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Abstract Catalysis is a great tool for synthesizing many molecular scaffolds for 
various applications, including fuels, pharmaceuticals, fertilizers, fabrics, and 
fragrances. Different metal complexes of porphyrin and phthalocyanines 
have been developed as promising catalysts for various catalytic 
transformations under mild conditions, which mimic the action of 
cytochrome P450 enzymes. The efficiency and selectivity of porphyrins and 
phthalocyanine-based catalysts have been significantly enhanced by making 
their nanocomposites. Porphyrins and phthalocyanines have been modified 
by various nanomaterials such as metal nanoparticles, metal oxide 
nanoparticles, carbon-based nanomaterial, and nano-organic frameworks 
such as metal-organic frameworks and covalent-organic frameworks. Their 
photo-physical and catalytic activities have been studied in various organic 
transformations. The formation of different nanocomposites of porphyrin 
and phthalocyanines has been summarized, and their chemical, 
electrochemical, and photo-catalytic applications in different organic 
transformations as catalysts have been reviewed.   
1. Introduction   
2. Porphyrin and phthalocyanine-based nanocomposites for catalytic 
applications  
2.1 Porphyrin and phthalocyanine-based nanocomposites with metal 
nanoparticles   
2.2 Metal oxide nanoparticles modified porphyrin and phthalocyanine 
nanocomposites   
2.2.1 Nanoconjugates of porphyrin and phthalocyanine with magnetic 
nanoparticles   
2.2.2 Nanocomposites of porphyrin and phthalocyanine with titanium oxide 
nanoparticles   
2.3 Porphyrin and phthalocyanine-based nanocomposites with carbon-based 
nanomaterial  
2.3.1 Porphyrin and phthalocyanine nanocomposites with carbon nanotubes 
2.3.2 Porphyrin/phthalocyanine-based nanocomposites with graphene oxide 
2.3.3 Porphyrin and phthalocyanine nanocomposites with graphitic carbon 
nitrite  
2.4 Porphyrin and phthalocyanine-based nano-organic framework  
3. Conclusion and Future Prospects  

Key words porphyrin; phthalocyanine; nanomaterials; organic 
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1. Introduction 

The catalytic application of porphyrin- and phthalocyanine-

based nanomaterials for organic transformations has garnered 

significant attention due to their unique structural, electronic, 

and chemical properties. Both porphyrins and phthalocyanines 

are macrocyclic compounds with a conjugated 18 π-electron 

system and high thermal and chemical stability. Their ability to 

coordinate with various metal ions and their tunable electronic 

properties make them highly versatile in catalysis. The central 

cavity of these macrocycles can host metal ions such as iron, 

cobalt, manganese, and copper, enhancing their catalytic activity 

through redox reactions, electron transfer, and activation of 

substrates. Additionally, their extended conjugated systems 

enable efficient light absorption, making them suitable for 

photocatalytic reactions. Their catalytic behavior can be further 

enhanced by introducing different substituents on the 

macrocyclic ring, which can affect their solubility, electronic 

properties, and catalytic behavior. Porphyrin and 

phthalocyanines are the most utilized catalysts in various 

organic transformations.1–6 Figure 1 represents some recently 

used functionalized porphyrin and phthalocyanine derivatives 

to catalyze oxidation and addition reactions during 2020-2024 

(Table 1).  

The formation of nanocomposites of porphyrin and 

phthalocyanine transforms their catalytic properties by 

increasing surface area, improving substrate interaction, and 

enhancing the dispersion of active sites. Nanomaterials used to 

prepare nanocomposites of these macrocycles include metal 

nanoparticles, metal oxide nanoparticles, carbon 

nanostructures, and nano organic-frameworks such as metal-

organic frameworks (MOFs) and covalent-organic frameworks 

(COFs).  These advanced materials have demonstrated 

improved catalytic activity and selectivity compared to their 

bulk counterparts. Porphyrins and phthalocyanine-based 

nanomaterials have been employed in a wide range of organic 

reactions such as oxidation of alcohols, sulfides, and olefins; 
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reduction of nitro compounds and carbonyl compounds; the C-

C and C-N bond forming reactions; and photocatalytic 

degradation of pollutants and synthetic reactions. Porphyrins 

and phthalocyanines act as photosensitizers to generate singlet 

oxygen in the presence of light by the photoinduced energy 

transfer process. The reactive oxygen species have oxidized 

many organic compounds. However, these photoactive 

macrocycles usually counter the issue of deactivation and 

aggregation of catalysts, limiting their broad applicability. Their 

hybrids with nanomaterials make them highly stable, along with 

the availability of more catalytic active sites for the reactions.  

 
Figure 1 Structure of some recently used porphyrin and phthalocyanine catalysts   

Table 1 Some recent reactions catalyzed by porphyrins (1-3) and phthalocyanines (4-6)  

Entry Catalyst Reactant Product (Yield) Reaction Conditions Reaction Type Reference 

1 Mn (III) porphyrin (1) cyclohexane cyclohexanol (56 %), 

cyclohexanone (24 %) 

 

PhIO, 25 ℃, 90 min. Oxidation 7 

 

2 Mn (III) porphyrin (2) epoxide + CO2 cyclic carbonates (99-41 %) CO2 (1 atm), TBAI, 90 ℃, 36 h cycloaddition  8 

 

3 Co (II) porphyrin (3) dibenzothiophene dibenzothiophene sulphone 

(95 %)  

H2O2, CH3CN, 50 ℃, 45 min. oxidation  9 

 

4 Ru (II) phthalocyanine (4) 

 

alkenes + CF3SO2Cl chlorotrifluoromethyl (94 %) red LED light, K2HPO4, room 

temperature (RT), 20 h 

Trifluoromethylation 10 

5 Fe (II) phthalocyanine (5) 

 

cyclohexene 2-cyclohexen-1-one (51 %), 2-

cyclohexen-1-ol (18 %),  

cyclohexene oxide (2 %) 

TBHP, CH3CN, 40 °C, 5 h Oxidation 11 

6 Co (II) phthalocyanine (6) 

 

phenol 1,4-dihydroxybenzene (85 %) NaOH, (NH4)2S2O8, 45 ℃, 10 h oxidation  12 

 

The integration of porphyrin and phthalocyanine nanomaterials 

in catalysis aligns with the principles of green chemistry, non-

toxic reagents, and energy-efficient processes. Additionally, 

these materials are often reusable and stable, addressing the 

economic and environmental concerns associated with 

traditional catalysts. Therefore, we aim to explore the catalytic 

potential of porphyrin and phthalocyanine-based 

nanomaterials in organic transformations. Different 

nanocomposites of porphyrin and phthalocyanine to highlight 

their structural advantages, functional versatility, and 

applications in achieving sustainable chemical synthesis. These 

insights will pave the way for their expanded use in industrial 

and environmental applications. 

2. Porphyrin and phthalocyanine-based nanocomposites 

for catalytic applications  

Incorporating nanomaterials has significantly improved the 

catalytic activity and stability of porphyrin and phthalocyanine 

(Pc).13 Nanomaterials possess a high surface-to-volume ratio 

and an extensive surface area, which enhances the reactivity of 

surface atoms and allows for effective interaction with 

porphyrin and Pc.14 Various nanomaterials, including 

nanoparticles of gold, silver, palladium, platinum, and metal 

oxides like iron, titanium, and zinc, as well as carbon 

nanomaterials such as graphene oxide, carbon nanotubes, 

graphitic carbon nitrite, have been utilized to modify porphyrin 

and Pc through both covalent and non-covalent bonding. 

Porphyrin-based nanoporous organic frameworks have 

recently shown remarkable catalytic activity due to their high 

surface area, porosity, and stability, making them widely 

applicable in organic transformations.15 Porphyrin and Pc-

based nanocomposites and nanoporous organic frameworks are 

advantageous for catalytic transformations in organic reactions 

due to their ability to produce high yields, exhibit excellent 

atomic economy, and strong recycling capabilities while 

minimizing the formation of by-products. Furthermore, these 

nanocomposites are generally less toxic to the environment. The 

subsequent sections explore the various types of porphyrin and 

phthalocyanine-based nanocomposites and their catalytic 

activities. 
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2.1 Porphyrin and phthalocyanine-based nanocomposites 

with metal nanoparticles 

Metal nanoparticles, typically ranging from 1 to 100 nanometres 

in size, are recognized for their large surface area, which 

significantly enhances their reactivity and effectiveness as 

catalysts in various organic reactions.16 The increased surface 

area provides more active sites for chemical interactions, 

making them effective catalysts due to their size-dependent 

properties. However, despite these benefits, metal 

nanoparticles face challenges related to stability and the 

tendency to agglomerate, which can adversely affect their 

catalytic performance by reducing the available surface area and 

active sites.17 Metal nanoparticles have been modified with 

porphyrin and Pc to overcome these challenges. The 

porphyrin/Pc-metal nanocomposites enhance the stability and 

dispersion of the nanoparticles, preventing agglomeration and 

ensuring the availability of an enormous number of active sites 

for catalysis.18,19 Additionally, porphyrin and Pc can facilitate 

electron transfer processes, improving their catalytic efficiency. 

