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Supramolecular Chemistry of [M(C0)3(p3-OH)]4 (M = Mn, Re): Spontaneous Strict 
Self-assembly of Distorted Super-diamondoid Networks that are Capable of 
enclathrating Acetonitrile 
Steven B. Copp, S. Subramanian and Michael J. Zaworotko* 
Department of Chemistry, Saint Mary‘s University, Halifax, Nova Scoria, Canada B3H 3C3 

Cocrystallization of [M(C0)3(p3-OH)]4 (M = Mn, Re) with the linear difunctional H-bond acceptor molecules 
1,4-diaminobenzene and 4,4’-bipyridyl affords, respectively, twofold and fourfold tetragonally distorted 
su pe r-d i a m o n d o i d networks that contain m icroc h a n n e I s w h ic h e ncla t h rate a ceto n it ri I e. 

Exploitation of network hydrogen bonding in order predic- 
tably to engineer ordered solids represents an area of 
considerable general and topical interest.1 In this context, the 
ability of appropriately tetrafunctionalized organic molecules 
with approximate 5 4  symmetry to form super-diamondoid 
networks has been a subject of recent interest.2 These 
networks are structurally analogous to diamond but the 
linkages are self-assembled hydrogen bonds rather than C-C 
bonds. In order to fill available space in the crystal lattice the 
two prototypal organic diamondoid compounds, adamantane- 
1,3,5,7-tetracarboxylic acid*a and 3,3-bis(carboxymethyl)glu- 
taric acid (‘methanetetraacetic acid’),2b undergo self-inclusion 
to exist as three- and five-fold independent networks, respec- 
tively. The potential significance to inclusion chemistry was 
noted immediately2a and has been realized by studies which 
demonstrate that such ‘tectons’3d can be modified to afford a 
lower level of interpenetration, thereby facilitating inclusion 
of guest molecules in the lattice.3 However, a considerable 
drawback concerns the very limited number of tetrafunction- 
alized molecules with the requisite symmetry and ability to 
self-assemble. We recently outlined4 an alternative approach 
that has the potential to be far more versatile and general than 
self-assembly: cocrystallization of a molecule which contains 
four hydrogen bond donor groups with two complementary 
difunctional hydrogen bond acceptor or ‘spacer’ molecules, 
i. e. strict self-assembly.5 The prototypal network, 
[Mn(C0)3(p3-OH)]4-2en (en = 1,2-diaminoethane), 1-2en, is 
undistorted and consists of three interpenetrating networks in 
which OH--.en-..HO hydrogen bonds serve the geometric 
function of C-C bonds. In this communication we demon- 

strate that the strict self-assembly approach to construction of 
super-diamondoid networks is indeed quite general and 
versatile and can facilitate distortion of the diamondoid 
network, zeolite-like channels, and ready inclusion of solvent 
molecules. 

Complex 1,6 which may be prepared in 100% yield in one 
step from M I I ~ ( C O ) ~ ~ ~ ~  and is a powerful and versatile 
hydrogen bond donor with T d  ~ymmet ry ,~  cocrystallizes from 
hot acetonitrile with two equivalents of 4,4’-bipyridyl (bpy) to 
afford l.2bpy.2MeCN 2.1- The Re analogue 38 cocrystallizes 
with 1,4-diaminobenzene, diam, to afford 3.2diam.4MeCN 
4.7 The tertiary structure of 2 consists of four tetragonally 

t Crystal Data for 2: M = 1018.4, tetragonal, P4/nnc, a = 13.984(4), 
c = 23.416(9) A, U = 4579.1(22) A3, 2 = 4, D, = 1.48 Mg m-3, 
p = 11.0 cm-l, crystal dimensions 0.20 x 0.20 x 0.40 mm. 665 
reflections with I > 3 4 0  converged at R = 0.040 and R, = 0.048. 
There are four independent super-diamondoid networks which 
consist of molecules of 1 around 4 positions (15.22 8, apart) and 
molecules of bpy which lie around twofold axes. 

Crystal Data for 4: M = 1529.5, tetragonal, P4&, a = 15.1361(22), 
c = 9.9037(21) A, U = 2269.0(6) A3, Z = 2, D, = 2.24 Mg m-3, 
p = 108.4 cm-1, crystal dimensions 0.20 x 0.40 x 0.80 mm. 1281 
reflections with I > 3 4 0  converged at R = 0.051 and R, = 0.059. 
There are two independent super-diamondoid networks which consist 
of molecules of 3 around 4 positions (11.79 8, apart) and molecules of 
diam which lie around inversion centres. 

Atomic coordinates, bond lengths and angles, and thermal 
parameters have been deposited at the Cambridge Crystallographic 
Data Centre. See Notice to Authors, Issue No. 1. 
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Fig. 1 Cross-section of the ab planes in (a)  2 and (b )  4. The solvent 
molecules lie in the microchannels that exist because the interweaved 
diamondoid networks cannot occupy all the space in the crystal. 
O....N-H bond separations are 2.744(9) and 2.608(18) A for 2 and 4, 
respectively. 

elongated super-diamondoid networks that are disposed 
around a fourfold crystallographic axis [Fig. l(a)]. The 
fourfold axis, which is parallel to the c axis, therefore 
represents a microchannel that stretches through the crystal. 
This microchannel contains two sites which are occupied by 
acetonitrile molecules that appear to be dynamically disor- 
dered.$ There are two acetonitrile molecules per molecule of 
1. Compound 4 crystallizes as a tetragonally contracted 
twofold diamondoid network, reflecting the different geome- 
tric characteristics of diam compared to bpy (smaller separa- 
tion of cubes and different orientation of bridging lone pairs). 
Nevertheless, the structure is similar to that of 2 in that a 

+ The 1H NMR spectrum of a solid sample of 2 displays two singlets at 
6 4.39 and 3.53, consistent with the two crystallographic environments 
observed for MeCN. 

microchannel containing acetonitrile molecules passes 
through the crystal parallel to the c axis [Fig. 1(6)]. Compound 
4 contains four molecules of acetonitrile per molecule of 3. 

In summary, the nature of super-diamondoid networks 
formed by strict self-assembly of 1 and 3 with difunctional 
hydrogen bond acceptor ‘spacer’ molecules is profoundly 
influenced by the ‘spacer’ molecule. We consider the salient 
feature of the results reported herein to be the observation 
that strict self-assembly works in a general sense and 
therefore, as it relies upon noncovalent bonding, supramo- 
lecular architectures can be modified without the need for 
covalent modification of the tecton. Furthermore, we have 
demonstrated that, suitable ‘spacer’ molecules can facilitate 
3-D super-diamondoid networks that have structural charac- 
teristics similar to zeolites9 even though their chemical nature 
is markedly different (in particular, the cavities formed are 
hydrophobic in nature). Generation of a wide range of 
super-diamondoid networks with low levels of interpenetra- 
tion appears to be an attainable and desirable goal, especially 
one-fold networks that could in principle have up to 50% of 
their volume as space for enclathration of guest molecules. 
Finally, the results described herein also have relevance in the 
context of properties of solids, given that KHzP04, a 
well-known ferroelectric and nonlinear optic active 
materia1,lO is a polar twofold super-diamondoid network. 
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