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I. Solid Phase Chemistry: 
I.l. Why use Solid Phase Synthesis? 

The massive increase in use and the broadening range of applications for polymeric 

supports in chemistry illustrate the immense significance of the technique to the chemist. 

The concept of performing traditional, solution-phase reactions under "pseudo 

homogeneous" conditions has rapidly expanded into the domains of the medicinal, 

organic, organometallic, inorganic, and polymer chemist, each exploiting the benefits, 

first realized by the peptide chemist, for their own advantage. 

Catalysts and reagents immobilized upon a range of insoluble supports have been 

utilized and reported since 1960s. The study of polymer-supported reactions received an 

enormous boost in 1963 when Merrifield, 1 and also Letsinger and Komet, 2 reported the 

first examples of "solid phase" peptide synthesis. Around the same time, Letsinger and 

Mahadevan3 reported the first studies of "solid phase" oligonucleotide synthesis, the 

forerunner of the technique used extensively today in connection with genetic 

engineering. In these methods the first residue of an oligopeptide or oligonucleotide is 

attached to insoluble polymer beads and more appropriate residues are added one by one 

until the required oligomer has been assembled. The oligomer is then cleaved from the 

beads. These methods were the first important examples of reactions involving 

polystyrene (PS) substrates (Scheme 1 ). The major advantage of these methods is that at 

each stage the PS oligomer is always recovered simply by filtering off and washing the 

beads. 

Scheme I 
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Polymer-assisted solution phase synthesis that compnses mainly polymer

supported reagents, catalysts and scavengers, offers significant advantages compared to 
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conventional chemistry. The advantages offered are a direct consequence of the polymer 

matrix. The main benefits are due to the ease of physical separation of the polymer and its 

bound component fi·om the reaction mixture. the ease of recycling (especially with 

expensive catalysts and ligands), and the simplification of handling a range of toxic or 

odorous materials. Such immobilization also enables the use of high concentrations of 

reagents to drive reactions to completion, as byproducts or excess reagents can be easily 

removed by filtration, often eradicating the need for time-consuming, laborious 

purification steps such as chromatography. distillation, or crystallization. Another 

advantage is due to the unique microenvironment created for the reactants within the 

polymer support. Improved catalyst stability within the polymer matrix,4 increased 

selectivity for intramolecular reactions,5 enhanced regioselectivity due to steric 

hindrance,6 and the superior activity of some supported chiral catalysts due to site 

cooperation7 have all been reported. 

Despite the impressive success and advantages of this type of solid phase organic 

synthesis, there are also severe limitations to this approach, which are worth noting. 

Firstly, the reactions can be slow relative to their solution phase counterparts and it can be 

difficult to monitor the progress of the reaction. Although several new techniques have 

been developed in recent years to monitor the progress of the solid phase reactions8 (e.g. 

use ofFT-IR, MALDI-MS, Gel phase and MAS NMR etc.), these techniques still do not 

provide same quality of analyses as compared to conventional solution phase techniques 

(e. g. TLC, GC-MS, LC-MS, SFC-MS, NMR etc.). A second fundamental feature of this 

approach is that additional steps are required to attach the substrate and detach the 

product from the resins: often a vestigial part of the linker unit is found in the final 

product and linker compatibility with reagents used can be a source of problems or 

limitations. 

In the early 1970s several research groups sought to extend Merrifield's and 

Letsinger's methods to other areas of organic synthesis.9 Sherrington has recalled many 

of the developments at this time. 10 The supported reactant could be a substrate, a reagent, 

a catalyst, or a scavenger. Many examples of organic reactions using PS substrates, PS 

reagents, PS catalysts, or PS scavengers were investigated at this time and by 1980 

approximately a thousand relevant references were to be found in the primary literature. 

A wide variety of supports were investigated. 11 The importance of the correct choice of 

reaction solvent, the ideas of site isolation, and examples of microenvironmental effects 

'd 'fi d d' d d . 9 12 were 1 ent1 1e , stu 1e , an substantially understood. · The pros and cons of using PS 
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substrates, PS reagents, and PS catalysts were clearly recognized and various types of 

separation processes were developed. It was evident that reactions using PS substrates 

were generally the least attractive of these three types. It was clear that a much better way 

was to use PS reagents and, preferably, PS catalysts. 

