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Transition—metal Catalyzed 1,2,3-Triazole—assisted C—H
Functionalization Processes
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Abstract 1,2,3-Triazole derivatives are a kind of N-containing heterocyclic compounds with important biological activities,
which have widespread applications in diverse fields such as pharmaceuticals, pesticides, and materials. Therefore, it is of
great significance to continuously develop new structures based on triazole framework and to find new and efficient synthetic
methods of triazole derivatives. Although 1,2,3-triazole compounds are widely used, there is no report that 1,2,3-triazole
compounds directly come from natural products. All of 1,2,3-triazoles and their dirivatives are artificially synthesized by
chemical methods. Various strategies for their synthesis have been devised, with Huisgen 1,3-dipolar [3+2] cycloadditions of
azides and alkynes being the most commonly used approach. However, this methodology, in most cases, leads to the for-
mation of a mixture of regioisomeric products and requires the presence of a strong electron-withdrawing substitutent at the
alkyne. Later, Fokin and Sharpless reported Cu(I)-catalyzed regioselective synthesis of 1,4-disubstituted 1,2,3-triazoles. This
“click” reaction proceeded highly regioselectively when using terminal alkynes affording 1,4-disubstituted 1,2,3-triazoles in
excellent yield. In recent years, transition-metal catalyzed C—H bond activation has attracted attention from scientists
worldwide, and has become an important protocol for the construction of carbon-carbon bonds and carbon-heteroatom bonds
in organic synthesis owing to its facile manipulation, high efficiency and less waste. An important strategy to realize the
regioselectivity of the C—H activation is to use the auxiliary function of the directing group. Recently, transition-metal
catalyzed 1,2,3-triazole-assisted C—H functionalization has been widely concerned by scientists. In this stragety, 1,2,
3-triazoles with different structures were used as guiding groups to construct new C—C and C—X bonds by direct
conversion of C—H bonds under different reaction conditions to access more complex triazoles since many simple triazoles
can be easily obtained via click reaction. In this perspective article, we will briefly summarize the advance in the field of
transition-metal catalyzed 1,2,3-triazole-assisted C—H functionalization according to the bonding type, including
carbon-carbon bond, carbon-heteroatom bond and annulation. The advantages and disadvantages of different kinds of
directing groups are discussed. Meanwhile, pathways for future development have been proposed.

Keywords 1,2,3-triazoles; C—H activation; transition metal catalyst; organic synthesis
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-1,2,3- =R AT A RO 5. RIS VRS R, {6
SERIFHALI 2% SR AR Ry T 1) 325 [T oK 6 49 380 #H B (1)
WA=, VRN, Z N AR B T S oA
(AT (B 19).

R1

== -N
Pd(OAc),, KS,05 S NN
\_/ « gz DCE 120°C T :)

50% ~ 86% yields |
N-N 16 examples R2

G -
=

B 19 AR 2H-1,2,3- =500 5 A A S A0 R
Figure 19 2H-1,2,3-Triazole-assisted Pd-catalyzed C—H alkenylations
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2014 4, Shi PRARHPHRIE T —FPg B —Z MK
AP (TAVE 9 B BRI B 5 ) i (4], 7 T P R 1
TER TSRl T N(4)-m 275 JA0AL N C—H #R b %
R ZRBLLL O fE RSN EAF], S5rA R Al
FE S, e, WEmSE 2280 &9, 7EAH RS2
IS T IR BIPE LRI 2, BB = a0 T A E C—H
TSN R B URE () S SETE R 20). SO R, =
SRR AR AL 2.5 equiv.BEER 14 FH AT DA 25 4 i
R, H2, U o-80 g- BRI AR o0 24k
FUB, RN ICEREAT, 1EE N IX AT R 2 T2 () A2 BE
SEURRETEATIR AN R R, B Rl H & p-H R
S,

I X N:N
R'9r N
A HN X/ BN o+ U R?
[e) Ph
Pd(OAc),, Cu(0Tf), AP
0O,, HOACc, dioxane H TAPh)
0
105 °C R e
78% ~ 95% yields L A0
25 examples R

K20 fEMRALI TA 300 R4 SR
Figure 20 Pd-catalyzed alkenylation with bidentate triazole TA(Ph) as
DG

BE IS, ZARE4BOH TAM S 3488 TAPh) 511
B, TEAUSIN = U R A AR AL 26 A N SE I T N(4)-
EFETTFEARAL A C—H BEIGIEAL B, %5 15 AT 7 fE R
T2 AOMERA 250 A . E3% B N R REASUIE N T oK S 4
18, X a-5 B-HURMIGEEASE . (EFRE, KR
RENLE I8 I T B oo H /S e A AR S B C—H
EALHI(E 21).

Pd(OAC),, O,

=N
H N=" — HOAc, dioxane
N ~_N—Bn
(o}
i R2 80 °C
R1-- R T oaer  eror
_ O Me Me 78% ~ 95% yields
22 examples
TAM
O Me Me
N TAM i N
1 i
R o o via: P =
' N,
| I R1_|.\ ‘N—N\
R2 | =% Bn

B 21 AL TAM 1) e e SR
Figure 21 TAM-assisted Pd-catalyzed alkenylation

B T M5 Ah, B T 1 D I B A I R R ).
2014 4, XIH5 S ZH BUR] FH py pe R A 1,4- —HUAR -
1,2,3- =% MM ERL, EAT DAL R SZBL T C(4)-75 246
AL C—H B R BB 22). SCHTRH, SHEEBRIR
3 (AgSbFe) Al — 7K £ Tt B A 75 {2 13k P 25 147 25 & 9 (1)
TER R BICEAER, RIE T AT AL RE.
Hof AR P R I AN X B A B R T A R 4- 55 -
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1,2,3- =R M7 IR AL @ S AL 7 1, (B TCIRIRAT AR AL
FIAGRAL . Forb, AXFRYE b v] LAIX 81
FEME A B IR R 1.

