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ABSTRACT: The design and synthesis of photoactive metal-free 2D
materials for selective heterogeneous photoredox catalysis continue to be
challenging due to issues related to nonrecyclability, and limited photo- and Pore-size selective
chemical stability. Herein, we report the photocatalytic properties of a catalysis
triazine-based porous COF, TRIPTA, which is found to be capable of
facilitating both SET (single electron transfer) for photocatalytic reductive
debromination of phenacyl bromide in absence of oxygen and generation of
reactive oxygen species (ROS) for benzylamine photo-oxidation in the
presence of oxygen, respectively, under visible light irradiation. Inspired by the
latter results, we further systematically investigated different-sized benzyl-
amine substrates in this single-component reaction and compared the results
with an analogous COF (Micro-COF-2) exhibiting a larger pore size. We
observed a marked improvement in the conversion of larger-sized substrates
with the latter COF, thereby demonstrating angstrom-level pore size-selective
photocatalytic activity of COFs.
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B INTRODUCTION

Visible light-driven photoredox catalysis has received consid-

applications. For the development of efficient COF-based
heterogeneous photocatalysts, rational selection and precise

erable attention in recent years on account of its ability to assembly of photoactive building blocks into  crystalline,

synthesize fine chemicals in an inherently straightforward, extended porous frameworks is expected to enable charge

nontoxic, and sustainable manner. Over the years, several
organic and transition metal complex-based photocatalysts
have been reported.'~® However, significant drawbacks related
to their stability, cost-effectiveness, and reusability limit their
large-scale applications. To address these issues, heterogeneous
photoactive solid catalysts such as TiO,, graphitic carbon
nitride, metal—organic frameworks (MOFs), and mesoporous
silica,”™"? are currently being explored. Despite showing
promise as recyclable catalysts, these still suffer from issues
such as fast charge recombination, low efficiency, exclusive
operation in the UV region, high cost, and tedious separation
methods. Additionally, the capability to tune reaction and
substrate selectivity using many of these materials is rather
limited. In this regard, low-cost, metal-free, robust covalent
organic frameworks (COFs) present themselves as attractive
materials to explore photocatalytic properties due to their
layer-by-layer stacking architectures, ordered s-columnar
channels, and 1-D pores.'*~"*

2D-COFs are a relatively new class of extended porous
materials introduced by Yaghi and co-workers in 2005, with
low framework density and precise pores that can be easily
customized with regard to both their chemical composition as
well as network topology toward a wide range of desired
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separations, as well as the transportation and migration of
photoinduced electron—hole pairs in photocatalytic reac-
tions.'” ™' To this end, COFs incorporating organic moieties
capable of affording single electron transfer (SET) as well as
ROS generation under visible light irradiation are especially
attractive since this chemistry is well-established for a variety of
homogeneous and heterogeneous photocatalysts, including
transition metal complexes, organic dyes, and inorganic
semiconductors. In this regard, Liu and co-workers have
recently reported a benzothiazole-based 2D-COF which
photocatalyzes the dehalogenation of phenacyl bromide
derivatives via an SET mechanism.”*> Meanwhile, several
benzoxazole- and benzothiazole-based COFs have been
recently reported that can catalyze the oxidation of amines

and sulfides via ROS generation pathways.”>**
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Scheme 1. Synthetic Scheme of TRIPTA and Micro-COF-2
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Apart from the precise assembly of donor—acceptor moieties
in the crystalline frameworks, the high porosity and surface
area of porous materials have been correlated to higher
photocatalytic activity.”>™** For instance, the controllable
modification of pore size in a variety of porous materials has
been shown to enable precise tuning of substrate selectivity,
thereby enhancing the selectivity of the chosen catalytic
reaction.”” ! With respect to 2D-COFs, Gao et al** have
recently demonstrated angstrom-level pore size selectivity in a
series of COF-based membranes with different surface charge
distributions toward the separation of water-soluble ionic
liquids. Additionally, both pore volume and pore size have
been shown to be critical for enhanced volatile iodine
adsorption.”® However, to the best of our knowledge,
engineering angstrom-level, pore size-dependent substrate
selectivity for photocatalytic reactions has not been broadly
explored using 2D-COFs.

