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Tetrahedral Guest in a Tetrahedral Cavity: a Neopentane Molecule Encaged in a
Three-dimensional Cadmium Cyanide Framework

Takafumi Kitazawa, Shin-ichi Nishikiori, Akihiko Yamagishi, Reiko Kuroda and Toschitake lwamoto*
Department of Chemistry, College of Arts and Sciences, The University of Tokyo, Komaba, Meguro, Tokyo 153,

Japan

The mineralomimetic three-dimensional framework of cadmium cyanide, like cristobalite or cubic ice, enchlathrates
a neopentane (2,2-dimethylpropane) molecule with an orientation such that the respective C~Me bonds direct
toward the tetrahedral corners of the adamantane-like cage cavity, whereas carbon tetrachloride encaged in the
same host distributes the C—Cl bonds statistically about the threefold axis of the cubic crystal.

We have been developing a number of mineralomimetic
inclusion structures similar to cristobalite, clays and zeolites,
using cadmium cyanide and polycyanopolycadmate sys-
tems.!'=> The simplest in composition and structure among
them is the series of Cd(CN),-G clathrates (G = CCl,,

MeCCl;, Me;CCl, cyclo-CgHj,, etc.).1-3:5> Cadmium cyanide,
Cd(CN),, has a resemblance in structural features with silica
(SiO,) and ice (H,0): they all have the AB, composition, A
takes a tetrahedral configuration, B forms an A-B-A linkage
and the linkages frame a three-dimensional cage with con-
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Table 1 Atomic parameters for Cd(CN).-CMe,

Atom x y z Beq/Az‘Z
Cd 0.125 0.125 0.125 4.04(4)
CN® 0.0257(2) =x =x 4.32(8)
CGl1 0.375 0.375 0.375 5.77(4)
CG2 0.3068(5) =x =x 14.9(2)

@ Bey = HZZPimyi)/3. b The atom has been refined as 50% each
occupancy of C and N atoms at the coordinates. It is impossible to
discriminate between the C and N atoms of the cyanide in the Fd3m
space group. The disorder in the orientation of the cyanide group has
been supported from the data of solid state ''3Cd NMR for the
Cd(CN), host,? although the discrimination was attempted by the
other workcrs applying other space groups for Cd(CN),%:10

siderable void space. The differences between Cd(CN), and
silica and ice are that no Cd(CN), minerals have occurred in
nature and that the Cd-CN—Cd span length of ca. 5.5 A is
longer by ca. 2.5 A than those of Si-O-Si (ca. 3.3 A) and
O-H---O (ca. 2.8 A). The longer span makes it possible to
accommodate an oligoatomic molecule inside the cage formed
in the most compact framework of Cd(CN), as has been
exemplified in the Cd(CN),-G clathrates.1-3:5

The cavity formed in the Cd(CN), framework has a shape
similar to the skeleton of an adamantane molecule C;oHje.
Although the centre of the cavity has a site symmetry of 43m
(T,), the CCly guest with the 7, molecular symmetry shows
disorder of the Cl atoms distributed about the crystal threefold
axis of the Fd3m space group [a = 12.668(2) A, Z = 8].}
Hence, we attempted to accommodate another 7,; molecule
CMe, in the Cd(CN), host in order to synthesise a highly
symmetric structure without disorder.

Single crystals of Cd(CN),-CMe, were obtained by leaving
an aqueous solution of cadmium chloride and potassium
tetracyanocadmate in a 1:1 molar ratio in contact with
neopentane at 6 °C. The single crystal structure was deter-
mined using the intensity data collected on a four-circle X-ray
diffractometer. All the non-hydrogen atoms were refined
anisotropically; the atomic parameters refined are listed in
Table 1.1

Asshown in Figs. 1 and 2, the three-dimensional framework
built of Cd-CN-Cd linkages provides the cavity edged by
twelve Cd-CN-Cd linkages and capped by ten Cd atoms. The
cavity can be seen to the first approximation as a tetrahedron
cornered by the four ‘tripod’ Cd atoms, although all the ten Cd
atoms involved with the cage are crystallographically equi-
valent. The guest CMe, molecule encaged in the cavity is
compared with the statistically distributed CCl, in Fig. 2. The
neopentane molecule takes an orientation such that the
respective C—Me bonds direct toward the tripod corners; in
other words the methyl group is encapped by the Cd(-CN-
Cd-); tripod. Thus, the guest molecule with the tetrahedral
skeleton is just fitted inside the tetrahedral cavity as if it
behaves as a tetrapod to support the adamantane-like host
framework on the inside without any direct chemical bonds.
The distance of 5.524(3) A (= aV/3/4) between the cavity
centre and the Cd atom at the tripod corner is appropriate to
accommodate the C—-Me moiety with a van der Waals contact.
Since the directions toward the face-centres of the approxi-
mate tetrahedral cavity are left vacant, considerable void
space still remains in the crystal structure. In the isomorphous
Cd(CN),-G series for G = CCl,, MeCCl;, Me,CCl,, Me;CCl

