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Summary: Reaction of UCls; with Lixfc-tmeda (fc =
1,1'-ferrocenylene, tmeda = tetramethylethylenediamine)
gave the tris(1,1'-ferrocenylene) uranium complex
[Liz(py)sU(fc)s] (1) (py = pyridine). X-ray analysis of a
pyridine solvate of 1 revealed the propeller type structure
of the U(fc)s fragment, with the planar cyclopentadienyl
rings of each fc group being parallel and with U-C
and U—Fe bond distances of 2.52(7) and 3.14(2) A,
respectively.

Ferrocenophanes have received much attention with
respect to their peculiar structure—reactivity patterns
and their potential in the synthesis of materials with
novel electrochemical and magnetic properties;! of
particular interest are their ring-opening polymerization
reactions, which afford high molecular weight poly-
ferrocenes.? Since the discovery in 1975 of the first
[1]ferrocenophane, the silicon-bridged species Ph,Si(fc)
(fc = 1,1'-ferrocenylene),® this class of complexes has
been extended to those bridged with main group ele-
ments from group 13 (B),* group 14 (Si, Ge, Sn),°
group 15 (P, As),%2b6 group 16 (S, Se),” and also
group 4 transition metals (Ti, Zr, Hf).8 Noteworthily,
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the homoleptic silicium- and germanium-bridged [1]-
ferrocenophanes M(fc), (M = Si, Ge)%¢ are the only
bis(1,1'-ferrocenylene) metal complexes to have been
reported, and this work did not include any structural
data. In our search of heteropolymetallic compounds
containing a 3d transition metal in close proximity to
uranium,® we isolated the UFe; complex [Lix(py)sU(fc)s]
(1) (py = pyridine). This complex is the first tris(1,1'-
ferrocenylene) metal compound and the sole homoleptic
metal-bridged [1]ferrocenophane to have been crystal-
lographically characterized.

Reaction of uranium tetrachloride with the tetra-
methylethylenediamine adduct of 1,1'-dilithioferrocene
(Lixfc-tmeda) in tetrahydrofuran led to the immediate
formation of a green-yellow precipitate; after filtration,
the powder was dissolved in pyridine, and upon cooling
to 0 °C, red microcrystals of 1 were obtained in 21%
yield. It is noteworthy that 1 is the only compound
isolated from the reaction of 1,1'-dilithioferrocene with
a uranium halide, in addition to the ferrocenyl deriva-
tive [(7-CsHs)3U(u-11,17°-CsHa4)]2Fe, which was synthe-
sized by treating (7-CsHs)sUCI with Lifc-tmeda.® The
IH NMR spectrum of 1 exhibits two signals of equal
intensity at 6 —10.8 and —28.5 corresponding to the
equivalent protons at the o and j positions of the
cyclopentadienyl rings; the most shifted resonance
corresponds to the o protons which are the closest to
the paramagnetic uranium center.

The structure of 1 was elucidated by X-ray analysis
of a pyridine solvate; an ORTEP!! view of one of the
two independent and almost identical molecules is
shown in Figure 1, while selected bond distances and
angles are listed in Table 1. The most salient feature
of the structure is the attachment of the three ferro-
cenylene units to the central uranium atom so that the
molecule appears as three 1-metalla[1]ferrocenophanes
sharing the same bridging metal atom. This structure
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Notes

Figure 1. ORTEP view of one of the two independent
molecules of [Lix(py)sU(fc)s]-py with thermal elipsoids at
the 30% probability level. Carbon atoms of the pyridine
ligands have been omitted for clarity.

Figure 2. Projection on the UFe; plane showing the
distorted environment around the uranium atom.

