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Chiral supermolecules may be obtained from suitable achiral molecular constituents associated through a 
dissymmetrizing interaction mode. This is the case for the supermolecules I-IV formed by hydrogen-bonding 
association between the achiral complementary components la ,  b and Za,b,c. The crystal structures of the 
supermolecular pairs 1-111 and of the homochiral aggregate of two ternary supermolecules IV have been deter- 
mined. The structural data are discussed. 

1. Introduction. - The three-dimensional arrangement of atoms in molecules charac- 
terizes molecular stereochemistry. Similarly, the spatial arrangement of molecules held 
together be weak interactions to create a supermolecule is the realm of supermolecular 
stereochemistry [la]. Like a molecule, a supermolecule may exist in enantiomeric or 
diastereoisomeric forms. Supramolecular chirality results both from the properties of the 
components and from the way in which they associate. Thus, a supermolecule may be 
chiral when i) at least one component is asymmetric, or ii) an interaction between achiral 
components is dissymmetrizing, yielding a chiral association. 

The first case is self-evident. The second case, which involves the generation of 
chirality from achiral components, has not only intriguing implications with respect to 
the emergence of optical activity on earth [2], but is also central to the understanding of 
how molecular interactions may lead to the generation of supramolecular entities pos- 
sessing novel features that are not present in their components. 

Chiral symmetry breaking in achiral organic compounds is known to occur in crystals 
[2-41, in Langmuir films [5], and in an aggregate in solution [6]. It is of much interest 
to extend such events to multicomponent systems and to devise general approaches to 
the generation of chiral species from achiral components. 

The present work is part of a broader investigation on the directed formation of 
chiral supramolecular species from achiral molecular constituents. Specifically, it con- 
cerns the stereochemical features of the supermolecules I-IV formed by H-bonding 
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of complementary partners (pleromers [lb]), the glutarimides la,  b, and the amino- 
adenine 2a or diaminopyrimidine 2b, c derivatives (Fig. I ) .  

a b a a 

I II 111 IV 
Fig 1 H-Bondedpain I, 11. 111, and tapped H-bonded ternary species IV formedfrom the complementary compo- 

nents la, b, and 2a, b,c 

2. Results and Discussion. - Compounds l a ,  b, and 2a, b, c were synthesized by unex- 
ceptional procedures and presented spectral and analytical properties in agreement with 
their structure. The achiral pleromers 1 and 2 have been selected so that their in-plane 
association through three H-bonds (see, e.g., [7]) is dissymmetrizing and may be expected 
to generate a chiral supermolecule. Thus, the glutarimide component has a plane of 
symmetry perpendicular to its ADA (H-bond acceptor-donor-acceptor) recognition se- 
quence, whereas the DAD (donor-acceptor-donor) centers of the other complementary 
components lie in the molecular plane of symmetry. As a consequence, in the triply 
H-bonded pairs I-IV, the symmetry planes of the cotnponents are perpendicular, mak- 
ing the association chiral and generating two enantiomeric supermolecules (Fig. 2) .  
The formation of supramolecular diastereoisomers may also be considered along similar 
lines [l] . 

Chirality creation from achiral components requires i) the ability to form a chiral 
association, ii) a reversible interconversion between the enantiomers, and iii) a preference 
for homochiral assembling. All three features are of supramolecular nature and may, in 
principle, be present in supermolecules such as I-IV. The formation of a chiral phase 
from I-IV requires, that, in the condensed state, two- or three-dimensional packing 
favor homochiral over heterochiral species. 
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Fig. 2. Generation of two enantiomeric supermoiecules I through H-bonding of the fwo achiral complementary 
components l a  and 2a 

To this end, the crystal structures of the three different pairs 1-111 and of the capped 
three-component entity IV (Fig. I )  have been determined. 

2.1. Solid-state Structure of Pair I. Single crystals of the pair I were grown by slow 
diffusion of hexane into a CH,Cl, solution of the two components l a  and 2a. 

'The crystal structure can be described as consisting of pairs I of triply H-bonded 
pleromers l a  and 2a, interconnected through the amino-adenines via two sets (of Hoog- 
steen and a-aminopyridine-dimer type) of two H-bonds, forming long supramolecular 
amino-adenine ribbons (Fig. 3).  The orientation and the chirality of the pairs alternate 
along the ribbon, thus making the ribbon heterochiral. Furthermore, the parallel ribbons 
interdigitate generating crinkled layers, which stack on top of each other through the 
ribbons running in the same direction. A ribbon in a layer is offset with respect to the 
ribbons in the layers above and below (Fig. 4) .  

