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When complexed by tetrabenzo-24-crown-8, the cesium ion can accommodate unprecedented ligation. The structures
of the following complexes are presented. [Cs(tetrabenzo-24-cromA-8JtMe),(17>-NCMe)][NO;] (1): triclinic

P1, a = 12.0119(14) A,b = 13.3680(15) A,c = 13.7859(12) A,o. = 89.124(8}, B = 66.928(9%, y =
71.536(10), V = 1916.7(4) R, Z = 2. [Cs(tetrabenzo-24-crown-&J{NCMe),(1%-CH,Cl»)][NO3] (2): triclinic,
P1,a=12.295(3) Ab = 13.295(3) A,c = 13.782(3) A,a. = 89.105(17), B = 66.096(18), y = 71.980(19),

V = 1929.5(8) R, Z = 2. These structures are the first reported examples of lipgacetonitrile coordination

to any metal ion and the first structures illustratigfgacetonitrile and dichloromethane ligation to an alkali metal

ion. Possible steric and electronic origins of these unusual miggahd interactions are discussed.

The electronic component of ligand binding to alkali metal ligands that can approach the croweation complex and
ions can generally be considered in terms of simple electrostat-interact favorably with nearby portions of the crown may exhibit
ics. In fact, these cations may be characterized as a sphere ofinusual binding characteristics.

positive charge generally attracting donors with little regard for  gecause of the unique electronic topography created by the
ligand orientatiot. Much of the observed selectivities of  cation—crown complex, subsequent ligation may be possible
particular crown ether molecules for a specific alkali metal for \hat otherwise might be a weakly binding ligand. There is
cation derive from these factsSpecifically, if a crown ether  onting evidence suggesting that alkali metal ions can
can adopt an energetically reasonable conformation with its ¢5y6rably interact with ligands containing arene or other more

oxygen donor atoms ori_ented toward the alkali metal cation, weakly donating group’S This becomes increasingly common
fqrm_mg appropnate ca_1t|0ﬁoxygen bond lengths, favorable as the charge-to-size ratio decreases, with the heaviest alkali
binding will occur® Since crown ether molecules rarely metal ions exhibiting this ligation most oftés

complete the cation’s coordination sphere, other ligands, typi- o K h lecti . f th .
cally anions, solvent molecules, or even parts of other crown  OUr recent work on the selective extraction of the cesium

molecules, are often observed to also bind the catime nature 10N With large crown ether molecules led us to examine the
of this additional binding is often overlooked, as the focus of Structure of the cesium ion when complexed by tetrabenzo-24-

most work is on the primary cation/crown interaction. However, ¢'0Wn-8. We observed that the crown does not complete the
once the crown ether binds the cation, the stereoelectronicc@tion’s coordination sphere but leaves two U-shaped clefts
environment of the cation changes dramatically. Its charge is @vailable for additional ligatiof In this paper, we present two
dissipated by the donor atoms of the crown, and access to theStructures that exhibit unusual ligation in one of the two clefts:
cation is restricted by the presence of the crown. Additional the first structural characterizations of an alkali metal ion
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Table 1. Summary of Crystallographic Data
1 2
GgH41CsNyO11 Cs7H40Cl,.CsN;O11

empirical formula

a A 12.0119(14) 12.295(3)
b, A 13.3680(15) 13.295(3)
c, A 13.7859(12) 13.782(3)
a, deg 89.124(8) 89.105(17)
B, deg 66.928(9) 66.096(18)
y, deg 71.536(10) 70.980(19)
vV, A3 1916.7(4) 1929.5(8)
z 2 2
fw 862.7 906.5
space group P1(No. 2) P1 (No. 2)

