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Taking into consideration the intermolecular dis-
tances only weak van der Waals interactions are
expected to be found between pyridines (II) and (III)
(Fig. 2). The shortest of these distances are 3-431 (12)
[C(24)---N(3)] and 3669 (18) A [C(25)---C(31)]. The
molecular packing is shown in the stereoscopic view of
the unit cell (Fig. 2).

This study was supported by the Polish Academy of
Sciences as part of the problems MR.I-9 and MR.I-4.
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Abstract. M,=603-8, monoclinic, P2,/c, a=
9.-137(3), b=15970(3), c=14.318(5)A, f=
108-17 (3)°, ¥V =1985(2)A% D,=2-020Mgm™3,
Z=4, MMoKa)=0-71073A, T=295(1)K, u=
82.453 cm™!, F(000) = 1136. The crystal structure was
solved by direct methods. Full-matrix least-squares
refinement with all atoms, except H atoms, treated
anisotropically gave an R value of 0-043. The coor-
dination geometry about the uranium ion is pseudo-
octahedral with one #°-CyH, ligand and one coor-
dinated H,f (THF) molecule occupying trans axial
positions, and the other H,f molecule and three Cl
atoms occupying equatorial positions.

Introduction. The number of questions regarding the
mode of bonding in organoactinide compounds has
increased during the last ten years since actinide

* To whom correspondence should be addressed.
+ Chercheur qualifie FNRS.

0108-2701/83/081041-03%01.50

elements possess several unique features not found
among transition elements. Actinides exhibit very
sizable ionic radii that give rise to variable formal
coordination numbers and unusual coordination geom-
etries depending upon the ligand systems. The
presence of 5f valence orbitals, whose involvement in
the bonding may be important, is another characteristic
of actinides that distinguishes them from the
lanthanides and the d-block elements.

The largest proportion of organouranium complexes
whose molecular structures have been described in the
literature are complexes of the cyclopentadienide ligand
(Atwood, Hains, Tsutsui & Gebala, 1973; Bombieri,
De Paoli, Delpra & Bagnall, 1978; Burns, 1974;
Eigenbrot & Raymond, 1981; Ernst, Kennelly, Day,
Day & Marks, 1979; Fischer, Klahne & Kopf, 1978;
Leong, Hodgson & Raymond, 1973; Perego, Cesari,
Farina & Lugli, 1975, 1976; Wong, Yen & Lee, 1965).
Only one structural determination has been reported for
organouranium complexes of the indenide ligand
(Burns & Laubereau, 1971).

© 1983 International Union of Crystallography
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The determination of the structure of the title
compound was undertaken to provide further know-
ledge of the bonding (ionic, covalent or electrostatic) in
uranium systems and to determine the coordination
geometry of the uranium atom in a complex of the
URX; type (R = indenyl, X = halide).

Experimental. Red, prismatic crystals by slow
evaporation at room temperature from tetrahydrofuran
solution; crystal 0-26 x 0-24 x 0-26 mm. Space group
from Weissenberg photographs, cell dimensions by
least squares from angle data for 25 reflections.
Intensities of 3889 observed reflections [I > 3a(0), +4,
k, +l], corresponding to 2618 independent reflections
(R;, = 0-035) collected, w—28 scan mode (1< #< 25°),
Enraf—Nonius CAD-4 diffractometer, using Mo Ko
radiation. Two reflections measured at 30 min intervals
to check stability of crystal and diffractometer. Lorentz,
polarization and absorption corrections (calculated
transmission factors range from 14.82 to 27-42%).
Direct-method and Fourier techniques; full-matrix
least-squares refinement [minimizing 2 w(4F)}] on
1863 independent reflections with F? > 3¢(F?), includ-
ing /" and f''anomalous-dispersion terms for the U and
Cl atoms; unit weights. All atoms, except hydrogens,
treated anisotropically; H-atom positions calculated by
assuming an appropriate geometry and C—H bond
lengths of 1.087 A. R =0-043, R, = 0.050, S = 2.30,
ratio of maximum least-squares shift to error 0-01, 4p
in final difference Fourier map < 0-42e A~ (not due to
residual peaks around U atoms); atomic scattering
factors from International Tables for X-ray Crystal-
lography (1974); Enraf-Nonius (1981) SDP programs.

Discussion. The positional parameters from the final
least-squares cycle and their associated standard
deviations are listed in Table 1.*

The structure is illustrated in Fig. 1, which represents
one molecule. The thermal motions of the U, Cl, C and
O atoms are depicted by their 50% probability
ellipsoids. To simplify the drawing H atoms are
omitted.

