
Self-Assembly
The spontaneous and reversible association of molecular species to form larger, 

more complex supramolecular entities according to the intrinsic information contained

in the components.



 



Metal as connector :

- labile M-L interaction (kinetic)

- stable compound (thermodynamic)

- highly directional with many geometries available



Metal as functional group : 

- redox active (electron transfer)

- UV-vis active (color)

- photo active (phosphorescence)

- magnetic properties





mer- fac-

cis
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Classical metals used:

Pd(II), Pt(II), Cu(I), Cu(II),

Re(I), Co(II), Fe(II), Ag(I),

Zn(II), Ru(II)…



Directonal Bonding Approach

M = bb acido, L = bb basico, definiti secondo il numero e

 geometria relativa dei siti acidi e basici





Banana-shaped ligands



 

2D discrete species
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The efficient intercalation of planar guest molecules within the cage was applied to the

control of the equilibration between planer and nonplanar molecules. Keto and enol

tautomers of β-diketone 9, which exist in a 15:85 ratio in CD3CN, can never be separated

because of rapid tautomerization.



Stabilization of reactive intermediates: cyclic alcoxy-silanes

Ship in a Bottle

The roughly spherical cage cavity directs the

selective formation of the cyclic trimer and

prohibits further polycondensation despite the

presence of labile Si-OH functional groups. 

The stereochemistry of the condensation

reaction is highly controlled within the cage

giving only all-cis isomers.

The trimers prepared in situ can no longer

escape from the cage because their

dimension becomes larger than the portal

size.



In an aqueous solution at 80 °C, the 1·4 complex

remained intact for one week. Furthermore, the complex

was tolerant under acidic conditions (pH <1).

Stabilization of reactive intermediates: oligomerization of trialcoxy-silanes



Science 2006;312:251-254



Fig. 1. Self-assembled coordination cages (1 and 2), which are prepared by simple mixing of an 

exo-tridentate organic ligand and an end-capped Pd(II) ion in a 4:6 ratio in water.



Fig. 2. (A) Pair-selective encapsulation of two types of reactants, 9-hydroxymethylanthrancene 

(3a) andN-cyclohexylphthalimide (4a), within cage 1 and the subsequent Diels-Alder reaction 

leading to syn isomer of 1,4-adduct 5 within the cavity of 1. 





Fig. 4. Catalytic Diels-Alder reaction of 9-hydroxymethylanthracene (3a) and N-

phenylphthalimide (4c) in the aqueous solution of bowl 2, leading to 9,10-adduct 6.



Fig. 5. The 1H NMR spectra (500 MHz, room temperature) of the catalytic Diels-Alder reaction of 

9-hydroxymethylanthrancene (3a) and N-phenylphthalimide (4c) in an aqueous solution of bowl 

2. 





Metal- mediated Approach: 

Mn+ as naked ions



In the symmetry interaction approach, Raymond and co-workers defined the symmetry of the cage

in terms of the geometric relationship between the metal and ligand, as represented by the

coordinate vector (from the interaction between the metal and ligand) and chelate plane (defined by

the plane in which the coordinate vectors of the chelating ligands lie). For a M4L6 tetrahedron, the

three coordinate vectors of each metal complex form a chelate plane containing a C3 axis and an

angle of 70.6° is required between the coordinate vectors within each ligand to bridge the metal

centres.



M4L6, (Ga3+, Fe3+; biscatechol-amides) 12−, , , 300-350 Å

Stabilization of organic cations

M M





ESI-MS data





Resolution of the racemate using (−)-N′-methylnicotinium iodide:

enantiopure ΛΛΛΛ-(S-nic ⊂ cage) and ΔΔΔΔ-(S-nic ⊂ cage)

stereoisomers, after sequential ion exchange chromatography.

Achieving enantiopure M4L6 assembly without resolution using

an amide-containing chiral directing group at the vertex of

ligand - (R)-5 OR (S)-5.

6-K12Ga4(R)-56 and 6-K12Ga4(R)-56 by CD spectroscopy: 

similar to those of ΔΔΔΔ-cage and ΛΛΛΛ-cage from racemate 

resolution.







Inclusion of neutral substrate – 

protonation by water – two hydrolitic steps 

within the cavity (2 equiv of alchol 

released) – protonated formiate released 

and deprotonated in solution by the base 

– concomitant release of free cage.







4,4’-diaminobiphenyl/2’-carboxyaldheyde

6,6’-diformyl-3,3’-bipyridinel/aniline





LiB(C6F5)4 to promote anion metathesis from SO4
2− to B(C6F5)

4−

(nBu4N)2SO4 to regenerate the solfate cage

Tris-pentafluoroborane



Fig. 1 Synthesis of tetrahedral cage 1 and subsequent incorporation of P4.





Fig. 2 Crystal structure of P4⊂1. 



Fig. 3 Extraction of P4 from 1 by n-heptane is not possible, whereas replacing P4 with another 

suitable guest (benzene or cyclohexane) results in the facile removal of P4 into the organic 

solvent. 



https://www.nitschkegroup-cambridge.com/research-areas





Choice of metal ion - coordination geometry + kinetic lability:

Octahedral - GaIII, AlIII, TiIV, FeII, CoII, ZnII, CdII, NiII;

Square planar - PdII and PtII

Lanthanide ions kinetically labile BUT variable coordination number and geometry

Kinetically inert metal ions (e.g. RuII and IrIII): kinetic control unless trans effect.

The self-assembly process - interplay between enthalpy and entropy:

multiple equilibria/variety of factors - metal coordination geometry/kinetic lability/ligand

geometry/metal-to-ligand stoichiometry/concentration/solvent/presence of guests.

Therefore, it can be difficult to predict the outcome since there is a delicate balance.

The principle of maximum site occupancy:

species where all the metal coordination sites are occupied with ligands are more stable than

those with vacant coordination sites since this maximises the number of metal–ligand bonds

and therefore, the enthalpy.

On the other hand, a system containing a larger number of smaller cages with fewer building

blocks is favored on entropic grounds over one containing a smaller number of larger cages.

Multiple architectures can be self-assembled from the same building blocks:

(a) a single cage when it is the thermodynamically most stable structure;

(b) a mixture of cages as the thermodynamic products with the distribution reflecting the

relative energies of the cages;

(c) a dynamic combinatorial library with a large number of interconverting species in

equilibrium.



  





Design of lower symmetry cages

• symmetry breaking of the ligand upon metal coordination

• self-assembly of heteroleptic cages containing multiple ligands

• use of non-symmetric ligands to form homoleptic but lower symmetry cages

• use of multiple metals to form heterometallic cages.

Self-Sorting

narcissistic self-sorting  - homoleptic cages with one ligand type in each cage

statistical mixture - both ligands are incorporated into the cages according to their statistical distribution; 

integrative self-sorting - a nonstatistical distribution of heteroleptic cages results.

The key challenges to the design of heteroleptic cages via integrative self-assembly are, therefore,

stabilisation of the heteroleptic cage/s relative to the homoleptic cages and biasing the system away from the

statistical mixture.
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