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ABSTRACT: The direct cleavage of alkenes to access value-
added carbonyls under solar-driven conditions in agueous media
presents a considerable challenge. Addressing this challenge
requires the construction of effective visible-light-responsive
catalysts. Herein, two boron-imidazolate-based Strandberg-type
polyoxomolybdophosphate  hybrids, = Co(H,0),[HP,M050,3],
[B(HIM)(IM),],[B(HIM)3],-12H,O (1) and  Zn(H,0),[HP;M05O,;];
[B(HIM)(H,IM),]4-7H,O (2) (IM = imidazole), were synthesized
using a hydrothermal method and were utilized as efficient
photocatalysts for the aerobic oxidative C=C bond cleavage of
alkenes under natural sunlight and aqueous phase conditions.
The incorporation of boron imidazolate ligands broadened the
visible-light absorption region of polyoxometalates, and electrochemical tests highlighted their potential as exceptional
photocatalysts. Upon visible blue light irradiation and ambient O, pressure in aqueous media, compound 1 exhibited
remarkable aerobic photocatalytic activity, efficiently cleaving alkenes to yield the corresponding ketones (yields up to 91%).
Notably, its catalytic performance remained consistent after three recycling runs under ambient sunlight, highlighting its robust
stability and practical applicability. Subsequent mechanistic investigations revealed the involvement of O,~ species in the
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® Water as the solvent

® Without extra additives
@ Photocatalyst recyclable

® Room temperature

reaction, and a possible mechanism for the cleavage of the alkenes was proposed.
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1 Introduction

The selective aerobic oxidative cleavage of commercially available
alkenes to access value-added ketones is one of the most
fundamental organic transformations in organic synthesis [1-3].
Traditional protocols involve the use of high-valence metals and
stoichiometric oxidants [4-6]. However, these techniques have
encountered challenges related to high costs, hazardous materials,
the generation of toxic waste oxidants, and cumbersome handling
procedures. Consequently, the application of greener oxidants such
as molecular oxygen in the synthesis of aldehydes and ketones has
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garnered significant interest, particularly in light of the demand for
sustainable processing and the utilization of abundant feedstocks.
For example, Jiao et al. developed a process catalyzed by N-
hydroxyphthalimide to convert aromatic alkenes into ketones in the
presence of molecular oxygen [7]. Xiao et al. described an approach
for selective cleavage using an iron catalyst in conjunction with an
unconventional bisimidazoline ligand in an oxygen atmosphere [8].
Meanwhile, visible light is abundant and readily available,
offering great potential for facilitating environmentally friendly
chemical reactions. Therefore, the development of sustainable
photochemical methods to synthesize carbonyl compounds using
molecular oxygen has become a critical pursuit. In this regard, Xiao
et al. achieved the aerobic cleavage of aromatic and aliphatic alkenes
with a [Mn(dtbpy),(OTf),] (dtbpy 4,4-ditert-butyl-2,2’-
dipyridine, Otf = trifluoromethanesulfonate) as a photocatalyst [9].
In 2021, Du et al. used Bu,N[W,O;,] as a photosensitizer and 18-
crown-6 as an additive and realized the oxidative cleavage of the
olefin double bond in an aqueous solvent [10]. Recently, Li et al.
developed an imidazole-linked porphyrin-based covalent organic
framework with red light absorption that served as a
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photosensitizer for catalyzing the oxidative cleavage of alkenes [11].
However, although the above photocatalysts have been effective in
organic transformations, their complex preparation and need for
additional additives have limited their broader use. Therefore, there
is an urgent need to identify effective photocatalytic systems that
respond to visible light and enable the oxidative cleavage of alkenes
in a mild and environmentally friendly manner.