Considering the above-mentioned design requirements of an
ideal COF-based photocatalyst, herein we chose to investigate
the photocatalytic properties of a previously reported micro-
porous 2D-COF, TRIPTA’! (Scheme 1). This COF,
belong_in(g to a well-known class of f-keto enamine
COFs ™ was specifically chosen as a model material to
explore photocatalytic properties due to a combination of
factors including (1) the planar structure of the triazine-based,
amine-monomer is expected to enhance 7 interactions between
the COF layers to improve its crystallinity and hence, serve as a
7 stabilizer;*® (2) the presence of donor—acceptor moieties in
the COF framework should enable improved charge
separation, thereby leading to significantly improved photo-

catalytic activity; and finally, (3) introduction of 2,4,6-
triformylphloroglucinol as the aldehyde-monomer with an
electron-rich group should enhance the chemical stability of
the COF skeleton through resonance effects and improve
triplet state stabilization.”’

TRIPTA was found to photocatalyze two different model
reactions, namely (1) photocatalytic reductive debromination
reactions of phenacyl bromides via C—Br bond cleavage under
N, atmosphere via an SET pathway, and (2) photocatalytic
self-coupling reactions of aromatic benzylamines derivatives via
ROS generation, highlighting its potential to facilitate multiple
photoinduced pathways. Interestingly, the second model
reaction yielded poor photocatalytic conversion rates for
larger-sized benzylamine substrates under identical reaction
conditions. Utilizing an analogous Micro-COF-2,>* with a
bigger pore size than TRIPTA (Scheme 1) led to dramatically
improved photocatalytic conversion (>95%) for the larger-
sized benzylamine derivatives. Taken together, our findings
suggest that porous triazine-based 2D-COFs could be an
emerging class of pore size- and shape-selective catalysts for
various organic reactions.

B EXPERIMENTAL SECTION

Materials. 4-Aminobenzonitrile, phloroglucinol, triflic acid,
trifluoroacetic acid, hexamethylenetetramine (HMT), chloro-
form, 1,4-dioxane, o-dichlorobenzene, dimethyl sulfoxide
(DMSO), N,N-dimethyl acetamide, hydrochloric acid and all
the relevant solvents were acquired from Sigma-Aldrich, Alfa
Aesar, and Thermo Fisher and used without additional
purification unless otherwise noted.
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Figure 1. Characterization of TRIPTA. (a) FT-IR spectra depicting the signature stretching frequencies in comparison with the starting materials
(TAPT and TP); (b) Powder XRD pattern confirming its crystallinity; (c) TGA curve demonstrating the high thermal stability.

Methods. The covalent organic frameworks in this study
were analyzed using Brunauer—Emmett—Teller (BET), PXRD,
Solid-state UV—vis, Fourier-transform infrared spectroscopy
(FT-IR), Solid-state NMR, Thermogravimetric analysis
(TGA), and Scanning Electron Microscopy (SEM). Additional
details are provided in the Supporting Information.

