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Abstract: Perylene diimides (PDIs) are valuable organic 

chromophores that stand out for their outstanding optical and redox 

properties. Owing to these features, PDIs have emerged as prominent 

dyes capable of acting as photocatalysts for numerous relevant 

organic transformations. This Minireview highlights the recent 

advances in the application of PDIs in organic photocatalysis. The 

various mechanistic pathways of the photo-reduction reaction of aryl 

halides, recently proposed in independent studies, are discussed with 

an eye to unsolved challenges and forward-looking opportunities 

regarding the use of PDIs within this field. 

1. Introduction 

Perylene-3,4:9,10-bis(dicarboximide)s, commonly known as 

perylene diimides (PDIs), have become one of the most relevant 

organic dyes in the family of polycyclic aromatic compounds.[1,2] 

They consist of a rigid perylene scaffold (aromatic core) 

substituted with two dicarboxylic acid imide groups at the 3,4- and 

9,10-peri-positions (Figure 1a).[2]  Over the years, PDIs have 

attracted the attention of chemists, physicists and material 

scientists because of their incomparable physicochemical 

peculiarities. Among their distinctive features, it is worth to be 

mentioned the chemical and thermal stability along with the 

photochemical properties of PDIs, such as strong visible light 

absorption, excellent fluorescence and high electron acceptor 

ability.[1–4] Another peculiarity of PDIs is their tendency to 

aggregate mainly through π-stacking interactions, thus forming 

supramolecular fibers with tailorable solubility.[2] 

In the past, PDIs were merely employed as pigments for 

automotive and textile industry due to the successful combination 

of their insolubility, photothermal inertness and weather 

resistance.[5–7] Specifically, since the early 10s of the last century, 

PDI derivatives have been prepared by simple modification of the 

N,N’ imide substituents to manipulate their solubility and 

aggregation in the solid state.[1,5,8] Successively, a finer control of 

the chemical properties of PDIs has been achieved though the 

asymmetric substitution of the two imide positions by exploiting 

multistep synthesis.[2,9] During the following decades, the 

functionalization of the aromatic core at the bay region (positions 

1,6,7 and 12) was tackled, providing a precise control of 

fluorescence and electronic features.[1,7] Nowadays, the 

development of a variety of synthetic methodologies that allow for 

the chemical transformation of the whole PDI structure, including 

the less reactive ortho positions (namely 2, 5, 8 and 11), has 

paved the way to the exploration of novel fields of application. 

These applications include optoelectronics, sensors, energy 

production and synthetic photocatalysis. 

1.1. Synthesis, Properties and Application of PDIs 

Unlike the pigment industry, the general poor solubility of PDIs 

in most common solvents and their strong tendency to aggregate 

remains a major obstacle in practical applications.[6] To solve this 

issue, organic chemistry offers formidable help, through the 

exploitation of tailored approaches. Indeed, PDIs with sufficient 

solubility have been traditionally produced through the suitable 

functionalization of the imide or bay positions. The first and easier 

approach consists of introducing swallow-tail chains or bulky 

ortho-substituted aryl groups at the PDI imide positions.[10] These 

substituents disrupt the face-to-face π-π stacking between the 

PDI molecules, therefore increasing their solubility.[1,7,10,11] To this 

aim, N-substituted PDIs are commonly synthesized from 

perylene-3,4,9,10-tetracarboxylic dianhydride (PDA) by 

imidization with the appropriate aliphatic or aromatic primary 

amines at high temperatures (above 160°C).[7] Such conditions 

can be reached using molten imidazole or quinoline as solvent 

leading, usually, to the production of the desired PDIs in high 

overall yields.[6,7] Fast and efficient preparation of PDIs was 

recently achieved with the assistance of microwave heating.[12]  

Conversely, the bay functionalization approach consists of 

introducing substituents in those positions through electrophilic 

aromatic substitution (e.g. halogenation), potentially followed by 

nucleophilic aromatic reactions (e.g. alkylation or amination) or, 

alternatively, by metal-catalyzed cross-coupling transformations 

(e.g. Suzuki or Sonogashira coupling reactions).[1] As a 

consequence, the steric congestion at the bay positions conducts 

to the distortion of the flat PDI core, thus partially interrupting π-

stacking and increasing the solubility of the dye.[1,2,7] In addition, 

these core derivatization can substantially affect the optical and 

electronic features of PDIs.[7] Lastly, an important modification of 

the PDI scaffold has involved the ortho functionalization. This 
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route has been uncovered in recent times by exploiting 

substitution reactions or transition metal catalyzed C–H 

activations (using Rh, Ru or Ir).[1,13,14] The so-obtained ortho-

substituted PDI derivatives may show enhanced photochemical 

properties and solubility without significant deformation of the 

planar core.[1,7] This is of practical importance, since it allows the 

straightforward preparation of relevant optoelectronic 

devices.[4,7,15] Altogether, the described methodologies can afford 

PDIs with tailorable solubility and optoelectronic features, which 

arise both from the position and the nature of the substituents 

installed. 