Polyoxometalates (POMs), a large class of transition metal-oxide
clusters with excellent redox-active and reversible electron-transfer
properties [12, 13], have exhibited significant and wide-ranging
applications in catalysis [14-28], medicine [29], energy storage [30],
and organic transformation [31]. Nevertheless, most bulk POMs
exhibit limited adsorption of visible light and often encounter
challenges such as low surface area and poor light-harvesting
capacity [32, 33], which inevitably restrict the practical utilization of
POM-based photocatalysts. To address these issues, several
strategies have been developed to integrate POMs with supports,
forming POM-based hybrid materials that extend their absorption
into the visible region [34-40]. In addition, boron imidazolates
have been explored as promising organic ligands in coordination
chemistry given their unique advantages, including zeolitic
topologies and controllable tetrahedral and tripodal coordination
modes [41-43]. However, boron imidazolate-based POMs are very
rare, as confirmed by a Cambridge Structural Database search, as is
their use in combination with visible light to drive the
photooxidative cleavage of alkenes in aqueous media.

Herein, two boron imidazolate-based POM  hybrids,
Co(H,0),[HP,M050,3],[B(HIM)(IM),],[B(HIM);],* 12H,0 (1)
and Zn(H,0),[HP,M0,0,,],[BHIM)(H,IM),],* 7H,0 (2) (IM =
imidazole), were synthesized successfully. Structural analysis reveals
that the frameworks are composed of transition metal cations
([Co(H0),]** and [Zn(H,0),]*"), polyoxoanions, and boron
imidazolate cations (Fig. 1). Compound 1 represents the first crystal
structure constructed from boron imidazolate and POMs. The
photocatalytic efficiency for C=C bond cleavage to produce ketones
was assessed at room temperature under 400-405 nm of LED (10
W) irradiation, with O, serving as the oxidant. The catalysts
demonstrate excellent activity and good recyclability for the
oxidative cleavage of alkenes into ketones. This mechanism
underscores the indispensable role of superoxide radicals in driving
reaction processes. This work elucidates the strategic design and
synthesis of white-light-responsive POMs, highlighting their
potential as efficient and sustainable photocatalysts for industrial
transformations.
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Figure1 Schematic of synthesis routes for compounds 1 and 2. Color codes: Co,
purple; Zn, turquoise; Mo, pink; P, brilliant yellow; B, light yellow; N, blue; O, red;
C, gray.
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2 Experimental

2.1 Synthesis of compound 1

Na,MoO,2H,0 (0.24 g, 0.1 mmol), Co(NO;),-6H,O (0.07 g, 0.25
mmol), and KBH(IM); (0.050 g, 0.2 mmol) were sealed in a 25-mL
Teflon-lined autoclave in the CH;OH/H,O (2 mL/10 mL), and the
pH of the mixture was adjusted to 2.00 by adding 3-M H;PO,. The
mixture was heated at 90 °C for 120 h and then cooled slowly to
room temperature. The pink block crystals of compound 1 were
obtained and washed three times with distilled water and air-dried.
Yield: 86%. Anal. Calcd. for C;H,,N,,04,P,CoMo,,B,: C, 14.47; H,
2.50; N, 11.25; Co, 1.97; Mo, 32.10. Found: C, 14.42; H, 2.51; N,
11.34; Co, 1.89; Mo, 32.17. Fourier transform infrared (FT-IR)
spectrum (KBr pellet, cm™): 3454 (s, O-H), 3129 (m, N-H), 1562
(m, C=N), 1447 (m, C-C), 1337 (m, C-N), 1237 (s, B-N), 1089 (s,
P-0), 917 (s, Mo-0y), 668 (s, O,—Mo-0Oy).

