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Trimesic acid cocrystallizes with 1.5 equivalents of 4,4'- 
bipyridine to geneorate a large distorted hexagonal network 
with ca. 35 x 26 A internal dimensions: three independent 
networks interweave to afford a novel threefold two- 
dimensional corrugated sheet. 

Hydrogen-bonded supramolecular synthons represent a primary 
tool for crystal In such a context, trimesic acid 
(benzene- I ,3,5-tricarboxylic acid, TMA) is a molecule which 
predictably forms honeycomb networks with interesting supra- 
molecular properties (catenation or interpenetration, polymor- 
phism and inclusion) as a consequence of its molecular 
symmetry and complementary hydrogen-bonding capabilities. 
Early work focused upon TMA itself and generated a large 
number of inclusion compounds, both with and without 
catenation.3 That carboxylic acids can form homo- or hetero- 
dimers with a variety of complementary functional groups (e .g .  
pyridines, 2-aminopyridines and pyrimidines) has allowed 
functionalized TMA,4 its deprotonated forms5 or its metal 
complexes6 to be exploited as templates in crystal engineering 
studies. In this contribution we report the remarkable network- 
ing and interweaving7 in a cocrystal of TMA, TMA.1.5(4,4'- 
bipy) 1, the supramolecular structure of which is effectively an 
enlarged analogue of TMA that exhibits a novel mode of 
interpenetration. 

The pyridine-carboxylic acid motif, X, has previously been 
exploited to design liquid-crystalline materials and two- 
dimensional p networks.8.9 It occurred to us that it should be 
possible to use simple bifunctional spacer moieties based upon 
pyridine moieties ( e . g .  pyrazine, 4,4'-bipyridine) to afford fine- 
tunable chicken-wire motifs with large cavities. A hot solution 
of propan-2-01 and benzene (3 : 1 ratio) containing 1 and 1.5 
equiv. of TMA and 4,4'-bipyridine, respectively, afforded the 
desired cocrystals of 1 (mp >300 'C) upon cooling and slow 
evaporation of the solvent at room temperature over a period of 
two days. 

The crystal structure exhibits the desired architecture.? An 
expanded form of the infinite two-dimensional honeycomb grid 
seen in TMA is sustained by supramolecular synthon'o X: 
strong N-He-hO hydrogen bonds coupled with complementary 
C-H-..O hydrogen bonds [graph set1] = R22(7), N..;O, H.a.0, 

3.182(5), 2.419(5) A, 125.2'; 2.719(4), 1.798(4) 4, 157.1°, 
3.401(5), 2.683(5) oA, 122.3"; 2.660(4), 1.695(4) A, 165.3', 
3.1 16(5), 2.255(5) A, 133.34'; Fig. I]. The internal dimensions 
of tbe distorted hexagons are 35 X 26 A compared to just 14 X 
14 A in TMA itself. Self-inclusion is facilitated by the chair 
conformation of the large hexagon that intercalates and engages 
in n stacking with two other independent networks. Never- 

N-H.e.0, C*..O, H*..O, C-H**.O: 2.604(4), I .470(5) &, 178S0, 

X 

theless, the other two networks only partially fill these cavities 
and empty space remains within the layer of interpenetrated 
net works, Fig. 2. Interpenetrated chic ken- w ire frameworks 
have also been seen for coordination polymers but the nature of 
the interpenetration is somewhat different.'* This void space is 
effectively filled in a cog-like manner because of the way 
adjacent layers stack. To our knowledge, such an architecture (a 
threefold interpenetrated chicken-wire layer) has not yet been 

Fig. 1 The non-planar hexagonal unit formed via motif X in cocrystal 1. N- 
H.e.0 and C-H...O hydrogen bonds are illustrated by dashed lines; (a) N, 

(0). 

Fig. 2 The threefold two-dimensional chicken-wire networks of 1. The 
independent networks are shaded for clarity. Note that void space remains 
even after catenation of the networks. 
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observed. However, interpenetrated 'supramolecular carpets' 
based upon twofold interweaving of square grids have been 
encountered and twofold layered coordination polymers have 
also been observed. 13 

The significance of C-H-..O hydrogen bonds in supramol- 
ecular synthon X has been analysed using the Cambridge 
Structural DatabaseI4 (version 5.1 1) and has been exploited 
very recently in a similar context.15 A total of 60 compounds 
containing pyridine with at least one ortho-H atom and a 
carboxylic acid moiety (N--O < 3.0 A) were considered. Of 
these, 29 comEounds were found to exhibit C-H-0 interactions 
(C..-O < 3.7 A, C-H...O 10+180") with mean C...O distances 
and C-H-eO angles of 3.27 A and 125.4", respectively.16 The 
majority of the compounds that do not exhibit these interactions 
are engaged in other strong hydrogen bonds (O-H-.O, N- 
H--0) which compete with the C-H-.O hydrogen-bond 
formation or motif X. This observation suggests that C-H.-O 
interactions afford additional stability and rigidity to motif X 
and the generality of this interaction is further supported by the 
existence of a 3 : 1 cocrystal of TMA with pyridine.+ 