[RuCl,(p-cymene)],

N:N\N_ . R® AgsbFg, Cu(OAc),H,0
S R ‘ ‘ PhMe, 100 °C
R 52% ~ 91% yields
R4 25 examples

Ph
X MeN—N\ H X PhN:N
<N . N-oct
Ph
Me Ph
| |
H Ph
85% 89%

B 22 ATHEALI 1,2,3- =505 A BRIE IR FEAL S
Figure 22 TAM-assisted Ru-catalyzed alkenylation with internal al-
kynes

=k b, 2015 4F, B ZIREHBER L =F M
PN R A R R A S B2 I T b R B, ) B (T 8 A [R] ]
PASEIZ R R, Hs R I 2 T8 7 45 FH 7S SR R AR,
{H [RIRETCIE AT AR AL SRR ZE 10 =4 (] 23).

N [Cp*RhCl];
= 3
N N-gz T Cu(OAc)H0
N = | KOAc, DCE, 100 °C
R~ P 70% ~ 92% yields
R4 11 examples
examples
Ph Ph
Ph M
HY N=N HTY NN H
N N
Ph Ph
Ph Me
\ \
H” “Ph H” ~Ph

90% 61%

Bl 23 BRI 1,2,3-Z M5 N PR I R R
Figure 23 TAM-assisted Rh-catalyzed alkenylation with internal al-
kynes

AR = 20 3 ) I A R TT , C—H Bk
FEA R BERIE R D, 2016 4F, Shi PRAEHPIFIH TAM &
2k A, ERSTRAEAIBSRR AR L R T 5 s AR I
N, BIISEIL T C(sp?)—H 1 C(sp®)—H BRI IELL
N, PR RIS 2] T A BRI Y. A T 1 B
SRALER, AFEE A R 1 OB AR X T s AR & 4
2a°, Hlid X SR AT RE T LA 24).

2.3 fREML

AT T3 U 4 8 A 1) 0 A o R R A e B4 I
N, @Rtk C—H BN R M, HEeS 5k
1 = SRR A Y AR %2
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Br  Pd(OAc), KOAc
. l l dioxane, 60 °C, Ar

45% ~ 93% yields
TIPS 32 examples

! O Me Me

| PhthN

! ’?l)k(\,N‘Ph
I via: Pd—N=p

: |

I

I

N
1l

B 24 RN TAM TR BREE R
Figure 24 TAM-assisted Pd-catalyzed C—H alkynylations

2015 4, Ackermann URBUZHPYHGE T BRI &)@ Bk
(ID A C(sp?)—H A1 C(sp®)—H B ke KAk s v (]
25). fEELLEA TAM SR EFEPEZ. Kz, ik
KA AR, AR AL T DL R S AR i
G T Z PRI =Y. = ST AT RN 2
13, A TE s, BRI EELr, AT 0y B
I 2k C(sp?)—H b ki, sl 7 kgt C(sp®)—H H &AL
S

FeCl3, dppe
DCIB, ZnCl,
O Me Me TMEDA
N N)V\ B THF, 25 ~ 55 °C
RTYLH _ NBn . AkMgBr ——————
Cig? N=N 55% ~ 99% yields
Y 27 examples
TAM
0
i N TAM
T A H
Y\

Kl 25 GBI TAM S 10 BB S R
Figure 25 TAM-directed FeCl;-catalyzed C—H alkylations

2016 4F, ZE AR B = 2 BN B B
[Fe(acac);] {0 Stk 2k fiitk, TEHEHIMINNE ST
IR, AR AT SIS AL C(sp?)—H HbE AL
N 26). %N EYNE FVEETT, ST g gk
FEXCIBE . A, EEICR T — R DU S
1% 7 A (NOBE,) VB TAM 5[] 3 (38 7 V.

Fe(acac)s, dppe
O Me_Me PhMgBr, THF

65 °C
RO ﬁyN—Bn + Ak—X :
> N=N 47% ~ 92% yields
H_/

58 examples
TAM X=Br, Cl |

0]

o
_TAM
RETON _ NOBF | RNy “COoOH
L _H MeCN,50°C "l __
Alk Alk

B 26 =ZMEAEIELAEA T TAM S0 1 ke Ak e
Figure 26 TAM-direted Fe(acac);-catalyzed C—H alkylations

M5, Ackermann URMZHBOY &I, FlHEAL
A IEVRE AT DL ST 05 B R AR AL AT C(sp?)—H #EkE AL =
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2. ARAIFI TAMBe RS 5, IR A b 20 R,
PR LBEVE IS AR, SR T 2 R R B b
WEAURTEY). MEE R, TAMPY 5 3k o [ IF T 4
(n-Bu)B AR SRR IR AL, 77 % 28%) B IR, X R
AR, R, SR S
T TAMB 5 [ ik o 0 {8 — F 350 02 i 0 B . 1
HIE TSI | B 2 A R RUN(KIE) S5, Hah &
W B PR (DFT) A3 0, & B AR i A R TR 1
FEEAEALIEFR ) S5 (18] 27).