2.2 Synthesis of compound 2

The synthesis of compound 2 was similar to that of compound 1,
except that Zn(NO;),-3H,O was used instead of Co(NO;),-6H,0
and the pH value of the resulting solution was adjusted to 3.00. The
resulting colorless block crystals were collected and dried. Yield:
62%. Anal. Calcd. for C;sHgN,,05P,Mo0,,ZnB,: C, 14.18; H, 2.64;
N, 11.03; Zn, 2.14; Mo, 31.47. Found: C, 14.05; H, 2.72; N, 11.34;
Zn, 2.18; Mo, 35.17. FT-IR spectrum (KBr pellet, cm™): 3477 (s,
O-H), 3134 (m, N-H), 1576 (m, C=N), 1452 (m, C-C), 1337 (m,
C-N), 1237 (m, B-N), 1089 (m, P-0), 917 (s, Mo-0)), 668 (s,
O,-Mo-0p).

2.3 General procedure for photooxidative alkene cleavage

Alkenes (0.2 mmol), compound 1 (30 mg, 5 mol%), and H,0 (0.5
mL) were placed in an oven-dried quartz tube with a magnetic stir
bar. The mixture was irradiated for 24 h with blue LEDs (10 W,
400-405 nm) under a 1-atm oxygen atmosphere at 25 °C. After the
reaction was completed, the resulting solution was analyzed using
proton nuclear magnetic resonance (‘H NMR) and gas
chromatography—mass spectrometry analysis.

3 Results and discussion

3.1 Structure description

Single X-ray crystal diffraction analyses indicate that compounds 1
and 2 both crystallized in the triclinic space system with the PI
space group (Table SI in the Electronic Supplementary Material
(ESM)) and consisted of similar {P,Mos} units: the Co/Zn cations
and the protonated boron imidazolate cations. As compounds 1
and 2 are isostructural, only the crystal structure of compound 1 is
described in detail as a representative view here.

As shown in Figs. 1 and 2, the crystals of compound 1 contain
one [Co(H,O)** cation, two [P,Mo0s0]" polyanions, four
protonated boron imidazolate cations, and 12 lattice water
molecules. The Col atom of the [Co(H,0),]* cation is six-
coordinated by two O3 atoms from the capped PO, tetrahedron
and four oxygen atoms (O1, O2) from the coordinated water
molecules and adopts a distorted octahedron geometry. For the
polyoxoanions, the P,Mos cluster comprises five distorted MoOg
octahedra along with two capped PO, tetrahedra on either side. The
presence of H" ions in the acidic environment induces the cleavage
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Figure2 (a) The coordination mode of Co atom in compound 1; (b) structure
of the Strandberg anion; (c) structural representation for Co(H,0),
[HP,Mo0504],"; (d) structure of boron imidazolate; (e) 3D supramolecular
framework of compound 1.

of the B-H bond in the boron imidazole ligand, leading to the
removal of the hydride from the boron atom. Simultaneously, some
nitrogen atoms in the imidazole ring are protonated, resulting in
the formation of the boron imidazole cation. The [Co(H,0),]*
cation and two [P,Mo0;0,;]* polyanions are bridged by Co-O
bonds and achieve the Co(H,O),[HP,M050,],* unit, which is
further linked by strong hydrogen bond interactions with the boron
imidazolate cations to form a stable three-dimensional (3D)
framework (Fig. 2(e)). Similarly, compound 2 can also form an
analogous 3D framework (Fig. SI in the ESM). The bond lengths of
the Co-O, P-O, and Mo-O bonds range from 2.063(14) to
2.111(13) A, 1.509(14) to 1.72(2) A, and 1.661(17) to 2.363(14) A,
respectively. Bond valence sum calculations reveal that the
oxidation state values of Co and Mo in compound 1 are +2 and +6,
respectively (Table S6 in the ESM), which is in excellent agreement
with the X-ray photoelectron spectroscopy (XPS) results.