! 100 100
A, A 0.710 73 0.710 73
Ocaleas g CNT3 1.50 1.56
u, cmt 10.3 11.6
R12 0.046 0.053
WR2 0.128 0.144

aR1 = Y||Fo| — |Fdl/Z|Fol, based onFe? > 20(Fd). PWR2 =
[SW(Fo? — FAHIW(FoA)? Y2

Table 2. Selected Bond Lengths (A) and Angles (deg) for
Cs'(B424C8)(-NCMe)L (L = 7#>-NCMe, 52-CH,Cl,)

1 2
Cs—Ocrownrange 3.190(3)3.424(3) 3.213(3)3.438(3)
Cs—O¢rown a2 3.32(7) 3.33(7)
Cs—N,-ncwme 3.159(5), 3.172(5) 3.176(4), 3.182(5)
C=N, . ncwme 1.123(7), 1.135(7) 1.138(7), 1.148(7)
N—C—C,*_ncme 178.7(7), 179.5(6) 175.4(7), 179.2(6)
CS—N,,LNCMED 344(3)
Cs—Cp2-newe 3.471(14)
CEN,]LNCMED 111(2)
N—C—C,2-ncwme” 175(2)

Cs—Cl 3.602(2), 3.684(2)

aUncertainties quoted for MO av areo values based on the
statistical distribution of M—Ocown Values observed in the structures
reported here? Only values for the major disordered component are
presented.

complex containing an?-acetonitrile ligand or an?-dichloro-
methane ligand.

Experimental Section

Materials. All chemicals were used as supplied. Tetrabenzo-24-
crown-8 was prepared as described elsewhekt.other chemicals
were of the best AR grade available.

X-ray Crystallography. General Details. A summary of crystal-
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Figure 1. ORTEP representation (50% probability ellipsoids)lof
Hydrogen atoms, except those on the acetonitrile ligands, and the minor
disorder component are omitted for clarity.

against|F|? of the quantity=w(F,> — F:»)? was used to adjust the
positions and anisotropic thermal parameters of all non-hydrogen atoms.

X-ray Structure Determination for [Cs(tetrabenzo-24-crown-8)-
(n*-NCMe),(n?>-NCMe)][NO3] (1). Suitable crystals were grown from
slow evaporation of tetrabenzo-24-crown-8 (50 mg, 0.092 mmol) and
CsNG; (0.18 mL, 0.51 M aqueous solution) in 10 mL of acetonitrile.
The crystals are sensitive to solvent loss and were therefore quickly
transferred to the diffractometer’s cold stream. A crystal measuring
0.65 x 0.36 x 0.20 mnf was mounted on a glass fiber. Unit-cell
dimensions were refined by using the settings of 25 reflections in the
range 20< 26 < 31°. Intensities were measured hy—26 scans. A
total of 9943 reflections were collecteddx 38°, +h,+k,+l; 38° <
20 < 50°, +h,4k+1). The data were averaged ovesymmetry R
= 3.1%). The structure was solved using direct methods. The
n?-acetonitrile ligand was disordered over two sites (67:33). Uhe
components of disordered, bonded atoms or disordered atoms within
0.7 A of each other were restrained to be similar. A total of 517
parameters, with 18 restraints, refined to final residuals=RQ.046
(based ol > 2¢,) and wR2= 0.128, with the eight highest residual
peaks (2.740.66 e A3) within 2.7 A of Cs.

X-ray Structure Determination for [Cs(tetrabenzo-24-crown-8)-
(NCMe)x(p?-CH2CI2)][NO3] (2). Crystals were prepared by mixing 8
mg (0.02 mmol) of CsBPh 10 mg (0.02 mmol) of tetrabenzo-24-

lographic data is given in Table 1, and selected bond lengths and angles;rown-8, and 6 mg (0.02 mmol) of{BusN][NO3] in 4 mL of CHs-
are listed in Table 2. Complete crystallographic information is available c|,/cH,CN/pentane (5:1:5), followed by cooling t5 °C. The crystals
as Supporting Information. Data were obtained using a Nonius CAD4 gre sensitive to solvent loss and were therefore quickly transferred to

