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Abstract : Tandem cyclization reaction catalyzed by copper had been widely concerned by researchers in synthetic chemistry due
to its mild conditions, high atomic economy, and high reaction efficiency. Tandem cyclization reactions catalyzed by copper
disclosed in recent years were reviewed, so that more precision and more flexible understanding as well as extensive expansion
could be achieved.According to the valence state of the copper catalytic center in the reaction and the participation degree of
copper salt, the single cuprous salt, cuprous salt co-participation, single bivalent copper salt catalysis and bivalent copper salt co-
participation tandem cyclization reactions were introduced respectively. According to the requirements of green chemistry, ligands
involved in copper catalyzed reaction and the possibility of reaction expansion, the research hotspot and direction of copper
catalyzed tandem cyclization reaction in the future are proposed.

Key words ; Copper-catalyzed ; cascade reaction; Cu( I ) ;Cu( II ) ;heterocyclic compound

A R R RN, DU R ke A, i, NIRRT R OB RE DB 80T
PERON AR ERR A i R0y MIPUILIE Z5 M B CuCl, 0 1 (B 1), Hrbo iy
T A SR N AT RO HIB W SE AR, Cu™ BILL dsp® ki R4 4 A5 B, 17
RERWNEBCRAWHHEL, M TR 50 57 88, BRI B & R &Y,

SEMANSRER, W)z WS, HAE DHODO O OOOt@g®®®®O o oo

A S A o T N . AR HLAL B 3d 45 4p 3d 4 4

FEH A A AR B 0 2 ) - B ( C—C) dep’ Hybridization

fe-Z 5 ( C—X) 1Y s B S Al B 1 R W 2 —, B1 Cu™SMEH AR E

7F Chan-Lam {8 Bt 52 B . Glaser {5 Bt &2 B . Fig.1 Outer electron configuration of Cu**

Sonogashira IS Ullmann {iEK 52 7 55 28 L\ ITAER  BE S (k2 IREE AR N

AR B RS 5 TELORAWIE =, b2 s AR Re = il
Cu 7EMEAL I AR 2 H A Cu®, Cu', Cu®, -

Cu® 25 LA E A T B i /B e T HE 75 H 9 :2024-06-28 ; 15 [E] B 8 :2024-09-24

(3 45"y, ELIT T d BB AN, 3E 4s A T R R R

3d BB B RERAT , M ARLIR ISR Y dsp” A1k BIREE . (i 4E 4 | E-mail; captainhuafeng @ mail. jnme. edu.

Bus , LAY T gEmi A O R LA ) eno



10 Pzt

CHEMICAL REAGENTS

5547 B 1)

2 TAEE I AR ROV B G IR A, ERER R
(Cascade Reaction) , XFRZ KGN BRI,
I AR RS T B TR — AR E D S 2
BLSF IS | SAb e A5, A )
055 = 1L IR A T R 77 0K £ 7 QL ) | K R = S
A2 EOKR ) R 7 R N R &, T
W, R AR R At A O 14 55 5 S B A Ak
FUAEEMPTEAR . SCELRR T2 51
FR DR S IV 1) B B B 9 3 e | MR A e 1 v O R 3R 1Y
WS WARE 2 SR, R G M AEk4
AR AL HR IR AL SN A5 4

1 Cu( I)#EWXHBEBRIRML R R
1.1 WHIERAL) & R A o g

ER LIRS QNI E SRR SIS T2 A
TETF AR R 2 KR TEEAL A W I BE R S5H
e ELA R A TG PR 2R Rl b
RERLA SR B BB, P, sk R
PEHAE IR b A Y — B ORER R Ak 5 i
TS0,

Yoshikai 25" FI A £ (Cu ( 1)) Al
b () AR R ARG 5 o, B-AS T RIS O 5
R, FE IR A T A R A2 TR BE A B e
el , EEEED R o, B-ANHLF0 5 | 75 3045
AL, SEEE P 4315 A3 78 ZR I AR , A4 45 3 ntk
e AL, DA N R R AR S B N—O
SR A, A ) S A R —— ( T1 ) s e S ) i
PR OCHE (8 2a) . LEALIE S (Cu,0) il
F,ER A M 1, 3- e A
WA IR A AT 31— 291 2,35, 6-PUHUR Ntk i
(E2b) . FEEHE UK, BB R %7, 8 1R
Shy W B SR B U 2 5 R, L PR Sl S Y

Cu et R

# OH CuBr(10 mol%) Ph [
N~ NaHS0,(3.0 eq) ~ l
N =" G Gl e .
100 C,12h,N, Ph N CullX
b Cu,0(10 mol%)
M + MeOH  TBHP (2.0 eq) Meoocﬁcoome
(g NH,0Ac (2.0 eq) N
120,24 h
c
N Cul (30 mol%) COOEt
NaI (1.0 eq), PPh,(2.0 eq) \
©/§ ++ R, BrCO0E — e /@
DMS0,40 C,24 h Ph Ph