The porphyrin/Pc-metal nanocomposites also allow better 

control over the reaction conditions, resulting in increased 

selectivity and reusability of the catalyst. Overall, this 

synergistic effect leads to a more robust and effective catalytic 

system, surpassing the performance of metal nanoparticles used 

independently.  

Recently, Yang et al. fabricated a silver nanoparticle (AgNPs)-

supported azo-bridged porous porphyrin framework (Ag/Azo-

Por-TAPM) through a simple “liquid impregnation and in situ 

reduction” strategy (Scheme 1).20 Strong interactions between 

the AgNPs and nitrogen sites on the composite’s surface 

prevented the nanoparticles from aggregating and leaching. Due 

to these unique structural characteristics, Ag/Azo-Por-TAPM 

demonstrated remarkable catalytic activity and good 

recyclability, particularly in the synthesis of α-alkylidene cyclic 

carbonates by utilizing CO2 and propargylic alcohols reaching 

maximum turnover frequencies of 1050 h–1 at 1 bar and 4600 h–

1 at 10 bar of CO2 pressure at room temperature. This method 

offered an atom-economical approach to utilize CO2 (Scheme 

1).20 These advancements highlight the synergistic effects of 

porphyrins combined with metal nanomaterials, leading to 

catalysts that show enhanced activity and selectivity and 

maintain stability under various reaction conditions. Overall, 

this research underscores the transformative potential of these 

materials in promoting sustainable chemical processes through 

advanced catalysis. Due to high catalytic activity, many 

scientists have used the porphyrin/Pc-metal nanocomposite in 

different organic reactions, including oxidation, reduction, and 

Suzuki-Miyaura coupling (Table 2).  

 
Scheme 1 Silver nanoparticle-supported azo-bridged porous porphyrin framework (Ag/Azo-Por-TAPM) utilized as a catalyst in the synthesis of α-alkylidene cyclic 
carbonates (adapted with permission from reference20. Copyright 2024 American Chemical Society

Table 2 Porphyrin and phthalocyanine-based metal nanoparticles nanocomposites used in different organic reactions as catalysts 

Entry Catalyst Reactant Product (Yield) Reaction Conditions Reaction type Reference 

1 Tantalum (V) 

phthalocyanines@Au 

NPs  

cyclohexene cyclohexenol (7 %), 

cyclohexene-one (17 %) 

cyclohexene oxide (9 %) 

cyclohaxanediol (6 %) 

RT, 180 min., toluene solvent photocatalytic 

oxidation 

21 

2 Au@CPF-1  4-nitrophenol 4-aminophenol (>99 %) NaBH4, water, 12 min. reduction 22 

3 Ru-TPP-CH2S-AuNPs phenylacetylenes 1-phenylnapthalene (64 %), 

1,2,3-triphenylbenzene (2 %),  

1,2,4-triphenylbenzene (10 %), 

1,3,5-triphenylbenzene (26 %) 

48 h oligomerization 23 
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Polymeric 

TPP@AuNPs  

alkyne corresponding aldehyde and 

ketone (99-75 %) 

propionic acid, H2O, 80 ℃, 3 h oxidation 24 

Polymeric 

TPP@AuNPs  

alcohol corresponding aldehyde and 

ketone (99-96 %) 

K2CO3, H2O, RT, 24 h oxidation 

5 Pd NPs@TPP 4-nitrophenol 4-aminophenol (>99 %) NH3BH3 CH3OH, H2O, RT, 2 min. hydrogenation/ 

reduction 

25 

6 Pd@PPPP phenylboronic 

acid and 

iodobenzene 

biaryls (92 %) p-xylene, K2CO3, 150 ℃, 3 h Suzuki-Miyaura 

coupling 

26 

CPF-1: hexagonal porphyrin-based porous organic polymer; TPP: triphenyl porphyrin; PPPP- porphyrin(5,10,15,20-tetrakis(4-aminobiphenyl)porphyrin)-based porous polyimide 
polymers 
 
 

2.2 Metal oxide nanoparticles modified porphyrin and 

phthalocyanine nanocomposites  

2.2.1 Nanoconjugates of porphyrin and phthalocyanine 

with magnetic nanoparticles 

Magnetite nanoparticles (Fe3O4, MNPs) exhibit unique 

properties such as a large surface area, magnetic separability, 

and notable catalytic activity.27–32  However, their susceptibility 

to oxidation in the presence of moisture compromises their 

stability. This limitation can be addressed by coating the 

nanoparticles with a silica layer, which enhances their stability 

and facilitates covalent bonding with other compounds.33 The 

resulting improvement in stability is vital for maintaining 

catalytic performance over multiple reaction cycles. Their 

catalytic efficiency is significantly enhanced when silica-coated 

MNPs are combined with porphyrin or Pc. This enhancement 

arises from improved stability, larger surface area, water 

dispersibility, and ease of recovery via an external magnet, 

creating an effective heterogeneous catalyst.34,35 These hybrid 

materials demonstrated unique properties from the individual 

components. Furthermore, the porphyrin/Pc-based MNPs 

accelerate organic reactions by increasing the active sites, 

promoting electron transfer, and reducing activation energy, 

thereby achieving higher reaction rates.36   

Pereira et al. synthesized a nanocomposite by grafting 2-nitro-

5,10,15,20-tetrakis(2,6-

fluorophenyl)porphyrinatomanganese(III) acetate (NH-TDFPP-

Mn(III)) onto silica-coated MNPs, resulting in the formation of 

an MNP@SiO2-NH-TDFPP-Mn(III) nanocomposite.36 This 

nanocomposite demonstrated high stability, activity, and 

selectivity during the epoxidation of (−)-isopulegol benzyl ether 

in the presence of molecular oxygen and isobutyraldehyde, 

yielding diastereoisomers of (−)-isopulegol benzyl epoxide, 

which have potential applications as anticancer agents (Scheme 

2). Additionally, they synthesized a similar nanocomposite using 

5-(4-aminophenyl)-10,15,20-tri-(2,6-

chlorophenyl)porphyrinato manganese(III) (4-NH-Mn-TDCPP) 

supported on silica-coated MNPs, which was employed in the 

selective epoxidation of olefins in the presence of molecular 

oxygen and isobutyraldehyde as a co-reductant (Scheme 3).37 

The nanocomposite was recyclable for up to five cycles without 

losing its efficiency.  

The catalytic activity of porphyrin/MNPs can be further 

enhanced by incorporating ZnO NPs. Rabbani et al. synthesized 

a TCPP/Zn-Fe2O4/ZnO nanocomposite, which exhibited 96% 

conversion and 100% selectivity for oxidizing benzyl alcohol to 

benzaldehyde.38 This conversion rate was 1.55 times greater 

than TCPP/Zn-Fe2O4, highlighting the role of ZnO in improving 

catalytic efficiency. The distinctive properties of magnetic 

porphyrin/Pc-based nanomaterials have drawn scientists' 

attention, and these nano-catalysts have been utilized in various 

oxidation, addition, and condensation reactions (Table 3). 

 
Scheme 2 Epoxidation of (-) isopulegol benzyl ether 

 
Scheme 3 Synthesis of epoxide by olefins 

Table 3 Porphyrin and phthalocyanine-based MNPs as catalysts in the organic reaction under different conditions 

Entry Catalyst Reactant Product (Yield) Reaction conditions Reaction Type Reference 
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1 Poly-

Fe3O4@SiO2@(CH2)3-GO-

[PTTA-NH-Ni] 

2,4-thiazoli-dinedione, 

aldehydes, malononitrile, 

and ammonium acetate 

5-amino-7-aryl-2-oxo-2,3-

dihydrothiazolo[4,5-

b]pyridine-6-carbonitriles 

(90 %) 

75 ℃, 10 min. condensation 39 

aldehydes, acetophenones, 

and 3-amino-1,2,4-triazole 

7-diaryl-4,7-dihydro-

[1,2,4]triazolo[1,5-

a]pyrimidine (92-82 %) 

2 [Fe3O4@SiO2@NH2@Mn

TCPP(OAc) 

olefins epoxide (100-67 %) acetone, O2 (1atm), RT, 30 

min. 

oxidation 40 

3 MNP-P propylene oxide, CO2 cyclic carbonate (97 %) PTAT, CO2 (1 MPa), RT, 24 h cycloaddition 41 

4 MnP3-NH-SBA-Si-Mag cis-cyclooctene cis-cyclooctene oxide (77 %) PhIO, RT, 1 h oxidation 42 

5 (MNPs)-(BTSE)-(COOH-

POPP) 

benzaldehyde, 

malononitrile 

benzylidene malononitrile 

(88 %) 

 

 

anhydrous ethanol, RT, 30 

min. 