Synthetic Procedures for TAPT, TP, and TTTBA. 1,3,5-
tris(4-aminophenyl)triazine (TAPT)* was synthesized by
reacting 4-aminobenzonitrile (350 mg, 2.96 mmol) with
trifluoromethanesulfonic acid (CF;SO;H, 1.5 mL) in 25 mL
chloroform (CHCl;) overnight at 0 °C under argon.
Quenching of the reaction mixture by ice-cold water and
neutralization using aqueous 2 N NaOH, yielded TAPT as a
beige powder after washing steps (see Section S2, Supporting
Information). The preparation of 1,3,5-Triformylphlorogluci-
nol (Tp)** was carried out by reacting hexamethylenetetr-
amine (2.5 g, 17.83 mmol) and phloroglucinol (1 g, 7.92
mmol) in 25 mL of trifluoroacetic acid (TFA) at 100 °C for §
h under argon atmosphere. The reaction mixture was stirred,
quenched with 3 N hydrochloric acid, and heated further at
100—110 °C for 1.5 h. After cooling to RT, extraction with
DCM, rotary evaporation of the organic layers and washing
with EtOH gave the final product (see Section S3, Supporting
Information). 4,4',4”-(1,3,5-triazine-2,4,6-triyl) tris([1,1’-bi-
phenyl]-4-amine) (TTTBA) was prepared by treating 4-(4-
aminophenyl)benzonitrile (0.25 g, 1.28 mmol) with CF;SO;H
(300 uL) overnight at 0 °C under argon atmosphere.
Quenching with ice-cold water, followed by neutralization
with 2 N NaOH and subsequent washing of the precipitate
gave the final product (see Section S4, Supporting
Information).

Synthetic Procedure of TRIPTA and Micro-COF-2.
TRIPTA was constructed via a solvothermal condensation
reaction. 60 mg TAPT (0.17 mmol) and 35 mg Tp (0.16
mmol) were placed in a Pyrex tube, followed by a stepwise
addition of 1 mL n-butanol, 1 mL o-dichlorobenzene and 0.2
mL 6 M acetic acid. The reaction mixture was sonicated for
30—35 min to make a homogeneous ink-type dispersion.
Micro-COF-2 was constructed using the same solvothermal
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condensation process as described above for TRIPTA, using
60 mg TTTBA (0.102 mmol), 20 mg Tp (0.102 mmol), 1 mL
n-butanol, 1 mL o-dichlorobenzene and 0.5 mL 6 M acetic acid
(see Sections SS and S6, Supporting Information).

B RESULTS AND DISCUSSION

The synthesis of two triazine-based COFs, TRIPTA and
Micro-COF-2 were carried out according to previously
reported procedures.””** Briefly, both COFs were synthesized
using Schiff base condensation reactions between 2,4,6-
triformylphloroglucinol (TP, aldehyde-monomer) and either
a triazine-based amine-monomer 1,3,5-tris(4-aminophenyl)-
triazine (TAPT) in the case of TRIPTA, or an extra phenyl
group-containing 4,4’,4"-(1,3,5-triazine-2,4,6-triyl) tris([1,1'-
biphenyl]-4-amine) (TTTBA) in the case of Micro-COF-2, as
shown in Scheme 1. The COFs were characterized by Fourier-
transform infrared spectroscopy (FT-IR), *C cross-polarized/
magic angle spinning solid-state nuclear magnetic resonance
(*C CP-MAS ssNMR), thermogravimetric analysis (TGA),
solid-state UV /vis, Brunauer—Emmett—Teller analysis (BET),
powder X-ray diffraction (PXRD) and scanning electron
microscopy (SEM). Starting with TRIPTA, we first performed
FT-IR to confirm the chemical composition and free
functionalities within the COF framework (Figure la).
Stretching bands at 1623, 1575, and 1256 cm™ can be
assigned to —C=0, —C=C, and —C-N functionalities,
respectively, establishing the presence of f-keto enamine
linkages. The crystallinity of TRIPTA was confirmed using
wide-angle powder X-ray diffraction (PXRD, Figure 1b). The
diffraction peaks (260) at 5.8, 10.0, and 15.6 indicate the
presence of 100, 110, and 210 planes, respectively. Addition-
ally, a broad peak at 26.19 illustrates strong z---7 stacking
interactions between the layers of TRIPTA.”*”*® The small
peak at 32° could be attributed to noise. Simulations (Figures
S1 and S2) show good agreement with the experimental data,
and depict regular slip stacked structures (both AA and AB
stacking mode).
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Figure 2. Characterization results of TRIPTA (a) Solid-state UV—visible spectrum depicting the signature z—z* transition. (b) Band gap
determination via the Tauc plot. (c) N, gas adsorption—desorption isotherm (77 K). (d) Pore size distribution evaluation (NLDFT), yielding a

calculated pore size of ~1.1 nm.

