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Abstract 

The Chan–Evans–Lam coupling refers to a valuable method for constructing C–O and C–N bonds under mild conditions. Nevertheless, the 

development of efficient and reusable heterogeneous catalysts remains limited. In this study, we investigated copper-based metal–organic 

frameworks as catalysts for C–O bond formation between 4-methoxyphenylboronic acid and phenol. The study revealed that HKUST-1 exhibited 

a significant enhancement in performance when compared to Cu-BDC, yielding up to 86% at room temperature and demonstrating superior 

accessibility of Cu2+ active sites. A systematic optimization of reaction parameters identified NEt3 as the most effective base, DCM as the optimal 

solvent, and a mild temperature increase to 40 °C as the key factor enabling a maximum yield of 94%. Studies on recyclability demonstrated 

that HKUST-1 exhibited high catalytic performance over multiple cycles without significant structural degradation, as confirmed by PXRD 

analysis. Overall, this work highlights HKUST-1 as an efficient, robust, and reusable heterogeneous catalyst for Chan–Evans–Lam C–O 

coupling, thus demonstrating its potential for sustainable synthetic applications. 
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1. Introduction  

The Chan–Evans–Lam coupling is a method for forming 

carbon–heteroatom bonds (C–N or C–O) between 

organoborons and nucleophilically functionalized compounds, 

such as amines or alcohols, using copper-based catalysts [1]. As 

its name implies, this reaction can be viewed as a unification of 

three separate transformations that operate via a similar 

mechanism. While all of them employed arylboronic acids as 

one of the coupling partners, their differences lay in the nature 

of the complementary partner nucleophile (Fig. 1). Dominic 

Chan’s group focused on aliphatic amines [2], David Evans’ 

group explored phenol-based compounds [3], and Patrick 

Lam’s group introduced aromatic amines [4]. The reaction 

proceeds under significantly milder conditions, frequently at 

room temperature and ambient atmosphere, compared to more 

established methods such as the Ullmann–Goldberg coupling 

and the Buchwald–Hartwig amination [5–8]. 

The Chan–Evans–Lam reaction is widely regarded as an 

oxidative coupling process, wherein two nucleophilic partners 

undergo coupling in place of the traditional electrophile–

nucleophile setup observed in classical cross-coupling reactions 

(Fig. 2) [9]. Copper-catalyzed Ullmann–Goldberg coupling 

reactions mostly operate under demanding conditions, requiring 

stoichiometric catalyst amounts in the presence of additional 

ligands, elevated temperatures, and prolonged reaction times 

[10–13]. The utilization of a palladium catalyst in the 

Buchwald–Hartwig amination negates some of these 

disadvantages while introducing several others, such as 

palladium’s toxicity, limited natural abundance, and high cost 

[14,15]. To address these challenges, the Chan–Evans–Lam 

proposed the substitution of aryl halides with arylboronic acids, 

thereby enabling the use of catalytic amounts of copper under 

much milder, stable, and less toxic conditions [16–18]. While 

the utilization of arylboronic acids serves to transform the 

reaction into an oxidative coupling, a process that requires the 

presence of an oxidant, atmospheric oxygen is typically 

sufficient to oxidize the metal complex [9,19]. 
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The Chan–Evans–Lam coupling is of significant importance 

in both organic and medicinal chemistry seeing that many 

biologically relevant molecules feature amine and/or ether 

linkages [20]. To illustrate this, coumarin is a pivotal building 

block for numerous pharmacologically active compounds and 

can be synthesized via O-arylation [21,22]. Nucleosides such as 

inosine and guanosine that regulate metabolic pathways can 

also be obtained through N-arylation of purine-based 

nucleosides [23,24]. Another example is berberine, a bioactive 
alkaloid employed in modern medicine for its antimicrobial and 

anti-inflammatory properties, which can also be synthesized 

through this reaction strategy [25,26]. Overall, the versatility of 

the Chan–Evans–Lam coupling in forming C–N and C–O bonds 

underscores its significance as a synthetic tool for constructing 

biologically active molecules. Its broad substrate scope and 

mild reaction conditions render it particularly valuable for 

applications in both pharmaceutical synthesis and drug 

discovery. 

