
the generality of this reaction is provided by the
formation of the analogous imido species [{(Me2N)C-
(iPrN)2}2ZrdN(Me2C6H3)] (5) from the reaction of the
tetrasubstituted alkylguanidinate complex [{(Me2N)-
C(iPrN)2}2ZrMe2] (4)3 with CN(2,6-Me2C6H3), as de-
picted in Scheme 1. An equimolar reaction of these
reagents yields 5 over 1 day at room temperature.
Furthermore, as would be expected from our proposed
mechanism, propene evolution accompanied formation
of 5. The NMR spectra of 5 were similar to those of
1 with appropriate replacements, and the molecular
geometry of 5 is similar to that of 3.5

Complex 4 also reacts with CN(2,6-Me2C6H3) in a
1:2 stoichiometric ratio. In this case the new bis(η2-

iminoacyl) compound 6 was produced (Scheme 1).
Perhaps the clearest spectroscopic indications for 6
are the 13C NMR resonance at δ 252.19 assigned to
the η2-iminoacyl moieties and the relative integration
intensities for the methyl groups in this species.5

The intramolecular coupling between two η2-imino-
acyl groups to yield enediamido ligands has been
extensively studied by Rothwell et al. for bis(aryloxy)
bis(η2-iminoacyl) group 4 complexes.12 Coupling re-
actions have also been observed for group 4 tropo-
coronand-10 and calix[4]arene-supported complexes.13 A
recent theoretical treatment of this reaction has also
recently appeared.14 Compound 6 produces the enedi-
amido complex 7 upon mild thermolysis. The clearest
spectroscopic evidence for 7 is the appearance of a new
carbon signal at δ 112.0, which was assigned to the
CdC carbon centers.

Complex 7 was characterized by crystallographic
analysis.15 The Zr center exhibits a distorted pseudo-
octahedral geometry with substantial distortions due to
the limitations of the guanidinate bite angles (approx-
imately 58°). The enediamido group has a typical bite
angle of 82.96(15)°. The Zr-N(1) and Zr-N(2) bond
distances (2.090(4) and 2.108(4) Å) are consistent with
Zr amido linkages and are shorter than the average
Zr-Nguanidinate distance of 2.28 Å. The C(9)-C(11)
distance (1.358(6) Å) corresponds to a CdC bond, while
the N(1)-C(9) and N(2)-C(11) distances (1.427(6) and
1.415(6) Å) are consistent with single bonds between
sp2-hybridized C and N. As is commonly observed for
such species, there is a significant fold angle between
the N-Zr-N and N-CdC-N planes of 44.8°.12,13,16

We have shown that the bis(guanidinate) frame-
work offers a scaffold for interesting reactivity. We are
currently exploring the generality of these reactions
with isocyanates and related small molecules as well
as the further reactivity of 3 and 5 with various
unsaturated substrates.
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