B2 Cu(l)REfLanLneE2er g
Fig.2 Construction of pyridine skeleton catalyzed
by Cu( 1)

Wi JE e S I R R G, DL - BRI 3 B A
NIEY, R BT RS Rl — s A
AR T = HURAIMEBE S5 (K 2¢) . Hi, ol
b S Z R T VE N = 0B i+ ATE N ot i
WS 5 RN ZRMN AT 3+2+1 ] B b
Rao %17 DL 28 F n e FI0RUME 1 Ry 455 45 S
Yy, SR T 3-BESE AL E R SRR A N
F5 AR B O (L 3)
N i—Pr Cul(20 mol%) P
(L » YR Ghamten (0
CHO
B3 2-SEMLIE R = Z R Al 3-1 FE L g I ks
Fig.3 Synthesis of 3-formylpyridazoimidazole from

2-aminopyridine and triethylamine

BT HRE T 1 A Cu( CH,CN) ,PF, FIIE
KPR AL N-UIR R 2 FE PR BE G 5 2K 20 A
SRR E L A (B 4a) , Hob,
WM AR Ry e o 58, 252 e 3 B PR i o X, HE 3R 4k
AR B E R, FAE AN A
58] 7 B4 meloscine ‘B 42 45 1) iy s kAl 2 1)
(Kl 4b)

a NC
Ph Cu(CH,CN) PF, (5 mol%) Ph\gj/l)h
| TMSCN (2.5 eq) N
+ A —_— " 0 .
/C)\/ Nors 7 Ph i35 12h

N
Ts
b Cu(CH,CN),PF (10 mol%) Ts
= TPMA (10 mol%), !
©j . EtO(])}C><C/0£El K,CO(1.1 eq)
NH g PhCF,, 100 C,Ar, 12 h
T COOEt
COOEt
B4 Cu( 1)fiEfbiy 3 BB SOn ) i

INTET AR
Fig.4 Synthesis of 6-membered nitrogen-containing
heterocycle via Cu( 1 )-catalyzed free radical tandem

cyclization reaction

PIXUE RE 1 1Y 2-8 20 H S ANl 2L K 2
M EARL 7E Cu( 1) WAEAL TR, S R A e
BT — R B0 W E T G 3-A LRSSk A
(FE5a) " (AR R, Z R BIEHI S,
BN WA BRI AR T %
AU D) AR IV A (Cul) AL, H 2 R
SRR AR T RGN AT A (B Sh) .
RN R ST B e (R4, 2 17 & A Aza-Diels-
Alder SN, —H JE WV RBE 1 R 18 791 , 76 52 o M 2R



55 47 B4 1 )

FAZ TR AR Y R RER AL S ST 11

U C1RIES 5 RO

a
CHO Cul (10 mol%)
©iN + th/\NOZ Air,110C,2 h

No solvent

o
N~ Ph
Cul (10 mol%)

-
--@NH O/\ + @ e N
B 5 Cu( I)HEfLrmemkas bt
Fig.5 Construction of quinoline catalyzed by Cu( I )

2019 4F, %A % H Cu/air, K,S,04. 1,/
DMSO FEJLEEAMR R T A A 2] 7 e
(1) Masmembh (2) | UM I s bk (3) | 5-HH Sk g
(4) VA B B SR 00 T 7 BE A 2T 33 % 5 ke mee
(5)HFZMEREIA(WE 6), Hr, LIgELr A
7% B R A Sy JEURE BT T L AR A A
FA)FE B LA B OB 1 14 58 R S B P9 s BB 2 A S i
ERORE T 2-(1,3, 4-ME T -2-) HEREAT A 1 5 8
RS R4 A CREHUR Cur0, PR AL
Iy F BRI S R SEBAITRY SE FPEE R
& RACEN 3 A5 BN, A T s s ke 4

0 0 Cul (10 mol%) N— 1‘{
NH, _K,CO,(15eq) _ { >\©
0+ N=T 0
N H DMSO, Air, 120 °C
H
Cul (10 mol%)

R":’Eji\o . O/\ NH L-| Prolme(ZO mol%)
A Br NaN (20eq) Al‘ 2

DMSO 80 C

N, H
<N N—\ Ar

| 7\ N,
N-NH N N/>_<O

N= “ 4
3 T 7 5
CHO

1T e 5 2 s s 5 3. = R I O 5 4. 5- PP BRI
5. 2-Pk BRI R DRI
B6 Cu( )ALy BmEsRb N i i A R PR 2
Fig.6 Construction of N-heterocycles via
Cu( I )-catalyzed cascade reaction