O Me_Me MnCl,, iPrMgBr
TMEDA, THF, 65 °C
N , THF,
R ” ~ "N—nBu + Alk-Br 28% ~ 90% yields
= N=N
W N___ 27 examples
TAMBU OMe M
e e

0 |
_TAMBY | [ NM —nB
| H : Mn™* N
I

|
)
B 27 SR TAMP 5 (R hedidb
Figure 27 TAMP'-direted Mn-catalyzed C—H alkylations

2018 4, BRTZRBARTILL 1,4-—HUR-1,2,3- =%
e E AL SV ERL, TEREID AL FSEIL T C(4)-75
FLAALIY C—H B SR N, B KT — R 55 AT
B A BLAR Y 1,2,3- = AT AE. fEE R,
AgSbFe J& 5 A 2 U IR, AT LA RO v fE Ak 70 PR 3
PE. R, AE I k30 S50 = A0 R B I TR AS R,
NEF=EANTR. AEE NN SN A2 S8 T i L TG IABE ) A
AT (B 28).

N2 [Cp*RhCly],
AgSbFg

+ RSJ]\"/OR4
o) DCE, 40 °C

17 examples
26% ~ 95% vyields

_ _R?
. /N
via: X/ NN
F\‘Ih
Cp*

25 examples
22% ~ 95% yields

I
|
I
I
I
|
I
|
\
| R’ -
I
I
|
I
|
I
|
I
|

B 28 HEAEILE 1,2,3- =50 T A be AL R
Figure 28 Triazole-assisted Rh-catalyzed alkylation with arenes

[F) 4, 2 [ 3 PR A B8R p e il BRI A 2H-1,2,3-
ZRME I, EREMDMEL T, Y E R R BRI
BTG, ST N(2)-75 ZE AT ALK C—H e AL
SN, BT 2RI TR IR RAL A . AR E K,
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F F R R
(A2 R 0o B 5 Je W DA e 428 M 3 A Rl B Joe B4 77 4, Pd(OAC),, TBHP
1y N e N N ~ C
T 0 o AR 5 6 0 2 A e — AR 0. WL B 5 2% R{j%.b ® oergece
B, SR AR A E I T B L G R B R AR 24T 1R (] 29). 7 N= R2 H > 50 examples R1_ n N \
n=0,1 up to 85% yield
[Cp*RhCI2]2 /—\ .
Nm 0 i AGNTF, N{ ,\N (a/ORZ Mechanism
N P(OR?), DCE, 100 °C N P~0oR2 O R
+ = T .
N N~ 2y 23% ~96% yields . Ny~ “p<OR?
RS- P(OR%), 26 RS- 11"OR? N’N
_ I examples _— 0 PN
N\
7\
N{N,\N\ d(OAc)
via: Rh-Cp*
R N
L HOAc HOAc
Bl 29 GEMEALE 2H-1,2,3- =5 I I B2 A0 S 7 ~N-N
Figure 29 2H-1,2,3-Triazole-assisted Rh-catalyzed C—H alkylations N\) NJ
R OAC Pd
24 BEE ?o

2012 4F, Chevallier 14820 8 T & A0 T8 4L
(1) 2-75 3E-1,2,3- = UM 1) F e A S (B 30). OB LA
2-75 56-1,2,3- = ML RN 2K H I O SR}, 7E ST A AL
TR T = EM(CHA IR = . ABAE R RN R B
() FH VG B3 A T 56 E

o

I/ //_\Hkph
N. N

CuCl, LITMP N‘N’N

N
+ PhCHO ———(———
THF, r.t. ©

B30 LA 2H-1,2,3- = FM B4k & R
Figure 30 Cu-catalyzed acylation of 2H-1,2,3-triazoles

2014 4F, [FEFFA RS O] FH B R LA E AL 7], DA
P NI AL A, RSN R SRl T 2-0526-1,2,3-=
ZUEFN 2-75 21,2, 3- = UM 1 N(2)- 75 240847 C—H it
FEA . VEF R, BESEARTAT DL Mg 7 1 50 5
M, (H5 omm l B E R 5 FREAEH T2 M. B
SR A R R TR PR, e FEUR N ER T
e, ARt T — Dol e R S HLEE: 55, 2-75 %-
1,2,3- =AM 5 ES R AT AR R AR A, 2RJE 5
Tk F R AR A I AR R T4 B, e &0k Ji
A B & P T B AR AR DAL (1 31). b, IR
S H AR T A A E(TBHP)SE AL T AR .

B, VLR R A IR AR S, R 1,4-
THUR-1,2,3- =AM ORI I N, SR T C(4)- 05 AR
AROLI C—H EEBEIEIL(E 32). PR, 2- =%
%2¢6*BWﬁ%ﬁX%@%WMMATuﬂ%
PR B AR RN B R A T A, BRI A
[T 1) 5 B et ] A NI R AT OB, AT T
TSR B 1,2,3- =R MAT A

Bk T B AT DA BRI AE, a-BEEER IR IS0
G AR AT AR ISR BRI S I C—H B R A R B
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OAC
A
t-BuO-

7@

t-BuOH

B 31 AU 2H-1,2,3- =R 5 A O BESEAK S BT
Figure 31 2H-1,2,3-Triazole-assisted Pd-catalyzed acylations

50
?Q_Rz

Pd(OAc),
) TBHP, X-Phos
7 xR _ DCE, 120°C
—/Ph” “Higse, - 92% yields. yields
N { 27 examples R1®
Ny Pd(OAC),
N K2S,035,Ag20
RI-- o OH Dioxane/HOAc
= >\ g 150 °C
0 47% ~ 81% yields
25 examples 1

Ac
via: Pd

B 32 RAEALET 1,2,3- =M T ) IR S R
Figure 32 1,2,3-Triazole-assisted Pd-catalyzed acylations

2018 4F, WHISERIERIRAL AL T, DiRae B o-
TR RR IR AE VNIRRT S 1,4-2H0R-1,2,3-=
BN, [FERESCEL T C(4)-75 FE4RAL 1) C—H Bl 3L
P 32).

