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Abstract: As a class of nitrogen-containing five-membered heterocyclic compounds with both aromaticity and biological activity,
1,4,5-trisubstituted-1,2,3-triazoles have attracted much attention in the fields of drug synthesis, polymer chemistry and functional
materials due to their excellent chemical stability, acid and alkali resistance as well as remarkable resistance to metabolic
degradation.The title compound not only exhibits diverse biological activities such as antiviral, antibacterial and antitumour
activities ,but also possesses modifiability of three reaction sites (1,4,5 sites), which provides a broad space for structural
optimization. However, conventional synthetic methods are often used to prepare mono- or disubstituted triazoles, and it is one of
the challenges in the field of triazole synthesis to achieve structural modulation of trisubstituted triazoles and to achieve excellent
regioselectivity.This paper presented a systematic review of strategies for the synthesis of 1,4,5-trisubstituted-1,2,3-triazoles from
two types of alkyne feedstocks, namely, endo-alkynes and terminal alkynes. Among the cycloaddition reactions, copper-catalysed
azide-alkyne cycloaddition ( CuAAC) has been the focus of research due to its fast kinetics, high regioselectivity and wide
substrate applicability. The multicomponent reaction strategy further breaks through the limitations of conventional synthesis of
triazoles. We have systematically reviewed the methodological advances in the synthesis of trisubstituted triazoles, and proposed
that future research should focus on the development of novel catalytic systems, precise modulation of reaction selectivity, and
expansion of the scope of substrate applicability in order to meet the diversified needs of drug discovery and materials science.
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2017 48 vp [ R 2 B A ) 5 45 A4 BIF 5
Huang PR RS T A bl R RS
RN (18] 20) , RIEEEAE AL B - ke 3
Jm B & W ( Rhodium-catalyzed Azide Alkyne
Cycloaddtion, fij #X RhAAC ). % 7 ¥ Kk H
[Rh(CO),Cl], AR, LG R, FERE
VRN RS e AN G IR = 1 S~ L = =8
80% ~95%) .,

PG XN,
R—N 4+ poy - [RHCO)CI, @ mol%) N” "N-Bn
= AN, — et OO
Re 3 MeCN,RT,0.5~22h RY N-R?
PG=Ts,Bs,Ms,Ns PG

76 33 77 (80%~95%)

B 20 PURRBENG A RhAAC F L
Fig.20 RhAAC reaction of ynamides

2018 4, Kk B T K 2% Song MAIZH > 4 1
T —FER AT (1) RS R PR ER
TSN, Db 5 Bl 2 T oA DAk s DX 3 85 1
EMT A-BERRTESE-1,2, 3- =AM TR
[Rh(CO),CL], YER b7, L= G H e i 71
TE 40 CFF W 12 h, 72555 94% , X 8k
PEPES20:1, R EEARYE R HiE
VAT A2 1 4 | 7= 388 g R DXl 3 26 1 2 S5 4 o5 (I
2la), [RVAE, IZIR AL HRGE T X 3k 2 RE P 5 1) Y
(1) LR B R -PUR AL N, 78 TR A A
T 1 X B A 4G R -k S-RE R -1, 2,

3-SR0 3% kA a4 AN TR Ak 2 A A B
(D) sRaR (VD) , T DIA R 3% 6] RhAAC 2 Y
XS BE M AL S0 1,4 B8 1,5 KRk 818
B 7 AH N BB R L — A (T 21b) B S %R
MR T —FhEsE( 1) AT, DAt =4
FH A7 T PR R A AT g DRk, DA S5 X sl ok
BEEASR) 2 BUR ) 5- = F AR 1,2, 3-— A e
o SR /ARAR-1,2, 3- = Rk A9 i O =Y
21c) .

