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Summary

Reaction of a 1/1 mole ratio of GdCl; and NaCs;H; in THF resulted in the
formation of (7°-C;H;);Gd - THF. The compound crystallizes in the monoclinic
space group P2,/n with unit cell constants a 8.220(4), b 24.650(9), ¢
8.317(4) &, 8 101.39(3)°, and D, 1.71 g cm ™3 for Z = 4, Full-matrix least-
squares refinement has led to a final R value of 0.053 based on 2610 indepen-
dent observed reflections. The THF molecule is coordinated to the gadolinium
atom at a Gd—O distance of 2.494(7) A. The Gd—C(cyclopentadienyl) bond
lengths range from 2.68(2) to 2.80(1) &, and average 2.74(3) A.

Introduction

The first Cp;Ln (Ln = lanthanide) compounds were reported by Birmingham
and Wilkinson in 1955 [1]. Although the syntheses were carried out in THF
(tetrahydrofuran), the final product was obtained by sublimation as solvent-
free Cp;Ln. The structure of these substances was unknown until 1969 when
the results on Cp;Sm were revealed [2]. An interesting polymeric arrangement
was found, but the quality of the X-ray study was such that little faith could be
placed in the result. The investigation of Cp;Sc by our group [3] in 1973 sub-
stantiated the gross features of the Cp;Sm work, but the most reliable Ln—
C(Cp) bond lengths have subsequently been obtained from [Cp,LnCl],, [4,5]
[Cp.Ln(CH;)], [4,6], Cp,Ln(CH;),Al(CH;), [7,8], Cp;Ln - L [9,10] (L =
donor ligand), and (MeCp);Ln [1i1]. Tetrahydrofuran adduets were reported by
several groups [12,13], but no X-ray investigation has been forthcoming. In
order to characterize the Gd—C(Cp) bond and to learn about the strength of
coordination of the THF molecule, we decided to carry out a structural investi-
gation of the title compound.

Experimental

All transfers and handling were accomplished either by Schlenk techniques
or in a dry box. Anhydrous GdCl; was prepared by refluxing GdCl; - 6 H,O
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TABLE 1
CRYSTAL DATA

Molecular formula: GdOC;9H>3
Molecular weight: 424.6
Cell constants @
a (A) 8.220(4)
b (A) 24.650(9)
c (&) 8.317(4)
B8C) 101.39(3)
Cell volume (A3) 1652.0
Linear absorption coefficient (cm™1) 41.5
Space group: P2y/n
Molecules/unit cell 4
Maximum crystal dimensions (mm) 0.42 X 0.70 X 1.10
Calculated density (g cm™3) . 1.71

@ Mo-K radiation, A = 0.71069 A. Ambient temperature of 23 * 1°C.

(from Alpha) in thionylchloride for 24 h. The title compound was produced by
the room temperature reaction of equimolar quantities of GdCl; and NaCp in
THF. Crystals suitable for the X-ray diffraction experiment were grown by
slow cooling of the reaction mixture after filtration and concentration.

Single crystals of the compound were sealed in thin-walled glass capillaries.
Final parameters as determined from a least-squares refinement of the angular
settings of 15 reflections (268 > 30°) accurately centered on an Enraf-Nonius
CAD-4 diffractometer are given in Table 1.

Data were collected on the diffractometer with graphite crystal monochro-
mated Mo-K, radiation. The diffracted intensities were collected in the usual
manner [14]. As a check on the stability of the instrument and crystal, the
(4 6 0), (00 4) and (0 14 0) reflections were measured every 50 reflections; no
significant variation was noted.

One independent quadrant of data was measured out to 260 = 50°, and a slow
scan was performed on a total of 2610 unique reflections. (No reflections were
subjected to a slow scan unless a net count of 40 was obtained in the prescan.)
The data set of 2610 reflections used in the subsequent structure determination
and refinement was considered observed, and consisted in the main of those for
which 7 > 3o(I). The intensities were corrected for Lorentz, polarization, and
absorption effects. The latter was accomplished by the application of an empir-
ical method based on i scans for x = 90° reflections [15]. The minimum/maxi-
mum transmission factor ratio was 3.1/1.

