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Abstract: While porous materials have been widely employed in numerous fields ranging from gas adsorption and 

separations, light emittance, sensing to energy storage, their applications in reducing respiratory morbidity are limited. In 

particular, the products obtained in a controlled manner using porous materials and thus applied to limit lung cancer cells 

multiplication are very rare. Here we report the synthesis of two new truxenone and isotruxenone-based porous organic 

polymers (POPs) via Friedel-Crafts alkylation/oxidation starting from truxene and isotruxene. These networks are thermally 

and chemically stable, and demonstrated as the first metal-free, heterogeneous photocatalysts for visible-light-induced 

tunable benzylic functionalization. Moreover, both POPs can be easily recovered and reused for at least 15 times without 

any apparent decrease in their photocatalytic activity. The synthetic utility of this newly-developed methodology is 

demonstrated in the value-added functionalization of chemical feedstocks such as xylenes and mesitylene, the resulting 

product can be used to reduce the number of lung cancer A549 cells. 
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1 INTRODUCTION 

Visible-light photocatalysis has developed into an attractive and powerful platform to promote a variety of organic 

transformations over the past decades.[1,2] Since most organic compounds do not absorb visible light, these synthetic 

manifolds largely rely on the utilization of exogenous photocatalysts to facilitate the generation of reactive intermediates. 

Among them, transition-metal catalysts such as ruthenium- and iridium-polypyridyl complexes are the most frequently used 

due to their strong absorptions, long-lived excited states, and rich photoredox properties.[3] However, the intrinsic 

drawbacks regarding toxicity and residue of metals impose a limit for sustainable synthesis. On the other hand, organic dyes 

offer a more environmental benign opportunity by harvesting solar energy for organic synthesis in a metal-free fashion.[4] 

Nevertheless, the corresponding reactions suffer from severe postreaction removal problems. In this regard, the 

development of new photocatalysts that are free of metals, recoverable and reusable with high stability, and productively 

form bonds is highly desirable. 

To this end, porous organic polymers (POPs) that built up from organic building units have emerged as promising 

alternatives for photocatalysts because these materials are non-metal in nature, synthetically versatile, thermally stable and 

chemically robust to organic solvents, acids and bases.[5-8] More importantly, the insoluble character, permanent porosity, 

and tunable electrical and optical properties render them very attractive for recyclable photocatalytic heterogeneous 

processes.[9-21] Despite these advantages, the utilization of POPs as sustainable photocatalysts for visible-light-driven 

switchable organic synthesis remains previously elusive. 

Given the ability in enhancing lipophilicity, metabolic stability, and receptor binding affinity, fluorine substituents are 

becoming increasingly prevalent in pharmaceuticals, agrochemicals, and materials.[22,23] It is thus appealing to develop 

efficient methodologies for the selective incorporation of fluorine into organic molecules. On the other hand, aryl ketones 

and aldehydes are popular structures in pharmaceuticals and biologically relevant molecules, as exemplified by commercial 

drugs including Bupropion, Donepezil, (S)-Ketoprofen, and Pitofenone.[24-28] Due to the abundance of C-H bonds in 

organic compounds, benzylic C-H functionalization constitute a practical and straightforward strategy towards these targets, 

thereby arousing broad interest. A variety of transition-metals as well as organic catalysts have been adopted to promote 

each transformation.[29-34] However, the divergent catalytic protocols that allow the synthesis of both classes of products 

from the same starting materials, especially with a metal-free and recyclable heterogeneous catalyst, are challenging and 

unknown.  

Owing to the unique structures, truxene and its derivatives have found applications in a wide range of research areas, 

particularly in the field of organic electronics, such as organic field-effect transistors (OFETs), organic photovoltaics 
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(OPVs), organic light-emitting diodes (OLEDs).[35,36] Recently, they are also exploited as building blocks in the 

construction of porous polymers,[37-40] which serve as heterogeneous photocatalysts to promote organic transformations 

including oxidative coupling of benzylamine, oxidative hydroxylation of arylboronic acids, etc.[14,18,41,42] Although 

impressive progresses have been achieved, the known examples mainly restricted with aerobic oxidation reactions that 

involve the transformations of oxidative labile substrates. It is of prominent interest to discover new reactivity of 

(iso)truxene-based scaffolds to broaden the reaction types, particularly those allow the direct functionalization of 

unactivated alkyl arenes such as chemical feedstocks xylenes. Here we show modification of (iso)truxene-based porous 

organic polymers enables recyclable photocatalysis for metal-free and tunable benzylic functionalization of alkylarenes 

under visible-light irradiation. By merely changing the solvents, either benzylic fluorination or benzylic oxidation is 

directed, allowing the facile synthesis of fluorinated compounds and functionalized ketones or aldehydes with high 

efficiency. The recycling capabilities with well-retained photoactivity of both POPs over fifteen times is also illustrated. 