The idea that one can use a suitably functionalized polymer-support to selectively 

capture the required product away from any contaminating impurities, filter and then re

release it (catch and release) in a pure form is also an important purification concept.
13 

Perhaps most significant is that both hetero- and homogeneous 14
•
15 polymer-supported 

reagents, including immobilized enzymes, which have been known and used for a long 

time, are making a noticeable comeback and are likely to have a crucial impact in the 

future on how this whole area will develop. 

I.2. Synthesis of Functionalized Polystyrene Resin 

The supports that Merrifield utilized for his early work in solid-phase peptide 

synthesis were based on 2% divinylbenzene (DVB) cross-linked polystyrenes (PS). PS 

has been found to be one of the most popular polymeric materials used in synthesis as it is 

inexpensive, readily available, mechanically robust, chemically inert, and smoothly 

functionalizable. Cross-linking imparts mechanical stability, improved diffusion and 

swelling properties to the resin. Without cross-linking, each polymer chain can dissolve 

under thermodynamically favored conditions. Cross-linking can induce some sites of 

"permanent entanglement" maintaining structural integrity. Various percentages and 

types of cross-linking agents have been incorporated into the PS resins, the most common 

being DVB, but other examples include ethylene glycol dimethylacrylate (EGDMA) and 

tetraethylene glycol diacrylate (TEGDA) to give different solvation properties. A 

schematic representation of polymerization of styrene with functionalized monomers is 

shown in scheme 2. 
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TentaGei 16 and Argo<Jd' are two commercially available examples where the 

incorporation of the PHi chains dramatically increases resin compatibilit; with polar 

solvents. 

n = 70 
X= OH or NH2 

Tentage! 

X = OH, NH2, Cl 

Fig. I 

!.3. Immobilization Techniques 

Generally, reagents and catalysts are immobilized onto polymer surface involving 

(a) covalent binding (b) entrapment, where a pre-formed catalyst is enveloped within a 

polymer network, and (c) ion-pairing, where cations or anions are bound to 

complementary resin sites. By far, the methods covalent binding and ion-pairing are most 

commonly used for their broad applicability, the fact that stable, active catalysts and 

reagents are formed and insignificant leaching. Binding is usually effected in two ways: 

(i) grafting the catalyst or reagent onto the pre-derivatized supports or (ii) 

copolymerization of the active species with styrene and divinylbenzene (DVB). 

Immobilization can also be effected by micro-encapsulation, where the polymers 

are physically enveloped by thin films of reagents or catalysts, and perhaps stabilized by 

the interaction between 1r electrons of benzene rings of the polystyrene used as a polymer 

backbone and vacant orbital of reagents or catalysts. The size of microcapsule achievable 

has been reduced from a few micrometers to nanometers only to gain the sufficient 

activity. 18 Due to the vastness of the literature, a concise account of various kinds of 

attachment of few relevant reagents and catalysts followed by specific applications in 

different organic transformations has been presented here. 

!.4. Covalent Binding of Reagents: Linkers 

Solid phase synthesis requires a covalent linker group, sometimes referred to as a 

"handle", to attach the small molecule onto the polymeric resin. Currently a wide variety 
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of linkers exist many of which are based upon chemistry originally developed for 

oligomeric solid phase synthesis. The selection of the most appropriate linker for a 

particular type of target molecule is a key factor in designing a solid phase synthesis. 

Some specific examples of different types of linkers are: 

I.4.1. Traceless Linkers 

Functional groups have a dramatic outcome on the potential medicinal efficiency 

of the final drug-like target molecules. Keeping this in mind, chemists have designed 

"traceless linkers", where the point of attachment is not apparent in the final molecule. 

I.4.1.A. Nitrogen Linker 

An aryl hydrazine oxidation labile traceless linker has been reported 19 (Scheme 3). 

Different amino-functionalized polymers 1 (polystyrene-Nth Tentagel-NH2, Agropore

NH2) were loaded with 4-iodophenylhydrazine to give 2. 

Scheme 3 
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2 was subjected to Heck, Suzuki, Sonogashira or Stille couplings. An example of 

Sonogashira coupling with phenylacetylene has been shown above to give 3. Three 

different methods were used (method A: Cu(0Ac)2/ MeOH/ pyridine/ rt/ 2h; method B: 

Cu(OAc)2/ n-propylamine/ rt/ 2h; method C: NBS/ pyridine/ CH2Ch/ rt/ 45 min then 

MeOH) to give stilbene 5. 