2018 4F, Chatani ZEWITEET(0) AL TR, FIH 1,2,3-=
B S m, PL—S LB a0, @i
MBI NS T C(4)-75 FARAI K C—H Bk
B, B9 e T 1228 I SR A R 7 (b 2
(B 33). fEERI: M 1-HEH3-4-95 F5E-1,2,3- =%
W SIS [X 332 36 1 B 4
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oF ¥ R

2
R? £

/ N
, N\ RU3(CO)12 I N
N PhMe, 160 °C X N’
N N +9H2+CO—>R1T
R P CH; 34% ~ 88% yields %
17 examples o

1 2
& ={_ N=N
u

R

H

B33 ETREALIN 1,2,3-Z M3 10 1 =4 5 A I e L
Figure 33 1,2,3-Triazole-assisted Ru-catalyzed ortho-acylation by a
three-component coupling reaction

3 C-ZBEFRK
3.1 C—O BHIFZRK

AR, C—O SRR 2 2] TS KK
FVE. H T E AR O—M BRI, C—H BE
A C—O BRI R NG Bl S IRIR £

2014 4F, [EHFFREAHMRIE THEMLT 2-75 -
1,2,3- =50 S 171 (55 FEAR AL 1) C—H Bl EAL IR M. %
SN AEBERRAD . i SR AL A & = R LR I SL FITE R,
FRINSEIL T 2-9536-1,2,3- =M 5 — 2. BERIEEL
KL, A3 T — &5 N(Q2)-77 BB AL B AL 1. 1
HiE KIE S256 &, 2-75 3E-1,2,3- = 5 M40 17 C—H
W25 A e L s . TR T — AN AT RE AL
T, 1,2,3- =AM AR T 5D EALA B s ER
iR AL B, 7RI BRERET Ak NI AR (V) H E]
& B, H&SRAZIIZR C, R H RS E KA
A=y, FFEAMEAT. FEEEEH, BT 2H-
1,2,3- = F Mg — A am b i P, FbFE=y A 1
TE G FE W] BEIE A A& 4R AR S =M 1)
BIETHCAL, THEAT - FHERE, @dmREH, ¥
BCHE =) A 34).

R2— Pd(OAc), K»S,05  R2
N Q
NS N CF3CO,H, F\N
N R3_on__ DCE, 80°C N
N 35% ~ 82% yields . OR®
R 22 examples R
= P O
Mechanism
7\ 7\ /Y 7\
N, N NN N N X N N X
U
Pd(ll) Pd-x _1O1 pd-x _ROH Pd-OR
A B ¢
or T l—Pd(II)
N\ X 7\
N. N-Pd_ N.+.N N. N
N: X N

B34 MR 2H-1,2,3- =500 5 1A (ke Ak R S
Figure 34 2H-1,2,3-Triazole-assisted Pd-catalyzed alkoxylations
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[F4F, X URBZH SR AR S NiAk &, DL 2-75
FE-1,2,3- = F MR IR B RL, SEEL T N(2)-75 20 AL 1)
C—HE#BEA A N (K 35). 1E#E KB, ZRNARRANR
PR 1,2,3- =200 T ) 2, 1-2R 28 1 =ML 5 3R TR I A1,
AR T AR L TR SR AL TR . 12 RO 1 IS A 3 R Y R A
J7, AR mRO A S A 2-HUR-1,2,3- =AM A
iAW), NS Fid C—H 8 ke Sk N AR L.

N A\
NN PA(OAS), KpS:05 N, N
’ DCE, 120 °C
RICOOH ———— =~ 1
o RCOM 5o, ~ 86% yields LN OTR
R 28 examples R o
_ =
I

SV

via: Pd-OAc
A
€
=

B35 ARAEALAT 2H-1,2,3-=F0M 5 i Bk AUk R R
Figure 35 2H-1,2,3-Triazole-assisted Pd-catalyzed acyloxylation

2016 4, Correa M@IZHUUER 1,4-—HfK-1,2,3-=
B SEEES S N SEHL T C(4)- 75 3EA0ALIY C—H R4
e BB 36). 1% N AT T B 1l 22 P i 2 S AR 1)
1,2,3- =& MAT Y. SCRiR T, BER R SRR IR
FEPRUEEEN SN 77 2R (P . T b, 25 TR BH 28N 5 s
N X I B A B B . Y 41 0y B, 7E
WA SRR AN R VR &, 24 4-10 05 2R 5 L
AREERT, WAL A AR S EAR =4, {H2, M 507
WA 1,2,3-=F NIRRT, ot 4-10 75 24 ToHL
R, WAERBIAC=Y). (EERH T AR 4
B AAAE R A IS, DB KR 2= BELAS 05 2R 14 E el
JEk, M BELAS AR SAT IR T A, BRI JE v P TS A T
TR . AN, UEH 4-M5E-1,2,3- =AM
VIR, % SR T SEEUE R C—H BERIBEAAL. AR,
1 3 R I SR A 7 R R B 45 Sy i 3 I AR S R
[PhI(OPiv),] A1 45 X 2 (PivOH), Rl Th s SZ 3R T 55 ¥R 1)
C—H BRI REBEE N, RMHLES A C—H 8
Bt Ak s N AH L.