Furthermore, this method is applicable to the value-added functionalization of chemical feedstocks including xylenes and 

mesitylene, the resulting product can be used to reduce the number of lung cancer A549 cells. 

2 MATERIALS AND METHODS 

2.1 Synthesis of TRO-POP and IsoTRO-POP 

FeCl3 (2.13 g, 13.14 mmol, anhydrous) was added to a solution of (iso)truxene (1.5 g, 4.38 mmol) in 20 mL 1, 2-

dichloroethane (DCE). After being stirred at room temperature for 15 min, dimethoxymethane (1.16 mL, 13.14 mmol) was 

added. Then the resulting mixture was stirred at 85 °C for 60 h (TRO-POP) or 36 h (IsoTRO-POP) to complete the cross-

linking. Afterwards, the reaction mixture was cooled to room temperature and the obtained precipitate was washed with 

water, acetone, ethanol, ethyl acetate, dichloromethane and petroleum ether, respectively. The product was collected and 

dried under vacuum as brown powders (TX-POP: 1.29 g, 69% yield; IsoTX-POP: 1.38 g, 74% yield). 

To a 100 mL flask were added (Iso)TX-POP (1.0 g, 2.34 mmol), CrO3 (3.51 g, 35.10 mmol), and acetic acid (20 mL). The 

reaction mixture was refluxed for 24 h. Then, the mixture was cooled to room temperature and ethanol (15 mL) was added. 

After stirring for 30 min, water (15 mL) was added and the reaction mixture was stirred for additional 30 min. Further, the 

obtained precipitate was washed with water, acetone, ethanol, ethyl acetate, dichloromethane and petroleum ether, 

respectively, and then extracted in a Soxhlet extractor with acetone. The product was collected and dried under vacuum as 

yellow powders (TRO-POP: 0.95 g, 79% yield; IsoTRO-POP: 0.90 g, 75% yield). 

2.2 General Procedure for Visible-Light-Induced Benzylic Fluorination 

To a sealed tube were added the substrate 1 (0.2 mmol, 1.0 equiv), Selectfluor (0.24 mmol, 1.2 equiv), TRO-POP or 

IsoTRO-POP (5 mol%), and acetonitrile (2 mL). The reaction mixture was degassed via freeze-pump-thaw for 3 cycles. 

After the mixture was thoroughly degassed, the vial was sealed and positioned approximately 2~3 cm from a 12 W CFL. 

The mixture was stirred at room temperature for the indicated time (monitored by TLC) under nitrogen atmosphere. 

Afterwards, the catalyst was separated by microcentrifuge and washed with dichloromethane. Then the filtrate was 

concentrated by rotary evaporation and the residue was purified by silica gel flash column chromatography using methylene 

chloride/petroleum ether or ethyl acetate/petroleum ether as the eluent to afford the desired products 2. 

2.3 General Procedure for Visible-Light-Induced Benzylic Oxidation 

To a sealed tube were added the substrate 1 (0.2 mmol, 1.0 equiv), Selectfluor (0.24 mmol, 1.2 equiv), TRO-POP or 

IsoTRO-POP (5 mol%), acetonitrile (1 mL) and H2O (1 mL). The reaction mixture was degassed via freeze-pump-thaw for 

3 cycles. After the mixture was thoroughly degassed, the vial was sealed and positioned approximately 2~3 cm from a 12 W 

CFL. The mixture was stirred at room temperature for the indicated time (monitored by TLC) under nitrogen atmosphere. 

Afterwards, the catalyst was separated by microcentrifuge and washed with dichloromethane. The filtrate was diluted with 

H2O, and extracted with dichloromethane. Then the organic phase was concentrated by rotary evaporation and the residue 

was purified by silica gel flash column chromatography using methylene chloride/petroleum ether or ethyl 

acetate/petroleum ether as the eluent to afford the desired products 3. 

