
Vol.:(0123456789)1 3

Catalysis Surveys from Asia (2024) 28:1–25 
https://doi.org/10.1007/s10563-023-09407-w

REVIEW ARTICLE

Polyacrylamide Supported Reagents and Catalysts in Various Organic 
Reactions

Soheila Ghasemi1  · Hadieh Rahbar Kafshboran1

Received: 11 April 2023 / Accepted: 23 September 2023 / Published online: 23 October 2023 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

Abstract
Functional polymers as solid-supported reagents and catalysts for organic synthesis were conventionally based on cross-
linked polystyrene (PS). Polyacrylamide (PAM), modified PAM and their copolymers as hydrophilic support, alternatively 
can be used as heterogeneous systems in several areas of chemistry and industry. After Regen’s report in 1979 that applied 
cross-linked PAM as a solid phase cosolvent, PAM-supported reagents and catalysts manifest an excessively important func-
tion in various organic reactions. This review summarizes the entire features of PAM and its modified forms and focuses on 
their most recent and relevant applications in organic transformations. Oxidation–reduction reactions, C–C cross-coupling 
reactions, and Michael addition reactions are among the most important transformation in which PAM and its derivatives 
have been widely used. Other reactions like substitution reactions,  H2O2 decomposition, 1,3-thiazoles synthesis, oxidative 
esterification, dichlorocyclopropanation, protection of carbonyl compounds, ring opening of epoxides, and dye decoloriza-
tion have also been investigated. Furthermore, the efficiency, reusability, and limitations associated with these supported 
systems are discussed.

Graphical Abstract
Herein, applications of functional polymers based on polyacrylamide, modified PAM and their copolymers for the produc-
tion of polymer supported reagents and catalysts are reviewed. This review summarizes the entire features of PAM and its 
modified forms and focuses on their most recent and relevant applications in organic transformations such as oxidation–
reduction reactions, C–C cross-coupling reactions, Michael addition reactions etc. Furthermore, the efficiency, reusability, 
and limitations associated with these supported systems are discussed.
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Abbreviations
PAM  Polyacrylamide
AM  Acrylamide
PS  Polystyrene
NPs  Nanoparticles
PBAM  Poly(N-bromoacrylamide)
PVAm  Poly(vinyl amine)
DVB  Divinyl benzene
CTAB  Cetyltrimethylammonium bromide
PTP  Peroxotungstophosphate
DBT  Dibenzothiophene
PVP  Polyvinylpyridine
poly(NVIM)  Poly (N-vinylimidazole)
Ni(AAEMA)2-pol  Nickel supported polyacrylamide
4-NP  4-Nitrophenol
G  Graphene
NIPAM  N-Isopropylacrylamide
PPAM  Polypropylacrylamide
AAc  Acrylic acid
NA  Nitroaniline
NB  Nitrobenzene
PGMA  Poly(glycidyl methacrylate)
CS  Chitosan
CuNPs  Copper nanoparticles
PPy  Polypyrrole
PTC  Phase transfer catalyst
GO  Graphene oxide
MB  Methylene blue
RAFT  Reversible addition-fragmentation 

chain transfer
MWCNTs  Multiwalled carbon nanotubes
LCST  Lower critical solution temperature
MNPs  Metal nanoparticles
SCVP  Self-condensing vinyl polymerization 

method
MOF  Metal − organic framework
2-pymo  2-Pyrimidinolate

1 Introduction

“Functional polymers” are insoluble macromolecules with 
chemically attached functional groups and have the poten-
tial benefits of small molecules having the same functional 
groups. Their effectiveness is associated with polymeric 
matrix and the pendant or main chain functionality. The 
main advantage of the heterogeneous polymeric systems is 
their easy separation from the reaction mixtures, usually by 

just a simple filtration. In addition, functional group affin-
ity to the polymeric support may increase its stability and 
selectivity. On the contrary, experimental benefits of func-
tional polymers may be compensated by a remarkable reple-
tion in their reactivity related, for example, to diffusional 
restrictions. However, there are also a number of significant 
disadvantages that are usually found when comparing homo-
geneous catalysts with their heterogeneous counterparts. 
These shortcomings include high cost, reduction of activity 
and selectivity due to diffusion limitation (the reduction of 
catalyst activity can be compensated by increasing the reac-
tion time or increasing the catalyst loading), the inability 
to separate the impurities attached to the polymer, and the 
accurate analysis of the species structure.

The first application of functional polymer in organic 
synthesis was introduced in 1963 by R. Bruce Merrifield 
when he synthesized oligopeptides through the solid phase 
method. Since that declaration, various type of functional-
ized polymeric materials has been investigated in organic 
transformations.

The most important polymeric catalysts beneficially 
applied in organic reactions are ion exchange resins, poly-
meric superacid and Lewis acids, polymeric PTCs (phase 
transfer catalysts), polymer-supported transition metal cata-
lysts, and polymeric hydrolysing and decarboxylating sys-
tems. In addition, the main kinds of polymeric reagents are 
supported sulfonium salts, phosphine reagents, halogenat-
ing agents, condensing reagents, redox reagents, acylating, 
and alkylating reagents, and supported-bound nucleophiles. 
Traditionally, large numbers of functional polymers have 
mainly been synthesized by applying cross-linked PS, e.g., 
with divinylbenzene. Several functional polymers have been 
developed, such as polymer-supported reagents for organic 
synthesis and catalysts for various organic transformations 
rather than PS. These materials can be developed by polym-
erizing functionalized monomers or post-chemical modifica-
tion of polymeric systems. Glycidyl methacrylate (GMA), 
vinyl pyrrolidone, acrylic acid, and acrylamide are some 
examples.

The polymers based on PAM and their copolymers are a 
varied family used in multitudinous applications, including 
hydrogel preparation, drinking water clarification, floccu-
lants for wastewater treatment, oil recovery, biomedicine-
like protein separation, and agriculture-like soil condition-
ing [1]. PAM is a controllable molecular weight polymer 
found in microbeads, powder solid form, aqueous solution, 
or inverse emulsions. This is one of the most important 
non-ionic hydrogels fabricated by cross-linking hydrophilic 
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polymers. The synthesized gels show different swelling 
ratios depending on the synthesis method, type, and con-
centration of the cross-linking agent. Most are being used 
as biomaterials for diverse medical and industrial applica-
tions [2]. PAM has many applications due to its solubility 
in water and various chemical and physical properties. The 
PAM allows various applications like super-absorbent poly-
mer technology, chromatography, electrophoresis, biophys-
ics, and nanoscience, e.g., enzyme treatment or controlled 
drug delivery [3]. PAM is used in water treatment because 
it leads to flocculate solids in the liquid. Furthermore, it 
can increase water viscosity, and can increase oil recovery. 
It is widely used as an adhesive for pulp fibers in the paper 
industry, and in addition, it is used as an additive for waste-
water treatment. PAM can be used as a soil conditioner in 
agriculture. Other applications of PAM include mining and 
ore processing.