A AR RN ( 7) -3-05 B3-S Bk TN I TR
My S 4h W, 7R A AL 25 AF R, dd 5 ) F 1]
Ullmann S #4) 8 C—N 8 , [F]EHH3 5 73— P I 28

SUBEEABIR SN, w8 8808 T 2- AR A 0| e-3- FH iR
SRR H (1 7) o
NH, I Cul (10 mol%) N
~.~COOEt Cyclohexyl johnphos (35 mol%)
O)v + © KHCO, (2.0 eq) ‘/\< { .
DMS0,130 C, 48 h COOEt

B 7 Cu( I)fEALRmSIMe R SR F 2
Fig.7 Construction of indole skeleton catalyzed

by Cu( I)

AU T, Kumar 2517 L CuTe L, 718
TR A S IR -Z R T A AL S YIRS b
b/ T/ W RS IR 1 8RB RN, — A 7= A 3 A

HESE R ST A A5 B 2R 51 U S0 T 0] R bk R

ZATEYI(K 8) .

oL R,
1\{ Ph™ “CO,Et TFE,RT,12 h N VR
Me Me
B8 ERIK N o5 L I sl e bk e i R )

Fig.8 Preparation of pyrroloindole skeleton

by domino reaction

DL R BEOR 2, WRT i 5k S AN IR, AT &
U BT A LT 4 A -3 e 28tk A
Y, kBT —F CuAAC HRICE EFE B 0 N BT
B 9a) " W& T —4 Cu( 1) f#E4LRY
B B -HRBEER IR B ( CuAAC) T R B 31 i 11
g7 F P 2R K% N BAE (4 B R R g o R
Cu( I )XFimphE eI B EE, Ihoh, 76 XGA
fEH BRI IR B T sk S 6 A8 A 2 R 5%
HEHEBRES S B/, UL cu( 1) Itk
O EEZ D B [ 3+2 ] BRAN-18 58 2Kk A0 8- 14k
VA A5 3] SHOR I DU e - e Rk 5
(9b), 2022 4, Liu 25" 1E Cu( 1 ) f#1LTF,
T URSE I B R T e A e BRI TR A
A, PUEESE R B, SR At SER  fb
RIS AR LY 4 D Ek 5 A4S C—H S22 4
C—N/C—S 8 3 4> C—Br B (& 9¢) .

a CuBr (10 mol%)
OH 0
+ TsN,
N NTs

NEt, (2.0 eq)
CHCN,rL,N,
b COOMe
CuCl (10 mol%)

CE\/CSOMC . NaN AcOH (2 0eq) CEE

NC *Ns "CH,CN,80 T,20h /k

N‘l\f
c
[oat

MeO

(PhO,S) N
PNSO,PH), Cubies mlt)___
(NFSI) CH,,40 C,4h,N, N(SO.Ph
MeO O (G0,Fh),
B9 Cu( I)fEAm 335 S0 Rl F 2 22 fl il
Fig.9 Simultaneous construction of multiple bonds

via Cu( I )-catalyzed cascade reaction
FRAA LA P8 E A U PR
ZyHE M, 2022 4R, X a7 BV R & T — Fh
Cu( I )R 1,2-4828 —jie JRUT 25 5 i R fy

Z51 3 dor PR ON, Bt T A I R
[2,3-c][1,2,4 ]l —me-3- i b 59 (1 10)



12 f2:38%]  CHEMICAL REAGENTS

5547 B 1)

ZITERIH A 2SS BRI R i — 2 RO
SEET 1 N—Se 8 1 > C—Se #4013 4~ C—N
AR A

Cul (10 mol%)

Bu
NH
2 -+
O: + C=N-Bu + Se — 2" 23"~ "©7 _ Cs,C0, (1.0 eq) G Se
NH, 1,4-Dioxane,80 C,10h NY

B 10 3 2053 H I S b A B o B AL 15 )
Fig.10 Synthesis of selenium-containing imine

compounds by three-component tandem reaction

2021 4F B PU L Cu( 1) AR T
) 5 FR 2 R AT N E R IR O, AT N-
955 - N A7 P9 SR B 1) & I e TRk vl YA e 4
GBI Z RS A5 (B 1), (515
ULHH B2 TSN 3k B 1 B P AR A BIL ) 1)
YRR B SRS A, AR g (a,

AC\N /th CuOAc (0.5eq) A Ph

% 'Pr,NEt(3.0 eq) M
OEt
80°C COOEt

11 Cu( L) HEALAYIERE e 2
Fig.11 Construction of pyrrolidine catalyzed by Cu( I )

1.2 Cu( ) UrFEIMEAE A BRI L SN

A 24 SR A% U 0 A AR A A P9 BT e B
H R R IR BRI R & A AL R &
Z 4 Jm A A e iR, N H TR 420 Rk
L) 37 A5 1430 5% AR T [ A 2R 453
LT,

