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Photocatalytic molecular containers are discrete molecules with photosensitizers or photoredox units in
their framework for the indirect light activation of the guest molecules in their cavity. Thus, such contain-
ers can carry out unique chemical reactions with high reaction rates, efficient energy or electron transfer,
and distinctive regio- and stereoselectivity due to the confinement effects, making them great prospects
for organic synthesis. Hence, this digest describes the general considerations for designing and studying
photocatalytic molecular containers and showcases their potential by discussing the most representative
examples. We forecast new paradigms in organic chemistry and photochemistry will originate from this
relatively young field deeply rooted in supramolecular chemistry and photochemistry.
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Introduction energy-demanding conformations to fit inside the cavity, favoring

Molecular containers (MCs) [1], such as cages, cavitands,
hemicarcerands, cyclodextrins, cucurbiturils, and cyclophanes,
are molecules of nanoscopic dimensions with a permanent and
intrinsic cavity for the binding or complexation of smaller mole-
cules. Moreover, the confined guests can exhibit different chemical,
optoelectronic, and physical properties than in isotropic solutions
[2-5]. For instance, confinement accelerates reactivity, enhances
or inverts regio- and stereoselectivity, and sometimes enables
new reactions [5-11]. This occurs because guest molecules can
orient in specific ways or fold into unusual shapes adopting
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rearrangements through unique intra- or intermolecular interac-
tions and increasing the effective substrate concentration by sev-
eral orders of magnitude. Also, confinement can stabilize reactive
intermediates or transition states with short lifetimes in the bulk
solution [5,12-16].

Accordingly, a tremendous area of opportunity is using light to
drive reactions in confinement. For example, the seminal works of
Cram [17,18], Kim [19], Ramamurthy [20,21], Sivaguru [22],
Macartney [23], Turro [24], Inoue [25-28], Fujita [29-31],
Raymond [32], and others have provided extraordinary insights
into the fundamental understanding of the light-driven generation
and reactivity of the guests’ excited states (G*) and radicals (G** or
G*7) inside different MCs. However, widespread use of such sys-
tems in chemical synthesis is limited by the need for direct excita-
tion of the guest molecules with harsh short-wavelength
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irradiation (~254 nm), which could lead to poor selectivity and
undesired side reactions. In some instances, longer wavelengths
(<350 nm) could be used, but this is restricted to guest molecules
that absorb at that wavelength, limiting the scope of the reaction.

However, such limitations can be overcome by developing pho-
tocatalytic molecular containers that in addition to providing the
confined space, act as photoredox catalysts or photosensitizers
for the indirect generation of the guest’s reactive species (G*, G**
or G*7) at longer wavelengths, commonly visible light. The confine-
ment can enhance the efficiency of the photoinduced electron
(PET) or energy transfer (EnT) process, and modulate the lifetime,
reactivity, and selectivity of the guest (G*, G** or G*7), enabling
unique reactivity modes not observed with traditional methods.

Yet, the photochemical generation of the guest’s reactive spe-
cies is just the first step in the catalytic process. The formed radical
(G** or G*7) or excited state (G*) should then participate in an
intra- or intermolecular reaction within the cavity to form the
desired product. Finally, a guest exchange must occur between
the product and a new guest molecule. This step is very important
for catalytic turnover and preventing product inhibition. Thus, it is
critical to determine and understand the kinetics and thermody-
namics of molecular binding, guest exchange, and photocatalysis
when working with photocatalytic molecular containers. Also, in
some cases, it is important to interpret the role of multiple pho-
toactive units around a single cavity. So, there is still a need for
extensive mechanistic studies and deep fundamental understand-
ing to accelerate this field so it can become a practical tool in
organic synthesis.

Accordingly, MCs are ideal systems for mechanistic investiga-
tions in homogenous solutions; they are discrete structures with
well-defined cavities and can be soluble. Such properties facilitate
their purification by standard procedures like recrystallization and
chromatography and mechanistic studies with conventional solu-
tion-based nuclear magnetic resonance (NMR) spectroscopy, UV-
vis, fluorescence, and transient absorption (TA) spectroscopies.
Moreover, the guests in the cavities of molecular containers exhibit
minimal disorder for single-crystal X-ray diffraction (SC-XRD)
studies. In combination, all these techniques make it possible to
elucidate the guest’s conformation, orientation, interactions with
the container, and structure/property transitions. Furthermore,
the synthetic flexibility of photocatalytic molecular containers
allows fine-tuning the cavity size, shape, and stereo- and optoelec-
tronic properties, providing a diversity of confined spaces to
achieve extraordinary chemical transformations [33].