Figure 1. (a) Molecular structure and main applications of PDIs. (b) Main 

physicochemical properties of PDI A. 

In general, the optical properties of PDIs are characterized by 

a strong absorption maximum centered at around 525 nm 

(absorptivity up to 105 M-1 cm-1) and a bright emission with a small 

Stock shift, especially for core-unsubstituted PDIs.[2] Typically, the 

fluorescence quantum yields (Φ) are close to unity and the 

excited-state lifetimes are reasonably long, in the order of 

nanoseconds.[2,6,7] Moreover, due to the presence of nodes in 

both HOMO (highest occupied molecular orbital) and LUMO 

(lowest unoccupied molecular orbital), the aromatic core of PDIs 

is not electronically connected to the imide substituents. This 

means that the presence of different functionalities at such 

positions has a negligible effect on the absorption band.[2,7] On the 

contrary, the core substituents have a strong effect on the optical 

properties of PDIs. In fact, these groups highly affect the visual 

aspect of the PDI powders, and in turn the color of their resulting 

organic solutions, which can vary from red to blue.[2,4,16]  In 

parallel, the redox features of PDIs follow the same trend in terms 

of functionalization. In particular, the electron-accepting character 

of PDIs can be modulated by installing electron-donating or 

withdrawing groups in their core. This results in a significant 

variation of both the oxidation and reduction potentials, despite 

similar overall bandgaps.[2,4,7] 

In light of the above recalled properties, PDIs have found a 

wide range of applications in many fields of sciences. These 

applications span from optoelectronics (e.g., organic light-emitting 

diodes and solar cells), transistors, dye lasers, pigments, sensors, 

energy production to synthetic photochemistry (Figure 1a).[2,7,15,17–

20] Although the synthesis and the utilization of PDIs in materials 

science have been summarized in recent reviews,[1,2] their 

application in organic photochemistry has not been covered. In 

this Minireview, we present the latest advances within this field, 

with particular attention to the still open discussion on the actual 

mechanism that drives the photochemical initiation of these 

valuable organic transformations. 

2. PDIs as Organic Photocatalysts 

Organic photocatalysis has become an established and 

broadly used branch of synthetic chemistry.[21] This approach 

relies on the ability of a photon-absorbing catalyst - namely a 

photocatalyst- to form, upon direct visible-light excitation, open-

shell species from suitable precursors at ambient temperature. 

The possibility of forming reactive radicals under mild conditions 

allowed chemists to achieve unique bond constructions, while 

reducing energy consumption and waste production. Many of the 

most commonly employed visible-light photocatalysts are 

expensive and toxic polypyridyl complexes of ruthenium and 

iridium.[22] In addition, the production of these metal complexes 

requires, typically, multiple step synthetic routes.[23] For all these 

reasons, extensive efforts have been and are still devoted to 

developing new effective metal-free organic photocatalytic 

systems.[24] 

In recent years, PDIs have attracted considerable attention 

within the scientific community as low price alternatives to metal-

based photocatalysts for energy production.[2,20] PDIs may 

effectively form π-conjugated structures, and it was noted that this 

feature has a major impact on their photocatalytic activities.[25] 

Recently, PDIs have been also exploited in the field of organo-

photocatalysis. In this regard, a simple symmetrical PDI, namely 

A (Figure 1b), turned out to be the dye of choice to drive most of 

the photochemical reactions reported so far.[26–29] 
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Figure 2. Mode of catalysis of the photoactive dye A. 

