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Abstract
The geometry of [(°-CsHs);Np'Y (OCg¢Hs)] is compared
with that of the isostructural uranium analogue.

Comment

The metal coordination polyhedron in the large class of
complexes of the type Cp:MY, where Cp is a cyclo-
pentadienyl ring, M is an actinide or a lanthanide, Y a
monodentate Lewis base, anion or 7!-bonded Cp ring,
is best described as a flattened tetrahedron (Lippard,
1979) in which the Cp rings are shifted towards the
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[Co(C4H,N5)CL], [CuCly(C,H,Ns)], [Cu(C4H;,N5),]CL,.2H,0 ET [Ni(C,H,,N5),J(C)(OH)

sterically less bulky Y ligand, increasing the Cp—M—
Cp angles and decreasing the Y—M—Cp (centroid) an-
gles. Within this class, organometallic uranium(IV) com-
plexes have been widely investigated in recent years
but little has been reported on the mixed-ligand com-
plexes CpsU(XR), where R = alkyl or aryl substituent,
X = Group 16 donor atom (e.g. O or S). A complex
of the latter class, in which XR = OC¢Hs, has been de-
scribed previously (Spirlet, Rebizant, Apostolidis, Van
den Bossche & Kanellakopulos, 1990) and is now com-
pared with the isostructural neptunium complex (1).

Ph

|
|

0))

The molecular structure consists of one Np atom
coordinated by the O atom of the phenoxide and
by three n’-coordinated cyclopentadienyl rings. If the
coordination polyhedron is considered to be formed by
the O atom and the centres of the cyclopentadienyl
rings, the coordination about the Np atom displays
approximate Cj, symmetry, with the O atom at the
apex and the cyclopentadienyl rings at the base of a
flattened tetrahedron (Fig. 1). Thus the Cp;MY geometry
is maintained in this complex; the Cp—Np—Cp angles
are nearly identical and significantly greater than 109°
while the O—Np—Cp angles are significantly smaller
than 109°. The deviation of the structure from a regular
tetrahedron is also shown by the distance of the Np atom
from the plane defined by the centres of the three cyclo-
pentadienyl rings. If one assumes tetrahedral geometry
about the Np atom and an average neptunium to ring-
centre distance of 2.47 (1) A then the Np atom should
be located 0.823 A above the plane. The distance in (1)
is 0.452 (4) A and is a measure for the trigonal distortion
from tetrahedral geometry.

The phenyl and the three cyclopentadienyl rings are
planar within the limits of accuracy; the maximum
deviation of a rmg atom from the corresponding least-
squares plane is 0017(8)A (C15). The O atom lies
0.038 (14) A from the phenyl plane. The phenyl and
cyclopentadienyl C—C distances are in the ranges
1.36 (2)-1.40(2) and 1.29(2)-1.44(3) A, respectively,
and the internal ring angles are 118.8 (12)-122.2(11)
and 105.1 (16)-111.9 (18)°, respectively.

The position of the phenyl ring divides the cyclo-
pentadienyl rings into two classes. Cpl is nearly parallel
to the phenyl ring [the angle is 11.5(4)°] while the
corresponding angles for CplIl and CplII are 61.0(6)
and 72.9 (4)°. In addition, the O—Np- - -CpI(centroid)
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Fig. 1. ORTEP (Johnson, 1976) drawing showing the numbering
system of (1), with displacement ellipsoids at the 50% probability
level. The H atoms are not shown.

angle is significantly smaller than those for the other
two Cp rings.

There are several short intramolecular contacts be-
tween the ligands that may reflect steric congestion in
the coordination sphere of neptunium (see Table 3).

The title complex, (1), is isostructural with that of
uranium, (2) (Spirlet, Rebizant, Apostolidis, Van den
Bossche & Kanellakopulos, 1990). The cell dimen-
sions of the two structures compare very well, the
cell volume of (1) being somewhat larger [1745.2(7)
versus 1730 (2) A’]. The largest difference of a lat-
tice dimension is that for the ¢ axis [23.441 (4) versus
23.337(5) Al. It should be remarked that the configura-
tion of (1) is inverted with respect to that reported for
(2). Matching of the non-H atoms of (1) with those of
the uranium homologue (2) resulted in a r.m.s. value of
0.06 A.

