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Recent Advances in the Construction of Nitrogen—Containing Heterocycles
via Trapping Organocopper(l) Intermediates
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Ministry of Education (MOE) of China, College of Pharmacy, Jinan University, Guangzhou 510530, China)

Abstract Copper(I)-catalyzed cycloaddition reactions, such as [3+2] cycloaddition of organic azides with terminal alkynes
(CuAAC), unsaturated compounds with isocyanides, and nitrones with alkynes (Kinugasa reaction), are important methods
for the constructions of different types of nitrogen-containing heterocycles. Great progresses have been achieved in such
transformations and widely applied in various fields of organic syntheses. In these cycloaddition reactions, similar organo-
copper(l) intermediates are generated in situ, and can be trapped with additional electrophiles for further tandem or one-pot
transformations. The development of the strategy to trap organocopper(l) intermediates in these reactions provides practical
and efficient methods for the construction of multisubstituted or fused nitrogen-containing heterocycles. The advances in this
area are summarized in this review: (1) trapping organocopper(l) intermediates in CuAAC reaction; (2) trapping
organocopper(I) intermediates in the [3-+2] cycloaddition of isocyanides with electron-deficient alkynes; (3) trapping enolate
organocopper(l) intermediates in Kinugasa reaction. The review may be helpful for researchers to better understand the
development and limitations for the trapping of organocopper(l) intermediates.

Keywords copper catalysis; organocopper(l) intermediate; nitrogen-containing heterocycles; tandem reaction; one-pot re-
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Figure 1 The construction of nitrogen-containing heterocycles via trapping organocopper(l) intermediates in cycloaddition reactions
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Figure 17 Cu(I)-catalyzed [3+2] cycloaddition/alkenyl C—N coupl-
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B 18 CuAAC/Ullmann C—C fBIBE
Figure 18 Copper(I)-catalyzed CuAAC/Ullmann C—C coupling
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B 19 CuAAC/C—N fhHkH%E FTQuon
Figure 19 Synthesis of FTQuon via CuAAC/C—N coupling process
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Figure 20 Synthesis of fused triazoles via tandem CuAAC/intram-
olecular C—C coupling
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Figure 21 CuAAC/direct arylation
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Bl 22 CuAAC/C—N fRIR/7>1 N J5 FAL SR
Figure 22 Tandem CuAAC/C—N coupling/intramolecular arylation
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B 23 PR TIFEBUGE. BRI = H 5 B RN
Figure 23 Cascade reaction of cyclic diaryliodoniums, sodium azide,
and alkynes
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Figure 24 CuAAC/Intramolecular acylation
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Figure 25 Three-component click reaction of azide, alkyne and aryl
halide via Cu/Pd transmetalation relay catalysis
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Figure 26 Cu(I)-catalyzed three-component reactions of azides, alkynes
and N-tosylhydrazones
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Figure 27 Cu(I)-catalyzed three-component reaction of azides, alkynes
and diazo compounds
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Figure 28 Trapping the CuAAC intermediates with bromoalkynes
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B 29 2H-ZI%PIIRYE S5 H P BE DR IR 4 CuAAC S [A] i
Figure 29 Trapping CuAAC intermediates with 2H-azirine and pro-
pargylic carbonates
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Figure 30 Trapping the CuUAAC intermediates with TMSCF;
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Figure 31 TFAA promoted CuAAC reaction
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Figure 32 Trapping the CuAAC intermediates with N/S electrophiles
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B 33 CuAAC HIT W C—S fRIER M
Figure 33 Tandem CuAAC/intramolecular C—S coupling reaction

mﬁ‘mwyéwﬁﬁﬂﬁﬁﬁ@MﬁnIWﬁm
thfr/\EJZT ﬁﬁ%ﬁiﬁﬁﬁﬂﬂ’] JIL{JCTI%E&@E“’JA
%#H%Tﬁ% BALEYIH CuAAC RBi(KE 34). 1E
AL S A 4 S A R AT SRS A AR Y 2644, Bk
SO R AT AR R B 2% A4 R R i A2 435 P9 i A il R
X =GR M AR v TR PR 3 B R, DA R I IR 75 R Ui 2
R3] — FR 5 = F M I\ TCH A E .

Cul (20 mol%),
8/802Ph phen (20 mol%
@ * RN
x/\ K,CO3 (2.0 equiv.),

EtOH, r.t., 30 min

X=0orNTs

selected examples

ol pe CGJN':“

¢}
94% 51%

CLG CQJN':“
O

73% 65%
O SN : Br S N
SPr L
o N o N
86% 79%

B 34 CuAAC RERIKI T A C—S MBI RN
Figure 34 Tandem CuAAC/intramolecular C—S coupling reaction
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Figure 35 Tandem CuAAC/C—Sn coupling reaction
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Figure 36 Tandem CuAAC/C—C oxidative coupling
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