N N=N Pd(OAc),, Phl(OAc), N...R®
RIL ~N_R? ACOH, DCE-Ac,0 90 °C N" N
Z n h 50% ~ 98% yields ., R?
n=0.1 R2 38 examples R1\/‘ /
OAc

B 36 AEMEILIY 1,2,3- =5 510 11 Ik AL S8
Figure 36 1,2,3-Triazole-assisted Pd-catalyzed acyloxylation

B 5, TR 3 R A2 VR B 1 I R R B A N
AT, BERRIEN OB A AR T, sl T = X
BORPRIER] C(4)-75 FEARL LA AL B (B 37). 1%
TET AR R 4-9556-1,23- =8 MA74EY, K
F5 4-MEWY-1,23- =AM LB A FEATAEY). RNVALES
iR C—H kA ) S ARL.
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RF ¥ R ik
R Cu(OAc),
X Phi(OAc) YR R?
R < O\ R’ R? 2 2 S
N N1N~N Pd(OAc)y, K58,08 X >N-N, 7 DA HOAc-Ac,0 | 7S
—/ \=K__AcOH-DCE, 100 °C N = | 100 °C T\ AF
T OAc S _— N
sV 95% ~ 91% vields — NN 77% ~ 92% yields N=N  OAc
m? examples S N 20 examples
L R
R! N / 1 2
KON, SN—Pd 7 XR i
via: /_ N - | 4
= via: T
) =
= N \N c
N: —Cu<
AcCI) OAc

B 37 A 1,2,3- =M S 1) LB L S B

Figure 37 1,2,3-Triazole-assisted Pd-catalyzed acetoxylations

ZJa, RSN FA R SR, R R I R
JRIE, JRIISEEL T C(4)- 77 AR ) Ak A2 B [X 3ol i 3¢ 12k
KA SN, B FUR B, 1% B IR TR & Y R A
JERAIBUARIRE (1 FLE X S 25T WS R, S AT R S04
. UEAh, MAEHIE TR, 57T BRI SRR REOR
I ke AR, W LA B e e ™. %K
S Wt 2 o T e R R A R SEEL (1 38).

Pd(OAc),
K,S,0g, 100 °C

75% ~ 85% yields
30 examples

OMe

Bl 38 FEAEILE 1,2,3- =503 10 i b UL R
Figure 38 1,2,3-Triazole-assisted Pd-catalyzed alkoxylations

16 1,2,3- =% C(4)-75 240 2. A 240 .
o, W O I ESERALVE AL ). 2017 4, YL RIKEIR
R ZE Ot FH B A 1) 6 T R i A AR B B R A, DA
T TR Sy SR AT, S T TR R s 1R Ty 0 Wk SR R AL AR
A, WIS T C(4)-75 FEARALIN LA SR S, N
HA R X 0k Bk, ML S0, ROV 2l
AR (L) H TR AR 3EA T (1) (B 39).
3.2 C—NIEHFR

1,4,2- M-S 2 B AT AR, 0] UL AR X i A
NPT, BB CO,, A it I 48 I 2 A s
WA, PRI 4 F AHOT B C—N R B, 2016 4F, BT
ZUR B POTR B B AL, DL B D SR, SEELT
1,2,3- = %M C(4)-75 FABL ) C—H BB B, S
HrEtH, BEERET SIS R AT LATE — B R R OB e
2R, (B TR 2 PR L= 2. 1% R NN 75 B FR
EIN C—N 8N A i 2 A B B BRI = e i 2R
YR T —ME RO R, EHTEM 1-R%EE-1,2,3-=
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B 39 AL 1,2,3- =5 M5 1 LB R N

Figure 39 1,2,3-Triazole-assisted Cu-catalyzed acetoxylations

M C—H RN AEF R T o] RE OV AL
B, BiDS 1,2,3-=Z% M NQ) R T IR PR Ak
TLCHES AR IO, T 1,4,2- % W5 2 ZEA L T
JBiBR CO. TR 5, SRIE 5 aA I 3T A =EimA R
MRS TCHRES AR TV, R BB R A e R AR
PRI LA =4 3, 56 B A IE P H T AR AL )BT 40).

" %

N=N,
<« N-R?
O__N (p+ A
N Cp*Co(CO)l,, AgSbFs R1-L
KOAc, DCE, 100 °C ZNH
+ 7z I R3
Y o] DA

42 ~ 99% yields

18 examples |
RS Z
Mechanism
N=N,
N-R?
N = N=N
R T 2
' NH <NR
R3 R
oY P Z
3 =
Co(lll)
HOAG 1
R1
2R S R
X
— \)
A —
R2- N—Co, = =S
N L re-N. o NCorL
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o OAc
1
o< 7 xR
O
R3—:\ N
Z 2 o~ HOAc
~N_ .N L
R? N