diffractometer fitted with a 1.1 mm collimator. Intensities were corrected

the diffractometer’s cold stream. A crystal measuring 0x70.33 x

for Lorentz and polarization effects, and empirical absorption corrections g.26 mn# was mounted on a glass fiber. Unit-cell dimensions were

were applied on the basis of a setypscans. Calculations were carried
out using XCAD4 (data reduction), SHELXTI (absorption correction,
structure solution/refinement, and molecular graphics), and PLATON

refined by using the settings of 25 reflections in the range<22p <
26°. Intensities were measured hy—26 scans. A total of 9288
reflections were collected < 22°, £h,+k,+l; 22° < 20 < 54°,

(structure analysis). Each H atom was placed in a calculated position, 1 tk ). The data were averaged ovesgmmetry Ry = 3.2%).
refined using a riding model, and given an isotropic displacement The structure was solved using direct methods. A total of 484

parameter equal to 1.2 (CH, GHor 1.5 (CH) times the equivalent

parameters refined to final residuals R10.053 (based oh > 2g))

isotropic displacement parameter of the atom to which it was attached. anq wR2= 0.144. The two highest peaks in the final difference electron
When warranted, methyl H atomic positions were allowed to rotate gensity map (2.6 and 2.5 e A were located withi 1 A of cesium;

about the adjacent -©C bond. Full-matrix least-squares refinement

(7) Levitskaia, T. G.; Bryan, J. C.; Sachleben, R. A.; Lamb, J. D.; Moyer,
B. A. J. Am. Chem. So200Q 122, 554.

(8) Brown, G. R.; Foubister, A. J. Med. Chem1983 26, 590. Pedersen,
C. J.J. Am. Chem. S0d.967 89, 7017.

(9) Harms, K.XCAD4 Universita Marburg: Marburg, Germany, 1995.
(10) SHELXTL Version 5.1 (IRIX); Bruker AXS: Madison, WI, 1997.
(11) Spek, A. L. PLATON A Multi-Purpose Crystallographic Topl

Universiteit Utrecht: Utrecht, The Netherlands, 1999.

the only other peak greater than 0.82 e341.2 e A3) was 1.2 A
from N2 and 3.6 A away from Cs.

Results

The structures of (tetrabenzo-24-crown-8)pisfcetonitrile)-
(p?-acetonitrile)cesium nitratel) and (tetrabenzo-24-crown-8)-
bis@yt-acetonitrile)§2-dichloromethane)cesium nitrat@) (are
illustrated in Figures 1 and 2, with selected bond distances and
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A (Table 2), which is consistent with known structufég:6
The short &N bond lengths and linear NC—C bond angles
for these ligands are also consistent with known structures of
acetonitrile complexes with alkali metal ions and are essentially
unperturbed from those of uncomplexed acetonitfi¥.

The structure ofl features three acetonitrile ligands filling
the two clefts. Tway! ligands occupy the “lower” (as pictured
in Figure 1) cleft, and anp? ligand fills the “upper” cleft. While
the n2-acetonitrile ligand is disordered over two sites (67:33),
the bonding conformations and parameters are similar for both
components. As might be expected, the standard uncertainties
for the minor component are significantly higher than those for
the major component. Because of the large uncertainties and

Figure 2. ORTEP representation (50% probability ellipsoids)2of

Hydrogen atoms, except those on the acetonitrile and dichloromethane,

ligands, are omitted for clarity.

angles given in Table 2. The crown conformation in both
structures is very similar to that of previously reported (tetra-
benzo-24-crown-8)cesium complex@s.lt approximatesS,
symmetry, reminiscent of K structures with nonactld and
dibenzo-30-crown-18 and can be described as similar to the

small occupancy factor for the minor disorder component, it is
not pictured in Figure 1 nor are its bond lengths and angles
presented in Table 2. The €812 bond length for the major
component of they2-acetonitrile ligand is considerably longer
(3.44(3) A) than the CsN bond lengths on the other side of
the cation. The CsC41 distance of 3.471(14) A is significantly
smaller than the sum of the van der Waals radii for cesium (2.15
A)18 and carbon (1.70 AY¥ Within standard uncertainties, the
C41=N2 bond is unperturbed relative to that of free acetonitrile
and the N2-C41—-C40 angle is linear for thg?2-acetonitrile
ligand (Table 2).

