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A new dioxouranium(VI) nitrate complex with N,N'-tetraethyl-N"-trichloracetylphosphortriamide (HL = CCl3C(0 )N(H)P(0 )(NEt2)2) of composition U 0 2 (HL)2(N0 3)2 (1) has been
synthesised. The IR spectroscopic data reveal that the ambidentate ligand is coordinated to
the metal center in a monodentate manner via the phosphoryl oxygen atom. The crystal and
molecular structure of 1 has been determined from X-ray diffraction data (triclinic, space group
Pi with a = 9.225(2), b = 10.360(2), c = 12.249(2) A, a = 100.02 (1),/3 = 103.81(1), 7 = 108.80
(1)°, Z = 1; R = 0.037 for 4092 unique reflections. The structure is made up of centrosymmetric
molecules in which the neutral ligands HL are monocoordinated. Phosphoryl and carbonyl
groups of the HL moieties are in the trans positions to each other. The axial vertices of the
distorted hexagonal bipyramid of uranium are occupied by two oxo ligands [U-0 1.753(5) A]
while six oxygen atoms of phosphoryl and nitrate groups lie in the equatorial plane [U-0
2.347(5)-2.547(6)A],

Introduction

Various carbacylamidophosphates, compounds
containing C (0)N (H )P(0) group, possess strong bi
ological activity [1 - 3]. The close structural re
semblance of the carbacylamidophosphates with ,3dike tones attracts attention to these compounds as a
class of interesting and unusual complexing agents.
The presence of the phosphoryl group in their frame,
which has a high affinity to the lanthanide and ac
tinide ions, makes carbacylamidophosphates very
interesting ligands for the coordination chemistry
of f-metals. Recently we have reported results of
spectroscopic and X-ray crystal studies of a num
ber of carbacylamidophosphate complexes with lan
thanides [4 - 9]. It was shown that both ligand
forms, neutral HY and anionic { Y }_ (HY - car
bacylamidophosphate type ligands), form differ
ent types of coordination compounds; Ln{Y } 3 [6 ],
Ln(HY)3 X 3 (X = Cl, NO 3 ) [5, 7], Kat+[Ln{Y}4]
[4 -9]. No information on carbacylamidophosphate
complexes with actinide ions was found in the
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literature. Herein we describe the synthesis and
results of IR and X-ray studies of a dioxouranium(VI) nitrate complex with N,N'-tetraethyl-N"trichloracetylphosphor-triamide (HL):
cbc.

y N(C2H5)2
P....N(C2H5)2

Experimental
Preparation of the uranium complex
U0 2 (N 0 3)2*2 H20 was a commercial product of
reagent grade used without further purification. Prepa
ration of N,N'-tetraethyl-N"-trichloracetylphosphortriamide was as described previously [ 10].
The uranium complex was prepared by reacting
U 0 2(N 0 3)2 with HL according to the scheme:
U 0 2(N 0 3)2*2H20 + 2HL + 2HC(OEt)3 —
U 0 2(HL)2(N 0 3)2 + 2HCOOEt + 4EtOH
To a solution of 0.215 g (0.5 mmol) of
U0 2 (N 0 3)2*2 H20 in 10 ml of acetonitrile 0.18 ml (1
mmol) of ethyl orthoformiate was added (the latter was
used as a dehydration reagent). The solution was warmed
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Table I. Vibrational frequences in the infrared spectra and
their assignments, cm- .
Assignment
i/(N-H)
^as(C-H)
^s(C-H)
t/(C=0)
i/(N 0 3)

U 0 2(HL)2(N 0 3)2

HL

3269
2978
2935
2890
1730
1530
1445
1387

3027
2971
2934
2714
1720

-

£/(N03)
z/(P=0)

1280

p(CH3)

1215
1170
1134
1105
1063
1035
969
953
943
880
832
812

i/(P=0)

i'(P-N)
^as(U022+)

^ s(U 022+)
<5(ONO)
z/(C-C 1)

-

751
722
650
-

<5(PNC)

