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more polarizable cations (K, Rb, and Cs) preferred multihapto
interactions with ring carbons, while the smaller alkali metals
tended to interact with the center of highest charge. Collateral
interactions with additional carbanions were also found to be
preferred for the heavier alkali metals, in contrast to findings
for lithium and sodium cations, which favored interactions with
heteroatoms such as nitrogen and oxygen. In a related series
of studies, the interactions of both alkali metal and alkylam-
monium cations with neutral arene rings (so-called “catian
interactions”) have received considerable attention, since such
interactions are thought to play an important role in a variety
of proteins that bind cationic ligands or substrdtes.

During recent investigations into the structure and reactivity
of lanthanide aryloxide derivatives, we have isolated a number
of salt or “ate” complexes of the stoichiometry [Mn(OAr)4]

(M" = K,” Cs¥) and Cg[La(OAr)s]® (Ar = 2,64-Pr,CgH3) in

There is considerable current interest in understanding bothwhich the coordination sphere of the alkali metal cations consists
the solid-state and solution structures of simple alkali metal salts exclusively of multihapta;-arene interactions with aryloxide

such as alkylg, amides?®2 and alkoxided, in an attempt to

ligands from adjacent [Ln(OAf)~ or [Ln(OAr)s]>~ units.

correlate the chemical behavior of these species with a Following our preparation and utilization of the parent alkali
knowledge of the (_jegree o_f aggregation and solvation of the metal aryloxide complex Cs(O-2j6Pr.CsHs) during the syn-
complex. The majority of interest to date has been focused thesis of the lanthanum salts, we became aware of the dearth

upon complexes of the lighter alkali metals, principally lithium,

of structural data concerning heavy alkali metal aryloxide

and much less attention has been paid to the correspondingspecies. Although many complexes of both the lightand

derivatives of the heavier alkali metals. Only recently have heaviet! alkali metal aryloxides have been structurally char-
theoretical calculations of the structures of organopotassium, acterized in which a crown ether is employed to encapsulate
-rubidium, and -cesium complexes appeaédThese calcula-  the cation, very few solvent-ligated or solvent-free aryloxide
tions, involving delocalized carbanions, showed that the larger, salts containing sodiu#123 potassiunt2h14 rubidium2 or

(1) (a) NMT-DO, Mail Stop E500. (b) CST-18, Mail Stop J514.

(2) Comprehensive review with extensive bibliography: Schade, C.;

Schleyer, P. von RAdv. Organomet. Chenl987 27, 169. See also:
(a) Lambert, C.; Schleyer, P. von Rngew. Chem., Int. Ed. Engl.
1994 33, 1129. (b) Bock, H.; Ntner, C.; Ruppert, KJ. Chem. Soc.,
Chem. Communl992 765. (c) Harder, S.; Streitwieser, Angew.
Chem., Int. Ed. Engl1993 32, 1066. (d) Weiss, EAngew. Chem.,
Int. Ed. Engl.1993 32, 1501. (e) Gregory, K.; Schleyer, P. von R.;
Snaith, R.Adv. Inorg. Chem1991, 37, 47. (f) Pieper, U.; Stalke, D.
Organometallicsl993 12, 1201. (g) Bock, H.; Hauck, T.; Niaer, C.
Organometallicsl996 15, 1527. (h) Bock, H.; Ruppert, K.; Nier,

C.; Havlas, Z.; Hermann, H.-F.; Arad, C.; @, |.; John, A.; Meuret,
J.; Nick, S.; Rauschenbach, A.; Seitz, W.; Vaupel, T.; Solouki, B.
Angew. Chem., Int. Ed. Endl992 31, 550. (i) Hoffman, D.; Bauer,
W.; Hampel, F.; Hommes, N. J. R. V. E.; Schleyer, P. von R.; Otto,
P.; Pieper, U.; Stalke, D.; Wright, D. S.; Snaith, RAm. Chem. Soc.
1994 116 528.

