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Abstract. 4[U(CF3COO)4(H20)0 5] 2C13H36N206, r
= 3549, triclinic, P1, a = 13-003 (5), b= 13338 (7), ¢
=16738 (4 A, a=8436(3), B= 68 T1Q), y=
87-19 (4)°, V=2691 (4) A3, =1, D, =
2190 Mgm~3,  A(Mo Ka)=0- 71069 A u=
5853 mm~!, F(000) = 1680, T=295K, R =0-038
for 3534 unique observed reflections. Four
U atoms are connected by bridging trifluoracetate
ligands and water molecules to form a centro-
symmetric tetrameric neutral unit in which the four
U atoms are 4:0769 (4) and 3-5969 (6) A apart at the
‘corners of a lozenge. The trifluoroacetato group
~ behaves as either a unidentate or a bridging group.
Two water molecules, located inside the urapium
tetranuclear unit, are triply shared by U atoms. The
two cryptand molecules, related by an inversion
center, have an endo-endo type configuration: no
significant contacts exist between the tetramer and
cryptand units.

Introduction. The '"H NMR spectra of complexes of
U salts with crown ethers and cryptands in solvents
with high electric constants have given evidence for
direct coordination of the U atoms to the O atoms of
the macrocyclic ligands; in the solid state, a struc-
tural determination has confirmed the U" insertion
as the UCL;* cation in dicyclohexyl-18-crown-6 (de
Villardi, Charpin, Costes, Folcher, Plurien, Rigny &
de Rango, 1978). Attempts to isolate such complexes
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with cryptands have led to crystals which could not
be handled. However, when a solution of U™
trifluoroacetate and (222) cryptand ((222) =
4,7,13,16,21,24-hexaoxa-1,10-diazabicyclo[8.8.8]hex-
acosane) in acetonitrile was evaporated in air
particularly stable crystals were formed. We report
here the structure of the compound so obtained.

Experimental. Green crystal approximately 0-5 x

0-45 x 0-3 mm; Enraf-Nonius CAD-4 diffractometer
with graphite-monochromated- Mo Ke radiation;
w20 scan, w-scan width: (0-8 + 0-35tan#)°; deter-
mination of the lattice parameters from 25 reflections
(8 < 8 < 12°); three standard reflections (314, 321,
113) were monitored every hour, decay of 1:6% in
55 h, not corrected; 5479 reflections measured, 4715
unique (R;,, = 0-023), 3534 observed with I> 3o(J)
which were used in the refinement; 2<6<20°,0<h
<12, —12=<k=<12, —16=<l=<16; Lp corrections;
absorption correction using the program DIFABS
(Walker & Stuart, 1983), max. and min. corrections
1-16 and 0-82; the structure was solved by the
Patterson function, for U, and the remaining atoms
were located by the difference Fourier technique;
full-matrix least-squares refinement on F; anisotropic
thermal parameters for U and F, isotropic for O and
the rest due to lack of data. The F atoms in one CF;-
group [belonging to the monodentate carboxylate
C(71)—C(72)], which showed high thermal motion,
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4[U(CF;C0O0)4(H0)o.5]. 2C1sH36N20s

Fig. 1. ORTEP drawing (Johnson, 1976) of the tetranuclear complex with F atoms omitted for clarity. The primed atoms are related by
the center of symmetry.

Table 2. Selected bond lengths (A) and bond angles (°)

U environment

u(y—o 2-236 (7) u@2—o 2:223(8)
u(1)y—o’ 2282 () U@2)—0(12) 2:450 (15)
u(—oq1) 2:431 (10) UQ2—0(22) 2-501 (10)
U(1)—-0Q) 2-474 (10) UR)—0(32) 2428 (11)
U)—o(11) 2:501 () UQ2—042) 2252 (10)
u@1)y—o@n 2:537 (D U@2)—0(52) 2:447 (11)
u()—oqan 2:451 (6) U@2)—0(62) 2:264 (12)
u@)—o(s1) 2:381 (10) U@)y—o(m) 2253 (14)
U()—UE—U(") 5325 (1) U@—U(1)—UQR) 126.75 (1)
UR—U()—U(1) 6147 (1) U@—U(1)—U(1) 6528 (1)
U@—0—Uq) 1322 3) U@—0—U(1) 1221 3)
u(—o—u(r) 1055 (3)

Possible hydrogen bonding

oo 274 (2) 0—o(l) 2:90 (1)
0—0(2) 292 (1) o0—0(1) 300 (1)
0—0(22) 271 (1) 0—0(2) 294 (1)
0'—0—0(22) - 113.0 4) O(1)—0—0(2) 1051 (4)
0(22)—0—0(2) 1012 (3) :

o(1)—0'—0(2) 1075 (4)

Carboxylate groups (mean values)

c—O 1123 (2) c—0—C 128 (2)

c—C 1-54 (2) C—C—F 115 (2)

C—F 1-28 (2) C—C—F 112 (3)

Ahmad & Glick, 1982), [(UO,);0,Cls(H,0),]*"
(Perrin, 1977), [(UO,)s(N3),¢0.]*~ (Charpin, Lance,
Nierlich, Vigner, Livet & Musikas, 1986)}; only
one complex with U'" has  been reported
[U;O0(OCMes),, (Cotton, Marler & Schwotzer,
1984)]. In all these complexes, the central oxygen has
been identified as O®~, so the compound described
here is the first one involving a central water bridge.