Knoevenagel 

condensation 

36 

6 MNP@SiO2 [4-

NHMnTDCPP] 

alkene epoxide (96-57 %) O2 bubbling, 

isobutyraldehyde, 

butyronitrile solvent, RT, 2 h  

oxidation 43 

7 Fe3O4@SiO2-NHCO-NH2-

MnTCPP 

alkene epoxide (99-18 %) molecular oxygen, IBA, 

acetone, 38 ℃, 2 h 

oxidation 44 

8 Fe3O4@SiO2 

N3@[MnTHPP] 

alkene epoxide (85-44 %) TBHP, dichloroethane, 75 ℃, 

12 h 

oxidation 35 

9 Fe3O4 /SiO2 

MnTCPP(OAc)  

sulfide sulfoxide (99-68 %) UHP, ImH, ethanol, acetic 

acid, RT, 3.5 h 

oxidation 45 

10 Fe3O4/SiO2/NH2-

Fe(TCPP)Cl 

cyclooctene epoxide (97%) ImH, CH3CN, H2O2, RT, 5 h oxidation 46 

11 Fe3O4/SiO2/NH2-

Mn(TCPP)OAc 

cyclooctene epoxide (87%) ImH, CH3CN, H2O2, RT, 5 h oxidation 46 

12 MNP@SiO2-NH-TDFPP-

Mn(III) 

(-)-isopulegol benzyl ether diasteriosomer of (-)-

isopulegol benzyl ether 

epoxide (51 %, and 45 %) 

IBA, butyronitrile, O2 (5 bar), 

25 ℃, 6 h 

oxidation 47 

13 Fe3O4–MnCP@SiO2 ethylbenzene hypnone (with 75 % 

selectivity)  

O2 bubbling (1 atm), 100 ℃, 

10 h 

oxidation 48 

14 

 

Fe3O4@SiO2-

Im@[MnT(4-OMeP)P] 

alkene epoxide (88 -61 %) n-Bu4NHSO5, DCM, 20 h  oxidation 49 

sulfide sulfoxide (70 %) UHP, DCM, RT, 20 h 

15 Fe3O4@Fe(TPP)Cl sulfide sulfoxide (96-78 %) m-CPBA, 10 ℃, 10 min. oxidation 50 

16 Fe3O4@SiO2@[Mn(Br2TP

P)OAc] 

alkene 

sulfide 

epoxide (95-60 %) 

sulfoxide (95-87 %) 

n-Bu4NHSO5, 70 ℃, 45 min., 

for sulfoxidation at RT 

oxidation 51 

17 Fe3O4@SiO2@SiO2(CH2)3-

NH-ACoPc 

aldehyde, malononitrile, 

and dimedone  

tetrahydrobenzo[b]pyran 

(97-90 %) 

RT, 15 min. condensation 52 

18 Fe3O4@SiO2@SiO2(CH2)3-

NH-AVOPc 

2,5-

dimethoxybenzaldehyde, 

malononitrile, 4-

hydroxycoumarin 

2-amino-4-aryl-5-oxo-

4H,5H-pyrano[3,2-

c]chromene-3-carbonitrile 

(92 %) 

75 ℃, 20 min. cycloaddition 53 

 

 

 

 

 

 

 

19 Fe3O4@SiO2-GA-Cu(Pc) 4-chlorobenzaldehyde, 

acetophenone, acetonitrile 

ꞵ-amido ketones (91 %) acetyl chloride, 50 ℃, 1.5 h coupling  54 
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20 CoPcS@ASMNP mercaptans disulfide (96-35 %) molecular oxygen, H2O, 70 

℃, 2-12 h 

oxidation  55 

21 CuPcS@ASMNP alkene, epoxide (96-40 %) n-Bu4NHSO5, 70 ℃, 90 min.  oxidation  56 

hydrocarbon aldehyde and ketone (90-12 

%) 

n-Bu4NHSO5, 90 ℃, 150 min. 

sulfide sulfoxide (97-70 %) RT, 60 min. 

22 TCPP/Zn–Fe2O4@ZnO alcohol aldehyde and ketone (96-44 

%) 

H2O2, CH3CN, 80 ℃, 1.5-2 h  oxidation 38 

23 CoPc/nano ZnO alcohol aldehyde and ketone (84-63 

%) 

TBHP, reflux temp., 8 h oxidation 57 

PTTA: 4,4’,4’’,4’’’-(porphyrin-5,10,15,20-tetrayl)tetraaniline; TCPP: Meso-tetrakis(4-carboxyphenyl)porphyrin; MNP-P: magnetic nanoparticle-supported porphyrinato cobaltIII; 
PTAT: phenyltrimethylammonium tribromide; SBA-Si-Mag: MNPs coated by amorphous silica and mesoporous silica SBA-15 using Pluronic 123; MnP3: [5,10,15,20-tetrakis 
(pentafluoridephenylporphyrin) manganese (III); PhIO: iodosylbenzene; BTSE: bis(triethoxysilyl)ethane; COOH-POPP: 5-(4-carboxyphenyl)-5,10,15-tris(4 phenoxyphenyl)-
porphyrin; NHMnTDCPP:5-(4-aminophenyl)-10,15,20-tri(2,6-dichlorophenyl)porphyrinatomanganese; IBA: isobutyraldehyde; TBHP: tert-butylhydroperoxide; THPP: 
mesotetrakis(4-hydroxyphenyl)porphyrin; UHP: urea hydrogen peroxide; ImH: imidazole;  TDFPP: 5,10,15,20-tetrakis(2,6-difluorophenyl) porphyrin; MnCP: Manganese (III) 5-(p-
carboxyphenyl)-10,15,20-triphenylporphyrinchloridize; n-Bu4NHSO5: tetra-n butylammonium hydrogen monopersulfate; [T(4-OMeP)P]: meso-tetrakis(4-
methoxyphenyl)porphyrin;  m-CPBA: Meta-Chloro Peroxy Benzoic Acid; TPP: 5,10,15,20-tetrakis(4-phenyl)porphyrin; ACoPc: Amino cobalt phthalocyanine; AVOPc: Amino 
vanadium(II)oxide phthalocyanine; GA: guanidine; CoPcS@ASMNP: silica coated magnetic nanoparticles immobilized cobalt phthalocyanine. 
 

2.2.2 Nanocomposites of porphyrin and phthalocyanine 

with titanium oxide nanoparticles 

Titanium dioxide nanoparticles (TiO₂ NPs) have been explored 

in various photocatalytic transformations. TiO₂ NPs 

demonstrate high stability, photoactivity, non-toxicity, and a 

large surface area. However, their large band gap only limits 

their activity to the UV region.58,59 To overcome this limitation, 

the photocatalytic performance of TiO₂ has been improved by 

coupling it with photoactive compounds like porphyrins and Pc. 

These porphyrin/Pc-TiO₂-based nanomaterials exhibited high 

catalytic activity under visible light due to a narrow band gap 

and synergistic effects.60 

Upon exposure to visible light, porphyrin/Pc units present in 

nanocomposites absorb light due to its reduced band gap, 

facilitating electron excitation from the highest occupied 

molecular orbital (HOMO) to the lowest unoccupied molecular 

orbital (LUMO). Thereafter, electrons transition from the LUMO 

to TiO₂'s conduction band takes place.61 These excited electrons 

can generate reactive radical species to catalyze the various 

reactions. For instance, the excited electrons can be captured by 

oxygen and carbon dioxide, forming radical species. Oxygen 

generates superoxide radicals, which drive oxidation 

reactions,60 while carbon dioxide is reduced to produce formic 

acid, methanol, and formaldehyde. The low recombination rate 

of electrons and holes significantly increases the photo 

efficiency.61 

Hong et al. synthesized a CoPc/TiO₂ nanorod-based composite 

for the selective oxidation of quinoline to quinclorac.62 The 

CoPc/TiO₂-2.5%-Mn-Br variant achieved 92 % selectivity for 

quinclorac with 86 % yield, which was 2.43 times greater than 

the CoPc-Mn-Br. Quinclorac is a versatile organic compound 

that is crucial as a precursor in multiple domains, including 

agriculture, pharmaceuticals, and synthetic chemistry. 