 

 

Fig. 1. Classical Chan-Evans-Lam C-N and C-O coupling reactions using 

homogeneous copper catalysts 

 

Fig. 2. Classical and oxidative coupling comparison 

Extensive studies of Chan–Evans–Lam frequently employ a 

homogeneous catalytic system. This approach is constrained by 

difficulties related to the recovery and recyclability of the 

catalyst [54,56,60,61]. Therefore, heterogeneous catalysts are 

often favored over their homogeneous counterparts to address 

sustainability concerns. Metal–organic frameworks (MOFs) 

have been identified as holding significant potential as 

heterogeneous catalysts for the Chan–Evans–Lam coupling 

reaction. The catalytic activity exhibited by these materials can 
be attributed to the presence of accessible metal active sites and 

organic linkers within a porous framework that provides a high 

surface area [27,74]. This combination of hybrid inorganic–

organic building blocks that form coordinated porous 

frameworks, in conjunction with the intrinsic rigidity of its 

structures, opens a wide range of potential functional properties 

[28]. Furthermore, the capacity to recover and reuse MOFs, 

after the reaction process, enhances their economic and 

environmental advantages [29]. Copper-based MOFs, such as 

HKUST-1 and Cu-BDC, have been extensively utilized in 

various organic transformations, such as oxidative cyclization 

[30], Suzuki coupling [31], alcohol oxidation [32], and 

organoboron homocoupling [33]. The distinction between 

HKUST-1 and Cu-BDC arises from the nature of their organic 

linkers, which significantly affect the resulting framework 

morphology. HKUST-1 is constructed from 1,3,5-benzene 

tricarboxylic acid (BTC), forming a highly porous three-

dimensional structure, while Cu-BDC is based on 1,4-benzene 

dicarboxylic acid (BDC), yielding a more planar coordination 

network [34–36]. Both MOFs exhibit unfavorable catalytic 

performance under moist conditions [49,62], a similar 

phenomenon to that observed in Chan–Evans–Lam coupling 

reactions [63]. The process of the Chan–Evans–Lam coupling 

is typically characterized by a Cu(II)/Cu(III) cycle in which this 

cycle involves the transmetalation of the arylboronic acid to a 

Cu(II) species, followed by oxidation to a Cu(III) intermediate 

and subsequent reductive elimination resulting in the formation 

of the C–N or C–O bond [1]. The catalytic cycle is determined 

by several factors, including accessibility of the copper centers 

[64], the rate of transmetalation [65], and the stability of high-

valent Cu(III) species [66]. In heterogeneous systems, these 

factors are governed by the porosity, substrate diffusion, and 

metal site exposure. 

 

Fig. 3. Previous studies on Chan-Evans-Lam C-O coupling reactions 

catalyzed by Cu-MOF materials 

The utilization of MOF for C–N based Chan–Evans–Lam 

reaction has been extensively studied [37–40]; however, its C–

O variants remain relatively underexplored. The use of 

HKUST-1 and Cu-BDC in the Chan–Evans–Lam coupling 

reaction has been documented in numerous reports. A review of 

the existing studies on their catalytic applications indicates a 

considerable potential for the enhancement of reaction 

efficiency and product yield. Anbu and Dhakshinamoorthy 

investigated the Chan–Evans–Lam coupling between 

arylboronic acids and benzimidazole employing HKUST-1 as a 

catalyst, achieving up to 93% yield of the desired C–N coupling 

product [41]. Nonetheless, the methodology employed by these 
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researchers did not extend to the formation of C–O bonds. In a 