512
-

-

1473
1380
1354

Na{L}
2973
2935
-

1627
-

1465
1377
1335

-

-

1238

-

1220

1210

1188

1183
1131

-

1106
1076
1031
957
944

1059
1023
983
950

874

857

-

1100

-

806
796

822

721
676

707
679
648
520
496

-

513
-

to reflux to dissolve the U 0 2 (N 0 3)2*2 H 20 and added to
the solution of 0.388 g (1.1 mmol) of HL in 10 ml of
methanol. The resulting mixture was allowed to stand at
room temperature in a vacuum desiccator over CaCh for
24 h to give which well-faceted big yellow-green crystals
of the complex. The crystals were filtered, washed with
cold diethyl ether and dried over CaCh. The yield was
80%. The compound is air stable, soluble in alcohols and
acetone, insoluble in non-polar aprotic solvents and water.
C2oH42Cl6N8Oi2P2U (1099.29)
Calcd C 21.85 H 3.86 N 10.19 U 21.65%,
Found C 21.57 H 3.95 N 10.02 U 21.72%.
Although the hydrogen atom of the OCN(H)PO frag
ment is only weakly acidic, we succeeded to prepare the
sodium salt of the ligand. Na{L} was obtained by reacting
HL in the 2-propanol solution with sodium 2-propanolate.
The sodium salt precipitated from the solution in the form
of a white crystalline powder, which hydrolyzes in moist

1195

Table II. Experimental data for [U0 2 (HL)2(N0 3)2].
Formula
Formula weight
Crystal system
Space group
a( A)
b( A)
c( A)
aO
ßO
7 O
V (A )
Z
Dcalc (g cm’ 3)
F(000)
H (cm-1)
Data collection
T (K)
Diffractometer
Radiation
Wavelength (A)
2 0max (°)
Index ranges
Reflections collected
Unique data
Reflections with I>2<r(I)
Structure refinement
Data used
Parameters refined
Data to parameters ratio
R( F)
wR (F2)
GOF on F2
Largest peak in theofinal
difference map (e A-3)

C 20H42CI6N 8O 12P2U
1099.29
triclinic
Pi
9.225(2)
10.360(2)
12.249(2)
100 .02 ( 1)
103.81(1)
108.80(1)
1035.3(3)
1

1.763
538
44.42
293
STOE
MoKa
0.71073
56.4
-12< h <12, -13< k <13,
0 < / <16
6423
5057
4092
4899
192
25.1
0.047
0.123
1.030
1.68

Measurements
IR spectra were recorded on a Carl Zeiss (Jena) UR20 spectrometer in KBr pellets (400-4000 cm-1 ). The
characteristic IR absorptions of the uranium complex, the
corresponding free ligand and its sodium salt are given in
Table I.
For the X-ray diffraction study a prismatic crystal of
the dimensions 0.32 x 0.25 x 0.20 mm was used. Lattice
parameters and the orientation matrix for data collection
were obtained from least-square-refinement of the setting
angles of 24 reflections with 12 < 9 < 15°. Semi-empirical
absorption corrections based on xp scans were applied. Ta
ble II lists details of cell parameters, data acquisition and
structure refinement. The structure was solved by direct
methods and subsequent Fourier difference techniques,
and refined by full-matrix least-squares techniques in
the anisotropic approximation. Examination of residual
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Table III. Selected bond lengths (A) and angles (°) for
[U 0 2(HL)2(N03)2].
U-O(l)
U -0(3)
U -0(4)
U -0(6)
P-O(l)
P-N(l)
P-N(2)
P-N(3)
0 (6 )-U -0 (l)
0(6)-U -0(3)
0(6)-U -0(4)
0(l)-U -0 (3 )
0(l)-U -0 (4 )
0(l)-U -0(4)*
0(4)-U -0(3)
P-0(1)-U
N(4)-0(3)-U
N(4)-0(4)-U
0(1)-P-N(1)

2.347(5)
2.547(6)
2.522(5)
1.753(5)
1.478(5)
1.679(6)
1.606(7)
1.621(7)
89.9(3)
89.3(3)
90.4(3)
114.6(2)
65.1(2)
114.9(2)
49.5(2)
167.8(4)
97.2(4)
98.5(4)
104.1(3)

0 (2)-C (l)
0(3)-N(4)
0(4)-N(4)
0(5)-N(4)
N (l)-C (l)
C(l)-C(2)
N( 1)-H(l)