This perspective highlights the potential of photocatalytic
molecular containers to promote and control the generation, reac-
tivity, and selectivity of highly reactive species and enable distinc-
tive reactivity modes; it presents current and merging strategies
for designing and studying new photocatalytic MCs. So, this digest
focuses on MCs that enable chemical transformations in their cav-
ities through a PET or EnT process between the guest and the con-
tainer and does not aim to cover all other photoactive MCs
designed for other applications. Although, the latter could be
repurposed to carry out photochemical transformations.

Likewise, other photocatalytic porous materials, such as metal-
organic frameworks (MOFs), covalent organic frameworks (COFs),
and mesoporous inorganic solids (e.g., zeolites and mesoporous sil-
ica), are out of the scope of this digest. Such systems are insoluble
extended tridimensional networks and behave as solid phases. In
some cases, they can suffer from crystallographic disorder caused
by the disorganization of the guest molecules inside the frame-
works [34]. Other systems such as micelles, lipid bilayers, and
some polymers with less defined cavities and pores are not dis-
cussed either. Nevertheless, these larger assemblies are promising
materials for heterogeneous catalysis, gas adsorption, and other
applications [35].
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General considerations for designing photocatalytic molecular
containers

Although photoredox catalysis or photoinduced electron trans-
fer (PET) has been widely investigated in solution [36-38], there
are very few examples of MCs displaying truly intra-cavity pho-
toredox catalysis. On the other hand, energy transfer (EnT) photo-
catalysis or photosensitization remains relatively underdeveloped
in bulk solutions and even less in confinement, besides having
recently emerged as a promising approach to access highly reactive
triplet states with unprecedented reactivity [39,40]. Nevertheless,
most of the concepts and analytical techniques used for studies
in bulk solutions provide valuable insights for designing photocat-
alytic molecular containers and investigating and elucidating their
mechanistic schemes.

When designing MCs to accomplish the desired reactivity, the
properties of the photocatalytic units in both the excited and
ground states must be considered, specifically, the energies, life-
times, and quantum yields of the excited states. Also, it is essential
to assess the cavity properties (i.e., shape and size) and the ther-
modynamic and kinetic features of both the photocatalytic process
and the container-guest/product interactions (i.e., binding affinity,
guest exchange, etc.).

Mechanistically, the first stage of the process consists of gener-
ating the guest reactive species (G**, G*~ or G*). In an ideal scenar-
io, the photoredox catalyst (PC) in the container absorbs light in
the visible region and reaches the excited state (PC*), with unique
redox properties; then, it participates in a single electron transfer
(PET) process with the encapsulated guest (G) (Fig. 1A), generating
the radical intermediate (G** or G*™). The guest radicals can react
with another molecule (X) in the cavity and generate the desired
product (P) or could escape the cage and undesirably react outside
the cavity. Then, the catalyst turnover involves the oxidation or
reduction of the catalyst radical (PC** or PC*~) by either a guest
molecule, an intermediate, or an external redox-active molecule
commonly referred to as sacrificial electron donor (D) or acceptor
(A). However, there is a chance that the radical intermediates
(G**/G*~ and PC**/PC*~) participate in a fast charge recombination
reaction and regenerate the corresponding ground states without
producing the desired photocatalysis. A good indication of the fea-
sibility of a photoredox transformation can be provided by calcu-
lating the Gibbs energy of photoinduced electron transfer (AGpgr)
[38].

On the other hand, molecular containers using energy transfer
(EnT) photocatalysis follow the Dexter mechanism; the photocata-
lyst (PC) or photosensitizer is excited to its singlet excited state
(*PC*), then undergoes intersystem crossing (ISC) to its triplet
excited state (*PC*), which transfers one electron to the LUMO of
the guest while simultaneously receiving a HOMO electron from
the guest. Such a process generates the excited triplet state of
the guest (3G*) through the transfer of excited-state energy and
spin multiplicity (Fig. 1B) [40]. The formed 3G* can react in the cav-
ity or escape the confinement and undesirably react outside in the
solution.

The feasibility of EnT can be predicted by evaluating the ther-
modynamic driving force. Thus, the photocatalyst must have a
higher triplet excited-state energy (Er) than the guest. Such Er
values can be obtained from the emission spectra, sensitization
experiments, or computational studies. Furthermore, the photo-
sensitizer should have a high absorption cross-section at the
desired wavelength, efficient intersystem crossing (ISC) to its tri-
plet state, and a sufficiently long excited triplet state lifetime (tr)
[39,40].