I.4.1.B. Phosphorous Linker 

Phosphorous as a traceless linker was used by Hughes20 (Scheme 4 ). 

Commercially available polystyrene-bound phosphine 6 was loaded with 2-

nitrobenzylbromide to give the resin-bound phosphonium salt 7, which was converted to 

aniline 8 then acylated giving the phosphonium resin 9. Cleavage could then be facilitated 
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... 

by intermolecular Wittig reaction giving a 3: 1 mixture of 10. The aminomethyl resin was 

used as a solid phase scavenger reagent for the excess aldehyde used. Hydrolysis of the 

carbon-phosphonium bond led to 2-methylanilide 11. Intramolecular Wittig reaction 

occurred upon distillation prior to adding base, giving indole 12. 

Scheme 4 
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A novel boronate linker21 (Scheme 5) was developed from 13, which allows 

boronic acids to be attached to give 14. The function X was then derivatized in a number 

of ways including ester and amide formation, reductive amination, and an Ugi four

component condensation, giving derivatized boronate 15. Protodeboronation cleavage 

using silver diamine nitrate in water and THF released the functionalized aromatic 

compound 16 regenerating the original linker 13. 
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Scheme 5 
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The first example of a sulfur-based traceless linker was introduced by Suto.
22 

Oxidative activation of a sulfide to a sulfone allowed nucleophilic displacement of the 

sulfone, incorporating further diversity into the final compound. Suto used this technique 

to synthesize functionalized pyrimidines 20 (Scheme 6). 

Scheme 6 

NovaSyn 
TG Thiol resin 

Et3N/ DMF 

The 2-chloropyrimidine 17 was loaded onto Tentage! thiol resin, a PEG resin, followed 

by oxidation of the sulfide resin 18 to the sulfone 19 using MCPBA. This was then 

cleaved from the resin using primary and secondary amines to give pyrimidines 20 in 

excellent purity. The ester was further manipulated for the synthesis of amides and esters. 

Using highly reactive sulfonamide linkers solid phase synthesis of carboxylic acids or 

amines have also been synthesized.23
,
24 
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I.4.2. Photo-Labile Linkers 

Photochemically cleavable linkers such as D-nitrobenzyl ether group which are 

stable to a wide variety of reaction conditions and allow particularly selective cleavage 

conditions illustrate "stable linkers·· which can be cleaved using mild reaction 

conditions?5 

Scheme 7 

350 nm 
Tentage! 

0 

HO 0 

I.4.3. Safety Catch Linkers 

Such linkers involve a functional group which remains unreactive during synthetic 

elaboration of the small molecule but is activated by chemical transformation 

immediately prior to cleavage. Scheme 9 illustrates this where an aryl thioether is 

activated to sulfone prior to nucleophilic cleavage with secondary amine.26 

Scheme 9 
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I.4.4. Reusable or Recyclable Linkers 

These types of linkers are designer linkers which are regenerated in the process 

and hence can be reused and recycled again. The synthesis outlined in scheme 1 0
272

x is 

characterized by 3 stages: (i) Michael addition of the amine to the acrylate (REM) resin, 

(ii) quartemisation of the resin bound tertiary amine, (iii) cleavage of the resin amine via 

Hofmann elimination. 

Scheme 10 
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I.5. Immobilization by Ion-pairing: Ion Exchange Resins 

I.5.1. Definition 

Ion exchange resms are highly ionic, covalently cross-linked, insoluble 

polyelectrolytes normally obtained as beads of 1-2 mm diameter. The beads have either a 

dense internal structure with no discrete pores (gel resins, also called microporous resins) 

or a porous, multichannelled structure (macroporous or macroreticular resins). The resins 

contain loosely held ions which are able to be exchanged with other ions in solutions 

which come in contact with them. These exchanges take place without any physical 

alteration to the ion exchange material. Ion exchangers are insoluble acids or bases which 

have salts which are also insoluble, and this enables them to exchange either positively 

charged ions (cation exchangers) or negatively charged ones (anion exchangers). 
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Many natural substances such as proteins, cellulose, living cells and soil particles 

exhibit ion exchange properties which play an important role in the way the function in 

nature. Synthetic ion exchange materials based on coal and phenolic resins were first 

introduced for industrial use during the 1930's. A few years later resins consisting of 

polystyrene with sulphonate groups to form cation exchangers or amine groups to form 

anion exchangers were developed. 