subsequent study, Muñoz et al. employed HKUST-1 to catalyze 

reactions between arylboronic acids and aniline or phenol, but 

the obtained product of the C–O coupling only reached 27% 

(Fig. 3) [42]. Meanwhile, Khosravi et al. reported a Cu-BDC 

catalyst modified with a BPY ligand for the purpose of 

facilitating coupling reactions between arylboronic acid and 

aniline to yield the C–N coupling product. The introduction of 

the BPY ligand has been demonstrated to enhance the three-
dimensional morphology of the Cu-BDC framework, thereby 

improving reactant accessibility to the Cu²⁺ active sites [43]. As 

such, this prompted us to further explore the potential of these 

catalysts for the C–O variant of the Chan–Evans–Lam coupling. 

This study builds upon prior studies on the use of HKUST-

1 and Cu-BDC as catalysts in the homocoupling of arylboronic 

acids and its subsequent protodeboronation studies [33,44]. The 

present work focuses on the optimization of the HKUST-1 

catalytic system to promote C–O bond formation via the Chan–

Evans–Lam reaction. 

 

2. Materials and Methods 

 

2.1. Material 

 

The materials utilized in this study include 4-

methoxyphenylboronic acid (Sigma-Aldrich, 95%), acetonitrile 

(Sigma-Aldrich, gradient grade for liquid chromatography), 

dichloromethane (Sigma Aldrich, 99.8%), dimethylformamide 

(Sigma-Aldrich, ACS Grade), ethyl acetate (Sigma-Aldrich, 

99%), n-hexane (Sigma-Aldrich, 99%), phenol (Sigma-Aldrich, 

99%), potassium carbonate (Merck, 99%), synthesized Cu-

BDC, synthesized HKUST-1, toluene (Sigma Aldrich, 99.8%), 

triethylamine (Sigma-Aldrich, 99.5%). 

 

2.2. Chan–Evans–Lam coupling with Cu-MOF 

 

The present procedure was adapted from the original Evans 

et al. method and the previously reported Muñoz et al. method 

in which HKUST-1 was used as the catalyst [3,42]. In a 

glovebox under a nitrogen atmosphere, 0.15 mmol of phenol 

was added into a dried Schlenk tube already equipped with a 

stirring bar. The tube was then sealed by means of a rubber 

septum prior to be transferred outside of the glovebox. 

Following the connection of the tube to a Schlenk line, 0.1 

mmol of 4-methoxyphenylboronic acid was added, along with 

10–30 mol% of HKUST-1 or Cu-BDC catalyst previously 

synthesized in accordance with the reported literature from 

Lestari et al. and Carson et al. [34,75]. The reaction was then 

completed with 2 equivalent of base and 3 mL of solvent. 

Subsequently, the reaction mixture was subjected to stirring 

following the completion of the requisite evaluation of the time 

and temperature. The solvent was then separated from the 

catalyst using a centrifuge after which it was evaporated in 

vacuo. The removal of solvent from the catalyst was performed 

by means of a CenLee 200K centrifugator at 8000 rpm for 

duration of five minutes. Subsequently, the catalyst underwent 

a washing comprising three cycles of centrifugation. The 

obtained supernatant was concentrated in vacuo using a rotary 

evaporator at a maximum temperature of 40°C. The residue was 

then purified by means of column chromatography on silica gel. 

This procedure entailed the use of hexane for the removal of any 

residue prior to the isolation of the desired coupling product. 

The latter was obtained through the use of a mixture of hexane 
and ethyl acetate in a ratio of 8:2. 

2.3. Characterization 

High-angle X-ray diffraction patterns were obtained on a 

Rigaku Miniflex 600 D/teX Ultra diffractometer with Cu Kα 

radiation. Infrared spectra were recorded on a Nicolet 380 FT-

IR spectrometer as solids, using an ATR unit, and reported in 

cm-1. GC-MS analyses were performed using an Agilent 7890A 

gas chromatograph (column: DB-5MS 5% 

phenylmethylsiloxane, 30 m, Ø 0.25 mm, film 0.25 μm; 

*injector: 200 °C; oven: 40 °C (2 min), 40 °C to 280 °C (20 °C 

min-1) (5 min) *; carrier gas: He (1 mL min-1) equipped with an 

Agilent 5977B GC/MSD operating in EI mode. 