Similarly, Vauthey et al. developed a nanocomposite using 

Zn(II)porphyrin, TiO2 NPs, and 2,2,6,6-tetramethyl-1-piperidine 

N-oxyl (TEMPO). This nanocomposite was employed in the 

oxidation reaction of benzyl alcohol to benzylaldehyde within 

Dye-Sensitized Photoelectrosynthesis Cells (Scheme 4).63 

TEMPO is an environmentally friendly, effective catalyst for 

selective alcohol oxidation, and its combination with the 

nanocatalyst synergistically enhanced the nanocomposite's 

catalytic activity.64 Numerous researchers have utilized 

porphyrin/phthalocyanine-TiO₂-based nanomaterials for 

oxidation and reduction reactions, showcasing their versatility 

and effectiveness (Table 4). 

 
Scheme 4 TiO2/ZnP/TEMPO nanocomposite use in alcohol oxidation in Dye-
Sensitized Photo electrosynthesis Cells (Reproduced with permission from 
reference63. Copyright 2021 American Chemical Society) 

 

Table 4 Porphyrin and phthalocyanine 

@TiO2-based nano-catalysts employed in the organic reaction under light irradiation 

Entry  Catalyst Reactant Product (yield) Reaction condition Reaction Type Reference 

1 TCPP-TiO2 famotidine  famotidine-S-oxide 

(>99 %) 

hν>400 nm, 3 h photooxidation  65 
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2 ZnPy–TiO2 CO2 CO/CH4  (8/1 µmol g-1 

h-1) 

λ≥420 nm, 2 h photoreduction 66 

3 Co–TCPP@TiO2/BiVO4 benzyl alcohol benzaldehyde (85 %) λ=550 nm, TBHP, 

CH3CN, 70 ℃, 60 

min. 

photooxidation  60 

4 ZnPyP–RuBiPy–TNT CO2 methanol (687 µmol (g 

cat)−1) 

0.82 W/cm2, CO2 

purge, 5 h 

photoreduction  67 

5 Co-TCPP@TiO2/WO3 benzyl alcohol benzaldehyde (86 %) LED light (5 W), 

CH3CN, 30 ℃, 60 

min. 

photooxidation 68 

7 ZnTCPP-TiO2/CoFe2O4 benzyl alcohol benzaldehyde (82 %) H2O2, 120 min.,  photooxidation 69 

8 NiTCPP-TNT CO2 CH4 (reduction rate -

33 μmol cm-2 h-1) 

500 W xenon lamp, 

0.2 V, CO2 purge 

with water (60 

mL/min.) 

photoreduction  70 

9 TAPP@SiO2-TiO2 nanosphere Sulfide sulfoxide (98 %) O2 (1 atm), 

H2O, xenon lamp 

photooxidation  71 

10 Mn(TMPIP)/TiO2 Sulfide sulfoxide (98 %) IBA, O2(1 atm), 

toluene, 20 ℃, 3 h 

oxidation  72 

11 CoPc/TiO2-2.5 %-Mn-Br 3,7-dichloro-8-dichloro 

methyl quinoline 

quinclorac (91 %) O2 (4 MPa), 160 ℃, 

acetic acid, 6 h 

oxidation  62 

12 CoPc/TiO2 CO2 formic acid (1487 

µmol (g cat)−1) 

visible light (500 W), 

10 h 

photoreduction 61 

13 ZnPc/TiO2  CO2 methanol (248 µmol (g 

cat)−1) 

xenon arc lamp (500 

W), 8 h 

photoreduction 73 

14 3%CoPc-TiO2 CO2 formic acid (2863 

µmol (g cat)−1) 

visible light, 20 h photoreduction 74 

15 Ru-CoPc@TiO2@SiO2@Fe3O4 CO2 methanol (2570 µmol 

(g cat)−1) 

visible light, 48 h, 

triethylamine 

photoreduction  75 

16 FePc/Au-TiO2 5-hydroxymethylfurfural 2,5-furandicarboxylic 

acid (97 %) 

visible light, NaOH, 

15 h  

photo-oxidation 76 

17 CoPc-TiO2 CO2 formic acid (82660 

µmol (g cat)−1) 

visible light, NaOH, 

10 h 

photoreduction  77 

18 CoPc/TiO2 CO2 formic acid, CO, 

aldehyde, methanol 

(total conversion-406 

µmol (g cat)−1) 

LED bulb (500 W), 

NaOH, 20 h 

photoreduction 78 

19 CuPc/TiO2/rGO methyl methacrylate polymer of methyl 

methacrylate (90 %) 

visible light, RT, 24 h polymerization  79 

20 TiO2-ZnP−TEMPO benzyl alcohol benzaldehyde (76 % 

FE) 

electrochemical Oxidation 63 

TCPP-tetra(4-carboxyphenyl)porphyrin; Py:pyridine based porphyrin; TBHP: tert-butylhydroperoxide; ZnPyP–RuBiPy–TNT: µ-meso-[(5,10,15,20-tetra-4-pyridylporphyrinato) zinc 
(II)] tetrakis [chloro-2,29-bipyridylruthenium(II)] tetrahexafluorophosphate-TiO2 nanotube; TMPIP: 2-arylimidazo[4,5-b]porphyrin; IBA: isobutyraldehyde; Cu(II)Pc: Cu(II) 
tetrakis[4-(2,4-bis-(1,1-dimethylpropyl)phenoxy)]phthalocyanine, FE- faradic efficiency. 
 

2.3 Porphyrin and phthalocyanine-based nanocomposites 

with carbon-based nanomaterial 

2.3.1 Porphyrin and phthalocyanine nanocomposites with 

carbon nanotubes 

Carbon nanotubes (CNTs) are nanoscale structures resembling 

hollow tubes created by rolling a graphite sheet.80 These 

materials possess distinctive features, including a large surface 

area, excellent conductivity, high mechanical strength, low 

density, efficient electron transfer capabilities, and remarkable 

thermal and chemical stability.81 CNTs are categorized based on 

the number of carbon walls into single-walled carbon nanotubes 

(SWCNTs), double-walled carbon nanotubes (DWCNTs), and 

multi-walled carbon nanotubes (MWCNTs).80 Among these, 

MWCNTs are favored for reactions due to their ease of synthesis, 

high purity, and better dispersibility. Their exceptional 

properties and limited solubility make MWCNTs suitable as 

solid support for porphyrin or Pc, which enhance the catalytic 

performance of hybrid systems through synergistic effects.82 

These hybrids act as heterogeneous catalysts, with CNTs and 

porphyrin/Pc interacting through electrostatic and covalent 

bonding. Due to the remarkable features of porphyrin/Pc@CNT-
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based nanocomposites, it has been used in different organic 

transformations. These nanocomposites also utilize 

electrochemical synthesis because of their high electron 

transfer capability (Table 5). 

              In a study, Chen et al. reported the conversion of levulinic 

ester into γ-valerolactone (GVL) and pyrrolidone derivatives in 

the presence of polymeric Ru-porphyrin (RuPP)/CNTs catalyst 

(Scheme 5).83  GVL is an efficient solvent in biomass conversion, 

while pyrrolidone serves multiple roles, including surfactant, 

solvent, and complexing agent. Ru-porphyrin demonstrated 

good catalytic activity in the organic reactions but couldn’t be 

recovered. Ru-porphyrin was electrostatically linked to CNTs to 

improve catalytic activity and recoverability. The RuPP/CNTs 

catalyst facilitated the synthesis of GVL from levulinic ester as 

well as the production of pyrrolidone through the reduction of 

ethyl levulinate with various amines, achieving a yield of 96 to 

88 % for pyrrolidone and >99% for GVL. The RuPP/CNT catalyst 

maintained its efficiency over five reusability cycles.  

Similarly, Yang et al. developed a ZnTPy-BIM4/CNTs-3 

nanocomposite by treating 5,10,15,20-tetrakis(4-

pyridyl)porphyrin zinc(II) with 1,4-bis(bromomethyl)-benzene 

(BBM br), and di(1H-imidazol-1-yl)methane (MBIM). The 

cationic Zn(II)porphyrin polymer was attached to CNTs through 

the electrostatic interaction (Scheme 6).84 This nanocomposite 

was employed in a cycloaddition reaction involving CO2 and 

epoxide at 120 ℃ without a co-catalyst. The study revealed a 

synergistic effect among the components; the yield of cyclic 

carbonate product was 64%, 76%, and 98% for ZnTPy, ZnTPy-

CNTs-3, and ZnTPy-BIM4/CNTs-3, respectively, at CO2 pressure 

of 1.5 MPa, 120 ℃ temperatures in 2.5 hours reaction time.  

