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The tetra-aryl-allenes ( Id) and (2) are representatives of a new host design, acting via formation of crystal channels 
and selective guest inclusion. 

The rigid backbone and clear molecular shape of allenesl 
would appear to make them particularly suitable as clath- 
rates.*J Substitution of an allene by bulky non-flexible groups 
should prevent close packing in the crystal and hence lead to 
clathrate formation.4.5 On that account we have synthesized a 

series of tetra-aryl- [(l) and (2)] and bridged tetra-aryl-allenes 
[ (3)-(5)] and investigated their potential clathrate behaviour. 

Compound (Id) shows interesting inclusion properties upon 
crystallization from various solvents including alicyclic com- 
pounds (e.g. cyclopentane, methylcyclopentane, cyclohex- 
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ane, methylcyclohexane, cycloheptane), cycloalkenes (e .g .  
cyclohexene , cycloheptene) , aromatic compounds (e.g.  ben- 
zene, PhMe, 0-, m-, p-xylene, PhBut, PhBr, mesitylene), 
heterocycles (e.g. tetrahydrofuran, 1,3-dioxolane, 1,4-diox- 
ane, piperidine, morpholine), cyclic ketones (e.g.  cyclopen- 
tanone, 3-methylcyclopentanone, cyclohexanone) , and 
cyclohexaneamine; all the inclusion compounds are of 1 : 1 
stoicheiometry. Notwithstanding this broad clathrate capabil- 
ity, high inclusion selectivity is also demonstrated by this host. 
A few results from solvent competition experiments are 
summarized in Table 1. They reveal ( l a )  as a specific agent for 
the separation of constitutional isomers (entry I), of homo- 
logues (entries 2 and 3), and of compounds having different 
degrees of saturation (entry 4), as well as of chemically 
different species (entry 5), Inclusion of aliphatic compounds 
has not been observed; thus use of the host (Id) allows 
separation of aliphatic from alicyclic or aromatic compounds.4 

The allene (2) also behaves as a host molecule, but is less 
efficient since the only inclusion compound obtained is a 1 : 1 
clathrate with benzene. Remarkably, all the other allenes 
[(la-c and e ) ,  and (3)-(5)] gave solvent-free crystals under 
the same experimental conditions. 

Thus inclusion compound formation is strongly influenced 
by the bulk of the substituents; furthermore, linking two of the 
aryl groups [as in (3)-(5)] does not induce host properties. 

Table 1. Preference of guest binding of (Id) from two-component 
solvent mixtures. 

Recrystallization solvent Inclusion compound 
(equimolar mixture of stoicheiometric ratio 

Entry components 1/11) (host : I : 1I)a 
1 Cyclohexane/methylcyclopentane 1 : l : O  
2 Benzeneholuene 1 : 0 :  1 
3 1,3-Dioxolane/l,6dioxane 1:l:O 
4 Cyclohexanelbenzene 1 : l : O  
5 Benzenelpyridine 1 : l :O  

a Determined by n.m.r. integration. 

The strict 1 : 1 stoicheiometry along with the similarity of the 
guest molecules in size and shape (mean molecular length 
around 6 A,4 all cyclic), suggests a relatively invariant host 
lattice and raises questions about its structure. 

In view of this we have investigated the structures of three 
inclusion compounds by X-ray diffraction, those of (Id) with 
toluene, cyclohexene, and cyclohexane. t The structural prin- 
ciples are the same in the three inclusion compounds, showing 
a unique channel network of host molecules. The continuous 
channels are occupied by the three guest species. Figure 1, 
which illustrates the structure of (ld)*PhMe, is representative 
of the general construction. 

In the (ld)*PhMe clathrate, the channels have a nearly 
rectangular shape of van der Waals dimensions 4.0 X 6.5 A, 
giving a good fit to the thickness and width of the guest ring. 
The channel walls are not entirely uniform, but contain dents 
around the methyl groups of the slightly tilted toluene 
molecule. 

In the clathrates of (Id) with cyclohexene and cyclohexane 
the cross-sections of the channels around the included guests 
have similar van der Waals dimensions (4.2 X 6.5 A). 
However, in between the two neighbouring guests along the 
channels the opening narrows from 6.5 to about 3.4 A, thus 
forming a partial enclosure around each guest. This may 
explain why the inclusion compounds of cyclohexene and 
cyclohexane are more stable. 

t Crystul_datu: (ld).C7H8 (C43H54C,H8), M = 660.42, triclinic, space 
group P1, a = 12.614(1), b = 12.621(4), c = 14.317(2) A, cy = 
82.12(2), fl = 74.87(1), y = 72.29(1)", Z = 2, D, = 1.056 g cmz3; 
(ld)-C6H,o (C43H54.C6H10), M = 650.43, triclinic, space group P1, a 
= 12.395(6), b = 12.835(7), c = 15.372(3) A, a = 101.84(4), p = 

(C43H54C6H12), M = 652.54, triclinic, space group P1, a = 12.367(9), 
b = 12.719(3), c = 15.228(3) A, a = 101.85(2), p = 96.55(4), y = 
112.60(3)", 2 = 2, D, = 1.032 g cm-3. 

Intensity data were measured to 28,,, = 46" with a CAD4 
diffractometer, using Mo-K, (A = 0.7107 A) radiation. Structures 
were partially disordered, with a rotational disorder of the But groups 
and a translationakonformational disorder of the guest species. This 
disorder could not be defined sufficiently well during the crystallo- 
graphic least-squares refinement; geometric constraints were applied, 
however, to the disordered fragments to avoid unreliable distortions 
of the covalent parameters. The various refinements converged only 
at R = 0.12 (for 1996 reflections above the intensity threshold of 30 
out of 4797 unique data above zero), R = 0.13 (for 2013 out of 4726 
reflections), and R = 0.14 (for 1895 out of 4728 reflections) for (Id) 
with toluene, cyclohexene, and cyclohexane, respectively. 

The atomic co-ordinates, bond lengths and angles, and thermal 
parameters have been deposited at the Cambridge Crystallographic 
Data Centre. See Notice to Authors, Issue No. 1. 

95.95(4), y = 113.57(3)", 2 = 2, D, = 1.014 g ~ m - 3 ;  (ld)*C6H12 
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Figure 1. Stereoscopic representation of the (1d)ePhMe clathrate viewed down the channel axis. Host and guest atoms are specified by empty 
and cross-marked circles, respectively. 

The shortest C-C distances of the guests from the channel 
walls (3.8 A) show the absence of any specific host-guest 
interaction. The geometry of the host conforms to the 
expected values.6 

In view of the general properties of allenes,l and since 
channel inclusions are advantageous for solid-matrix reac- 
tions,3 the design for hosts outlined here has great potential. 
Other uses with appropriately substituted allenes, including 
chiral recognition,2 are readily envisaged. 
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