NMR spectra were recorded at 298 K using a Bruker Avance 

I 500 (1H NMR, 500 MHz) spectrometer. The chemical shift of 

the 1H NMR are reported as a function of TMS with the 

reference made via the residual proton resonances of the 

relevant deuterated solvent (CDCl3: 7.26 ppm) 

 

(1-methoxy-4-phenoxybenzene) 1H NMR (500 MHz, CDCl3) 

δ = 7.29 (dd, 2H, 3JH,H = 8 Hz, 3JH,H = 7 Hz; Ar-H), 7.04 (t, 1H, 
3JH,H = 7 Hz; Ar-H), 6.98 (d, 2H, 3JH,H = 9 Hz; Ar-H), 6.94 (d, 

2H, 3JH,H = 8 Hz; Ar-H), 6.88 (d, 2H, 3JH,H = 9 Hz; Ar-H), 3.81 

(s, 3H, OCH3); GCMS: [t = 10.936 min] m/z: 199.9 [M]+. 

Spectoscopy data matched those in the literature [59]. 

 

3. Results & Discussions 

 

The selection of a suitable catalyst system between HKUST-1 
and Cu-BDC for this reaction was first evaluated. It was 

hypothesized that both catalysts would be suitable for the 

reaction, as previous studies have reported the formation of 

Chan–Evans–Lam side products on a homocoupling of 

arylboronic acids in the presence of cyclohexamine bases 

[45,46]. Utilizing the coupling between 4-

methoxyphenylboronic acid and phenol in an open-air condition 

as a model system, we examined the reaction under varying 

catalyst loadings (see Table 1). Control experiments conducted 

in the absence of either Cu-MOF produced no detectable 

amount of the desired coupling product (see Table 1, entries 1 

& 5). When 30 mol% of each catalyst was introduced, the 

reaction proceeded with results, affording the yields of 86% 

with HKUST-1 and 40% with Cu-BDC (Table 1, entries 2 & 6), 

with confirmation of the coupling product conducted via GCMS 

and 1H-NMR (Fig. 4). A clear trend was observed when the 

catalyst loading was reduced by 10 mol%, as the yield of the 

coupling product decreased accordingly (see Table 1, entries 3–

4 & 7–8). While a linear correlation between catalyst loading 

and reaction yield might be anticipated for an ideal first-order 

dependence on catalyst concentration, the present system likely 

deviates from strict linearity. In heterogeneous MOF-catalyzed 

reactions, factors such as substrate diffusion within the porous 

framework, partial occupation of active sites, and catalyst–

substrate contact efficiency can influence the apparent reaction 

rate [67]. At higher catalyst loadings, the increased  density of 

exposed Cu2+ centers has been shown to increase the probability 

of effective transmetalation and formation of high-valent 

Cu(III) intermediates, thereby accelerating productive catalytic 

cycles. The enhanced performance of HKUST-1 could be 

attributed to its structure, where the open and more accessible 

Cu2+ reactive sites within HKUST-1 framework facilitate 

substrate coordination and activation more efficiently than the 

more sterically restricted Cu2+ centers present in Cu-BDC [47]. 