confers great stability to 1, in contrast with the uranium
hexaalkyl complexes Li,URg and the other homoleptic
uranium hydrocarbyls UR4 and LizURg, which are not
thermally stable and which could only be partially
characterized at low temperature.’? The U—-C bond
distances vary from 2.490(12) to 2.563(13) A and aver-
age 2.52(7) A; these values are within the range typi-
cally found for other uranium—carbon o bonds (2.4—2.6
A).23 The polyhedron defined by the six carbon atoms
is distorted from the trigonal prism toward the octa-
hedron, as shown in Figure 2. The two equal equilateral
triangles C(41)—C(51)—C(61) and C(46)—C(56)—C(66)
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Table 1. Selected Bond Distances (A) and Angles
(deg) for [Liz(py)sU(fc)s]-py
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U(2)—C(41) 2.502(14) U(2)—C(46) 2.536(13)
U(2)—-C(51) 2.473(12) U(2)—C(56) 2.593(13)
U(2)—C(61) 2.543(13) U(2)—C(66) 2.532(12)
U(2)—Fe(4) 3.122(2) U(2)—Fe(5) 3.165(2)
U(2)—Fe(6) 3.149(2) U(2)-Li(3) 2.814(14)
U(2)-Li(4) 3.184(16)

C(41)-U(2)-C(46)  83.0(4)
C(61)—U(2)—C(66) 81.2(4) C(41)-U(2)-Li(3) 128.1(6)
C(51)-U(2)-Li(3) 125.8(5) C(61)-U(2)—Li(3) 127.4(5)
Fe(d)-U(2)—Fe(6) 121.59(5) Fe(4)—U(2)—Fe(5) 120.22(5)
Fe(5)—U(2)—Fe(6) 117.68(5) C(46)—U(2)—Li(4) 128.0(5)
C(56)-U(2)—Li(4) 144.8(4) C(66)-U(2)—Li(4) 120.3(5)
Li(3)-U@)-Li(4)  165.5(6)

C(51)-U(2)—C(56)  81.4(4)

are parallel and rotated from the eclipsed conformation
by a twist angle of 23.9° (23.2° for molecule 1). These
two triangles are parallel and equidistant to the equi-
lateral triangle formed by the Fe atoms, which contains
the U atom at its center. Also noteworthy are the
distances between the U and Fe atoms, which range
between 3.122(2) and 3.165(2) A and average 3.14(2) A;
these are equal to the sum of the atomic radii of these
elements (1.75 and 1.40 A).24 These values would
suggest the occurrence in 1 of a direct U—Fe interaction;
similar intermetallic closed contacts have been observed
in the zircona[l]ferrocenophane [Zr(CsH4Bub),(fc)]®
and some rare actinide—transition metal compounds.1®
It is possible that such dative bonds, although weak,
contribute to the stability of the molecular building. The
most favoring factor for the stability of 1 is certainly
the total lack of strain in the separate fc units, as shown
notably by the planar cyclopentadienyl rings which are
perfectly parallel. This is in contrast with the other [1]-
ferrocenophanes, where ring tilting has always been
observed, with tilt angles varying from 32° to 6° in the
B- and Zr-bridged [1]ferrocenophanes, respectively;*8
this variation is inversely proportional to the distance
between the bridging atom and the ipso-carbon atom of
the five-membered ring.8 Also indicative of the strain
relief in 1 are the Cjpso—U—Cipso angles, which average
82(1)° and are significantly smaller than the corre-
sponding angles in the other [1]ferrocenophanes, which
vary from 100° to 86° in the B and Zr complexes,
respectively. In each fc unit, the plane defined by the
U, Fe, and two Cijps, carbons, which is perpendicular
to the eclipsed cyclopentadienyl rings, deviates from
orthogonality to the UFez plane by an angle of about
13.7° (mean value). The U(fc)s fragment thus adopts a
propeller type structure with angles of 29.6° (mean
value) between the five-membered rings of adjacent fc
units; this arrangement would minimize the steric
interactions between the cyclopentadienyl groups. One
of the two lithium atoms is located on the pseudo Cj
axis of the U(fc)s fragment, capping a triangular face of
the coordination prism, while the second Li atom is
bound only to two Cips, carbon atoms of adjacent
cyclopentadienyl groups; each Li atom completes its
tetrahedral coordination sphere with pyridine ligands.
The Li—C and Li—N bond lengths are unexceptional,
but the U-—Li distances, especially U(1)—Li(1) and
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U(2)—Li(3) [2.85(1) A], are quite short by comparison
with the sum of the covalent radii of U (1.75 A) and Li
(1.40 A).1 Together with the acute U—Cipso—Li angles
of 73(1)°, these features give argument to the presence
of a bonding interaction between the uranium and
lithium atoms, which would reinforce the stability of 1.

