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The intramolecular metalation of a b-silyl methyl group in
[U{N(CH2CH2NSiMe2But)3}(CH2Ph)] occurs rapidly, de-
spite the conformational demands of the triamidoamine
ligand, to produce a highly strained metallacycle (U–C ca.
2.75 Å); this complex reacts cleanly with a range of carbon
and other acids to give, for example, an alkynyl with a bent
(156°) U–C·C unit.

Intramolecular C–H activation of ligands is relatively common
among early actinide complexes, including those containing
bulky alkyls,1 amides,2 phosphides3 and phenoxides.4 Molec-
ular models suggested that triamidoamine5

[(RNCH2CH2)3N)]32 complexes of metals with large van der
Waals radii would be less prone to such reactions because of
conformational restrictions (vide infra), and might instead
undergo intermolecular reactions with hydrocarbons. With this
in mind we set out to synthesise species such as
[{(RNCH2CH2)3N}MRA] (M = U, Th; RA = H, alkyl). While
we have prepared a wide range of triamidoamine complexes
containing bonds between the early actinides and other
elements,6 the synthesis of M–C s bonds proved troublesome.
For example, reactions of the uranium and thorium chlorides
[{(RNCH2CH2)3N}MCl] (R = SiMe3) and related compounds
with a wide variety of metal alkyls led to the formation of
intractable yellow mixtures. More recently however we have
shown that the bulkier triamidoamine (where R = SiMe2But,
henceforth NNA3), forms much more synthetically useful
complexes with the f elements.7,8 Use of this ligand has allowed
us to isolate an extremely reactive and structurally fascinating
metallacyclic uranium complex which is an excellent starting
material for the synthesis of other organometallic compounds.

Treatment of [U(NNA3)I]7 1 with a stoichiometric amount of
lithium or potassium alkyl in pentane afforded brown solutions
from which extremely air-sensitive orange–brown crystals of 2
were isolated by filtration and cooling to 230 °C (Scheme 1).
This product was the same irrespective of the alkylating agent

used, although optimum yields (71% isolated) were obtained by
use of lithium neopentyl or potassium benzyl in toluene. When
this latter reaction was performed in an NMR tube and
monitored by 1H NMR spectroscopy, smooth and quantitative
conversion of 1 to 2 with co-production of toluene was observed
within minutes at ambient temperature. Interestingly, the
presumed intermediate species [U(NNA3)CH2Ph] immediately
decomposed to the metallacycle 2 and was not detected. The
rapidity of this reaction is quite surprising; by comparison,
conversion of the titanium9 and molybdenum10 triamidoamines
[{(Me3SiNCH2CH2)3N}TiBuS] and [{(Me3SiNCH2CH2)3N}-
MoH] to their respective metallacycles occurs only slowly and
at elevated temperatures. Similarly, Andersen’s metallacycle
[U{N(SiMe3)2}2{N(SiMe3)(CH2SiMe2)}] is produced by ther-
molysis of [U{N(SiMe3)2}3X] (X = H, Me).2

Single crystals of 2 were grown from a saturated solution of
the pure compound in pentane and the molecular structure (Fig.
1) was determined by X-ray crystallography.† The U–C(108)
distance of 2.752(11) Å is significantly longer than any other U–
C s-bond hitherto recorded; the usual range is ca. 2.4–2.55 Å,12

although distances of ca. 2.60 Å have been measured in
complexes of chelating phosphorus ylids.13 The metallacyclic
phosphide [Cp*2U(CH2SiMe2PSiMe3)]3 and amide
[Cp*2Th2(CF3SO3)3(NSiMe3)(CH2SiMe2NSiMe3)]14 contain
M–C–Si–N rings similar to that in 2 but the M–C distances of
2.415(20) and 2.43(5) Å are well within the range observed for
their acyclic counterparts. Schrock’s (triamidoamine)molybde-
num metallacycle10 adopts a similar conformation to 2, but the
Mo–C bond is only ca. 0.08 Å longer than those in acyclic
alkyls.

