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Summary: The chromium(IV) triamidoamine complex
[Cr(N3N)Cl] (1; (N3N)3- ) ((SiMe3NCH2CH2)3N)3-) re-
acts with LiR (R ) Me, n-Bu) in THF to give selectively
the remarkably stable, green chromium(IV) alkyls
[Cr(N3N)R] (2, R ) Me; 3, R ) n-Bu), which have a d2

high-spin electronic configuration and feature, according
to 1H and 13C NMR spectroscopy, pseudo-C3v symmetry
in solution. Compounds 2 and 3 are the first methyl and
n-butyl complexes of chromium(IV) to be characterized
by single-crystal X-ray crystallography.

Oxide-supported chromium catalysts are used world-
wide in commercial processes to polymerize R-olefins,
particularly ethylene.1 In a search for homogeneous
functional models for the industrially applied hetero-
geneous systems, various CrII and CrIII alkyl complexes
were prepared and their catalytic activity in R-olefin
polymerization was studied.2 In comparison, related
studies on CrIV alkyls are quite rare.3 This is not
surprising, given the pronounced inclination of chro-
mium(IV) complexes to decompose via bond homolysis,
reductive elimination, or valence disproportionation.4
Therefore, well-characterized chromium(IV) organome-
tallic compounds are scarce, the homoleptic σ-organyls
[CrR4] representing by far the most common group.5
Silica-supported CrIV species were recently shown to
catalyze the polymerization of R-olefins,3d-i and a
theoretical study led to the prediction that the chro-
mium(IV) model compounds [CrIV(NR2)2R′]+ (R ) H, Me,
SiH3; R′ ) Me, Et) should be efficient ethylene poly-

merization catalysts.6 These studies stimulated our
interest in exploring the chemistry of organochromium-
(IV) compounds bearing amido ligands. Here we report
the synthesis, properties, and structural characteriza-
tion of chromium(IV) methyl and n-butyl complexes
stabilized by a triamidoamine ligand.7

Treatment of [Cr(N3N)Cl] (1; (N3N)3- ) ((SiMe3-
NCH2CH2)3N)3-)8 with 1.05 equiv of LiMe in THF at
-78 °C affords selectively the CrIV methyl complex [Cr-
(N3N)Me] (2), which was isolated after crystallization
from n-pentane as dark green needles in 92% yield.9
Similarly, transmetalation of 1 with n-butyllithium
leads to [Cr(N3N)(n-Bu)] (3), which was purified by
sublimation and isolated as a lime green, microcrystal-
line solid in 61% yield.10 Chromium(IV) methyl and
n-butyl complexes are very rare, the only other reported
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and the chromium-bonded methyl group in the range of (1000 ppm).
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examples being [CrR4] (R ) Me, n-Bu)11 and
[(Cp*CrMe2)2(µ-O)].12 The CrIV alkyls 2 and 3 are readily
soluble in hydrocarbons, diethyl ether, and tetrahydro-
furan and quite stable toward oxygen but rapidly
hydrolyzed.13 They are thermally quite robust, melting
without decomposition at 123-125 and 132-134 °C,
respectively. Their high thermal stability is best il-
lustrated by comparison with [CrMe4], which decom-
poses in solution above -78 °C.5b Furthermore, com-
pounds 2 and 3 are volatile and can be sublimed without
decomposition in vacuo (approximately 0.1 mbar and
100 °C).14 The chromium(IV) alkyls 2 and 3 differ
thereby from the corresponding tungsten compounds
[W(N3N)R], which decompose upon heating (R ) Me)
or decompose spontaneously (R ) n-Bu) by R,R-dehy-
drogenation to give the carbyne complexes [(N3N)-
WtCR′] (R′ ) H, n-Pr).15,16 Complex 2 does not react
with methyl isocyanide or (trimethylsilyl)diazomethane
but is oxidized from [Fe(η5-C5H5)2]PF6 in toluene to give
a mixture of products that cannot be identified thus far.
Photolysis of 3 with a high-pressure mercury lamp (150
W) in pentane at -20 °C leads, after reductive cleavage
of the Cr-C bond, to [CrIII(N3N)].

