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homologues respectives dans les esters (Watson, Vic-
kovic & Ternay, 1985). La longueur de O(4)—C(13)
[1,359 (5) A] s’explique par la conjugaison des doublets
non partagés de O(4) avec les électrons 7 du noyau
phényle et celle, un peu trop grande, trouvée pour
0(6)—C(20) [1,472 (8) A] par les faits déja évoqués a
propos de C(20)—C(21).

La Fig. 2 représente la structure vue selon I’axe ¢. La
cohésion intermoléculaire est due aux forces de van der
Waals. Si ’on admet pour rayons de van der Waals
des atomes de carbone et d’oxygéne les valeurs
suivantes (Bondi, 1964): r(C aliphatique) = 1,70,
r(C aromatique) = 1,77 et r(O)= 1,50 A, on constate
que les distances indiqueées ci-aprés sont trés proches de
la somme des rayons des deux atomes concernés. Il
s’agit de 0(2)—-0(3) (3,103 (5) A] [() x, 1—y, —1+2],
de O(3)-C(2% [3,113(5) Al [(ii) x, i—p, i+zl, de
O(5)—C(16f) [3,276 (5) A] [Gi)) 1+x, y, z] et de
C(5)-C(15") [3,435 (6) Al [(iv) 1—x, —p, 2—2z].
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Abstract. [(NH,)(C,,H,,09],IUCI].2C,H,N, M, =
1098, rhombohedral, R3 (the non-centrosymmetric R3
was investigated but not utilized), a = 13-888 (6),
c=21215(9)A, V=3543.7A%, Z=3, D.=
1-54gcm™3, (Mo Ka)=0-71073 A, p=36-3cm™!,
F(000) = 1356, T=293 K, final R =0-027 for 1394
observed [F, > 50(F,)] reflections. The uranium atoms
reside on crystallographic 3 symmetry sites. The
ammonium cations reside on and the 18-crown-6
molecules around threefold crystallographic axes. The
solvent molecules interact weakly with one side of the

* f-Element/Crown Ether Complexes 23. Part 22: Rogers,
Rollins & Benning (1988).
t To whom all correspondence should be addressed.

0108-2701/88/081397-03803.00

ethers and are disordered about the threefold axes. The
ammonium cations are hydrogen bonded to three
18-crown-6 oxygen atoms [N(1)---O(2) = 2-887 (4) A]
with single hydrogen bonds and the fourth hydrogen
atom of each cation is directed down a threefold axis
towards three Cl atoms of an anion [N(1)---Cl
=3.510(6) Al. The closest NCMe---O contact is
3.70(1)A and the unique U—Cl separation is
2-6099 (7) A.

Introduction. We have recently reported the prepara-
tion and structural characterization of complexes
isolated from the reactions of 18-crown-6, dibenzo-
18-crown-6, 15-crown-5, benzo-15-crown-5, and 12-
crown-4 with UCI, in 3:1 mixtures of acetonitrile and
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methanol under conditions in which aerial oxidation of
U may take place (Rogers, Kurihara & Benning,
1988). In several cases crystallization resulted from the
production or abstraction of a suitable counterion:
either the ammonium ion in [(NH,)(15-crown-5),l,-
{UO,C1,].2CH,CN, [(NH,)(benzo-15-crown-5),],-
[UCIJ.4CH,CN and [(NH,)(dibenzo-18-crown-6)],-
[UO,C1,].2CH,CN, or a sodium ion as found in
[Na(12-crown-4),],[UO,Cl,].20HMe (Rogers, 1988).
We have been able to isolate a similar ammonium ion
complex of 18-crown-6 and report here the similarities
to and dissimilarities from the previously determined
ammonium ion/crown ether complexes of the title
complex.

