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Abstract N-Substituted-1,2,3-triazoles are an important class of nitrogen-containing hetrocyclic compounds, which exhibited
wide applications in various fields such as medicinal chemistry, synthetic chemistry and materials. Therefore, their synthetic
methods have attracted great attention of chemists. Herein, the recent research progress in the synthesis of N-substituted-
1,2,3-triazoles is summarized. The synthetic routes and reaction mechanisms from raw materials such as azide compounds,
diazo compounds, TsNHNH,, hydrazones and NH-1,2,3-triazoles are introduced and reviewed, respectively. Finally, the future

development of this field is also prospected.
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Scheme 10 Reaction of alkyne, TMSNj; and ether to selectively
construct N'- and N*-oxyalkylated-1,2,3-triazoles
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Scheme 18 Copper catalyzed reaction of nitroalkenes and az-
ides to construct N'-substituted-1,2,3-triazoles

SN Scheme 19 fron: H5E, M2k 15
AHLEE 2 AT XIGE BN 13- 5N B R B =
ek ep AR L 285, AR TE Cu(IDEAL NI AL Ar
BRI E 2 T, A5 e S AR BB B
[F) A IO A2 (A 25 51T A B IR 1,2,3- =%
ML &) 3. Cu(l)P] DATERR PR 264 T 5 58 U R AR A
[Cu(I1)-0-0+] 5, [Cu(I)-O-OH], 2R J& il B N4 Cu(ll)
SERMEAL TG

2017 4F, Rz WU SR 05 A L NN-
:EF'EEF'@%H%H%HL RNER}, RN AT 6%

MRS T AR A N/ 05 k-
1,2,3—3%%%%%(Scheme 20). {54 Eh AN IS AR R A
PERR, % BEAT e geid 75 7 H LB 5 N, N-— H 5 F gt
JE T AR IR S A B P )i A, FEAT BAE— 2D it s N-
FH 5 PR IR JYg T2 1 s B v [ 44 B[R4 A B B 7E A 1R AL
T 5AENEEIAT RIS A H] N/ 7 R
R-1,2,3-=FMAL S

B R RiR #E N'-HUAR -
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cu(ll)

Ar, R (
Cu(ll ’
AP0, s reny LU IN‘
1 2 OoN N’,N
1

-Cu()H

Ar.
\ N,R . Ar+ R " Ar. R
N - )
N j - N
O™\ ON-N 2N
Il

2 _N
N OZN N

m 3
O, H*
Cu(ll) regenerate: Cu(l)—H —— Cu(lly—OOH —— Cu(ll)+ H202

B 19 A N-BUR-1,2,3- = 50T B S SEATLIE
Scheme 19 Possible reaction mechanism for the synthesis of
N'-substituted-1,2,3-triazoles

Cu(NO3),, TMEDA

(0]
o K»S50s R.
b —_—> N7\
Al')kd. /N—CHO + RN3 DMF, 100 oc NWA'-
3~8h
N OH 0
CU(”)/K28208 N+
\/N—CHO —_— /N—CHO Ar ‘__‘Ar
oxidative CDC
(0] 0 o
Ar)v = Ar)J\/\NJJ\H
- HCONHCH3 |
B A
cu(ll oxidative cycloaddition
RN3
R. 0
e
N=N Ar

B 20 4RSS EF N, NN-— AR AE PSR
SRS N R AR -1,2,3- =
Scheme 20 Copper catalyzed three-component reaction of aryl
methyl ketone, N,N-dimethylformamide and organic azide to
construct N'-alkyl/aryl-1,2,3-triazoles

2018 4E, Kumar @21 P08 1 — P b PR
577 B S ENM R RN N -7 IR =R
W) 7775 (Scheme 21). %512 LA Cu(OTH), AEALF), L
PURMER/DMF O [ BT, £ 115 C R s 1,5-
THAR-12,3- =M AR & AT R B R A
PR RERRBEAT T IRDIE NI 42, R I B A dk 4]
BFERIER . AHE . FIEAR AT U H Tz R N kA

