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Introduction

In pursuit of identifying small molecule ligands for
studying biological function as well as potential candidates
as a lead compound,1 we have explored efficient methodolo-
gies for the combinatorial synthesis of natural-product-like
molecules on solid support.2 One of the scaffolds of
remarkable importance is the dimeric molecule3 because of
its unique function of either activating cellular processes4

or increasing the binding affinity of ligands to their binding
sites by providing an extra binding domain.5

Recently, Schreiber6 described an approach for exploiting
site-site interaction on solid support7 to generate dimeric
molecules. Herein, we would like to describe our recent
efforts to explore a general synthetic approach for construct-
ing benzo[b]furan-based dimeric molecules by employing
the Sonogashira reaction (fromI andII to III , Scheme 1),2e

palladium-mediated carbonylative annulation (III to IV ,
Scheme 1),2a,f and olefin cross-metathesis (IV to V, Scheme
1)8 as the key steps on high-capacity (1-2 mmol), lightly
cross-linked (1% DVB), and silyl-linker-based polystyrene
macrobeads.9

From the standpoint of biological effects, we considered
that it is important for the molecular libraries to possess the
natural-product-like structural features. We preferred benzo-
[b]furan as our scaffold because of its frequent occurrence
in nature and its wide range of biological activity.10

As is shown in the retrosynthetic analysis in Scheme 1,
dimeric moleculeV could be derived from two identical
modular building blocksIV via ruthenium-catalyzed site-

site olefin metathesis. This modular construction approach,
which takes advantage of commercially available aryl iodides
and acetylenes through intermediateIII , is intended to allow
convenient construction of diversified library members. Here,
we demonstrate this synthetic strategy in the following
examples in which eight different substituted benzo[b]furans
and 5-hexen-1-ol as tether to link the two homo sub-
structures were employed.

With the objective of constructing a relatively large
dimeric molecular library in the future, we sought to apply
our proposed strategy by using IRORI MicroKans with radio
frequency encoding tags11 in a split-pool format in order to
gain sufficient experience to guide our later study.

The internal acetylenesA i, Bj andCj were generated as
illustrated in Scheme 2. Synthetically on-beado-alkynylphe-
nol acetatesA i, Bj, Cj were prepared by three different
approaches. In the first one, substratea (see Table 1) was
directly loaded onto the beads to give the intermediateA,
which was then split into six pools, followed by the
Sonogashira reaction to couple with six aryl iodides (RiX,
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Scheme 1.Retrosynthetic Scheme for the Synthesis of
Symmetric Dimeric Molecules V
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Table 1) to give the corresponding six phenylacetylenes (A i).
The second approach primarily involved the loading of a
Fmoc protected hydroxylamine (side chaini, Table 1) onto
the beads, then deprotection to remove the Fmoc, followed

by Py-BOP-mediated coupling of the acid (substrateb) to
afford on-bead iodophenolB, whereas the third approach
for the synthesis of on-beadC started with a tertiary alcohol-
based Fmoc-protected amine (side chainii , Table 1) as a
spacer in order to test the stability of the corresponding silyl
ether (vs on-beadsA-B), followed by deprotection and
coupling with substrateb. Therefore, these two on-bead
iodophenols (B andC) were pooled, then protected as their
corresponding acetates, and coupled with an acetylene to give
on-bead phenylacetylenes (Bj, Cj).

All eight of these phenylacetylenes (A i, Bj, andCj) were
subsequently pooled, followed by deprotection to remove
the acetate, and then underwent the palladium-mediated
cascade carbonylative annulations with the terminal alkenyl
alcohol to give on-bead 2,3-disubstituted benzo[b]furansDi

(i ) 1-8). The presence of a terminal olefin leads to an
assembling of two benzo[b]furan-based modules into a
symmetric dimeric molecule. Thus, treatment of these on-
bead benzo[b]furansDi with Grubbs catalyst finally afforded
the dimeric moleculesEi. All homo dimers were released
from beads by HF-Py solution to give the final productsFi

(Table 2).
The structures of all intermediates (A, B, C, A i, Bj, Cj,

andDi) and final products (Fi) were fully confirmed by both
1H NMR and HPLC/MS (APCI or ESP). On the basis of
analytical data, conversions and purities of 80-95% for all

Scheme 2.Diagram of Split-Pool Synthesis of Symmetric
Dimeric Molecules

Conditions: (1) Me3SiCl, imidazole, CH2Cl2, rt, 2 h; TfOH, CH2Cl2, rt,
1.5 h. (2) 2, 6-lutidine, CH2Cl2, rt, 4 h. (3) piperidine, DMF, rt, 1 h. (4)
Py-BOP, NMM, DMF/THF 1/2, rt, 12 h. (5) LiCl, CH2Cl2, rt, 10 h. (6) X
) OTf, Pd(PPh3)4, CuI, DIPEA, DMF/THF 1/1, rt, 24 h; X) I, fresh Pd0

(0.3 equiv), CuI, DIPEA, DMF/THF 1/1, rt, 24 h, or Pd2(dba)3 (5%), CuI,
NEt3, rt, 48 h. (6)′ Pd(PPh3)2Cl2 (0.3 equiv), CuI, DIPEA, CH3CN, rt, 24
h. (7) NH2NH2/THF, (0.1 M). (8) CO, R2OH, Pd(PPh3)2Cl2-dppp (1.2 eq),
CsOAc, DMF, 45°C, 48 h. (9) Grubbs catalyst (0.1 equiv), CH2Cl2, 40
°C, 24 h. (10) HF/Py 5% in THF, rt, 1 h; TMSOMe, 0.5 h.

Table 1. Building Blocks for Scheme 2

Table 2. Synthesized Symmetrical Dimeric Molecules

a Estimated by1H NMR integration.b Estimated by LC-MS.
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intermediates and those around 70-80% for final symmetric
products were estimated directly after cleaving the samples
from the beads, followed by evaporation without further
purification. As expected,6 in most cases,E isomers domi-
nated the final symmetric product mixtures from olefin
metathesis, as shown in Table 2.

Conclusion

We have efficiently synthesized homo-dimeric molecules
of benzo[b]furan on high-loading polystyrene macrobeads
using copper, palladium, and ruthenium chemistry by means
of a split-pool methodology. This protocol provides direct
access to a range of dimeric molecules that are ideal for high-
throughput screening of protein-protein interactions in a cell-
based assay system. Further efforts related to generation of
a larger library of these interesting molecules are underway
in our laboratory.

Supporting Information Available. Experimental pro-
cedures and1HNMR, LCMS spectra for all compounds are
available as Supporting Information. This material is avail-
able free of charge via the Internet at http://pubs.acs.org.
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