INRARHE Ca( T) M M4 (PA(TT)) Y
PRMEAL TS A RR 1 s gk 3 S5 s b R ke g 5
MM AR (K] 12a) o, AR R % =9 3
RaFmestE it — P F & T & ZHm P A
PR & W SE B, AE Cal A= 0 H B R 4R

Cul (20 mol%)

a
H  Pd(OAc), (10 mol%) ~ G
N N _ PPh, (0mol%) O )
a ¢ TCs,00,B0e0) (

Br DMSO0, 140 C Q
b Cul (10 mol%)

~n-OH CHO AgOTf (10 mol%) SN

KI (20 mol%) -
* TBHP (3.0 eq) Ph
N .0 eq _
Spp Me V(DCM): V(DCE)=3:2 0\( oHy~Me
R Cul (10 molt) -GN 0 Y
N~ Fe(NH,),50, SFL0 (10 mol%)
O)k + )< N+ KF,K,PO, 0
1,4-dioxane, 90 C - CN
Cul (10 mol%) »
= PdCL, (2 mol%)
+ =
@\Br OPh “DBUGOen), ~ SN
DMA, 100 C OPh

B 12 Cu( 1) WAL PRRAL S Pl
Fig.12 Construction of cyclic compounds co-catalyzed

by Cu( 1)

(AgOTE) PrFEAL T, T B> DL 2 o
TS 15 ARG R R PR S Sy DR v SR T LA B
2RISR 4-PR AL R MR S (B 12b) .
Lk R Y ZE i S IRIE T Ca( 1)/
Wk (Fe( 1)) DALY 7-508 3 Ak 57 e ok —
i ) R A T vk (B 12¢) o ROREZE 7 T N-
S PR OGS 2R HH R e R I I B/ b /A 2,
MR R R BRI 51, H R RS 5, i
PR NSE 3 Pd/Cu B S AL, 5 RCSE B 2- 1t
WE FIBR PN L 2R Lk ) R B, 5 A 31 3- 7 S AR
I AE AL B (K 12d)

2 Cu( Il) LRI BERIAME AL
2.1 Cu( I)fEfbBy RIS N o C—H #Efk
8- 24 LM I R Y B BRARRAE R S A 4
JE AL, R B R e W PG A BT
RN XA B (| 13) , Bl SR,
FT 7 AE AT R B R A (Cu (OAc),) FIFEHITR, &
BT F] 3-3 3L S w5 - 1R 25 AL A 4 st
&, SN 43 JR R R R 2, BT IR 1 4544
R RBREER

[Cu]
R | _— R\N/%
N CuNx
L

L

T=Z

B 13 XA E AR
Fig.13 Chelation of Cu with bidentate ligands

Cu( AL T, XIES P& T [3+2] FRfb/

Semipinacol HLHE) EREK SN, 75 b b 3 3o i 45 44
DT RAL,  — Bk ST AR PR AR S T 2 B
3H-R[ ZEIFIRING-2, 13RS | B (16 14)
R R200C ? Cu(Cl0,), 6H,0 HQ(ZHZL(()%QRZ
-20C

B 14 Cu( Il) AL A X FRIZERE 2
Fig.14 Construction of asymmetric chiral spiro

compound catalyzed by Cu( 1)

L Cu( OAc) , 2 Ao T 55 FH s e s iy X 3k
BRI BRI BN DR A5 i T 1, 3- R
MM ER 1,3, 4- = HOFR e e 28 10 & 0 1 5 iy 2%
(Kl 15a) i%ﬁ@ﬁ?ﬁﬁﬁiﬁi%@ﬁ*@ﬁi,ﬁ

SR A [3+2 | BB 2+3 ] B AL, B
ERNKRE P24, 2019 4, = 210 UAB%%ZI:ZA
Bl RN L B R M A AR IS ), 1531 T Chan-Lam



55 47 B4 1 )

FAZ TR AR Y R RER AL S ST 13

i e | sp3 C—Cl %E%’fkﬂﬂ’pﬁ\spz C—C sy
6 BB B SR AL R FG ER B, < — i A
S T Y WERASEI R (1 15h) . 40 1 DAY
FRHA (Cu(NO,),) IS —25 F 5 T Hif 1k
1 Chan-Lam fHEE Iz 3032

a Ph
/

(0]
)K/ Cu(OAc),, TEMPO, bpy PhNHNH, N-N
4
Ph PhCI,120C,N,,18 h 0,,120 C,8h ph/K)
0 0
B HO Cu(NO,), (05 eq)
. \B@ pyridine (3.0 eq) O O
/
NH, HO DMSO0,130 C,0, }N{

B 15 Cu( 1) Ak sk R FR L 5 1
Fig.15 Cascade cyclization reactions involving carbonyl
catalyzed by Cu( 1)