Compounds 2 and 3 were characterized by IR and
NMR spectroscopy9,10 and single-crystal X-ray crystal-

lography (Figures 1 and 2, Supporting Information).17

They display similar IR spectra in Nujol, as one might
expect for isostructural complexes. The effective mag-
netic moments µeff of 2 and 3 were determined in C6D6
at 24 °C by the Evans method18 as modified by Sur19

and were corrected for diamagnetic contribution by the
method of Tillieu and Guy.20 The experimental values
(2.9 µB (2) and 2.8 µB (3)) are close to the expected spin-
only value (2.83 µB) for two unpaired electrons. This
agrees with the results of DFT calculations at the
BP-86/6-311G** level of theory, which show that the d2

complex [Cr(N3N)H] adopts a triplet ground state con-

(10) [Cr(N3N)(n-Bu)] (3): to a dark red solution of 1 (0.115 g, 0.26
mmol) in 30 mL of THF was added at -78 °C a 1.6 M solution of
n-butyllithium in a mixture of hexanes (0.16 mL, 0.26 mmol) and the
reaction solution worked up as described for 2 (vide supra). The
pentane extract containing complex 3 was evaporated to dryness to
leave a dark green sticky solid, which was sublimed at approximately
100 °C and 0.1 mbar to afford lime green microcrystals of 3. Yield:
0.073 g (0.16 mmol, 62%). Mp: 132-134 °C. Anal. Calcd for C19H48-
CrN4Si3 (468.87): C, 48.67; H, 10.32; N, 11.95. Found: C, 48.11; H,
10.03; N, 11.84; Cl, <0.15. IR (Nujol mull): ν (cm-1) 1447 m, 1401 vw,
1335 w, 1299 vw, 1271 m, 1262 m, 1243 s, 1217 w, 1149 w, 1118 w,
1068 m, 1055 m, 1041 s, 1016 m, 936 vs, 906 s, 900 s, 837 vs br, 782
vs, 774 vs, 739 s, 724 m, 679 m, 563 m. 1H NMR (300.1 MHz, C6D6,
room temperature): δ 5.12 (sh), 4.68 (s, ∆ν1/2 ) 340 Hz) (both signals:
30H, n-Bu and 3 × SiMe3), -25.6 (s, ∆ν1/2 ) 1600 Hz, 6H, 3 × NCH2),
-52.7 (s, ∆ν1/2 ) 2200 Hz, 2H, n-Bu), -123 (s, ∆ν1/2 ) 7400 Hz, 6H, 3
× NCH2). µeff ) 2.9 µB.
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were prepared in situ from [Cr(O-t-Bu)4] and the corresponding
alkyllithium compounds and characterized in solution by ESR
spectroscopy.5b,d

(12) Noh, S.-K.; Heintz, R. A.; Haggerty, B. S.; Rheingold, A. L.;
Theopold, K. J. Am. Chem. Soc. 1992, 114, 1892-1893.

(13) In this respect 2 and 3 show chemical behavior opposite to that
of [CrR4] (R ) i-Pr, CH2CMe3, CH2SiMe3), which are not affected by
water but ignite in air.5b,d,f,l

(14) The sublimed samples of 2 and 3 were studied by 1H NMR
spectroscopy and did not contain any [Cr(N3N)],8 [CrCH2SiMe2N(CH2-
CH2NSiMe3)2], or [Cr(N3N)H], the last compound being the product of
â-hydride elimination and olefin loss from 3: Schneider, S.; Filippou,
A. C. XXth International Conference on Organometallic Chemistry,
Corfu, Greece, July 7-12, 2002; Book of Abstracts, p 206.
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Chem. Soc. 1994, 116, 12103-12104.

(16) We attribute the high thermal stability of 2 and 3 to a
combination of steric and electronic effects, including the sterically
crowded environment of the chromium center, the large HOMO-
LUMO gap resulting from the strong σ- and π-bonding interactions of
the N3N ligand with the chromium center, and the high spin-pairing
energy. These disfavor intermolecular decomposition pathways as well
as intramolecular R- or â-hydride abstraction processes.

Figure 1. DIAMOND plot of the molecular structure of
[Cr(N3N)Me] (2) with thermal ellipsoids drawn at the 50%
probability level. Hydrogen atoms are omitted for clarity.
Selected bond lengths (Å) and angles (deg): Cr-C7 )
2.078(2), Cr-N1 ) 1.878(2), Cr-N2 ) 1.878(2), Cr-N3 )
1.881(2), Cr-N4 ) 2.250(2); N4-Cr-C7 ) 179.43(8),
N1-Cr-N4 ) 82.12(7), N2-Cr-N4 ) 82.55(7), N3-Cr-
N4 ) 82.01(7), Σ(∠N1) ) 359.8, Σ(∠N2) ) 360.0, Σ(∠N3)
) 360.0.