3 RESULTS AND DISCUSSION 

3.1 Synthesis and Characterizations of Tro-Pop and Isotro-Pop 

The synthetic routes for TRO-POP and IsoTRO-POP have been shown in Scheme 1. Truxene and isotruxene were 

synthesized according to known procedures.[43,44] With truxene and isotruxene as the starting materials, the 

polymerization firstly occurs by FeCl3-promoted Friedel-Crafts alkylation with formaldehyde dimethyl acetal (FDA) as 

electrophile providing TX-POP and IsoTX-POP with methylene linkers. Upon treatment with super stoichiometric amount 
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of CrO3 and under reflux condition, TX-POP and IsoTX-POP undergo subsequent oxidation to afford truxenone and 

isotruxenone-based POPs as yellow and orange powders, respectively. Both POPs were insoluble in all common solvents 

such as N,N-dimethylformamide (DMF), acetonitrile, and water. Thermogravimetric analyses (TGA) showed that TRO-

POP and IsoTRO-POP were stable up to 405 and 365 °C, respectively (10% weight loss, Fig. S2).  

 

 

Scheme 1 Synthetic routes and idealized structures of TRO-POP and IsoTRO-POP. 

 

The chemical structures of both POPs were elaborated by Fourier transform infrared (FTIR) analysis and 
13

C 

crosspolarization/magic angle spinning solid-state nuclear magnetic resonance (CP/MAS ssNMR) spectroscopy. In FTIR 

spectra, the peaks at 1730-1715 cm
−1

 correspond to -C=O- stretching mode, supporting the existence of ketone moieties in 

the networks. The signals at 1615-1610 and 1455-1450 cm
−1

 could be attributed to the vibrations of the truxenone and 

isotruxenone skeletons (a, Fig. 1). Consistently, the CP/MAS ssNMR spectra show the signals at ∼190 ppm assigned to 

ketone moieties, and 122 to 146 ppm originated from the aromatic carbons of truxenone and isotruxenone (b, Fig. 1). As a 

support, X-ray photoelectron spectroscopy (XPS) measurements disclosed that both POPs consist of carbon and oxygen 

elements (Fig. S3). Furthermore, energy dispersive X-ray spectroscopy (EDS) and elemental analysis once again confirmed 

the presence of carbon and oxygen elements (Fig.S4 and Table S1). 

The porous feature of both POPs has been characterized by N2-physisorption analysis (Fig. 1). The N2 adsorption and 

desorption isotherms of both POPs indicated the presence of high percentage of micropores and minor proportion of 

mesopores (c and d, Fig. 1). The Brunauer-Emmett-Teller (BET) specific surface areas of TRO-POP and IsoTRO-POP were 

measured to be 1018 and 1156 m
2
/g, with an average pore volume of 1.43 and 1.44 cm

3
/g, respectively (Fig. S1). The pore 

diameter and distribution were determined using density functional theory (DFT) methods, revealing the majority are 

micropores with dimensions ranging from 0.6 to 1.7 nm (both TRO-POP and IsoTRO-POP). Scanning electron microscopy 

(SEM) images demonstrated both POPs have irregular morphology (e and f, Fig. 1). The amorphous structures were further 

confirmed by powder X-ray diffraction (PXRD) profiles, which did not exhibit any assignable peaks (Fig. S5). 
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Fig. 1 (a) FTIR spectra of TRO-POP and IsoTRO-POP. (b) Solid-state 13C CP/MAS NMR spectra of TRO-POP and 

IsoTRO-POP. (c) N2-physisorption isotherms and pore size distribution curve (inset) of TRO-POP. (d) N2-physisorption 

isotherms and pore size distribution curve (inset) of IsoTRO-POP. (e) SEM images of TRO-POP. (f) SEM images of 

IsoTRO-POP. 