3.2 Characterization of compounds 1 and 2

To further verify the structural characteristics of the boron
imidazolate-based POMs, compounds 1 and 2 were characterized
using FT-IR spectroscopy, powder X-ray diffraction (PXRD), and
thermogravimetric analysis (TGA). As shown in Fig. S2 in the ESM,
their similar FT-IR spectra indicate the presence of analogous
components and functional groups. Our analysis focused on
compound 1 as an example. The absorption bands at 3454 and
3129 cm™ for compound 1 can be attributed to the stretching
vibrations of the O-H and N-H bonds, respectively. The
characteristic peak at 1562 cm™ is attributed to C=N vibrations. The
absorption peaks at 1447-1337 cm™ are assigned to the stretching
vibrations of the C-C and C-N bonds in the boron imidazole
ligand. The strong band at 1237 cm™ is related to B-N bonds.
Additionally, all compounds display characteristic absorption bands
associated with the {P,Mos} POM anion: The bands in the range of
1012-1132 cm™ are attributed to P-O vibrations; the peaks at 917
cm™ correspond to the Mo-O, stretching vibrations (O terminal
oxygen atom); and the peak at 668 cm™ is assigned to the
O,—Mo-O, stretching vibrations (O, bridging oxygen atom).

The PXRD patterns of the as-synthesized compounds 1 and 2
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are in accordance with the simulated patterns (Fig. S3 in the ESM),
confirming the high purity of the obtained samples. Meanwhile, the
chemical stability of the boron-imidazolate-based POM 1 was
examined after treating it using various solvents (dimethyl
carbonate, H,0, methanol, tetrahydrofuran (THEF),
dimethylformamide, and ethanol) and aqueous acidic and basic
solutions (across a pH range of 1-12) for 24 h at room temperature
(Fig. 3). The PXRD patterns retained their structural integrity after
24 h with a pH range of 1-9, suggesting good stability with no
phase transition (Fig. 3(a)), whereas notable differences in the
PXRD patterns of compound 1 emerged when the pH reaches 12.
In addition, the prepared compound 1 maintained its crystallinity
in different polar solvents (Fig. 3(b)), indicating its strong structural
stability.

z
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pH=5 pH=7 pH=9  pH=12 MeOH THF DMF EtOH
Fl 3
s s
2 2
= Z
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2 L
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Figure3 PXRD patterns of compound 1 after immersed in (a) aqueous
solutions with pH range of 1-12 and (b) various solvents.

The thermal stabilities of compounds 1 and 2 were studied using
TGA (Fig. S4 in the ESM). The TGA results for compound 1
showed that two steps of weight loss occurred in the range of
30-800 °C. The initial weight loss of 7.8% (calc. 7.2%) occurred
between 30 and 162 °C, which was due to the loss of crystal water
molecules. The second case in the range of 245 to 550 °C might
have been caused by the thermal decomposition of the coordinated
water molecules, boron imidazolate ligand, and polyoxoanion
skeletons. Similarly, compound 2 exhibited a two-step weight loss
from 30-800 °C. The first loss, 5.1% (calcd. 4.1%), occurred
between 30 and 96 °C and was attributed to crystal water loss.
Following this process, the coordination of water molecules, boron
imidazolate ligands, and polyoxoanion skeletons occurred between
275 and 570 °C.

3.3 Photocatalytic properties

The optical properties of a photocatalyst are the key factors that
influence the efficiency of photocatalysis. Ultraviolet-visible
(UV-vis) diffuse reflectivity spectroscopy (DRS) was used to
investigate the light absorption of the studied photocatalysts. As
depicted in Fig. 4(a), the light absorption of compound 1 was
mainly in the range of 200-580 nm, whereas that of compound 2
was primarily in the range of 200-460 nm. Furthermore, band-gap
energies (E;) of 3.03 eV for compound 1 and 3.13 eV for
compound 2 were obtained using the Kubelka-Munk equation,
which indicated their semiconductor-like characteristics (Fig. 4(b)).
In addition, Mott-Schottky measurements were performed at the
frequencies of 1000, 2000, and 3000 Hz (Figs. 4(c) and 4(d)). The
flat-band potentials measured for compounds 1 and 2 were —0.72
and -0.76 V (vs. Ag/AgCl), respectively. The conduction band
lowest unoccupied molecular orbital (LUMO) energy values for
compounds 1 and 2 determined as —0.52 V vs. normal hydrogen
electrode (NHE) and —0.56 V vs. NHE indicated that both
compounds can thermodynamically complete the O, activation
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o