1.204(9)
1.262(8)
1.258(9)
1.205(9)
1.343(9)
1.56(1)
0.66(7)

N(2)-P-N( 1)
N(3)-P-N(l)
C (l)-N (l)-P
C(3)-N(2)-P
C(7)-N(3)-P
C(9)-N(3)-P
0(5)-N(4)-0(4)
0(5)-N(4)-0(3)
0(4)-N(4)-0(3)
0(2)-C (l)-N (l)
N(l)-C(l)-C(2)

113.4(4)
105.5(3)
128.0(5)
118.6(7)
125.4(6)
119.0(8)
122.7(7)
122.4(7)
114.8(6)
124.2(7)
115.8(6)

* Symmetry transformations used to generate equivalent
atom: -x, -y, -z.
electron density features showed that the CC13 and one
of the ethyl groups are disordered over two positions.
Resolution of the disorder was possible by constraining
the partial occupancies to 50% and refinement of the two
conformations in alternate least-squares cycles. No con
straints in bond distances and bond angles were applied.
The refinement of the disorder model proceeded satis
factorily. and, therefore, the CH hydrogen atoms were
included in the refinement as fixed contributions with
their isotropic U values set invariant at 0.08 A2. The chlo
rine atoms and the carbon atoms of the disordered ethyl
group were refined isotropically. The NH hydrogen atom
was located from the difference-Fourier syntheses and re
fined isotropically. Refinements were terminated with all
non-hydrogen parameter shifts < 0.20 <r; the weighting
scheme was w- 1 = a 2(F2) + (aP )2 + bP, where 3P = (2FC2
+ F02) and a and b are constants adjusted by the program.
All calculations were carried out using SHELXS-86 and
SHELXL-93 [11, 12]. Convergence was obtained at the
values given in Table II.
The principal interatomic distances and angles are
listed in Table III. Full crystallographic data have been
deposited at the Cambridge Crystallographic Data Centre
[13],
Results and Discussion

In the IR spectrum of HL the broad absorption at
3027 cm - 1 may be assigned to z/(NH) of the N-H

)CI(2a)

N(2)

N(3)

Fig. 1. Perspective view, with 40% probability ellipsoids,
of the [U 02(HL)2( N 0 3)2] complex, showing the atom
numbering scheme. Ethyl groups are omitted for clarity.