The most typical ion exchange resins are based on crosslinked polystyrene. The 

required active groups can be introduced after polymerization, or substituted monomers 

can be used. For example, the cross-linking is often achieved by adding 0.5-25% of 

divinyl benzene to styrene at the polymerization process. The cross-linking agent controls 

the porosity of the material. Non-crosslinked polymers are only rarely used because they 

are less stable. Cross-linking decreases ion exchange capacity of the resin and prolongs 

the time needed to accomplish the ion exchange processes. Particle size also influences 

the resin parameters; smaller particles have larger outer surface, but cause larger head loss 

in the column processes. 

I.5.2. Types 

There are four primary types of ion exchange resins: 

• Strong cation exchange resins, containing sulfonic acid groups or the 

corresponding salts. 

• Weak cation exchange resms, containing carboxylic acid groups or the 

corresponding salts. 

• Strong anion exchange resms, containing quarternary ammomum groups. Of 

these, there are two types: Type I resins contain trialkyl ammonium chloride or 

hydroxide and Type II resins contain dialkyl 2-hydroxyethyl ammonium chloride 

or hydroxide. 

• Weak anion exchange resins, containing ammonium chloride or hydroxide. 

Additional types of ion exchange resins include blends of cation and anion exchange 

resins, called mixed bed resins. A resin which contains both an anion and a cation as 

bound ions is said to be ampholytic. Some ion exchange resins are prepared with 

chelating properties making them highly selective towards certain ions. In addition to 

their use in ion exchange, organic polymer supports, many of which are based on PS

DVB resins, are being used as polymeric catalysts in the expanding research area 
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involving hetcrogenization of homogenous catalysts and as polymeric supports and 

reagents in combinatorial chemistry. 

I.5.3. Properties 

A. Crosslinkage 

The amount of crosslinking depends on the proportions of different monomers 

used in the polymerization step. Copolymers of styrene containing low amounts of 

divinylbenzene (1-4%) have: 

• High degree of permeability 

• Large moisture content 

• Lower capacity on a wet volume basis 

• High equilibrium rates 

• Reduced physical stability 

• Decreased selectivity for various ions, but ability to accommodate larger ions is 

increased. 

Copolymers of styrene containing high amounts of divinylbenzene (12-16%) exhibit 

characteristics in the opposite direction. 

B. Particle Size 

The physical size of the resin particles is controlled during the polymerization 

step. Higher the mesh numbers, more and finer are the wires per unit area and thus a 

smaller opening. The particle size affects the equilibrium and flow rate of the ion

exchange process as follows: 

• Decrease in particle size shortens the equilibration time 

• Decrease in particle size decreases the flow rate 

I.5.4. Uses 

Ion exchange resins are widely used in different separation, purification, and 

decontamination processes. The most common examples are: 

• Water softening and water purification 

• Juice purification 

• Sugar manufacturing 

• Manufacturing of various pharmaceuticals and also as excipients m 

pharmaceutical formulation 
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• In chemistry, as metal scavengers and catalysts in organic reactions 

I.5.5. As Catalyst in Organic Reactions: A Few Applications 

I.5.5.A. Cation Exchange Resin 

Scheme 11 describes the ··wolf and lamb" technique utilized by the Cohen 

group?9 It involves the use of a polymer-bound trityllithium base 21 to remove an acidic 

proton from acetophenone. The anion generated then undergoes a C-acylation reaction 

with a benzoyltransfer polymer 22 and is passed without isolation into Amberlyst® A-15 

resin (hydrazine form), affording 3,5- diphenylpyrazole when filtered from the spent 

polymer reagent. 

Scheme 11 
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24 

Anion Exchange Resin: Reduction 

When borohydride is attached to Amberlite® IRA 400 and treated with a catalytic amount 

of CuS04, a functionalized polymer 25 is obtained, which can act as an efficient reductant 

towards different functional groups like aryl halide, azides, aldehydes, and ketones.30 

(Scheme 20) Borohydride exchange resin (BER) is useful for conversion of thioacetates 

to thiols by palladium-catalyzed methanolysis,31 and selenium to dialkyl selenides.32 The 

addition of a catalytic amount of nickel (II) acetate to the polymer 25 allows reduction of 

nitro33 and azido34 groups as well as of aryloximes35 to the corresponding primary amines. 