The motion of the U atom is nearly isotropic. The C
atoms exhibit large anisotropic thermal motion
especially in the tetrahydrofuran molecules where their
r.m.s. amplitudes of vibration along the major axes of
the ellipsoids range from 0-123 to 0-668 A.

The structure consists of discrete molecules of
(C,H,)UCI,.(OC,Hy), in which the uranium(IV) ion is
octahedrally coordinated to three Cl atoms, to the
five-membered-ring portion of one indenyl ligand,

*Lists of structure factors, anisotropic thermal parameters,
hydrogen coordinates, intramolecular bond lengths, atomic dis-
placements from selected least-squares mean planes and shortest
intramolecular and intermolecular distances, have been deposited
with the British Library Lending Division as Supplementary
Publication No. SUP 38578 (21 pp.). Copies may be obtained
through The Executive Secretary, International Union of Crystal-
lography, 5 Abbey Square, Chester CH1 2HU, England.

INDENYLURANIUM TRICHLORIDE-BIS(TETRAHYDROFURAN)

Table 1. Atomic positional and equivalent isotropic
thermal parameters with standard deviations in in-
denyluranium trichloride—bis(tetrahydrofuran)

Beq = Ltrace B.

X ¥ z Beq.(AY)

U 0-30991 (7)  0-39202(4) 0-22912 (4) 3.02(2)
CI(1) 0-0305 (5) 0-4003 (4) 0-1086 (3) 5-4(2)
Cl(2) 0-2271 (5) 0-4596 (3) 0-3712 (3) 4.8(2)
Ci1(3) 0-3895 (6) 0-2754 (3) 0-1265 (3) 5.6 (2)
C(1) 0-362 (2) 0-559 (1) 0:228 (1) 5-8(9)
C(2) 0-305 (2) 0-537 (1) 0-130 (2) 8:4(9)
C(3) 0-398 (2) 0-480 (2) 0-093 (1) 6-8(9)
C(4) 0-683 (2) 0-435(2) 0-188 (2) 6-8(9)
C(5) 0-793 (2) 0-448 (2) 0:277 (2) 6-5(9)
C(6) 0-777 (2) 0-496 (2) 0-356 (2) 7(1)
C(M 0-642 (2) 0-535(1) 0-348 (1) 6-1(9)
C(8) 0:519(2) 0-526 (1) 0-257(1) 5-4(8)
C(% 0-538 (2) 0-475 (1) 0-176 (1) 5:0(7)
o) 0-524 (1) 0-3363(7) 0-3675 (8) 3-8(5)
C(1D 0-563 (2) 0-365 (1) 0-470 (1) 4.1(8)
C(12) 0-710 (3) 0-316 (2) 0-521(2) (1)
C(13) 0-715 (4) 0-248 (2) 0-461 (2) 10 (1)
C(14) 0-615(2) 0-262 (1) 0-359(2) 7(1)
0(2) 0-198 (1) 0-2687(7) 0.2821(9) 4-8(5)
C(@2n 0-202 (3) 0-247 (2) 0-379 (1) 10 (1)
C(22) 0-126 (3) 0-161 (2) 0-368 (2) 12 (2)
C(23) 0-023 (3) 0-160 (2) 0-275 (2) 10(2)
C(24) 0-106 (3) 0-205 (2) 0-210 (2) 9 (1)

Fig. 1. The molecule of (CoH,)UCL,.(OC,Hy),.

occupying a single coordination site, and to the O
atoms of two tetrahydrofuran molecules, which occupy
cis positions. The indenyl ligand is trans with respect to
one H,f molecule.

Bond distances ard polyhedral edge lengths in the
coordination group are reported in Table 2. The
average U—Cl bond length of 2-609 (2) A is quite close
to the value of 2-638 (4) A in UCI, (Taylor & Wilson,
1973) and is of the order of U—CI distances observed
in several formally ten-coordinate complexes:
2.559 (16) A in (C,H,);UCl (Wong er al, 1965),
2:593 (3)A in U(C4H,),Cl (Burns & Laubereau,
1971), 2-627 (2) A in U(C,H,CH,CH,);Cl (Leong et
al, 1973) and 2-623()A in (CH,C,H)UCI,.-
(OC,Hy), (Ernst et al., 1979).