Several studies have reported that Cu-BDC has the capacity to 

undergo structural rearrangement when its coordinating 
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solvents are removed, whether through heating, solvent 

exchange, or even simple recovery after multiple catalytic 

cycles. In such conditions, the framework tends to collapse into 

a more compact structure, in which Cu and O atoms from 

adjacent sheet-like layers form new bonds, thereby restricting 

the access of the metal centers to external molecules [34,48–

51]. Given that Chan–Lam coupling relies on various copper 

oxidation state cycling, the redox flexibility of HKUST-1, in 

which partial formation of Cu+ species from Cu2+ paddle-wheel 
units under reaction conditions has been reported, may facilitate 

the attainment of a high catalytic product yield [68]. Given the 

requirement of molecular oxygen in Chan–Evans–Lam 

coupling, the porosity of HKUST-1 and its coordinatively 

unsaturated Cu site have been known to enhance oxygen 

diffusion during the catalytic reaction [33,69,70]. Therefore, 

HKUST-1 was selected as the catalyst for subsequent 

experiments. 

Having identified the best catalyst for the reaction, we then 

examined the influence of several parameters, including the 

selection of bases, solvents, temperatures, and reaction times 

(see Table 2). The addition of a base was found to be pivotal for 

the reaction to proceed. In its absence, no coupling product was 

observed (see Table 2, entry 1), whereas introducing a base 

enabled the desired product formation. This observation is 

consistent with the findings of Duparc et al., who reported that 

bases play a crucial role in enhancing product yields by 

activating the nucleophile, whether an amine or an alcohol, 

through deprotonation process [52]. Similar conclusions were 

drawn in previous studies employing HKUST-1 and Cu-BDC-

BPY, which likewise demonstrated the necessity of a base for 

efficient coupling [41,43]. West et al. further proposed that the 

base functions to neutralize intermediates formed during the 

disproportionation step of the Chan–Evans–Lam mechanism, 

thereby preventing re-protonation of the deprotonated 

nucleophile and facilitating productive catalysis [1]. 
 
Table 1. Screening of both Cu-MOF catalysts type on the Chan–Evans–Lam 

coupling reactiona 

 

No. 
Catalyst loadings 

(mol%) 
Catalyst Yieldb (%) 

1 - 

HKUST-1 

- 

2 30 86 

3 20 44 

4 10 23 

5 - 

Cu-BDC 

- 

6 30 40 

7 20 32 

8 10 14 

aReaction conditions: 4-methoxyphenylboronic acid (0.1 mmol), phenol (0.15 
mmol), and Cu-MOFs catalysts (0 – 30 mol%). bIsolated yields by column 

chromatography.

  
 

 
Fig. 4. (a) GC, (b) MS, and (c) 1H-NMR spectra of the Chan-Evans-Lam product: 1-methoxy-4-phenoxybenzene 

(c) 
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The present study examined the influence of both inorganic 

and organic bases, each of which has been previously reported 

to facilitate a decent product formation in Chan–Evans–Lam 

couplings. It was observed that NEt3—an organic base—

provided a substantially higher yield in comparison to the 

inorganic base K2CO3 (see Table 2, entry 2 & 3). This 

distinction may be attributed to the limited solubility of 

inorganic bases within the reaction solvent, which can reduce 

their effectiveness in facilitating nucleophile phenol activation 
and, by extension, the overall rate of product formation. Based 

on these results, NEt3 was selected as the base for the 

subsequent stage of the research. 

Table 2. Screening of bases, solvents, temperature, and reaction time on the 

Chan–Evans–Lam couplinga 

 

No. Base Solvents Temp (°C) Time (h) Yieldb (%) 

1 - DCM r.t. 24 - 

2 NEt3 DCM r.t. 24 86 

3 K2CO3 DCM r.t. 24 45 

4 NEt3 acetonitrile r.t. 24 42 

5 NEt3 DMF r.t. 24 57 

6 NEt3 toluene r.t. 24 75 

7 NEt3 DCM 40 24 94 

8 NEt3 DCM 60 24 13 

9 NEt3 DMF 60 24 trace 

10 NEt3 DCM 40 24 68c 

11 NEt3 DCM 40 15 70 

12 NEt3 DCM 40 6 34 

aReaction conditions: 4-methoxyphenylboronic acid (0.1 mmol), phenol (0.15 
mmol), and HKUST-1 (30 mol%). bIsolated yields by column chromatography. 
cIn the presence of Cu-BDC (30 mol%) as the catalyst. 