However, acrylamide (AM) monomer toxicity is a con-
cern, especially when the polymer is in direct contact with 
body fluids or is applied to manufacture therapeutic agents. 
There is no tendency to accept it as a safe material. Thus, the 
level of AM monomers in commercial polymers has been 
an important issue. Recently, many studies have been per-
formed on the possibility of converting commercial PAM 
formulations to AM monomers [4, 5]. PAMs are usually pro-
duced via free-radical polymerization of AM in an aqueous 
solution or dispersion with the help of initiators such as azo, 
persulfates, or peroxides compounds, redox systems, and 
photochemical materials. The process of polymerizing AM 
affording PAM that has entirely distinct chemical and bio-
logical features to the monomer. The amide functional group 
of PAM can perform transformations, including hydroly-
sis, dehydration, transamidation, and Hofmann degradation 
reactions.

PAM and its modified forms and copolymer in the form of 
soluble or insoluble polymer support are successfully used 
in catalysis and synthesis. The compatibility of this polymer 
with aqueous media is the point of choosing this polymer 
in most cases that makes PAM a suitable base for many 
biological and medicinal investigations. PAM in the form 
of copolymer with PS used for the production of polymer 
grafted magnetic nanoparticles (NPs) like  Fe3O4/poly (sty-
rene-co-acrylamide) composite, which has attracted much 
regards in the last few decades because of their comprehen-
sive applications in medicine and biology [6]. PAM and their 
modified forms and PAM-supported different metal com-
plexes can also act successfully as heterogeneous catalysts 
in further transformations. In most cases, these polymeric 
catalysts could be reused multiple times without reducing 
their activity.

Herein, reagents and catalysts supported on PAM that 
recently has been widely used in various reactions are 
investigated. These reactions include oxidation–reduction 

reactions, C–C cross-coupling reactions, Michael addition 
reactions, condensation reactions, substitution reactions, the 
three-component reaction of aldehydes, alkynes, and amines 
 (A3 coupling), decomposition of hydrogen peroxide, metha-
nolysis reaction, 1,3-thiazoles synthesis, dichlorocyclopro-
panation reaction, oxidative esterification reaction, ethylene 
polymerization, protection of carbonyl compounds, ring 
opening of epoxides, dye decolorization and direct transfor-
mation of benzilic amines to carbonyls compounds. PAM-
supported catalysts and reagents used in various organic 
transformations are summarized in Table 1.

1.1  Oxidation–Reduction Reactions

Alcohol oxidation to carbonyl compounds is one of the main 
reactions in preparing organic materials performed by dif-
ferent methods. One of the most widely reported methods 
is the oxidation of alcohols by catalysis of transition metals 
using environmentally friendly oxidants such as oxygen and 
hydrogen peroxide [7, 8]. Although several homogeneous 
catalyst systems without oxidants catalyzed by transition 
metals have been reported, these methods have problems 
such as difficulties in catalyst preparation [9], air sensitivity 
[10], and the requirement for additives [11–13]. Recently, 
catalysts supported by various polymeric backbones have 
been used to oxidize alcohols. The most important features 
of these methods are simple filtration, easy recovery from 
the reaction mixture, high selectivity, and low toxicity 
[14–16]. Polymeric transition metal-catalyzed systems are 
environmentally benign supports as they produce hydrogen, 
a precious energy source that prevents the oxidation of start-
ing materials to carboxylic acids due to their mild reactivity 
[17].

In 1988, poly(N-bromoacrylamide) (PBAM) as a novel 
insoluble polymeric oxidizing and brominating agent was 
detected to oxidize 1° and 2° alcohols under favorable cir-
cumstances. Owing to the polar hydrophilic temper of the 
PBAM, more polar solvents facilitate the oxidation reac-
tion [18]. Similar oxidizing reagents have been obtained by 
N-bromo derivatives of poly(acrylamide-co–N,N'-methylene 
bis-acrylamide)s (PAMA) (Scheme 1) and used for the oxi-
dation of some 1° and 2° alcohols to the analogous alde-
hydes and ketones. In this study, the impact of the cross-link 
density on the function of the oxidizing agents was inves-
tigated [19].

Prabhakaran et al. used poly(vinyl amine) (PVAm) as a 
polymeric support reagent. Cross-linked PAM was manu-
factured via the free radical copolymerization of AM and 
divinyl benzene (DVB), and it was transformed to cross-
linked PVAm through Hofmann’s degradation reaction in the 
presence of hypobromite. The permanganate group treated 
the prepared PVAm to acquire the polyvinyl ammonium 
permanganate resin  (PVAmMnO4). Then, permanganate 
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Table 1  PAM-supported catalysts and reagents used in different organic transformations

Entry PAM support Catalyst or 
Reagent

Reaction Reference

1 PBAM R Oxidation of primary and secondary alcohols [18]
2 PAMA R Oxidation of primary and secondary alcohols [19]
3 PVAmMnO4 R Oxidation of primary and secondary alcohols [20]
4 PACC R Oxidation of hydroxyl compounds, silyl ethers, oximes, and thiols [21]
5 PAHISCo C Oxidation of olefins and alkyl halides [22]
6 Ag@IPN C Oxidant-free dehydrogenation of alcohols [23]
7 CTAB–PTP/PAM C Oxidation of dibenzothiophene [24]
8 PAM-HP C Photooxidation of anthracene [25]
9 CPVPAM C Hydrogenation of azo and nitro groups [26]
10 PNVIM/Pd C Hydrogenation of olefins and alkynes [27]
11 Ni(AAEMA)2-pol C Hydrogenation of nitroarenes [28]
12 Pd0-PAM/-γFe2O3 C Hydrogenation of phenylacetylene [29]
13 P(NIPAM-MAA-AM) C Reduction of 4‐NP [30]
14 PAM/G/Ag C Reduction of MB, 4-NP, and an azo dye [31]
15 P(NIPAM‐co‐AM) C Reduction of 4‐NP [32]
16 P(NIPAM-AAc-AM) C Reduction of nitroarenes [33]
17 PGMA-PAM C Reduction of 4-NP [34]
18 CS-PAm-Cu NPs C Reduction of 4-NP [35]
19 PAM/PPy/GO C Reduction of 4-NP [36]
20 Ag/L/PAM C Reduction of 4-NP [37]
21 PAMAAMTAHa C Reduction of aldehydes and ketones [39]
22 PAMAAMTACh C Reduction of nitroarenes [39]
23 Ag-PCAM/PAM C Reduction of sodium fluorescein [41]
24 PAM/GO C Reduction of 4-NP and MB [42]
25 Ag-PAM C Reduction of 4-NP [43]
26 TEMPO [P(AM-co-VAm)-T] C Oxidation of cellulose [44]
27 Pd/PAM C Suzuki–Miyaura cross-coupling reaction [56]
28 PdCl2/PAM C Suzuki–Miyaura cross-coupling reaction [57]
29 PAM-g-rGO/Pd C Suzuki–Miyaura cross-coupling reaction [58]
30 PPAMPh C Mizoroki–Heck and Suzuki–Miyaura cross-coupling reactions [59]
31 PPAMPh C Copper- and amine-free Sonogashira reaction [60]
32 SiO2-g-PAM C Mizoroki–Heck cross-coupling reaction [61–63]
33 Pd@Hal-P-CD C Sonogashira and Heck C–C coupling reactions [64]
34 PPAM/PNIPAM/Pd C Suzuki–Miyaura cross-coupling reaction [65]
35 Poly[N-(6-aminohexyl)-acrylamide] C Knoevenagel reaction [66, 67]
36 Poly(AMPS-co-AA)@Fe3O4 C Domino Knoevenagel-type condensation/Michael reaction [68]
37 GO–poly(AMPS–co–AM) C Condensation reaction [69]
38 MWCNT–poly(AMPS–co–AM) C Electrophilic substitution reaction [70]
39 PAAAC C Nucleophilic substitution reactions [71]
40 PAPh C Michael addition reaction [72]
41 PAAPh-Au C Three-component  A3 coupling of amines, aldehydes, and alkynes [73]
42 TEGDMA-PAM C Decomposition of hydrogen peroxide [74]
43 NNMBA-PAM C Decomposition of hydrogen peroxide [75]
44 M-NNMBA-PAM C Decomposition of hydrogen peroxide [76]
45 NIPAM-co-AM C Decomposition of hydrogen peroxide [77]
46 St-g-PAM C Decomposition of hydrogen peroxide [78]
47 Fe-PH C Decolourization of dyes [79]
48 M@p-(AM) C Methanolysis reaction [80]
49 Cross-PAA-SO3H@nano-Fe3O4 C 1,3-Thiazoles synthesis [81]
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ion supported over cross-linked PVAm with a capacity of 
3.3 meq/g applied for alcohols (primary and secondary) 
oxidation [20].