The structure oR is nearly identical to that of except that
then?-acetonitrile ligand is replaced by a@-dichloromethane
ligand. The Cs-Cl distances of 3.602(2) A (ClI2) and 3.684(2)

(CI1) are consistent with a closely related structure, recently
determined in our laboratories, (tetrabenzo-24-crown-8)bis(
1,2-dichloroethane)cesium nitrate. The 1,2-dichloroethane ligands

seam on a baseball. As the crown wraps around cesium, benzdvere disordered in the previously determined structure, giving
rings from opposite sides of the crown ring are moved toward @ broad range of CsCl distances (2.98(2)3.83(2) A)! Because

each other. The only space available for additional ligation to
cesium is two clefts, formed by the opposing pairs of crown
benzo groups.

the dichloromethane ligand s well ordered, it provides more
reliable values for the CsCl distances, which are comparable
to close cesiuminorganic chlorine contacts (as short as 3.4

The structures presented here are generally comparable td)-*° Other than the structures of these two complexes, no other

similar structures containing 1,4-dioxaheayater® and 1,2-
dichloroethangin the clefts. However, while the two clefts were
roughly equivalent in shape in the previously reported com-
plexes, they are significantly different inand2. Here, the clefts
occupied by the tway-acetonitrile ligands are larger than the
clefts containing a single solvent molecule. Specifically, the
centroid-centroid distances between rings-826 and C17
C22 are 7.20 A1) and 7.13 A ), while between rings G9
C14 and C25-C30 they are 8.13 A1) and 7.99 A 2). The
corresponding distances in the 1,4-dioxane complex are 7.55
and 7.63 A, for examplé Additionally, the structures reported
here exhibit a broader range of €8¢own distances (Table 2)
than was observed in the 1,4-dioxane complex (3.264(3)
3.352(3) A¥ or the 1,2-dichloroethane complex (3.245¢4)
3.375(4) A)” However, they remain well within the broad range
of values previously observed for cesititrown ether com-
plexes}26.7.1415and the average Ccroun distances are es-
sentially the same for all four structures (Table 2; 3.31(3) A
and 3.29(5) A were reported for the 1,4-diox@rend 1,2-
dichloroethanécomplexes).

The nl-acetonitrile ligands in the structures of bdttand2
exhibit Cs—N bond lengths ranging from 3.159(5) to 3.182(5)

(12) Dobler, M.; Dunitz, J. D.; Kilbourn, B. THelv. Chim. Actal969
52, 2573.
(13) Bush, M. A.; Truter, M. RJ. Chem. Soc., Perkin Trans1872 345.

(14) Based on a search of the Cambridge Crystallographic Database System,

V. 5.18, Oct 1999 release.
(15) Bryan, J. C.; Sachleben, R. A.; Lavis, J. M.; Davis, M. C.; Burns, J.
H.; Hay, B. P.Inorg. Chem.1998 37, 2749-2755.

crystal structure of an alkali metal ion with an organochlorine
ligand has been reported, to the best of our knowléddde
dichloromethane is tilted in the cavity so that one of its
electropositive hydrogen atoms is oriented toward one of the
arene rings. The distance between this hydrogen atom (H33B)
and the ring centroid (for the C+C22 ring) is 2.63 A, with a
C—H-—centroid angle of 137

Discussion

The structure ofL is the first example ofy?>-coordination of
a simple nitrile to an alkali metal ioft. In contrast, there are
dozens of structures reporting-nitrile coordination to alkali
metal ions'* although only a few involve the Cgon449.16Why
then isn? bonding exhibited irl, especially whem?! bonding
exists on the other side of the cation in what appears to be a
nearly identical environment? As is usually the case, steric and
electronic factors apparently conspire to bring about this unusual
bonding configuration.