 

Several solvents were selected based on their polarity and 

their relevance in previous studies. Polar protic solvents were 

avoided, as our previous studies indicated that they could 

promote undesired side reactions of arylboronic acids, such as 

hydroxylation of the C–B bond [33,44]. The utilization of 

acetonitrile and DMF yielded moderate yields of 42% and 57%, 

respectively (see Table 2, entries 4 & 5). In contrast, toluene 

yielded a significantly enhanced outcome, yielding the desired 

coupling product in a 75% yield (Table 2, entry 6), though it 

was still lower than the yield obtained previously with DCM. 

This trend can be attributed to the coordination nature of DMF 

and acetonitrile, in which their O and N atom lone pairs can 

interact with the open metal sites of HKUST-1. This interaction 

potentially occupies the coordination environment, thereby 

hindering substrate access to the catalytic Cu2+ centers [47,49]. 

Within the pores of HKUST-1, it is proposed that DCM 

molecules can access the internal framework more effectively 

due to their smaller size and lower steric bulk compared to 

toluene. This may contribute to the superior catalytic 

performance as observed. In addition, the slightly polar nature 

of DCM offers a more favorable balance between solubility of 

the starting materials and its reactivity, allowing the 

components to dissolve efficiently while preserving high 

catalytic activity. Whereas the nonpolar feature of toluene has 

the capacity to suppress the effect of unwanted 

protodeboronation products from organoborons which could 

result in a comparable yield to that the desired reaction, which 

is more favorable [71,72]. 

Room temperature proved sufficient to facilitate the 

reaction, as most Chan–Evans–Lam couplings are recognized 

to proceed under ambient conditions. However, the objective 

of this study was to determine whether a modest increase in 

thermal energy could further enhance the reaction efficiency, 

as several studies have reported improved outcomes at elevated 

temperatures [53–56]. As the reaction temperature was 

elevated to 40 °C using a silicone oil bath, the yield increased 

substantially to 94% (see Table 2, entry 7). This temperature 

was selected to remain close to the boiling point of DCM, 

thereby enabling gentle heating without compromising the 

solvent system. Following this, the reaction temperature was 

elevated to 60 °C while all other conditions remained constant. 

At this higher temperature, however, the arylboronic acid 

became more prone to protodeboronation, resulting in a 

significant decrease in the desired product formation (see Table 

2, entry 8). Increasing the temperature enhances the interaction 

of the arylboronic acid species with the Cu2+ sites of HKUST-

1, which could promote the desired C–O bond formation at a 

faster rate. However, as the temperature increased further, the 

Cu–aryl species became susceptible to fast protonolysis from 

weak proton sources rather than the desired pathway as its 

activation barrier was easier to reach [73]. Consequently, the 

unfavorable and irreversible protodeboronation pathway 

predominates at 60 °C, leading to reduced coupling yields. This 

finding is in line with our previous study that deeply explored 

the protodeboronation aspect using HKUST-1 as the catalyst 
[44]. As a confirmation, we conducted the reaction in DMF, 

which possessed a significantly higher boiling point to 

withstand the applied temperature. However, the results still 

demonstrated a trace amount of protodeboronated byproduct, 

with only trace amounts of the desired coupling product being 

detected (see Table 2, entry 9). We also applied the newfound 

parameter to the previously conducted reaction with Cu-BDC, 

which resulted in a moderate improvement in yield, reaching 

up to 68% (see Table 2, entry 10). Although Cu-BDC exhibits 

a larger increase in yield upon increasing the temperature (see 

Table 1, entry 6 and Table 2, entry 10), this behavior is likely 

to reflect the alleviation of kinetic and mass-transfer limitations 

associated with its more planar coordination framework and 

restricted Cu2+ site accessibility [29]. Mild thermal activation 

enhances substrate diffusion and may partially increase 

framework flexibility, thereby facilitating the reaction more 

readily. In contrast, HKUST-1 possesses intrinsically 

accessible Cu2+ sites within its three-dimensional porous 

structure, enabling efficient catalysis already at ambient 

temperature and resulting in only a modest relative 

improvement upon heating despite higher absolute yields [49]. 

