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ABSTRACT 
Hydrothermal-assisted Copper oxide (CuO) nanocatalyst, which is found to be an efficient heterogeneous catalyst for 
the synthesis of amides through oxidative amidation of benzyl amine, styrene, and phenyl acetic acid with DMF as an 
amine source, respectively. The prepared CuO was further investigated using XRD, FTIR, and TEM which resulting 
monoclinic structure with a 27 nm was formed without impurities. Various substituted benzyl amines, styrenes, phenyl 
acetic acids, and formamides are well amidation and afforded the various N, N-substituted benzamides in moderate to 
good yields. The synthesized CuO nanocatalyst showed high reactivity with significant reusability for the synthesis 
of amides.    
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INTRODUCTION 
The production of amides is one of the vital tools in synthetic organic chemistry, 1because amides are unique 
functional groups and well recognized by nature. Amides are prevalent intermediates in the synthesis of 
biological molecules, drugs, peptide synthesis, proteins, and natural products.2 Recently, it has been 
reported that 50 % of all drug compounds have at least one amide bond linkage; during the drug discovery 
16 16 16% of all reported reactions are amide bond formation.3 In addition, amides have revealed significant 
applications in several fields, including natural products, biomolecules, agrochemicals, functional 
materials, colour pigments for inks, lubricants, intensifier of perfume, and polymer synthesis.4 Due to their 
favourable applications of amides, a series of simple and efficient methods has been highly needed.5 
Conventionally, amides are constructed by the coupling of amines with carboxylic acids and their 
derivatives.6 However, in the reaction process, highly amount of activated reagents was required for the 
activation of carboxylic acids, which led to lower atom economy. Other alternative synthetic approaches, 
including rearrangement of aldoximes,7 carbonylation of alkenes8 and alkynes,9 cross-coupling of 
formamides with organohalides,10 amidation of thioacids,11 hydration of nitriles,12acylation of aldehyde and 
alcohols with amines,13 were also developed for the amides synthesis. Unfortunately, all these methods 
suffer from some limitations, such as the production of excessive waste, harsh reaction conditions, and less 
readily available starting substrates. In recent years, DMF has emerged as an attractive tool for amide 
synthesis because it offers an amine (–NH2) source,14 and as well as it acts as a good precursor for–CO, -
CH3, -O, -CO(NH3)2. Moreover, many organic reactions were carried out with DMF used as a polar 
solvent.14 In this regard, DMF was well coupled with various starting substrates such as aldehydes, benzyl 
alcohols, carboxylic acids, and toluenes to afford the amides in moderate to good yields by the researchers.15 

After literature survey, amidation of benzyl amines, aryl alkenes, and phenylacetic acids with DMF has 
been rarely reported. In continuation of our research work herein, we wish to propose a simple and efficient 
protocol for the synthesis of amides from direct amidation of benzyl amines, aryl alkenes, and phenylacetic 
acids with DMF in the presence of copper as a nanocatalyst at 90 ℃. 
 

EXPERIMENTAL 
All of the compounds were commercial grade and used without further purification. Organic extracts were 
dried over anhydrous Na2SO4. Solvents were removed in a rotary evaporator under reduced pressure. Silica 
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gel (100−200 mesh size) was used for the column chromatography. Reactions were monitored by TLC on 
silica gel 60 F254 (0.25 mm). NMR spectra were recorded in DMSO-d6 with tetramethyl silane as the 
internal standard for proton NMR (400 MHz) and DMSO-d6 solvent as the internal standard for 13C NMR 
(100 MHz). LC-MS spectra were recorded using ESI mode. IR spectra were recorded in KBr pellets. 
 

Preparation and Characterization of Nanocatalyst 
The nanocatalyst Copper oxide (CuO) was obtained from a sonochemical approach using copper acetate as 
precursor. In brief, 100 mL of 0.25M [Cu(CH3COO)2] was stirred for 15 minutes, followed by the addition 
of 100mL NaOH (0.1M) and was further stirred for 30 min. A pinch of sodium borohydride was added to 
the reaction mixture and allowed to stir for 30 min. Then this mixture was transferred into Teflon-lined 
stainless steel and hydrothermally heated in an autoclave at 180 oC for 24h. The dark precipitate was formed 
as CuO, which was washed thoroughly with water and ethanol finally dried in a vacuum at room 
temperature. Further, the studies were conducted on a prepared nanocatalyst using XRD, TEM, and FTIR. 
 