N
N-N1

I Rh(CO),Cl], (2.5 mol% -R?
Ri-=P-OR' + R-N, L L @Sml®) o g NR g

DCM,40C, 12 h P *p=0
d g R'0%y R? R'OPR
OR! R'O OR!
78 79 80a 80b
67%~94% yield (a/b>20:1)
DOW.RT 3h 9 Dcr[:R:l(()Ec(;))igqu h NNy ©)
I_g-—=R2 > 1 o DR, 12 QU N-R
0 83 R 0
81 82 84 (70%~88%)
N Thenm-CPBA  N:-N,
[Rh(CO),Cl], N-'N-R?

. NR?
R'-S—=R? + RN RL.3-12h g

? CHCL,40%,12~24h |RZ o,

81 83 84
N-N (c)
- [RR(CO),CI], (2.5 mol%) “N-R2
R SCF, + R*—N, —uei Rt 12-24h R
SCF,
86 87 88 (71%~92%)
N,
o [RR(CO),CI], @5 mol%)  N* ‘N-R?
R="X-R* + RN, —hel a0, 122en R
X=S or Se X-R*
89 9 91 (319%~94%)

B 21 IR IR sl i R B RhAAC SN
Fig.21 RhAAC reactions of internal alkynylphosphonates

or thio-/seleno-internal alkynes

2 Bt ARK1,4,5-ZB4-1,2,3- =AM
2.1 EdumHA R S-KAR-1,2,3- = A

2005 45, R B A AL 2= B 5
Wu B HRAE T A 5 A S B R i 4 5
REEMALEY (95) 775 (B 22) o SefERO
200, Cul AL, 1G] K2 ik H, = 2 ek
B, 76 DU Uk I v 790 v & TR 20 b, BT 755 5-
AR-1,4,5-=BU-1,2,3- =&MW, BT ICLYER
FEHURF, R TR IR RIS S
YRR LR, 75 3 500 8 L sk B AL U i =R
e, ZITIEAAAE R SR T 1 equiv 9 Cul,
DR A S g e T P A G 15 A 5 F R &

_N
Cul(1 eq.), E,N N=

= 2 N-R?
RI-= + R*-N, + [CI THFRT 20 b R1J§<
I

92 93 94 95 (34%~82%)

R'=CF,CHF,, Ph, CF,; R?=n-Bu,Ph

B 22 sippthyg 5=k
Fig.22 Construction of 5-iodotriazole by terminal alkynes
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AT R, T A R Y S - - = U v ]
&, T BN AT 0 — M B R

2010 4, 1S 50 B% i 5w LT T K2 Dzyuba
AT A8 T A AT R A Cul A A S e
BRMABYH CuAAC N, 15 5] S-BAR- = 2 mk
(K 23a) . Zd &0k, DMAP (N, N-—- FH JEig
WE ) N AERR, 78 £ I 7500 &= IR UV 20 h B AT
FRE S-BAR = R0 2% S0 ) R A TR R A 2 I
FHRHE (3.5 mmol/L) o BJE , i Lo B
EYEE—K2F Vidal PR T4 nloh 5 R 1k
RN, 765G A4 (Cul B CuBr) AL, i
5 B Y B-D- A MR & A LB Yk
CuAAC JZ N, 15 EI A Ry S-TRAR-FN S-BAR - 1-%8 4
BEIE-1,2,3-= A, HE Y H CuCl B, IFA
AEAS ZIAH N 1 S-SR 10 4 61,2, 3-— A
(& 23b)

N

N (a)
- Cul(1 eq.), DMAP -
P =+ 3 N, MeCN,RT,20h Q)\el\‘b
3 Br
F
96 97 98 (96%)
TR0, ~0Ae b
AcO_ y~OAc . W A0~ o ®)
AcO 0 + Ph—= M— s
\ MeCN, RT, 16 h AcO N-N
AcO N X=Br, I XN
3 /KRKI
99 100 101 (74%~82%)
AcO, OAc
AcO, OAc /
AcO 7 o . Ph CuCl(2 eq), DMAP  AcO
U ~ 7 MeCN,RT, 16 h A0 N-N
AcO N -\ N
3
R
99 100 102 (trace)