Another interesting study was reported by Tamami and 
coworkers, who synthesized modified PAM-supported 

chlorochromate (PACC) (Scheme 2) and utilized it as a new 
polymeric oxidizing reagent for the oxidation of diverse 
organic materials, like alcohols, silyl ethers, oximes, and 
thiols. Excessive oxidation of aldehydes to acids was not 
perceived, and the polymeric oxidant was insoluble in the 

Table 1  (continued)

Entry PAM support Catalyst or 
Reagent

Reaction Reference

50 QHBPAM C Dichlorocyclopropanation reaction [82]
51 Au/PAM C Oxidative esterification reaction [83]
52 SiO2/PAM C Ethylene polymerization [85]
53 PNBA C Protection of carbonyl compounds [86]
54 PAATAH C Synthesis of halohydrines, azidohydrines, thiocyanohydrines, nitro 

alcohols, and β-dihydroxysulfides
[87–91]

55 PNIPAM-PW12 O−3

40
C Direct transformation of benzilic amines to carbonyl compounds [92]

PBAM: poly(N-bromoacrylamide), PAMA: poly(acrylamide-co–N,N'-methylenebis-acrylamide),  PVAmMnO4: polyvinyl ammonium per-
manganate resin, PACC: polyacrylamide-supported chlorochromate, PAHISCo: poly(acrylohydrazide-imino-salicylaldehyde) supported cobalt 
complex, Ag@IPN: silver NPs encaged in a nanoporous chitosan/PAM interpenetrating polymer network, CTAB–PTP/PAM: polyacrylamide 
microgels covered with cetyltrimethyl ammonium bromide (CTAB)-peroxotungstophosphate (PTP) complexes, PAM-HP: polyacrylamide 
hydrogel-bound hematoporphyrin, CPVPAM: cross-linked PVP and poly(acry1amide-methacrylic acid) copolymer, PNVIM/Pd: palladium 
anchored to polyacrylamide and poly(NVIM), Ni(AAEMA)2-pol: acryl amidic polymer supported nickel catalyst,  Pd0-PAM/-γFe2O3: polyacryla-
mide-stabilized palladium NPs supported on γ-Fe2O3, P(NIPAM-MAA-AM): poly(N-isoprpylacrlamide-methacrylic acid-acrylamide), PAM/G/
Ag: polyacrylamide/graphene/Ag ternary hydrogel, P(NIPAM‐co‐AM): poly(N‐isopropylacrylamide‐co‐acrylamide), P(NIPAM-AAc-AM): 
poly(N-isopropylacrylamide-acrylic acid-acrylamide), PGMA-PAM: polyacrylamide-modified poly(glycidyl methacrylate), CS-PAm-Cu NPs: 
chitosan based hydrogel nanocomposite with copper nanoparticle, PAM/PPy/GO: polyacrylamide/polypyrrole/graphene oxide nanosheets, Ag/L/
PAM: silver/lignin/polyacrylamide hydrogels, PAMAAMTAHa: poly[N-(2-aminoethyl)acrylamido]trimethyl ammonium halide, PAMAAM-
TACh: poly[N-(2-aminoethyl)acrylamido]trimethyl ammonium chloride, Ag-PCAM/PAM: poly(cinnamic acid hydroxyethyl methacrylate-co- 
acrylamide) containing Ag NPs, PAM/GO: acrylamide/graphene oxide composites, Ag-PAM: silver nanoparticle-containing polyacrylamide 
hydrogels, TEMPO [P(AM-co-VAm)-T]: 2,2,6,6-tetramethylpiperidine-N-oxyl supported on copolymer of vinylamine and acrylamide, Pd/
PAM: Pd NPs supported on polyacrylamide hydrogel,  PdCl2/PAM:  PdCl2 supported on PAM hydrogel, PAM-g-rGO/Pd: polyacrylamide-g-re-
duced graphene oxide supported pd NPs, PPAMPh: Pd NPs supported on modified crosslinked polyacrylamide containing phosphinite ligand, 
 SiO2-g-PAA: polyacrylamide brushes grafted onto silica NPs, Pd@Hal-P-CD: immobilized Pd NPs on Hal and CD-conjugated polyacrylamide, 
PPAM/PNIPAM/Pd: palladium-loaded polypropylacrylamide (PPAM) and PNIPAM systems, each copolymerized with either methacrylic acid 
or N-[3-(dimethylamino)propyl]methacrylamide, poly[N-(6-aminohexyl)-acrylamide]: amino-functionalized PAM, poly(AMPS-co-AA)@Fe3O4: 
poly(2- acrylamido-2-methyl propane sulphonic acid-co-acrylamide) containing  Fe3O4 NPs, GO–poly(AMPS–co–AM): poly(2-acrylamido-2- 
methyl-1-propanesulfonic acid-co-acrylamide) grafted on graphene oxide, MWCNT–poly(AMPS–co–AM): multiwalled carbon nanotubes 
grafted with poly(2–acrylamido–2-methylpropane sulfonic acid–co–acrylamide), PAAAC: poly [N-(2-aminoethyl) acrylamido] trimethyl ammo-
nium chloride, PAPh: polyacrylamide supported phenolate, PAAPh-Au: polyacrylamide containing a phosphinite ligand-supported gold NPs, 
TEGDMA-PAM: triethyleneglycol dimethacrylate-crosslinked polyacrylamides, NNMBA-PAM: N,N'-methylene-bisacrylamide crosslinked 
polyacrylamides, M-NNMBA-PAM: nickel, cobalt, copper, and manganese complexes of Schiff base modified NNMBA cross-linked PAM, 
NIPAM-co-AM: copolymer of N-isopropylacrylamide and acrylamide, St-g-PAM: amino acid modified starch-graft-polyacrylamide, Fe-PH: 
iron loaded polyacrylamide hydrogels M@p-(AM): metal NPs supported on polyacrylamide water beads, cross-PAA-SO3H@nano-Fe3O4: 
crosslinked sulfonated polyacrylamide attached to nano-Fe3O4, QHBPAM: quaternized highly branched polyacrylamide, Au/PAM: Au supported 
polyacrylamide,  SiO2/PAM: polyacrylamide supported  SiO2, PNBA: poly (N-bromoacrylamide), PAATAH: Poly[N-(2-aminoethyl)acrylamido]
trimethyl ammonium halide, PNIPAM-PW12  polyacrylamide-bound tungstate

Scheme 1  Oxidation of 
alcohols using PBAM and the 
recycling process
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reaction media. The chromium (VI) ions attached firmly to 
the PAM support even after reaction completion [21].