B 40 HifEALN 1,2,3- =8 M S ) 1B A S B

Figure 40 1,2,3-Triazole-assisted Co-catalyzed amidations

Tt 2 B A A v R RS L 1,2,3- =5
i C—H BEIEAL SR, TR C—N 8. 2016 4F, R 55 R
ABURI 2-9756-1,2,3- =M 5 Bt 2R B USRS, FEET
(DAL TSI T 1,2,3- = MEN(2)-J7 24T AL ) C—H
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& F F IR LEST
TR T Fie B AR S . 2 S AR AE T B, TR 2 &, N =R s
N SN B W — I B ). AR T AT RE R s AL B - P4(OAG), KuS,0 /_,\
B, ENRBBRARMEERMIER T, $7aD5 1,2,3- _ DMSO?} 000G [ No,
SRMTERTCIRET R AL A B A A 2 NN T2 0% < 02t veiws N M
2 A URIEAE TCRE IR AU TR 21 campies [
AR C. B PRI i A A 5 O AT B0 N o R
(& 41). =\ AN
viai Rt Y/ \N:N_PS’
I\ [RuCly(p-cymene)], 7\ L
N, N AgSbFg, NaOAc N. N B N
N + O\\ /o HFIP, 80 OC N H R2 E 42 %E{E{%Eﬁ 1,2,3-:’5\@@@5@%%1{&&
2 ] N - e o i o
e N Ny \RZ 21% ~ 96% il SN O//S\\ Figure 42 1,2,3-Triazole-assisted Pd-catalyzed nitrations
- yields L o}
23 examples N//\_,\\N Pd(OAc),, NXS N via: N OA
Mechanism N"" B, PiVOH, 100 °C N “Pd- o
M [RuCly(p-cymene)], N//_\\N 7Yy 60% ~97% ylelds / CH3
“ N’ R 30 examples
N H OAc” AgSbFg
N. R? O X =Cl, Br, |
Y S AgCl
R J % / 7
3 [Ru(p-cymene)OAC] [SbFg] N\N,N
HOAc
HOAc [f:]/ \1:::1: 3*-N
N//_\\N SbFg” //_\\ suvorexant Me
*N° Rut—L N
N N Y Ru*-L B 43 AL 2H-1,2,3- = B B 10 5 S
Y SbFg Figure 43 2H-1,2,3-Triazole-assisted Pd-catalyzed halogenations

TSN3

y

\ SbFg
\ L
i\/( NN,

BI41  ETHEALR 1,2,3- = %M S 1] AR IBE e A S

Figure 41 1,2,3-Triazole-assisted Ru-catalyzed sulfonamidations

2016 4, VTR 2R F RS R AT A AL, LASE A
FREN N BIE, SEPL T 1,2,3- =% M C(4)- 75 FE AR A7 i)
C—H #EAIb . 1EF RN, J7 PREUAC I (1) HE P )
A SR P 2P A B ST . 1% R LA R v R X Ak
PERIG S B0, R B RIFMIThEe BRI 2P, &
A AEIE 1,2,3- =R AT A PRAE T — B 05 .
VEH B A NALE A WA RN E B AL FIVE L R =2k
fiti 5 PR, 0 T e R T A AT SR A I (B 42).
3.3 C-H#ERIFAL

2013 4, EHFFRBHPIRIE 7 2-9048-1,2,3- =%
M N(2)- 75 FE 40 e DX e C—H B i 1k S B
43). Al AITEA N-pi AR T B AL (NXS) A i AR, 7ERE
PR A AR R M SE FVEFH R A AR T 20 2-BUAR-
1,2,3- =AM AT AN, 1R RO, didiEh] NXS 1)
R & ] DA s AR A i, A, 2H-1,2,3-2K5F
=M ] UK AR AU S, T 1-H0AR-1,2,3- = e
C(4)-75 HANI A KA ZR L, thah, EEIEX 2-HUX-
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1,2,3- =& MR EAY C—H 8 QN T T3
R, WG THARS R, 2R NANGEH RS
W, AT EBURT R R ASE . Ak, R
FPRIE A L Suvorexant HEEMATR ML T —F 20& 1%
TEMAF 7T A F, 2017 4F Correa YRARZHPULE FiR
IR 22 AN IS R TIOCRS, Ak 1 1-HUAR-1,2,3- = 2

C(4)-77 3L ATAL C—H B s AU N R MR e B #5190 95
FEARAL s AC P DAL TE 24 26 AF B T DURZE — RIUREAL,

TG A2 il 2 Bl oAt B BE AR 1,2,3- =R MRAT R4,
VEE IR, 7 (AT BH RIS 2 7 DX 3 B o e i 7=
A —E MR, T RS T 2R IR X ke 4
PESZIACR, s R, BT 07 R TE = M 5 /R
T, XEGEBEEHA R T C(4)-77 2480 C—H 8 <8
W, T E TS R R AR S S A B R [ i AR
17T KRB AR, T R NALEE, Correa REZH
HHT 7 —Lext B SZIG A DET BFR R B5E, DS
=GR B L T RN AR E R4 S e A
A4k Is. Fovk, % NBS 5 PivOH JE A7 A P 58 5 1)
PivOBr, 5 Fo JG ¥ [E] A4 3E AT 48040 0 e 2 i o ] 4
1L o, P&l I v b A OB ™= ) 5 P AR A 4 55
(K 44).

4 IMLRN
2013 4F Shi VEAIALISHRIE T /EBIRALE (L T, A
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e F % ik
N Pd(OAc),, NXS, N [Cp*RhCLy], .
NN ra PhI(OAC), PIVOH, X N= Noge . CuAckHO R
A = +
R1L N Y DCE, 110 °C il N N= R Na,O,orDTBP R =N R
L R? 20% ~ 99% yields = R2 DCE

30 examples X =Cl Br, |

Mechanism
Br  N=N H N=N

~N"R
©/\/ Pd(ll)

a0 Rz Do
r\|:>d/OPIV
?/Me
Pd—
; S /\\ N-g ;:j \\/N‘R ENV
\< N3 = trlazole

PivOBr <—— NBS

B 44 HEAEALAYD 1,2,3- =505 i) 4k R B
Figure 44 1,2,3-Triazole-assisted Pd-catalyzed halogenations