Examination of the U—C distances shows that the U
atom is bonded in a pentahapto fashion to the
five-membered ring portion of the indenyl. The two
bridging carbons [C(8) and C(9)] are about 0-08 A
farther from the metal than are the remaining (non-
bridging) C atoms [C(1), C(2), C(3)] in the five-
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Table 2. Bond distances and polyhedral edge lengths
(A) in the coordination group of (CyH,)UCL,.(OC,Hy),,
and bond angles (°) subtended at the U" atom

Standard deviations are given in parentheses.

U—CI(1) 2.601(2)  CI(1)---CI(2) 3.749 (3)
U—Cl(2) 2.615 (2) CI(1)---CI(3) 3.779 (3)
U-CI(3) 2.612(2) CI(1)---0(2) 3.251(7)
U-o(1) 2.477(5) CI(1)---Ind* 3.753 (6)
U-0(2) 2-444 (6) CI(2)---0(1) 3.369 (6)
U-c(1) 2.71 (1) Cl(2)---0(2) 3.284 (6)
U-C(2) 2.705 (9) Cl(2)---Ind* 3.883 (5)
U-C(3) 2-719 (9) CI(3)---0(1) 3.423 (6)
U-C(®8) 2.814 (9) CI(3)---0(2) 3.233(7)
U-C(9) 2.768 (7) C1(3)---Ind* 3.890 (5)
U-C(4) 3.701 (9) 0(1)---0(2) 3.043 (8)
U-C(5) 4.34 (1) o(1)---Ind* 3.98(1)
U—C(6) 4-41 (1)

U~C(7) 3.76 (1)

U---Ind* 2.4535 (6)

CI(1)=U—CI(2) 91.90 (7) 0(1)-U—-0(2) 76-4 (2)
CI(1)=U—CI(3) 92.92 (8) O(1)~U-Ind 107-7 (3)
CI(1)-=U—0(2) 80-2 (2) CI(1)~U-0(1) 156-5 (1)
CI(1)-U—Ind 95.8 (2) CI(2)-U—CI(3) 158:57 (8)
CI(2)-U--0(1) 82.8 (1) 0(2)-U-Ind 175-5 (2)
CI(2)-U—-0(2) 80-9 (2)

Cl(2)~U—Ind 100-0 (3)

CI(3)-U-0(1) 84.5 (1)

CI(3)-U—-0(2) 79-4 (2)

CI(3)-U—Ind 100-3 (3)

*Ind denotes the intersection of the perpendicular from the U
atom to the indenyl plane.

membered ring. This slight displacement of the six-
membered-ring portion of the indenyl away from the
metal reflects electronic factors rather than steric
factors since there are no short intra- or intermolecular
non-bonded contacts involving the C atoms in the 8 and
9 positions.

The U—O distances average 2.460 (5) A, in good
agreement with the corresponding average value of
2.450 (8) A in (CH;C;H,UCI,.(OC Hy), (Ernst ez al.,
1979). They may be interpreted as evidence of an
electronic interaction between the uranium and the
oxygen donor H,f ligands which stabilizes the uranium
coordination sphere.

The indenyl ring is planar to within 0-04 A. Bond
distances and angles are all normal and within the range
expected for five-and six-membered conjugated ring
systems (Atwood, Burns & Laubereau, 1973; Atwood,
Hunter, Hrncir, Samuel, Alt & Rausch, 1975; Burns &
Laubereau, 1971; Webb & Marsh, 1967).

In the tetrahydrofuran rings, all bond lengths and
angles are also close to expected values (Ernst,
Kennelly, Day, Day & Marks, 1979; Sekutowski,
Jungst & Stucky, 1978). CI(1), CI(2), CI(3) and O(1)
are coplanar to within 0-038 A. Their mean plane
corresponds to the equatorial plane of the coordination
group of (CyH,)UCI,.(OC,Hy), and is within 5-5° of

1043

being parallel to that of the C H, skeleton; the U atom
is displaced by 0.48 A from this four-atom mean plane
toward the indenyl ligand.

Bond angles subtended at the U atom (Table 2) show
the extent of distortion from the idealized octahedral
coordination geometry about the uranium. Likewise the
major deviations from the idealized octahedral value of
90° result from the displacement of the uranium out of
the equatorial plane and not from steric effects between
the bulky ligands. Indeed the interligand contacts
corresponding to polyhedral edge lengths [Cl---Cl,
Cl---O, O---O (Table 2)] are all larger than the sum of
the appropriate van der Waals radii (Pauling, 1960). On
the other hand, as several short Cl.--C and C...C
intra- and intermolecular contacts are observed, the
positions of the ligands and their respective orientations
on the coordination sphere seem to be dictated mainly
by minimization of intramolecular ligand-ligand
repulsion.
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