Alkyl and aryl halides36 tosylates,363 and benzaldehydes37 are remarkably converted into 

alkanes in moderate to excellent yields. 
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Amines and their derivatives are the most abundant structural moieties present in the 

CMC (comprehensive medicinal chemistry) database. 38 The reductive amination of 

carbonyl compounds provides expedient access to structurally diverse amines and has 

wide application in organic and medicinal chemistry. Bhattarcharyya et. a!. have reported 

a novel polymer-supported triacetoxyborohydride reagent 26 (Scheme 19) for the 

reductive amination of aldehydes and ketones.39 The bound triacetoxy-borohydride 

reagent 26 is stable and provides a broad scope and reactivity in reductive amination 

reactions, using primary amines, secondary amines and their salts under mild conditions. 

These reactions can be conveniently carried out in solvents, such as THF, DMF or NMP. 

Scheme 13 
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I.5.5.C. Anion Exchange Resin: Oxidation 

The conversion of readily available alcohols to aldehydes has been carried out by 

Ley et al. 
40 

on a multigram scale. Aldehydes are versatile starting materials in synthesis 
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and the ability to synthesise them in greater quantities using polymer-supported reagents 

allows the opportunity for splitting of the batch and diversion to many synthetic projects. 

Scheme 13 
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The first example shows a portion of the aldehyde undergoing Mukaiyama aldol 

reaction with silyl enol ethers using Nafion-TMS as the catalyst for direct conversion to 

an unsaturated carbonyl compound.41 These on reaction with hydrazines give dihydro

lH-pyrazole 30 in excellent yield. 

The second example shows a reaction with trifluoromethyl anion, generated from 

Me3SiCF3 and polymer-supported fluoride, afiords alcohols which can be oxidised with 

solid-supported oxidants to generate trifluoroacetyl derivatives 31.42 

Alternatively, if the aldehyde is subjected to reductive amination using polymer

supported cyanoborohydride, secondary amines are obtained sulfonylation is possible 
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usmg a polymer-bound aminomethylpyridine sulfonylating agent generating a small 

library of compounds 32.43 

Finally, splitting the aldehyde into a fourth channel and having it react with 

polymer-supported Wittig reagent gives alkenes 29 as the final products. 

I.6. Microencapsulation of Catalyst 

Microencapsulation is a process of entrapping materials in a polymeric coating. 

Microcapsules can be prepared by an in situ interfacial polymerisation approach44 which 

involves dispersing an organic phase containing polyfunctional monomers and/or 

oligomers (along with the material to be encapsulated) into an aqueous phase containing a 

mixture of emulsifiers and protective colloid stabilisers. This resulting oil-in-water 

emulsion undergoes in situ interfacial polymerisation, with the monomers/oligomers 

reacting spontaneously at the phase interface to form microcapsule walls. The 

permeability and size of these microcapsules and the coordinating properties of the 

polymer matrix may be tuned by varying the nature of monomers/oligomers, other 

reagents and conditions used in the encapsulation procedure. 

Microencapsulation technique has found application in 

• Drug delivery systems 

• Radiation therapies 

• Cell entrapment 

• Controlled release of pesticides 

Recently, microencapsulation technique has been applied to the immobilization of 

catalysts on to polymers. Here the catalysts would be physically enveloped by thin films 

of polymer, and at the same time immobilized by the interaction between n-electrons of 

benzene rings of the polystyrene used as a polymer backbone and vacant orbitals of the 

catalyst. 

Considerable effort has been focused on the use of encapsulated metal catalyst to 

facilitate cross-coupling reactions. The extremely low leaching of metal species and ease 

of handling of EnCat beads greatly simplify purification of these reactions. An important 

advantage, often not considered, is improved safety when using EnCats in a microwave 

reactor. Deposition of a film of elemental metal on the glass walls of microwave tubes 

which is common in ordinary catalysis can be avoided in reactions with encapsulated 

catalysts. 
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I.6.1. Encapsulated Pd(O) 

A. Sonogashira reaction 

Scheme 14 demonstrates the Sonogashira reaction usmg triphenylphosphine

entrapped Pd EnCat (polyTPP30) resin45
. It shows an extremely high retention of both the 

palladium and phosphorus ligand. Using Pd EnCat polyTPP30 as the catalyst, the residual 

palladium concentration in the product was only 14 ppm. 