To examine the thermal stability of TRIPTA, thermogravi-
metric analysis (TGA) was performed (Figure 1c). The TGA
curve reveals an initial weight loss of approximately 1.64%,
which can be attributed to the residual dissociation of water
molecules from the pores. Subsequently, a weight loss of 7.23%
was observed within the temperature range of 130 to 200 °C,
indicating the evaporation of residual solvents that were
trapped inside pores (Figure S3). Furthermore, a weight loss of
4.18% in the temperature range of 200 to 427 °C, can be
attributed to the degradation of the framework. Finally, a
significant weight loss of 31.64% is observed within the
temperature range of 427 to 800 °C. Overall, the TGA analysis
unequivocally establishes the exceptional thermal stability of
TRIPTA. Cross-polarized magic angle spinning (CP-MAS)
solid state *C NMR provided additional support for the
structure (Figure S4), revealing the chemical environment for
each type of carbon atom present in the TRIPTA framework.
The carbon atom in the enamine was observed at 146 ppm,
which is a signature peak for successful TRIPTA formation.
The surface morphology was then investigated using SEM,
revealing the presence of relatively small crystallite particles on
the surface (Figure SS).

The solid-state UV—vis absorption spectrum of TRIPTA
shows absorbance maxima at 477 nm, which can be attributed
to the 7—x* transition (Figure 2a). Furthermore, the band gap
was determined to be 1.92 eV through Tauc plot analysis
(Figure 2b). To investigate the surface area and pore size
distribution, BET (Brunauer—Emmett—Teller) surface area
analysis was performed using N, adsorption analysis at 77 K
and 1 bar pressure. The maximum N, uptake was found to be
9.36 mmol g~ (Figure 2c), and the BET surface area was
calculated to be 430 m® g~'. TRIPTA adsorbs significant
amounts of N, at lower pressures (0—0.1 bar), indicating the
presence of microporosity in the framework. Consistently, the
pore size distribution was evaluated using the nonlocal density
functional theory (NLDFT) model, yielding a calculated pore
size of ~1.1 nm (Figure 2d). '"H NMR spectra of the
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monomers TAPT and Tp have been provided in the
Supporting Information (Figures S6 and S7, respectively),
while characterization details of the analogous Micro-COF-2
are depicted by Figures S8, S9, and S10.

Photocatalytic Reductive Debromination Using TRIP-
TA. Given its band gap of 1.92 eV, we hypothesized that
TRIPTA could be utilized as a photocatalyst for organic
transformations.””*’ COFs with similar band gaps have been
demonstrated to carry out photocatalytic dehalogenation of
phenacyl bromides,” indicating the thermodynamic feasibility
of the process. To investigate its photocatalytic properties, we
chose a well-studied model reaction involving dehalogenation
of phenacyl bromide under blue light irradiation in the
presence of 1,4-dihydropyridine dicarboxylate (Hantzsch
ester) and N,N-diisopropyl ethylamine (DIPEA) under N,
atmosphere (Table 1, entry 1). This reaction is known to
proceed via the single electron transfer (SET) pathway,
wherein DIPEA and Hantzsch esters serve as sacrificial agents
by donating electrons and protons, respectively.*’™** Gratify-
ingly, using TRIPTA as a photocatalyst, excellent conversion
up to ~88% to the acetophenone product can be achieved as
determined by '"H NMR analysis (see Figures S11—S14) This
catalytic performance was found to be comparable to (and in
some cases superior to) other reported photocatalysts (Table
S1). To further explore the substrate scope of these reactions,
we included phenacyl bromide derivatives with either electron-
donating or electron-withdrawing groups. As depicted in Table
1 (Entries 2—5), TRIPTA catalyzes the photoreductive
debromination of various phenacyl bromide derivatives into
their respective acetophenones with quite high conversion
rates (70—98%). Hence, significant correlations between the
conversion rates and the electronic effects of substitutions
could not be ascertained.