RESULTS AND DISCUSSION 
Figure-1 shows the XRD pattern, shown corresponds to CuO, displaying characteristic peaks at specific 2θ 
values of 360, 390, 490, and 630. These peaks can be indexed to the (002), (111), (220), and (311) planes, 
confirming the crystalline nature of CuO and its monoclinic structure, which was compiled with standard 
JCPDS (File No. 45-0937).16 There were no impurity peaks observed for CuO NPs. The average crystallite 
size of as-prepared CuO NPs was calculated by the Debye-Scherrer equation (kλ/βcosθ) and found to be 
27.62 nm. 

 
Fig.-1: XRD Patterns of Prepared CuO NPs 

 

As shown in Fig.-2, the FTIR spectrum of CuO shows characteristic absorption bands that confirm the 
formation of CuO. Peaks at around 621 cm-1, 586 cm-1, and 536 cm-1 correspond to the Cu–O stretching 
vibrations, indicative of CuO's monoclinic structure.16-17 The broad absorption in the 3500–3000 cm¹ range 
corresponds to O–H stretching vibrations, likely due to adsorbed water or hydroxyl groups on the surface.17 

 

 
Fig.-2: FTIR Spectrum of Prepared CuO NPs 

 

Figure-3 displays the TEM images that represent the morphology of synthesized CuO nanoparticles. The 
image on the left, at a scale of 500 nm, highlights the dispersed, well-defined nanostructures, indicating 
uniform particle distribution. The CuO nanoparticles exhibit irregular, quasi-spherical shapes with clear 
boundaries. The image on the right, at a higher magnification (100 nm scale), provides insights into the 
surface texture, showing agglomerated structures likely due to interparticle interactions. This aggregation 
could be attributed to the intrinsic high surface energy of CuO nanoparticles.17 
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Fig.-3: TEM Images of Prepared CuO Nanoparticles  

 

Synthesis of Amides and Their Derivatives 
The optimized conditions for this reaction were determined using alkene (1a) and N, N-dimethylformamide 
(2a) as model substrates. Initially, 1a was reacted with 2a in the presence of 5 mol% TBAI as a catalyst and 
3 equivalents of TBHP as an oxidant at 90 ℃ for 15 hours, yielding the corresponding product 3a in 34% 
yield (Table-1, entry 1). Various catalysts, including a, b, and c, were screened for improved efficiency 
(Table-1, entries 2–4). Subsequently, other oxidants such as DTBP, TBPB, m-CPBA, and K2S2O8 were 
evaluated. Among these, TBHP was identified as the most effective oxidant, providing a moderate yield 
(Table-1, entries 2–5). When the catalyst loading was increased to 10 mol%, the yield of product 3a 
improved to 64% (Table-1, entry 6). Notably, increasing the catalyst loading to 20 mol% resulted in a 
significant improvement, yielding 3a in 91% (Table-1, entry 7). However, further increasing the catalyst 
loading to 25 mol% did not lead to a substantial improvement in yield (Table-1, entry 8). These results 
indicate that 20 mol% of TBAI is optimal for this reaction.  
 

Table-1: Optimized Conditions for the Synthesis of Amides 

NH2
H N

O
O

N

1a 2a 3a  
S. No Catalyst 

(mol% %) 
Oxidant 

(Eq.) 
Temperature 

(T ℃) 
Yieldsa 

(%) 
1 TBAI (5) TBHP (3) 90 34 
2 TBAI (5) DTBP (3) 90 Trace 
3 TBAI (5) TBPB 90 Trace 
4 TBAI (5) m-CBPA 90 Trace 
5 TBAI (5) K2S2O8 90 15 
6 TBAI (10) TBHP 90 64 
7 TBAI (20) TBHP (6) 90 93 
8 TBAI (25) TBHP 90 87 
9 TBAI (20) TBHP (5) 90 85 

10 TBAI (20) TBHP (2) 90 71 
11 TBAI (20) TBHP (3) 100 88 
12 TBAI (20) TBHP (3) 120 83 
13 TBAI (20) TBHP (3) 130 81 
14 TBAI (20) TBHP (3) 150 74 
15 TBAI (20) ---- 90 Trace 
16  TBHP (3) 90 Trace 

aReaction conditions: benzyl amine 1a (1.8 mmol), N, N-Dimethylformamide (4 ml), catalyst (20 mol% %), oxidant 
(3eq.) at 90 ℃ for 15 h. Isolate yields 
 