£ Cu (OAc),/0, L LIk R T, Iz
FEVRE T R 4TI v ek ) S O g (A
16a) , KA 2 S B R SAE AR, B 2-
CIRHR RGN CRERR D), TREE (1.5 h) =5k
135 455 SLHUR o s ok B 22 SR, 32 R 0 7 TH
FE 1550 Cu(OAc), , XF BREE By A b AT 7 E
—BAR R, TR IR IZ IR R | SEIH 4
T 3R I R R A B T A I (E
16b) .

a NH, (0]
Pho, )H/()H_H o Cu(OAc), (1.5 eq), air '
2 DMSO0,80 C,1.5h 2
o N
b Ph
Cu(0OAc), (20 mol%)

Ph

A
m TFA,0,,50 C,8 h

16 HECN Cu( OAc) /0, HEALIR R AL
C—H i ik
Fig.16 C—H activation mediated with Cu( OAc),/0,

in cascade reaction

TR I T B A AN LA R S N AR
BEZELER Aldo 45 [ 3+2 ] SAAEFR AL Cu (11)
ALY SyAr )L 3 AL ST 24~ BT IR
N AR, TR PR A B T — &R 1H-[1,2,3] =
R 4,5-c | MERATAH (& 17a) . 2RI, £3C
AR RIVRAR AR (CuBr, ) g HEAL ), 8 i 42 s
MR LT 2= 2, SEBL T F T M R X it F |
W 350 £ BEIE (R SEAZ N AL, 15 40 M A 3] T =g
MR B 2 ke 450 (1 17b) o R REER B N-%f
R EIE (0 A7 78, AR OB 32 7 HL R By %
PE, AN AL CuBr, 216 T SRR — g
BUAHAR CO N Ja S PRBE OR- 4 T 1) o FH 25 10 51

(SR (1B 17¢)

CuBr, (10 mol%) HN-N

a 0 —-\\
CE\O L—Proline (20 mol%) mN
+ Cs,CO0, (3.0 eq),NaN, (4.0
. ,C0, (3.0 cq), NaN, (4.0 cq) DI

DMSO, Air, 100 C, sealed

Bn

% e
(jfi/ + @ CuBr, (20 mol%) N
McCN,35 <, 48 h O O
N N I X
W A
¢ Br Ts Bn

CuBr, (5 mol%)

B 2.2 bpy (Smol) N\
@(; + EIOH + Mo(C0), 222 e ©f0¥coom

B 17  CuBr, 4L A ERIEFRL
Fig.17 Cascade cyclization reactions catalyzed by CuBr,
PLBEM B = 960 H B 2 44 ( CF,SO,Na) i = 95
H Il R, fE R 22 4507 HE Cu(OAc), HIMEILTF,
Wit C—N BRI c—O0 BEr Ll K CF, H
F 3 S W R IBG, R R T 32567 = RUH Ak

SR (B 18)
1,10-Phen (20 mol%)
B 18  HHE SN = AR i 3-CF, (4

(0] (0]
TBHP (3.0 eq)
Fig.18 Efficient construction of 3-CF; substituted

Cu(OAc), (20 mol%)
e N/ CF3
¥+ CF,S0,Na ]
OH 1,1-Dioxothiolan/H,0, 50 C Y

chromone via tandem reaction

2.2 Cu( Il) BrRMEALR FRIEERAL S0

ZIBEPS R AR AN = 38 B BE i R ( MoO, (acac ),/
Cu(OTE) ) AL AT Bh 5 %0 Bk Ty 3
5 5| 3-SR R Sy N AR R R S
Do AR AR SR %) R A0S IS, B 1]
IR DU S AT A 00, A ) 1 e 28R A
THEE 7 (B 19) .

Cu(OTH), (10 mol%) 0
MoO,(acac), (10 mol%)
PPh, (3.0 eq), N NH
TL,110 °C,5 h i
R ¥ N/

B 19 I SN MG R I L s AT A= )
Fig.19 Synthesis of spiro-indo-quinoline derivatives

by tandem reaction

Z& BmIER RN, Ca( 1) HZ B2
NEACFIRIVE R, (575 5t 4 Ja 4 AL 7045 LATE 26 1
AL R EEIE R, Cu( 1T ) 4kei 5 53| F ik )g
CEREEAL I RE XA Cu( 1) FE—25 A4 BB B S
M FHEREE T B R

2021 4F, > AR R T R AR R B e A
WIS IE TR AT | 2o N 5L R B



14 f2:38%]  CHEMICAL REAGENTS

5547 B 1)

AN/ BRI S ) R R A AR B 2 B R g
TR R XU I AE W (R 20)