Anchoring metal complexes on polymeric supports shows 
practicable advantages like simpleness in separation and 
handling, recovery and reusability, non-toxic features, and 
compatibility for an ongoing procedure. B. Tamami et al. 
reported a novel polymeric Schiff base-cobalt complex sup-
ported on modified cross-linked PAM (PAHISCo) and used 
for the alkenes and haloalkanes oxidation using hydrogen 
peroxide in water as a green reaction medium [22].

In addition, a heterogenous system based on silver NPs 
encaged in chitosan (CS)/PAM interpenetrating polymer 
network (Ag@IPN) was introduced. PAM improves the Ag 
NP’s stability and avoids its subsequent leching and aggrega-
tion. Ag@IPN catalytic system was applied for the oxidation 
of diverse aromatic, heteroaromatic and aliphatic alcohols in 
the absence of oxidant in an environmentally friendly oxida-
tion procedure [23].

Song et al. reported a composite microsphere-supported 
system based on PAM (Scheme 3). Initially, the microgel of 
PAM is swelled with peroxotungstophosphate (PTP) solu-
tion as a core system. Then, the swelled microgels are dis-
persed in an  H2O2 solution, including cetyltrimethylammo-
nium bromide (CTAB). Finally, CTAB-PTP is constructed 
on the surface of PAM as a shell. The CTAB-PTP/PAM 
microspheres are applied as recyclable catalysts in the oxida-
tion of dibenzothiophene (DBT) that decrease the release of 
organic solvent into nature [24].

Rogers et al. chose modified PAM hydrogels as a suitable 
support for photosensitizer hematoporphyrin (PAM-HP) due 
to PAM adaptability with polar and nonpolar solvents. Then 
it is utilized in the photooxidation of anthracene and sensor 
green probe using singlet  O2 (produced by sensitizer resin) 
in an aqueous and organic solvent, respectively [25].

Mathew et  al. prepared palladium complexes sup-
ported on cross-linked polyvinylpyridine (PVP) and 

poly(acry1amide-methacrylic acid) copolymer grafted on 
 SiO2 (CPVPAM), and applied them as catalysts for the oxi-
dation of azo and nitro compounds. Compared with silica-
free polymer-Pd catalysts, these catalysts showed much 
higher activity [26]. To understand the influence of poly-
mer coating on the catalyst activity, palladium is anchored 
to different silica-coated polymers such as PAM and poly 
N-vinylimidazole (PNVIM) (Scheme 4). The resulting cata-
lysts (PNVIM/Pd) were active towards the hydrogenation of 
olefins and alkynes under mild conditions and represented 
reusability and selectivity in reducing alkynes and dienes to 
alkenes in the presence of alkenes [27].

Romanazzi et al. presented a nickel catalyst supported 
by an acryl amidic polymer (Ni(AAEMA)2-pol) according 
to Scheme 5. They evaluated its catalytic efficiency for the 
reduction of nitro compounds in water as green medium. 
This catalyst is applicable for at least five cycles while main-
taining its catalytic activity and selectivity. Recyclability, 
high selectivity and keeping away the formation of hydro-
dehalogenated by-products were major benefits of this poly-
meric Ni catalyst [28].

An efficient catalytic system, PAM-stabilized palladium 
NPs supported on γ-  Fe2O3  (Pd0-PAM/- γFe2O3), was syn-
thesized by the adsorption of the  Pd0-PAM systems on 
maghemite. This catalyst was applied for the hydrogena-
tion of phenylacetylene gently, and catalyst activity was 
enhanced by decreasing the size of palladium NPs [29].

Farooqi et al. synthesized a multi-responsive microgel 
consists of responsive poly(N-isopropylacrlamide-meth-
acrylic acid-acrylamide) [P(NIPAM-MAA-AM)] terpoly-
mer via conventional radical emulsion polymerization and 
employed for the fabrication of silver NPs. This hybrid 
system is applied in the reduction of 4-nitrophenol (4-NP) 
compound [30].

A novel water-based and convenient method was devel-
oped to produce a hydrogel consists of a ternary PAM-based 
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Scheme 2  synthetic route for the preparation of cross-linked PAM-supported chlorochromate
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Scheme 3  Synthesis of CTAB–
PTP/PAM composite micro-
spheres
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(II) The swelled microgels are dispersed in hydrgen peroxide
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PAM microgels
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composite with low-temperature thermally functionalized 
Ag and graphene (G) NPs (PAM/G/Ag) (Fig. 1). It was used 
in the catalytic reduction of an azo dye, 4-NP, and methyl-
ene blue properly. These hydrogels based on PAM indicate 
interconnected structure with porous composition which 
introduce them as catalyst molecule adsorbents [31].

Ejaz Ahmed and coworkers synthesized a microgel 
comprised poly(N-isopropylacrylamide-co-acrylamide) 

[P(NIPAM-co-AM)] via precipitation polymerization 
approach. Afterward, the silver ions were inserted into the 
polymer network and then reduced to silver NPs. The as-pre-
pared microreactor [P(NIPAM‐co‐AM)] was applied in the 
catalytic hydrogenation of 4-NP compound [32]. In a similar 
report, Farooqi et al. introduced Ag NPs incorporated into 
the poly(N-isopropylacrylamide-acrylic acid-acrylamide) 
[P(NIPAM-AAc-AM)] microgel. AM components extended 

N

O

++
H
N

H
N

Ni(AAEMA)2

N,N-Dimethylacrylamide N,N¢-Methylenebis(acrylamide)

DMF

1h

120°C

AIBN

Ni(AAEMA)2-polAAEMA =
O

O

O

O

O

Scheme 5  Synthesis of Ni(AAEMA)2-pol catalyst

Fig. 1  Schematic explanation 
of the catalytic performance of 
the ternary PAM-based com-
posite hydrogel (PAM/G/Ag). 
Reprinted with permission from 
ref. (31).  Copyright 2014, Jour-
nal of Materials Chemistry A



9Polyacrylamide Supported Reagents and Catalysts in Various Organic Reactions  

1 3

the pH stability scope of P(NIPAM-AAc-AM)-Ag compared 
to P(NIPAM-AAc)-Ag hybrid system [33].

Zhang and coworkers introduced an excellent procedure 
for producing dispersed Ag NPs supported by PAM-mod-
ified poly(glycidyl methacrylate) (PGMA) microspheres 
(PGMA-PAM). PAM improved the function of PGMA sup-
port due to abundant amide groups that provide the func-
tionality for the growth of silver NPs. The as-prepared Ag 
composites revealed superior catalytic activity in the reduc-
tion of nitro compound (Fig. 2) [34].

Another elegant example reported by Kumar et al., who 
created the nanocomposite composed of multi-responsive 
CS-PAm-Cu NPs hydrogel using free-radical polymeriza-
tion. In this system, CS, Am, Cu NPs, ammonium persul-
fate and glutaraldehyde are performing the role of substrate, 
monomer, initiator, and cross-linking agent, respectively. 
The as-prepared CS-PAm-Cu NPs compound exhibited high 
conversion capability for the conversion of 4-NP into 4-AP 
[35].