 

 
Scheme 5 Synthesis of ϒ-valerolactone and pyrrolidone by using polymeric 
Ru(II)porphyrin/CNTs nanocomposite  

 
Scheme 6 Production of cyclic carbonate by using CO2 and epoxide in the 
presence of ZnTPy-BIM4/CNTs-3 nanocomposite (Reproduced with the 
permission from reference84, Copyright 2018 American Chemical Society 

In another study, Shaabani et al. synthesized a 

CoPcTA/MWCNTs nanocomposite through a four-component 

Ugi reaction involving tetra-amino cobalt phthalocyanine (Co-

PcTA), cyclohexyl isocyanide, benzaldehyde, and MWCNT 

utilizing covalent interaction (Scheme 7).85 This catalyst was 

applied in a cycloaddition reaction with CO2 (2.5 bar), 80℃ for 1 

hour, using tetrabutylammonium bromide (TBAB) as a co-

catalyst. The yield of cyclic carbonate was >93% for various 

epoxides. The catalyst demonstrated high efficiency across 

seven recycling experiments, indicating that the porphyrin/Pc-

MWCNTs-based nanocomposite exhibited significant catalytic 

activity and was easily recoverable after the reaction.  

 
Scheme 7 CoPcTA/MWCNTs nanocomposite used in the cycloaddition 
reaction  

 

Table 5 Porphyrin and phthalocyanine@CNT-based catalysts used in the organic transformations  

Entry Catalyst Reactant Product (Yield) Reaction Condition Reaction Type Reference 

1 Mn(TAPP)Cl@MWCNT imidazolines imidazoles (86 %) NaIO4, CH3CN/H2O, ultrasonic 

irradiation, 40 ℃, 10 h 

oxidation  86 

2 Fe(THPP)Cl@MWCNT olefins epoxide (56 % conversion 

with 10 % selectivity)  

TBHP, CH3CN, RT, 24 h oxidation  87 
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3 Fe(THPP)Cl@MWCNTs] olefins epoxide (100 %) IBA, O2 (1 atm), CH3CN, RT, 60 min. oxidation  88 

4 [Fe(TPP)Cl]@AMWCNT olefins epoxide (100 %) n-Bu4NHSO5, 70 ℃, 15 min. oxidation  89 

sulfide sulfones (95 % conversion 

with 98 % selectivity) 

water, air, RT, 20 min. 

sulfide sulfoxide (92 %) ethanol, air, 30 min., RT 

5 Fe(TCPP)Cl@MWCNT sulfide sulfoxide (38 %) UHP, water, air, RT, 90 min. oxidation  90 

6 FeP@MWCNT cis-cyclooctene epoxide (95 % conversion) H2O2 aq., ethanol, RT, 5 h oxidation 91 

7 [Mn(TAPP)Cl-MWCNT alkenes  epoxide (95 %) CH3CN/H2O, NaIO4, ImH, RT, 2 h oxidation 92 

8 Mn(THPP)OAc@MWCN

T 

olefins epoxide (100 % conversion 

with 76 % selectivity) 

IBA, ImH, CH3CN, RT, 2 h oxidation 93 

9 Fe(THPP)Cl@MWCNT alkene epoxide (50 %) H2O2, ethanol, Ultrasonic waves 60 

min. 

oxidation 94 

10 Mn(THPP)OAc@MWCN

T 

alkene epoxide (100 %) H2O2 aq, ImH, acetic anhydride, 30 

min., ultrasonic irradiation 

oxidation  95 

11 FeTPy-MWCNT CO2 CH4 (92 % FE) electrochemical reduction 96 

12 MWCNT-TSP-AlCl-imi epoxide, CO2 cyclic carbonate (55 %) CO2 (25 bar), 125 ℃, 3 h cycloaddition 97 

13 Mn(THPP)OAc@MWCN

T 

olefins epoxide (82 %) UHP, acetic anhydride, RT, 4 h  oxidation  98 

14 RuPP/CNT ethyl levulinate, 

amine 

pyrrolidone (99 %) THF, H2 (3 MPa), 120 ℃, 24 h reductive amination  83 

15 Mn(TCPP)OAc@MWCN

T 

2,6-

dimethylphenol 

quinone (86 %) TBHP, ImH, phenol, CH3CN, RT, 5 h oxidation  99 

16 Mn(TAPP)Cl@MWCNT α-aryl carboxylic 

acids 

aldehyde and ketone (97-89 

%) 

NaIO4, ImH, CH3CN/H2O, RT, 50-110 

min. 

decarboxylation  100 

alkane ketone (86 %) NaIO4, ImH, CH3CN/H2O, 2 h hydroxylation 

17 Cationic polymer of 

ZnTPy- BIM4/CNT-3 

epoxide, CO2 cyclic carbonate (98-51 %) CO2 (1.5 MPa), 120 ℃, 2.5-24 h cycloaddition 84 

18 T(o-Cl)PPCu-AMWCNT alkyne, epoxide, 

sodium azide 

triazole (93-78 %) H2O, RT, 0.8-2.8 h cycloaddition 101 

19 CoTPP@CNT ethylbenzene  acetophenone (19 % 

conversion with 72 % 

selectivity) 

O2 (0.8 MPa), 120 ℃, 5 h oxidation  102 

20 MnTPy(OAc)@MWCNT alkene epoxide (86-10 %) ethanol, H2O, ImH, Acetic acid, 

Oxone®, RT, 5-90 min. 

oxidation  103 

21 Mn(THPP)OAc@MWCN

T 

aldehyde alcohol (100 %) ImH, NaBH4, CH3OH, RT, 2-5 min. reduction 104 

Ketone alcohol (100 %) ImH, NaBH4, CHCl3, ethanol, 0 ℃, 5-

40 min. 

22 CuPOF-Bpy/Cu2O@CNT CO2 C2H4 (71% FE) electrochemically  reduction 105 

23 TPy/CNT thioether sulfoxide (100 %) tris Buffer, LED light, Air (1 atm), RT, 

1.5-4 h 

photooxidation  106 

24 ZnTImP-CP/ CNTs epoxide, CO2 cyclic carbonate (99-12 %) CO2 (1.5 MPa), 120 ℃, 5-6 h cycloaddition  107 

25 Fe(THPP)Cl/MWCNT alcohol aldehyde and ketone (100-

76 %) 

IBA, O2 (1 atm), 45 ℃, 3 h oxidation  108 

26  MWCNT-TSP-Mg-imi epoxide, CO2 cyclic carbonate (95-32 %) CO2 (25 bar), 100-150 ℃, 3-24 h cycloaddition 109 
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27 Mn/Fe 

(THPP)@MWCNT 

α- methyl styrene  ketone (81% conversion with 

62 % selectivity) 

O2 (1 atm), 110 ℃, 10 h oxidation 110 

tetrahydronaphth

alene 

ketone, alcohol (30 % 

conversion) 

O2 (1 atm), 130 ℃, 8 h 

28 Mn(TCPP)OAc@MWCN

T 

cyclohexene epoxide (TON= 2700) ImH, O2 (1 atm), CH3CN, 25 ℃, 72 h oxidation  111 

29 MWCNT-H2TCPP cyclohexene 2-cyclohexene-1-one (97%) sun light, CH3CN, RT, 72 h oxidation 112 

thioanisole sulfoxide (52 % conversion) light (40 W), RT, 43 h 

30 Fe (TCPP)Cl@MWCNT alkene epoxide (100% conversion) IBA, O2 (1atm), CH3CN, 40-45℃, 1-4 

h 

oxidation 113 

 cycloalkane Cyclo ketone (50 % 

conversion) 

31 CoTCPP-CNT-NH2 furfural  succinic acid (60 %) O2 (1 MPa), H2O, 100 ℃, 20 h oxidation  114 

32 SnIV(TAPP)(OTf)2@MW

CNT 

alcohol tetrahydropyran ether (100 

%) 

DHP, THF, RT, 3-7 min. tetrahydropyranylation 115 

[SnIV(TAPP)(BF4)2@MW

CNT] 

33 Mn(THPP)OAc@MWCN

T 

sulfide sulfoxide (91 %) UHP, acetic anhydride, ethanol, RT, 

30 min. 

oxidation  116 

34 ZnPc–MWCNTs 

 

styrene  styrene oxide (94 % 

conversion with 90 % 

selectivity) 

H2O2 aq., 60 °C, 8 h oxidation 117 

35 CoPc-TA-MWCNT epoxide, CO2 cyclic carbonate (97 %) CO2 (2.5 bar), TBAB, 80 °C, 1 h  cycloaddition 85 

36 (OPh-p-Cl)CoPc-

MWCNT 

styrene benzaldehyde 

(100 % conversion with 89 % 

selectivity) 