A, commonly known as perylene orange, is prepared from 

PDA by imidization with 2,6-diisopropylaniline at high 

temperature.[1] Structurally, the presence of bulky groups on the 

imide positions provides better solubility in organic solvents by 

preventing the aggregation in solution.[11] Furthermore, A exhibits 

excellent optical and redox properties, showing a strong 

absorption in the visible region (εA λ=450 nm = 11000 M–1 cm–1, 

Figure 1b).[28] Moreover, upon light absorption, A becomes a 

strong oxidant in the excited state (A*), with a reduction potential 

for the couple A*/A●– of +1.97 V (versus saturated calomel 

electrode, SCE), according to Rehm-Weller equation (Figure 

2).[30,31] Therefore, A* can effectively drive photo-oxidation 

reactions with suitable electron donors (ED), generating its 

corresponding radical anion (A●–, E = –0.37 V vs SCE for the 

couple A/A●–).[19,21] In addition, the reduced species is still redox 

active and can further carry out reductive transformations in the 

presence of appropriate electron-acceptors (EA).[18] Alternatively, 

A●–, due to its color and persistency in deaerated solutions,[32] can 

absorb another visible photon reaching its highly energetic 

excited state (A●–*, E = –1.87 V vs SCE for the couple A●–*/A).[26,33] 

This species (A●–*) is thus able to drive the reduction of strongly 

unreactive acceptors. Which means that A is able to employ the 

energy of two photons before closing the overall photoredox 

catalytic cycle via two consecutive photoinduced electron transfer 

(PET) processes. This property makes PDIs unique with respect 

to classical organic photocatalysts.[24] However, it is worth 

mentioning that this mechanistic pathway is still debated. More 

details will be shown in the dedicated section (Section 3). Beside 

this, in the following paragraphs the most relevant organic 

reactions driven by the photochemical activity of A will be 

presented. 

2.1. Reduction of Aryl Halides 

Indubitably, a milestone in the use of PDIs in synthetic 

photochemistry is represented by the work of König and co-

workers, published in 2014 (Figure 3).[26] The authors described 

an efficient route for the reduction of stable aryl halides 1 in the 

presence of A under blue light irradiation (455 nm). Remarkably, 

these metal-free catalyzed radical reactions are receiving growing 

attention as complementary methods to standard transition metal-

catalyzed  C-C bond forming transformations (Figure 3).[34] In 

addition, dehalogenation reactions might find application in 

wastewater treatment, since chlorinated and brominated 

aromatics are ubiquitous environmental contaminants.[35,36] The 

breakthrough of this method was the possibility of transforming 

even unreactive aryl chlorides (E < –1.7 V vs SCE) by means of 

a bioinspired approach.[21,37] 

Figure 3. (a) Use of A as photocatalyst for the reduction of aryl halides. (b) Use 

of A to photocatalyze C–H aromatic substitution reactions. 

In particular, the authors observed that A can imitate the Z 

scheme of biological photosystems that consists in accumulating 

the energy of two photons in one catalytic cycle. In Nature, this is 

possible by exciting two different systems which operate in 

series.[38] Practically, upon irradiation of A in the presence of an 

electron donor, namely triethylamine, the corresponding radical 

anion (A●–) is generated through a photoinduced electron transfer 
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(PET). This new chemical entity is deeply colored and stable in 

deaerated solutions. Therefore, it can absorb another photon 

providing a stronger reducing agent in the excited state (A●–

*).[26,32] Thus, the highly energetic A●–* is able to reduce aryl 

halides 1, leading to the formation of the carbon-centered radicals 

I. These meaningful open–shell intermediates (I) can be then 

trapped by hydrogen atom donors or used in C–C bond formation, 

hence affording valuable compounds 2,4. 

An analogous approach was proposed by Duan and co-

workers.[39] They used PDI-based metal-organic polymers for the 

preparation of compounds of the type of 2,4. Specifically, a unique 

channel structure, within the crystalline aggregates, was formed 

through the coordination of zinc ions with PDIs bearing terminal 

carboxylic groups at the imide positions. In particular, the authors 

demonstrated that working under heterogeneous conditions can 

be beneficial for the PDI photocatalyst in terms of recovery and 

reutilization, while maintaining similar catalytic activity compared 

to A. Furthermore, the reactivity of these highly porous PDI-based 

materials was expanded to other benchmark transformations, 

such as alcohol or amine oxidation. Similarly, Chen and co-

workers reported the application of PDIs anchored to the surface 

of silica nanoparticles for the dehalogenation of a brominated 

environmental pollutant, namely decabromodiphenyl ether (BDE 

209).[40]  

Interestingly, the group of Lin illustrated how the structural 

modifications of A (HOMO = -5.98 eV; LUMO = -3.43 eV) at the 

bay position may affect the photocatalytic performances for the 

reduction of aryl halides 1 (Figure 4).[27] These authors found that 

the presence of two electron-donating phenoxyl groups (PDI C) 

improves the conversion of 1 in the direction of products 2. On the 

contrary, when four phenoxyl groups are installed in the bay 

region (PDI D), the product yields dropped. 

