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Abstract:  Three component coupling of aryl halides, dienes and amines
catalyzed by palladium, an efficient method of making aryl-substituted allylic
amines, was successfully adapted to solid-phase synthesis. Amines were chosen
to attach to a solid support, and reacted with a variety of aryl halides and dienes
to give coupled products in good results. © 1999 Elsevier Science Ltd. All rights reserved.

Solid-phase synthesis of small molecules has been an important component of combinatorial chemistry
in drug discovery.” The need of developing new synthetic methodologies on solid support (especially for C-C
bond formation) has become urgent. Palladium-mediated reactions on solid support have attracted much
attention recently. Several different types of reactions such as Heck,’ Suzuki,™* and Stille reactions’ have been
reported. One of our interests is to investigate the methodology of more than one carbon-carbon or carbon-
heteroatom bond formation in one step solid-phase synthesis. We have reported palladium-catalyzed solid-
phase synthesis of heterocyclic compounds.® We herein describe our recent investigation on palladium-
catalyzed three component coupling of aryl halides, dienes and resin-linked amines.

A palladium-catalyzed three component coupling reaction in solution phase has been reported (eq. 1).”
It rapidly increases molecular complexity in a single step. It is an ideal type of reaction for making
combinatorial libraries. The great potential of diversifying product structure is apparently due to the choices
of each component.

AX + 2N+ N Af*(v);\/\/Nu + X 68

In most reported palladium-catalyzed solid-phase reactions,” aryl halides if involved were

cat. Pd(0)

immobilized. We chose amines as nucleophiles to attach to the solid support in the three component coupling
process. The advantage over immobilizing aryl halides is that any possible by-products formed from aryl
halides such as Heck products stay in solution and can simply be washed away. Therefore, the reaction
conditions for the coupling of Rink resin attached amines with dienes and aryl halides (eq. 2) were thoroughly
investigated.
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With optimized reaction conditions,” we demonstrated the diversity of structures formed by this three
component coupling process. We first tested a variety of aryl halides. The results shown in Table 1 indicated
that all the functionalized and unfunctionalized phenyl iodides or bromides provided good yields of the
products regardless of the position of the functional group on the benzene ring; further, the electronic effect
was not significant. We also examined several heterocyclic aromatic halides, which afforded good results.

Table 1. Palladium-Catalyzed Coupling of Solid Supported Piperidine,
1,5-Hexadiene and Aryl Halides®
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The dienes employed in the three component coupling could be nonconjugated or conjugated, acyclic
or cyclic, and linear or substituted. Typical examples are shown in Table 2. Coupled with iodobenzene and
solid supported piperidine 1, the dienes tested here afforded very good results. For unsymmetrical dienes
(entries 3 and 5), the phenyl group added to the less hindered C-C double bond of the diene.

Table 2. Palladium-Catalyzed Coupling of Solid Supported
Piperidine, Iodobenzene and Dienes

entry diene product yield (%) purity (%)

CONH,
PhMrO 75 75
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Finally, we examined a few amino acids, which were attached to Rink resin as the nucleophiles. From
these results and the observations summarized in Table 3, one can see that secondary amines as nucleophiles
generally worked very well, while the one primary amine examined failed to provide the desired product
(entry 4).

Table 3. Palladium-Catalyzed Coupling of Solid Supported Amines,
1,5-Hexadiene and Aryl Halides

entry amine on resin  aryl iodide product yield (%) purity (%)
H OCH;  OCHs
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n cH CFy
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# HPLC analysis indicated that several products were formed.
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In conclusion, we have shown that palladium-catalyzed three component coupling reaction proceeds
quite well on solid support. It provided an efficient method for library syntheses of aryl-substituted allylic
amines that may contain a variety of functional groups. Therefore, it has great potential to be used in the area
of combinatorial chemistry and drug discovery.
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