In conclusion, the large open networks (Fig. 1) of 1 are built 
by the strong yet flexible supramolecular synthon X and achieve 
close packing ingeniously in the absence of guest molecule(s) 
by adopting: (i) a chair conformation hexagonal architecture 
that facilitates two-dimensional interpenetration, (ii) staggered 
stacking of corrugated layers so as to eliminate continuous 
channels. Although 1 is the first crystal structure to be reported 
that simultaneously exploits the preceding two features in order 
to avoid vacuum in its crystal structure, it seems likely that there 
will be numerous simple analogues with supramolecular 
synthon X and related synthons. 
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Footnotes 
t Crystal data for 1: CZ4Hl8N3O6, monoclinic, space group P2,/c, 
a = 11.105(4), b = 10.132(4), c = 18.889(7) A, = 99.95(6), 
U = 2093.30(12) A 3 ,  Z = 4, D, = 1.41 Mg-m-3, h = 0.709 30 A, 
F(000) = 924. 2582 reflections out of 3671 unique reflections with Inet 
> 30(I) measured at 290 K for a crystal of dimensions 0.6 x 0.2 x 0.4 mm 
on an Enraf-Nonius CAD4 diffractometer using the o scan mode (4 < 20 
< 50") afforded on convergence final R-factors of Rf = 0.057 and 
R, = 0.055. The H atoms of the OH groups were found via difference 
Fourier map inspection. Other H atoms were placed in calculated positions 
(C-H = 1 .OO A). All non-hydrogen atoms were anisotropically refined. The 

crystallographic calculations were carried out using the NRCVAX program 
package. Atomic coordinates, bond lengths and angles, and thermal 
parameters have been deposited at the Cambridge Crystallographic Data 
Centre (CCDC). See Information for Authors, Issue No. 1. Any request to 
the CCDC for this material should quote the full literature citation and the 
reference number 182/240. 
5 The crystal structure of the cocrystal TMA.3py has been determined in 
space group C2/c, a = 24.587(4), b = 13.994(2), c = 13.610(2) A, p 
= 100.75", U = 4600.2(12) A 3 ,  Z = 8, W. S. Furey and M. J. Zaworotko, 
unpublished work. 

References 
1 G. R. Desiraju and C. V. K. Sharma, in Perspectives in Supramolecular 

Chemistry, The Crystal as a Supramolecular Entity, ed. G. R. Desiraju, 
Wiley, Chichester, 1996. 

2 M. C. Etter, Acc. Chem. Res., 1990, 23, 120; C. B. Aakeroy and 
K. R. Seddon, Chem. SOC. Rev., 1993,22, 397. 

3 F. H. Herbstein, Top. Curr. Chem., 1987, 140, 107; F. H. Herbstein, 
M. Kapon and G. M. Reisner, J .  Inclusion Phenom., 1987, 5 ,  211. 

4 S. V. Kolotuchin, E. E. Fenlon, S. R. Wilson, C. J. Loweth and 
S. C. Zimmerman, Angew. Chem., Int. Ed. Engl., 1995,34,2654. 

5 R. E. Melendez, C. V. K. Sharma, C. Bauer, R. D. Rogers and 
M. J. Zaworotko, Angew. Chem., Int. Ed. Engl., 1996, 35, 2213. 

6 0. M. Yaghi, G. Li and H. Li, Nature, 1995, 378, 703; 
S. 0. H. Gutschke, M. Molinier, A. K. Powell, R. E. P. Winpenny and 
P. T. Wood, Chem. Commun., 1996, 823. 

7 D. B. Amabilino and J. F. Stoddart, Chem. Rev., 1995,952725. 
8 C. M. Paleos and D. Tsiourvas, Angew. Chem., Int. Ed. Engl., 1995,34, 

9 J. J. Kane, R. Liao, J. W. Lauher and F. W. Fowler, J. Am. Chem. SOC., 
1696. 

1995,117, 12 003. 
10 G. R. Desiraju, Angew. Chem., Int. Ed. Engl., 1995, 34, 231 1. 
11 J. Bernstein, R. E. Davis, L. Shimoni and N. Chang, Angew. Chem., Int. 

Ed. Engl., 1995, 34, 1555. 
12 L. R. MacGillivray, S. Subramanian and M. J. Zaworotko, J .  Chem. 

SOC., Chem. Commun., 1994, 1325; G. B. Gardner, D. Venkataraman, 
J. S. Moore and S. Lee, Nature, 1995,374, 792. 

13 S. B. Copp, S. Subramanian and M. J. Zaworotko, Angew. Chem., Int. 
Ed. Engl., 1993,32,706; D. M. L. Goodgame, S. Menzer, A. M. Smith 
and D. J. Williams, Angew. Chem., Int. Ed. Engl., 1995,34,574. 

14 F. H. Allen, J. E. Davies, J. J. Galloy, 0. Johnson, 0. Kennard, 
C. F. Macrae and D. G. Watson, J .  Chem. ZnJ Comput. Sci., 1991, 31, 
187. 

15 V. R. Pedireddi, W. Jones, A. P. Chorlton and R. Docherty, Chem. 
Commun., 1996,997. 

16 R. Raylor and 0. Kennard, J .  Am. Chem. Soc., 1982,104,5063. 

Received, 9th July 1996; Corn. 61048431 

2656 Chem. Commun., 1996 