Considering all the different processes and mechanisms
involved, deep mechanistic investigations to fully elucidate the
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Fig. 1. General mechanisms for photocatalysis. A) Photoredox catalysis (PET)
adapted from reference [41] with permission from Royal Society of Chemistry and
B) Photosensitization (EnT) adapated from reference [40] with permission from

Elsevier. PC = Photocatalyst, A = Acceptor, D = Donor, G = Guest, P = Product, X
= Could be a second guest molecule, or an external molecule.

photocatalytic pathway are crucial. This is particularly important
because, in some cases, the containers could follow different path-
ways (i.e., chain process or formation of charge transfer complexes
or exciplexes) and still form the desired product [38,42]. Thus, UV-
vis, transient absorption, actinometry, and steady-state and time-
resolved fluorescence and phosphorescence measurements can
provide valuable insights.

Assuming the reaction occurs in the cavity and not in the bulk
solution, the second stage in the process consists of a guest
exchange, where the product is released, and a new substrate
molecule occupies the cavity either through a concerted process
(an associative mechanism) or a dissociative mechanism [43].
Therefore, it is paramount that the binding affinity of the reactive
guest (G) substrate is more significant or at least comparable to the
binding affinity of the product (P) to prevent product inhibition
during the catalytic processes. Fig. 2 shows the ideal scenarios of
unimolecular and bimolecular transformations involving 1:1 and
1:2 MC-G complexes as previously described by Sivaguru [22].
However, there are containers that can encapsulate more than
two guests or follow different mechanisms. Consequently, careful
thought should be given to tuning the non-covalent interactions
and elucidating the thermodynamics and kinetics of the guest
exchange. In this regard, methods such as fluorescence titrations,
isothermal calorimetric titrations (ITC), NMR, and stopped-flow
measurements are beneficial.

Likewise, it is vital to demonstrate that the reaction occurs in
the cavity and not outside. Observing a higher reaction yield, regio-
or stereoselectivity does not automatically indicate the reaction
took place in the cavity. This could occur in some cases because
the photocatalyst has enhanced photocatalytic properties while
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fixated in the cage frame than as a free molecule in bulk solution.
Thus, appropriate control experiments are required; for example,
one approach can be blocking the cage with “inert” guests with
higher binding affinities than the guest substrate, so the reaction
occurs exclusively outside the cavity. A different control experi-
ment could be using bulky substrates that do not fit in the cavity
but can participate in the reaction outside.

Examples of photocatalytic molecular containers

Only a few examples of molecular containers incorporate exter-
nal or intrinsic photocatalysts in their framework and have been
evaluated to carry out reactions in their cavity. Many other cavi-
tands [44-46], cyclodextrins [47,48], cyclophanes [49], and cages
[50-55] that have the potential for photocatalytic activity but have
not been studied in that context are not discussed here; however,
they have been used as fluorescent sensors or model systems to
study interchromophore electronic communication or electron
and energy transfer to the bound guests without carrying a chem-
ical transformation.

For simplicity, photocatalytic molecular containers can be
broadly divided into two main classes: coordination metal-organic
containers and covalently linked molecular containers. The
preparation of the former requires fewer synthetic steps due to
favorable self-assembly rather than covalently connecting every
bond and can produce a variety of polyhedral molecules with dis-
tinctive shapes and sizes [56].

Metal-organic molecular containers

Fujita and coworkers reported one of the first photocatalytic
metal-organic molecular cages composed of electron-deficient tri-
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Fig. 2. Paradigms for photocatalytic molecular containers described by Sivaguru.
Modified from reference [22] with permission from Royal Society of Chemistry.
Photocatalysis involving: A) 1:1 MC-Guest complex and B) 1:2 MC-Guest complex.
MC = Molecular container, G, Gy, G, = Guest molecules, P = product, K, =-
thermodynamic binding affinity of the guest with the molecular container for the
MC-G complex formation steps, Kq = dissociation constant of the product from the
MC, K3, K4, K>, K_; = forward and reverse rate constant for the individual steps for
the MC-G formation, K, and K, = rate constants for the product association and
dissociation with the MC.
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azine derivatives in four walls and six Pd" complexes in the ver-
tices (MC-1). This cage can carry out several transformations in
the cavity through a photoredox mechanism (Fig. 3A) [29]. For
instance, irradiation with UV light led to the regioselective oxida-
tion of encapsulated alkanes (Fig. 3B). It was demonstrated that
the observed reactivity is due to the confinement effects, as no
reaction was observed for open cavities or large guests that cannot
be accommodated inside the cage. Moreover, spectroscopic exper-
iments confirmed the photoinduced electron transfer from the
guest to the cage resulting in the formation of the radical guest
cation (G**) and the cage anion (MC""). Similarly, MC-1 photocat-
alyzed the anti-Markovnikov hydration of internal arylalkynes to
give benzyl ketones through a photoinduced electron transfer from
the guest to the cage (Fig. 3C) [30].