Full-matrix, least-squares refinement was carried out using the Busing and
Levy program ORFLS [16]. The function w(lF,{ — IF )2 was minimized. No
correction was made for extinction. Neutral atom scattering factors were taken
from the compilation of Cromer and Waber [17] for Gd, O and C; the scatter-
ing for Gd was corrected for the real and imaginary components of anomalous
dispersion with the table of Cromer and Liberman [18]. Values for H were
from ref. 19.
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Structure solution and refinement

The existence of four molecules in the unit cell (space group P2,/n) indi-
cated that there was no crystallographically imposed symmetry. The position
of the gadolinium atom was located by inspection of a Patterson map. A differ-
ence Fourier map phased on the metal atom readily revealed the positions of
the 20 remaining non-hydrogen atoms. Refinement with isotropic thermal
parameters led to a discrepancy factor of R, = Z(|Fyl — |F }/Z 1Fy1=0.075.
The conversion of all non-hydrogen atoms to anisotropic temperature factors
and further refinement led to an R, value of 0.060. The placement of the hy-
drogen atoms at calculated positions with B set at 5.5 A2 and additional cycles
of least-squares refinement led to final R values of R, = 0.053 and R, =
{Zw(IFyl — IF, )?/Zw iF,i?} Y2 = 0.053. The largest parameter shifts in the
final cycle of refinement were less than 0.20 of their estimated standard devia-
tions. The error in an observation of unit weight was 3.52. The final difference
Fourier map showed no unaccounted electron density. No systematic variation
of w(IFy1— |F. ) vs. |IFglor (sin 8)/\ was noted. The final values of the posi-
tional and thermal parameters are given in Table 2. Observed and calculated
structure factor amplitudes are available as supplementary material *.

Discussion

The reaction of a 1/1 mole ratio of GACl; and NaCp in THF produced
Cp;3Gd - THF and GdCl; as the only identified products. Since after the initial
filtration a pure solution was obtained, it seems likely that the title compound
is the result of the disproportionation reaction shown below

3 GdCl; + 3 NaCp & {3 CpGdCl,} + 3 NaCl»Cp;Gd - THF + 2 GdCl,

The molecule, shown in Figure 1, has a coordination sphere consisting of
three n°-cyclopentadienyl ligands and one g-bonded tetrahydrofuran ligand. In
overall geometry (1°-CsH;);Gd - OC,H, bears a remarkable resemblance to
(n°-CsHs)Zr(n'-CsH;) [20].

The THF molecule appears firmly coordinated at a Gd—O distance of
2.494(7) A (Table 3). There is a dearth of appropriate gadolinium compounds
with oxygen-donor ligands available for comparison. The Gd—O distance
appears short contrasted to the average Ce—O length of 2.58 A in [Ce(CgH,)CI -
2 THF], [21]: the correction for 3+ ionic radii is only 0.01 A [22]. On the
other hand, Gd3* in the title compound is only 0.08 A larger than Y3* in
Y(BH,);(THF), [23], but the Y—O bond lengths average 2.37 A. Clearly, more
structural studies are necessary before an understanding of the Ln3*—O dis-
tances is available.

The three cyclopentadienyl ligands are coordinated to the gadolinium atom
in an n*-fashion with an average Gd—C length of 2.74(3) A. The range extends
from 2.68(2) to 2.80(1) A. As can be seen with the aid of the data in Table 4,

(Continued on p. 71}

* See NAPS document no. 03612 for 18 pages of supplementary material. Order from NAPS c/o Micro-
fiche Publications, P.O. Box 3513, Grand Central Station, New York, N.Y. 10017. Remit in
advance, in U.S. funds only $ 5.00 for photocopies or § 3.00 for microfiche. Outside the U.S. and
Canada add postage of $ 3.00 for photocopy and $ 1.00 for microfiche.
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Fig. 1. Molecular structure and atom numbering scheme for (nS-CSHs)sGd - OC4Hg with the atoms repre-
sented by their 50% probability ellipsoids for thermal motion.
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Fig. 2. Stereoscopic view of the unit cell packing for (n5-C;H4)3Gd - OC,Hg.