Cu(I) {1k & i N'- 75 3£-1,2,3- = % M i HLFE 4
Scheme 22 Fz: H%6, JidS RS RHERRIEAT XL
FEVE 13- S, T8RP B 7 )4 A, A Z20d
W2 A B, Bi)E, B KE T3 1,4,5-
ZHUR-1,2,3- =AM D, FERIE U, %S D
DT REAE I N DT IR 1,2,3- =5 RS,
FERRMESEAT T Cu(DZEALA L Cu(ll), FFE Cu(ID¥F i
RS SRR,
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COOH REN_¢ E
N N3+ <:§=/ Cu(OTf), (20 mol%), air = N~
N~ B Ascorbic acid/DMF -
R/ (VIV =1/4) @Fv
115°C

B 21 AL 5 B R AR IR S A V-0 86-1,2,3-=
e

Scheme 21 Copper catalyzed reaction of arylazide and cinnam-
ic acid to construct N-aryl-1,2,3-triazoles

B 22 AL 5 JE B U AR IR S AL
Scheme 22 Proposed mechanism for copper catalyzed reaction
of arylazide and cinnamic acid

2015 4, #RIE R PR0E 7 ALAR SL L bRE
Jot I8/ 95 B B BRI 9 FE i = 21 4 S B 7 2 b 2 A NS
R-1,2,3- =AM AL &P 7 7% 1% R N T R AR L)
CuAAC click J&j PR T A i e J@ $2 i 17 — A e 77 32
(Scheme 23).

Pd,(dba)s (1 mol%)
XPhos (4 mol%) _N

CuCl(tequv) _ ™

N-R?
—
K,CO5 (2 equiv.) R2J\<
DMF (2 mL), r.t. Ar

B 23 P, bk o5 g EUR 05 B =45 I NG R N
BUAR-1,2,3- =%

Scheme 23 Reaction of alkyne, alkyl/aryl azide and aryl halide
to construct N'-substituted-1,2,3-triazoles

2016 4F, HRIEFRIRMAPIIFR T —Fh DL T 47
TEACHE o i B SOt A it 22 s ol £ O TR R A
N'-Jog -5 /0l /R 3 -1,2,3- = E WAk & W00 7 ik
(Scheme 24). 1% MAEIEF AN ) KA T, Y&
FAYERE ), &P e 07 o A0 05 B B iy R v] AR U e 5 1%

R'-N; + RP—=—= + ArX
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BHE FiR5itR
SN FAE. EAE R, AR RS & H 1% R, NN,
o _ s, 2
DL 71% U R ARE 1) 10, BEAh, R I e 4 R1J§<N R® Protonation 1JJ w
- N e NN \ e RY " mmmmmmmogo N
PRFEEAR B T AR S B, AR R — R 81 N'-Je k- 2 [Cu] ElG 5 | Non' R
L 1 - |
5S-G HE-1,2.3- = A M4 BP0 (106~10w). PhSO,SR /M 3 N%Cu, LG!
''''' R'—=—1[cCu] oL :
PhSO,SR o ! RO E
R= + R¥-Ng + o %’ » " Noy-RE_cuan
R NocoPh HOBL (2 equiv.) R—= SRR1//1 Cux >/( E = SR, SeR, NR?
N base
N p2
N N_RZ ’\j=<N R
R = - ° R R R 25 M N -BEdE-5-Bi/A A/ aIEEUR 1,2,3- =M N
R HLEE
Sulfenyaltion Scheme 25 Reaction mechanism for the construction of N-
N, N alkyl-5-thio/selenyl/amino-1,2,3-triazoles
N" N-CHzPh N”“N—CHPh N\ ~CHoPh
— 3
Ph S—Et Ph S—(CH,)sCHs  PH S4< (a) o // R
0, \
4t, 88% 4u, 86% tv, 83% RN+ RZ-= +pr—— pgs CUC! (20 mol%) N
LiOBu (2 equiv.) N, | ,
N”N‘N—CHzPh NN N CH,Ph N~ R
_ N CH,Ph . /Bu
W s/ Ph —@ @ ( : L0 Je CuCl (20 mol%) S,
o, R N3+ R2 S /S‘t 4 >
4w, 66% R = H, 4x, 87% 11, 71% ToI ~S” 7 Bu LiO™Bu (2 equiv.) R1-N)\//R2
R = Me, 4y, 91% (PhSO,SePh was used) _N N=N
R = OMe, 4z, 88% N N-R!
R = Br, 4aa, 75% R2 =
R = NO,, 4ab, 71% Cu(l)
___________________________________________________________ A
Amination
N . . . _
N= N -CHPh NN -CHoPh N* N-CHzPh BR26 AN -EdE-5-phIE-1,2,3- = MR N - dE-5- i