Later, MC-1 was also used for the photoredox demethylation of
cyclopropanes, forming the corresponding radicals G** and MC*~
(Fig. 3D). It was suggested that the formed strained cyclopropane
radical cation (G**) opens accompanied by a nucleophilic attack
of a nitrate anion (cage’s counter anion). Then, fragmentation
occurs to give the product and a nitrite radical. The latter receives
one electron from MC*~ to restart the catalytic cycle. Also, it was
observed that in some cases, the product was obtained as a
mixture of cis and trans isomers even if using the single isomer
of the guest substrate, which is explained by the photoisomeriza-
tion of the product [31].

Dalton and co-workers synthesized a water soluble GasLi*" cage
(MC-2) consisting of six diaminonaphthalene biscatecholamide
photosensitizing walls and four gallium metal ions (Fig. 4A)
[32]. The highly anionic cage encapsulates certain linear cinnamy-
lammonium cations that upon excitation with UVA light, experi-
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Fig. 3. Fujita’s photocatalytic metal-organic molecular cage MC-1 and the reactions
carried out in its cavity. A) Representation of the octahedral cage of the MgL4 type.
B) Regioselective oxidation of alkanes [29]. C) anti-Markovnikov hydration of
internal arylalkynes [30]. D) Demethylation of cyclopropanes [31].
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Fig. 4. Dalton’s and Raymond's water soluble GasL{?" cage [32]. A) Representation
of the tetrahedral cage. B) Photoredox allylic 1,3-rearrangement of cinnamylam-
monium cations in the cavity of MC-2.

ence an allylic 1,3-rearrangement instead of a [2 + 2] cyclization
(Fig. 4B). The reaction only occurs for guests with strong binding
affinity, highlighting the effect of confinement to achieve new reac-
tivity modes and generate the thermodynamically disfavored
branched isomer.

Mechanistic studies demonstrated that the rearrangement
occurs via a photoredox mechanism and not through energy trans-
fer photosensitization. Specifically, upon light irradiation, the
excited state cage transfers an electron to the guest, which under-
goes a C—N bond cleavage, then there is a back electron transfer to
the cage and recombination of the two guest fragments. Although
UVA light was used, this cage clearly shows the potential of photo-
catalytic molecular containers.

Pullen and co-workers developed an acridone-based interpene-
trated double cage with three small cavities filled with BF; counter
anions [57]. Moreover, the BF; counter anions can be replaced by
small chloride anions, which generate a larger inner cavity capable
of encapsulating guest molecules such as benzene, cyclohexane,
norbornadiene, and other bridged derivatives through the forma-
tion of London dispersion interactions (Fig. 5A). Thus, the cage
was used to generate singlet oxygen for the [2 + 4] cycloaddition
with 1,3-cyclohexadiene, giving the corresponding endoperoxide
as the main product and the hydroperoxide as a side product
(Fig. 5B). Moreover, control experiments showed that both O,
and the cage are necessary for this process, as the reaction did
not occur when using free acridone or in anaerobic conditions.
However, it was demonstrated that the hetero-Diels-Alder reaction
can occur outside the cavity, so unbound substrates can also be
converted to the peroxide.

Nevertheless, one of the most remarkable photocatalytic con-
tainers is the heterometallic Pdg(Ruls)s (L = 2-(pyridine-3-yl)-
1H-imidazo[4,5-f][1,10]-phenanthroline) cage (MC-4) developed
by the group of Su that can work both as a photoredox catalyst
(PET) or as a photosensitizer (EnT) (Fig. 6A). The photocatalyst
RulLs is in the walls, and Pd" ions are in the vertices forming a trun-
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Fig. 5. Pullen’s acridone-based, interpenetrated double cage MC-3. Adapted from
reference [57] A) Chloride anions replace BF; counter anions inducing the formation
of a larger inner cavity for the encapsulation of guest molecules. B) [2 + 4] Hetero-
Diels-Alder reaction of 1,3 cyclohexadiene and singlet O, generated by MC-3.

