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Dynamic Combinatorial Chemistry
in the identification of new host–guest interactions: proof of principle
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• molecular constituents

• real set

• collection of molecules

• covalent

• non-reversible

• neutral, uninformed

• systematic

• performed by synthesis in the absence of the target

• assayed by high throughput screening

• amplified by independent chemical synthesis

Conventional combinatorial approach to identification of host–guest interactions

Conventional combichem used to identify molecules of interest ranging from drugs to novel catalysts.

Combinatorial Library

• molecular or supramolecular constituents

• virtual set

• collection of components

• covalent or non-covalent

• reversible

• instructed

                ! internally (self-recognition)
                ! externally (species binding)

                                 ! adaptive               

• recognition-directed

• self-assembled

• assayed in situ

• amplified in situ

Dynamic combinatorial approach to identification of host–guest interactions

Dynamic combichem unifies synthesis, screening and amplification steps.

Dynamic or Virtual Combinatorial Library (DCL/VCL):

Unifying features of POP research:

• reversible associations

• selection of subunits

• selection of template

• analytical technique

• method for isolation

a set of real or potential compounds 
which equilibrate under reaction 
conditions



Dynamic combinatorial approach based on Le Châtelier's principle
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• initial concentrations of  library 
members based on 
thermodynamic distribution

• addition of template

• equilibrium driven toward
members which form favorable 
associations with template

Two kinds of templating

• Casting.  A relatively small molecule is formed 
to fit a large receptor template (e.g. enzyme.)

• Molding.  A large or even supramolecular 
assembly is formed to encapsulate a small 
molecule.

Reversible chemical reactions consitute basis of fluxionality
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Also: Diels-Alder, conjugate addition, metal coordination, electrostatic 
interaction, bond rotation, ring inversion, tautomerism Lehn, J.-M. Chem.--Eur. J. 1999, 5, 2455-2463





Elementary examples: Miller's DNA-binding Zn2+ salen complexes

Miller, B. L., et. al. Tet. Lett. 1997, 38, 8639-8642.
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When eluted over an affinity column of immobilized poly-d(AT) DNA in the 

presence of Zn2+, significantly decreased amounts of 4 were recovered.
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Zn42 complex exhibits Kd = 1.1 mM

binding affinity to poly-d(AT) DNA.

"Informed" 3-member DCL used shows bias for homodimers in presence of template

Still, W. C., et. al. J. Org. Chem. 1998, 63, 9045.

• A-SS-A linked to fluorophore and screened against library of 3375 N-acetyl tripeptides.

• Ac-(D)-Pro-(L)-Val-(D)-Val-PS was found to bind favorably to A-SS-A (binding constant ~104-105).

• A mixture of the two monomers are dimerized in the presence and absence of template.
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In the presence of cognate peptide, 
equilibrium shifts to favor homodimers.  
A-SS-A can be isolated in 97% purity 
by simple wash cycle.

Absence of tripeptide-PS:

Presence of trpeptide-PS:
        Solution phase
        Resin phase
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Raising the bar: template directed amplification of a carbonic anhydrase (CA) inhibitor
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kd = 1.1 nm

Hasenknopf, B.; Lehn, J.-M.; Boumediene, N.; Dupont-Gervais, A.; Van Dorsselaer, A.; 
Kneisel, B.; Fenske, D. J. Am. Chem. Soc. 1997, 119, 10956-10962.

• Purpose: to make a VCL of imines in the presence of CAII and look for amplification of known inhibitor motif

reversible linkage

Bond equilibration under physiological conditions

Switch off equilibration process after templating

Minimize uninformed thermodynamic bias

Characterize library

Challenge

Transimination, pH 6

NaBH3CN reduction of imines

Only aryl aldehydes; keep divergent functionality 
away from bond forming site 

HPLC/MS

Strategy

Components of Lehn's carbonic anhydrase-templated iminium VCL
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Low-tech/high-concept analysis of DCL
Dynamic deconvlution strategy based on enzyme inhibition

Bunyapaiboonsri, T.; Ramstrom, O.; Lohmann, S.; Lehn, J.-
M.; Peng, L.; Goeldner, M. ChemBioChem 2001, 2, 438-444.

Step 2: Construction of a suitable DCL
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Step 1: Selection of template/assay

• Acetylcholinesterase activity and inhibition can be easily monitored spectrophotometry

• All constituents are water soluble and showed negligible inhibition as free hydrazines or aldehydes

• Up to 66 possible different species from a small set (13) components

Low-tech/high-concept analysis of DCL
Dynamic deconvlution strategy based on enzyme inhibition

Bunyapaiboonsri, T.; Ramstrom, O.; Lohmann, S.; Lehn, J.-
M.; Peng, L.; Goeldner, M. ChemBioChem 2001, 2, 438-444.

• Each bar corresponds to omission of a 
given component.

• Hydrazine 4 and dialdehyde I seem to 
be most important in inhibition.
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• New receptor compares favorably 
to known inhibitors of acetylcholinase

• 2HCl





Summary

• Dynamic combinatorial libraries provide access to large numbers of 

real and virtual compounds with little synthetic effort

• DCC research is still in the proof of principle stage

• New reversible molecular associations are being explored

• New methods for the analysis of increasingly complex DCLs are 

being developed.

• The goal of DCC research is to rapidly define new host-guest 

interactions important in biomedical applications and catalyst discovery.