Similar catalytic activity was obtained by Ag NPs sup-
ported on nanosheets comprised polyacrylamide, polypyr-
role, and graphene oxide (PAM/PPy/GO). GO with a vast 
surface area and superior two-dimensional architecture 
improved silver NP immobility. In addition, PPy raised the 
rate of electron transport in the reduction of 4-NP because of 
its high electric conductivity. In this catalytic system, PAM 
had the role of an effective linker among silver NPs and PPy/

GO nanosheets facilitated the efficient interaction between 
4-NP and silver NPs [36].

Lignin as the second natural polymer in nature is used 
to enhance the catalytic activity of Ag NPs by crosslinking 
polymers with each other and forming a three-dimensional 
network architecture. Taking this as inspiration, Gao et al. 
prepared three-dimensional hydrogels composed of silver, 
lignin, and PAM (Ag/L/PAM) favorably and employed them 
for the hydrogenation of 4-NP compound [37].

Phase transfer catalysis (PTC) is an impressive synthetic 
tool for accelerating phase-separated reactions (liquid–liquid 
as well as liquid–solid) and manufacturing specialty chemi-
cals. However, these catalysts are generally not recoverable, 
and the work-up becomes tedious process due to the forma-
tion of stable emulsions of ammonium and phosphonium 
salts. In this regard, supported catalytic systems have been 
developed to control these difficulty [38].

Tamami et al. reported an onium salt amino modified 
cross-linked PAM (poly[N-(2-aminoethyl)acrylamido]trime-
thyl ammonium halide resin) (PAMAAMTAHa) as a well-
organized heterogenous PTC (Scheme 6). This polymeric 
PTC is applied for the carbonyl compounds reduction (alde-
hyde and ketones) using  NaBH4 chemoselectively. It has 
been proven that this supported PTC is extremely regioselec-
tive in reducing α,β-unsaturated aldehydes and ketones [39].

Furthermore, in mild conditions and in the presence of 
zinc powder in water, it converts aromatic nitro compounds 

Fig. 2  a Reaction schematic of 
the synthesis of PGMA-PAM 
and b illustration of the prepara-
tion of Ag NPs@PGMA-PAM 
composites. Reprinted with 
permission from ref. (34).  
Copyright 2016, American 
Chemical Society
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into the corresponding amino counterparts with high yields. 
This method is environmentally friendly for the synthesis of 
anilines because hazardous nitrogen containing by-products 
(hydrazine, hydroxylamines, diazo, and nitroso compounds) 
were not obtained during the reduction of nitroarenes [40].

Leng and coworkers fabricated a photo responsive dou-
ble-layer hydrogel by grafting light responsive cinnamic 
moieties onto a PAM network to synthesize photo-sensitive 
layer. Silver NPs were dispersed on the photoresponsive 
layer through in situ reduction of silver salt (Ag-PCAM/
PAM) and applied as a catalyst for the sodium fluorescein 
(SF) reduction in the presence of sodium borohydride. For 
analyzing photoswitchable behavior, γ>260 nm and γ<260 
nm light stimuli were chosen as the primary illumination 
sources. Due to the cycloaddition of cinnamic moieties 
when radiated by UV light with γ>260 nm, the cross-link-
ing degree increased and the availability and diffusion of 
reactants in the solution decreased. Therefore, the rate of 
catalytic reaction slowing (Scheme 7) [41].

For the first time, Hu and coworkers reported the pseudo-
zero-order kinetics for catalytic reduction pathways. This 
catalytic rout is flexible by altering the structure of a tricom-
ponent composite catalyst constituted of Ag ions, G, and 
PAM. They incorporated varying amounts of GO nanosheets 
into the PAM matrix (PAM/GO). This combination gener-
ates a dual cross-linking network capable of encapsulating 
silver nanocatalysts as they are being generated in situ dur-
ing the catalytic reduction reaction. Consequently, the cata-
lytic reduction of 4-NP and methylene blue is significantly 
improved. The results showed that the higher GO content 
leads to a discernible rise in the amount of  Ag+ ions, which 
provides many catalytic sites for 4-NP [42].

In 2020, the electrochemical production of silver NPs 
immobilized within a PAM hydrogel (Ag-PAM) was 
announced by Fox et al. PVP-protected silver NPs generated 
by reduction of  Ag+ in the vicinity of poly(N-vinylpyrro-
lidone) and then incorporated into a PAM hydrogel com-
posite. This system showed good efficiency in the reduction 
of 4-NP to 4-AP applying sodium borohydride, which also 

prevents oxidation or corrosion of the silver NPs and gives 
the hydrogel–Ag composite stability and reusability [43].

In 2021, a report was written about how 2,2,6,6-tetra-
methylpiperidine-N-oxyl (TEMPO) changed the primary 
alcohol groups of polysaccharides into carboxyl groups. 
Two significant issues plagued this process. First, oxidation 
led to the cellulose backbone’s depolymerization, which 
ultimately reduced the cellulose’s mechanical properties. 
Second, TEMPO is a toxic material for marine life and is 
difficult to recover from wastewater. Scientists have come 
up with various ways to deal with these problems. TEMPO 
[P(AM-co-VAm)-T] was found to be an excellent catalytic 
system for the oxidation of cellulose selectively by Liu and 
coworkers in 2021 when they developed a support compose 
of vinylamine and acrylamide P(AM-co-VAm) recyclable 
copolymer with –NH2 groups that reacted with carboxylic 
groups in TEMPO [44].

1.2  C–C Cross‑Coupling Reactions

Pd NPs play crucial role as a catalyst in the C–C coupling 
reaction as one of the main processes in the improvement 
of organic chemistry [45]. Palladium catalysts are mainly 
incorporating in organic or inorganic supports, G [46–50], 
and CNT [51–55] due to their possibility for easy recovery 
and mostly used in Heck, Suzuki and Sonogashira coupling 
reactions.

Mahdavi et al. synthesized a novel heterogeneous catalyst 
on an amphiphilic PAM supported by palladium NPs (Pd/
PAM) and then employed it in Suzuki cross-coupling reac-
tion. Stable Schiff base ligands were used to link the palla-
dium NPs to the support in the presence of air and moisture 
(Scheme 8) [56].

PdCl2 supported on PAM hydrogel  (PdCl2/PAM) created 
an inexpensive catalyst that was applied for Suzuki–Miyaura 
cross-coupling reaction. Diverse iodo- and bromoarenes 
were coupled with phenylboronic acid to produced biphenyl 
compounds under phosphine-free condition in EtOH with 
excellent yield [57].

CH2 CH

CONH2

+ DVB
Bz2O2 / EtOH

70°C

CH2CH

CONH2

H2NRNH2 (excess)

100°C

R= (CH2)22% crosslinked

CH2CH3

CONHRNH2

CH3I (excess)

Dioxane / 50°C

CH2CH

CH2ONHRN(CH3)3I

NaCl / r.t CH2CH

+ - + -
CH2ONHRN(CH3)3Cl

Scheme 6  Preparation of poly [N-(2-aminoethyl) acrylamido] trimethyl ammonium chloride (PAMAAMTACh)
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G and GO with distinctive chemical, physical, and 
surface characteristics, have been widely used to support 
the immobility of active species and metal-free catalysis. 
Modification of GO surface by polar and hydrophilic PAM 
led to improved dispersion of GO in a solvent. Then, Pd 
NPs were immobilized on the PAM-g-rGO surface, and 
the nanocomposite was applied in the Suzuki–Miyaura 
cross-coupling reaction. PAM-g-rGO/Pd catalytic system 
showed high catalytic activity in a green solvent under 
mild condition (Scheme 9) [58].