Only one other (7°-CsHs)Np'Y complex has been
recorded in the Cambridge Structural Database (Allen
et al, 1991). The average Np—C distance ob-
served in [trichloro(n’-cyclopentadienyl)bis(methyldi-
phenylphosphine  oxide)neptunium(IV)] (Bagnall,
Payne, Alcock, Flanders & Brown, }986) is smaller
than in (1) [2.70 (1) versus 2.733 (3) A]. Consequently
the Np—Cp distance is also smaller than the av-
erage distance in (1) [2.444 (11) versus 2.47 (1) A].
These differences can presumably be ascribed to higher
steric hinQrance in (1). The average Np—O distance of
2.277(6) A is significantly greater than in (1). This dif-
ference can be explained by the fact that in (1), Np—O
is a o-bond whereas in the other compound Np—O is
a coordinative bond.

1437

Experimental

Reaction of tris(cyclopentadienyl)neptunium chloride with
potassium phenoxide in tetrahydrofuran (von Ammon, Fischer
& Kanellakopulos, 1972) yielded the title complex, (1).
Extraction with n-pentane followed by crystallization produced
single crystals suitable for X-ray analysis. A selected specimen
was sealed in a thin-walled glass capillary under an inert

atmosphere.

Crystal data

[Np(CeHsO)(CsHs)s) Mo Ko radiat‘ipn

M, = 52537 A=071073 A
Orthorhombic Cell parameters from 25
P2,2,2, X reflections
a=837003) A | 0=49-174°

b = 8.8948 (14) A o= 5.956 mm™'
c=23441(4) A T=295(12)K
V=17452(7) A} Needle

Z=4
D, =2.00 Mg m—*
D,, not measured

Data collection
Enraf-Nonius CAD-4

0.80 x 0.25 x 0.12 mm
Brown-red

2239 observed reflections

diffractometer [ > 20(D]
0/26 scans Rine = 0.0179
Absorption correction: Omax = 22.48°

1 scans (North, Phillips h=0-—9

& Mathews, 1968) k=-9--9

Toin = 0.888, Tiax = I=-25-—-25

1.000
4869 measured reflections
2265 independent reflections

Refinement

Refinement on F?

R[F? > 20(F%)] = 0.033

wR(F2) = 0.077

$=0.978

2265 reflections

208 parameters .

H atoms: riding at 0.93 A
from their carrier atom,
with Uiso(H) = 1.2U(C)

w = I[c*(F2) + (0.0637P)

+ 3.9101P]
where P = (F2 + 2F2)/3

3 standard reflections
frequency: 120 min
intensity decay: 4.4%

(A/O)max = 0.008

Apmax =1.12e A:3

Apmin = =273 e A3

Extinction correction: none

Atomic scattering factors
from International Tables
for Crystallography (1992,
Vol. C, Tables 4.2.6.8 and
6.1.1.4)

Absolute configuration:
Flack (1983) parameter
= ~-0.03(5)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)
Ueq = (1/3)X:%Ujat a’ a;.a;.
x y z U

Np 0.22421 (4) 0.90526 (4) 0.85631 (1) 0.040&;1 2)
[0} 0.3710(9) 1.0585 (8) 0.9030 (3) 0.057 (2)
Cl 0.439(2) 0.863 (1) 0.7702 (6) 0.075 4)
C2 0.533(1) 0.866 (2) 0.8185 (8) 0.091 (5)
C3 0.497 (2) 0.740 (2) 0.8511(8) 0.107 (6)
C4 0.381(2) 0.656 (2) 0.8193 (8) 0.100 (6)
C5 0.347(2) 0.737(1) 0.7694 (5) 0.075 (3)
Cé 0.178(2) 0.805(2) 0.9647 (6) 0.093 (5)
C7 0.188(2) 0.681(2) 0.9365 (8) 0.097 (5)
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3 gum, s mmg lee  Rewos

Cl10 0:045 ¥) 01880 @) 09522 0 0:097 (5) Allen, F. H., Davies., J. E., Galloy, JJ. Johnson, O., Kennmd. 0.,
Cl1 —0.0330 (15) 1.088 (2) 0.8357 (6) 0.076 (4) Macrae, C. F., Mitchell, E. M., Mitchell, G. F., Smith, J. M. &
C12 —0.0356 (14) 0.984 (2) 0.7916 (6) 0.072 (3) Watson, D. G. (1991). J. Chem. Inf. Comput. Sci. 31, 187-204.
Ci3 0.0948 (16) 1.008 (2) 0.7563 (5) 0.076 (4) Ammon, R. von, Fischer, R. D. & Kanellakopulos, B. (1972). Chem.
Cl4 0.1798 (17) 1.132(2) 0.7803 (8) 0.096 (5) Rev. 105, 45-62.