An important feature of the structure of 2 is the orientation of
the SiMe2 groups at Si(12) and Si(13) which bring one methyl
group from each, C(114) and C(119), toward the otherwise open
face of the uranium centre. The non-bonded U–C distances of
3.056(14) and 3.218(10) Å, respectively, are consistent with the
presence of C–H?U agostic interactions.15 The maximum
deviations of any atom from the least-squares planes [U, N(12),
Si(12), C(114)], [U, N(13), Si(13), C(119)] and [U, N(11),
Si(11), C(108)] are 0.08, 0.05 and 0.06 Å respectively.

Scheme 1 Synthesis of complexes 2–4. Reagents and isolated yields: i,
KPh, toluene, 71%; ii, p-methylphenylacetylene, pentane, 80%; iii,
pyridine, pentane, recrystallisation from hexamethyldisiloxane, 80%.

Fig. 1 Thermal ellipsoid plot of the molecular structure of 2; hydrogen
atoms omitted.
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The 1H NMR spectrum of 2 recorded in d8-toluene contains
a total of 22 peaks indicating that the product is chiral. Of these,
20 peaks are readily assigned to methyl and tert-butyl groups or
diastereotopic methylene protons in the ligand backbone.
Relatively broad peaks, at d235.34 and 252.34 are assigned to
the Si–CH2–U group on the basis of a selective deuteration
study.‡ Other spectroscopic and analytical data are also in
accord with the structure proposed for 2.

The metallacycles [{(Me3Si)2N}2M{N(SiMe3)(SiMe2CH2)]
(M = U, Th) have been used extensively as starting materials
for a wide range of complexes.16 Accordingly, we have found
that 2 reacts cleanly with acids HX under very mild conditions
to form a range of U–X bonds with concomitant regeneration of
the symmetric triamidoamine framework.

Reactions of 2 with trimethylamine hydrochloride, diethyla-
mine and ButOH give the complexes [(NN3A)UCl], [(NN3A)U-
(NEt2)]7 and [(NN3A)U(OBut)]17 in essentially quantitative
yields. Similarly, reaction of 2 with pyridine proceeds rapidly at
room temperature to give the brown crystalline h2-pyridyl
complex 3 and p-methylphenylacetylene gives the yellow–
green alkynyl [U(NN3A)(h1-C·CC6H4Me)] 4.

The molecular structure of 4 is shown in Fig. 2. The angle U–
C(101)–C(102) of 156.4(6)° is significantly lower than the
range found for the few structurally characterised non-bridging
alkynyls of the f elements (170–176°).18 Perhaps the alkynyl
uranium fragment in 4 bends in order to allow for increased U–
C p-overlap. We are currently investigating this and other
related phenomena.

Hence, although the conformational constraints of the
triamidoamine ligand do not prevent intramolecular C–H
activation of the somewhat acidic b-silyl methyl groups in
[U(NNA3)R], the metallacycle 2 thus formed is an excellent
starting material for the generation of a range of highly
crystalline organometallic complexes of uranium.
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Notes and references
† Crystal data: C24H56N4Si3U 2: M = 723.03, triclinic, space group P1̄, a
= 12.7602(5), b = 13.3286(5), c = 13.3902(5) Å, a = 119.3350(10), b =
109.0980(10), g = 92.8980(10)°, U = 1813.56(12) Å3 (by least squares
refinement on 9181 reflection positions), T = 180(2) K, Z = 2, m(Mo-Ka)

= 4.590 mm21, 11113 reflections measured, 8070 unique (Rint = 0.0296),
R1 [for 6567 reflections with I > 2s(I)] = 0.0459, wR2 = 0.1206.

C33H64N4Si3U 4: M = 839.18, monoclinic, space group P21/c, a =
17.3244(10), b = 12.7945(10), c = 18.6257(15) Å, b = 97.7090(10)°, U
= 4091.2(5) Å3 (by least squares refinement on 7606 reflection positions),
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2s(I)] = 0.0559, wR2 = 0.1533. Data were collected on a Siemens SMART
CCD. The structures were solved by direct methods with additional light
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CCDC 182/1350. See http://www.rsc.org/suppdata/cc/1999/1701/ for
crystallographic files in .cif format.
‡ Addition of dry D2 to a sample of 2 in toluene-d8 leads to deuteration at
ambient temperature over a period of hours of all SiMe2 groups and the
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metallacycle is fully deuterated under these conditions. See ref. 2.
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Fig. 2 Thermal ellipsoid plot of the molecular structure of 4; hydrogen
atoms omitted.
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