To evaluate the photocatalytic efficiency of TRIPTA
compared to its building blocks, we conducted control
experiments with TP and TAPT under identical conditions.
We observed that only TRIPTA, not its monomers
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Table 1. Substrate Scope of TRIPTA-Catalyzed
Photoreductive Dehalogenation of Phenacyl Bromides™

Br TRIPTA H
Hantzsch ester
N N
|// DIPEA, blue light I/ _
R RT, N, atm R
Entry Substrate Product Time (h) Conversion (%)

Br H
4 12 70
Br Br
O er O H
5 6 12 98
i cl

“Reaction conditions: 0.17 mmol of a-bromoacetophenone
derivatives, DIPEA (0.34 mmol, 60 pL), Hantzsch ester (0.17
mmol, 44 mg) in 2 mL N,N-dimethylformamide solvent and 10 wt %
of TRIPTA, stirring under blue light at room temperature under
nitrogen atmosphere for 12 h.

demonstrated catalytic activity (Figures S15 and S16). As seen
in previous studies, we observed an inert atmosphere is
essential for obtaining high conversions for this reaction.*’
Hence, we hypothesize that this reaction proceeds via the
formation of radical species under photoreductive conditions
(Scheme 2).** Specifically, when irradiated with blue light,
TRIPTA is proposed to act as an efficient photosensitizer,
giving rise to the excited [TRIPTA]* species. This is followed
by the oxidation of Hantzsch ester, producing free-radical
cations via electron donation to [TRIPTA]*. The resulting

Scheme 2. Proposed Mechanism of the Photoreduction
Dehalogenation Reaction Using TRIPTA as a Photocatalyst

DIPEA+

EtOOC COOEt
’
oy

N
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EtOOC. COOEt EtOOC. COOEt EtOOC. z COOEt

U o U
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H H
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¢

radical anion [TRIPTA]*" drives the dehalogenation of a-
bromoacetophenone via the single electron transfer (SET)
pathway, returning TRIPTA to its ground state and forming
the intermediate phenone radical. This intermediate abstracts
an H atom from the radical cation of Hantzsch ester, leading to
the generation of the final product. Finally, the protonated
pyridine Hantzsch ester is neutralized by DIPEA, completing
the catalytic cycle.

Encouraged by the ability of TRIPTA to facilitate SET in
the photoreductive debromination reaction, we wanted to
investigate if it was also capable of promoting generation of
ROS under ambient reaction conditions. Hence, we decided to
test TRIPTA as a photocatalyst for the oxidative self-coupling
of benzylamine, a model reaction that is known to proceed via
ROS generation wherein air acts as an oxygen source.” 7> We
observed a conversion of ~99% within 1 h (determined by 'H
NMR analysis, see Figures 3a and S17), highlighting the
photocatalytic efficiency of TRIPTA. Control studies using
TAPT, TP, or no catalyst yielded negligible conversions
(Figure 3a). The amount of photocatalyst was then varied to
investigate its impact on conversion (Figure 3b). A gradual
increase in conversion rates was observed with increasing wt %
of the catalyst, with a maximum conversion of over 95% for 10
wt % catalyst loading.