/S/N‘CHzPh )\( )=< Ph):<N
N/\ O >

10t, 70% 10u,74%  10v, 54% 10w, 50%

B 24 L =0 RONIR I N-fe ik -5- /A A = 2 -
1,2,3-= &M

Scheme 24 Copper catalyzed three-component reaction to con-
struct N-alkyl-5-thio/selenyl/amino-1,2,3-triazoles

ZJ LA REFINLEE DN Scheme 25 s B 4G, g
RIS A Js N7 AR BRI (M) 5 e B R 2 HEATER
BSOS AR AR - = e M. % ) A R B i Ak N
AR JE T bR IR 5 2% SR 72 B T B-LG BT R
Yl 4. Cu-LG TEBRIMAFAE N 5 da s BT i £ 4 (T)
(M°), M SE R T AL AR 1 3 2.

b5, IR s
B AR A LS R 20 A1) 5 b B SRR BT Xt
TR T —RRER N = I A N - fedE-s-p JE
S12,3- =R MR N -5 TR -1,2,3- = AL S )
Tk G FRCT RO, HRP & C-5 H =
A I 2 B2 T3 F2(Scheme 26).

2019 4F, Li B PR IE 7 — RS AL T AR Ak o R
55 ot 3 B AR W AT B0 R AR I SR N-BUAR -

IT R T PR AL
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1,2,3- =% MR 757
Scheme 26 Methods for the synthesis of N'-alkyl-5-alkynyl-
1,2,3-triazoles and N' -alkyl-5-persulfur triazoles.

1,2,3- = &M 7 k. Z RN B A BT E ae 2
A2 BEYTEE, A N-BUR-1,2,3- = Mg gt 7 —Fh
H A 715 (Scheme 27).
0 :N\
Ri—=coon *+ RN, 08¢ N7 ge
B3R 27 AR BRI B R A N'-BUAC-1,2,3- =5
i

Scheme 27 Copper catalyzed the reaction of alkyne and alkyl
azide to construct N'-substituted-1,2,3-triazoles

IX PP (AL B R IR I R s LR G Scheme 28 AT

. DURIRER 5 = H R B B NI, Bk, H1Eh 5hk
ﬁw&ﬁﬂﬁﬁ&f‘ TR B AR AL SRS, HlER A
BB RMZ ] CUAAC AR C-5 4 = 20k i) {4
C. &Ja, A C B T RERBER N-EUR-
1,2,3- =M.
2 NH-1,2,3-=@MREEEE N-ER-1,2,3-
=&

NH-1,2,3- =2 M B REAK S M S e LR A 3 N-H
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C‘U(')'—n TMS™ "Ny

Ph————COOH Ph—==—Ccu(l)L,, Ao -

1a co, A

N\\\N suvle3

T™S _/
/NJ — ] N %’