C15 0.098 2) 1.182(2) 0.8274 (8) 0.095 (5) Bagnall, K. W., Payne, G. F., Alcock, N. W., Flanders, D. J. & Brown,
C1é 0.4959(12) 1.1428 (10) 0.9166 (4) 0.046(2) D. (1986). J. Chem. Soc. Dalion Trans. pp. 783-787.

C17 0.5283 (14) 1.274 (1) 0.8853 (5) 0.058 (3) Enraf-Noni 989 AD-4 Versi 5.0 Enraf-Noni
cis 0.6580 (16) £.363 (1) 0.9014 (6) 0.075 (3) nraf-Nonius (1989). CAD-4 Software. Version 5.0. Enraf-Nonius,
c19 0.7545 (16) 1326 (1) 0.9462 (6) 0.080 (4) Delft, The Netherlands.

20 0.7213(17) 1.196 (1) 0.9759 (5) 0.077 (3) Flack, H. D. (1983). Acta Cryst. A39, 876-881.

C21 0.5940 (13) 1.105 (1) 0.9611 (4) 0.058 (3) Frenz, B. A. (1983). Enraf-Nonius Structure Determination Package.

Table 2. Selected geometric parameters (A °)

Cp! denotes the centre of the cyclopentadienyl ring I (C1-C5), Cpll
that of ring II (C6-C10) and CpIl that of ring Il (C11-CI15).

Np—O 2.136 (D) Np—C10 271 (1)
Np—ClI 273 () Np—Cl1 2.74(1)
Np—C2 2.75(1) Np—Cl12 274 (1)
Np—C3 2.72(1) Np—Cl13 2.74(1)
Np—C4 2.74 Q1) Np—Cl4 2.71(1)
Np—C5 2.3 Q) Np—CI5 276 (1)
Np—C6 2.72(1) 0—Cl6 1326 (12)
Np—C7 2.76 (1) Np- - -Cp! 2.460 (7)
Np—C8 2.73(2) Np- - -Cpll 2477 (8)
Np—C9 2.73(1) Np- - -Cpll 2.470(7)
O—Np- - -Cp! 97.6 4) Cpl- - -Np. - -Cpll 116.4 (6)
O—Np- - -Cpll 102.3¢5) Cpl- - -Np- - -Cplil 116.1 (5)
O—Np- - -Cplll 101.7 (4) Cpll- - -Np- - -Cplll 117.7(6)
Np—O—Cl6 159.8(6)

Table 3. Short interligand distances (A)
0- - -C contacts (< 3.1 A)
0-.-C2 2.95(2)
C- - -C contacts (< 3.4 A)
Cl-..Cl3 3.17Q2) C4---C8 328(2)
Cl---Cla 3242)  C5---Cl13 322(2)
C2---Cl6 3.38(2) C9---Cll 320(2)
C3---C7 331(2)  C9---Cl2 330(2)
C4--.C7 3.19(2) C10---Cll 336 (2)

In the final difference Fourier map there are four substantial
peaks with heights in the range 0.86-1.12¢ A~*, close to the
Np atom (0.94-1.18 A).

Disorder or librational motion of the cyclopentadienyl rings
may explain the excessive vibrational anisotropy of C2 and
C9: for these atoms the ratio of the maximum to minimum
mean-square atomic displacement is greater than 10:1.

Data collection: CAD-4 Software (Enraf-Nonius, 1989).
Cell refinement: CAD-4 Software. Data reduction: SDP
(Frenz, 1983). Program(s) used to solve structure: SHELXS86
(Sheldrick, 1990). Program(s) used to refine structure:
SHELXL93 (Sheldrick, 1993). Molecular graphics: ORTEP
(Johnson, 1965).

One of the authors (DDR) acknowledges support in
the frame of the EC-funded training programme ‘Human
Capital and Mobility’.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the TUCr (Reference: MU1209). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

The structure of the disodium salt of the [Eu(Cy;Hye-
N;04;)(H,0)]>~ complex anion is isomorphous with
that of the corresponding gadolinium(IIl) compound.
The Eu'! atom is nine-coordinate with the donor atoms
disposed at the vertices of a tricapped trigonal prism,
the cap positions being occupied by two N atoms of the
ligand and the O atom of the ligated water molecule.

Comment

The bis(N-methylglucammonium) salt of [Gd-
(BOPTA)J?*~ [international non-proprietary name (INN):
gadobenate; BOPTA is the pentanion of 2,5,8-tris-
(carboxymethyl)-12-phenyl-2,5,8-triaza-11-oxa-1,9-do-
decanedicarboxylic acid] is a promising contrast agent
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