(16) Neunilier, B.; Gahlmann, FZ. Anorg. Allg. Chem1993 619 718.
Seppelt, K.; Dimitrov, A.; Seidel, SEur. J. Inorg. Chem1999 95.

(17) Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, G.
A.; Taylor, R.J. Chem. Soc., Perkin Trans.1®87, S1.

(18) Peng, Z.; Ewig, C. S.; Hwang, M.-J.; Waldman, M.; Hagler, AJT.
Phys. ChemA 1997, 101, 7243.

(19) Bondi, A.J. Phys. Chem1964 68, 441.

(20) See, for example: Essawi, M. E.; Tebbe, K.Z=.Naturforsch. B

1998 53, 263. Ooyama, D.; Nagao, N.; Nagao, H.; Sugimoto, Y.;

Howell, F. S.; Mukaida, M.Inorg. Chim. Actal1997 261, 45.

Yamaguchi, T.; Sasaki, Y.; Ito, T. Am. Chem. Sod99Q 112 4038.

Zaitseva, E. G.; Medvedev, S. V.; Aslanov, L. Zh. Strukt. Khim.

1990 31, 104.
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o7ii o8 outer walls of the top cleft. An arene group (like G25C30

¢ I, in Figure 3) also occupies the space above the dichloromethane
ligand, limiting the space directly above the cleft. These
similarities suggest that crystallization is largely determined by
the Cs—crown complex and that the ligand in the top cleft
fills the remaining void.

A favorable electronic environment is also created by the
cesium-crown complex. The cesium ion is known to bind
acetonitrile in am?! fashion, as illustrated in the lower cleft of
og 1 and 2, as well as in previously reported Gacetonitrile
structuregd.9.18however, C$ has a very low charge-to-size ratio
and is well-known to accept soft donors, sometimes in prefer-
ence to harder donof&:h5ace |t js also quite plausible that
the donor atoms of the crown ether apdacetonitrile ligands
lower the effective charge on the cesium ion. It is therefore
possible that the difference in binding energies betweentan
nitrile structure and an?-nitrile structure may be relatively small
in the top cleft.

Additional electronic stabilization of thg?-binding mode in
1 possibly results from the smaller inter-arene distance observed
in the top cleft. Namely, the-nitrile ligand is stabilized by
Figure 3. Space-filling partial crystal packing diagram fbrThe minor 7-stacking |nter'act|ons between the=q bonq and the arene
disorder component, the nitrate anion, and hydrogen atoms are omitted” clouds. The dlstance§ between the centroid of t=®ond
for clarity. Symmetry codes:iX —x, —y, 1 — Z (i) —x, 1 — y, —Z and the arene centroids are3.6 A, roughly equal to the
(i) x—1,y,z interlayer distance in graphifé.The fact that the arene rings
are almos1 A further apart in the bottom cleft, whené binding

_ _ _ _ is observed, suggests that cleft size may be a key factor in
First, we shall consider the favorable steric environment determining the hapticity of acetonitrile on €s

created by the cesiurtrown complex and its packing in the
crystal lattice. The narrowing of the top cleft may be a result
of the arene groups being “pushed” together by crowrn, CH
groups on their outside faces (Figure 3). For example, the
distance between H31Bnd the centroid of C1C6 is 2.74 A.
These intermolecular interactions representHC--z-arene
interactions with the outer walfZ.Figure 3 also reveals that an
arene group from an adjacent complex (E&2&£301) is
positioned directly above the cleft containing tjfenitrile (rings
C1-C6 and C17#C22). If it can be assumed that the packing
in this crystal lattice is primarily determined by the large
(tetrabenzo-24-crown-8)bigt-acetonitrile)cesium complex, the
positioning of C28—C30" may inhibit #* bonding of aceto-
nitrile in the top cleft.