cated octahedron with an open box-like cavity of 1.0 1.4 nm size.
Initially, the rac-MC-4 cage was used for the unusual photoin-
duced dimerization of encapsulated naphthol molecules affording
the 1,4-coupling product instead of the usual 1,1-coupling dimer
(Fig. 6B) [58]. It was found that the cage can encapsulate up to
10 guests in the cavity and can be reused without a noticeable loss
of activity or decomposition. Outstandingly, when the homochiral
cages -MC-4 were evaluated separately, opposite enantioselectiv-
ity was observed due to the chirality of the confined coordination
space enabling chiral recognition and stereocontrol of the dimer-
ization transition state. Enantiopure - and -MC-4 cages were
obtained by the self-assembly of the pre-resolved - or -Ruls;
ligands. Thus, -MC-4 has eight -Ru-centers, while -MC-4 has eight
-RuL; centers. This was confirmed by single-crystal structure anal-
ysis, circular dichroism (CD), NMR, and computational studies [59].

Furthermore, it was demonstrated that the reaction occurs
through a photoredox process. First, the excited state *RuLY is con-
verted to RuLY! either by O, or a charge transfer electron transfer to
a Pd center, then the RuLY' oxidizes the naphthol by a
single-electron transfer producing the corresponding radical,
which dimerizes via an intermediate naphthalene-1,2-dione (see
Fig. 6B).

Later, MC-4 was also used for visible-light [2 + 2] cycloadditions
through triplet sensitization (triplet energy transfer from the Ru" -
photosensitizer to the guest molecules). Specifically, MC-4 induced
the stereo-, regio-, and enantioselective [2 + 2] cycloaddition of an
acenaphthylene derivative (Fig. 6C [60]), and the synthesis of
cyclobutanes with high diastereoselectivity by the homo- and
heterocoupling [2 + 2] cycloaddition of «,p-unsaturated carbonyl
compounds (Fig. 6D) [61]. Spectroscopic experiments and evalua-
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Fig. 6. Su’ photocatalytic ruthenium/palladium heterometallic coordination cage.
A) Representation of the octahedral cage of the MgLg type. B) Regiospecific 1,4-
coupling of naphthol derivatives in the cavity of MC-4 through a photoredox
mechanism [58]. C) Asymmetric [2 + 2] cycloaddition of acenaphthylene derivatives
in the cavity of MC-4 through an energy transfer mechanism [60]. D) Intermolecular
[2 + 2] cycloaddition for o,B-unsaturated carbonyl compounds in the cavity of MC-4
through an energy transfer mechanism [61].

tion of control molecules proved the host-guest interactions and
the critical role of confinement for the observed reactivity. More-
over, the cages showed a minimum decrease in catalytic perfor-
mance after several cycles, indicating they could be recycled.
Another example of a cage for the synthesis of cylobutanes by
[2 + 2] cycloadditions was reported by Jin and coworkers (see
Fig.7A)[62]. The reported D4, symmetric cage MC-5 has a tetragonal
structure with a large hydrophobic cavity formed by eight photoac-
tive anthraquinone dicarboxylate linkers in the edges and four
4 tertbutylsulfonylcalixarene capped tetrametallic clusters in the
vertices. The large internal volume (~1516 A) allows 50.7 % of the
cavity for guest encapsulation, and it was assumed that the reaction
proceeded via an energy-transfer mechanism (see Fig. 7B).

Covalently linked molecular containers

In 2019 Feng and coworkers reported two chiral imine cages
based on perylene diimides (PDIs) as photoactive units for energy
and electron transfer processes (MC-6, Fig. 8A) [63]. The cages have
a large cavity (ca. 1.5 0.9 0.8 nm?) formed by four PDIs units on
the edges connected by two tetraphenylethene (TFBE) units on
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opposite faces. Specifically, the (RRRR)-PDI-TFBE and (SSSS)-PDI-
TFBE enantiomeric cages were synthesized, but only the former
was investigated in detail. Fluorescence studies and computational
molecular modeling suggest that the (RRRR)-PDI-TFBE cage can
encapsulate several molecules of polycyclic aromatic hydrocarbons
(PAHSs) through favourable -7 interactions and quench their flu-
orescence through an energy transfer mechanism. The number of
encapsulated molecules ranges from 8 to 22, depending on the size
of the guests. Moreover, the authors utilized the cages as photocat-
alysts for the Smile rearrangement of 2 aryloxybenzoic acids to aryl
salicylates (Fig. 8B). It was proposed that the rearrangement occurs
by a photoinduced single electron transfer. However, it is unclear if
the reaction occurs exclusively within the confinement of the cage.

