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Abstract: With the rapid development of nanotechnology, copper nanoparticles have shown a broad application prospect in

organic synthesis due to their unique physical and chemical properties, such as high activity, large specific surface area and

good selectivity. This review discusses the application of new copper nanomaterials in various types of organic reactions,

including multi-component “one pot” reaction for the synthesis of drug active molecules, acetylene azide cycloaddition reac-

tion for the synthesis of triazole and tetrazole derivatives, selective oxidation of alcohols, reduction of nitro groups, C—X

(C, N, O) coupling reactions (C—C coupling includes Mizoroki-Heck, Suzuki-Miyaura, Glaser-Hay and other coupling

reactions; C—N and C—O coupling reactions include Chan-Lam, Buchwald-Hartwig, Ullmann, Goldberg, etc. ). Most

copper nanoparticles catalytic reactions have the advantages of simple operation, mild reaction conditions, high catalytic effi-

ciency, good tolerance of functional groups, low cost, clean reaction system and reusable copper catalyst. These applications

of copper nanoparticles in organic synthesis will have an important impact on methodology of organic synthesis and promote

the further development of organic copper chemistry.
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Fig. 1 Application of copper nanoparticles in organic synthesis
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Table 1 Summary of application of copper nanoparticles in triazole synthesis

N
CuNPs catalyst N= 2
R
Ve

R-N; 4+ =— R?
R1
Entry Catalyst Solvent & Reaction condition Time Yield/ % Ref.
1 CuNPs-HT EG, RT 1h 97 [20]
) Cu'@ ¢CMs H,0, 35 °C, under N, atmosphere 24 h 99 [21]
3 CuNPs/MZN Vio/Veon=1:1, 50 C 2h 98 [22]
4 Cuw/'WO, H,0, 90 C 12 h 82 [23]
5 Cu/Fib Vi,o/ Vipap =101, RT 3h 90 [24]
6 Cu""@ Cys-MGO Vio/Vion =111, 60 C 2h 90 [25]
7 Cu(1I)/GQDs/NiFe,0, H,0, 60 C 1.5h 98 [26]
8 Graphenit-Cu(T) THF, 90 C 6 h 99 [27]
9 Fe;0,@ Si0,/EP. EN. EG. Cu Veon/Vuo=1:1, 70 C 1.3h 98 [28]
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Entry Catalyst Solvent & Reaction condition Time Yield/ % Ref.
10 Cu@ HPP@ Si0, @ SPION Vowso/Vir,o =511, 100 C 3h 83 [29]
11 Cu"'@ CMC/CaCO, Sodium ascorbate (10mol% ) , 70 °C 1h 93 [30]
12 Cu@ KCC-1-NH-CS, Sodium ascorbate (0. 17mol%) , 50 C 2 min 100 [31]
13 Cul@ TSC-B-CD H,0, RT 0.5h 95 [32]
14 CuO-HMSS H,0, 80 C 10 min 9 [33]
15 Fe,0,@ Si0,/aza-crown ether-Cu(1I) H,0, 100 C 20 min 98 [34]
16 Fe,0,@ SiO, H,0, 50 C 2h 98 [35]
17 CuMOFs Veon/Vuo=2:1, RT 12h 95 [36]
18 Fe;0,@ DAS@ VB1@ CuCl nanocomposite Vio/Veon =21, 60 C 15 min 100 [37]
19 Cu-IG@ Fe, 0, H,0, 70 C 2.5h 90 [38]
20 Cu-Zn0O hollow spheres Solvent-free, 100 °C 20 min 91 [39]
21 Fe;0,@ Pectin@ ( CH, ) -Acetamide-Cu (1I) H,0, 65 C 2 h 97 [40]
22 Cu(0) @ NDC-Sil H,0, RT 25 min 93 [41]
23 MnFe,0,@ GO@ CS/Cu Vio/Veon =1:1, 50 C 15 min 98 [42]
24 cu’"@ HMPC H,0, 60 C 45 min 94 [43]
25 (Cu"-NHCs) , @ nSiO, Veon/Vao=2:1, RT 18 min 96 [44]
26 Cu(1) -polyaniline Vio/Veg=1:1, RT 1~6h 95 [45]
27 Cu nanoparticle H,0, RT 2h 75 [46]
28 NRGO/Cu,0 THF, RT 48 h 100 [47]

Notes: HT represents hydrotalcite, EG represents ethylene glycol, RT represents room temperature, ¢CMs represents cross-linked cyclen micelles,

B2 AR T A B A 5 45 S R RN 0 1 = e

Fig. 2 Mechanism of synthesis of triazole from azide compound with

MZN represents magnetic zeolite nanocomposite, Fib represents silk-fibroin, TBAB represents tetrabutylammonium bromide, Cys-MGO repre-

sents magnetic cysteine functionalized graphene oxide, GQDs represents graphene quantum dots, SPION represents superparamagnetic iron

oxide nanoparticles, CMC represents carboxymethylcellulose, KCC-1 represents KAUST catalysis center, TSC8-CD represents thiosemicarba-

zide-functionalized B-cyclodextrin, HMSS represents hallow mesoporous silica spheres, MOF represents metal-organic framework, DAS repre-

sents dialdehyde starch, VB1 represents thiamine hydrochlrodie, IG represents isinglass, NDC-Sil represents nitrogen doped carbon-silica,