Ph—=——=Cu(I)L,» u(lLpq cu(l)L, R

B C

B 28 fd N'-EUR-1,2,3- =AM S R
Scheme 28 Reaction mechanism for the synthesis of N'-sub-
stituted-1,2,3-triazoles

R-1,2,3- =% M Tk, SR NH-1,2,3- =5 ThREAL 1Y
J5i%, ATCMRAF A E MR NP-BUAR-1,2,3- =0 (R,
ZANAREHRAE RN ES AL T AL T
NH-1,2,3- =M B 5 Be L B, T £ Fhs iy
B N'-B N-BUR-1,2,3- =% Mt &9, I E, N
R = 3 BEIOR, e AR 95 36055 R 3. W e
I P R 2R s ) Ao 7 1) S S s, ] DA s RO R A
N-BUAR-1,2,3- = E Ak &4,

2008 4F, HBEARURLMAPINRGE T 4,5- HUR-
N(2)H-1,2,3- = Z MR B AL T B35 xRk
RI7IEAN TS FEMNRREAT N3k B 1k Joe A AN 557 R 40
R, AT — &5 N-BUR-1,2,3- =% ML &%) (Scheme
29, a, b). %N AT I T A A B 3 4487 BEL 2SR SR
BHIE =M N AL B B R A B G, TR/
TR 4,5- IR-N(2)H-1,2,3- = &M 54 st S 7%
R BE R NQ)-BL AR N AR T 28 N5
Fe1,2,3- =%, N EE—B 0 Pd/C AL S AL IS R
K 4,5 A7 AR IR T(Scheme 29, c¢). 2018 4, Bz IR
HHPTHRE T LOs A5 F NQ)H-1,2,3-=E M 5 LT
BHEAT AR B 24k OB, 138 T N T 3E-1,2,3- =
B T W=, % e e N R -
1,2,3-= (M,

2015 4F, Singh WAL PR IE T U0 T 3 Ak
(TBADEAL N NH-1,2,3- = % MRk 5 i ik S o2 5 B N -
N RE-1,2,3- =R K TV, 12 5IRAE 70 C Rt
17, R A BT B (TBHP)Y A AL, B B 1E
B SRR R R ADIE FHYE LT L AR R N 7
B, — AR N MRk RE-1,2,3- S A MRS
¥)(Scheme 30).

2017 4, M= HRiE 7 — ML NH-
1,2,3- =% AT N, N- for 5 ot Jie 119 58 SO & e vy A
N--Bl ke dE-1,2,3- = &M J5 % (Scheme 31). %R
CABS R4 N AL, DA BRIR AT, CABREREN A
B, 7E 110 C FEoe 2 N-Bilhidt-1,2,3- =%
ML SRR . 2R N BT TR I FH ) R R R 4
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N?-alkylation reaction:
(a)

R
R * =N,
=N _ K2CO;4 N—Alkyl
NH *f Alkyl—X —2% <.
R =N solvent, r.t. R' N
\\ 62% ~ 95% vyields

NA-arylation reaction:
Ar—F or Ar—Cl,base

Ar
|
r N N,
/N\NP Ar—I, 10 mol% CuCl NTON
=N ' 20 mol% proline, 110 °C, 24 h H
R\ R R
ArB(OH),, 20 mol% Cu(OAG), 50% ~ 95%
iel
0,,50°C,12 h yields
N2-arylation reaction:
Br. Br
(©) (ﬁ N~
QY NN moogmea N

Br. -
IN\NH EwGg_ N 10% Pd/C N

=\ KyCO4/DMF Toen

N 2003 = MeOH =

Br 85% ~ 97% yield © EWG g0, ~ 059 GEWG

N'- and N?-alkylation reaction:

(d) /
RN _POs R, /S
I NH + “ I —\ + N

=N - \70~130°C N

Ar T A N

(major) (minor)