The recyclability of TRIPTA as a heterogeneous photo-
catalyst was examined (Figure 3c and Section S8), and we
observed that TRIPTA acts as an efficient photocatalyst up to
four cycles, although the conversion is found to be reduced to
~50% (Figure S18). To understand the cause of reduction in
conversion, we performed PXRD on recycled TRIPTA (after
fourth catalytic cycle) which shows some loss of crystallinity in
TRIPTA (Figure S19). This along with some degree of pore-
blocking due to incomplete removal of products during the
washing steps is hence ascribed to be the source of reduction in
photocatalytic activity of TRIPTA in each recycling step. We
also carried out FT-IR analysis on the recovered TRIPTA
(after 1 cycle), which revealed no major change in the
frequency patterns (Figure S20), demonstrating the overall
stability of the COF. Further, kinetic studies were performed
which confirmed the optimal reaction time to be 1 h (Figure
3d). To confirm the role of oxygen in determining the
outcome of the reaction, we conducted the reaction under N,
atmosphere. Under these inert conditions, we did not observe
any significant conversion of benzylamine to its oxidative
products which confirms the major key role of ROS in the
reaction mechanism.

To gain insights into the molecular pathways involved in the
blue-light-driven oxidation of the benzylamine, we investigated
the impact of 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO, as
a reactive oxygen species scavenger), silver nitrate (AgNOj, as
an electron scavenger), and potassium iodide (KI, as a hole
scavenger) on the reaction (Figures $21—S23). A reduction in
the conversion of benzylamine to the self-coupled product was
observed in the presence of each of these reagents. These
results highlight the roles of the photogenerated ROS ('O,
and/or O,°”), electrons, and holes in the overall catalytic
process. Based on these results and prior literature
reports,””~>” we propose a plausible mechanism for the
selective oxidative of benzylamine, with O,*” as the ROS
(Scheme 3). TRIPTA, the photocatalyst employed, generates
electron—hole pairs under blue light irradiation. The photo-
generated electrons interact with O, to form O,°”
Simultaneously, benzylamine is oxidized by the holes (h*) to
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Figure 3. Photooxidation reaction using TRIPTA as the photocatalyst and benzylamine as the substrate: a) comparison of the photocatalytic
performance of TRIPTA and its building blocks in the photooxidation reaction; b) optimized weight percent of the catalyst; c) recyclability of the
heterogeneous catalyst after four cycles; d) kinetic study depicting the maximum yield obtained after 1 h. Reaction conditions: 0.33 mmol of
benzylamine derivatives in 2 mL of acetonitrile and 10 wt % TRIPTA were stirred under blue light at room temperature.

Scheme 3. Proposed Mechanism for the Photooxidation Reaction of Benzylamine Using TRIPTA as the Photocatalyst
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produce the benzylamine radical cation. Subsequently, the
O,°” abstracts a hydrogen atom from the benzylamine amine
to form the radical cation intermediate, imine, and H,0,.
Finally, the desired product molecule of N-benzylidenebenzyl-
amine, is formed through the coupling of imine intermediate
with benzylamine.

Pore Size Selective Photocatalytic Performance of
TRIPTA and Micro-COF-2. To explore the substrate scope,
we expanded our study to include a wide range of benzylamine
substrates, including those substituted with para-substituents R
= —Me, —OMe, —Br, —Cl, —F, —1. TRIPTA was found to
efficiently catalyze the self-coupling reactions, exhibiting
conversion rates of greater than 95% (Table 2 and Figures
$24—S27). Further, we investigated the same photocatalytic

49254

reaction using larger benzylamine derivatives such as 4-
phenylbenzylamine and 4-(4-fluorophenyl)benzylamine
(Table 3). Surprisingly, efficient photocatalytic activity was
not observed using these substrates (Figures S28 and $29).
Moreover, changing the reaction solvent did not affect the
conversion rates. These observations led us to speculate that
TRIPTA could be size-selective toward smaller benzylamines
in these oxidation reactions. We measured the approximate
dimensions of benzylamine derivatives using Material Studio
7.0 software (Table S2). Notably, we observed that all the
benzylamine substrates, except for 4-phenylbenzylamine and 4-
(4-fluorophenyl)benzylamine, fit within the micropores (~11
A) of the TRIPTA. Based on this finding, we proposed that the
reaction occurs within the confined space of the microporous,
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Table 2. Selective Photocatalytic Oxidative Self-coupling of
Substituted Benzylamines Using TRIPTA under Blue Light
Irradiation and Air™
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“AReaction conditions: 0.33 mmol of benzylamine derivatives in 2 mL
of acetonitrile and 10 wt % TRIPTA were stirred under blue light at
room temperature for 1 h.