Figure 2. DIAMOND plot of the molecular structure of
[Cr(N3N)(n-Bu)] (3) with thermal ellipsoids drawn at the
50% probability level. Hydrogen atoms are omitted for
clarity. Selected bond lengths (Å) and angles (deg):
Cr-C7 ) 2.074(4), Cr-N1 ) 1.870(3), Cr-N2 ) 1.884(3),
Cr-N3 ) 1.884(3), Cr-N4 ) 2.288(3); N4-Cr-C7 )
178.4(2), N1-Cr-N4 ) 81.7(2), N2-Cr-N4 ) 81.0(2),
N3-Cr-N4 ) 81.4(2), Σ(∠N1) ) 359.3, Σ(∠N2) ) 356.6,
Σ(∠N3) ) 359.3.
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figuration with the two unpaired electrons occupying
two almost degenerate, metal-based d orbitals of π
symmetry (dxz and dyz, if the Cr-R bond is taken as the
z axis of the Cartesian coordinate system).21 The 1H
NMR spectra of 2 and 3 in C6D6 at room temperature
are those of the halides [Cr(N3N)X] (X ) F, Cl, Br, I),4
with three broadened, strongly shifted resonances, one
for the SiMe3 and two for the methylene backbone
groups of the N3N ligand, indicating that the paramag-
netic complexes have pseudo-C3v symmetry on the NMR
time scale.9,10 This is confirmed by the 13C{1H} NMR
spectrum of 2, which displays at (1000 ppm one broad
signal for the SiMe3 groups at +59.5 ppm and one of
the two expected methylene carbon signals at -131
ppm. Furthermore, two resonances were found in the
1H NMR spectrum of 3 at +5.12 and -52.7 ppm for the
remote protons of the n-butyl group, whereas no signals
could be detected for the R-protons of the alkyl group
in 2 and 3, as in the corresponding molybdenum
compounds.22 Both complexes adopt in the solid state a
distorted-trigonal-bipyramidal coordination geometry
with the alkyl group and the bridgehead amine nitrogen
atom N4 of the tetradentate N3N ligand occupying the
apical positions (Figures 1 and 2). The chromium atom
is displaced from the equatorial plane of the three amide
nitrogen atoms N1-N3 toward the alkyl ligand. The
distance of chromium to the equatorial plane (2, 0.254
Å; 3, 0.283 Å) is greater than in [Cr(N3N)Cl] (0.189 Å)
and [Cr(N3N)Br] (0.212 Å).4,8 The N3N ligand creates
in both complexes a roughly C3-symmetric cavity around
the Cr-R moiety, the nearly linear Namine-Cr-Calkyl
atom sequence (2, 179.43(8)°; 3, 178.4(2)°) corresponding
to the principal axis. Deviation from C3 symmetry is
greater in complex 3, due to the presence of the n-butyl
chain, which is extended over the N2-Cr-N3 plane

lying closer to the N2 atom. In both complexes the SiMe3
groups are twisted out of the apical pocket to reduce
the steric repulsion by the alkyl ligand. This is evi-
denced by the mean torsion angles Namine-Cr-Namide-
Si of 153.4° (2) and 138.6° (3), which generally decrease
with increasing size of the auxiliary ligand X in
[Cr(N3N)X] (176.6° (X ) H); 164.7° (X ) F); 163.3° (X )
Cl); 157.8° (X ) Br)).4,21 The three CrN2C2 rings adopt
an “envelope” conformation with the Namide-bonded
methylene carbon atoms C1, C3, and C5 forming the
“flap” of the envelope. The same conformation was
previously observed in the complexes [Cr(N3N)X] (X )
Br, CN) as a consequence of the steric bulk of the ligand
X.4 Significant NamidefCr pπ-dπ bonding is suggested
by the trigonal-planar-coordinated amide nitrogen at-
oms and the short Cr-Namide bonds, which have an
average length of 1.879 Å in both complexes.8 The
Cr-Namine distances of 2.250(2) Å (2) and 2.288(3) Å (3)
are considerably longer than in [Cr(N3N)Br] (2.135(3)
Å), as a result of the strong trans influence of the alkyl
ligands,4 and the Cr-Calkyl bond lengths of 2.078(2) Å
(2) and 2.074(4) Å (3) lie in the range of distances (2.04-
2.18 Å) found for methyl complexes of chromium in the
oxidation states +III and +V.2c-f,12,23 Compounds 2 and
3 are the first structurally characterized chromium(IV)
methyl and butyl complexes.

The chromium triamidoamine σ-organyls do not ex-
hibit any reactivity toward ethylene. The homoleptic
chromium(IV) alkyls also do not react with ethylene.5d

Ongoing studies are focused on the synthesis and
reactivity of chromium(IV) alkyls bearing sterically less
demanding triamidoamine and related ligands.
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