B 23 paflilr Hl I m bR % A CuAAC S
Fig.23 Copper halide catalyzed CuAAC reaction of

terminal alkynes

2008 4, M FIJ K2 Zhang PRAZH B R
T —FpiE i Cul 5 NBS KA S AR S SO R
AR 1T Bl R4S 3 5 - = e SR (1 24) o
Lok ZAFRAL, 2ok Cul 5 NBS B 8OEHY) BT

N=N
Cul(1.1 eq.), NBS(1.2 eq. —
R-= + R'-N, ul(1.1 eq.) (1.2 eq.) R‘J§<N R?

DIPEA, THF, RT,3 h

105 (80%~91%)

substitution
Iz

N=N
RI= + RZ—N3M le(N_Rz
[Cu]

NBS + Cul — Cu* + I* |

24 EALIE SRR A RS- = A
Fig.24 Synthesis of 5-iodotriazole by redox strategy

A B 1:1.1:1. 2 B}, DIPEA &, 78 DU &k
MR RN 3 h A RN A, Cul BEAT LA
0B AL CuAAC [, PR T BT
W AT L5 NBS &A= AR T s AR B 1, PR
A Cul 5 NBS #3752 RAb 2= 121,

BJ ,2013 4F IR 4L P Rl T AT
JE B BE SRR B ( TBDMSCL) 376 4k A4 Ak i 18
M (B 25), CuX(X=Br g I)fil TBDMSCI 7£ %
AT AR T AR R T K BT (1, \Bry) | B S
55 54 - = e v ) A s g AR B T 54 4R =
BN

CuX(1 eq.), TBDMSCI(0.5 eq.)

1 R2—N N;NN—RZ N=NN -
= - < + I N-
R * 3 70, DIPEA, CH,CN, RT, 18 h RS RS
X=IorBr I Br
106 107 108 109
(66%~93%) (62%~69%)
CuAAC NN el substituni NN
R!= + R!—N —maat - N-R substitution  N-R
R N3 N RIJ\( —>' RIJ\<
[Cu] X
TBDMSCLO
CuX ———2— Cu* + X,
X=I or Br

B 25 A fb- AU A A 5- A =Rk
Fig.25 Oxidative-halogenation reaction strategy for

the synthesis of 5-halotriazoles
2.2 EUERG R SR IEEUR-1,2,3- = A
2006 4F, 35 [ 347 v 1) 35 37 A 58 i Fokin 8
A UTHGE TR SRR S A L A CuAAC
N, AR B S - - = R b T R AT LA s A R A
AR SN HE-1,2,3- =AMk (& 26) . R
o T B FAL2E R A CuBr, LA 2, 6- 7 H1 £ g
R, FE B R h = R 48 h, B RN
51% . 2007 4, & [ BT FE 2 K 2 22 3l 3 73 12
Hsung %558 4 38 17 280 59 52 17 il 4% A B 54
NHE-1,2,3-= AWk,
NHAc

CuBr(1 eq.), 2,6-litidine N

= | e T N=R

< >— + AcHN—< >—SOQN3 + A~ CH,CN,RT,48 h ©/‘§<§'\502
\

110 111 112 113 (51%)

26 JEILSHCE ST E-1,2,3- =R
Fig.26 Synthesis of 5-allyl-1,2,3-triazole from

terminal alkynes

2008 4, f# [ B 4£ #R K 2% Ackermann if
I HGE T —HRA A DU S R A 5-T5 51,2, 3-
SRMR(IE 27) o RS — AR AU S
NaN, SR T ek R 05 58 A, b
Ja 5 ¥R A CuAAC S, A2 B 5-H-=50 ; 25
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TEVEVESE 1,4, 5- 11,2, 3- = A i A IR ST 30 81

THAEEREAME, KA EMEL = A M) C—H
5 7 SR A e N, A5 B 507 k1,2, 3-=
R

Cul, TMEDA, DMF,22°C,2 h

= + R?>-X + NaN
R R-X Y3 TAM, -BuOLi, DMF, 140C, 20

_N
N=1%
-, N-R?
RO
Ar

114 115 116 7 (61%~84%)

N = oo
R
“q, 4 o 2 C"(\ ?

