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Recent revolutionary innovations in solid phase synthesis have 
provided access to libraries consisting of large numbers of 
structurally diverse organic compounds.1 Peptide libraries,2 

derived from either chemical synthesis or molecular biological 
approaches, were the first to produce molecular diversity. The 
inherent limitations of using amino acids as building blocks in 
these libraries, however, have clearly restricted the scope of their 
applications as pharmacophores. The challenge to develop new 
synthetic strategies that will lead to molecularly diverse and 
drug-like small molecule libraries has emerged from these 
pioneering efforts.1 Herein, we report a novel synthetic protocol 
which not only allows for the rapid and efficient generation of 
macrocyclic molecules 1 on solid support using modified Heck 
reaction conditions4 but also has wide applicability to non-
pcptide combinatorial library synthesis. 

J<J> V 
A representative synthesis of 1 is outlined in Scheme 1. 

Treatment of Tenta Gel PHB resin3 with carbonyldiimidazole 
furnished the corresponding imidazolide resin.1' which was 
allowed to react with 1.3-diaminopropane to generate the amino-
functionalized resin with an acid-labile carbamate linker. 
Orthogonally protected Fmoc-Lys(Dde)-OH was chosen as the 
first multifunctional building block. Utilizing well-developed 
Fmoc protecting group chemistry, this subunit provided ready 
access to differentially substituted Ri and R: moieties. PaI-
ladium(0)-mediated macrocyclization employing catalytic Pd-
(OAc)2 with Ph1P and Bu4NCl in a DMF/water/Et.N solvent 
system proceeded smoothly at room temperature to provide 2 
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in 78% yield.7 Notable features of this process are the 
remarkable reaction efficiency and mild reaction conditions. 
These qualities are evidenced by the exceptionally high purity 
and overall conversion of compound 2 obtained upon cleavage 
of the macrocytic from the resin (Figure 1). For example, only 
two peaks, which eluted at 4,4 and 5.4 min, were observed 
during HPLC-MS analysis of the crude reaction material with 
each displaying similar UV and identical MS properties. The 
two components, namely, the predominant trans- and minor cis-
isomers. were unequivocally defined by 1H NMR analysis of 
isolated 2. To the best of our knowledge, this is the first 
demonstration of a Pd(0)-mediated carbon—carbon bond mac­
rocyclization on a solid support. 

It is well-known that entropic factors are key in determining 
the overall yield of intramolecular cyclization processes. In 
solution, infinite dilution is the practical strategy to obtain 
reasonable reaction efficiency of the monomeric product. On 
solid support, the "pseudodilution" effect is attributed to some 
successful examples of macrocyclization by disulfide bond 
formation." However, there is no general consensus regarding 
the optimum reaction conditions for solid phase macrocycliza-
tions. These issues were addressed11 in this system not only by 
using GIy. /J-AIa. and e-aminocaproic acid at the Ri position 
to alter ring size but also by excluding proline at the R2 position 
to eliminate a conformational restriction element. Surprisingly. 
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Scheme 2. Combinatorial Synthesis of Macrocyclized 
Libraries 
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these variations led to no observable difference in reaction 
yields. For example, all 15 compounds depicted in 1 were 
obtained in comparable yield and in high purity.10 These 
observations support that the Pd(0)-mediated intramolecular 
macrocyclization reactions on solid support described in this 
report uniquely provide access to structurally diverse molecules 
generated from a wide variety of substrates. 

The remarkable versatility of this Pd(0)-mediated cyclization 
protocol encouraged us to incorporate combinatorial steps into 
our synthesis. The array of diversity elements we can readily 
introduce into our synthesis, as well as the structural features 
of macrocyclic molecules, clearly provides an entry into a new 
source of structural variants suitable for random drug screening. 
For example, Scheme 2 illustrates the combinatorial protocol 
to generate 1 in three libraries. The Fmoc-L-Lys(Dde) resin 
was split into three pools for incorporation of the Ri element, 
giving resin pools A, B, and C. Each of these pools was further 
partitioned into five portions for coupling at the R2 position. 
The resulting five resins from pool A, i.e., A1-5, were combined 
to give pool A', and subsequent steps provided library A 
consisting of equimolar amounts of five R2 substituents. 
Libraries B and C were similarly produced using resin pools B 
and C. With this protocol, diversity was established at the R2 
position. Despite the structural intricacy of the library mixture, 
we were able to unambiguously confirm each component prior 
to and after cyclization. Representative HPLC chromatograms, 
together with the mass spectral data, are shown in Figure 2. 
Once again, we found that all generalities described in the 
previous section held for the combinatorial synthesis. In all 
three libraries, the cyclized compounds were obtained as 
mixtures of predominant trans- plus minor cw-isomers and 
exhibited the identical high purity and efficiency of the Pd(O)-
mediated macrocyclization conducted on a single substrate.10 
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Figure 2. Mass spectra and HPLC chromatograms of linear and 
cyclized libraries. 

In summary, we have developed a unique and versatile 
reaction system which allows the synthesis of macrocyclized 
targets containing 20—24 members effectively on solid support 
using a modified Heck reaction protocol. The mild reaction 
conditions and high yields allowed the direct application of this 
protocol to the efficient construction of a non-peptide combi­
natorial library. 
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