To further enhance the reaction yield, the oxidant quantity was increased to 5 equivalents; however, this 
resulted in unsatisfactory yields (Table-1, entry 9). Similarly, reducing the oxidant quantity to 2 equivalents 
led to a lower yield of the product (Table 1, entry 10). The influence of temperature on the reaction was 



 
Vol. 18 | No. 3 |1581-1589| July-September | 2025 

1584 
COPPER OXIDE CATALYZED AMIDES FROM OXIDATIVE AMIDATION                               D.V.R. Vasupavani and Sudhakar Chintakula 

also investigated (Table-1, entries 11–14), revealing that higher temperatures resulted in decreased yields. 
No reaction was observed in the absence of either the catalyst or the oxidant (Table-1, entries 19–20). Based 
on these findings, the optimized reaction conditions were established as follows: 1.8 mmol of benzylamine 
(1a), 4 mL of N, N-dimethylformamide (2a), TBAI (20 mol%), and TBHP (3 equivalents) at 90 ℃ for 15 
hours. 
Moreover, a series of solvents were tested for better performance on reaction yield (Table-2, Entries 1-5). 
Unfortunately, DCE, Toulene, EtOH, and H2O were not giving satisfactory yields (Entries 2-5). However, 
CH3CN furnished a reasonable yield then to other solvents (Entry 1). 
 

Table-2: Solvent Screening 
S. No. Solvent Yields 

1 CH3CN 67 
2 DCE 45 
3 Toulene 42 
4 EtOH 11 
5 H2O Trace 

 

With optimized conditions in hand, we started to investigate the scope of the reaction between various 
benzyl amines and DMF; all results are summarised in Table-2. Initially, neutral benzyl amine 1a was easily 
reacted with DMF and provided the N, N-dimethyl benzamide 3a in 94% good yield (Table-2, 3a). Benzyl 
amine bearing electron-donating groups such as p-methyl, p-methoxy, m-methyl, and m-methoxy substrates 
could be coupled with DMF to deliver the desired products in good yields (Table-3.3c,3d, 3f, and 3g). 
While o-substituted benzyl amines furnished the respective products in 83% and 82% yields (Table-3, 3b-
3e). Encouraged by these results, we tested several halogen-substituted benzyl amines, such as -Cl and –F, 
were produced the amide products in moderate yields (Table-3, 3h-3k). But, chlorine ato-position of benzyl 
amine is slightly involved in the reaction and delivers the corresponding product in a lower yield than meta 
and para-substituted reactants (Table-3, 3k). Hetero aryl methyl amine could be efficiently converted to the 
desired amide product in 88% yield (Table-2, 3l). 
 

Table-2: Amidation of Various Benzylamines with DMF 
 

 
 

 
 

3a, 91% 
 

3b, 83% 
 

3c, 88% 
 

3d, 85% 

 
 

3e, 82% 

 
 

3f,86% 
 

3g, 84% 

 
 

3h, 79% 
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3i, 76% 

 
 

3j, 83% 
 

 
 

3k, 72% 

 
 

3l, 88% 

 

Further, we extended the scope of this method to a series of alkenes were tested for amides synthesis (Table-
3). Alkene has different electron natures of functional groups on aromatic ring, which undergoes Amidation 
with moderate to good yields. With electron-rich (methyl and methoxy) groups at para/meta/ortho positions 
of the aromatic ring of alkene smoothly coupled and afforded their amide products in good yields (Table-
3, 5b-5e). Strong electron deactivating substituent-nitro provided the corresponding product in lesser yield 
(Table-3. 5f). Halogen functional groups at ortho-position resulted in comparatively lesser yields of 
products than para-substituted alkene, due to the steric crowding (Table-3, 5g-5j). Furthermore, hetero aryl 
alkenes smoothly converted to their respective products in good yields under the optimized conditions 
(Table-3. 5k-5l). 
 