(3) (a) Armstrong, D. R.; Barr, D.; Brooker, A. T.; Clegg, W.; Gregory,
K.; Hodgson, S. M.; Snaith, R.; Wright, D. 8ngew. Chem., Int. Ed.
Engl.199Q 29, 410. (b) Gregory, K.; Bremer, M.; Bauer, W.; Schleyer,
P.von R.; Lorenzen, N. P.; Kopf, J.; Weiss,@ganometallicsL 990
9, 1485. (c) Cragg-Hine, |.; Davidson, M. G.; Edwards, A. J.; Raithby,
P. R.; Snaith, RJ. Chem. Soc., Dalton Trand994 2901. (d)
Armstrong, D. R.; Barr, D.; Clegg, W.; Drake, S. R.; Singer, R. J.;
Snaith, R.; Stalke, D.; Wright, D. SAngew. Chem., Int. Ed. Engl.
1991 30, 1707. (e) Clegg, W.; Cope, E. K.; Edwards, A. J.; Mair, F.
S. Inorg. Chem.1998 37, 2317.

(4) (a) Lambert, C.; Hampel, F.; Schleyer, P. von R.; Davidson, M. G.;

Snaith, RJ. Organomet. Cheni995 487, 139. (b) Jackman, L. M.;
Cizmeciyan, D.Magn. Reson. Chen1996 34, 14. (c) Jackman, L.
M.; Cizmeciyan, D.; Williard, P. G.; Nichols, M. AJ. Am. Chem.
Soc. 1993 115 6262. (d) Jackman, L. M.; Bortiatynski, Adv.
Carbanion Chem1992 1, 45. (e) Jackman, L. M.; Chen, X. Am.
Chem. Soc1992 114 403. (f) Jackman, L. M.; Rakiewicz, E. F.;
Benesi, A. JJ. Am. Chem. S0d991 113 4101. (g) Jackman, L. M.;
Smith, B. D.J. Am. Chem. S0d988 110, 3829. (h) Jackman, L. M.;
DeBrosse, C. WJ. Am. Chem. S0d.983 105 4177. (i) Crescenzi,
M.; Galli, C.; Mandolini, L.J. Chem. Soc., Chem. Comm986
551.

(5) (a) Hoffman, D.; Bauer, W.; Schleyer, P. von R.; Pieper, U.; Stalke,

D. Organometallicsl 993 12, 1193. (b) Kremer, T.; Schleyer, P. von
R. Organometallics1997, 16, 737.
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cesiunt?n15have been subjected to X-ray diffraction studies.
In the case of cesium, we have found only one example of a
structurally characterized solvent-free aryloxide complex, namely
cesium picrate Cs[O-2,4,6-(NR3CsH;], which has been sub-
jected to X-ray diffraction studies by two independent grodp&

In addition, very recent high-resolution powder X-ray diffraction
data for cesium phenoxide (CsOPh) revealed a chain structure
with both six-coordinate and three-coordinate metal ions and a

(6) (a) Caldwell, J. W.; Kollman, P. AJ. Am. Chem. Sod995 117,
4177. (b) Kumpf, R. A.; Dougherty, D. ASciencel993 261, 1708.
(c) Mecozzi, S.; West, A. P., Jr.; Dougherty, D. A.Am. Chem. Soc.
1996 118 2307. (d) Dougherty, D. ASciencel996 271, 163. (e)
Delangle, P.; Dutasta, J.-Hetrahedron Lett1995 36, 9325. (f)
Inokuchi, F.; Miyahara, Y.; Inazu, T.; Shinkai, 8ngew. Chem., Int.
Ed. Engl.1995 34, 1364. (g) Schwabacher, A. W.; Zhang, S.; Davy,
W. J. Am. Chem. S0d.993 115 6995. (h) Ikeda, A.; Shinkai, S.
Am. Chem. S0d.994 116, 3102. (i) Ungaro, R.; Arduini, A.; Casnati,
A.; Ori, O.; Pochini, A.; Ugozzoli, FNATO ASI Ser., Ser. €994
426, 277. (j) Dougherty, D. A.; Kearney, P. C.; Mizoue, L. S.; Kumpf,
R. A.; Forman, J. E.; McCurdy, ANATO ASI Ser., Ser. €994 426,
301. (k) Ugozzoli, F.; Ori, O.; Casnati, A.; Pochini, A.; Ungaro, R.;
Reinhoudt, D. N.Supramol. Chem1995 5, 179.

(7) (a) Clark, D. L.; Huffman, J. C.; Watkin, J. Gnorg. Chem.1992
31, 1554. (b) Clark, D. L.; Gordon, J. C.; Huffman, J. C.; Vincent-
Hollis, R. L.; Watkin, J. G.; Zwick, B. DInorg. Chem.1994 33,
5903.