b &

3 H,N

where size-selective photocatalytic oxidation of benzylamines
occurs. And since TRIPTA does not demonstrate sufficient
catalytic activity for the larger benzylamines, it can be inferred
that its pore size or shape prevents effective interaction with
the photocatalyst.

To substantiate our assumptions, we utilized the structurally
analogous Micro-COF-2 as the photocatalyst since it exhibits a
larger average pore size (1.4—1.5 nm) in comparison to

TRIPTA. We observed a noticeable conversion, exceeding
80% for the oxidation of 4-(4-fluorophenyl)benzylamine and
4-phenylbenzylamine in the presence of Micro-COF-2 as the
photocatalyst (Figures S30 and S31). This clearly demon-
strates that the larger micropore size of Micro-COF-2 could
better accommodate the larger-sized benzylamine derivatives,
resulting in greater photocatalytic conversions. This, in turn,
proves that the photocatalytic activity of 2D-COFs can be
tuned at the angstrom-level by rationally controlling their pore
sizes. To further confirm the pore size-selective photocatalytic
behavior of COFs, we investigated the impact of pore-clogging
in TRIPTA on its photocatalytic activity. Initially, we blocked
TRIPTA’s pores using meta-xylene as a clogging agent.
Subsequent analyses of BET surface area and pore size
indicate a noteworthy reduction in pore size to ultramicropores
(0.7 nm) in the resulting material (Figure $32), termed meta-
xylene@TRIPTA. Following this modification, we investigated
the photocatalytic performance of meta-xylene@TRIPTA in a
benzylamine coupling reaction. Notably, the results revealed a
modest 17% conversion to the product, highlighting the
selective nature of our pore size-dependent photocatalysis
(Figure S33). This observation emphasizes the significance of
comprehending pore characteristics in photocatalytic processes
and offers valuable insights into potential applications of
TRIPTA and Micro-COF-2 in selective catalytic trans-
formations.

B CONCLUSION

In conclusion, we report the photocatalytic activity of a
triazine-based COF, TRIPTA, containing photoactive building
blocks which facilitates both SET (single electron transfer) and
reactive oxygen species (0,*” and/or 102) generation in the
absence and presence of oxygen, respectively, under visible
light irradiation. Using the SET pathway, TRIPTA is found to
efficiently catalyze the reductive debromination of phenacyl
bromide via C—Br bond cleavage under visible light and N,
atmosphere. In addition, TRIPTA exhibits remarkable
conversion (>95%), high product selectivity, and good
recyclability in the photooxidative benzylamine coupling
reactions via ROS generation. Using this single-component
model reaction, we further systematically investigated different-
sized benzylamine substrates and compared the results with an

Table 3. Photocatalytic Efficiency of TRIPTA and Micro-COF-2 Towards Oxidative Self-coupling Reactions of Phenyl

Benzylamine Derivatives

Entry Substrate Catalyst Time (h) Conversion (%)
1 ”2" TRIPTA 1 ~20
Ar——
~12.12 A
H,N
2 Micro-COF-2 1 >80
H,N
3 F TRIPTA 1 ~20
~12.60 A
H,N
4 F Micro-COF-2 1 >80
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analogous COF (Micro-COF-2) exhibiting a larger pore size.
We observed a marked improvement in the conversion of
larger-sized substates with the Micro-COF-2, thereby demon-
strating the manifestation of angstrom-level pore size-selective
photocatalysis with 2D-COFs. Taken together, our results
open a new avenue for potential selective photocatalysis
employing 2D-COFs based on judicious pore size design.
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