Table-3: Substrate Scope of the Various Alkenes 

 

 
5a,88% 5b, 87% 

 
5c, 84% 

 
5d, 80% 

 
5e, 85% 

 
5f, 63% 

 

 
5g, 69% 

 
5h, 66% 

 
5i, 73% 

 
5j, 75% 

 
5k, 85% 

 
5l, 83% 

 
Next, we also studied the reactivity of various phenyl acetic acids for the synthesis of amides under the 
above-optimized conditions. To our delight, all phenyl acetic acids were well amidation with DMF, 
affording the corresponding amide products in satisfactory yields (Table-4). Methoxy and methyl-
substituted phenyl acetic acids were smoothly involved in amidation reaction, and the corresponding 
products were obtained in good yields (7b-7c). As well as, reaction with p-cl acids was compatible with 
DMF under optimized conditions, the respective amide product in moderate yield (7d).  
After successfully synthesizing N, N-dimethyl benzamides from benzyl amine, alkenes, and phenyl acetic 
acids. Further, we extended this method to investigate the scope and limitations of various N-substituted 
formamides. N, N-diethyl formamide (2b) and cyclic secondary formamides (2c-2e) acted as an amino 
source, afforded the corresponding N, N-substituted benzamides in moderate to good yields (Table-5, 8a-
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8d). The oxidative amidation of benzyl amine and aryl alkene with N, N-ethyformamide and cyclic 
secondary formamides delivered the corresponding products up to 78-89% good yields (Table-5, entry 1-
2). Phenyl acetic acid produced the corresponding product in low yield compared to benzyl amine and aryl 
alkene (Table-5, entry 3). 

Table-4: Substrate Scope of the Various Phenyl Acetic Acids 
 

 

 
7a,86% 

 
7b,85% 

 
7c,83% 

 
7d, 77% 

 
 

Table-5: Synthesis of Various N-substituted Formamides 
 

 
 
 

S. No. 

 
 
 
 

X  
2b 

 
2c 

 
2d 

 
2e 

 
1 

 
X= CH2NH2 

 
8a, 89% 

 
8b, 85% 

 
8c, 86% 

 
8d, 80% 

 
2 

 
X= 

CH=CH2 

 
8a, 85% 

 
8b,82% 

 
8c,83% 

 
8d,78% 

 
3 

 
X= 

CH2COOH 

 
8a, 77% 

 
8b,75% 

 
8c,72% 

 
8d,67% 

 
Other hand, we investigated the comparative study between the present synthesised heterogeneous catalyst 
and various previously reported catalysts for the synthesis of N, N-substituted benzamides from the benzyl 
amine, aryl alkene, and phenyl acetic acid with DMF (Chart 1). In recent years, benzyl amine was 
Amidation with DMF in the presence of various catalysts, such as I2,

 18afforded the corresponding amide 
products up to 58-82% yields, and Cu-Fe based nano catalyst19 furnished the amides up to 44-74% yields 
(Chart 1, a,b). In 2013-year, copper catalyst gave the corresponding amide products up to 84% yields from 
oxidative Amidation of phenyl acetic acid with DMF (Chart 1, c).20In last year, styrene coupled with DMF 
the desired amide products formed in 30-52% limited yields by the employing an orderedmesoporous 
HKUST‐1-CuO as a heterogeneous catalyst (Chart 1, d).21Allthe above established methods clearly showed 
that the production of amide products in limited yields. The present synthesized CuO nanocatalyst showed 
the highest reactivity with substrates, affording the amide products up to yields comparable to CuO (Chart 
1, e). 
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Chart-1: Comparison Study for the Reaction of Benzyl Amine, Phenyl Acetic Acid, and Aryl Alkene with DMF by 
Employing Various Catalysts 

 
R1 R2   Catalyst Product & yield  Reference 

 
16 

 
 
 

17 
 
 

18 
 
 
 

19 
 
 
 
 

This work 

 

Based on the earlier reports,21 the plausible mechanism of this reaction was shown in Scheme-2. Initially, 
benzylamine was oxidized and converted to benzyl aldehyde in the presence of tetrabutyl hydrogen 
peroxide. After, t-butoxyl and t-butylperoxyl radicals abstract the protons from the generated benzyl 
aldehyde and DMF, forming an acyl radical and aminyl radicals. Finally, these two radicals were cross-
coupling with each other to deliver the corresponding amide product (Route a).  Styrene was provided with 
the aldehyde by the in situ oxidative reaction in the presence of TBHP; it was again oxidised with 
NANO/TBHP, forming an acid derivative. After, carbamic anhydride intermediate A was formed by the 
coupling of radical 1 and radical 2, respectively. Finally, the formation of amide derivatives by the loss of 
CO2 from the carbamic anhydride intermediate A (Route b).  