Cu(0Ac), (30 mol%) Eh

S . SN
N. S Pd(dppf)CL, (5 mol%) ~S—
Ph)kNHz * ©A € "CHCN,80C,12h Ph—%/'LN>= 0
Ph
B 20 50/ LA AL G a2 e e g e
MR A W)
Fig.20 Pd/Cu co-catalyzed synthesis of multisubstituted

thiadiazolo-dithiazole bisheterocyclic derivatives

3 HRRE

g — MBI 2 R (R F o O s A
PR FEAL S BN A LG R T 23z
— H LRI RI 2R B Zemi 2 56, CER
A R AE FR IR S AP A S, IR SR 7
it SR ORI R RGBT AR
B A R A A L K 22 TR AR A 14 H IR S )
R FHABIT TS BERE . £56 20 BT F T 2 5 1 SR Ik
FOREAIFFEBRAR 72 AR L5 A7) a0 5 S8
3.1 AR BT R

TEAHUEALIR R b BRI w] a5 4
JRAEAL ORI TE 5, A BAS 2 AR v A A 36 A
BOREAE s 358 S ST PR B AR T, DT 42 3 S 1z
Ui G | Vi /v G I P S SV T
2 MR A IO O 25 R R L, D T4 A A
BRI B ATT Rt —E 2%, e gk, Bl
BRI BT I LA S BEASE E 1 12 , K N B 2
51 ST R BUR AT TR 2 —
3.2 o FREEALF RN AR

LR OALE ORI B Y S e TR
AUEA, DIK OB 5 S ARk 5 A (53 5 O B
I I A B SR, 28 7 18 A i A A 3 BK 52 )37
MPOCTT 0 558k Wang 45 36T 1 Hi 3k
f2F RO AL S A A SR A BT, 4 LD T A 2
HE A AN TR C—0 SR X 4 i
1 H 1 FEA 0 C—O SR IR SV AE 25 ) A 5
S A TA I LA B R 301 RE AL S5 U Y
pE— T, HEAT T RTIEPERY 20 M, R, 2R
PR PR A A R J A £ Py R K S 10 LA
L Ja 8 T AR B N TEZEK
3.3 HRHES S B E ROV T A

PEBEA HLA AL~ 25 ST S IR A 1B
SR A T BOAWTIM BL . A S0 1 i 4 AL 1)
IS, A HILSE BB AL 22 B OB A 45+ H s e 1 A

S, 8BRS A A i Ak HR I B I I S S e
wn, FERERE N EEM AN T, N H TR
B FHIREE, R A LER T I AR A
AL T, B,pin2 . ArB(OH) , A& RBF,K 245 HLAl
KA S 5 EE 2 A0 BUE R e i, o,
B,pin2 AIVENBRE , #5| AZ]—RIED  , Hil 4
LM ZREVER) ST REF 20 T, M S SR AT A 4R
BEICRRATRE, BAh, SR A IR RE 455
B AL JE I, 7 A AR R T 1 C—H BTG fb 4
SR R 22 oK S Ry F A N LA T 22 9 AT REE
It H, B DRI AL TR T £ R R 2 J , DAL
REEWE, R R LA A O 2 4 TR AR
AT LLR A B ELA 24 PR P ) 25 W B G HRI BE Z2 )
AJREVE , A I A SR B L R FR AR AN
(TN e S = SN R T A2 )i
L, W S Tl A A BUAH OG 245 4y v ) A 2 3 M A
P AR L BB S M A .

S

[1]Li J.Name Reactions (5th Ed).Springer,2014.125,282,
572,611.

[2]Zhang R X,Chen Y,Ding M H,Zhao J.Nano Res.,2022,
15(4) .2 810-2 833.

[3]Yu X M,Xu S W.Chin.J.Chem.Edu. 1989, (2) :49-50.
ARV A SC AL 2T, 1989, (2) :49-50.

[4]Wei Y, Yoshikai N.J. Am. Chem. Soc.,2013,135(10) ;
3 756-3 759.

[5]Yan X Y.Synthesis of Pyridine Compounds Based on Tan-
dem Reactions. Xinxiang : Henan Normal University,2018.
EI e T ER I S SR 5 L E A 45 1 B F 5
2 R IIER %, 2018.

[6]Yan Y Z,Li Z,Cui C,Liu Y Q.Chin.J.Org.Chem.,2018,
38(12) :3 381-3 385.

I, ZEE 1%, X IE A A HL A2, 2018,38(12)
3 381-3 385.

[7]Zhu G Y.Research on Copper Catalyzed a-Substituted Vi-
nyl Azide [3+2+1] Cyclization and Aldehyde Reaction.
Jinan; Shandong Normal University,2019.
KT E I - AR RS A 3+2+1 ] G KR
S REBIF S B R - IR R A%, 2019.

[8]Rao C Q,Mai S Y, Song Q L.Org. Lett.,2017,19(18) .
4 726-4 729.

[9]Wei S Q.a-Cyanation and Radical Cyclization of N-Fiuo-
rosulfonamides. Jinhua ; Zhejiang Normal University,2022.