B 29 NQ)H-1,2,3-=F Mk 5/ 757 54k N A - NP5 2k~
1,2,3- =&

Scheme 29 Alkylation/arylation of N(2)H-1,2,3-triazoles to
construct N-alkyl/aryl-1,2,3-triazoles

Q R\)\x\—r\)

TBAI (10 mol%
—b
R TBHP (3.5 equiv.)
DCE, 70 °C /\X/\

R’l
\%r

R X|/\x
[N

H R\/Z
X=NorCH Zz=0orSorCH,

R 30 TBAI {4t NH-1,2,3-= % MRk 2 S H 22 N'-F1 N>-
Ebik-1,2,3,- = F Mk

Scheme 30 TBAI catalyzed reaction of NH-1,2,3-triazole and
ether to construct N'- and N*-substituted-1,2,3-triazoles

H\fo
N
R! N “R2
= \ O Cu(OAc), (20 mol%) , .N.
N \N,NH + N _ N\ /N
R:_ R2/ H KzSQOg, N62003 )
= 110°C R J\
_\R

B 31 NH-1,2,3-= MR S B S S AL NI i e J-
1,2,3- =%

Scheme 31 Reaction of NH-1,2,3-triazole with alkyl amide to
construct N>-amidoalkylated-1,2,3-triazoles
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BHE R SR
PEUFEEAR AL N NP-BUAR-1,2,3- = Bt T —FhA 2k o
£ RN T ”N fm

AL NH-1,2,3- = ZUM R B2 S S 0T RE R ATLEE 2 . /\ o JERA
Scheme 32 iR 5. N.N-— IS FELIELE Cu(IIL : \
T EHBEEET A, HiE—2H Cu(/K,S,05 FH it Photocatalysis K
FEEMTIGE T B, A5, =& M 1a () N-2 ALkt et
ST B GRS i C. g, Lo 2 Hoo O radlcamdlca'
I C kBB TG N-BER b HE-1,2,3-= 4 coupling MN
I 3a. 4 P 3

o Cu(1)/K,S,0g o
o Cu(l) Cu(l) +/
\N ~ A J]\+'/ N\

/7 H " T i {

A Cu(llyKHSO, NH

| N

N

/( 1a

NN—<<— IN_\

B 32 M N dE-1,2,3- = %0 S R ALEE
Scheme 32 Reaction mechanism for the synthesis of N’-ami-
doalkylated-1,2,3-triazoles

2017 4E, 5% SCHREZHPORE T e AL NH-1,2,3-
SR RIRE I N R N RE-1,2,3- SR ML S
J71%(Scheme 33). Z7VEEAF RN EFIRAM . BVER
B RMVE R RS R AR A, SR N

SARE-1,2,3- = MR AL T — Tl U S SR
x=N. O M Acr-Mes Cloy 3mol%)  x=N O
L/\/ ’ g air, blue LEDs, 24 h L‘/:/N
X=NorC R

B 33 el NH-= %M Rk S SR N-Fe i 3E-1,2,3-=
A

Scheme 33  Visible-light-catalyzed reaction of NH-1,2,3-
triazole and ether to construct N-oxyalkylated-1,2,3- triazoles

ZRMNHLEELD Scheme 34 ffin: B4, YefEfk7
Acr"-MesCIlO, # 1] WLyG# R BAH(3 W B LED J6)4:
R SR [Acr -MesClO, 1, 855 NH =Z&mM:t
ITHHETHBESEDEEUAERA+F O HHE 4 f
[Acr'-MesClO, 1H B 7. b5, 0, Afk[Acr'-
MesClO, 1H HI3E B & T4 Bt Ay 0, At &l
3. A R ) O, 3 HLEE a-fifc b ISR o~k
H 5 fh, 65 K8 a o b 152N K N5
AR 123- =M

[FI4E, 2 SCURZ Y S HR0E 7 s AL NH = 20
Rse e SN A 2 N'-JeE-1,2,3- = UM 1) J79%:(Scheme
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B 34 el b NH-= %A S5 B LEE
Scheme 34 Mechanism for visible-light-catalyzed reaction of
NH-1,2,3-triazole and ether