 
Scheme-2: A Plausible Reaction Mechanism for the Amides from Benzyl Amines, Aryl Alkenes, and Phenylacetic 

Acids in the Presence of Copper Catalyst   
CONCLUSION 

In conclusion, CuO nanoparticles were obtained through a hydrothermal approach, and analytical 
instruments were used to characterize their properties. Further, we have developed a new efficient method 
for the synthesis of amides in the presence of CuO nanocatalyst via oxidative amidation of benzyl amine, 
styrene, and phenyl acetic acid with DMF as an amine source. Various benzyl amines, styrenes, phenyl 
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acetic acids, and formamides were involved in an amidation reaction afforded the different N, N-substituted 
benzamides in moderate to good yields. The synthesized CuO nano catalyst showed high reactivity with 
significant reusable for six times for the synthesis of amides. 
 

CONFLICT OF INTERESTS 
The authors declare that there is no conflict of interest. 

 

AUTHOR CONTRIBUTIONS 
The present work is related to SDG-9: Industry, Innovation and Infrastructure. All the authors contributed 
significantly to this manuscript, participated in reviewing/editing and approved the final draft for 
publication. The research profile of the authors can be verified from their ORCID ids, given below:   
D. V. R. Vasu Pavani  https://orcid.org/0009-0001-1561-4094 
Ch. Sudhakar  http://orcid.org/0000-0001-6441-2088 
 

 

Open Access:  This article is distributed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) 
and the source, provide a link to the Creative Commons license, and indicate if changes were made. 

 

REFERENCES  
1. (a) C. E. Olbermann, Encyclopedia of Chemical Technology, Vol. 1, Kroschwitz, J. I. (Ed.), Wiley, New 

York, pp.1251–1266 (1991); (b) J. M. Humphrey and A. R. Chamberlin, Chemical Reviews, 97, 2243(1997), 
https://doi.org/10.1021/cr950005s; (c) J. W. Bode, R. M. Fox and K. D. Baucom, Angewandte Chemie 
International Edition, 45, 1248(2006), https://doi.org/10.1002/anie.200503991; (d) B. L. Bray, Nature 
Reviews Drug Discovery, 2, 587(2003), https://doi.org/10.1038/nrd1133. 

2. (a) N. Sewald and H.-D. Jukubke, Wiley-VCH, Weinheim, Germany (2002); (b) B. L. Bray, Nature Reviews 
Drug Discovery, 2, 587 (2003), https://doi.org/10.1038/nrd1133; (c) J. M. Humphrey and A. R. Chamberlin, 
Chemical Reviews, 97, 2243(1997), https://doi.org/10.1021/cr950005s; (d) V. R. Pattabiraman and J. W. 
Bode, Nature, 480, 471(2011), https://doi.org/10.1038/nature10702; (e) J. S. Carey, D. Laffan, C. Thomson 
and M. T. Williams, Organic & Biomolecular Chemistry, 4, 2337(2006), 
https://doi.org/10.1039/B602413K. 

3. S. D. Roughley and A. M. Jordan, Journal of Medicinal Chemistry, 54, 3451(2011), 
https://doi.org/10.1021/jm200187y. 

4. (a) J. M. Humphrey, A. R. Chamberlin, Chemical Reviews, 97(6) 2243(1997), 
https://doi.org/10.1021/cr950005s; (b) J. S. Carey, D. Laffan, C. Thomson, M. T. Williams, Organic and 
Biomolecular Chemistry, 4, 337(2006), https://doi.org/10.1039/B602413K; (c)C. Yu and K. Mosbach, 
Journal of Organic Chemistry, 62, 4057 (1997), https://doi.org/10.1021/jo961784v. 

5.  (a) A. Wichmann, M. Bäumer and A. Wittstock, ChemCatChem, 7, 70(2015), 
https://doi.org/10.1002/cctc.201402843; (b) M. A. Ali et al., ChemCatChem, 7, 3555(2015), 
https://doi.org/10.1002/cctc.201500672; (c)S. Sultan et al., ChemCatChem, 8, 703(2016), 
https://doi.org/10.1002/cctc.201501218; (d) T. Seidensticker et al., ChemCatChem, 7, 
4085(2015), https://doi.org/10.1002/cctc.201501218; (e)M. A. Ali, S. M. A. H. Siddiki, W. Onodera, K. 
Kon, K.-i.Shimizu, ChemCatChem ,7, 555 (2015), https://doi.org/10.1002/cctc.201500672. 

