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The Suzuki, the Heck, and the Stille reaction —
three versatile methods for the introduction of
new C—C bonds on solid support

Robert Franzén

Abstract: Metal-catalyzed coupling reactions are very efficient and reliable methods for the introduction of rew car
bon-carbon bonds onto molecules attached to a solid support. This review summarizes recent advances in utilizing the
three most used methods, the Suzuki reaction, the Heck reaction, and the Stille reaction, in the field of solid-phase or
ganic synthesis resulting in small organic molecule libraries.

Key words metal-catalyzed coupling reactions, carbon—carbon bonds, solid phase synthesis, combinatorial chemistry,
drug discovery.

Résumé: Les réactions de couplage catalysées par les métaux sont des méthodes efficaces et fiables pour
I'introduction de nouvelles liaisons carbone-carbone dans des molécules attachées a un support solide. Cette revue
résume les développements récents dans l'utilisation des trois méthodes les plus courantes, la réaction de Suzuki, la
réaction de Heck et la réaction de Stille, dans le domaine de la synthése organique en phase solide conduisant a
I'élaboration de librairies de petites molécules organiques.

Mots clés: réactions de couplage a catalyse métallique, liasons carbone—carbone, synthése en phase solide, chimie
combinatoire, découverte de médicaments.

[Traduit par la Rédaction]

Introduction (or)alkyl halide and a vinyl functionalitytite Heck reac-

. tion); and (ii) the palladium-catalyzed cross-coupling reac-
Over the past 10 years, small molecule solid phase syryion™ of organotin reagents with a variety of organic

:jheSiS hlaszbe::orfne an imporftaﬂt part in_thehdisqovle%of N®|ectrophiles the Stille reactiof on solid support. Only one
rugﬁ, @, d) ndact,hmostbo the organic % emica 'l.(rja”ﬁsremarkable preparation of compound libraries on solid phase
synthesized to date have been constructed using solid-p aﬁﬁlizing the Stille reaction in the synthesis of hundreds of

methods. In the development of organic chemistry, the cary 4 pon;qdiazepine derivatives was reported by Plunkett and
bon—-carbon bond formation has always been one of the mog

ful and fund tal i 35 d llIman (7). The Suzuki reaction and the Heck reaction have
useful and fundamental reactions, (3-5) and nUMErous Pg, s peen applied for the preparation of compound libraries
pers and reviews have detailed the progress of several re

; ; . . isti f han 2 .
tions in solution phase since the end of the 19th century. Tr?gonswtmg of more than 20 compounds

literature for new synthetic methods of carbon—carbon bond

formation on solid-support has not been extensively reThe Suzuki coupling

viewed. Recently, a short review by Andres et al. (6) on the Palladium-catalyzed coupling via Suzuki reactions are
utilization of some metal-catalyzed coupling reactions onpowerful methods for C—C bond formation (8—10). The re
solid phase was published. The current paper summarizes raction generally results in an excellent yield when performed
cent developments in metal-catalyzed coupling reactionst temperatures of 60—-80°C. Therefore, it is of high interest
performed on a polymeric material. The three followingto adapt this reaction to a resin mounted procedure.
methods are investigated in detail) the cross-coupling of Solid-phase Suzuki coupling was first utilized in the prep
aryl halides with aryl boronic acidsthe Suzuki coupling  aration of biaryls. In the work by Frenette and Friesen (11)
(if) the palladium-catalyzed reaction between an aryl andhe cross-coupling reaction between aryl boronic acids and
aryl bromides and iodides catalyzed by palladium on
Merrifield resin was studied (Scheme 1). The biaryl products
were released from the solid support by simple transester
ification. A similar reaction was demonstrated by Guiles et
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be performed in the synthesis of a 1,4-benzodiazepine-2,5-
dione on solid support. Fraley and Rubino (21) utilized a
Suzuki cross-coupling reaction between a vinyl triflate resin
and boronic acid catalyzed by Pd(RRHScheme 8). Also a
variety of other boronic coupling agents (heteroaryl, alkyl,
alkenyl, and alkynyl) have been optimized under conditions
similar to those used for the phenyl boronic acid coupling
(12). Commonly, it has been concluded that the optimal Pd
catalyst varies strongly depending upon the boronic coupling

A Suzuki type solid-phase aryl—-aryl coupling reaction for partner (22). In this paper, the importance of resin type and
the preparation of various biphenyltetrazole derivatives wasolvent composition for Suzuki reactions wherein the
demonstrated by Yoo et al. (15) (Scheme 5). Marquis andboronic acid moiety is either in solution or attached to the
Arlt (16) and Rottlander and Knochel (17) have also demonresin, was noticed.
strated that several biphenyls can be prepared from-palla Piettre and Baltzer (23) modified the solid-phase reaction
dium-catalyzed reactions of aryl zinc bromides instead ofand treated polymer-bound aryl halides with pinacol ester of
phenyl boronic acids. Backes and Ellman (18) used thealiboron under palladium (0) catalysis and produced poly
Suzuki reaction on solid support starting from a polymermer-bound boronates that could be used for Suzuki coupling
supported acyl sulfonamide (Scheme 6) and in another papeeaction with a variety of aryl halides (Scheme 9). A €ou
Koh and Ellman (19) reported a palladium-mediated thregling of a resin bound aryl iodide with phenyl boronic acid
component coupling (Scheme 7). In the work, several aryproduced the biaryl compound in different yield depending
boronic acids were used as coupling partners according ton the catalysis system used in the reaction. When using the
standard Suzuki coupling conditions. Ellman and co-worker$?dCh(dccf) as catalyst in the presence of triethylamine in
(20) has also demonstrated that a Suzuki cross-coupling cdDMF the best yield could be obtained. Ishiyama et al. (24)
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coupling reaction has also been utilized in the preparation of
new linkers and resins to be used in combinatorial chemistry
(27-29). Due to the high yield in the cross-coupling on
solid-support, the reaction has been used for reaction moni-
toring in Spin Echo Magic Angle SpinnintH NMR experi-
ments (30).