TBHP, THF, 80 °C, 4 h oxidation 118 

37 (OPh-p-Cl)CuPc-

MWCNT 

benzyl alcohol benzaldehyde (61 %) TBHP, DMF, 60 ℃, 8 h oxidation  119 

38  CoPc(OC10H14N)4/MWC

NT 

styrene  styrene oxide (97 %) TBHP, DMF, 80 ℃, 7 h oxidation  120 

39 SnPc-8 F@CNTs CO2 CO2RR (91 % FE) electrochemical CO2 electrolysis 121 

40 CoPc@CNT CO2 CH3OH (>40 % FE) electrochemical electroreduction  122 

41 bi-FePc/MWNT 2-chloro-4-

ethylamino-6-

isopropylamino-

1,3,5- triazine 

2-hydroxy-4-ethylamino-6-

isopropylamino-1,3,5- 

triazine (98 % FE) 

electrochemical dechlorination  123 

42 CoPc/CNT amine, CO2 N-methylamine (7 % FE) electrochemical N-methylation  124 

43 [3α-(OPh-t-Bu)-α-

NO2]ZnPc-MWCNTs 

styrene styrene oxide (96 %) TBHP, DMF, 100 ℃, 8 h oxidation  125 

44 TBP-CoPc@Py-

TEMPO@CNT 

5-

hydroxymethylfurf

ural 

2,5-furandicarboxylic acid 

(90 % FE)  

electrochemical oxidation 126 

45 CoPc/CNT 1,2-

dichloroethane 

ethylene (100 % FE) electrochemical dechlorination  127 

46 [4α(OPh-t-Bu)CoPc]-

MWCNTs 

styrene styrene oxide (87 %) TBHP, DMF, 90 ℃, 10 h oxidation  128 

47 CoPc- MWCNTs/MO 2-butanol  2-butanone 20 ℃, 90 min. oxidation 129 
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48  CoPc/CNT CO2 methanol (10 % FE) electrochemical reduction 130 

49 CoPc/MWCNT CO2 methanol (36 % FE) electrochemical reduction 131 

50 CuTNPc/MWCNTs  styrene benzaldehyde (99 %) TBHP, DMF, 90 ℃, 6 h oxidation  132 

51 CoPc/CNT CO2 methanol  electrochemical reduction 133 

52 CoPc SAC/SWCNTs CO ethylene  electrochemical reduction 134 

53 CoPc/CNT 2-chlorophenol phenol (100 % FE) electrochemical dechlorination  135 

54 CoPc/CNT CO2 methanol (40 % FE) electrochemical reduction 136 

55 CoPc/CNT ethylene ethylene glycol (20 % FE)  electrochemical oxidation  137 

NaIO4: Sodium periodate; TBHP: tert-butyl hydroperoxide; AMWCNT: activated multi-walled carbon nanotube; n-Bu4NHSO5: tetra-n butylammonium peroxomonosulfate; UHP: 
urea hydrogen peroxide; FeP: meso-tetrakis- (4-N,N-dimethylamine-2,3,5,6-tetrafluoro)porphyrinate iron(III) chloride; ImH: imidazole; IBA: Isobutyraldehyde; TPy:5,10,15,20-
tetra-4-pyridylporphyrine; TSP-Al-Cl: aluminum chloride tetrastyrylporphyrin; imi:1,4-butanediyl-3,3′ -bis-1- vinylimidazolium dibromide; UHP: urea hydrogen peroxide; RuPP: 
polymeric rutheniumporphyrin; TBHP:tert -butyl hydroperoxide; MBIM: di(1H-imidazol-1-yl)methane; T(o-Cl)PPCu: meso-tetrakis(o-chlorophenyl)porphyrinato]copper(II); TPP: 
tetraphenyl porphyrin; POF: porphyrin organic framework; Bpy: bipyridine; ZnTImP: zinc 5,10,15,20-tetrakis(4-(imidazole)phenyl)porphyrin; CP: cationic polymer; TSP-Mg: 
magnesium tetrastyrylporphyrin; DHP: 3,4-dihydro-2H-pyran; TA: Tetra amino; SnPc-8 F:2,3,9,10,16,17,23,24-octafluorophthalocyaninato tin (IV); TBP-CoPc: 4-(tert-butyl)- 
phenoxy-decorated cobalt phthalocyanine; Py-TEMPO: pyrene-tethered 2,2,6,6-tetramethylpiperidin-1-oxy; MO:Cr2O3-NiO; CuTNPc: tetranitro-copper phthalocyanine; SAC: 
Single atom catalyst 
 

2.3.2 Porphyrin/phthalocyanine-based nanocomposites 

with graphene oxide 

Carbon-based nanomaterials, particularly graphene, are 

recognized as promising candidates in various applications due 

to their high stability, large surface area, excellent mechanical 

properties, and superior thermal and electrical conductivity.138 

However, they face some challenges, such as the tendency to 

agglomerate, complex synthesis processes, and 

hydrophobicity.139 Modifications of the graphene surface are 

necessary to improve their catalytic performance. Graphene has 

been functionalized by oxygen-containing groups such as 

carboxylic acid, hydroxyl, and epoxide, resulting in graphene 

oxide (GO) exhibiting catalytic activity in various 

applications.140–143 Due to its rich oxygen functionalities, GO 

demonstrates hydrophilicity and high catalytic activity. 

Covalent and non-covalent interactions with other catalytic 

active components can modify GO's properties for specific 

applications.139 Porphyrin and PC compounds exhibit significant 

catalytic activity, but their recoverability poses a challenge. 

These compounds can be linked to GO through electrostatic and 

covalent interaction to improve stability. The resulting 

nanocomposites demonstrate high surface area, catalytic 

activity, more active sites, high stability, and easy 

recoverability.144  

For instance, Leeladee et al. developed a nanocomposite using 

5,10,15,20-tetrakis(4-phenyl)Zn(II)porphyrin linked to GO by 

π-π stacking interaction (Scheme 8).145 This synthesized 

nanocomposite oxidized benzyl alcohol with 82%  yield of 

benzaldehyde under white LED light over 24 hours. However, 

the catalyst's reusability was limited, with a noticeable decrease 

in yield after the second cycle. To address this challenge, the 

researcher synthesized a covalently linked GO composite with 

Pd(II) porphyrin using 3-chloropropyl)trimethoxysilane.146 This 

composite was effective in Suzuki‐Miyaura and Mizoroki‐Heck 

coupling reactions, achieving 99% yield for the biaryl product 

and 95% yield of trans-stilbene, respectively (Scheme 9). The 

result demonstrated high catalytic activity and stability over five 

consecutive cycles without losing efficiency. Numerous studies 

have been reported on porphyrin/Pc@GO-based 

nanocomposites as catalysts for various reactions, including 

oxidation, reduction, cycloaddition, coupling, hydrogenation, 

and rearrangement reactions, which are tabulated in Table 6. 

 
Scheme 8 Noncovalently linked GO/Zn(II)porphyrin nanocomposite 
employed in the oxidation of alcohol 

 
Scheme 9 Covalently linked GO/Pd(II)porphyrin nanocomposite in the 
coupling reactions 

Table 6 Porphyrin and phthalocyanine@GO-based nanocomposites utilized as catalysts in the organic transformations  

Entry Catalyst Reactant Product (Yield) Reaction conditions Reaction Type References 

1 GO–CuTAPP phenylacetylene, 

morpholine, 

benzaldehyde 

propargylamine (99 %) DCE, 40 ℃, 30 min. coupling  147 
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2 GO/NiTAPP iodobenzene, 

phenylboronic acid 

biaryl (95 %) K3PO4, dioxane, 80 ℃, 1 h Suzuki–Miyaura 

cross-coupling 

148 

3 GO-CoTAPP benzaldoxime benzamide (90 %) toluene, 80 ℃, 2 h Beckmann 

rearrangement 

144 

4 Mn(THPP)OAc@GO 

 

cyclooctene epoxide (78 %) ImH, 

IBA, 45 ℃, 2 h 

oxidation 149 

5 GO‐ZrTAPP ethyl acetoacetate, 4-

chlorobenzaldehyde, 

and urea  

3,4‐dihydropyrimidin‐2(1H)‐

ones (92 %) 

70 ℃, 40 min. Biginelli 

reaction 

150 

6 GO-[Mn(TPyP)tart] cis-stilbene epoxide (100 %) IBA, O2, CH3CN, 60 ℃, 2 h oxidation 151 

7 Mn(TAPP)Cl@GO olefins epoxide (95-52 %) NaIO4, CH3CN/H2O2, ImH, 

RT, 2.5-3.5 h 

oxidation 152 

8 Mn(THPP)OAc@GO thiolane sulfoxides (100 %) UHP, ethanol, RT, 35 min. oxidation 153 

9  Ru-PP/RGO levulinic acid γ-valerolactone (71 %) CH3OH, 100 ℃, 10 h hydrogenation 154 

10 GO-Sn-Porph 4- nitrophenol 4-aminophenol (99 %) NaBH4, 60 min. reduction 155 

11 NH2SA-NiPor 4- nitrophenol 4-aminophenol (99 %) NaBH4, 60 min. reduction 156 

12 GO-[Mn(T2PyP)(tart)](tart) trans-stilbene epoxide (100 %) visible light (40 W), ImH, 

DCM, O2, 
iPrCHO, RT, 30 

min. 

oxidation 157 

13 GO‐CPTMS@Pd‐TKHPP iodobenzene, 

phenylboronic acid 

biaryl (99 %) K2CO3, EtOH/H2O, 80 ℃, 5 

min. 