N-N
e
H

27  —SRILPALS N A 505 BE-1,2,3- = e

Fig.27 One-pot four-component reaction for the

synthesis of 5-aryl-1,2,3-triazoles

2015 4F , L5 K2 Wang A 438 1 4R
AR B BT RE I 0 =20 53 S 0 (] 28)
30 S B T AT I A A i AR B fE
i 55 540 - = U nae v [ 4A Sz 7 A U] 22 el A4
S EEasup ki i BREZ LIV i R f AR VRS EY A
RS

1 -
CuCl, -BuOLi -
1= 2 s _—_— >

R * RN, + Ar"SNNHTS “GHGN, ain RT, 120 RI \Ar

118 119 120 121 (37%~91%)

B 28 H BASEBERK =417 CuAAC
Fig.28 Three-component CuAAC reactions of alkynes,

azides and sulfonyl hydrazones

2017 4F, I ZR K2 Xu PR32 Y 50 T
RIS - = F50 e v (i) 44 & A= I vz 1)
SRS A S-HRIE-1,2, 3- =AM (1 29) . R
M BRI T, LI CuCl VE BT, BT
FEERAE NI, 76 1,2- A LK P =N 12 h,

N”N‘N—Rz
lo— 2 3 CuCl, -~-BuOLi =
R'—= + R*—N, + R3*—=—Br 4-]\]2’ DCE.RT. 12h R! \\
R3
122 123 124 125 (38%~92%)

B 29 i BASGHRERYIH =410
CuAAC SR
Fig.29 Three-component CuAAC reaction of alkynes,
azides and alkynyl bromides

2017 4F, B vts i SC K2 Tsui LSIZH ) R
THIE BRAEY S (ZRF ) = F bk
) =257 CuAAC B (B 30) o IZTRIEAE RS
PR, ] Cul FE M AEAET], 1, 10-45 9 % ik
SHECHAR, B R AR AE N SRR, = S AR R i, 7
DMF & 7] F 2= i s v 15 h, BE AT #5381 5-= 4 H
Be-1,2,3- =AM (129) o VEEHEN, Bk R AR ¥ =
L B A =P R E T R 5 S S-

A = R A AR A S AR A S 129,

. N=N
. Cul, 1,10-phenanthroline N—R?
RI= + RN, + TMSCF, — oo b, oMF RS
argon, RT, 15 h CF,

126 127 128 129 (38%~87%)

B30 iz BRMALEYS TMSCE, =47
CuAAC L
Fig.30 Three-component CuAAC reaction of alkynes,

azides and TMSCF,
2.3 EIEHRE AL 54 T-1,2,3- =AM
2016 4F | A K2 Xu PR 2H 190 5 3 v I A
o RN S, LA AR R e ol I R R
YR sE IR i a5 54 = 0k Fp )R R
il e S-0r B Ji T 5 &R F O A AR R AL A
(E31),

) N=-N
. Cul, +-BuOLi N-R?
RI-= + R*—N, + PhSO,SCH, N, THF,40%C, 12 h R‘&
i SCH,
130 131 132 133 (54%~93%)
Cul, +-BuOLi N:Nfo{z
R= + RZ_NS + BnZN_OCOPh N,pen”tane,RT,th ng
: NBn,

130 131 134 135 (50%~88%)

B 31 s SO AR 5B 5- A = A
Fig.31 Synthesis of 5-sulfur / 5-amino-triazoles by

interruptted click reaction

2018 4F, IZ IR A X Y fisk Ik RE A
B HEIA 3 A A RN SR A T S5
F-1,2,3- =AM, BLAN  Z IR T Y
T S SO AT SRR B ke BR = k2
& S (F 32)