U(1) and U(2) are both eight coordinate and
achieve their coordination number with O atoms of
carboxylate groups and water molecules. However,
the U(1) environment, made up of six bridging car-
boxylates and two water molecules, differs from that

Fig. 2. Stereoscopic view of the packing.

of U(2) which involves four bridging and three
monodentate carboxylates, and one water molecule.
The U(1) polyhedron is best described as a distorted
dodecahedron in which the dihedral angle between
the two trapezoids O(1)-O’-O(11)-0O(51) (max. and
min. deviations from the least-squares plane —0-125,
0-119A) and O-O(2-0(221)-0(31) (—0-109,
0-114 A) is 82 (2)°, while the U(2) polyhedron can be
seen as a distorted bicapped trigonal prism.

The carboxylates are coordinated in the expected
manner: the U—O(bridging carboxylate) distances
2:459 (8) A (mean) are significantly longer than the
shorter U—O bonds involving unidentate car-
boxylate, 2-256 (12) A (mean). Moreover, the geom-
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etry and the bond lengths of these groups are in the
correct ranges, except those of the disordered mono-
dentate carboxylate: in particular, the C(72)—F dis-
tances, which are very inaccurate, range from 1-09 to
144 A [mean value = 1-315 (3) A] whereas the other
C—F distances are dispersed within the standard
deviations [mean value 1-276 (8) A].*

The two cryptand molecules, related by an
inversion center, have an endo-endo conformation.
The distances and angles have correct values. One
of the three chains appears disordered in one carbon
position only. The crystal packing is shown in Fig. 2:
no significant contact is observed between the tetra-
mer and cryptand units since all the C---F contacts
are greater than 3-14 A.

* See deposition footnote.
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Structures of [(C,Hs),NL[In,Fes(CO).4| and [(C.Hs),NJI(2,2’-bipyridine)InFe,(CO)s]

By JuaNiTA M. CassiDY AND KENTON H. WHITMIRE*
Department of Chemistry, Rice University, PO Box 1892, Houston, TX 77251, USA

(Received 3 May 1989; accepted 2 January 1990)

Abstract. Bis(tetraethylammonium) bis{[di-p-car-
bonyl-bis[tricarbonylferrio( Fe—Fe)]-u-(tetracarbonyl-
ferrio)-indiumate(1 —)}, 2CgH N ™ .[Fegln,-
(CO)?~, M, =1497-48, orthorhombic, Cmca, a=
18928 (2), b=17051(8), c=17245@A, V=
5566 (4) A3, Z=4, D,=1-79 gcm 3, A(Mo Ka) =
0-71069 A, w =23-95cm™', F000)=2960, T=
296 K, R=0042, wR=0-054 for 1794 unique
reflections with 1> 3o (). [(C,H;5)4NL[In,Fes(CO),4)
consists of a central In,Fe, parallelogram with each
In atom linked to an additional [Fe,(CO)s(x-CO),]
group in a distorted tetrahedral array. The In,Fe,
parallelogram sits on a crystallographic site of 2/m
symmetry. Tetraethylammonium (2,2-bipyridyl)bis-
(tetracarbonylferrio)indiumate(1 —), CgHyoN ™ .-
[Fezln(CO)g(CngNz)]_, M,. = 73704, triclinic, PT,
a=10-060 (4), b= 11-567 (7), ¢ = 14-024 (6) A, a =
93-79(9), B=9504(3), y=10765(6)°, V=
1542 (3) A3, Z=2, D, =159 gem 3, A(Mo Ka)=

071069 A, x=17-06cm™', F000)=740, T=
296 K, R=0-063, wR=0-087 for 4853 unique
observed reflections with I>3c(l). [(C;Hs),N]-

[(bpy)InFe,(CO)s] (bpy = 2,2’-bipyridine) crystallizes
with the Fe(CO), groups and the bipyridine ligand in

* To whom correspondence should be addressed.
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a distorted tetrahedral arrangement around the In
atom. The [Fe(CO),] groups exhibit trigonal
bipyramidal geometries.

Introduction. A number of different iron—carbonyl-
containing indium compounds have been syn-
thesized, including [(C,H;);N][Fe(CO),CpInPh;]
(Burlitch, Leonowicz, Petersen & Hughes, 1979),
[{(CsH;5);P},N],[Fe(CO),4InBr;], [{CeH5);P},N]-
[Fe(CO)InBry],  [{(CsHs)sP}NI[Fe(CO)4InBry(L)]
[L = N(C,Hs);, pyridine] (Ruff, 1968), [{Fe(CO),-
Cp).InX(L)] (X=Br, Cl; L=THF, p-dioxan),
[Fe(CO),CplInBr,(L)] (L = THF, p-dioxan) (Hsiech &
Mays, 1971) and [Fe,(CO)g{x-InMn(CO)s},] (Preut
& Haupt, 1979). Recently several novel Tl-Fe car-
bonyl compounds have been synthesized and struc-
turally characterized. These compounds include
[(C,Hs),N],[T1,Fe,(CO),]  (Whitmire, Cassidy,
Rheingold & Ryan, 1987), and its Lewis base
adducts (Cassidy & Whitmire, 1989), [(C,Hs)sN]s-
[T1,Feg(CO)so, [(C;H5)sN]e[TIgFe o(CO)s4)
(Whitmire, Cassidy, Rheingold & Ryan, 1987), and
[{(C¢H5);P},NL[T1,Fes(CO),4] (Cassidy & Whitmire,
1989). Consequently we decided to try to synthesize
some In-Fe carbonyl complexes by methods similar
to those developed for thallium. The structures of
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