6. (a)J. R. Donets, Y. Xiang, A.  Baldwin, J. Ringling, Org. Lett. 13, 5048(2011), 
https://doi.org/10.1021/ol201875q; (b)K. V. Srinivas and B. Das, Journal of Organic Chemistry, 68, 
1165(2003); (c)E. Valeur and M. Bradley, Chemical Society Reviews, 38, 606(2009), 
https://doi.org/10.1039/B701677H; (d) R. M. Al-Zoubi, O. Marion and D. G. Hall, Angewandte Chemie 
International Edition, 47, 2876(2008), https://doi.org/10.1002/anie.200705468; (e)C. L. Allen, A. R. 
Chhatwal and J. Williams, Chemical Communications, 48, 666(2012), 
https://doi.org/10.1039/C1CC15210F. 

7. (a) N. A. Owston, A. J. Parker and J. M. J. Williams, Organic Letters, 9, 73(2007), 
https://doi.org/10.1021/ol062549u. 

8. (a) M. Beller, B. Cornils, C. D. Frohning, C.W. Kohlpaintner, Journal of  Molecular Catalysis A: 
Chemical,104, 17(1995), http://dx.doi.org/10.1016/1381-1169(95)00130-1; (b) A. Yamamoto, Y. Kayaki, 
K. Nagayama, I. Shimizu, Synlett, 925(2000). 



 
Vol. 18 | No. 3 |1581-1589| July-September | 2025 

1589 
COPPER OXIDE CATALYZED AMIDES FROM OXIDATIVE AMIDATION                               D.V.R. Vasupavani and Sudhakar Chintakula 

9.  (a) T. Fujihara, Y. Katafuchi, T. Iwai, J. Terao, Y. Tsuji, Journal  of American Chemical Society, 132, 
2094(2010), https://doi.org/10.1021/ja910038p ; (b) B. El Ali, J. Tijani, Applied Organometallic Chemistry, 
17, 921(2003), https://doi.org/10.1002/aoc.548; (c) Y. Uenoyama, T. Fukuyama, O. Nobuta, H. Matsubara, 
I. Ryu, Angewandte Chemie, 117, 1099 (2005), Angewandte Chemie International Edition, 44, 1075(2005); 
(d) W. Wei, X.-Y. Hu, X.- W. Yan, Q. Zhang, M. Cheng, J.-X. Ji, Chemical Communication, 48, 305(2012); 
(e) D. J. Knapton and T. Y. Meyer, Organic Letters, 6, 687 (2004), https://doi.org/10.1021/ol036305a; (f) S. 
H. Cho, E. J. Yoo, I. Bae, S. Chang, Journal of American Chemical Society, 127, 16046 (2005), 
https://doi.org/10.1021/ja056399e 

10. (a) R. F. Cunico and B. C. Maity, Organic Letters, 4, 4357(2002), https://doi.org/10.1021/ol0270834; (b) J. 
H.Ju, M. Jeong, J. Moon, H. Jung, S. Lee, Organic Letters, 9, 4615(2007), 
https://doi.org/10.1021/ol702058e; (c)R. Cunico, B. C. Maity, Organic Letters,  5, 
4947(2003),  https://doi.org/10.1021/ol030110l. 

11. R. V. Kolakowski, N. Shangguan, R. R. Sauers, and L. J. Williams, Journal of the American Chemical 
Society, 128(17), 5695(2006), https://doi.org/10.1021/ja057533y. 

12. (a) S.-I. Murahashi, T. Naota, and E. Saito, Journal of the American Chemical Society, 108(25), 7846 (1986), 
https://doi.org/10.1021/ja00284a066; (b) T. Ghaffar and A. W. Parkins, Tetrahedron Letters, 36, 
8657(1995), https://doi.org/10.1016/0040-4039(95)01785-G; (c)C. L. Allen, A. A. Lapkin and J. M. J. 
Williams, Tetrahedron Letters, 50, 4262(2009), https://doi.org/10.1016/j.tetlet.2009.05.021. 