N Rz
R'—= + R>-N, + Tol\sfzo s Cul, +-BuOLi N_NR
3 g S™>t-Bu N, THF,40C,12h  R' ‘g-g
‘t-Bu
139 (49%~89%)

. NN
Cul, MeOLi
N, dioxane, RT, 12 h R'J§<N}
S
140 141 142 (70%~93%)
N CuSCN, NaHCO, . Ny
RIE+@J+SorSe _— .y N% + N 1"’,]@
N, DMSO,50C,24h  Ny= =
1 2 Izl)\s Iz]’J\se

n=0~9
146 (40%~88%) 147 (60%~76%)

B 32 Pk ROV AR SRR = R
Fig.32 Synthesis of 5-thiotriazoles by interrupted

R= + Ts’SM3N3

143 144 145

click reaction

2017 4F ,WiT. K2 Chen MR 4L i FH 2H-
R ENE A 35 B AR5, 45— R0 5 (7Rl
DIRefbiy 1,2, 3- =AM (& 33) . i i e dl
MR RSB T, DL Cal 1R AL,
DIPEA 5 R, M 0 °C ~ il , 76— 5 H e o
SR 12 h #5431 59 R R BR L AW
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',N 2

Rl— + R_N + A Cul, DIPEA, N, N):<“N—R
- 3 R? DCM,0C~RT, 12 h R! HN—/(
R3
148 149 150 151 (38%~92%)

B 33 e BASERNGEN =47
CuAAC SN
Fig.33 Three-component CuAAC reaction of alkynes,
azides and aziridines

2022 4F | KB T K% Song UL ) %
THE N-HEER R B B AL S W 2H-F RN
WE 1) 24 DU 2H 53 B g i — 2B 8 4 4> C—N
AR HA DT 2R 2 B R L = Ak
S (1 34)

N
Cul, DIPEA RIS VR

R! H N
Ne
+ R2 3 + R4-— + I\ —
Bmo)\ R7UR? 4+ RN, 4 0H,0C, 8-16 h . HN~/
R A

152 153 154 155 156 (20%~94%)

B 34 PuE N-HERE SARM e AR
PIMBERYPUZH 5 CuAAC SN
Fig.34 Four-component CuAAC reaction of alkynes,
N-methylaniline , azides and aziridines
2024 4 IR KR2F Xu PREZH 1 HR3E T —Fib
W [ R R WS RO (L 35) IR
B, 1, 4- TR IR [ 2.2. 2] 2 -1, 4- 85
1,4-ZPfi#i 2 ( DABSO) 5 J5 # 1 A £k A 1 1 XF
2R E L ) Pl 3, RE AR 5 5 - — Z0me v ]
PR kT A i 5P E-1,2,3- = Mk

N=N
N,BF, Cul, NaHCO, 1A N-R?
1— 2 274 > £ R R
R'-= + R*-N, + DABSO + R,©/ N,, THF, 60,24 b (;Ss(@fﬂi
3

157 158 159 ﬂ 160 161 (52%~73%)

B35 A AR s SO

Fig.35 Interrupted click reaction of radical relay

3 g
KIE1,4,5-=HUC-1,2,3-= A MK EY
1A BB TR A DL G A 25 ik DL o)
RE o> T MR R 5 U LA T2 B 2 SR
NFHME SR, 55T PRI Y G R e
TR X Ak B B 38N B 7 ( CuAAC)
A — 2D RIS, A e RO SR S A A i P Y
ARG T ST B, BB IRA,
LT SR 1 R 7 1) b SR A T AU AR AR R 1Y
FER SO R A T R LA KR e i s

W, DA AL 25 W0 e BERLRE 2 ST 2 R4
ok, RIS IRABRFTH B R N LB T Ak (i
T A I I U Y B BT )T [0 22—
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