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Introduction

Bifunctional (carbamoylmethyl)phosphine oxides (CMPO)
(1), (carbamoylmethyl)phosphonatd€MP) (2), and malona-
mideg (3) are known to be effective liquidliquid extractants
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chelates. IR and NMR spectral studies on the complexes of
malonamide ligands with uranium(V1) and plutonium(IV) iéns
indicate that they act in a bidentate chelate mode similar to that
found for the CMPO or CMP ligands. Recently we have
reported IR, NMR, and molar mass data for the complexes of
uranyl bis@-diketonates) with the CMP type of ligand and
showed that they act as a bridging bidentate spécigbere
have been no previous structural studies to support our
spectroscopic and molar mass data, and we report here the first
structurally characterized complex of an actinide ion in which
the malonamide (malonanilide) moiety acts as a bridging
bidentate ligand.

Experimental Section

The FTIR spectrum was recorded on a Nicolet Model DXC-20
spectrometer, and th#d NMR spectrum was recorded on a Varian
VXR-300 S spectrometer. The molecular weight was determined in
chloroform according to the reported mettfod.

Preparation of [{ UO4((CeHsCO)2CH)2} 2(CsHsNHCO)CH3] (4).

To a chloroform solution of [Ug{CsHsCO)CH]-2H,O" (0.4 g, 0.54

for the separation of actinide ions from acid media. Malona- mmol) was added solid malonanilfl¢d.068 g, 0.27 mmol), and the
mides have been proposed as an alternative to CMPO systemsolution was refluxed for about 2 h. The solvent was removed under
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(R, R' = alkyl or aryl group)

on the complexes of CMPQ) or CMP @) type ligands with

vacuum; the residue was extracted with chloroform (20 mL) and filtered.
To the filtrate 5 mL of dodecane was added, and the solution was kept
for slow evaporation overnight. The red-colored crystalline product
obtained was filtered, washed with hexane, and dried in vacuum.
Yield: 0.415 g, 92.6%. Anal. Calcd for#&HsgN2O14U2: C, 53.4; H,
3.5; N, 1.7. Found: C, 53.1; H, 3.3; N, 1.6. IR (KBr, Nujol, ctt
3276 (br, NH, st), 3205 (br, ©H, st), 1652 (br, sh, ©H, bend), 1640
(NH, bend), 1590 (€&0---M, DBM, st), 1532 (CO, diamide, st), 1315
(C—0---M, DBM, st), 897 (G=U=O0, st). *H NMR (CDCls, 6 ppm):
4.17 (s, CHl), 6.95 (t, GHs, diamide), 7.04 (t, €Hs, DBM), 7.25 (s,
CH, DBM), 7.4-7.6 (m, GHs, diamide+ DBM), 8.3 (m, GHs, DBM),
8.7 (br, NH). MW: calcd 1687.6, found 1825. (DBM dibenzol-
methanato anion.)

X-ray Crystallography. The single crystals of the complekas
its chloroform solvate were obtained by slow evaporation from a
chloroform isooctane mixture. The crystallographic data are sum-
marized in Table 1.

Results and Discussion

Structure of [{UO2((CegHsCO)2CH)3} 2 (CeHsNHCO),CH] -
CHCI3. The molecular structure of complekis shown in
Figure 1, and selected interatomic distances and angles are in
the Figure 1 legend. The structure clearly shows that the two
uranyl bisf-diketonates) moieties are bridged by the diamide

lanthanide and actinide ions show that they act as bidentateligand. The coordination number of each uranium atom is
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Notes

Table 1. Crystallographic Data fod-CHCl;
@HsgN2014U2°CHC

chemical formula

fw 1806.66

space group P1(No. 2)

T 21°C

A 0.7107 A

a 10.5801 (8) A

b 17.732 (2) A

c 19.309 (4) A

a 102.467 (129

B 90.700 (11)

y 91.701 (8)

\Y 3534.8 (8) R

A 2

Pcalc 1.697 gcm?®

w(Mo Ko 47.55 cnt

absorption corrctn Gaussian

R(Fo)? 0.055 (for 5830 reflections with> 24(1))
Ru(F2)P 0.109 (for all 12391 measured reflections)

R(F) = YIIFol — IFll/XIFol. "Ru(F?) = ([IW(F> — FA/
[Zw(F)?)05.

Figure 1. A schematic drawing of JUO(CsHsCOCHCOGH:)2} 2(CeHs-
NHCO)CH;] (4) showing the conformation and the intramolecular
N—H---O(uranyl) hydrogen bonds. Principal dimensions include the
following: U1-011 2.335 (7), U+012 2.315 (7), U+ 013 2.310
(7), U1—-014 2.309 (7), U015 2.495 (7), U+ 016 1.751 (7), Ut
017 1.773 (7), U2021 2.312 (7), U2022 2.324 (7), U2023 2.306
(7), U2—024 2.347 (8), U2 025 2.458 (6), U2 026 1.743 (8), U2
027 1.776 (7) N%-027 2.914 (9), N3-017 2.908 (10) A, O1%
U1-012 70.4 (3), 01+U1-013 76.9 (3), O12U1-015 69.2 (2),
013-U1-014 71.0 (3), 014U1-015 72.5 (2), 016U1-017 179.1
(3), 021-U2-022 71.0 (3), 021 U2—-023 75.4 (2), 022U2—-025
73.5(2), 023-U2—-024 70.4 (3), 024U2—-025 70.8 (2), 026 U2—
027 179.4 (3), C+C2—C3 113.5 (8).

A feature of the structure is that, at each uranium, one of the
uranyl oxygen atoms is hydrogen bonded to an NH group of
an adjacent malonamide ligand; this gives rise to a difference

in the uranyl U-O bond lengths (average=D distances 1.774

(7) and 1.747 (7) A for the hydrogen-bonded and nonbonded
uranyl oxygen atoms, respectively). Such small differences for

hydrogen-bonded and non-hydrogen-bondeeQJbonds have
been reported previously, e.g., in dioxd{selenono)bis(urea)-
uranium(VI)?

The other bond lengths, £O(5-diketonate)= 2.306 (7)-
2.347 (8) A and U-O(amido)= 2.458 (6}-2.495 (7)A, are

(9) Mistryukov, V. E.; Mikhailov, Yu. N.Koord. Khim 1983 9, 97.
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Figure 2. An ORTEP plot (anisotropic displacement ellipsoids drawn
at the 30% probability level) fo4 with an indication of the numbering
scheme. All hydrogen atoms except those involved in theHN-O
hydrogen bonds have been omitted.

normal. The W-O(amido) distances id are slightly longer
than the U-O(sulfoxide) distances in uranyl sulfoxidé€$12
(2.37-2.40 (2) A), phosphine oxide10ab132 26-2.41 (5) A),

or amidéce12b142 35-2.41 (5) A) complexes and shorter than
simple aliphatic ketone compleXég2.51-2.56 (2) A).
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