BT NS U E N - UEAL 5 A i JE 3R B A



947 B W B AT ALY BRI IR AL S N i 15
YA WTLIYE K 2% ,2022. 2022.

[ 10]Niu S J.Studies on Synthesis of Quinoline Derivatives by
Copper Catalyzed Radical Cyclochemical Reaction.
Changshan ; Hunan University,2019.

AN A AL e PR A SR AR M AT AR ) 1Y
WEFEAS YD TR R, 2019.

[11]Zheng L.Study on the Tandem Reaction of Organic Az-
ides and its Application in the Synthesis of Quindoline.
Wuhan; Wuhan Institute of Technology,2019.
GRS T A HLE AL S W 00 R IS B AT 5 S A
B ILKIR =Y quindoline I (4 7 . B, I T 72
K2#,2019.

[12]Qin F,Tang L,Huang F,Li X Y,Zhang W.Chin. J. Org.
Chem.,2021,41(1) :318-324.

ZEE R, BRI, kA L, 2021,
41(1) :318-324.

[13]Xu C.The Design and Construction of Nitrogen Hetero-
cyclic Structures via Tandem Cyclization Strategy in Oxi-
dation Systems. Wuhan: Central China Normal
University ,2019.

TRAR L T AL A R T R IR AL MR B4 2 2
IREE R A RIFFE . BRI B IS K2, 2019.

[14]Li Y.Copper Catalyzed Synthesis of Indole Derivatives.
Harbin ; Northeast Forestry University,2018.

20 A A S| R B S SN IS I R AR b
PR, 2018.

[ 15]Kumar D, Chaudhary D,Ishu K, Yadav S, Maurya N K,
Kant R,Kuram M R.Org. Biomol. Chem.,2022,20(44) .
8 610-8 614.

[16]Ren A N.Studies on the Preparation and Reactions of 4-
Diazoisochroman 3-Imines. Hangzhou ; Zhejiang Universi-
ty,2018.

22 1.4~ A 5 G -3-30 e 1) 11 45 5 S B RIF Y. A
I TR, 2018.

[17]Wang C, Zhou F, Zhou J. Chin. J. Org. Chem., 2020,
40(10) :3 065-3 077.

A R, H 21 A LA S, 2020, 40(10) - 3 065-
3077.

[18]Zhang Y H. Tandem Dicyclization of Substituted Aryl
Isothiocyanates Catalyzed by Cheap Copper. Nanchang:
Jiangxi Normal University,2021.

SR TR 4 Ja i 4 A 4 R A D5 A S B TR R 2
5 B IME RN B TLPEE R, 2021.

[19]Liu C Y, ShangGuan X Y, Li Y, Zhang Q. Chem. Sci.,
2022,13(26) .7 886-7 891.

[20]Liu L Q. Study on Construction of Organic Selenium
Compounds by Multicomponent Reaction Involving Sele-

nium Powder/Diselenides. Jishou; Jishou University,

X SERK AR/ A 2 5 1 22 403 SO R AT LA
AT s R ,2022.

[21]Shan C C.Copper Mediated Functionalization of Unsatu-
rated Carbon-Carbon Bonds. Hefei ; University of Science
and Technology of China,2021.

BATRARE A T B SR A B T B 1) T WAL A BN F
FE AN PR ROR KA 2021

[22]Sun L L.Study on the Synthesis of Heterocycles by Pal-
ladium or Copper-Catalyzed Cyclizations. Wenzhou:
Wenzhou University,2013.

PNER 22 AT AL IR AL S U IR AL S TR B SE.
N IR R, 2013.

[23]Wang X B. Construction of Nitrogen-containing Com-
pounds via Tandem Reactions.Nanchang : Nanchang Uni-
versity ,2015.

B R I SN A I — 25 BN AR E .
B AR, 2015,

[24]Xia L L,Wang L N,Li Z Z,Li R J,Sheng H C,Wu Y
Q,Li P,Li L, Tang S./J. Jishou University ( Naturnal Sci-
ence Edition) ,2018,39(5) :64-70.

HLkis , T RAE, T RO R IR REEE
By 23 B B ORI (A AR RR) L 2018,
39(5) :64-70.

[25]Li Z Z.Studies on Radical Cyclization of N-benzenesul-
fonic/ben Zoyl Acrylamides. Jishou: Jishou University,
2018.
2RI NI/ Y P T P 1y R B S L AF
FEHE L E R, 2018,

[26]Xu X B.Transition Metal-Catalyzed Synthesis of Hetero-
cyclic Compounds.Shanghai : East China Normal Univer-
sity,2010.

TRIGE VK. A I 4 AR AL B0 35 2SRRI S TR 5 A
TrAARE Y. Lt R R A, 2010.