 

Next, the optical and electronic properties of TRO-POP and IsoTRO-POP were probed. UV/vis diffuse reflectance spectra 

(DRS) of both POPs showed broad absorption bands from ultraviolet to visible light regions (∼800 nm), which are crucial 

for their behavior as visible-light photocatalysts (a and b, Fig. 2). It is worth noting that IsoTRO-POP exhibited an obvious 

redshift and enhanced absorption band compared to TRO-POP, indicating their stronger light-harvesting capability. The 

band gap of TRO-POP and IsoTRO-POP were calculated to be 2.36 and 2.11 eV from a Tauc plot. The conduction band 

minimum (CBM) of TRO-POP and IsoTRO-POP were established as -0.41 and -0.18 V via Mott-Schottky electrochemical 

measurements (c and d, Fig. 2). On the basis of CBM and optical band gap, the valence band maximum (VBM) of TRO-

POP and IsoTRO-POP were calculated to be 1.95 and 1.93 V, respectively (vs Ag/AgCl) (Fig. 3). 
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Fig. 2 (a) UV-vis diffuse reflectance spectra (DRS) and Tauc plot calculating the optical band gap (inset) of TRO-POP. (b) 

UV-vis diffuse reflectance spectra (DRS) and Tauc plot calculating the optical band gap (inset) of IsoTRO-POP. (c) Mott-

Schottky plots of TRO-POP at frequencies 0.8, 1.0, and 1.5 kHz in a 0.2 M Na2SO4 solution (pH = 7). (d) Mott-Schottky 

plots of IsoTRO-POP at frequencies 0.8, 1.0, and 1.5 kHz in a 0.2 M Na2SO4 solution (pH = 7). 

 

 

Fig. 3 Band energy diagram of TRO-POP and IsoTRO-POP. 

 

3.2 Visible-Light-Promoted Benzylic Fluorination 

We went on to explore the photocatalytic activity of TRO-POP and IsoTRO-POP in benzylic C-H fluorination. Gratifyingly, 

by using Selectfluor as the fluorine donor, benzylic fluorination of 4-ethylbiphenyl occurred smoothly in the presence of 

TRO-POP or IsoTRO-POP upon irradiation with a 12 W household compact fluorescent lamp (CFL), affording benzylic 

fluoride 2a in 82% and 84% yield, respectively (entries 1-2, Table 1). Notably, truxene, isotruxene, TX-POP, and IsoTX-

POP could not promote this reaction at all (entries 3-6, Table 1). Besides, the monomeric truxenone and isotruxenone gave 

poor yields under standard conditions (23-26% yield, entries 7-8, Table 1). Control experiments verified that both POPs and 
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visible light are essential (entries 9-11, Table 1). Then, the substrate scope was evaluated regarding both TRO-POP and 

IsoTRO-POP. In general, IsoTRO-POP led to better yields in a shorter reaction time compared to TRO-POP. Specifically, 

the ethylbenzene bearing a free carboxyl group was readily tolerated with both POPs, leading to 2b in 78% and 82% yield, 

respectively (entries 12-13, Table 1). In addition to the methylene group, the methyl group could also participate in 

monofluorination efficiently, with good yields (88-94%) being obtained for 2c and 2d (entries 14-17, Table 1). The 

substrates possessing a variety of functionalities including a carboxylic acid, carboxylic ester, ketone, or tertiary alcohol 

underwent benzylic fluorination smoothly, affording the corresponding fluorinated products 2e-2h in good yields (78-90%, 

entries 18-25, Table 1). Notably, the catalyst loading of both POPs could be further decreased to 0.5 mol% and 0.1 mol%, 

respectively, in which comparable results were achieved with a relatively prolonged reaction time (Scheme 2). 

 

Table 1 TRO-POP and IsoTRO-POP-catalyzed benzylic fluorination under visible-light irradiation
a
 

 

entry substrates (1) products (2) catalyst yieldb 

1 

 
 

TRO-POP 82% (3.5 h) 

2 IsoTRO-POP 84% (1.2 h) 

3 Truxene 0 

4 Isotruxene 0 

5 TX-POP 0 

6 IsoTX-POP 0 

7 Truxenone 23% (1.2 h) 

8 Isotruxenone 26% (1.2 h) 

9c / 0 

10d TRO-POP 0 

11d IsoTRO-POP 0 

12 

 
 

TRO-POP 78% (21.2 h) 

13 IsoTRO-POP 82% (16.2 h) 

14 

  

TRO-POP 92% (5.5 h) 

15 IsoTRO-POP 94% (3.2 h) 

16 

  