(8) Clark, D. L.; Scott, B. L.; Hollis, R. V.; Watkin, J. Gnorg. Chem.
1996 35, 667.

(9) Clark, D. L.; Deacon, G. B.; Feng, T.; Hollis, R. V.; Scott, B. L.;
Skelton, B. W.; Watkin, J. G.; White, A. Hl. Chem. Soc., Chem.
Commun.1996 1729.

(10) See, for example the following. Lithium: (a) Doughty, S. M.; Stoddart,
J. F.; Colquhoun, H. M.; Slawin, A. M. Z.; Williams, D. Polyhedron
1985 4, 567. (b) Watson, K. A.; Fortier, S.; Murchie, M. P.;
Bovenkamp, J. W.; Rodrigue, A.; Buchanan, G. W.; Ratcliffe, C. I.
Can. J. Chem199Q 68, 1201. (c) Vilardo, J. S.; Fanwick, P. E.;
Rothwell, I. P.Polyhedron1998 17, 769. Sodium: (d) Watson, K.
A.; Fortier, S.; Murchie, M. P.; Bovenkamp, J. W€an. J. Chem.
1991, 69, 687. (e) Tucker, J. A.; Knobler, C. B.; Goldberg, I.; Cram,
D. J.J. Org. Chem1989 54, 5460.

© 1998 American Chemical Society

Published on Web 09/24/1998



Notes

very weak interaction (GsC, 3.6(2) A) between the cesium
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Table 1. Summary of Crystal Data for CsO-2i8.CsHs (1)

cation and an adjacent arene ritfg.

Here, we report upon the unusual two-dimensional infinite-
sheet structure of the solvent-free cesium aryloxide complex
Cs(0-2,6FPr,CgH3). To the best of our knowledge, this work
represents the first structural characterization of an alkyl-
substituted solvent-free aryloxide complex of the heavier alkali
metals.

Experimental Section

General Procedures and Techniques.All manipulations were
carried out under an inert atmosphere of oxygen-free UHP grade argon
using standard Schlenk techniques or under oxygen-free helium in a
Vacuum Atmospheres glovebox. 2,6-I3-propylphenol was pur-
chased from Aldrich and degassed before use. Cesium metal was
obtained from Aldrich and stored in the drybox. Solvents were
degassed and distilled from sodium benzophenone ketyl under nitrogen.
THF-ds was degassed, dried over N alloy, and then trap-to-trap
distilled before use.

NMR spectra were recorded at 2ZZ on a Brikker WM300
spectrometer!H NMR chemical shifts are reported in parts per million
relative to thetH impurity in THF-dg set ato 3.58. Elemental analysis
was performed on a Perkin-Elmer 2400 CHN analyzer. Elemental

(11) Most recent references. Potassium: (a) Gallagher, T.; Taylor, M. J.;
Ernst, S. R.; Hackert, M. LActa Crystallogr., Sect. B991, 47, 362.
(b) Caswell, L. R.; Hardcastle, J. E.; Jordan, T. A.; Alam, |
McDowell, K. A.; Mahan, C. A.; Fronczek, F. R. Inclusion Phenom.
1992 13, 37. (c) Ghidini, E.; Ugozzoli, F.; Ungaro, R.; Harkema, S.;
El-Fadl, A. A.; Reinhoudt, D. NJ. Am. Chem. S0d99Q 112 6979.
(d) Bakker, W. I. |.; Haas, M.; Khoo-Beattie, C.; Ostaszewski, R.;
Franken, S. M.; den Hertog, H. J., Jr.; Verboom, W.; de Zeeuw, D.;
Harkema, S.; Reinhoudt, D. NIl. Am. Chem. Sod 994 116 123.
Rubidium: (e) Dijkstra, P. J.; Brunink, J. A. J.; Bugge, K.-E.;
Reinhoudt, D. N.; Harkema, S.; Ungaro, R.; Ugozzoli, F.; Ghidini, E.
J. Am. Chem. Sod989 111, 7567. (f) Bell, T. W.; Cragg, P. J.;
Drew, M. G. B.; Firestone, A.; Kwok, D. I. AAngew. Chem., Int.
Ed. Engl.1992 31, 345. (g) Zhang, L.; Lu, T.; Luo, B.; Zhang, S.;
Hu, H. Supramol. Chem1993 1, 107. Cesium: (h) Ungaro, R.;
Casnati, A.; Ugozzoli, F.; Pochini, A.; Dozol, J.-F.; Hill, C.; Rouquette,
H. Angew. Chem., Int. Ed. Engl994 33, 1506. (i) Casnati, A.;
Pochini, A.; Ungaro, R.; Ugozzoli, F.; Arnaud, F.; Fanni, S.; Schwing,
M.-J.; Egberink, R. J. M.; de Jong, F.; Reinhoudt, D.JNAm. Chem.
S0c.1995 117, 2767. (j) Venkatasubramanian, K.; Joshi, K.; Poonia,
N. S.; Montfort, W. R.; Ernst, S. R.; Hackert, M. 1. Inclusion
Phenom1985 3, 453. (k) Steinrauf, L. K.; Folting, Klsr. J. Chem.
1984 24, 290.