The final parameter we examined was reaction time, and a clear 

trend emerged as shorter reaction times led to noticeably 

reduced yields (see Table 2, entries 11 & 12). 

To evaluate the reusability of HKUST-1, three successive 

runs of the model reaction were performed with the temperature 

elevated to a slight degree. These consecutive reactions were 

found to yield the Chan–Evans–Lam product with consistently 

high efficiency, exhibiting only a slight decline across cycles 

(Fig. 5). The PXRD patterns of pure HKUST-1, as well as the 

first, and the second reuse cycles, demonstrate that the 



444 Sidik et al. / Communications in Science and Technology 10(2) (2025) 439–446   

characteristic diffraction peaks of HKUST-1 are largely 

retained throughout multiple catalytic cycles (see Fig. 6). The 

preserved peak positions and overall peak profiles indicate that 

the crystalline framework of HKUST-1 remains structurally 

intact after being subjected to repeated reaction conditions. 

 

 

 

Fig. 5. Recyclability study of HKUST-1 over three consecutive runs of the 
Chan–Evans–Lam reaction between 4-methoxyphenylboronic acid (0.3 

mmol) and phenol (0.45 mmol). Reaction yields were determined after 

purification by column chromatography 

Minor variations in peak intensity can be observed in the 

reused samples as these changes are commonly attributed to 

surface adsorbates, partial pore blockage, or slight loss of 

crystallinity rather than framework collapse [57,58]. 

 

Fig. 6. PXRD patterns of pure and recycled HKUST-1 over three consecutive 
runs 

 

Consistent with these observations, our previous research 

demonstrated negligible copper leaching from HKUST-1 under 

comparable reaction conditions, as determined by AAS. This 

result provides further evidence for the structural stability of 

the framework and the retention of active copper sites during 

catalysis [44]. Overall, the PXRD data confirm that HKUST-1 

exhibits excellent structural stability and is suitable for reuse in 

Chan–Evans–Lam coupling reactions. 

 

4. Conclusion 

 

In summary, this present study demonstrated that HKUST-

1 served as an effective heterogeneous catalyst for promoting 

C–O bond formation in the Chan–Evans–Lam coupling 

between 4-methoxyphenylboronic acid and phenol. A 

comparative evaluation with Cu-BDC revealed that the 

superior catalytic efficiency of HKUST-1 arose from its more 

accessible Cu2+ active sites and greater structural robustness, 

enabling more efficient substrate coordination. A systematic 

optimization of reaction parameters established that the use of 

NEt₃ as a base, DCM as the preferred solvent, and a mild 

elevation of temperature to 40 °C collectively provided the 
highest yields, achieving up to 94% of the desired coupling 

product. The recyclability studies further confirmed the 

practical applicability of HKUST-1 in heterogeneous catalysis. 

Across three consecutive reaction cycles, the catalyst exhibited 

consistently high product yields with only minimal 

performance loss, while PXRD analysis verified that the 

structural integrity of the MOF remained intact. The results of 

this study emphasize the potential of HKUST-1 as a sustainable 

and reusable catalytic platform for Chan–Evans–Lam 

couplings, offering an environmentally friendly catalyst to its 

traditional homogeneous copper systems. Overall, this work 

provides a valuable contribution valuable to the field by 

offering novel insight into the area of MOF-based catalytic 

optimization. Furthermore, it establishes a foundation for the 

expansion of the use of HKUST-1 to encompass a more 

extensive range of carbon–heteroatom bond-forming 

transformations. Further expansion of the substrate scope will 

be explored in future studies. 
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