TRO-POP 88% (4.3 h) 

17 IsoTRO-POP 90% (2.2 h) 

18 

  

TRO-POP 82% (67.3 h) 

19 IsoTRO-POP 88% (64 h) 

20 

  

TRO-POP 78% (69.3 h) 

21 IsoTRO-POP 79% (65 h) 

22 

  

TRO-POP 83% (20.2 h) 

23 IsoTRO-POP 86% (16 h) 

24 

  

TRO-POP 84% (22.5 h) 

25 IsoTRO-POP 90% (15.3 h) 

a
General conditions: 1 (0.2 mmol), Selectfluor (0.24 mmol) in CH3CN (2.0 mL, 0.1 M) were stirred at room temperature 

under the irradiation with a 12 W CFL. 
b
Isolated yield. 

c
In the absence of TRO-POP or IsoTRO-POP. 

d
In dark. 
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Scheme 2 Investigation of decreased catalyst loading for benzylic fluorination. 

 

3.3 Visible-Light-Promoted Benzylic Oxidation 

Interestingly, the fluorination products were completely switched to oxidation products when the solvent was changed to the 

mixture of acetonitrile and water. This result encouraged us to explore the generality of visible-light-promoted benzylic 

oxidation as two sets of completely different compounds can be obtained from the same starting materials under 

superficially similar conditions but in a controllable fashion. With TRO-POP and IsoTRO-POP as the catalysts and the 

mixture of acetonitrile and water as the solvent, 4-ethylbiphenyl proceeded effectively to afford the expected aryl ketone 3a 

in 79% yield and 81% yield, respectively (entries 1-2, Table 2). Similarly, truxene, isotruxene, TX-POP, IsoTX-POP, 

truxenone, and isotruxenone proved less effective in promoting benzylic oxidations compared to that of TRO-POP and 

IsoTRO-POP (0-21% yields, entries 3-8, Table 2). Control experiments indicated that light and photocatalysts were 

indispensable for the formation of the benzylic oxidation product (entries 9-11, Table 2). Besides, the arene could be easily 

modified with electron-withdrawing and -donating groups (-COOH, -
t
Bu) (entries 12-17, Table 2). Methylbenzenes 1c and 

1d are also good substrates, delivering the corresponding aldehydes 3c and 3d in 80-90% yields under the catalysis of each 

POP. Gratifyingly, the compounds bearing a variety of functionalities such as carboxylic acid (1e), carboxylic ester (1f), 

ketone (1g), or tertiary alcohol (1h) were well tolerated (entries 18-25, Table 2). The resultant 1,3-dicarbonyl compounds 

and β-hydroxyketones, which are common building blocks in organic synthesis could be constructed in a concise manner by 

directly editing C-H bond. When lowering the catalyst loading of both POPs to 0.5 mol% and 0.1 mol% respectively, the 

benzylic oxidation reactions proceeded smoothly to give the desired aryl ketone 3a in good yields albeit with an extended 

reaction time (Scheme 3). 

 

Table 2 TRO-POP and IsoTRO-POP-catalyzed benzylic oxidation under visible-light irradiation
a
 

 

entry substrates (1) products (2) catalyst yieldb 

1 

 
 

TRO-POP 79% (15 h) 

2 IsoTRO-POP 81% (12 h) 

3 Truxene 0 (24 h) 

4 Isotruxene 0 (24 h) 

5 TX-POP 0 (24 h) 

6 IsoTX-POP 0 (24 h) 

7 Truxenone 19% (12 h) 

8 Isotruxenone 21% (12 h) 

9c / 0 (24 h) 

10d TRO-POP 0 (24 h) 

11d IsoTRO-POP 0 (24 h) 
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12 

 
 

TRO-POP 75% (24 h) 

13 IsoTRO-POP 79% (20 h) 

14 

  

TRO-POP 86% (10 h) 

15 IsoTRO-POP 90% (8 h) 

16 

  

TRO-POP 80% (9 h) 

17 IsoTRO-POP 85% (5 h) 

18 

  

TRO-POP 76% (76 h) 

19 IsoTRO-POP 83% (70 h) 

20 

  

TRO-POP 70% (72 h) 

21 IsoTRO-POP 76% (67 h) 

22 

  

TRO-POP 80% (26 h) 

23 IsoTRO-POP 85% (19 h) 

24 

  

TRO-POP 79% (27 h) 

25 IsoTRO-POP 86% (18 h) 

a
General conditions: 1 (0.2 mmol), Selectfluor (0.24 mmol) in CH3CN/H2O (1:1, 0.1 M) were stirred at room temperature 

under the irradiation with a 12 W CFL. 
b
Isolated yield. 

c
In the absence of TRO-POP or IsoTRO-POP. 

d
In dark. 