process (E(O,/O,") = —0.33 V vs. NHE). The highest occupied
molecular orbital energy levels were further calculated from the E,
and LUMO of compounds 1 and 2 as 2.51 V (vs. NHE) and 2.57 V
(vs. NHE), respectively. In addition, the electrochemical impedance
spectroscopy and transient photocurrent intensity of compounds 1
and 2 under visible-light irradiation were further evaluated to
explore their specific photovoltaic properties. The electrochemical
impedance spectrum (Fig. 4(e)) shows that compound 1 had a
smaller semicircle size than compound 2, indicating a higher
photogenerated electron-transfer efficiency for compound 1. As
shown in Fig. 4(f), both compounds 1 and 2 exhibited distinct
transient photocurrent responses over eight consecutive on-off
irradiation cycles, indicating a low recombination efficiency of the
photogenerated electron-hole pairs. Furthermore, compound 1
showed a significantly higher photocurrent than compound 2,
suggesting that compound 1 is more effective in photogenerated
charge separation and transfer.

3.4 Photocatalytic oxidative cleavage of aromatic alkenes

To assess the photocatalytic efficacy of the as-obtained catalysts, the

oxidative cleavage of aromatic alkenes to ketones was employed as a
model reaction. Specifically, 1,1-diphenylethylene (1a) was selected
as the model substrate for this evaluation. Initially, we performed
the reaction with 20 mg (3.3 mol%) of the catalyst (compounds 1
and 2) in 0.5-mL H,O at 1-atm O, under blue LED light for 24 h.
Compound 1 was superior to compound 2 with good efficiency,
generating 1b in 87% yield. We speculated that this outcome may
be attributed to the influence of cobalt having a 3d” electron
configuration on the coordination field via d-d transitions, which
enhanced the light absorption capacity of compound 1. Using a
catalyst composed of Co(NO;), and KBH(IM); ligands in a molar
ratio of 1:4, the yield of diphenyl ketone 1b was 64%. In contrast,
the yield was 50% when P,Mos((NH,)s[P,Mo050,;]) was used as the
catalyst. When a catalyst mixture of P,Mos;, Co(NOs), and
KBH(IM); ligands was employed, the yield was 70% (Fig. 5(a)).
Subsequently, different light sources, such as red, green, and white
LEDs, were tested in sequence, with blue light yielding the best
results. When the reaction was performed in the dark, no desired
product was detected (Fig. 5(b)). The use of other solvents,
including MeCN, dioxane, DMA, and THF, was found to be less

a ] b
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Figure4 (a) UV-vis DRS spectra of compounds 1 and 2; (b) band gap energy of compounds 1 and 2; Mott-Schottky plots of compounds 1 (c) and 2 (d); (e)
electrochemical impedance spectra of compounds 1 and 2; (f) transient photocurrent curves of compounds 1 and 2.
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efficient (Fig. 5(c)). Additionally, we screened the loading of
compound 1, and the yield increased to 91% with the use of 30 mg
(5 mol%) of compound 1, and the excessive catalyst notably
decreased the yield because of the generation of overoxidated
products (Fig. 5(d)). Thereafter, the effect of the light source power
on the yield was examined, and the yield was the highest when the
wattage reached 10 W (Fig. 5(e)). Finally, using compound 1 as the
catalyst and H,O as the solvent for time screening, a 91% yield of
1b was achieved after 24 h (Fig. 5(f)).