Experimental. 1-32 mmol of 18-crown-6 in 3mL of
CH,CN/CH,0H (3:1) was added to a stirring solution
of 1.32 mmol of UC], in 3 mL of the same solvent. The
reaction mixture was heated to 333 K for 1 h, centri-
fuged and the volume reduced by 4. The solution flask
was then slowly cooled (0-1 K min~!) to 268 K. Large
green crystals of the title complex formed. Anal. calcd.
for [(NH,(18-crown-6)],[UCL].2CH,CN: C, 30-63;
H, 5-69; N, 5-10; found: C, 29-50; H, 5-42; N, 4.18%.
D,, not determined. Crystal 0-25 x 0-35 x 0-40 mm.
Enraf-Nonius CAD-4 diffractometer, graphite-mono-
chromated Mo Ko. Cell constants from setting angles
of 25 reflections (€ > 19°). Corrections for Lorentz—
polarization effect and for absorption (empirical), range
of relative transmission factors 55/100%. 0, = 25°;
hOto 16, k—16 to 16, [ —25 to 25; —h + k + 1+ 3n
not collected (R;,, = 0-048). 4169 reflections measured,
1394 independent observed reflections [F, = So(F)l.
Structure solved via Patterson function and subsequent
difference Fourier techniques. Crown-ether H atoms
placed 0-95A from bonded C atom with a fixed
isotropic thermal parameter, B = 5-5 A2 and allowed
to ride with the C—H distance fixed. The two unique
ammonium-ion H atoms were located from a difference
Fourier map and included with fixed contributions
(B=5-5A2. The solvent molecules are disordered
about crystallographic threefold axes and were refined
[N(2), C(5) and C(6)] with occupancy factors of 33%;
methyl H atoms were not located. Scattering fac-
tors and anomalous-dispersion corrections from
International Tables for X-ray Crystallography (1974);
structure refined with SHELX76 (Sheldrick, 1976).
2w(IF,| — | F,1)* minimized, weights = [o(F,)*"!, 80
parameters varied. R =0-027, wR = 0-032, S =2.5.
A/c in final least-squares refinement cycle <O0-01,
4p =0-6 ¢ A~ in final difference map.*

* Lists of structure factors, anisotropic thermal parameters,
H-atom coordinates and least-squares-planes results have been
deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 44937 (7 pp.). Copies may be
obtained through The Executive Secretary, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.

[(NH,)(C ,H,,0)],{UCI,.2C,H,N

Discussion. Fractional coordinates and U, values are
given in Table 1, distances and angles in Table 2, and
an ORTEP (Johnson, 1976) illustration of the formula
unit and atom labelling in Fig. 1. The [UClg]>~ anion
resides on a crystallographic 3 position -and is essen-
tially octahedral. The unique U—Cl separation,
2.6099 (7) A, is identical to the average U—Cl distance
of 2:61(4) A in [(NH,)(benzo-15-crown-5),],[UCI].-
4CH,CN (Rogers, Kurihara & Benning, 1988).

The 18-crown-6 molecules reside around threefold
axes on which lie the ammonium cations. The crown
ether displays its full D,, symmetry with O(1) and its
two symmetry-related positions in the molecule forming

Table 1. Final fractional coordinates for [(NH,)-
(18-crown-6)},[UCI¢].2CH,CN

X y Z Ug*
U 0-6667 0-3333 0-3333 0-026
CI(1) 0-8416 (1) 0-4189 (1) 0-26049 (6) 0-045
o(1) 0-8935 (3) 0-3974 (3) 0-0715 (2) 0-056
0(Q2) 0-8278 (3) 0-5575(3) 0-0915 (2) 0-052
N(1) 0-6667 0-3333 0-1281 (3) 0-045
C(1) 0.9672 (4) 0-5082 (5) 0.0918 (3) 0-058
C(2) 0-9331 (5) 0.5844 (4) 0.0655 (3) 0.057
C(3) 0-7919 (5) 0-6332 (4) 0.0719 (3) 0-062
C@4) 0-6808 (5) 0-5980 (4) 0-0995 (3) 0-058
N(2) 0-738 (3) 0-263(2) = —0-123(1) (is0)
C(5) 0-709 (3) 0-289 (3) —0-082 (1) (iso0)
C(6) 0-6667 0-3333 —0-0417 (9) (iso)
H(DIN(1)] 0-667 0:333 0-172 (iso)
H(2)[N(1)] 0-605 0-325 0-116 (is0)

* Uy, is equal to (Uy, + Uy, + Uyy)/3.

Table 2. Bond distances (A) and angles (°) for
[(NH,)(18-crown-6)1,[UCI,].2CH,CN

U-CI(1) 2:6099 (7)

o(1)-C(1) 1.423 (4) 0(2)-C(2) 1-426 (4)
0(2)-C(3) 1-432 (4) O(1)-C(41) 1-414 (7)
C(1)-C(2) 1-468 (5) C(3)-C(4) 1-486 (5)
N(2)-C(5) 1.09 (2) C(5)-C(6) 1-35(2)
CI(1)-U—CI(1%) 88-55(3)  CI(1)-U—CI(1i) 91-49 (3)
CI(1)-U—CI(1") 180-0 ’
C(1)-0(1)—-C(4) 112.7 (5) C(2)-0(2)-C(3) 112:6 (3)
O(1)}-C(1)-C(2) . 110-3 (3) 0(2)-C(2)-C(1) 108-8 (3)
0(2)-C(3)-C(4) 109-2 (3) O(1—C(4)-C(3)  .108-4(5)
N(2)-C(5)-C(6) 167 (2) '