(12) (a) Toda, F.; Tanaka, K.; Wong, M. C.; Mak, T. C. @Whem. Lett.

1987, 2069. (b) Evans, W. J.; Golden, R. E.; Ziller, J. Worg. Chem.

1993 32, 3041. (c) Brooker, S.; Edelmann, F. T.; Kottke, T.; Roesky,

H. W.; Sheldrick, G. M.; Stalke, D.; Whitmire, K. H.. Chem. Soc.,

Chem. Commurl99], 144. (d) Matilainen, L.; LeskélaM.; Klinga,

M. J. Chem. Soc., Chem. Commu®95 421. (e) Sieler, J.; Pink,

M.; Zahn, G.Z. Anorg. Allg. Chem1994 620, 743. (f) Jachel, P.;

Sieler, JZ. Anorg. Allg. Cheml995 621, 1058. (g) Kunert, M.; Zhan,

G.; Sieler, JZ. Anorg. Allg. Chem1995 621, 1597. (h) Harrowfield,

J. M.; Skelton, B. W.; White, A. HAust. J. Chem1995 48, 1311.

(i) Walther, D.; Ritter, U.; Gessler, S.; Sieler, J.; Kunert, & Anorg.

Allg. Chem.1994 620, 101.

Structures of lithium and sodium salts of chelating aryloxide ligands

and aryloxide Schiff bases: (a) Hogerheide, M. P.; Ringelberg, S.

N.; Janssen, M. D.; Boersma, J.; Spek, A. L.; van Koten|n@rg.

Chem.1996 35, 1195. (b) van der Schaaf, P. A.; Hogerheide, M. P.;

Grove, D. M.; Spek, A. L.; van Koten, Gl. Chem. Soc., Chem.

Communl1992 1703. (c) van der Schaaf, P. A.; Jastrzebski, J. T. B.

H.; Hogerheide, M. P.; Smeets, W. J. J.; Spek, A. L.; Boersma, J.;

van Koten, G.lnorg. Chem.1993 32, 4111. (d) Cragg-Hine, |;

Davidson, M. G.; Kocian, O.; Kottke, T.; Mair, F. S.; Snaith, R,;

Stoddart, J. FJ. Chem. Soc., Chem. Comm@893 1355. (e) Solari,

E.; De Angelis, S.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, @. Chem.

Soc., Dalton Trans1991, 2471.

(14) (a) Maartmann-Moe, KActa Crystallogr., Sect. B969 25, 1452.
(b) Palenik, G. JActa Crystallogr., Sect. B972 28, 1633.

(15) Schouten, A.; Kanters, J. A.; Poonia, N Agta Crystallogr., Sect. C
199Q 46, 61.

(16) Dinnebier, R. E.; Pink, M.; Sieler, J.; Stephens, P.IWérg. Chem.
1997, 36, 3398.

(13)

empirical formula G:H17.CsO

space group Pbca

a, 18.755(4)

b, A 7.267(2)

c, A 18.812(5)

temp (K) 198

z 8

V (A3 2563.9(11)

Jeai (g CNT3) 1.607

A A 0.71073
310.17

u,cmt 28.58

R1[l > 20(1)]2 0.0402

WR2[l > 20(1)]2 0.0959

aR1 = Y|IFl — [Fell/3IFol and wR2 = [Y[W(Fs> — F2)/
> [W(Fe?)] .

analysis samples were prepared and sealed in tin capsules in the
glovebox prior to combustion.