Tamami et al. revealed an intriguing example of a cata-
lyst for the Mizoroki–Heck and Suzuki–Miyaura coupling 
reactions using Pd NPs supported on cross-linked PAM, 
modified with phosphinite ligand as an effective polymeric 
catalyst (PPAMPh) (Scheme 10). This process is distin-
guished by its rapid reaction time, simple purification of 
products, high efficiency, and recycling of catalyst, and 
negligible leaching of Pd. Due to this catalyst's resist-
ance to air, all reactions can be carried out in the air [59]. 
Furthermore, they used this catalyst for the Sonogashira 
reaction without copper or amine in NMP in an aerobic 
environment [60].

Ghasemi and coworkers synthesized PAM grafted onto 
silica gel  (SiO2-g-PAM) through “grafting to” and “grafting 
from” strategy by using the RAFT polymerization technique. 
A system of heterogeneous catalyst was developed through 
the modification of  SiO2-g-PAM with phosphinite ligand 
and the following complexation of modified ligand with Pd 
salt. The Mizoroki–Heck cross-coupling reaction illustrates 
this catalyst’s appropriate activity and recyclability [61–63].

A three-component hybrid system combining halloysite 
nanoclay and cyclodextrin-conjugated PAM (Hal-P-CD) was 
synthesized by Sadjadi and coworkers. The heterogenous 
support was produced by the grafting of PAM brushes on 
the surface of modified halloysite nanotubes and then intro-
ducing β-cyclodextrin. Pd(0) NPs were immobilized on the 
as-prepared support, and a ternary hybrid catalyst, Pd@Hal-
P-CD, was developed favorably (Scheme 11). The catalyst 
utilized in the Heck and Sonogashira carbon–carbon cou-
pling reactions in an aqueous environment [64].

Recent research by Sewald and colleagues has resulted 
in the development of a smart catalyst for the Suzuki cou-
pling of peptides and amino acids. This catalyst is based 
on PAM microgels copolymerized with carboxylic acid 
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and tertiary amine segments. The Suzuki–Miyaura cross-
coupling reaction was performed using phenylboronic acid 
with  Nα-Boc-4-iodophenylalanine and  Nα-Boc-7 bromo-
tryptophan using four different types of microgels loaded 
with palladium. These four catalytic systems are polypropy-
lacrylamide (PPAM) and PNIPAM, which were copolymer-
ized with methacrylic acid (MAA) or N-[3-(dimethylamino) 
propyl]methacrylamide (DAPMA), each of which intro-
duced a carboxylic acid or a third amine in the network [65].

1.3  Condensation Reactions

In a condensation reaction, two molecules join to produce 
one, typically with the loss of a smaller component. Aldol 
and Knoevenagel condensations, which both create water 
as a side product, and Claisen and Dieckman condensations 
(intramolecular Claisen condensations) that yield alcohols, 
are examples of condensation reactions that are frequently 
encountered. An exciting example of amino-functionalized 
PAM was obtained by transamidation reaction between PAM 
and hexamethylenediamine and used as an effective and che-
moselective polymeric catalyst for condensation reaction 
(Scheme 12). Knoevenagel reaction was performed among 
aliphatic and aromatic aldehydes and carbanion precursor 
compounds e.g., malononitrile, cyanoacetamide, and ethyl 
cyanoacetate under solventless and aqueous conditions [66, 
67].

Another example was reported by Parvanak Borou-
jeni, who synthesized magnetite-containing sulfonated 
PAM through 2-acrylamido-2-methyl-1-propanesulfonic 
acid (AMPS) and AM polymerization, following by treat-
ment with  Fe3O4 NPs (Scheme 13). The as-prepared poly 
(AMPS-co-AM) containing  Fe3O4 NP was used for one-pot 
preparation of biscoumarin derivatives via domino Knoev-
enagel/Michael reaction among 4-hydroxy biscoumarin and 
different aldehydes [68]. Furthermore, poly (AMPS-co-AM) 
was employed for grafting to GO. The poly (AMPS-co-AM)-
GO catalytic system as a recyclable catalyst was utilized to 
prepare 1,8-dioxo-octahydroxanthenes via the condensation 
reaction of different aldehydes with dimedone (5,5-dime-
thyl-1,3-cyclohexanedion) in aqueous media [69].

In addition, poly (APMS-co-AM) was grafted to mul-
tiwalled carbon nanotubes (MWCNTs) successfully 
(Scheme 14). The poly (APMS-co-AM)-MWCNT demon-
strated significant catalytic activity in the electrophilic sub-
stitution reaction of indole with diverse aldehydes and prep-
aration of 1,8-dioxo-octahydroxanthenes via condensation 
of aldehydes and dimedone. In this study, poly (APMS-co-
AM) with long chain, high polarity, and steric bulkiness 
break the van der Waals attractions between MWCNTs and 
improve the dispersion of poly (APMS-co-AM)-MWCNT 
in both aqueous and organic media. Furthermore, the abil-
ity of amide and sulfonic acid groups to undergo hydrogen 
bonding increase the solubility of the heterogeneous catalyst 
in protic solvent [70].
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1.4  Substitution Reactions

Substitution reactions are divided into electrophilic and 
nucleophilic in organic synthesis. This classification is influ-
enced by factors such as the type of reagent or whether the 
reactive intermediate engaged in the reaction is a free radi-
cal, a carbocation, or a carbanion, as well as if the starting 
material is aliphatic or aromatic. Good examples of a substi-
tution reaction are the formation of haloalkanes, hydrolysis, 
and halogenation, which occur in the vicinity of diverse cata-
lysts. Nucleophilic substitution reactions on haloalkanes in 
the presence of PTCs are one of the remarkable reactions in 

organic chemistry. PTCs do not fully recover and form stable 
emulsions despite increasing the reaction rate and facilitat-
ing separation. For this purpose, heterogeneous catalysts are 
used, such as polymer-supported matrixes. In 2008, Tamami 
et al. introduced the application of efficient heterogeneous 
PAM-based PTC (poly [N-(2-aminoethyl) acrylamido] tri-
methyl ammonium chloride) (PAAAC) for the preparation of 
cyanides, thiocyanates, azides, and ethers derivatives from 
their haloalkanes counterparts. The most important feature 
of this catalytic system is its recoverability and reusability 
and application of water as a safe and green solvent in sub-
stitution reactions [71].
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1.5  Michael Addition Reaction

One of the best ways for mildly creating C–C bonds is 
the Michael addition reaction, during which the nucleo-
philic addition of a nucleophile e.g. carbanion to an α,β-
unsaturated carbonyl substrate containing an electron-
withdrawing substituent takes place. In 2006, Tamami et al. 
used PAM-supported phenolate (PAPh) as a new poly-
meric catalyst in aza- and thio-Michael addition reactions 
between ß-unsaturated electrophiles and both aliphatic and 
aromatic amines and thiols in aqueous solution at room tem-
perature without any side reactions. This catalyst was pre-
pared by modification of PAM through transamidation with 
1,6-diaminohexane and subsequent reaction with 4-hydroxy-
benzaldehyde (Scheme 15) [72].