Under the optimized conditions, we proceeded to examine
various 1,1-diphenylethylene derivatives substituted with electron-
donating groups (Me) or electron-withdrawing groups (Cl, F)
(Table 1). The corresponding ketones were obtained in good yields
(81%-85%). Monosubstituted compounds bearing CH; or Cl
(entries 5 and 6) substituents were suitable, affording the desired

Catalyst, hv

products in 84% or 81% yields, respectively. The results indicated
that the electronic effectsof the substituents have a minor impact on
the catalytic efficiency. In addition, this protocol is also tolerant for
a-methyl styrene, as acetophenone and its CH; or Cl substituted
derivatives were generated with moderate yields (entries 7-9).
Significantly, dialene can feasibly form the desired dicarbonyl
compound with oxidative cleavage of the double C=C bonds (entry
10).

Moreover, the separability and recyclability of the catalyst played
crucial roles in the designed catalytic system. The reusability and
heterogeneity of compound 1 were evaluated using the
photocatalytic reaction of the oxidative cleavage of la to
benzophenone as the model. After three cycles, the catalyst was
easily separated from the reaction mixture by centrifugation.
Notably, no significant drop in yield was observed (first run, 91%;
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Figure5 (a) Influence of different catalysts; (b) light source effect; (c) solvent effect; (d) catalyst amount effect; (e) effect of photosource power; (f) reaction time profile.

Reaction conditions: 1a (0.2 mmol), O, balloon, catalyst and 0.5 mL solvents, 25 °C.

(B 7% 2w | Sci@pen

Tsinghua University Pre

9140087 (5 of 9)

Polyoxometalates, 2025, 4, 9140087


https://www.sciopen.com/article/10.26599/POM.2025.9140087
https://www.sciopen.com/article/10.26599/POM.2025.9140087
https://www.sciopen.com/article/10.26599/POM.2025.9140087
https://www.sciopen.com/article/10.26599/POM.2025.9140087
https://www.sciopen.com/article/10.26599/POM.2025.9140087
https://www.sciopen.com/article/10.26599/POM.2025.9140087
https://www.sciopen.com/article/10.26599/POM.2025.9140087
https://www.sciopen.com/article/10.26599/POM.2025.9140087

Wang et al.

Table 1 Scope of oxidative cleavage of aromatic alkenes®

JL Compound 1 (5 mol%), blue LED (400—-405 nm) 0
-
Ar” R’ 0.5 mL H,0, O, balloon, rt - Ar)LR'
a b
Entry Substrates Products Yield (%)°

2 85
o]
O
Cl Cloy Cl
3a 3b
(0]
F FF F
4a 4b
5 84

(0]
¢ JUC o
Cl Cl
6a 6b
0]
7a 7b
(0]
8a 8b
(0]
Cl Cl
9a 9b
o o
10a 10b

*1a (0.2 mmol), compound 1 (5 mol%), H,O (0.5 mL), O, balloon, at 25
°C, blue LED (400-405 nm, 10 W) for 24 h. * Yields were determined by 'H
NMR calibration using CH,Br, as internal standard. < MeCN:H,O (1:1, 1
mL).

second run, 89%; third run, 88%), demonstrating the excellent
cycling stability of compound 1. Additionally, the stability of
compound 1 during the reaction was further verified by comparing
the FT-IR spectra (Fig. 6(a)) and PXRD patterns (Fig. 6(b)) of the
fresh and used catalysts. No significant change was observed after
three cycles of reuse. In addition, the XPS spectra of compound 1
after three cycles of reuse were also observed, and the results
suggested that the valences of Co and Mo were maintained.

Notably, when the reaction was executed in ambient sunlight for
24 h, la was transformed to 1b smoothly in 70% yield, which
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Figure 6 (a) FT-IR spectra of compound 1 before and after catalysis; (b) the
PXRD patterns of compound 1 before and after catalysis; the XPS spectra of Co
2p (c) and Mo 3d (d) in compound 1 before and after catalysis.

further demonstrated the utility of the reaction (Fig. 7(a)). At the
same time, the 1-mmol-scale synthesis experiment was studied
under our reaction conditions, and the target product
benzophenone (1b) was obtained with a 61% yield (Fig. 7(b)).