Cs(0-2,64-Pr,CeHs) (1). In the drybox, 2.00 g (15.0 mmol) of
cesium metal was added to a rapidly stirring solution of 2.68 g (15.0
mmol) of 2,6-diiso-propylphenol dissolved in 50 mL of THF in a
Schlenk reaction vessel. Vigorous stirring was continued for 72 h at
room temperature. The resulting purple solution was filtered through
a Celite pad, and all solvent was removed from the filtrate in vacuo to
yield a purple solid, which was found to be free from contaminants by
IH NMR spectroscopy; yield, 3.038 g (65%). X-ray quality crystals
were obtained by slow evaporation of a THF solution in the drybox
atmosphere !H NMR (300 MHz, THF€g): 6 6.68 (d,J=7 Hz, 2 H,
meta OAr), 6.00 (t) = 7 Hz, 1 H, para OAr), 3.46 (septel,= 7 Hz,

2 H, CHMey), 1.13 (d,J = 7 Hz, 12 H, CHMe;). Anal. Found: C,
47.52; H, 5.76. Calcd for GH1,CsO: C, 46.47; H, 5.52.

Crystallographic Studies. Cs(O-2,6-Pr,CgH3) (1). A colorless
rectangular block was attached to a thin glass fiber using silicone grease.
The crystal, which was mounted from a pool of mineral oil bathed
in argon, was then immediately placed under a nitrogen cold-stream
on a Siemens P4/PC diffractometer utilizing graphite monochromated
Mo Ka radiation ¢ = 0.71073 A). The lattice parameters were
optimized from a least-squares calculation on 32 carefully centered
reflections of high Bragg angle. The data were collected usisgans
with a 1.0 scan range. Three check reflections monitored every 97
reflections showed no systematic variation of intensities. Lattice
determination and data collection were carried out using XSCANS
version 2.10b software. All data reduction, including Lorentz and
polarization corrections, structure solution, and graphics were performed
using SHELXTL PC version 4.2/360 software. The structure refine-
ment was performed using SHELX 93 softwafe All data were
corrected for absorption using the ellipsoidal option in the XEMP
facility of SHELXTL PC. Data collection parameters are given in
Table 1.

The structure was solved in space grdtpcausing direct methods
and difference Fourier techniques. This solution yielded all non-
hydrogen atom positions. The hydrogen atoms were fixed in positions
of ideal geometry, with a €H distance of 0.93 A for benzyl hydrogens,
0.96 A for methyl hydrogens, and 0.98 A for methine hydrogen atoms.
The hydrogens were refined using the riding model in the HFIX facility
in SHELXL 93. These idealized hydrogen atoms had their isotropic
temperature factors fixed at 1.2 times (benzyl and methine) or 1.5 times
(methyl) the equivalent isotropid of the carbon atom to which they
were bonded. The final refinement included anisotropic thermal
parameters on all non-hydrogen atoms and converged te BD402
and wR2= 0.0959'8

(17) XSCANS and SHELXTL PC are products of Siemens Analytical X-ray
Instruments, Inc., 6300 Enterprise Lane, Madison, WI 53719. SHELX-
93 is a program for crystal structure refinement written by G. M.
Sheldrick, in 1993, at the University of @mgen, Germany.

(18) R1 = 5||Fo| — |FdI/3|Fol and wR2 = [S[W(Fs? — F)?2/3-
[W(F:®?] Y2 The parameter = 1/[03(Fo?) + (0.0610P)2 + 16.631%),
with P = (F? + 2F2)/3.
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Table 2. Selected Bond Lengths (A) and Angles (deg) for
CSO'Z,GFPI’zCeHg (1)a

Cs(1)-O(1)#1 2.875(4) Cs(DHO(1)#2 2.898(5)

Cs(1-C(1) 3.711(7) Cs(BC(2) 3.630(7)
Cs(1)-C(3) 3.479(6) Cs(BC(4) 3.375(6)
Cs(1)-C(5) 3.468(6) Cs(HC(6) 3.622(6)
Cs(1)-C(1)#1 3.750(5) Cs(HC(1)#2 3.589(7)
Cs(1)-C(4)#3 3.716(6) o(BC(1) 1.304(7)
O(L)#1-Cs(1)-O(1)#2 94.12(9)
Cs(1)#4-0(1)-Cs(1)#5 119.3(2)
Cs(1)#4-0(1)-C(1) 123.1(4)
Cs(1)#5-0(1)-C(1) 111.6(4)

a Symmetry transformations used to generate equivalent atoms: #1
=X y+1/2,—z+ 1/2; #2x,y + 1,z #3 —x + 1/12,y + 1/2,z; #4 —X,
y—1/2,—z+ 1/2; #5x,y — 1,z #6 — x + 112,y — 1/2,z.