groups, which are hydrogen-bonded to the oxygen
atoms of the phosphoryl group of the neighbour
ing molecule in the crystal [10]. The spectrum of
a sodium salt Na{L} does not exhibit bands in this
region. The coordination of the dioxouranium ion to
the ligand leads to a high frequency shift of i/(NH)
(to 3269 cm - 1) with respect to HL (Table I). This re
sult suggest that the hydrogen bond of the N-H— OP
type disappears upon complex formation.
The shift of v ( P =0) from 1134 cm - 1 to 1238
cm - 1 in the spectra of the complex and the free lig
and . respectively [_A((PO) 105 cm -1 ] demonstrates
the coordination of the ligand HL via the oxygen
atom of the phosphoryl group. Similar values for
the z/(P=0) shift were observed in the IR spectra
of the lanthanide complexes Eu(HL)3 (N 0 3 ) 3 and
Pr(HL)3 Cl 3 [5, 7]. The vibrations of the carbonyl
group of the uranium complex [u(CO) 1730 cm-1 ]
and the free ligand [z/(CO) 1720 cm-1 ] are very
similar. This suggests that the carbonyl group does
not take part in the formation of coordination bonds.
The absorption bands of the NO 3 - ions appear at
about 1530, 1280, and 751 cm- 1 . The splitting val
ues of the high frequency vibrations of N 0 3 ~ ions
in the IR spectra of U 0 2 (HL)2 (N 0 3 ) 2 [259 cm-1 ]
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and K [U 0 2 (N 0 3)3] (284 cm- 1 ) [14] are similar, re
flecting the coordination of the nitrate groups to the
uranium atom in a bidentate chelate manner.
The absorption bands ^asym(U0 2 2+) and
^ ym(U 0 22+) are observed at 943 cm - 1 and 832
cm-1 , respectively, which is as expected for UC>2 2+
vibrations [15].
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The structure of the complex is depicted in Fig. 1.
The lattice consists of centrosymmetric molecular
species U 0 2 (HL)2 (N 0 3 )2 ; there are no close con
tacts between the neighbouring molecules in the
crystal.
The uranium atom adopts an eight fold coordina
tion in a distorted hexagonal bipyramidal, geometry
with axial oxo ligands and six equatorial oxygen
atoms of the PO and nitrate groups (Fig. 1). The
latter ones are actually coplanar and the maximum
deviation from their mean plane does not exceed
0.018(4) A. The symmetry of the environment o f the
central atom is approximately C 2h- In the structure
of a similar dioxouranium complex with hexamethylphosphoric triamide (HMPT) [ 16] the planes of
the nitrate groups intersect at an angle of ca. 25°. Ev
idently, the arrangement of the nitrate groups deter
mined by the orientational influence of intramolecu
lar hydrogen bonding NH— ONO 2 as shown in Fig.
1: N (l)— 0 (4 ) 2.927(8); H (l)— 0 (4 ) 2.36(7) A; an
gle N( 1)-H( 1)— 0 (4 ) 146(6)°. The same type o f hy
drogen bonding is found in the crystal structures of
the Eu3+ and Pr3+ complexes with N,N'-tetraethylN"-trichloracetylphosphortriamide [5, 7].
The
planar
four-membered
metallacycle
U 0(3)N (4)0(4) is characterised by an average an
gle UON of 97.9(3)° and an average bond length
U -0 of 2.535(6) A. These values conform well to
literature data [16]. The nitrate groups have a prac
tically planar quasitriangular structure with an endocyclic angle 0 (3)N (4)0(4) = 114.8(6)° and exocyclic angles of ca. 122.6(6)° . The nitrate groups
are slightly distorted due to the coordination with

N (4)-0(3) = 1.262(8) A and N (4)-0(4) = 1.258(9)
A, but N (4)-0(5) = 1.205(9) A. The dioxouranium
ion thus exerts a stronger influence upon the ge
ometry of the coordinated nitrate groups than the
europium ion in Eu(N0 3 )3 (HL ) 3 [7].
As anticipated in accord with data reported earlier
for complexes of the phosphorylic ligands [5, 7, 8 ,
16], the U -O (l) and 0(1 )-P bonds in the structure
under consideration are not collinear. The U-0(1)-P
angle [167.9(3)° ] is somewhat larger than the values
observed for the lanthanide complexes with N,N'tetraethyl-N"- trichloracetylphosphortriamide [5, 7]
and the U -O (l) - 2.348(3) A is larger than in the
complex U 0 22+ with HMPT [2.285(3) A] [16],
The phosphoryl and carbonyl groups of the co
ordinated ligands HL are in trans position to each
other (Fig.l). The same configuration is character
istic of the free ligand HL [10] and its lanthanide
complexes, in which the HL ligands are in the neu
tral form [5, 7], The phosphorus atom has a slightly
distorted tetrahedral configuration.
The environment of the amide nitrogen atom N( 1)
is practically planar. The sum of surrounding angles
equals to ca. 360° (sp2 -hybridization). The envi
ronment of the nitrogen atoms N(2), N(3) of the
diethylamide groups is also close to planar with the
sums of the angles surrounding these atoms in each
case at 359(1)°. This fact as well as the decrease of
the P-N(Et) distances in the title compound [av. ca.
1.613(7) A] compared with those of the free ligand
[1.627(5) A] [10] suggest an increase of 7r-bonding
in the (Et2 N)2 P(0 ) fragment with the complex for
mation.
The fragment including the atoms: C(2), C (l),
0 (2 ) and N (l) is planar, with deviations from this
mean plane [0.009(5o) A] less than those for the
free ligand [ca. 0.02 Ä] [10]. On the other hand the
deviation of the phosphorus atoms from this plane
[0.344(5) A] is much larger in the complex than
in the free ligand [0.031(5) A]. In the coordinated
ligand the P-N( 1) distance [ 1.679(6) A] is shortened
with respect to that observed for HL [1.696(3) A]
[ 10].
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