Suzuki‐Miyaura 

coupling 

146 

Iodobenzene, 

styrene 

trans-stilbene (95 %) K2CO3, 

DMF, 120 ℃, 20 min. 

Mizoroki‐Heck 

coupling 

14 GO–CuTAPP azide, terminal alkyne 1,2,3-triazole (95 %) H2O/EtOH, 60 ℃, 15 min. cycloaddition 158 

15 GS/CuTHPP CO2 C2H4 (23 mmol g-1 h-1) DCE, 100 mW cm2, 40 ℃, 6 

h 

photoreduction 159 

16 CoTSPP@N, P: GQDs/G benzyl alcohol benzaldehyde (92 %) six 22 W lamps (32, 400 

LUX), air (1 atm), water, 

RT, 10 h 

photooxidation 160 

17 CoTPP-NH2@GO epoxide, CO2 cyclic carbonate (99-16 %) CO2 (1.8 MPa), 0.1mol% 

TBAI, 120 ℃, 12 h 

cycloaddition 161 

18 GO-Co-TAPP CO2 formic acid (96 μmol) NADH, methyl viologen, 

450 W xenon lamp, 2 h 

photoreduction 162 

19 Fe3O4.GO.Im@MnPor cyclooctene epoxide (96 %) alkene:UHP:HOAc 

(1:100:200:300), DCM, RT, 

1-1.5 h 

oxidation 163 

20 GO-TPP alcohol aldehyde/ketone (89-26 %) white cold LED, 24 h photo-oxidation 164 

21 GO-FePc alcohol Ketone (97 %) K2CO3, H2O, O2 (1 atm), 60 

℃, 3 h 

oxidation  165 

22 GO-CuPcS CO2, methanol dimethyl carbonate (13 %) CO2 (25 bar), 110 ℃, 2.5 h cycloaddition  166 

TAPP: 5,10,15,20-tetrakis(aminophenyl)porphyrin; DCE: dichloroethane; THPP: 5,10,15,20-Tetrakis(4-hydroxyphenyl)porphyrin; ImH: Imidazole; IBA: isobutyraldehyde, 
TMPyP:5,10,15,20-tetrakis(1-methyl-4-pyridinio)porphyrin tetra(p-toluenesulfonate); T2PyP: meso-tetra(2-pyridyl)porphyrin; TPyP: Tetra pyridyl porphyrin; UHP: urea hydrogen 
peroxide; TPP-NH2: 5-(4-Aminophenyl)-10,15,20-triphenyl porphyrin; TCPP: Meso-tetra-(4-carboxyphenyl)porphyrin 
 
 

2.3.3 Porphyrin and phthalocyanine nanocomposites with 

graphitic carbon nitrite 

Graphitic carbon nitride (g-C3N4), is a polymeric compound of 

nitrogen and carbon atoms interconnected to form a layered 

structure. This material is notable for being a metal-free 

semiconductor with several advantageous properties, 

including non-toxicity, affordability, and excellent thermal and 

chemical stability.167 It can be synthesized easily through the 

pyrolysis of readily available materials such as urea, thiourea, 

and melamine.168  The bulk g-C3N4 has a limited surface area and 

poor light absorption, which hampers its photocatalytic 

efficiency. The synthesis of nanosheets from g-C3N4 significantly 

improves these characteristics.169 These nanosheets of g-C3N4 

possess a larger surface area and more active catalytic sites. 

However, they still face low-charge separation challenges, 

which restricts their practical applications.169 To improve the 

photocatalytic activity of g-C3N4, researchers have explored its 

combination with other photoactive materials, such as 

porphyrin or phthalocyanine (Pc). The resulting hybrid 

nanomaterials, porphyrin/Pc@g-C3N4, demonstrate high 

photocatalytic efficiency under visible light.170 This 

improvement is attributed to a reduction in the band gap and 

enhanced charge separation. When exposed to visible light, the 
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electrons in porphyrin/Pc become excited, transitioning from 

the highest occupied molecular orbital (HOMO) to the lowest 

unoccupied molecular orbital (LUMO).171 Concurrently, 

electrons in g-C3N4 move from the valence band to the 

conduction band. The electron in the LUMO then transfers to the 

conduction band, while a hole moves from the valence band to 

the HOMO. This process indicates that the hybrid 

nanocomposite exhibits strong oxidation capabilities in the 

valence band and significant reducing abilities in the conduction 

band, facilitating reduction and oxidation reactions.171 Many 

scientists also synthesized the nanocomposite of 

porphyrin/Pc@g-C3N4 and used it in different organic reactions 

under visible light (Table 7).  

In a recent study, Jain et al. synthesized a ZPCN-5 

nanocomposite by combining 5 wt% Zn(II)Pc with g-C3N4 

nanosheets by noncovalent interactions.172 This nanocomposite 

was utilized for the formation of formamide from amine and CO2 

in visible light (Scheme 10). The individual components, 

Zn(II)Pc and nano g-C3N4, exhibited 9% and 22% yields of 

formamide, respectively. However, the ZPCN-5 nanocomposite 

demonstrated a remarkable enhancement in activity, achieving 

a 95% yield of formamide. This significant improvement 

highlighted the synergistic effect, which provides a larger 

surface area, reduces the band gap, and enhances charge 

separation, ultimately boosting photocatalytic activity.  

 
Scheme 10 Synthesis of nanocomposite by using Zn (II) Pc with g-C3N4 
nanosheets, and utilized in the production of formamide under visible light 

Table 7 Reported porphyrin and phthalocyanine@g-C3N4-based nanocomposites used in the organic reactions   

Entry  Catalyst Reactant Product (Yield)  Reaction conditions Reaction Type Reference 

1 CoTPP/g-C3N4 CO2 formic acid (154 µmol)  electrochemical Photoreduction 173 

2 ZnPp-g-C3N4-TE  5-hydroxymethyl-2-furfural 2,5-furandicarboxyaldehyde (38 

%) 

natural solar light, pH 7, 4 h photo-oxidation 170 

3 CoPc/g-C3N4 alcohol aldehyde, and ketone (30-7 %) O2, CH3CN, 30 ℃, UV-visible 

light, 6 h 

photo-oxidation 169 

4 CoPc/Py@g-C3N4 furoin, 1,2-phenylenediamines quinoxalines (93 %) visible light, KOH, CH3OH, RT, 4 

h 

oxidative 

cyclization 

174 

5 ZnTcPc@g-C3N4 thiophene sulfone (84 %) visible light, molecular oxygen, 

90 min. 

desulfurization  175 

6 g-C3N4/CoPc-

COOH 

CO2 methanol (646 µmol) LED light (20 W), 24 h photoreduction 171 

7 ZnPc/g-C3N4  amine, CO2 formamide (95-24 %) LED light (20 W), PhSiH3, DMF, 

RT, 24 h 

N-formylation 172 

8 NiPc–FePc/BCN benzyl alcohol  benzyl aldehyde (38 % with >99 % 

selectivity) 

visible light, O2 photo-oxidation 176 

9 CoPc/NG/g-C3N4  benzyl alcohol  benzyl aldehyde (27 % with >99 % 

selectivity) 

visible light, O2 photo-oxidation 177 

TBrPP: tetra(4-bromophenyl) porphyrin; CMP: g-C3N4 mesoporous polymer; TPP: meso-tetraphenylporphyrin; Pp: meso-tetra aryl substituted porphyrins; TE: thermo-exfoliated; 
TEA: triethylamine; DMA: N, N-dimethylacetamide; PhSiH3: phenyl silane; BCN: boron doped g-C3N4; NG: nitrogen doped graphene
 

2.4 Porphyrin and phthalocyanine-based nano-organic 

framework 

Organic frameworks consist of repeating interconnected 

monomer units to form a framework-like structure with regular 

pores.15 It exhibits unique properties such as high surface area, 

versatile framework, high porosity with uniform pores, and 

excellent stability.15 These remarkable properties have 

garnered considerable attention from researchers around the 

world. Among the various porous materials, metal-organic 

frameworks (MOFs) and covalent organic frameworks (COFs) 

have garnered particular attention because of their high 

stability and catalytic activity.178 The choice of organic linker 

influences the catalytic performance of these frameworks. 

Porphyrin, due to its high thermal stability and semiconducting 

properties, has been utilized in forming MOFs and COFs.179 

Porphyrin-containing MOFs and COFs exhibit exceptional 

characteristics, including visible light absorption, excellent 

thermal stability, many active sites, and superior electron 

transfer properties, which enhance their photophysical and 

photochemical properties.178,180 Additionally, the nanostructure 

of these materials plays a crucial role in their catalytic activity. 