_C(sp®)—R
{ N + HzT

up to 93% vyield

R—EN\N + R—C(sp?)—H —odly electr|0|ty
v P oxidant-free
X=CN catalyst-free

R—H + HN< anode oxidation

/v |R— VAN
o

e+ H*Y

B35 LA N dE-1,2,3- = ML S P SN
Scheme 35 Electrocatalytic reaction for the construction of N'-
alkyl-1,2,3-triazoles
35). ZNE ST o T RS AN A 1 A L A,
M B AT R 2. 2R, BUH ik S5 DY S
JRMEREATAE AR [ AR B N BEIAR-1,2,3- = M
Ha. R, B S FAGE J5 3 B T L.

2018 4, Breit WA HRIE T —FhEg s AN
BeM 5 NH-1,2,3- =M R MR SR N'-F1 NI T
FEEUAR-1,2,3- =M /575 (Scheme  36). 1% 75 vkiE L FE
PRI IR B 4%, AT DAAT R i) R A S FE
A N NPT 1,2, 3- = M S .

[(Rh(cod)CI], (2.0 mol%)
H Ligand (5.0 mol%)
A PPTS (10 mol%)
PhMe (0.4 mol/L), 80 °C, 24 h

R_<J: N:N R—<:E:N:N‘>

[(Rh(cod)Cl)], (2.0 mol%) R\--.

R JosPOphos J688-2 (5.0 mol%) /N
— 4 | N\ PPTS (10 mol%), MS (4 A) N

—  PhMe (0.4 mol/L), 80 °C, 24 h R2

N¢ ,NH R3 /

N':N? up to > 95:5
yields up to 99%
up to 99% ee

BR36  NH-1,2,3-= %M 55 ol /B0 IS A 2 N A1 N7 )
PIFERUAG-1,2,3- =50

Scheme 36 Reaction of NH-1,2,3-triazoles with alkyne/alkene
to N'- and N-allyl-1,2,3-triazoles

R' = FG-aryl, naphthyl, alkeyl, cyclopropyl
R2= Ph, FG-alkyl; R®= Me, H
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2018 4F, B ERIE L PIRIE 7 —H PhsPAuCl
AgNTS (5 mol%)fEft NH-1,2,3- =% M: 54 F ik iz £ 1
S N> fedk-1,2,3- =R M ik, RN L 1,2-—
S LIE(DCE) VAR, 78 80 °C T M n] A5 3 % Fb %
AR A e 3E-1,2,3- =Mtk &9, BB B
JEEIE F ) AN B R A 25, (Scheme 37).

t [ R  PhsPAUCIAGNTF (5 mol%) Rt
N

DCE, 80 °C

B 37 NH-1,2,3- =50 AR BL IR S A 2 NS b - 1,2,3-
=

Scheme 37 Reaction of NH-1,2,3-triazole and vinyl ether to
construct N>-oxyalkyl-1,2,3-triazoles

PIRh AT BE 1) S SEALFR U Scheme 38 Fis: i&1% A ¥
Ko Au(DECALIFALIGIERE 22, 25, NH-1,2,3-=& M5
MR R . 25, 1,2,3- =& M N> ALt Hdk 4735
B L. e, ERRER S N-Eks-1,2,3- =1
3a. BUs Tl SUEAH TAE R bt R AR B S
BT &R RTR 2] N-EbidE-1,2,3- =1 3a. i81% B 2
25 Au(DERATIEHAL NH-1,2,3- =%, SR 5 500 3Lk I
RS E] NS EE-1,2,3- = F AL &)

o Ph

\[ N
| °N
@ N P

H
2 z —Au
@[AULF T " el L
Pathway A Pathway B N

triazole-Au
Ph N
N O
\[ N Protodemetalation @
N
\ 2
1a a
Ph Ph
N _H I4<
P [LAu] (kN N
N~N HN<\~ Au
f N2-alkylati o N
N-alkylation N?2-alkylation
(0]
hydrogen bond l