We further conducted several control experiments to ascertain
the mechanism using 2,6-ditert-butyl-4-methyl phenol and 2,2,6,6-
tetramethylpiperidine-1-oxyl as radical scavengers at the optimum
conditions, respectively, and a trace product was obtained.
Moreover, when benzoquinone was added as the superoxide radical
scavenger, the reaction was almost suppressed (Fig. 8(a)). These
results suggest that the catalytic reaction proceeded via a radical
pathway, with the superoxide radicals serving as essential
intermediates. Moreover, electron paramagnetic resonance (EPR)
measurements were conducted using 5,5-dimethyl-1-pyrroline N-
oxide as a radical trapping agent to detect O, under both dark and
light conditions (Fig. 8(b)). The experimental results further
confirmed the generation of O, under light irradiation. On-off
light experiments for the oxidative cleavage of 1a to 1b revealed that
the transformation was negligible in the absence of visible-light
irradiation (Fig. 8(c)).

A hypothetical mechanism for the oxidative cleavage is proposed
based on the aforementioned results. As depicted in Fig. 9,
compound 1 can be excited by blue LED light to give the active
intermediate 1* [44], which can oxidize alkenes to furnish an alkene
radical cation with the generation of the radical anion 1.
Subsequently, radical anion 1 reduces O, to form a superoxide
radical anion along with the close of the photocatalytic cycle. Then,
the obtained superoxide radical anion can react with the alkene
radical cation to give a dioxetane intermediate via [2 + 2]

(a)

o
Compound 1 (5 mol%), 0.5 mL H,0, O, balloon
Sunlight, 3 days (8 h per day) O O

1a 1b, 70%
(b)
o
Compound 1 (5 mol%), blue LED (400-405 nm)
O O 2.5 mL H,0, O, balloon, rt, 72 h - O O
1a, 1 mmol

1b, 61%
Figure7 (a) Solar energy promoted synthesis of 1b; (b) 1 mmol scale
experiment.
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Figure 8 (a) Free radical trapping experiments: 1a (0.2 mmol), compound 1 (5
mol%), H,O (0.5 mL), O, balloon, 25 °C, blue LED (400-405 nm, 10 W) for 24 h;
yields were determined by 'H NMR calibration using CH,Br, as internal
standard; (b) EPR spectra for detecting of superoxide radical: spin trapping of O,~

with DMPO; (c) on/off light experiments of 1a.
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Figure9 A plausible mechanism for the photocatalytic oxidative cleavage of
aromatic alkenes.

cycloaddition [10], which is further transformed into a ketone
product by releasing formaldehyde.

4 Conclusions

In summary, a novel boron-imidazolate-based POM catalyst was
successfully established for the first time, offering an efficient and
convenient heterogeneous photocatalysis strategy to produce value-
added carbonyls via the aerobic cleavage of alkenes in aqueous
media. The oxidation proceeded under ambient O, at room
temperature, offering an atom-economical, environmentally
benign, and user-friendly method for alkene cleavage. Notably,
compound 1 possessed high efficiency and universality in the
preparation of carbonyls, enabling the successful preparation of a
diverse range of carbonyls with various functional groups.
Simultaneously, compound 1 can be readily separated through
simple centrifugation and recycled at least three times while
retaining its highly efficient catalytic activity. This work offers
valuable insights into the conception and fabrication of white-light-
responsive POMs as alternative photocatalysts for industrial
transformations.

Electronic Supplementary Material: Supplementary material
(crystal data, bond distances and angles, hydrogen bonds, bond
valence sum calculations, structural figures, FT-IR spectra, PXRD
patterns, TGA curves, 'H NMR, and GC-MS spectra) is available in
the online version of this article at https://doi.org/10.26599/
POM.2025.9140087.
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