t Crystal data: Cd(CN),-CMe,, M = 236.60; cubic system, Fd3m (No.
227), a = 12.75712) A, U = 2076(2) A3, Z = 8, D,, = 1.53(2), Dy =
1.51 g em—3; p(Mo-Ka) = 20.21 ecm~1; 196 reflections observed, 134
used; 9 parameters refined; R = 0.028. Thermal parameters have
been deposited at the Cambridge Crystallographic Data Centre. See
Notice to Authors, Issue No. 1.
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Fig. 1 The host framework of Cd(CN); and the selected guest CMe,
molecules at 3/8, 3/8, 3/8 and 5/8, 5/8, 5/8 in the Fd3m unit cell.
Anisotropic sections are shown for the Cd and guest-C atoms.

Fig. 2 Views of the tetrahedrally-oriented neopentane (left) and the
statistically-distributed carbon tetrachloride (right) molecules in the
respective cavities along the crystal threefold axis. The thermal
cllipsoids are shown with 50% each probability; the anisotropic
section are shown for the Cd atoms and the guest C and Cl atoms. The
central C atoms of the guest molecules are not seen.

and CMe,, the a dimension increases from 12.714(1) for CCl,x
through 12.717(1), 12.731(1) and 12.743(2) to 12.757(2) A for
CMey. Hence the void space left unoccupied decreases
successively by replacing Me by Clin the neopentane molecule
if the effective volume of the guest is unchanged upon
replacement. The reason why the neopentane molecule takes
the definite orientation in the cavity with considerable space
left vacant can be interpreted in terms of a weak hydrogen
bond and/or the steric hindrance between the methyl
hydrogens and the m-electron-rich cyanide groups, although
no experimental evidence has been obtained for the hydrogen-
bond formation.

The C-Me bond distance of 1.507(11) A, being shorter by
ca. 0.02 A than that of 1.539(2) A in the gaseous state,6 is
apparently contracted due to the thermal oscillation of the
methyl group, whose carbon atom CG2 is given a large
thermal parameter, of 14.9(2) A2 in the equivalent isotropic
value. As far as the authors’ knowledge extends, the solid
state structure of neat neopentane is highly disordered at low
temperatures and can be approximated to a spherc.” The
present Cd(CN),-CMe, is the first example of the neopentane
molecule taking a definite orientation in the solid state, the

% The unit cell parameter @ has been revised from the previous value of
12.668(2) A in ref. 1.
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rigid orientation arising due to the geometrical fit and the
symmetrical coincidence between the orientation-labile guest
molecule and the host lattice.

Received, 19th November 1991; Com. 1/05887H

References

1 T. Kitazawa, S. Nishikiori, R. Kuroda and T. Iwamoto, Chem.
Leu., 1988, 1729.

2 T. Kitazawa, S. Nishikiori, R. Kuroda and T. Iwamoto, Chem.
Lert., 1988, 459.

3 T. Iwamoto, Chemistry of Microporous Crystals, ed. T. Inui, S.
Namba and T. Tatsumi, Kodansha-Elsevier, Tokyo, 1991, p. 3.

415

4 T. Kitazawa, S. Nishikiori and T. Iwamoto, Mater. Sci. Forum, in
the press; Proceedings of the 6th International Symposium on
Intercalation Compounds, May 1991, Orleans.

5 T. Iwamoto, Inclusion Compounds, ed. J. L. Atwood, J. E. D.
Davies and D. D. MacNicol, Oxford University Press. Oxford,
1991, vol. 5, p. 177.

6 B. Beagley, D. P. Brown and J. J. Monaghan, J. Mol. Struct..
1969, 4, 233.

7 A. M. Hones and B. Post, J. Chem. Phys., 1952, 20, 755.

8 (a) S. Nishikiori, C. 1. Ratcliffe and J. A. Ripmeester, Can. J.
Chem., 1990, 68, 2270: (b) S. Nishikiori, C. I. Ratcliffe and J. A.
Ripmeester, J. Chem. Soc., Chem. Commun., 1991, 735.

9 E. Shugam and H. Zhdanov, Acta Physicochim. USSR, 1945, 20,
247,

10 (a) B. F. Hoskins and R. Robson, J. Am. Chem. Soc., 1990, 112,
1546; (b) B. F. Abrahams, B. F. Hoskins and R. Robson, J. Chem.
Soc., Chem. Commun., 1990, 60.