2.2. Solid-state Structure of Pair 11. Single crystals of the pair I1 were grown by slow 
diffusion of cyclohexane into a dioxane solution of the two components l b  and 2a. 
Replacing Me0 by Br in the glutarimide does not change the crystal structure of the pair. 
11 is iso-structural in the solid state to I showing the same type of heterochiral amino- 
adenine ribbons (Fig. 5 )  and the interdigitation of the ribbons in two dimensional 
crinkled layers. No Br,Br interaction is apparent. 

2.3. Solid-state Structure of Pair 111. Single crystals of I11 were grown by slow 
diffusion of Et,O into a CH,CI, solution of the two components l a  and 2b. The last three 
C-atoms of the aliphatic chain of the pyrimidine unit 2a show disorder and are difficult 
to localize. 
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Fig. 3 .  Crystal structure of the heterochiral ribbon formed by the supermolecular pair 1. H-Bonding distances [A]: 
I(N,N) = 2.88; 2(N,O) = 2.98; 3(N,N) = 2.98; 4(N,O) = 3.15; 5(N,N) = 2.93. 

The crystal structure can be described as constituted by pairs of enantiomeric 
species I11 interconnected via H-bonds between the pyrimidine groups. These heterochi- 
ral units further associate into a long ribbon (Fig. 6). Just as in the case for crystal 
structures I and 11, the ribbons interdigitate in parallel forming pleated layers that stack 
on top of each other (Fig. 7 ) .  

2.4. Solid-state Structure of the Capped Ternary Species IV. Single crystals of the 
ternary species IV were grown by slow diffusion of hexane into a dioxane solution of the 
two components l a  and 2c. 

The structure of IV differs from those of 1-111 in several ways. Even though crystal- 
lization was carried out in a solution containing a 1 : 1 mixture of DAD (2,4-diaminopy- 
rimidine) and ADA (glutarimide) components as in the previous cases, the crystal con- 
tains a 1 :2 ratio of these units. The structure does not present H-bonded ribbons, but 
instead the molecules associate into a discrete aggregate of six components: two pyrim- 
idines 2c and four glutarimides l a  (Fig. 8). An important point is that this entity is chiral, 
being composed of two ternary supermolecules IV of same chirality. 

The crystal structure can be described as formed by squares of four homochiral 
aggregates with neighboring squares sharing corners (Fig. 9).  The squares extend in two 
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Ribbon 
/ Ribbon 

Fig. 4. Top: Interdigitation of ribbons formed by supermolecule 1. Bottom: Side view along the axis of the ribbons 
showing the packing of the crinkled layers 
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Fig.  5 .  Crjsral structure oj the heterochiral ribboiz formed by the supermolecular pair 11. H-Bonding distances [A]: 
l(N,N) = 3.08; 2(N,O) = 2.90; 3(N,N) = 3.01; 4(N,O) = 2.98; 5(N,N) = 2.97. 

dimensions forming a homochiral sheet. Two homochiral sheets of opposite chirality 
interdigitate to form a heterochiral bilayer (Fig. 10). The bilayer motif repeats itself 
throughout the crystal (for recent reviews, see [8]). 

It is interesting to note that the four glutarimides that form the corners of the squares 
(Fig. 8) protrude out of the plane and arrange themselves in a circular fashion defining 
a hole of 5.76 A diameter. These cavities are not blocked by the interdigitation, and the 
registry between different bilayers produces a hollow tube. Seen through the c-direction 
the crystal appears as a honeycomb with cylindrical voids running through it (Fig. 1 1). 
These tubes are filled with disordered solvent molecules. 

2.5. H-Bonding Features. The H-bonding distances found in the present crystal struc- 
tures of I-IV (N,N = 2.88 to 3.36 A; N,O = 2.84 to 3.30 A; see captions to Figs. 3, 5, 
6,  and 8) fall within the ranges reported for this type of interaction [9]. As has been 
pointed out [lo], a packing scheme is selected which optimizes H-bonding, all strong 
donor and acceptor sites being H-bonded. The arrangement of the supermolecular 
components I-IV in the crystal lattice is maintained by secondary H-bonding interac- 
tions between these species. 

3. Conclusion. - The present results present general features of supramolecular chiral- 
ity. They illustrate the view concerning the formation of chiral supermolecules from 
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Fig. 6. Crystal structure of the heterochiral see-saw ribbon formed by the supermolecular pair 111. A heterochiral 
unit containing two enantiomeric species I11 is shown encased. H-Bonding distances [A]: l(N,N) = 3.36; 

2(N,O) = 2.98; 3(N,N) = 3.15; 4(N,O) = 3.30; 5(N,O) =z 3.16. 

achiral components through dissymmetrizing interaction arrangements. The crystals 
themselves formed by the species I-IV are not chiral, being rather a racemic mixture of 
these supermolecules, as a result of preferential packing in the solid state. However, this 
approach to the generation of chiral supramolecular entities may, in addition to its 
significance with respect to the general features of supramolecular chirality, also have 
impact on the chemistry of molecular assemblies and on solid-state technology (e.g., 
non-centrosymmetric crystals). 