 

 

 

Scheme 3 Investigation of decreased catalyst loading for benzylic oxidation. 

 

3.4 Mechanistic Investigation 

After examining the scope with respect to both benzylic fluorination and benzylic oxidation reactions, it was discovered 

IsoTRO-POP gave superior results in comparison with TRO-POP. To gain insights into the photocatalytic activity of both 

materials, the separation efficiency of photogenerated electron-hole pairs was evaluated (Fig. 4). The time-resolved 

fluorescence spectra (TRPL) disclosed the average TRPL lifetime of IsoTRO-POP (τ = 0.613 μs) was shorter than that of 

TRO-POP (τ = 2.017 μs), implying that IsoTRO-POP had a more prominent non-radiative rate (a, Fig. 4 and Fig. S6). The 

electrochemical impedance spectroscopy (EIS) indicated IsoTRO-POP had a smaller radius of a semicircular Nyquist plot 

compared to that of TRO-POP, which manifested a lower resistance in charge transfer for IsoTRO-POP (b, Fig. 4). The 

linear sweep voltammetry (LSV) curves of TRO-POP and IsoTRO-POP showed the photocurrents under light irradiation 

were much higher than that in the dark, and meanwhile the current of IsoTRO-POP was higher than that of TRO-POP 

regardless of light illumination (c, Fig. 4). These results suggested a better photo-electric activity of IsoTRO-POP. 

Consistently, IsoTRO-POP displayed a significantly enhanced photocurrent response compared to TRO-POP as shown in 



Truxenone and isotruxenone-based porous organic polymers as metal-free ... 

Volume 6, Issue 2, Pp 51-65, 2024 

59 

Fig. 4d. Based on these studies, IsoTRO-POP bearing oligofluorene skeletons is believed to be more favored in photo-

induced charge generation, transfer and separation, which can be explained for its better performance in photocatalysis. 

 

Fig. 4 (a) Time-resolved PL spectra for TRO-POP and IsoTRO-POP. (b) EIS Nyquist plots of TRO-POP and IsoTRO-POP. 

(c) LSV curves of TRO-POP and IsoTRO-POP under visible-light irradiation and in the dark. (d) Photocurrent tests. 

 

The second concern arises from the phenomenon that the product distribution can be diverted completely by simply 

changing the solvents. To probe the process, the reaction between 1a and Selectfluor employing IsoTRO-POP as the 

catalyst and the mixture of acetonitrile and water as the solvent was monitored. It was observed that fluorination product 2a 

was formed at the very beginning and gradually disappeared. Meanwhile, 1-([1,1'-biphenyl]-4-yl)ethan-1-ol (A) was 

detected. These insights suggested that 1a might undergo nucleophilic substitution in the presence of water and serve as an 

intermediate in a sequential approach to benzylic oxidation. Accordingly, both 2a and A were subjected to the standard 

conditions. As expected, the oxidation product 3a was obtained in each case (Scheme 4a and entry 1 of Scheme 4b). 

Notably, the control experiments verified both IsoTRO-POP and Selectfluor were required for the subsequent oxidation 

(entries 2-4, Scheme 4b). Based on these observations, a plausible reaction pathway for the divergent synthesis was 

proposed, as depicted in Scheme 4c. By using acetonitrile as the solvent, TRO-POP and IsoTRO-POP-catalyzed benzylic 

fluorination occurs to afford fluorination product 2a exclusively. When water is added as the co-solvent, a sequence 

including benzylic fluorination/nucleophilic substitution with water/oxidation takes place instead (Fig. S9-S10). 
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Scheme 4 Preliminary mechanistic studies. (a) Conversion of 2a to 3a. (b) Conversion of A to 3a and control experiments. 

(c) Proposed reaction pathway. 