ALV RR S 3L TAA S, KL T 2 F IR RN, &
BT RGEREAT (A 45). ChTR i, TAA SR E#
FSAAE ), Hofhfn = M-I IE (TA-Py) FEEBER(QA)-
I R I PR (QA) &5 5 1) S # % BB SRk I . 1R 3 42
H T ATRER S SALEE, TAA 7B S 3, T UE e
C—N ik SR R W BRI = e . 2 )5, &
GRVRRACONE S DFT 58T FEUESE T 2L AE 3 1) %
AT e

Pd(OAc),, Phi(OAc), 1 R2

R2 A 0 R
cOH, DCE 120 °C ﬁ
N
TAA

56% ~ 88% vyields
4 examples

R Pd(OAc), Phl(OAc), R
74 AcOH.DCE. 120°C 2
aaNH 53 ~87% yields NN
12 examples TAA
/_(‘DAC
N N
<N>Td\|_ CN =1,2,3-triazole
OAc

Bl 45 AL TAA 510 I ERAL S8
Figure 45 TAA-assisted Pd-catalyzed cyclization

20154, B Z AP ERADMAL T, FIH 1,4-
THUR-1,2,3- S E MR B OB, AR T 2 FROR FEIE E
B G, I T 4 F IR BB 46). 1% [FH]
IFSEEl T C—H #551k, C—C 8. C—O0 # LI C—N
BT N AERE R IR, TSR nT AR w4k 7 (1)
AT M, RUN IR Bk, AT SR
SONE IR R, AN N AR 7] 32 LA R AR A A5 FE AL = 4.
[ B 3 0 I, X T e 2 R, I SE AR
RO EAAT; 16 0% B N R, A T R
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N—R1
< N-R
* || 29% ~ 76% yields
R2

R4 28 examples

R2

B 46 FEMEALAIY 1,2,3- = 50T [ AL R B
Figure 46 1,2,3-Triazole-assisted Rh-catalyzed cyclization

(DTBP) | /2 f BRAR B SE0A0 7). D7 945 21 1 2R FE i i

KA EWIAERI R IR =W 5 T H AT 45 L R E R o
Ackermann 1 8 20 715 = e S 1a) 1) I A S B A
THEIRANBIBEIE. 2017 4, Ml TR H TAM SRk S =
FROLRE SRR B B, FEEREAG T SEBL 1 40 R 34k
RN, BT 2R AT A (E 47). ZR R
EHVERERT, R 07 dk, A R AR R A
[l = Sk A AR ] DL s B AT ML R B, 9 Rk

ZFhE S AR B A IR T BRI .

(1) [Fe(acac)s)], dppe,
PhMgCI, ZnBr,.

TMEDA, THF, 70 °C
| (2) KOH/DMSO, 50 °C

O TMS
.z _TAM i
R@)L H + | .
X Br 49% ~ 65% yields

10 examples

B 47 ALK TAM 53R
Figure 47 TAM-assisted Fe-catalyzed cyclization

ZJE, R SR AR B SO R T — Rk
by TAH T35 T M IR, 2 87 PL BB e
- TAH- K F BN EY), (EERFMETEE T Z2RA
ﬂﬁﬂﬁﬁlﬂﬁ#@%@ﬂmﬁi% R, TAH St
NG RN, IR & B R TAM &
ﬁﬁﬁﬁﬂﬂﬁﬁﬁﬁ%. IEAh, %R R A& A T,
TAH 3 A JE ] DL 2 PR B0 ) A H e e . R
BT Mossbauer Ytk 437 A1 DFT 115670, $2H T Al
MR MNALEE: & RN ZE C—H JE A 5 H [h)
K. B4, S5 =% 1a FoA I O eIk A ]
R A, BN IEESER IS AT PRI AEANTE K C, BEFRIE
C—O BWEIL A G &Y D. AR5, EEEA

F|] N—Fe #rh, ElGTHREEEY. &5, 215
TH B A il e e U T 7 0 (1 48).

2019 4F, Ackermann B EZHOUE FH 5 2 g A N
IR, TERSRRA AL NS T 1,2,3- =M 5T N i
SR BB 49). SCRfRH, R REAE R R B R
AMUAT DARISCR 8 ST A5, 34 R b 381 AF 5 B8 A0 77 R
H. R, @Hﬁ%‘]@aﬂﬁ-’éﬂ’@*{ulﬁlﬁﬁﬂiﬁﬁﬁﬁ %R
SR EE RS, oy =257 R AT AR (I Rk =
Pl AL P S5 R 1) 8 AL T — P TR (R 1R T V.

http://sioc-journal.cn 1147



& F F IR LEST
; FeCl,, dppe, ZnBr 0
R_OAC  TMEDA, iPrMgBr - _TAH
/Y\N’” Hex THF, 23 °C RN
I . AR
%(_/ 22% ~ 88% yields
TAH R2 35 examples R2
Mechanism 0

ZnBr(OAc)

ﬁ

, ©)J\N
0 H
1

FeCl,, dppe, 2 i-PrZnBr

~TAH

A N=
N HPr, 2 ZnBICl
n-Pr Ph
3aa N-—1-Hex
e—N N
1a, i-PrZnX
a, i-Przn Me
0 _n-Hex
7N
oS @f o
= _
Fé Me Fe NN Aco__Ph
E n-Pr pp @) THF
Fe = Fe(dppe) H
2a