Support for the hypothesis that packing is determined by the
Cst—crown complex may be found by examination of both
structures presented here. The similarity of the unit-cel
parameters (Table 1) fdrand2 is remarkable, and examination
of packing diagrams shows that they are virtually identica
except for the ligand in the top cleft. In fact, the atomic
coordinates for the cation, crown, apéacetonitrile ligands,
as well as the nitrate anion, are very much the same for the two
structures. As a result, the dichloromethane structByealso

experiences intermolecular@-+-z-arene interactions with the ~ (23) Cotton, F. A.; Wilkinson, GAdvanced Inorganic Chemistrth ed.;
Wiley: New York, 1988; pp 236237.

(24) (a) Michelin, R. A.; Mozzon, M.; Bertani, REoord. Chem. Re 1996

C25iL30

o4l

c (O=H @=0 @=cs

Complex 1 contains the first linean?2-nitrile ligand to be
structurally characterized for any metdk*The rare examples
of structurally characterized;?-nitrile ligands all involve
electron-rich transition metals strongly back-bonding-{dr")
to the nitrile triple bond® This results in significant lengthening
of the G=N bond (1.22-1.27 A) and bending of the NC—C
angle (128-141°).2* On the basis of this record, one might be
tempted to assume that this would be the only electronic
environment conducive to ag-nitrile ligand. This is clearly
not the case with, since the &N bond is unperturbéd and
the N-C—C angle is linear for th@2-acetonitrile ligand (Table
2). This is not surprising because the filled d orbitals of the
cesium ion are unlikely to be able to significantly overlap with
ligand 7" orbitals.

The structure o2 shows the first example of dichloromethane
| acting as a ligand toward an alkali metal ion and a rare example

of it behaving as a ligan€f. While dichloromethane was present
| in excess over acetonitrile during the crystallizatior2pthere
was clearly a choice of ligands to fill the top cleft. The
observation of dichloromethane in the cleft suggests that it is a
better ligand for this cleft.

(21) Another structure with an®-acetonitrile ligand on Cshas recently 147, 299. (b) Storhoff, B. N.; Lewis, H. C., JCoord. Chem. Re
been determined: Forman, S. L.; Fettinger, J. C.; Pierriacini, S.; 1977, 23, 1.
Gottarelli, G.; Davis, J. TJ. Am. Chem. Sqcsubmitted for publication. (25) (a) Barrera, J.; Sabat, M.; Harman, W.@rganometallics1993 12,
n? coordination of a nitrile group to Gshas also been observed when 4381. (b) Chetcuti, P. A.; Knobler, C. B.; Hawthorne, M. F.
it is conjugated to an oxygen donor, typically as a cyanoxime: Organometallics1988 7, 650. (c) Anderson, S. J.; Wells, F. J.;
Ponomareva, V. V.; Skopenko, V. V.; Domasevitch, K. V.; Sieler, J.; Wilkinson, G.; Hussain, B.; Hursthouse, M. Bolyhedron198§ 7,
Gelbrich, T.Z. Naturforsch., B1997 52, 901. Domasevich, K. V.; 2615. (d) Wright, T. C.; Wilkinson, G.; Motevalli, M.; Hursthouse,
Gerasimchuk, N. N.; Rusanov, E. B.; Gerasimchuk, OZiA.Obshch. M. B. J. Chem. Soc., Dalton Tran$986 2017.
Khim. 1996 66, 652. Mishnev, A. F.; Belyakov, S. V.; Bleidelis, Y. (26) Van Seggen, D. M.; Hurlburt, P. K.; Anderson, O. P.; Strauss, S. H.
Y.; Apinitis, S. K.; Gudrinietse, E. YKristallografiya 1986 31, 297. J. Am. Chem. S04.992 114, 10995. Colsman, M. R.; Newbound, T.
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