 

3.5 Recyclability Tests 

Next, the recycling experiments for the divergent reactions were performed by using centrifugation to recover the catalysts. 

It was found that both TRO-POP and IsoTRO-POP could promote the benzylic fluorination and oxidation for at least 15 

recycling times without a significant drop in the yields (Fig. 5 and Tables S2-S3). And there is no apparent change in the 

FTIR spectra or UV/vis DRS of the spent TRO-POP and IsoTRO-POP after 15 cycles (Fig. S7-S8). As such, both POPs 

serve as highly efficient, robust, stable, recyclable, and low-cost pure organic heterogeneous photocatalysts for visible-light-

induced tunable benzylic functionalization. 
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Fig. 5 (a) and (b) Recyclability tests of TRO-POP and IsoTRO-POP in the benzylic fluorination reaction. Reaction 

conditions: 1a (0.2 mmol), Selectfluor (0.24 mmol) in CH3CN (2.0 mL, 0.1 M) were stirred at room temperature under the 

irradiation with a 12 W CFL. (c) and (d) Recyclability tests of TRO-POP and IsoTRO-POP in the benzylic oxidation 

reaction. Reaction conditions: 1a (0.2 mmol), Selectfluor (0.24 mmol) in CH3CN/H2O (1:1, 0.1 M) were stirred at room 

temperature under the irradiation with a 12 W CFL. 

 

3.6 Synthetic Utility 

To demonstrate the amenability of this divergent strategy for value-added functionalization of chemical feedstocks, we 

subjected o-xylene, m-xylene, p-xylene, and mesitylene to standard conditions (Scheme 5a and 5b). In all cases, the fluorine 

and ketone moieties were introduced selectively using different solvents, leading to the corresponding multi-fluorinated 

derivatives and polyaldehydes in good yields, respectively. Notably, both types of products are of importance in the areas of 

pharmaceuticals, agrochemicals, and materials science. Moreover, 1,3,5-tri(4-methylphenyl)benzene (6) was tested under 

conditions for benzylic oxidation. To our delight, the expected product 1,3,5-Tris(4-formylphenyl)benzene (7), which is a 

versatile synthon for the preparation of COFs can be obtained in good yield (Scheme 5c). 
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Figure 5 Transformations. Condition a: 1 (0.2 mmol), Selectfluor (0.48 or 0.72 mmol) in CH3CN (0.1 M) were stirred at 

room temperature under the irradiation with a 12 W CFL. Condition b: 1 (0.2 mmol), Selectfluor (0.48 or 0.72 mmol) in 

CH3CN/H2O (1:1, 0.1 M) were stirred at room temperature under the irradiation with a 12 W CFL. 

4 CONCLUSIONS 

In conclusion, we have introduced a simple method for the synthesis of two new truxenone and isotruxenone-based POPs 

(TRO-POP and IsoTRO-POP) with truxene and isotruxene as the starting materials. These POPs are utilized as the first 

metal-free, heterogeneous photocatalysts for visible-light-induced tunable benzylic functionalization. By switching the 

solvents, either benzylic fluorination or benzylic oxidation is directed, resulting in the divergent synthesis of two types of 

products, namely fluorinated compounds and functionalized ketones or aldehydes in good to excellent yields from the same 

set of substrates. Decrease of the catalyst loading and recycling experiments reveal both POPs display excellent stability, 

high efficiency, and robust reusability. In addition, the optical and electronic characterizations suggest IsoTRO-POP is more 

in favor of charge transfer and separation, giving rise to superior photocatalytic activity compared to that of TRO-POP. 

Preliminary mechanistic studies account for the divergent reaction pathway. When water is used as the co-solvent, a 

sequence involving benzylic fluorination/nucleophilic substitution with water/oxidation occurs instead. Finally, the 

synthetic utility is illustrated in the elaborations of chemical feedstocks such as xylenes and mesitylene, and the product was 

used to reduce the reproduction of lung cancer A549 cells. A variety of important multi-fluorinated compounds as well as 

polyaldehydes can be accessed in a precisely controlled fashion with a single operation. To the best of our knowledge, this 

is the first example that porous materials can catalyze tunable organic synthesis under visible-light irradiation. Our lab is 

focusing on reducing the incidence of respiratory disease with porous organic polymers. 
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