Figure 4. Use of PDIs A-D as photocatalyst for the reduction of aryl halide 1b. 

This was attributed to the lower photo-oxidative power of D 

(HOMO = -5.09 eV; LUMO = -2.76 eV) compared to C (HOMO = 

-5.42 eV; LUMO = -2.98 eV), which may hamper the formation of 

the corresponding PDI radical anions. This appreciably decreases 

the activity of photocatalyst D and highlights the need for a proper 

tuning of the redox properties of the PDIs. At the other extreme, a 

PDI bearing electron-withdrawing nitro groups at the bay positions 

(B, HOMO = -6.32 eV; LUMO = -4.02 eV) gave almost no 

reaction. This result was correlated with the lower electron 

transfer ability of B●–* towards substrates 1. As anticipated in the 

previous sections, it is worth mentioning that PDIs bearing 

electron-donating groups in their core exhibit an increase of both 

HOMO and LUMO, whereas PDIs bearing electron-withdrawing 

groups show a decrease of both these molecular orbitals. These 

results can be attributed to the injection or the suction of electron 

density to the aromatic core by the different substituents. 

However, since both HOMO and LUMO are contemporary shifted, 

distinct core-functionalized PDIs have almost identical band gaps 

(blue box, Figure 4).[2] 

2.2. Oxidation of Sulfides 

As mentioned before, PDI A is a strong oxidant in the excited 

state and can therefore initiate photo-oxidation reactions or even 

photo-oxygenations in the presence of molecular oxygen. O2 is 

probably the greenest oxidant available for organic synthesis, 

therefore its utilization is getting more and more significance for 

academia and industry.[41,42] To this regard, Zhang, Fan, and co-

workers reported the aerobic oxidation of sulfides 5 to sulfoxides 

6 by means of the photochemical activity of A under blue light 

irradiation (Figure 5).[43] This relevant transformation has practical 

application in the preparation of valuable biologically active 

sulfoxide derivatives.[44] Remarkably, the authors found that two 

different reaction mechanism could be operative. Indeed, both 

electron transfer and energy transfer pathways could in principle 

lead to the conversion of sulfides 5 to sulfoxides 6.  

In the first route, the light-excited photocatalyst A* can oxidize 

substrate 5, giving its sulfur-centered radical cation.  

Subsequently, the so-obtained PDI radical anion (A●–) can reduce 

molecular oxygen to superoxide radical anion (O2
●–). Lastly, the 

reaction between the sulfide radical cation and O2
●– affords 

product 6. Alternatively, A can act as photosensitizer for the 

production of singlet oxygen (1O2) through an energy transfer 

process. 1O2 can then react with substrate 5 ultimately producing 

sulfoxide 6. 

Figure 5. Use of A as photocatalyst for the oxidation of sulfides to sulfoxides. 
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2.3. Iodoperfluoroalkylation of Olefins 

In 2019, we described an efficient procedure for the 

photochemical iodoperfluoroalkylation of alkenes catalyzed by 

PDI A (Figure 6).[28] This methodology is of practical importance 

because fluorinated compounds play a crucial role in medicinal 

chemistry, agrochemistry, and materials science.[45] Specifically, 

PDI A (0.05 mol%) is able to drive atom transfer radical addition 

(ATRA) reactions between terminal olefins 7 and perfluoroalkyl 

iodides 8 under blue light irradiation (450 nm). This photocatalytic 

process turned out to be extremely convenient since it proceeds 

with very high rates of production (about 700 mmol of product 9 

g-1 photocatalyst A h-1). Interestingly, such a high level of reactivity 

outperforms current available methods.[46] In this transformation, 

the use of sodium ascorbate (ED) was found to be pivotal for the 

reactivity, since it brings to the effective formation of the PDI 

radical anion (A●–). Moreover, due to the persistency in solution of 

A●– and the high tendency of 8 to give ground–state associations 

with anions, we hypothesized that an electron donor–acceptor 

(EDA) complex between these species could be at play.  This 

complex could photochemically generate fluorinated radicals, 

therefore initiating the ATRA process.[21,32,47–49] Although A turned 

out to be an efficient photoredox catalyst for this transformation, 

a bleaching of the organic dye was observed over time. This 

suggested that a degradative pathway, which decreased the 

lifespan of A, is operative under the experimental conditions. We 

found out that the presence of fluorinated open–shell species 

stimulated such collateral route.[50,51] 

 

Figure 6. Use of A as photocatalyst for the iodoperfluoroalkylation of olefins. 