Symmetry codes: atoms related to those in Table 1 by (i) 1 —x+y,

1—x, z; (i) 1—y, x—p, z; (iii) $+y, }—x+p, §—2; (V) $—x, 3—».
) 3
32z

Fig. 1. [(NH)(18-crown-6)1,[UCI;].2CH,CN. 50% probability
ellipsoids for thermal motion. H atoms arbitrarily reduced, all but
those for N(1) omitted.
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a plane deviating from the mean plane of all six O
atoms towards the solvent molecule, and the three
remaining oxygen atoms [O(2) and related positions]
deviating towards the cation. The latter three O atoms
are hydrogen bonded to the ammonium cation:
H(2)IN(1)]---0(2) = 2-06 A, N(1)-HQ)IN(1)]---
0(2) =167-9°, N(1)---0(2)=2-887(4)A. The
N(1)---O(1) separations are 3-058 (5) A. These values
and the deviation of the N atoms from the mean plane
of the crown O atoms, 0-99 A, are almost identical to
those observed for [(NH,)(18-crown-6)][Br].2H,0
(Nagano, Kobayashi & Sasaki, 1978): N---O contacts
closest to the ammonium ion average 2-871 A, the
remainder 3-064 A, and the ammonium ion is 1-00 A
from the mean plane of all six O atoms. The average
crown ether bonding parameters in the title complex are
normal: O—C = 1.424 (6), C—C = 1-477 (9) A, O—
C—C=109-2(7),C—O0-C = 112-6 (1)°.

The solvent molecules are disordered about the
threefold axes (with the methyl groups residing on the
symmetry axes) and may interact weakly if at all with
the back side of the crown ether. The closest contact,
C(6)---O(1), is 3-70 (1) A [C(6)---O(2) = 3.96 (1) Al.
These values are much longer than observed in
complexes of acetonitrile and crown ethers where C—H
acidic hydrogen bonding does exist: 18-crown-6.-
2CH,CN (Rogers, Richards & Voss, 1988), C..-O
separations average 3-25 (4) A for those three oxygens
which deviate towards the methyl group; dibenzo-

Fig. 2. Cell packing revealing the regular repetition of the formula
units in chains along c.
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18-crown-6.2CH,CN (Rogers, Kurihara & Richards,
1987), C.--O average 3-42(9)A; [UO,(OH,),l-
[C10,),.2(18-crown-6).2CH,CN.H,0 (Rogers, Kuri-
hara & Benning, 1987), C---O average 3-29 (5) A. The
N(1)---C(6) through the ring contact is 3-60 (2) A,
with C(6) 2-61 A out of the mean plane of the six
crown O atoms.

Of the five complexes of this type we have struc-
turally characterized, [Na(l12-crown-4),],[UO,Cl,].-
20HMe (Rogers, 1988), [(NH)(15-crown-5),],[UO,-
CL]1.2CH,CN, [(NH,)(benzo-15-crown-5),],[UCI}.-
4CH,CN, [(NH,)(dibenzo-18-crown-6)],[UO,Cl,].-
2CH,CN (Rogers, Kurihara & Benning, 1988), and the
title complex, the first three with the smaller crown
ether achieve complete charge separation by forming
sandwich cations. The title complex and the dibenzo-
18-crown-6 structure, utilizing the larger crown ethers,
crystallize with the ammonium ion hydrogen bonded to
the crown ether on one side and the anion on the other.
In this case the result is polymeric chains of the formula
unit along ¢ (Fig. 2). The ammonium cation presents a
single hydrogen along the threefold axis to three
chloride ions: H(1)[N(1)]---Cl=2-81 A, N(1)-H(1)-
[N(D]---Cl=131-6°, N(1)---Cl=3-510(6)A. In
[(NH,)(dibenzo-18-crown-6)],[UO,Cl,.2CH,CN  a
similar hydrogen-bonding pattern was observed
although the cations are on twofold axes and interact
with only two chlorine atoms in the [UO,Cl,]*~ ions.
As a consequence, the H---Cl and N...Cl contacts are
slightly smaller [2-65, 3-401 (5) A, respectively].

We thank the donors of the Petroleum Research
Fund administered by the American Chemical Society
for support of this work and the NSF Chemical
Instrumentation Program for funds used to purchase
the diffractometer.
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