1.6  Three‑Component  A3 Coupling of Amines, 
Aldehydes, and Alkynes

An alkyne, an amine, and an aldehyde combine in the  A3 
coupling, a multicomponent reaction, to yield propargyl-
amine. A metal catalyst, usually based on Ru/Cu, Ag, or 
Au, is required for the reaction to proceed through direct 
dehydrative condensation. Recently many attempts have 
been made to synthesize propargylamines due to their wide-
spread medicinal importance of these compounds, their role 
as a main constituent in the production of nitrogen contain-
ing chemicals, and their function as essential intermediate 
for the synthesis of natural products. Gholinejad et al. intro-
duced PAM containing a phosphinite ligand by the reac-
tion of 2-aminophenol with acryloyl chloride followed the 

treatment with chlorodiphenylphosphine and subsequent 
polymerization with AIBN (Scheme 16). Afterward, Au NPs 
supported on PAM included a phosphinite ligand (PAAPh-
Au) as a polymeric catalyst to produce propargylamines 
through three-component  A3 coupling between aldehydes, 
amines, and alkynes. Reactions are carried out in pure water 
as an environmentally friendly solvent with remarkable yield 
[73].

1.7  Decomposition of Hydrogen Peroxide

Hydrogen peroxide as the simplest peroxide (compounds 
with O–O single bond) is reactive oxygen containing spe-
cies that decomposes when exposed to light or a variety 
of redox-active ions. Metal complexes supported by PAM 
crosslinked with triethyleneglycol dimethacrylate (TEG-
DMA) [TEGDMA-PAM] exhibit catalase-like activity in 
the decomposition of  H2O2. (Scheme 17). In this research, 
the catalysis activity of the metal ions like Pb (II), Mn (II), 
Fe (III), Cr (III), and Cu (II) has been explored, and the 
results showed that the percentage conversion of  H2O2 was 
determined to be as follows: Mn (II) > Cu (II) > Fe (III) > Cr 
(III) > Pb (II) [74].

In 1998, glycine modified PAM crosslinked with N,N'-
methylene-bisacrylamide (NNMBA) supported metal com-
plexes (NNMBA-PAM) were synthesized. The efficiency of 
these heterogenous metal complexes was examined in the 
 H2O2 decomposition. According to this research, the degree 
of NNMBA cross-linking significantly affects the efficiency 
of these cross-linked polymeric complexes [75].

Scheme 10  Synthetic strategy 
for the preparation of modified 
PAM-supported Pd NPs
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Tamami et al. introduced some nickel, cobalt, copper, 
and manganese complexes of Schiff base modified NNMBA 
cross-linked PAM (M-NNMBA-PAM) and tested them for 
the  H2O2 decomposition as a sample reaction. This study 
represented that increasing the support's cross-linking den-
sity and the spacer arm's length improves the  H2O2 decom-
position activity of the catalyst [76]. In consequence of the 
work on the preparation metal complexes of Schiff base 
modified cross-linked PAM resin for  H2O2 decomposition, 

poly (NIPAM-co-AM), a thermoresponsive copolymer of 
N-isopropylacrylamide and acrylamide, was introduced to 
create some new polymeric Schiff base-metal complexes 
(Scheme 18). The effect of various factors like changing 
Schiff-base and metal kind and reaction temperature on 
the catalyst activity was investigated, and it was observed 
that Mn complex that applied pyridine-2-carbaldehyde for 
making imine functional group is the most active catalyst. 
The catalyst revealed high catalytic activity at temperatures 
higher than the polymer's lower critical solution temperature 
(LCST). Indeed, at temperatures lower than LCST, PNIPAM 
was completely dissolved in water, and by heating in above 
LCST, they formed insoluble dehydrated state and separated 
from reaction mixture [77].

A novel green polymeric catalyst based on starch-g-pol-
yacrylamide (St-g-PAM) modified by amino acids was syn-
thesized (Scheme 19) and proved effective catalytic func-
tion for  H2O2 decomposition at various pHs. Based on the 
results, amino acid modified St-g-PAM/iron(III) complex 

Scheme 13  Synthetic pathways 
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showed good catalytic activity in treating industrial effluents 
and wastewater containing organic pollutants [78].

The significant potential for the decomposition of 
many organic materials in polluted wastewaters has been 

expressed by electro-Fenton technology. In this process, 
hydrogen peroxide is catalyzed by iron and powerful oxi-
dants, generating strong radical oxidants ⋅OH. Bocos et al. 
investigated a hydrogel consist of Fe-loaded PAM catalyst, 

Scheme 17  Preparation of 
TEGDMA-PAM
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Fe-PH, for electro-Fenton decomposition of two dyes, 
Blue Sella Solid and Reactive Black 5. They found that 
a mixture of  Fe2+ and  Fe3+ salt supported PAM hydrogel 
increased the electro-Fenton dye decolorization treatment. 
Experimental investigations revealed that Fe-PH catalyst 
could perform effectively under alkaline conditions in the 
electro-Fenton process and its recoverability after multiple 
runs was also verified [79].

1.8  Methanolysis Reaction

The reaction of a material with methanol at high temperature 
and pressure is called methanolysis, and this inexpensive 
method is currently used for depolymerizing post-consumer 
such as scrap bottles, fiber waste, and used films into pri-
mary monomers, which can be used as a starting compo-
nent for the production of valuable polymeric materials. 
PAM is highly water absorbent and forms a soft gel while 
exposed to water and makes water beads. These beads are 
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non-poisonous, safe, and biodegradable. The water beads 
of PAM were applied to support metal NPs (M@PAM) and 
employed for the conversion of methanol to hydrogen gas in 
the presence of sodium borohydride in methanolysis reaction 
(Scheme 20). Among Cu, Ni, Ag, and Co catalysts, Ag@
PAM showed the best catalytic activity in hydrogen produc-
tion in comparison with the other metal supported catalyst 
[80].

1.9  Thiazoles Synthesis

Thiazole is a heterocyclic organic material containing 
nitrogen and sulfur that has anti-cancer and anti-inflam-
matory properties. Thiazoles are synthesized by diverse 
catalysts and laboratory methods, including combining 
isothiocyanates with acetamide or using thioamides and 
α-halocarbonyl compounds. Sulfonated PAMs possess out-
standing properties, including hydrophilicity, proton con-
ductivity, and great strength. In 2019, Shahbazi-Alavi and 
coworkers were prepared  Fe3O4 NPs coated with sulfonated 
cross-linked PAM (cross-PAA-SO3H) (Scheme 21) and 
used it for the synthesis of 1,3 thiazoles. It has been used 
to synthesize derivatives of 3-alkyl-4-phenyl-1,3-thiazole-
2(3H)-thione using a three-component reaction composed 
of a primary amine,  CS2, and phenacyl bromide or 4-meth-
oxyphenyl bromide. Easy accessibility, high productivity, 
quicker reaction times, catalyst reusability, and low catalyst 
amount are some of this method’s advantages [81].