Complex 1 has been found to undergo a reversible
one-electron oxidation reaction, and studies on the
structure and magnetic properties of the resulting
compound are in progress.

Experimental Section

All experiments were carried out under argon (<5 ppm
oxygen or water) using standard Schlenk-vessel and vacuum-
line techniques or in a glovebox. Solvents were thoroughly
dried and deoxygenated by standard methods and distilled
immediately before use. Deuterated solvents were dried over
Na—K alloy.

Elemental analyses were performed by Analytische Labo-
ratorien at Lindlar (Germany). The 'H NMR spectrum was
recorded on a Bruker DPX 200 instrument and was referenced
internally using the residual protio solvent resonances relative
to tetramethylsilane (6 0). UCI,*® and Li,Fc-tmedal” were
prepared by published methods.

[Liz(py)sU(fc)s] (1). A flask was charged with UCI,
(0.250 g, 0.66 mmol) and LiyFc-tmeda (0.830 g, 2.63 mmol),
and THF (50 mL) was condensed into it under vacuum at
—78 °C. The reaction mixture was stirred for 10 h at 20 °C,
and after filtration, the green-yellow precipitate was dissolved
in pyridine (10 mL). Upon cooling to 0 °C, red microcrystals
of 1 were deposited; these were filtered off and dried under
vacuum (140 mg, 21%). Anal. Calcd for CssH3gNsFesLiU: C,
51.9; H, 3.7; N, 4.0. Found: C, 50.25; H, 3.55; N, 3.75; the
systematic low values (calc/found = 1.03—1.06) reflect the
difficult combustion of the product. *H NMR (pyridine-ds): o
—10.80 (s, 12 H, -CH), —28.5 (s, 12 H, a-CH).

X-ray Crystal Structure of [Lix(py)sU(fc)s]-py. The
X-ray data were collected on a Stoe IPDS diffractometer. The
final unit cell parameters were obtained by the least-squares
refinement of 5000 reflections. Only statistical fluctuations
were observed in the intensity monitors over the course of the
data collections. The structure was solved by direct methods
(SIR97)'® and refined by least-squares procedures on F2. All
H atoms attached to carbon were introduced in calculation
in idealized positions [d(CH) = 0.96 A] and treated as
riding models with isotropic thermal parameters 20% higher
than those of the carbon to which they are attached. Most
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Notes

Table 2. Experimental Data for the X-ray
Diffraction Studies of [Lix(py)s:U(fc)s]-py

formula C50H44N4F93Li2U
fw 1120.35

cryst syst monoclinic

space group P2i/n

a (A) 20.278(3)

b (A) 17.755(4)

c (A) 24.739(4)

S (deg) 111.108(17)

V (A3) 8309(2)

z 8

D(calcd) (g/cm3) 1.791

w(cm™b) 4.954

cryst size (mm) 0.27 x 0.27 x 0.24
radiation type Mo Ka

temp (K) 160(2)

6 range (deg) 1.76—24.17

no. of reflns collected 54 138

no of reflns merged
no of reflns observed
R, WR2 (F > 40(Fo))
R, wR2 (all data)
goodness of fit

15 208 (Rint = 0.0611)
7661 (F = 40(F,))
0.0569, 0.1570
0.0902, 0.1655

1.031

of the pyridine moieties display very large thermal aniso-
tropic components, especially within the Li(py). fragment
attached to U(1) and the two free pyridines. However, attempts
to introduce reasonable disordered models failed, and so
ordered models were kept using restrained refinements for
the pyridine groups. Least-squares refinements were carried
out by minimizing the function Yw(F? — F?)?, where F, and
F. are the observed and calculated structure factors. The
weighting scheme used in the last refinement cycles was
w = 1/[0’(F,?) + (aP)?> + bP] where P = (F,2 + 2F2)/3.
Models reached convergence with R = Y (||Fol — [Fel)/Y(IFo])
and WR2 = {Yw(F® — FA)yw(F,?)?}¥2, having values
listed in Table 2. The calculations were carried out with
the SHELXL-97 program?® running on a PC.

Supporting Information Available: Tables giving data
collection and refinement details, atomic coordinates, thermal
parameters, and bond lengths and bond angles of the crystal-
lographically characterized complex. This material is available
free of charge via the Internet at http://pubs.acs.org.
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