TABLE 3

BOND LENGTHS (A) AND BOND ANGLES (°) FOR (15-CsHs)3Gd - 0C4Hg

Bond Lengths

Atoms Distance Atoms Distance

Gd—O 2.494(7) 0—C(1) 1.45(1)

Gd—C(5) 2.71(1) 0—C(4) 1.45Q1)

Gd—C(6) 2.75(2) C(1)—C(2) 1.48(2)

Gd—C(7) 2.75Q1) C(2—C(3) 1.37(2)

Gd—C(8) 2.741) C(3)—C(4a) 1.47(2)

Gd—C(9) 2.72(1) C(5)>—C(6) 1.38(2)

Ga—C(19) 2.74(1) C(5)—C9) 1.34(2)

Gd—C(1) 2.73(1) C(B)—C(7) 1.35(3)

Gd—C(12) 2.72(1) C(7)—C(8) 1.37(3)

Gd—C(13) 2.80(1) C(8)—C(9) 1.41(2)

G4d—C(14) 2.74(2) C(10)—C(1) 1.47(3)

Gd—C(15) 2.74(1) C(10)—C(Q14) 1.32(3)

Gd—C(16) 2.74(1) C(11)—C(12) 1.28(2)

GAd—CQ7) 2.76(2) C(12)—C@13) 1.39(2)

Gd—C(18) 2.74(2) Cc(13)—C(14) 1.35(3)

Gd—C(19) 2.68(2) C(15)—C(16) 1.34(3)
C(15)—C(19) 1.45(4)

Gd—Centl 2 2.47 C(16)—C(17) 1.30(2)

Gd—Cent?2 2.49 C(17)<CA18) 1.24(3)

Gd—Cent3 2.49 c(18)—C(19) 1.26(5)

Bond Angles

Atoms Angle Atoms Angle

Centl—G4d—O 96.3 Centl—Gd—Cent2 118.6

Cent2—Gd—0O 101.0 Centl1-—Gd—Cent3 117.0

Cent3—G4d—O 100.3 Cent2—Gd—Cent3 117.0

G4d—0—C(1) 124.8(7) GAd—0—C(4) 123.1(6)

C(1)—0—C) 107.9(9) C(11)-C10)—C(14) 105(2)

0—CQ)—C2) 107Q1) Cc(1o0)—C11)—CcQ12) 106(2)

C(1)—C(2)—CB3) 107(1) C(11)—C(2)—C(13) 113(1)

C(2)—C(3)—C(4) 110(1) C(12)—C(13)—C(14) 104(2)

C(3)—C(4)—0 105(1) C(13)—C(14)—C(10) 112(2)

C(6)—C(5)—C(9) 109(1) C(16)—C(15)—C@19) 103(2)

C(5)—C(6)—C(T) 108(2) C(15)—C@16)—C@(17) 109(2)

C(6)—C(7)—C(8) 109(1) C(16)—C(17)—C(18) 109(2)

C(7)—C(8)—C(9) 106(2) C(1L7)y—C(18)—-C(19) 114(3)

C(8)—C(9)—C(5) 108(1) C(18)—C(19)—C(15) 104(2)

@ Centl is defined as the centroid of the cyclopentadienyl ring comprised of C(5)—C(9).

the Ln—C bond lengths for all the known cyciopentadienyl structures agree
rather well after the correction for ionic radius is applied. This is in spite of the
varied nature of the compounds themselves and more particularly of the use of

substituted cyclopentadienyl groups.

It has been previously [10] pointed out that Cp;Ln—X compounds are struc-
turally similar to those formulated as Cp;U—X. Thus, the centroid—U—centroid
angles in Cp;UC=CPh [24] average 117°, while the centroid—U-—C(c) angles are
near 100°. In Cp;Gd - THF the corresponding averages are 117° and 99°.

A stereoscopic view of the unit cell packing is shown in Figure 2. No unusu-

ally close intermolecular contacts are noted.
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