C(2B) c@) C(4)

Figure 2. Ball-and-stick drawing of the extended solid-state structure
of CsO-2,6Pr,CsH3 (1). Methyl carbon atoms of the isopropyl groups
are omitted for clarity.

C(20) Cs(1)

(0-2,64-Pr,C¢H3) units, which form pseudo-one-dimensional
infinite chains by means of both €© and Cs-m-arene
interactions with the neighboring unit. The one-dimensional
chains are further held together into two-dimensional sheets by
) o ) ] means of CsC interactions between a carbon atom in the para
Synthesis and Characterization. The reaction of cesium  position of the arene ring and a cesium cation from an adjacent
metal with 1 equiv of 2,6-diso-propylphenol in THF, followed  chain (Figure 2). It is notable that no solvent molecules are
by crystallization from the same solvent, allows the isolation present within the solid-state structure, despite the fact that the
of the solvent-free cesium salt CsO-2;B,CgHs (1) as a light- aryloxide salt was crystallized from THF.
purple solid in 65% vyield (eq 1). The aryloxide salt is found Cs-O distances to the aryloxide ligands are 2.875(4) and
s L 25898(5)d/i\. These CsO distanCtlas *g;?l;olrgpa:jratlxle to tEose
5 Ri. _ 5 A 1 observed in cesium picrate complexéd;12n.15and also to the
HO-2,64-Pr,CeH THF €80-2,6-PrCeH; + 5 H, (1) Cs—O distance in tetrameric [CS(GBU)]s (2.924 A)1° The
Cs—arene interaction is quite asymmetric, with the cesium metal
center being offset toward the para carbon (C(4)), away from
the sterically demanding isopropy! groups in the 2,6-positions.
Thus, a vector from the cesium atom passing perpendicular to
the ring plane intersects the plane at a point that is offset 0.39
A from the ring center toward C(4). €< distances within
the primary cesium8-arene interaction lie in the range 3.375-
(6)—3.622(6) A, while interchain GsC contacts of 3.716(6)
A are made by the para carbon atoms of the aryloxide ring.
These Cs-C distances lie within the range of 3.35(4).12(1)
found in other structurally characterized complexes containing
s—arene interaction®528.9.11n.20The Cs-ringeenroigdistance
of 3.24 A in 1 is among the shortest yet reported, being
comparable to the Cgingcenroigdistances of 3.213.34 A found

Figure 1. ORTEP plot (50% probability ellipsoids) of the Cs(O-2,6-
i-Pr,CeHs) unit, giving the atom numbering scheme used in the table.

Results and Discussion

to be insoluble in hydrocarbon solvents but may be conveniently
recrystallized from THF.

Ambient temperatureH NMR spectra ofl in THF-dg,
together with microanalytical data, support the formulation of
1 without any solvent molecules within the coordination sphere
of the cesium cation. In addition, tdel NMR resonances of
the meta and para protons of the aromatic ring were noticeably
upfield shifted as compared to their chemical shift in typical
transition metal complexes. Similar upfield shifting of reso-
nances has been observed previously for arene rings coordinate
to cesium cation&1h This observation, together with the lack
of solvent molecules within the formulation df led us to
undertake an X-ray diffraction study in order to determine the
nature of the coordination environment about the cesium metal

(19) Mann, S.; Jansen, M. Kristallogr. 1994 209, 852.

center. _ (20) (a) Harrowfield, J. M.; Ogden, M. 1.; Richmond, W. R.; White, A. H.
Solid State and Molecular Structure. CsO-2,6-Pr,CgH3 J. Chem. Soc., Chem. Commur91, 1159. (b) Neuriiler, B.;
(1). Single crystals ofl suitable for an X-ray diffraction study Gahlmann, FChem. Ber.1993 126 1579. (c) Mallinson, P. RJ.