Later, Liu and co-workers reported an enantiomeric tubular
organic cage (MC-7) with three porphyrin walls connected through
cyclohexanediimine groups (Fig. 9A) [64]. The individual cages
(MC- 7) have an intrinsic cavity and a length of 3.3 nm. However,
they can pack into a porous three-dimensional supramolecular
framework in the solid state. Particularly, the porphyrin units in
the cages showed a triplet lifetime almost twice longer than the
individual monomer, ensuring high efficiency for the generation
of singlet oxygen. Thus, the cages were used for the oxidative cou-
pling of benzylamine into N-benzylidenebenzylamine in homoge-
nous solutions (Fig. 9B). Additionally, the supramolecular
framework was used for the heterogeneous oxidative coupling of
different primary amines into imines, which occurs 2-5 times
faster than the porphyrin monomer and known metal-organic
frameworks (MOFs). Although N, sorption experiments
demonstrated the permanent porosity of the supramolecular
framework in the solid state, it is unclear if the reactions occurred
exclusively inside the cavities.

Following a similar approach, Sun and co-workers synthesized
an organic cage with a tubular structure of 2.4 nm in length and
an intrinsic cavity formed by three photocatalytic 1,6 pyrene walls
and six cyclohexadiimine groups linked by twelve imine bonds
(MC-8, Fig. 10A) [65]. Remarkably, this cage can also self-assemble
in the solid state through intercage C—H.  interactions forming a
supramolecular network with intercage cavities of 1.1 nm. This
intercage packing shifts the absorption of the pyrene-based
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Fig. 7. Anthraquinone-based metal-organic molecular container. Adapted from
reference [62] with permission from Royal Society of Chemistry (https://pubs.rsc.
org/en/content/articlelanding/2021/DT/D1DT00652E). A) Representation of the Dyp,
symmetric cage MC-5. B) Intermolecular [2 + 2] cycloaddition for o,B-unsaturated
carbonyl compounds in the cavity of MC-5 through an energy transfer mechanism.
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Fig. 8. Feng’s perylene diimide-based organic cage [63]. A) Representation of the
cubic MC-6 cage. B) Smile rearrangement of 2 aryloxybenzoic acids induced by MC-
6 cage.
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Fig. 9. Liu’s covalently linked molecular cage [64]. A) Synthesis of tubular

porphyrin-based organic cage MC-7. B) Oxidative coupling of benzylamine into
N-benzylidenebenzylamine by MC-7 in homogenous solutions.

photocatalyst to the visible region. Also, the cage has a high reduc-
tion potential [-1.60 vs SHE], so it was tested as a photoredox cat-
alyst for the aerobic-hydroxylation of benzeneboronic acid
derivatives, showing good stability and 99 % conversion
(Fig. 10B). However, similar to MC-7, it is not clear if the reaction
takes place exclusively in the intrinsic or intercage cavities.

Conclusions and perspectives

The examples discussed here highlight the potential of photo-
catalytic containers to carry out unique chemical transformations
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Fig. 10. Pyrene-based organic cage. A) Synthesis of tubular pyrene-based organic
cage MC-8 [65]. B) Hydroxylation of benzeneboronic acid derivatives by MC-8.

not accessible by individual photocatalysts in bulk solution or by
non-photoactive molecular containers. Nevertheless, the lack of
unified paradigms that merge photocatalysis (indirect excitation)
and host-guest chemistry is slowing down this field to become a
common tool in organic synthesis. Thus, there is a need for thor-
ough mechanistic studies that provide fundamental understanding
and insights into the design of efficient photocatalytic molecular
containers. For instance, machine learning and other computa-
tional tools could help accelerate the field and guide the design
of photocatalytic units with specific optoelectronic properties
and how to incorporate them in molecular containers to achieve
the required shape, size, chirality, and specific non-covalent inter-
actions with the target guests [66-68]. Likewise, the concepts and
methods from supramolecular chemistry and photochemistry pro-
vide the foundation for experimental investigation. Particularly,
because there are numerous reported molecular containers with
photoactive units that could carry out chemical transformations
in their cavities through PET or EnT but have not been investigated
in this setting. So, although still a young field, photocatalytic
molecular containers will bloom in the coming years and deliver
new paradigms in organic chemistry through interdisciplinary
collaborations.
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