The Heck reaction

The Heck reaction (31, 32) has shown to be very useful
for the preparation of especially disubstituted olefins. In the
palladium catalyzed reaction the carbon-—carbon bond is
formed from a vinyl functionality and an aryl and (or) alkyl
halide. The reaction is well adapted for automation due to
the fact that it does not require inert atmosphere conditions.
The intramolecular Heck reaction has been well-established
as a powerful tool for the construction of complex
polycyclic ring systems in the context of natural product
synthesis. This process has been adapted in the solid-phase
synthesis of several different types of molecules.

Yu et al. (33) used the reaction of polymer bound aryl io
dide or styrene with olefins or arylhalides in the generation
of 1,2-disubstituted olefin libraries (Scheme 13). Hiroshige
et al. (34) studied the formation of a C—C bond in the palla
dium-promoted vinylation of aryl iodide bound to a solid
support (Scheme 14). The solvent effect of Pd-catalyzed
vinylation using different vinylic reagents was examined.

described the platinum-catalyzed diboration of alkynes torhe same group demonstrated also later that a macrocyclic

give bis(boryl)alkenes with very highcis selectivity

molecule could efficiently be generated on solid suppoft us

(Scheme 10). Brown and Armstrong (25, 26) have utilizeding a modified Heck reaction (35). This palladium-catalyzed

this approach in

ethylenes (Scheme 11) and Tamoxifen

the preparation of tetra-substitutedntramolecular Heck reaction was also used by Goff and
derivativesZuckermann (36) (Scheme 15) for the solid-phase synthesis

(Scheme 12) on solid support via resin capture. The Suzulof substituted peptoid 12)-isoquinolinones and by Yun
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tuted benzazepines via intramolecular Heck cyclization on
solid-phase.

Fancelli et al. (40) utilized the solid-phase Heck-coupling
in the preparation of 2-substituted benzofuran carboxylic ac-
ids (Scheme 18). The reaction between the resin-bound
hydroxy iodide and several acetylenes was examined. In the
synthesis of phenyl acetylene oligomers, the Heck reaction
was employed between a resin-bound aryl iodide and a ter-
minal acetylene (41) (Scheme 19).

Beaver et al. (42) (Scheme 20) have performed Heck-reac
tions with sulfonamide resins. The resin bound aryliodide re
acted with methyl acrylate in the presence of Pd(QAc)
Following cleavage the3-unsaturated methyl ester phenyl
sulfonide was obtained in high yield. The Heck reaction has
also been used in the solid-phase synthesis of fused bicyclic
amino acid derivatives (Scheme 21) (43) and in the monitor
ing of a solid-phase reaction by MAS NMR spectroscopy.
Recently,3-keto esters have been prepared on solid support

via a sequential Baylis—Hillman and Heck reaction
(Scheme 22) (44).

The Stille reaction

Palladium-catalyzed substitution and addition involving
organotin compounds (45-47) have been used by many re
search groups throughout the world for synthetic purposes.
Several applications of the Stille reaction for efficient-car
bon—carbon bond formation on solid-support have been re
ported: () Desphande (48) used the Stille coupling reaction
on solid support for the preparation of biaryls. In his report,
he coupled vinyl and (or) aryl stannanes with polymer bound

and Mohan (37) (Scheme 16) for the synthesis of indole anaaryl iodides (Scheme 23). The cross-coupled products were
logues. A macrocyclization on solid-support using the Heckobtained following cleavage from the support in high yield.
reaction has also been utilized by Akaji and Kiso (38) whenA year later, Forman and Sucholeiki (49) used the reaction
a cyclic tetrapeptide derivative was synthesized. Latelyfor the preparation of biaryl derivatives and studied the
Bolton and Hodges (39) (Scheme 17) have prepared substieaction of polymer-bound aryl stannanes with aryl iodides
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proceeded well and after TFA cleavage only the expected
product was obtained in high yield. Finally, Kuhn and
Neumann (56) (Scheme 27) investigated the Stille reaction
carried out with polymer-supported organotin reagents. This
work showed that organitin by-products could easily be- sep
arated by filtration and that the target molecule was free of
toxic organotin materials.

Concluding remarks

Carbon—carbon bond formation reactions on solid-support
are highly useful and versatile methods needed for the devel-
opment of modern drug discovery. This review encompasses
most of the metal-catalyzed coupling reactions performed on
solid-support starting from 1980. The review focuses on the
investigation of the solid-phase adaption of the Suzuki, the
Heck, and the Stille coupling reactions due to the fact that
these have proven to be both reliable and efficient methods.
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