. . Chem. Soc., Perkin Trans. 1975 261. (d) Pauer, F.; Stalke, .
were grown by slow evaporation of a concentrated THF solution Organomet. Chentl991 418 127. () Steiner, A.; Stalke, Dnorg.

in the drybox atmosphere at ambient temperature. A summary Chem.1993 32, 1977. (f) Assmus, R.; Boehmer, V.; Harrowfield, J.
of crystal data and processing parameters is given in Table 1, M. Ogden, M. |.; Richmond, W. R.; Skelton, B. W.; White, A. BL

: : Chem. Soc., Dalton Tran&993 2427. (g) Atwood, J. L.; Hunter, W.
while selected bond lengths and angles are presented in Table E.: Rogers, R. D.; Weeks, J. A. Inclusion Phenom1985 3, 113,

2. An ORTEP plot of a single CsOAr unit iy, giving the (h) Eaborn, C.; Hitchcock, P. B.; Izod, K.; Smith, J. Angew. Chem.,
atom numbering scheme used in the tables, is shown in Figure Int. Ed. Englll.lggﬁ 34, 687. (i) Klinkhar(T)mer:, K. W,; Schﬁmarz, W.

; ; ; Z. Anorg. Allg. Chem1993 619 1777. (j) Zhou, O.; Fischer, J. E,;
1. Aview qf the extended structure.hfshowmg thg formation Coustel. N.: Kycia. S.: Zhu. O+ McGhie. A. R.. Romanow, W. 3.
of the chain and sheet structure is shown in Figure 2. The McCauley, J. P.; Smith, A. B.: Cox, D. Bature (London)1991

overall solid-state structure df can be seen to comprise Cs- 351, 462.
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for the multiple Cs-n®-arene interactions in g&a(O-2,64- cesium, however, together with their weaker affinity for donor
Pr,CsHz)s]® and to the 3.24 A observed in the cesium alkyl solvents such as THF, allow them to enter into multihapto
complex [Cs(MeOCHCH,OCH,CH,OMe),[PhCCPh].29 This coordination with more than one arene ring, leading to the
strong Cs-sr-arene interaction presumably reflects the partial formation of extended chain, sheet, or network structures.
anionic character of the arene ring, since the-@3gcentroid Although such extended structures have been frequently reported
distance is considerably shorter than interactions that have beerfor heavier alkali metal alkyl complex&s?2a similar body of
reported between cesium cations and neutral arene solvenknowledge is only just beginning to be accumulated for

moleculeg09-i aryloxide species. We do note, however, that no definitive
structural dividing line can be drawn between sodium and
Concluding Remarks potassium aryloxides, since the solvent-free sodium aryloxide

complex [Na(O-4-Me@H4)], has been found to exist in the solid
state as a one-dimensional chain containing soeiarene

interactionsi2® whereas potassium 2,4,6-tris(trifluoromethyl)-
phenoxide displays a discrete THF-solvated dimeric struétre.

The solid-state structure df provides a marked contrast to
that of the only other structurally characterized example of an
unsolvated cesium aryloxide complex, namely cesium picrate
CSQ-2,4,6-(NQ)3C6H2,12h'15 t_)nefly de_scrl_bed ab(_)ve. In the Previous mention has been made in the literature of the
solid-state structure of the picrate derivative, cesium cations areunusually large affinity of cesium cations for arene moigtaa3
coordinated in a tricapped trigonal prismatic fashion by niné pe ¢rystaliization ofl from THF as a solvent-free complex,
oxygen atoms from seven different p.lcrate.anlons and only c?netogether with our isolation of solvent-free Cs[La(OAf)and
Cs—C contact of 3.695(4) A to the ipso ring _carbon atom is Cs[La(OANs]® (Ar = 2,64-PrCsHs) complexes, appears to
observed. Thus, it would appear that the six donor 0xygen igjntorce this assertion. In addition, we note thattHeNMR
atoms within the nitro groups effectively saturate the coordina- oqqnances of the arene ringsliare upfield shifted in THF
tion sphere of the cesium cation and prevent the formation of solution, suggesting that the cesitima-arene interactions are
multiple cesium-sr-arene interactions. maintained even in donor solvents

The structure ofl thus expands upon the extremely limited  Fyrther investigations into the solid-state structures of anionic

number of crystallographic studies of heavy alkali metal |anthanide aryloxide complexes with heavy alkali metal cations
aryloxides and begins to reveal a disparity in structural types gre currently in progress.

between the earlier and later alkali metal salts similar to
that observed for alkyl complexes. Lithium and, to a lesser
extent, sodium aryloxide salts tend to oligomerize into discrete
clusters in the solid state (typically dimé¥s,cubane-like
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