_N O
-0
N
3a

BK 38 NH-1,2,3- = ZUH ARG IERE S MALER
Scheme 38 Reaction mechanism for the reaction of N(H)-
1,2,3-triazole and vinyl ether

3 BRAREME N-BUK1,2,3-= G
KZHN-BUR-1,2,3- =% M 1 & kil 2 R 2 1k
YIE NH-1,2,3- =% MR BE. IR, WERKET 2
K NEIRRE BRI AR N -BUR-1,2,3- = F M)
J795B4 2010 4F, Hanselmann AP HRIE T —F — 5
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P2k 2B % (DIPEA) 3 T L a0 — SO I 2Rl e 5k B
R ARIRE — B ATH G R B N'-HUR-
1,2,3- =B 3. SR FZ T VAR G R T LU &
R DU R N-BUR-1,2,3- =% ™ 3a (Scheme
39). BJE, Westermann 2P0 5 [z N 41 1 eeidk, K
M T CIER CBER G FAE A5 I R 36 B 5 i iz
(Scheme 40).

R" |
DIPEA (6 equiv.
O S Nors + Rep, DA Beaiw) -, N/\l/
al EtOH ‘NN
1 2 3
R' = aryl, alkyl R? = alkyl
OMe
EtO,C
cl N Py
NS =
N Ts  + NH, N
. SPN
—
OMe N~ “NH,
F z
DIPEA (6 equiv. N
(6 equiv.) Ny N
EtOH, r.t. ~35°C } U Y
N 7
RtO,C N™ "NH,

3a
B 39 A TEIETER N-BUR-1,2,3- = ML &1

Scheme 39 Synthesis of an antibacterial compound containing
N'-substituted-1,2,3-triazole framework

Ry R
DIPEA (6 equiv.
O Sy Nopg + Reonp, DPEAGeV) - op (ST
CH3CN/EtOH N=N

Cl

R'=aryl, alkyl  RZ2=aryl, alkyl

B 40 [RAI R A R N -HRAR-1,2,3- = %0
Scheme 40 Reaction of a,a-dichlorotosylhydrazone and amine
to synthesize N L_substituted-1,2,3-triazole

1Z WAL Scheme 41 AT7s: B 58, a,a- —&5TH
FREREIE SR 1 CERRE T 30 3 I S S 2tk v 1] 4
A, SRJEH S G — BT OB, F % 20 F 2R R AR
BRI A B, B, Pk B 3T LT OAER
I R R = M= 3. 55— T B e AR 2 F A
&) BRI C'H o F R (R, 7EBVE T R &t
a4 €15 BAH B P24,

R IER AN U SRR a,0- — O TR 2R
SEEUAR 1 Jl Ak DA 4 AR AERT, 2013 4, 3k R 40
DSk TR AR, AL V=X R R R N TR,
& Cu(OAc), " F N5 —F AT H &R NAE T N'-
HUAR-1,2,3- = &M, 1% e 3 DL = F B 2 B s 7, H
FNTEF, 100 CRERE R N'-F5HEAR-1,2,3- =500
(14 2 (Scheme 42).