13. (a) W. J. Yoo and C. J. Li, Journal of the American Chemical Society, 128, 13064(2006), 
https://doi.org/10.1021/ja064315b; (b) K. E. Kovi and C. Wolf, Organic Letters, 9, 3429 (2007), 
https://doi.org/10.1021/ol7014626; (c) S. Seo and T. J. Marks, Organic Letters, 10, 317(2008), 
https://doi.org/10.1021/ol702788j; (d)J. W. W. Chang and P. W. H. Chan, Angewandte Chemie 
International Edition, 47, 1138(2008), https://doi.org/10.1016/j.elecom.2008.07.017; (e) S. Kuwano, S. 
Harada, R. Oriez, and K. Yamada, Chemical Communications, 48(2), 145(2012), 
https://doi.org/10.1039/C1CC15539C; (f) M. Zhang and X.-F. Wu, Tetrahedron Letters, 54, 1059(2013), 
https://doi.org/10.1016/j.tetlet.2012.12.010; (g) M. Sharif, J. L. Gong, P. Langer, M. Beller, and X.-F. Wu, 
Chemical Communications, 50(39), 4747(2014), https://doi.org/10.1039/C4CC01054J. 

14.(a) Z. Niu, S. Lin, Z. Dong, H. Sun, F. Liang, J. Zhang, Organic and Biomolecular Chemistry, 11, 2460(2013), 
https://doi.org/10.1039/C3OB27351B; (b)J. Muzart, Tetrahedron, 65, 8313(2009); 
https://doi.org/10.1016/j.tet.2009.06.091; (C) S. Ding and N. Jiao, Angewandte Chemie International 
Edition, 51, 9226(2012), https://doi.org/10.1002/anie.201200859; (d) T. He, H. Li, P. Li, L. Wang, Chemical 
Communication 47, 8946(2011), https://doi.org/10.1039/C1CC13086B. 

15. (a) C. Bai, X. Yao and Y. Li, ACS Catalysis, 5, 884(2015), https://doi.org/10.1021/cs501822r; (b) Z. Liu, J. 
Zhang, S. Chen, E. Shi, Y. Xu and X. Wan, Angewandte Chemie International Edition, 51, 3231(2012), 
https://doi.org/10.1002/anie.201108763; (c) L. Gao, H. Tang and Z. Wang, Chemical Communications, 50, 
4085(2014), https://doi.org/10.1039/C4CC00621F; (d) J. Feng, D. Wei, J. Gong, X. Qi and X. F. Wu, 
Tetrahedron Letters, 55, 5082(2014), https://doi.org/10.1016/j.tetlet.2014.07.083; (e) K. Xu, Y. B. Hu, S. 
Zhang, Z. G. Zha and Z. Y. Wang, Chemistry A European Journal, 18, 9793(2012). 

16. G.S. Sree, K.V.B. Ranjitha, B.J.M. Reddy, B.S. Mohan, C.R. Kant, Inorganic Chemistry Communications, 
155, 111054(2023), https://doi.org/10.1016/j.inoche.2023.111054.  

17. S.M. Botsa, K. Basavaiah, Scientific Reports, 10(1), 14080(2020), https://doi.org/10.1038/s41598-020-
70194-9.  

18. R.B. Anjaneyulu, B.S. Mohan, G.P. Naidu, R. Muralikrishna, Physica E: Low-dimensional Systems and 
Nanostructures, 108, 105(2019), https://doi.org/10.1016/j.physe.2018.12.007.  

19. B.S. Mohan, K. Ravi, R.B. Anjaneyulu, G.S. Sree, K. Basavaiah, Physica B: Condensed Matter,  553, 
190(2019), https://doi.org/10.1016/j.physb.2018.10.033.  

20. S. Liu, J. Wang, Y. Chen, Z. Song, B. Han, H. Wu, T. Zhang, M. Liu, Inorganics,11, 217(2023), 
https://doi.org/10.3390/inorganics11050217.  

21. (a) S. S. R. Gupta, A. V. Nakhate, K. B. Rasal, G. P. Deshmukh, L. K. Mannepalli, New Journal of Chemistry, 
41, 15268(2017), https://doi.org/10.1039/C7NJ03123H; (b) C. Bai, X. Yao, Y. Li, ACS Catalysis, 5(2), 
884(2015), https://doi.org/10.1021/cs501822r. 

[RJC-9265/2025] 