Successively, in order to achieve the synthesis of relevant 

fluorinated products 9 in preparative scale, we translated the 

described PDI-photocatalyzed reaction into continuous flow.[29] In 

this way, taking advantage from the intrinsic benefits of flow 

photochemistry,[52–54] iodoperfluoroalkyl compounds 9 have been 

prepared with high productivity in the order of minutes of 

irradiation (up to 7.6 g h-1). The batch procedure has been readily 

adapted to operate in flow, by simply changing the sacrificial 

reducing agent (ED) from sodium ascorbate to triethylamine 

(Method a, Figure 7). It is worth noting that following a screening 

of irradiation wavelengths, reactivity was observed even in the 

absence of photocatalyst A by shining purple light at 405 nm. This 

result can be attributed to the photoactivation of perfluoroalkyl 

iodides 8 by triethylamine, through the formation of a halogen-

bonded EDA complex. Moreover, in following studies, we 

demonstrated that even nitrogen–doped carbon–based 

nanomaterials can serve as photocatalysts for the 

iodoperfluoroalkylation of organic compounds.[55–57] The 

mentioned purple light strategy was employed for the construction 

of a key intermediate in the synthesis of the breast cancer drug, 

namely Fulvestrant, in gram-scale (Method b, Figure 7). 

Figure 7. Iodoperfluoroalkylation of olefins in continuous flow. 

3. Mechanistic Discussion: Reduction of Aryl 
Halides 

The synthetic relevance and the fascinating photocatalytic 

properties of A have attracted the interest of numerous research 

groups. In fact, the mode of catalysis of A has been deeply 

investigated from different points of view, with particular attention 

to the aryl reduction reaction. These studies came to different 

conclusions, thus opening a recent discussion on the real 

photocatalytic mechanism of A. In this section, the diverse 

hypotheses are presented. König’s group first proposed the 

sequential absorption of two photons by the photocatalyst A and 

its corresponding radical anion A●–.[26] The so-obtained excited 

species A●–* was intended to be ultimately responsible for the 

reduction of aryl halides 1 (Figure 8a). This double photon 

mechanism was suggested since the ground-state PDI radical 

anion (A●–) is not able to carry out the direct reduction of 1, 

according to their redox potentials (E = –0.37 V vs SCE for the 

couple A/A●–, while E < –1 V vs SCE for the radical sources).[21,26] 

On the other hand, the reduction potential of A●–* was estimated 

to reach or surpass this threshold. The authors corroborated 

these hypotheses performing a series of control experiments. 

Specifically, chemically or photochemically generated A●– did not 

drive any reactivity in the dark. Intriguingly, the formation of PDI 

degradation products was observed over the course of the 

dehalogenation reactions. However, the authors claimed that 

these side-products may also contribute to the conversion of 1. 

Indeed, PDIs bearing different imide substituents showed similar 

photocatalytic activity towards the reduction of 1. 

In 2018, Cozzi, Ceroni and co-workers confirmed that A●–* is 

not stable under the reaction conditions used for the 

dehalogenation of aryl halides.[30] Through a deep spectroscopic 

and electrochemical study, the authors highlighted that A●–* does 

not seem to be a catalytic intermediate since, apparently, the 

reactivity was driven by its decomposition products (Figure 8b). 

These conclusions were supported by the very short lifetime of 

A●–* (145 ps) that does not allow for an effective PET.[32] Indeed, 
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only 15% of the A●–* is quenched by 1 under the experimental 

conditions, by assuming that the reaction is diffusion controlled.[58] 

Furthermore, at the selected irradiation wavelength (455 nm), A●– 

absorbs around 9 times less than A.[32] Lastly, high conversion of 

aryl halides 1 were obtained when A●– was almost completely 

decomposed. Based on these pieces of evidence, the authors 

claimed that A●–* degradation species are the real radical initiators 

of this transformation. Nevertheless, the exact structure of these 

species has never been identified. 