0 /\(\Nzn-Hex

N N=N
\Fe/ Me
£ o~
n-Pr (6]
p Ph

Bl 48 kM1 TAH S 3R R B
Figure 48 TAH-assisted Fe-catalyzed cyclization

() i

P nX
N jy\t’ “ Pd(OAG),, Cu(OAG),H,0 N\N |
N PivOH, O,, PEGgng0, 140 °C R

N
X =CHy, O, NHCO

R n=0,1
Bl 49 AR S5 1,23-Z 58RI R
Figure 49 Pd/PEG-catalyzed cyclization of 1,2,3-triazoles

AR, VL RS 1,4- " HUR-1,2,3-= %M
TN SIS B 7 OREWTFL. 2017 4F, %R
YHIONRGE T — MR 1,4- ZHUR-1,2,3-=F M
T 50). FEEEIALI R BS54 3R
BEAT PRI RN, & Fh s F - Ak T 1 = A MR R
AR, DL R PRI T — R =M I I BE R R
FIE BP9, VBRI, 25 (A BH N A EAR 2 1) L
RN X e S A B S e L TA) A Bl AT A7 A BAR 2
1,2,3- =R M L7 A BRI 1 7= A%, S it 128
P () R L5 W 7 22 A SR = 2R . 1T VRN ik
WEEZE 1,2,3- = ZMRATAE AL T — 24 T R s
18, TR T AR =2, fEE IR AT e
%FT AN HERR. RERIEHRE T TR RR
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n-Pr

/\(\Nzn-Hex
Fe—N N

n-Pr.
N—-Hex \/ \n/
\—/ Ph O

HEHE, Ag)H K.S:0s FALRK Ag(ll), FS5HREEH
GBS TN U R P AR, B 5 4000 T TH B A e Y

B
Rlz N\ R1\, \ 0
QCOOH AgNO3, KOAc, Q—(
(NH4)2S,04 —
N ) EtOAc-H,0 (1:1, V:V), r.t.
N\\N x 48 ~ 78% vyields
\ \ 18 examples

N=

O
RS O\
R Ag
via: Z /g_<j>
NN
| /,
=\ \ 7 R?

B 50 AR 1,2,3- =500 KB
Figure 50 Ag-catalyzed cyclization of 1,2,3-triazoles

2020 4, VL E PR A CIR A 1-Q- 4T
F5)-1,2,3- =500k 500 FH 2R L I S5k, di i A AR R
ARG EE AR, SEUL T 1,4- 2 HUR-1,2,3- =% mk
TR L. BRI, 1% RN e 52 R E i —
RAVAFIM LT R X HORBERE S B & 10 s 7=
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AR PR AR, 1 26 F R B 95 A& 28 L E
ARIEAT B R AR, P LS E B, %R A
1,2,3- =28 1,5-a ] EMR R AL S5 it T —Fhon i, =aL
777 R EY BRSBTS, HER X
FRE AT MAO) M HIAE FH. AF 532 H —Fh R £k 1)
& NS SE - S 7 N A =B A | B I =
CRFE S [ NI B LR TR A, B35 5 %F F K
T fi S AR R BB 2 v AR R 5 A a4k
B. AR F K GBI ERE IR N SN 5T SRR S R
TERCHF A E. ffadid kA 1,3-20E8 RN
3a HFAMEAT, TEREIE(E 51).

2
Il R Cul, DBU
/4<N t-BuONa
LN N~  ATSNNHTS 0-DCB, 100 °C
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— R2
R1
_ =N
N
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p-Tolyl =
N,
s N NN
a ] ll\l p-Tolyl
a N=
[Cu] [Cu] N
\_ [Cu]
Ny Ph Z Ph” SNNHTs
H 2a
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E N=N Ph™ SN,
( A 2a
N2
[Cuy] A
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B 51 AR 1,2,3-= M 5 IR R L 8

Figure 51 Cu-catalyzed intermolecular cyclization of 1,2,3-triazoles
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EEST
(K 52).
R2 2
R
/7 >
- CuBr, TBAI &
OH _ DTBP, t-BuOLi o =
N PhMe, 100 °C =
N.. — No N
YN 40% ~ 86% yields . X\ N
R _ 16 examples R_u/
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t—BuO‘ [CU”] i j iN/ﬁ/Ar
+ 1 N=N
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O‘Cu”
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[Cu] N XA
B \ N=N
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N, N
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2 +BuOH c

B s2 A 1,2,3- =R M 5T IR R R

Figure 52 Cu-catalyzed intramolecular cyclization of 1,2,3-triazoles

2020 4F, VLR RBACI Y IRIE T —Fh G 4 8 i
oy AT ISR RER 1,2,3- =& M F- N H C—N B3Rk
KRB, AT TOE . SR s 1,2,3- = F M 1,5-a]
WA 777 AE (B 53). SR BA G511 2-(1,2,3- =& Me-1-38)
KB, D ERIBUA SR, /£ 18 W 5
FeiES kAT, XEUEFEE AR T 2 ML=, 7=
SR RAF. R AR AT WSO S 5 AN 5] s B
TREPIAT AT BRI, o TR AR & e — ] e
W JBE, ANTTTIE ST BTE S o7 Hh e 21 e s | R 7 AR
F. WESHLERE SR B, 2 b ] RSl it [ i 3 & N
SEHLI.

o o)

.R? I, Phl(OAc),, DCM R2
R NN rt, Blue LEDs o Ny N’
— : l
NN\ o3 29% ~ 98% yields = /Kﬁ
,‘\I}R 22 examples NTH—R3
N N=N

B 53 oalmfEtl. TOBIERER 1,2,3- =8P 21 b R R
Figure 53 Metal-free, visible-light promoted intramolecular cyclization
of 1,2,3-triazoles
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