
Synthesis and Selection of a Library of Macrocycles Generated by DNA-Templated 
Organic Synthesis 

 
 Despite the efforts of pharmaceutical companies to streamline the identification of 
lead drug compounds through combinatorial processes, natural products continue to 
provide an extremely useful role in drug design.  In fact, during the period 1981–2002, 
natural products comprised 35–40% of approved drugs.1  Of these natural products, 
macrocycles present a useful, albeit, challenging scaffold for drug development.  
Macrocycles have medium to large ring systems (i.e. greater than 8 atoms) and usually a 
rigid conformation.1,2  The benefit of these large cyclic backbones is a reduction of 
entropic loss relative to enthalpic gain upon binding to the target.   
 Efforts to synthesize libraries of these macrocycle compounds have led to the 
development of sophisticated combinatorial approaches using solid-phase supports.3 
However, extensive investigation is often required to provide general reaction conditions 
for all substrates.4  The large number of products typically produced in combinatorial 
synthesis also requires the use of encoding strategies to identify, or tag, the reaction 
sequence leading to the candidate product.5  These encoding strategies, however, can 
influence reaction conditions and minor products can be signaled out by other members 
of the library.4  As a result of these limitations, there exists a need to develop a 
combinatorial approach that can support reactions to structurally complex compounds, be 
directly assayed, and provide a means to amplify the signal of products.  DNA-templated 
organic synthesis (DTS) can provide the answer to these challenges of library 
compilation, providing scientists a technique for direct translation, selection, 
amplification, and diversification of structurally complex compounds, such as 
macrocycles. 
 DNA-templated synthesis is a process in which two complementary DNA 
sequences carry reactants that chemically couple to one another when the sequences 
hybridize.  DTS has been found to support a wide variety of reactions, including amide 
bond formation, additions to α,β-unsaturated systems, and Wittig olefinations.6,7  
Reactions between complementary templates have substantially higher reaction rates than 
those bearing mismatches while distances between reactants have relatively little effect 
on reaction rate.6  This precedence allows for the synthesis, or translation, of a number of 
synthetic compounds at the same time in a one-pot procedure.6    DTS, therefore, provides 
a means to encode reactants in a library and a support to direct synthesis.  Since these 
reactions occur in an aqueous environment, products are able to be directly assayed for a 
target protein without further manipulations.8 
 DTS provides a powerful technique to synthesize complex ligands.  Encoding 
tandem regions of an oligonucleotide presents an efficient opportunity to carryout 
multistep synthesizes.9  This technique extends upon established solid-phase chemistries 
by providing a unique method of purification based on the affinities of proteins for 
certain molecular moieties.  The final proof-of-principle for the use of DTS was the 
multistep synthesis of a 65-member macrocyclic library from which one macrocycle was 
selected by a target protein over the other 64 macrocycles.10 

 These findings collectively identify DNA-templated organic synthesis as a 
powerful technique for generation of macrocycles libraries.  The development of DTS 
has led to the establishment of the company Ensemble Discovery, which utilized this 
technology to discover drug candidates for TNF receptor and BCL-XL.  



 
References: 
 
1: 
Newman, D. J.; Cragg, G. M.; Snader, K. M. Natural products as sources of new drugs 
over the period 1981–2002. J. Nat. Prod. 2003, 66, 1022–1037. 
 
2: 
Wessjohann, L. A.; Ruijter, E. Strategies for total and diversity-oriented synthesis of 
natural product(-like) macrocycles. Top. Curr. Chem. 2005, 243, 137–184. 
 
3: 
Nicolaou, K.C.; Vourloumis, T. L.; Pastor, J.; Winssinger, Y. H.; Ninkovic, S.; Sarabia, 
H. V.; Roschangar, F.; King N. P.; Finlay, M. R.; Giannakakou, P.; Verdier-Pinard, P.; 
Hamel, E. Designed epothilones: combinatorial synthesis, tubulin assembly properties, 
and cytotoxic action against Taxol-resistant tumor cells. Angew. Chem. Int. Ed. Engl. 
1997, 36, 2097–2103. 
 
4: 
Geysen, H. M.; Schoenen, F.; Wagner, D.; Wagner, R. Combinatorial compound libraries 
for drug disovery: an ongoing challenge. Nature Reviews 2003, 2, 222–230. 
 
5: 
Czarnik, A. Encoding methods for combinatorial chemistry. Curr. Op. Chem. Bio. 1997, 
1, 60–66. 
 
6: 
Gartner, Z. J.; Liu, D. R. The generality of DNA-templated synthesis as a basis for 
evolving non-natural small molecules. J. Am. Chem. Soc. 2001, 123, 6961–6963. 
 
7:  
Gartner, Z. J.; Kanan, M. W.; Liu, D. R. Expanding the reaction scope of DNA-templated 
synthesis. Angew. Chem. Int. 2002, 41, 1796–1800. 
 
8: 
Doyon, J. B.; Snyder, T. M.; Liu, D. R. Highly sensitive in vitro selections for DNA-
linked synthetic small molecules with protein binding affinity and specificity. J. Am. 
Chem. Soc. 2003, 125, 12372–12373. 
 
9: 
Gartner, Z.J.; Kanan, M. W.; Liu, D. R. Multistep small-molecule synthesis programmed 
by DNA templates. J. Am. Chem. Soc. 2002, 124, 10304–10306. 
 
10: 
Gartner, Z. J.; Tse, B. N.; Grubina, R.; Doyon, J. B.; Snyder, T. M.; Liu, D. R. DNA-
templated organic synthesis and selection of a library of macrocycles. Science 2004, 305, 
1601–1605. 