Nanosized porphyrin-based MOFs and COFs demonstrate 

superior catalytic performance compared to their bulk 

counterparts, attributed to their increased surface area, more 

active site, and enhanced selectivity.181  

                 For example, Farha et al. synthesized PCN-222/MOF-545 

using ZrOCl2.8H2O, benzoic acid, and tetrakis(4-carboxyphenyl) 

porphyrin (TCPP).182 This MOF was employed for the oxidation 

and hydrolysis of chemical warfare agents such as dimethyl 4-

nitrophenyl phosphate (DMNP), and 2-chloroethyl ethyl sulfide 
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(CEES) under blue LED light in the presence of N-ethyl 

morpholine at room temperature (Scheme 11). The hydrolysis 

of DMNP resulted in the formation of nitrophenol and dimethyl 

phosphate with a half-life of 8 minutes. Meanwhile, CEES was 

oxidized to produce 2-chloroethyl ethyl sulfoxide and 2-aceto 

ethyl ethyl sulfoxide with a half-life of 12 minutes.              

In another study, Nagaraja et al. synthesized nanosized 

Fe(III)P@COF using 5,10,15,20-tetrakis(4-

aminobiphenyl)Fe(III)porphyrin and 1,4-

benzenedicarboxaldehyde.183 This COF was utilized to oxidize 

alkene in the presence of oxidant iodosyl benzene (PhIO), 

leading to epoxide formation. These synthesized epoxides were 

then used as a reactant in a cycloaddition reaction with CO2 at 1 

atm pressure, using TBAB as a co-catalyst to produce cyclic 

carbonates (Scheme 12). The catalyst demonstrated excellent 

stability, maintaining its efficiency over eight cycles. Other 

reported nanosized MOFs, and COFs with their catalytic 

activities have been summarized in Table 8. 

 
Scheme 11 Free-base nanosized PCN-222/MOF-545 used in the 

detoxification of chemical warfare agent by hydrolysis and oxidation process 
under blue light, (Reproduced by the permission of reference182, Copyright 
2015 American Chemical Society) 

 
Scheme 12 Iron-porphyrin-based nanosized Fe(III)P@COF used in the 
formation of epoxide from an alkene, and cyclic carbonate from an epoxide, 
(Reproduce by the permission of reference183. Copyright 2023 American 
Chemical Society) 

Table 8 Porphyrin-based nanosized MOFs and COFs employed in the organic reactions 

Entry Catalyst Reactant Product (yield) Reaction 

Conditions 

Reaction type References 

1 Ln(H9 TPPA)(H2O)x]Cl2·yH2O MOF (x+y=7) thioanisole benzenesulfonic acid 

(80 %) 

H2O2, CH3CN, 50 

℃, 24 h 

oxidation 

 

184 

2 Zn3(TCPP)(bpy)1.5(DMF)3(H2O)4 MOF oxathiolanes ketones (conversion 

100-97%) 

Xe lamp (300 W), 

O2 (1 atm), CH3CN, 

90-110 min. 

deprotection 185 

3 PCN-222/MOF-54 CEES 2-chloroethyl ethyl 

sulfoxide + 2-aceto 

ethyl ethyl sulfoxide 

N-ethylmor-

pholine, MeOH, 

O2, H2O, blue LED 

light 

oxidation (t1/2=12 min.) 182 

DMNP nitrophenol + 

dimethyl phosphate 

hydrolysis (t1/2=8 min.) 

4 PCN-222 CEES 2-chloroethyl ethyl 

sulfoxide (TOFt/2= 

41.68 min-1) 

hν, O2, 120 min. mustard 

photooxidation 

(t1/2=12.6 min.) 

186 

DMNP phosphate (TOFt/2= 

15.66 min-1) 

 blue light, pH 10, 

H2O, 150 min. 

soman photohydrolysis 

(t1/2=8 min.) 

5 HZ@TCPP-Fe/Cu aromatic hydrazides aromatic azobenzenes 

(90-18 %) 

THF, RT, 4 h oxidative 

dehydrogenation  

187 

6 PCN-222(Fe) thymol thymoquinone (94 %) PMS, CH3OH/H2O, 

RT, 2 h 

oxidation 188 

7 Ir-PMOF1(Hf) benzoic acid, ethyl 

diazoacetate 

2-ethoxy-2-oxoethyl 

benzoate (80 %) 

DCM, 9 min. insertion  189 

8  Ag@TAPP-COF 4-nitrophenol 4-aminophenol (>99 

%) 

200 sec. reduction 190 
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9 Fe(III)@P-COF olefins, CO2 cyclic carbonates (99-

40 %) 

CO2 (0.1 MPa), 

PhIO, TBAB, DCM, 

80 ℃, 24 h 

cycloaddition 183 

olefins epoxide (99-38 %) PhIO, DCM, 40 ℃, 

18 h 

epoxidation 

10 2,3-DhaTph styrene oxide, CO2  cyclic carbonates (94 

%) 

CO2 (1 atm), TBAI, 

110 °C, 12 h 

cycloaddition 191 

aziridines, CO2 oxazolidinones (96-39 

%) 

CO2 (2 MPa), TBAI, 

50 °C, 3-15 h 

11 Co-CoTCPP MOF indane indanone (selectivity-

92 %) 

O2, 140 ℃, 22 h aerobic Oxidation 192 

12 Ag/TPP-CTF propargyl alcohols, CO2 α-alkylidene cyclic 

carbonates (96-77 %) 

CO2 (1 bar), RT, 12-

48 h 

cycloaddition 193 

TPPA: 5,10,15,20-tetrakis(p-phenylphosphonic acid)porphyrin; CEES:2-chloroethyl ethyl sulfide, DMNP: dimethyl 4-nitrophenylphosphate; PCN-222/MOF-54: tetrakis(4-
carboxyphenyl)porphyrin (TCPP4-) and 8-connected Zr6 cluster; PCN-222: zirconium–porphyrin based nano-crystalline MOF; HZ: hollow ZIF; PMS:peroxymonosulfate; Ir-
PMOF1(Hf): [(Hf6(µ3-O)8(OH)2(H2O)10)2(Ir(TCPP)Cl)3]·solvents; Fe(III)@P-COF: Fe-TAPP based COF;  2,3-Dha- 2,3-dihydroxyterephthalaldehyde, Tph- 5,10,15,20-tetrakis(4-
aminophenyl)-21H,23H-porphine 
 
 

3. Conclusion and Future Prospects 

This review emphasizes the catalytic significance of porphyrin 

and phthalocyanine-based nanocomposites in modern 

chemistry. These nanocomposites demonstrate remarkable 

catalytic activity across various organic reactions, including 

oxidation, coupling, cycloaddition, reduction, hydrogenation, 

dechlorination, hydrolysis, rearrangement, and condensation 

reactions. Their ability to facilitate the synthesis of valuable 

products while utilizing waste materials is particularly beneficial 

for the industrial and pharmaceutical sectors. One of the key 

advantages of these nanocomposites is their capacity to function 

as a single catalyst in complex reactions that typically require 

multiple catalysts. This capability streamlines the reaction 

process and significantly enhances the overall reaction rate, 

making them highly effective in various applications. The 

modifications of porphyrin and phthalocyanines with different 

nanostructures through covalent and non-covalent interactions 

provide versatile catalysts that exhibit superior activities in 

varied organic transformations under mild conditions. However, 

deterioration of the catalysts, leading to poor reusability, is 

observed in some cases when nanomaterials are attached non-

covalently with porphyrins and phthalocyanines. Additionally, 

the low yield associated with synthesizing porphyrin and 

phthalocyanine is another challenge, which may limit their 

broader applications. However, the ease of recovery and 

reusability of these nanocomposites have garnered considerable 

interest from researchers as they address sustainability concerns 

in chemical processes.                                                                               

       Beyond their catalytic applications, porphyrin and 

phthalocyanine-based nanocomposites have significant potential 

for advancing sensing technologies 

in environmental monitoring, food safety, and medical diagnosti

cs. These nanocomposites are expected to enhance early disease 

detection, real-time health monitoring, and personalized 

healthcare solutions. In environmental applications, they provide 

high sensitivity for detecting toxic gases and pollutants, which is 

essential for effective pollution management and sustainable 

development. Their application in food safety includes 

monitoring freshness, detecting microbial contamination, and 

identifying toxic residues, with promising possibilities for 

integration into smart packaging systems. Additionally, their 

versatility also extends to clinical therapies, revolutionizing 

theragnostic platforms by merging precise disease detection with 

targeted treatment methods such as photodynamic therapy. The 

catalytic prospects of porphyrin and phthalocyanine-based 

nanostructures will lead to the development of industrial 

methods for synthesizing pharmaceuticals, agriculture 

chemicals, dyes, and other commercially important scaffolds. 
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