1.10  Dichlorocyclopropanation Reaction

The dichlorocyclopropanation of alkenes is a chemical 
reaction in which chloroform is deprotonated in the vicin-
ity of a powerful base to form a dichlorocarbene, and alk-
enes can be added to this carbene to give a cyclopropane. 
Various factors like the concentration of base, stirring rate, 
and catalyst quantity, affect the reaction speed of dichlo-
rocyclopropanation. Organic compounds obtained from the 

reaction have many uses in the fields of agriculture, medi-
cine, and perfumery. Catalysts like PTCs are widely used 
for this reaction. The highly branched quaternized PAM 
(QHBPA) was designed by Mahdavi et al. and utilized as a 
successful multi-site PTC for adding dichlorocarbene to ole-
fin in dichlorocyclopropanation reaction. Highly branched 
PAM synthesized by self-condensing vinyl polymerization 
(SCVP) technique possesses abundant amide groups on its 
peripheral surface. These amide functional groups can be 
transformed into quaternary onium salts and used as PTC 
under biphasic reaction conditions (Scheme 22) [82].

1.11  Oxidative Esterification Reaction

The most common method for producing esters is the esteri-
fication of carboxylic acid or its derivatives with alcohols, 
catalyzed by Brønsted or Lewis acids. Multiple steps are 
required to complete these processes and many undesirable 
by-products may be produced. Cross-coupling aryl halides 
with alcohols can produce esters, requiring a high-temper-
ature reaction. Recently, a method that has received much 
attention is the direct oxidative esterification of aldehydes 
with alcohols that performed under very mild conditions 
using transition metal catalysts [83]. For the first time, Kang 
et al. produced an inorganic salt induced stable ionic liq-
uid–water gel (IL-water gel) and applied it to create metal 
nanocatalysts supported by meso- and macropores in a sin-
gle step. This new method synthesized different tiny metal 
nanocatalysts on various supports due to their unique mor-
phologies and structures for different reactions. This method 
was used to prepare metal − organic framework (Cu-MOF), 
Pd/Cu(2-pymo)2, Au/SiO2, Ru/SiO2, and Au/PAM nanocata-
lysts exhibited an extremely high level of activity, stability, 
and selectivity. These catalysts combined the advantages of 
small nanocatalysts and porous supports and were used to 
oxidize benzyl alcohol to benzaldehyde, benzyl alcohol to 
methyl benzoate through oxidative esterification, and ben-
zene conversion to cyclohexane [84].

1.12  Ethylene Polymerization

Ethylene polymerization is an additional polymerization 
in which thousands of ethylene molecules join together in 
the presence of a catalyst to form a polyethylene polymer. 
Cheng et al. prepared  SiO2/PAM composite through AM 
emulsion polymerization in the affinity of silica sol and was 
subsequently utilized to support the metallocene catalyst for 
the polymerization of ethylene. The  SiO2/PAM-metallocene 
supported catalyst are applied to synthesize PE nanocompos-
ite in situ because of fragile  SiO2/PAM secondary particles 
[85].

Scheme  21  A schematic illustration for the formation of nano 
 Fe3O4@PAA-SO3H
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1.13  Protection of Carbonyl Compounds

Carbonyl groups play a very important and key role in 
organic chemistry, so they must be protected against various 

reagents in multi-step synthesis. Common protective groups 
of carbonyl compounds include acetal, 1–3-dioxolane, mixed 
metals, thioketal, N-bromosuccinimide, and tricholoroiso-
cyanoric acid, easily removed to regenerate the original 

Scheme 22  Preparation of 
quaternized highly branched 
polyacrylamide in the presence 
of Cu(III)

Scheme 23  An efficient, mild, 
and green method for the pro-
tection of carbonyl compounds
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starting compounds. Converting the protected group to par-
ent carbonyl compounds under mild conditions with high 
efficiency requires the use of efficient catalysts. In 2008, poly 
(N-bromoacrylamide) (PNBA) was first utilized as a cata-
lytic system for the carbonyl groups protection in aldehydes 
and ketones (Scheme 23). This method offers high produc-
tivity, short reaction time, operational simplicity, and che-
moselectivity. Due to its neutral reaction medium, it is very 
useful for substrates that are highly sensitive to acid [86].

1.14  Ring‑Opening of Epoxide

Epoxides are three-membered rings that are one of the key 
components in the synthesis of organic compounds and have 
high ring tension and, despite not having a good leaving 
group, are highly reactive with nucleophiles such as alco-
hols, phenols, amines, and acids, and produce products 
such as glycols, β-amino alcohols, hydroxyalkyl esters, and 
aliphatic polyether materials. Quaternized PAM (Poly[N-
(2-aminoethyl)acrylamido]trimethyl ammonium halide 
resin) [PAATAH] was presented as an impressive polymeric 
PTC in synthesizing halohydrins [87], azidohydrins [88], 
thiocyanohydrins [89], and nitroalcohols [90]. Furthermore, 
it was applied in the ring opening of epoxide regioselectivity 
and for the production of bis[β-hydroxyalkyl]sulfide in the 
presence of  NaBH4. This resin possesses the properties of a 
polymeric PTC, such as filterability, regeneration, reusabil-
ity, and operating simplicity (Scheme 24) [91].

1.15  Direct Transformation of Benzilic Amines 
to Carbonyl Compounds

Direct transformation of amines into carbonyl substrates is 
a very valuable method in organic synthesis, but this con-
version requires large amounts of toxic and expensive rea-
gents, so it requires the use of catalysts that make it safe and 
cost-effective. PAM-bound tungstate directly transfers ben-
zilic amines to carbonyl compounds under PTC conditions 

(Scheme 25). Using PNIPAM polymers as a catalyst-sup-
ported material was useful in developing recyclable reaction 
systems [92].

2  Conclusion and Future Outlook

PAM and its modified forms and copolymer have been used 
successfully as a supported soluble or insoluble catalyst and 
reagent in organic synthesis. This review discusses the vari-
ous reactions that successfully used PAM as a catalyst or 
regent support. Important reactions include oxidation–reduc-
tion reactions, C–C cross-coupling reactions, Michael addi-
tion reactions, condensation reactions, substitution reactions, 
three-component  A3 coupling reactions, decomposition of 
 H2O2, methanolysis, and ring opening of epoxides, etc. The 
above views were suggested for the potential development 
of a more efficient catalyst and reagent synthesis technol-
ogy. Hopefully, with more research and development efforts, 
effective steps can be taken to develop acceptable and cost-
effective synthetic methods over conventional methods.

In the years since Merrifield’s revolutionary publication 
on functional polymers, much has been achieved, but much 
remains to be done. Taking advantage of the unique capa-
bilities of polyacrylamide-supported reagents and catalysts, 
researchers have developed these catalysts for various types 
of chemical reactions to pave the way for their commer-
cialization and implementation in more industrial processes. 
Since the physical properties of polyacrylamide are very 
adjustable and by changing the synthesis method and modi-
fication, its characteristics can be controlled and a struc-
ture suitable for the desired application can be produced, it 
is ideal for development with specific applications and an 
exciting future is envisioned for it. Considering this issue, 
future studies should be aimed at increasing their applica-
tion areas, saving costs and energy, as well as increasing 
the productivity and yields of products. Our vision for the 
future is to take full advantage of the extraordinary prop-
erties of polyacrylamide-based catalysts and reagents for 
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new reactions and environmental challenging projects that 
humans are dealing with all over the planet today like pro-
ducing essential primary chemicals from carbon monoxide 
and carbon dioxide, or remove pollutants from factories that 
have entered seas and rivers and threaten the lives of thou-
sands of living creatures.
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