GO represents graphene oxide, CS represents chitosan, NHC represents N-heterocyclic carbene, NRGO represents nitrogen-doped reduced

graphene oxide, HPMC represents hydroxyprophy methylcellulose
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Table 2 Summary of synthesis of tetrazoles catalyzed by copper nanoparticles from cyanide and sodium azide

Do
R

CuNPs, NaNg

heat

H
Entry Substrate Catalyst Solvent & Reaction condition Time Yield/ % Ref.
1 Nitriles Cu-Cytosine@ MCM-41 PEG, 120 C 0.5h 96 [52]
2 Nitriles Cu-TBA@ biochar PEG, 130 C 7h 98 [53]
3 Nitriles CuNPs@ Fe; 0, -chitosana H,0, RT 5.5h 88 [54]
4 Nitriles SBA-15@ Glycine-Cu EtOH,80 C 150 min 94 [55]
5 Nitriles Cu-SB-APT@ MCM-41 H,0,, 120 C 13 min 94 [56]

Notes: MCM-41 represents mesoporous silica materials, PEG represents poly ethylene glycol, TBA represents 2-( thiophen-2-yl) -1H-benzo[ d ] imid-

azole, SBA-15 represents mesoporous silica, SB-APT represents Schiff-base compound
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Table 3 Oxidation of benzyl alcohols catalyzed by copper nanoparticle
(0]
OH H
Rg CuNPs catalyst B
Oxidant
Entry Catalyst Solvent & Reaction condition Time/h Yield/ % Ref.
1 Cu/Cu@ Ui0-66 Acetonitrile, O,, RT 3 99 [57]
2 CuNi/MIL-101 THF, 0,, 100 C 4 47 [58]
3 Fe;0,@ MAPTMS@ PAA@ Triazole@ Cu(1) H,0,, CH;CN, 60 C 5 85 [59]
4 Cug oFe, ;@ RCAC PhMe, air, 120 °C 2 98 [60]

Notes; UiO-66 represents metal-organic framework , MIL-101 represents chromium (III) terephthalate metal organic framework, MAPTMS represents

3-(trimethoxysilyl) propyl methacrylate, PAA represents poly(acrylic acid) , RCAC represents biomass RHs converted chemically activated

carbon
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Table 4 Summary of nitrobenzene hydrogenation catalyzed by copper nanoparticles

NO,
T

CuNPs catalyst

Reducing agent

NH,
£

Entry Catalyst Solvent & Reaction condition Time Yield/ % Ref.
1 Cu@ NPC MeOH, 2 MPa H,, 100 °C 24 h 98 [63]
2 Cu/Al,0, NPs NaBH,, RT 30 s 90 [64]
3 PdCu@ MWCNT Viio/Venon= 773, NaBH,, RT 10 min 99 [65]
4 DFNS/PEL/Cu H,0, NaBH,, 60 C 6 min 98 [66]
5 Fe;0,@ CS@ L1 -stabilized-CuNPs NaBH,, H,0, 25 C 10 min 97 [67]
6 Cu(0) NPs Vi,o/Venon= 9¢1, NHy -BH;, RT 1h 99 [68]
7 NP-Cu@ Cu,0 MeOH, NH, -BH,, 30 C 5 min 9 [69]
8 Cu(0) NPs KOH, glycerol, 130 C 60~90 min 91 [70]
9 LCuO, -mCu0,, , S-2 N,H, -H,0, MeCN, LED, RT 14 h 9% [71]

Notes: NPC represents N-doped porous carbon, PdCu@ MWCNT represents multi-wall carbon nanotube supported palladium/copper nanoparticles,

DFNS represents dendritic silica fibers structures, PEI represents polyethylenimine, L1 represents pyren-1-yl-CH,-NH-CH,-CH,-SePh,

[LCuO, , S-2] represents photoactive nanoscale copper
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80 °C, yield: 80%~91%
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Fig. 3 Three selected drug molecules containing C—N bonds #2784
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Table 5 Summary of Chan-Lam coupling reactions catalyzed by copper nanoparticles

NH,

O\B/O
CuNPs catalyst
+
1 2

Sa)

Entry Catalyst Solvent & Reaction condition Time/h Yield/% Ref.
1 GO@ AF-SB-Cu CH4CN, 80 C 12 88 [84]
2 Cu@ Ag-Ti0,-NGO H,0, 80 C 3 75 [85]
3 GO@ AP/L-Cu H,0/MeOH, 80 °C 10 90 [86]
4 Cu/P-CN K,CO;, RT 6 92 [87]
5 Cu@ KF-C/CoFe,0, EtOH, 90 C 2 85 [88]

Notes; GO@ AF-SB-Cu represents graphene oxide immobilized Cu(1I) Schiff base complex, NGO represents dicyandiamide, GO@ AP/L-Cu repre-
sents graphene oxide supported Cu( 1) ligand complex, Cu/P-CN represents copper modified phosphorus doped g-C;N,

Handa [ B 3538 T — Fb X042 J8 I o 48 K A Ak 571
(Cbridp-Pd-Cu-C) , F¥4 iz Ak 7 F 5 W8 5 05 e 2 (1]
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yield: 40%~94%
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24 h under air, yield: 40%~98%
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DMSO, 120 °’C, 15 h,
yield: 52%~95%
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