Scheme 14 
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Ley et a/. 463 carried out Suzuki reactions m toluene-ethanol-water solvent system 

( 4+ 2+ 1) on a 1 mmol scale using 5 mol% of the catalyst (with respect to palladium 

content). The reactions proceeded smoothly at 80 °C to give the required biaryl products 

in good yields. 

Scheme 15 
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Br 

C. Heck reaction 

Cross-linked reverse micelle-encapsulated palladium catalysts are effective and 

stable cross-coupling catalysts. McQuade et al. 46
b have demonstrated its catalytic activity 

in a Heck reaction. Pd-xRMs catalysed the Heck reaction of iodoarenes with methyl 

acrylate. They observed high conversions at low catalyst loading (0.1-0.45 mol% at 100 

°C) in all cases. The products, cinnamate ester formed in all cases were exclusively trans. 

Scheme 16 
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D. Hydrogenation 

Transfer hydrogenation with Pd EnCat NP30 is easily performed in the 

microwave and it goes to completion within a few minutes. Scheme 17
45 

shows a 

representative example of aromatic nitro reduction under microwave irradiation giving 

quantitative conversion to final product. 

Scheme 17 
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Polyurea--encapsulated Pd(O) [Pd0EnCat] in combination with formic acid is 

highly active for CTH of aryl ketones.47 It not only exhibits high reactivity but also resists 

leaching of Pd allowing the catalyst to be recycled upto 5 times without loss of activity. 

At the same time the catalyst proves to be highly chemoselective to aryl ketones. 

Scheme 18 
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I.6.2. Encapsulated Osmium Tetroxide 

Os EnCat 40 is an encapsulated osmium tetroxide, safer to handle as no Os vapor 

1s released in the matrix, acts as a reservoir releasing only catalytic amount under 

oxidation conditions but retaining sufficient activity for recycling. Os EnCat 40 has been 

successfully applied to asymmetric dihydroxylation48 under microwave conditions carried 

out at 80 °C in 20 mins. 

Scheme 19 
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I.6.3. Microencapsulated Scandium trifluoromethanesulfonate 

MC Sc(OTt)3 shows successful applications in several fundamental and important 

Lewis acid catalyzed C-C bond forming reactions. The reactions being carried out in 

acetonitrile can be performed in both batch and t1ow systems. MC Sc(OTt)3 effectively 

activated aldimines. Imino aldol (Scheme 20),49 aza Diels-Alder (Scheme 21 ),4950 

cyanation (Scheme 22),51 and alkylation (Scheme 23)52 reactions of aldimines proceeded 

smoothly using MC Sc(OTt}, to afford synthetically useful ~-amino ester, 

tetrahydroquinoline, a-aminonitrile and homoallylic amine derivatives, respectively, in 

high yields. Although it is well known that most Lewis acids are trapped and sometimes 

decomposed by basic aldimines and/or products, MC Sc(OTt)3 effectively catalyzed the 

reactions in all cases and much more superiorly than monomeric Sc(OTt)3. 

Scheme 20 
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I.6.4. Microencapsulated Ru 

A new type of polymer-supported ruthenium catalyst based on microencapsulation 

technique has been developed by utilizing the benzene rings of the polystyrene as ligands 

to immobilize the arene-metal complex. PS-RuCh(PR3), PCY:d, 1-diphenyl-2-propanol 

and NaPF6 were mixed in several solvents to prepare the catalyst 33.53 This activated Ru

catalyst was tested m nng closing metathesis (RCM) of N,N-diallyl-p-
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toluenesulfonamide. The desired product was obtained in very good yield in ( 1: 1) 'PrOH

hexane mixture. 

Scheme 24 
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Further PS-RuCb(PPh3) has been successfully used in the in the smooth reduction 

of acetophenone53 to yield the corresponding alcohol in high yield (Scheme 25). 

