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Interest in self-assembled infinite metal complexes with 
specific network topologies is expanding rapidly due to potential 
properties as functional solid materials.1 Usually, the network 
topology can be designed by selecting the coordination geometry 
of metals and the chemical structure of organic ligands. In 
contrast to this understanding, we unprecedentedly observed the 
appearance of quite different network patterns from almost the 
same crystallographic molecules: i.e., upon complexation with 
Cd(NC^)2, pyridine-based ligand I2 gave an infinite molecular 
ladder (pattern a) while ligand 2,3 a fluorinated analog of 1, 
afforded an infinite molecular brick (pattern b), despite the very 
similar unit crystal structures of these complexes. We also 
found that the independent molecular ladders or bricks inter
penetrate each other in their crystal structures.4-5 
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A single crystal of complex 3 having the empirical formula 

[Cd(l)i.j](N03)2 was obtained by allowing an ethanol-water 
(7:3) solution of 1 (75 mM) and Cd(N03)2 (50 mM) to stand 
for 10 days at 20 0C and then subjected to an X-ray diffraction 
study. The yield of 3 amounted to 60%. 

* Department of Applied Chemistry, Faculty of Engineering, Chiba 
University. 

s Chemical Analysis Center, Chiba University. 
(1) (a) Robson, R.; Abrahams, B. E; Batten, S. R.: Gable. R. W.; Hoskins, 

B. F.; Liu. J. Supramolecular Architecture; Bein, T.. Ed.; ACS Symposium 
Series 499; American Chemical Society: Washington, DC, 1992; Chapter 
19. (b) Iwamoto, T. (Chapter 2); Liplowski, J. (Chapter 3); Hanotier, J.; 
Radzitzky, P. de (Chapter 4) Inclusion Compounds; Atwood, J. L., Davies, 
J. E. D., MacNicol, D. D., Eds.; Academic Press: London, 1984; Vol 1, 
Chapters 2-4 . pp 29-134. (c) Iwamoto, T. Inclusion Compounds; Atwood, 
J. L., Davies, J. E. D., MacNicol, D. D., Eds.; Academic Press: London, 
1991; Vol 5, Chapter 6, pp 177-212. 

(2) Physical properties of 1: Fujita, M.; Ibukuro, F.; Hagihara, H.; Ogura, 
K. Nature 1994, 367, 720. 

(3) Physical properties of 2: Fujita, M.; Nagao, S.; Iida, M.; Ogata, K.; 
Ogura. K. / Am. Chem. Soc. 1993, 115, 1574. 

(4) For interpenetrating complexes composed of inorganic components 
with or without small organic ligands, see the following, (a) Soma, T.; Yuge, 
H.; Iwamoto, T. Angew. Chem., Int. Ed. Engl. 1994,33, 1665. (b) Hoskins. 
B. F.; Robson, R.; Scarlett. N. V. Y. J. Chem. Soc, Chem. Commun. 1994, 
2025. (C) Michaelides. A.; Kiritsis, V.; Skoulika. S.; Aubry, A. Angew. 
Chem., Int. Ed. Engl. 1993, 32, 1495. (d) Kim, K.-W.; Kanatzidis, M. G. 
J. Am. Chem. Soc. 1992,114,4878. (e) Konnert, J.; Britton, D. lnorg. Chem. 
1966.5, 1193. 

A crystallographic analysis6 showed the existence of hepta-
coordinated geometry78 on the Cd(II) atom and the T-shaped 
connection of three pyridyl groups in the molecular structure 
of 3 (Figure la). The geometry of the pyridyl groups around 
cadmium(II) is slightly deviated from an ideal T shape (N(I)-
Cd(l)-N(2) = 85.5°, N(l)-Cd(l)-N(3) = 91.6 °, and N(2)-
Cd(l)-N(3) = 176.1°). The more important feature is that 
infinite molecular ladders are formed in which the T-shaped 
units are linked to each other along the a + b vector (Figure 
2a).10 These ladders involve very large 60-membered-ring 
structures in their backbones and are stacked on each other with 
an interplanar separation of 7.8 A. 

It is worth noting that another set of infinite ladders also exists 
along the a - b vector, and the two sets of ladders, existing 
along the a + b and a — b vectors, interpenetrate each other as 
shown in Figure 2b. Because of this interpenetration, the ring 
involved in the ladder interlocks with four rings of different 
ladders." 

Essentially the same molecular structure was obtained for 
complex 4 prepared from 2 and Cd(NOs)2 (Figure Ib):'2 

heptacoordination and the T-shaped connection13 around cad-
mium(II) were again observed. Nevertheless, the infinite 
structure of 4 was quite different from that of 3. The unit 
structure repeats along the 2a - c vector accompanying the 
alternative reversion of the geometry, making an unprecedented 
brick pattern (Figure 3a)14 that involves a large, 90-membered-
ring structure. 
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Figure 1. (a) Molecular structure of 3. Selected bond distances (A) 
and angles (deg): Cd(I)-O(I) 2.561(4), Cd(l)-0(2) 2.400(6), Cd-
(l)-0(4) 2.454(4), Cd(l)-0(5) 2.420(4), Cd(I)-N(I) 2.382(5), Cd-
(1)-N(2) 2.281(5), Cd(l)-N(3) 2.315(5), N(I)-Cd(I)-O(I) 84.1(2), 
N( 1 )-Cd( 1 )-0(4) 86.9(2), 0( 1 )-Cd( 1 )-0(2) 52.4( 1), 0(2)-Cd(I)-
0(5) 84.2(1), 0(4)-Cd(l)-0(5) 52.7(1). (b) Molecular structure of 
4. Selected bond distances (A) and angles (deg): Cd(l)-0(2) 2.446-
(6), Cd(I)-Op) 2.412(6), Cd(l)-0(4) 2.459(6), Cd(l)-0(6) 2.433-
(6), Cd(I)-N(I) 2.316(6), Cd(l)-N(2) 2.325(6), Cd(I)-Np) 2.335(6), 
N(3)-Cd( I)-Op) 90.3(2), N(3)-Cd( 1 )-0(6) 84.1 (6), 0(2)-Cd(I)-
0(3) 52.7(2), 0(2)-Cd(l)-0(4) 80.8(6), 0(4)-Cd(I)-0(6) 52.0(2). 

Figure 2. (a) Infinite ladder structure of 3. (b) Perspective view of 
the frameworks in 3. Only the Cd(II) centers are shown; heavy 
connections indicate Cd-1—Cd framework. 

The whole crystal packing in 4 is significantly characterized 
by a triply interpenetrated two-dimensional sheet structure 
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Figure 3. (a) Infinite brick structure of 4. (b) Triply interpenetrated 
2D sheet structure of 4. Only the Cd(II) centers are shown; heavy 
connections indicate Cd-2-Cd framework. 

(Figure 3b). That is, three independent molecular bricks 
interpenetrate each other on the same plane, still making an 
infinite molecular sheet with a thickness of approximately 14 
A. The triple two-dimensional interpenetration could be dis
tinguished from a few examples of the corresponding three-
dimensional systems reported quite recently.4ab 

It is interesting that infinite interlocking ring systems (poly-
catenane frameworks)15 appear in both structures 3 and 4, and 
this phenomenon nicely compliments the self-assembly of [2]-
catenanes from transition metals (Pd(II) or Pt(II)) and ligand 1 
or 2.2 1 6 Although the present study might emphasize the 
difficulty in designing the crystal structures of solid materials,17 

we are still seeking nice combinations of metals and organic 
ligands which afford fascinating finite or infinite frameworks 
according to or, more preferably, beyond our expectations. 
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