Another possible explanation for the mode of catalysis of A 

was suggested by Nicewicz and co-workers in 2016.[21] The 

authors reasoned that a preassociation between A●– and aryl 

halide 1 could be at play. This ground-state aggregation, namely 

EDA complex, could be held together by non–covalent 

interactions between the electron rich donor A●– and the electron 

poor acceptor 1.[59] The EDA complex would be a new chemical 

entity that could absorb visible light.[60] Therefore, a PET from the 

donor to the acceptor might occur, leading to the formation of 

reactive open–shell intermediates (I, Figure 8c).[59] In this way, the 

issue of the redox potential matching between the reaction 

partners can be overcome, thus explaining the unpredicted 

reactivity of some case studies. Likewise, inspired by this 

possibility, our group hypothesized the formation of a similar EDA 

complex between A●– and perfluoroalkyl iodides 8 to afford the 

fluorinated compounds 9.[28] Notwithstanding, there is no 

spectroscopic evidence that demonstrates the formation of such 

complexes due to the intrinsic difficulties in carrying out 

photochemical studies on A●–.[30] 

Later on, Gschwind and co-workers implemented an in situ 

combination of Nuclear Magnetic Resonance (NMR) and 

Ultraviolet/Visible (UV/Vis) spectroscopy under light irradiation, to 

allow the simultaneous and time-resolved detection of 

paramagnetic and diamagnetic species.[61] Using this setup, the 

authors attempted to confirm the consecutive PET mechanism 

asserted by König for the dehalogenation of aryl halides 1. 

Thereby, they easily observed the formation of A●– and the 

production of 2 over the time by shining blue light. However, no 

direct evidence for the involvement of A●–* in the reaction pathway 

has been provided. 

Conversely, Zhang, Schanze and co-workers have recently 

reported the use of picosecond time-resolved transient absorption 

spectroscopy to monitor the formation of A●–* and its bimolecular 

quenching by aryl halides 1 through Stern–Volmer studies.[33] The 

authors found that A●–* underwent efficient PET with electron poor 

halides 1 having reduction potential > –1.7 V vs SCE. Besides, 

they calculated the potential for the couple A●–*/A as −1.87 V vs 

SCE. However, a variety of unreactive halides (E < –1.8 V vs 

SCE) that are still effectively converted into the corresponding 

dehalogenated compounds 2, did not show any quenching of A●–

*. This can be attributed to a too slow electron transfer compared 

to the rapid decay of A●–*. In this case, the authors suggested that 

a thermally activated reaction between ground-state A●– and 1 (if 

[1] = 0.5 M) could take place, despite its endothermicity of more 

than 1 eV. According to them, this process might be feasible 

because the dehalogenation of 1●– is very fast, thus making the 

slow electron transfer reaction irreversible.[62]  

 

 

Figure 8. Suggested photochemical mechanisms for the production of aryl 

radicals I. 
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4. Summary and Outlook 

Thanks to the outstanding optical and redox properties of 

PDIs, these organic chromophores have received growing 

attention in many fields of application. In particular, a highly 

soluble diaryl PDI derivative, namely A, turned out to be an 

excellent candidate to drive synthetically useful photocatalytic 

transformations. This Minireview summarized the latest advances 

within this field, highlighting the versatility of A to carry out both 

photo-oxidation and photo-reduction processes of practical 

importance. Moreover, the mechanistic discussion focused on the 

relevant photo-reduction of aryl halides (1) was presented. 

Different pathways have been proposed, including (i) the 

formation of highly reducing A●–*, (ii) the photodegradation of A●– 

which initiates the radical process or, alternatively, (iii) the 

formation of a ground-state EDA complex between A●– and the 

radical source. In addition, a recent study suggested a substrate-

dependent mechanism, where even an energetically disfavored 

thermal reactivity should be taken into account.  

Based on these considerations, there are still some aspects 

that could be tackled in the near future. For instance, the 

exploitation of computational studies, unprecedented for this 

reaction, might help discriminate between all possible 

photochemical mechanisms, thus evaluating the most likely 

catalytic intermediates and the actual role of A. In fact, similar 

investigations have been successfully carried out for analogous 

transformations.[48,63] 

Besides, studies to clarify the degradation pathways of A 

should be undertaken in order to identify the real chemical 

structures of its by-products. By understanding these unsolved 

questions, more effective PDI–based photocatalytic systems 

could be designed, securing the possibility to expand the known 

reactivity towards other synthetically, industrially, or naturally 

relevant photochemical transformations. 
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Perylene diimides are a relevant class of organic dyes with excellent optoelectronic features. Therefore, they found application as 

photocatalysts for important organic transformations. This Minireview highlights the recent advances within this field, with a specific 

focus on the mechanism of these photochemical reactions. Finally, still unsolved challenges and forward-looking opportunities are 

mentioned here. 
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