Scheme 25 

OH 

if 
!.7. Solid Phase Catalysts in Heterocyclic Chemistry 

!.7.1. Furan Synthesis 

Gowravaram and Gallop54 reported the synthesis of functionalized furans using 

amino Tentage! resin. Acylation with carboxylic acid followed by successive treatment . 
with malonyl chloride and tosyl azide gave the diazoimide. Rh- catalyzed formation of 

isomi.inchnones 34 was followed by 1 ,3-dipolar cycloaddition with acetylenes to release 

the furan. 
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Scheme 26 
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I.7.2. Pyrazole Synthesis 
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Washizuka et al. 55 reported the traceless synthesis of pyrazole derivatives starting 

from carboxypolystyrene resin activated by DIC followed by reaction with a

trimethylsilylamine. This was followed by nitrosation and 1 ,4-silatropic shift to give the 

resin bound azomethine imine. 1,3-Dipolar cycloaddition with dipolarophile dimethyl 

acetylenedicarboxylate (DMAD) yielded the pyrazole derivative 37. 

Scheme 27 
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I.7.3. Thiazole Synthesis 
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~~~SiMe3 
NO 

36 

Synthesis of thiazoles56 have been developed using the Rink linker (Scheme 28). 

Rink linker was first coupled with acid and the corresponding amide was converted to 

thioamide 38 using Lawesson's reagent. Finally, thiazoles 39 were obtained by cleavage 

with a-haloketones. 
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Scheme 28 
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Synthesis of indoles using THP linker 40 (Scheme 29) is an example of traceless 

heterocycle synthesis where theN-atom of the product is linked to an electron rich carbon 

which is non-benzylic. 57 2-Iodoaniline was first loaded onto the resin followed by Pd

mediated reaction with acetylene to form the indole nucleus. TF AI DCM was used to 

cleave the product 41 from the resin. 

Scheme 29 
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I.B. Solid Phase Reagent and Scavenger Resins 

The principle of using polymeric reagents to scavenge unwanted by-products and 

excess starting materials at the end of a reaction was well established by the early 

pwneers. 

Scheme 30 
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But the need for rapid preparation of a large number of new chemical entities for drug 

discovery programmes stimulated renewed interest in these systems. Kaldor, Siegel et 

al. 58 were the first to show the power of these solid-supported scavengers in the expedient 

construction of parallel arrays. In this work, involving amine alkylation and acylation 

reactions, various scavengers were reported. These include an immobilised amine, 

isocyanate, aldehyde and acid chloride to effect reaction clean-up and impressive purities 

of relatively complex products were reported (90-95% ). 

Scheme 31 is a representative example which neatly illustrates the complementary 

use of polymer-supported reagents and scavengers in a two-step synthesis. The first 

reductive amination requires the use of an excess of amine to drive the imine formation 

reaction to completion. This was followed by treatment with polymer-bound borohydride, 

when the excess is scavenged by polystyrene-bound carbaldehyde. The resulting 

secondary amine is subsequently reacted with an excess of a functionalised isocyanate 

and gives the final urea after scavenging any unreacted isocyanate with an 

aminomethylated polystyrene resin. These general concepts have been used to prepare a 

large variety of amides, sulfonamides, urea sans thioureas. 
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Scheme 31 
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Booth and Hodges59 also demonstrated the utility of solid supported scavengers in 

parallel purification. Several different compound classes were prepared including many 

drug-like substances. The pyrazole 44 was obtained in excellent purity after two synthetic 

steps (Scheme 12). In this case, scavengers are used to remove hydrochloric acid and 

excess hydrazine in the first step. In the second stage, following acid activation and 

coupling to form an amide, polymers again remove unreacted starting materials to give a 

clean product. 

Scheme 32 
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Scheme 33
60 

illustrates yet another reaction - an extremely efficient three step 

reductive amination and trif1ation accomplished by the use of solid phase reagents and 

scavengers. The two anion exchange resins in the first two steps are the reagents whereas 

45 in the final step functions as the scavenger. 
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Scheme 33 
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The aforesaid brief account of solid phase organic reactions and catalysis clearly 

transpires that active research is under pursuit throughout the Globe in search of 

economically and ecologically more viable alternative reagents, catalysts and protocols. 

In conjunction with the global efforts, we undertook systematic investigations to develop 

new surface-immobilized metal catalysts and its applications as well as new methodology 

for synthetically important organic transformations in the presence of polymer-supported 

reagents. Subsequent Parts and Sections of the dissertation describe our efforts with 

background, objectives, results and discussion. 
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