[ 27 ]Huang H.Cu-promoted Tandem C—H Activation/Intra-
molecular Cyclization Reaction Assisted by Bidentate
Directing Group.Changsha ; Hunan University,2018.
BT AR AT TRC AR o 1% B ST A/ 23 T I R
FRIR AT FE A YD - I K, 2018.

[28]Liu L.Study on 8-Oxabicyclo [ 3.2.1 ] Octane Skeleton
and Semipinacol Rearrangement Reaction. Lanzhou:
Lanzhou University,2018.

XA AR 3.2.1 B H 2L 5 Semipinacol FEHE & N
FIRTFE. 22 JH < 22 JH K2, 2018.

[29]Shi X N,Tian M M, Wang M H,Zhang X Y,Fan X S.
Chin. J.Org.Chem.,2019,39(6) : 1 630-1 641.

VHEAR , FH T, A SROBT I, S AR A BLfk S,
2019,39(6) :1 630-1 641.



16 f2:38%]  CHEMICAL REAGENTS

5547 B 1)

[30]Wu H. Synthesis of Nitrogen-Containing Heterocyclic
Compounds Based on Copper Catalyzed Series Reaction.
Xinxiang : Henan Normal University,2019.

SR 58 HE T AR A £ ISR R AR R AL A W
FEHZ TR R, 2019,

[31]Duan X Y,Liu N, Wang J,Ma J Y.Chin. J. Org. Chem.,
2019,39(3) :661-667.

B 2%, X7, TAE, B E AL, 2019,39(3)
661-667.

[32]Jia X F, Tong X J. Chin. J. Org. Chem., 2022, 42(9) :
2 640-2 658.

BT EE, Al IH AT LI ,2022,42(9) 12 640-2 658.

[33]Xiang Y Y. Copper-Catalyzed Tandem Cyclization of 2-
ene/ Alkynylaniline with Glyoxylic Acid.Nanchang: Nan-
chang University ,2020.

Tz AL 2-M/ BRIER NG 5 IR 1Y BRI ER 1k
SV F B VLTI R, 2020.

[34]Wang X P.Cooper-catalysed Oxidative Coupling of In-
dols to Polycyclic Compounds. Xinxiang: Henan Normal
University ,2019.

TR A A | W ) S A H TR B A U FR AL
Y18 2 TR IR, 2019.

[35]Wang W B,Han H B, Wang L. ., Wang Q L.,Bo Z W.
Chin.J.Org.Chem. ,2022,2021,41(2) :757-765.
ESCHE FAEM EAR R, EIRHE, bR AL,
2021,41(2) :757-765.

[36]Mo Q L.Tandem Synthesis of Benzofu ran-2-Carboxylic
Acids and Their De rivatives via C—O Coupling and
Car bonylation Reactions. Hangzhou: Zhejiang University
of Technology,2020.

BEAESE. C—O My I/ A R I S L 5 BAS I Wk il -
2-FRIR e FATE A= Wy B9 I 5. BN 7T Tl K5,

2020.

[37]Du K Y, Zhang Z M, Sheng W J. Chin. J. Org. Chem. ,
2021,41(8) ;3 242-3 248.

FEREZE, 5K B4, TR CA HLAE R, 2021, 41(8)
3 242-3 248.

[38]Zhong X, He L.Chin. J.Synth. Chem.,2023,31(8) :603-
609.

P fr3E 5 e ,2023,31(8) :603-609.

[39]Zhang M L,Li T,Wang Z,Zhang H J, Wen T B.Beijing:;
Chinese Chemistry Society,2014,74.

TREASE A BB SRR TR K. AL 5t i R b2y
2255 29 R ARELS 07 4323 A HULY:,2014.74,

[40]Xi Z W.Research on Synthesis of N/S-containing Com-
pounds Involving Isocyanides Catalyzed by Transition
Metal or Rare Earth Metal. Jishou: Jishou University,
2021.

SR U A R U S R T RIS 5 A
& N/SALE W RNIESE. 5 3 T ORYE,2021.

[41]Xie J] W, Wang X C, Wu F T, Zhang J. Chin. J. Org.
Chem.,2019,39(11) :3 026-3 039.

WA, /A, R SRR LA A%, 2019,
39(11) :3 026-3 039.

[42]Bo M ].Visible Light Photoredox Catalyzed Reactions via
Radical Addition.Nanjing: Nanjing University of Science
and Technology,2019.

NS IE T ER 56 BB 1 T L O A Ak D A
AU BIWFE . AT« g BB TR 2%, 2019.

[43]Wang P Z,Chen J R,Xiao W J.J.Am. Chem. Soc. 2023,
145(32) .17 527-17 550.

[44]Yang C, Jia X F. Chin. J. Org. Chem., 2021, 41(6) ;
2 280-2 289.

Wl BUE 8 A DAL, 2021 ,41(6) -2 280-2 289.