We thank the Consejo Nacional de Ciencia y Tecnologia de Mexico (M.S . ) ,  the French Embassy in Mexico 
(M.S. ) ,  and the Natural Sciences and Engineering Research Council of Canada (N.B.) for postdoctoral fellowships. 
We thank Dr. U .  Hoffmann for providing a sample of compound 2c. 

Experimental Part 

Preparations of Compounds la, lb, and 2a,2b, and 2c. 3-(4-MethoxyphenyfJgfutarimide (la) and 3-(4-bro- 
mophenyllgluturimide (lb) were prepared as described in [ll]. 9-Hexyl-9H-purine-2,6-diami1ze (2a; m.p. 188- 190") 
was obtained by the same procedure as reported for 9-(3-phenylpropyl)-9H-purine-2,6-diamine [I 21. 6-(Hep- 
tyloxy)pyrimidine-2,4-diumine (2b; m.p. 194- 196") was prepared by the same procedure as described for the 
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Ribbon 

Fig. I. Top: Interdigitation of the see-saw ribbans,formed by supermolecule 111. Botton: Side view parallel to the axis 
of'lhe ribbons shovving the packing into pleated layers 
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Fig. 8. Top: Homochiral aggregate of two ternary supermolecules IV. H-Bonding distances [A]: l(N,O) = 2.85; 
2(N,O) = 3.13; 3(N,N) = 2.99; 4(N,O) = 2.91; 5(N,O, = 2.91; 6(N,N) = 3.11. Bottom: Side view in space-filling 
representation: the glutarimides that cap the triply H-bondedsupermolecules (la, 2c) H-bond to the pyrimidines with 

an ungte of20.4", giving the uggregate a bowl shape 

corresponding 6-butoxy analog [I 31. 5-/(tert-Butyl)dimethy~silyloxy/pyrimidine-2,4-dia~ine (2c; m.p. 174- 176") 
was obtained from (2,4-diaminopyrimidine-5-yl)methanol [14] by silylation [15]. 

The spectral ('H-NMR, MS) data for 2a,2b, and 2c agreed with the structure, which is confirmed by the 
crystallographic data. 

Crystallographic Data Collection and Structure Determination for  the Supramolecular Species I, 11,111, and IV. 
Single crystals of I-IV were obtained as described above. Crystal data are given in the Table. For all compounds, 
three standard reflections measured every hour during the data collection period showed no significant trend. For 
I and 111, the raw step-scan data were converted to intensities using the Lehmann-Lawn method and corrected 
for absorption using DIFABS. For I1 and IV, absorption corrections from psi scans of 4 reflections were applied. 
The structures were solved using direct methods and refined by full-matrix least-squares against F. H-Atoms were 
introduced as fixed contributors (C-H = 0.95 A, B(H) = 1.3+Beqv(V) A'). For 111, the two terminal C-atoms of 
the alkyl chain are disordered over two positions. For IV, one C-atom of the solvate lies on a fourfold axis, the 
other C- and the 0-atom are disordered around this axis. For all computations, the Nonius MolEN package was 
used [16]. 

Supplementary Material. ORTEP Plots with the numbering schemes used for I-IV. Tables of atomic posi- 
tions, thermal parameters, bond distances and angles, and structure factors are available. CIF Files have been 
deposited at the Cambridge Crystallographic Data Centre. 
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b 

a 

11 

Fig. 9. A view ofthe crystal structure of IV through the a-b plane showing the square arrangement formed by 
homochiral supermolecular aggregates. The top one has been highlighted for clarity. 

four 
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R R R R ,’ 

I I I I 

S S S s :  

Fig. 10. Representations of the crystal structure q f I V .  Top: Top view (through the a-b plane) of u hilayer arrange- 
nient. Only the corners of the squares are shown for clarity; the solid lines unite the corners of the square closer 
to  the observer while the dotted lines show the square further away. Center: Schematic side view (through the 
a-c plane) of the heterochiral hifuyer. R and S represent supermolecular aggregates of opposite chirality. Bottom; 

Side view (through the a-c plane) showing two bilayers 
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a Jb ,_,_.I. 

1 3  

Fig. 1 1. Crystaf structure of IV viewed through the c-direction traversing two biiayers (space-filling representation) 
showing the tubular voids presenr in the lattice 
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