SALEELN Scheme 43 Fias: T 5E, N-XFHIfE AL
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BHLE gk SR
Ts , SKegid N'-3556-1,2,3- = HUIME I J7 i (Scheme 44). %77
R\ Y th = N Ll S, N N — S
Nl’NH NN EHMEER L AR, Bl TBPB A%, AMEH
1 = Lt st S —_— =
o A SCO SRR £H NER-123- = R
c J base DLIRTS & BT Ui H B T2 B e e k.
Ts N I, (20 mol%)
N 2 N
,lllH HANR? Ny - R s NNHTS  1BpB (2.0 equiv.) Ar*—N’\/"t
YT e R? r- 2 - S —
Cli)\R1 T RZHN\H\R1 R N%)\Fy Ar? 1,4-dioxane, 100 °C, 12 h Ar?
Cc 1 2 3
Cl B
(TS Ph
HoNR? (2) Ts N‘N N<
2 TS | N Br NI\J\I\
n-NH _-Hel , _base _ /,\T _NTs — on
% 2% %
RzHNj)I\FU R N\)\R1 R2N§/ER1 84% 62% 83%
ch H C
cl - o 3
B 41 B O R N-BUR-1,2,3- = e L
Scheme 41 Mechanism for reaction of a,a-dichlorotosylhy-
drazone and amine to access N'-substituted-1,2,3-triazole
COzMe
1s .
HN. Cu(OAc), (1 equiv.) 61% 80% 64%

RO A

r
N + APP-NH, — : ) )ﬁ/
PivOH (2.0 equiv.) Arc=N N

|
Af1)\/R toluene, 100 °C N
B 42 H b N F R i e S 7 5 B NV -BUAR-1,2,3-
=R

Scheme 42 Copper catalyzed reaction of N-tosylhydrazone and
aniline to build N'-substituted-1,2,3-triazoles
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I
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)l\ TPvOH Cu(0), HOAG
Ph PiVOH oh Cu(0), HOAc
T
Ts N|S-|
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\ ||
L Ph)\ o
Tol/ ~OH
E
N—-NH N
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/ N\ Ph/&/ Ph
ph/K/ Ph aromatization 3
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B 43 A N-XT B TE I A S AL 2R
Scheme 43
N-tosylhydrazone and aniline
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B 44 1/TBPB /i T4 HL N'-BURC-1,2,3- =2 M
Scheme 44 [/TBPB mediated construction of N'-substitu-
ted-1,2,3-triazoles

I,/TBPB 1A &\ F X MAHLEE 4N Scheme 45 fiiz~: 1E
MR T N-XF FORBER IR IEAT a-TA S BT B TR 4
4", HBBx HI TR Gk E. E A5 kit 47
aza-Michael N1 EMLEY) 5, HbEY) 5 B L/TBPB
AR A AT E T H. A5, ﬁiﬁﬁﬁ%?ﬁﬂ N—N %

RIS BAT B A& 5. f e, SIS Mt B Tl gt ik
133 N'-J5 FEIUAR-1,2,3- =5 3.
NNHTs N
I,/TBPB VAN
ArZJ\ A N\&K )
2 Ar
[
12 PhCOOH + t-BuOH LO]
NNHTs s
NN
Ar? : 2\
) NHAr
2 Ar
tH 5"
J_H, TBPB T
Ts '|I'S LS
N/N HQN—AI' _NH NI’.. .
Arz& 2 o N NHAr Az NHAT
E 5 H'

B 45 1/TBPB /T4 HL N'-BUR-1,2,3- =2 M [ N HLEE
Scheme 45 Mechanism for I,/TBPB mediated construction of
N'-substituted-1,2,3-triazoles

2012 4, Punniyamurthy SRR BT —FA S
ST AL — T R R A N 2,4,5- =7 FE-1,2,3- =
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17715 (Scheme 46). 1% J7iE KL ER Cu(OAc), N
A7, EES C—H B fgft, C—C, N—NFIC—N
ST U NGB — R B N>-F5FE-1,2,3- = 50,

1
AI’1 1 AI‘1 Ar
Al
T\II ' N Cu(OAC)y H,0 (20 mol%) N7'_</ Y
\’T‘H * N\NH toluene, 60 °C, air \l\ll'
Ar? A2 Ar

B 46 AL F A E S R N-EUR-1,2,3- =50
Scheme 46 Cu(ll)-catalyzed aerobic oxidative synthesis of
N -substituted-1,2,3-triazoles
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1,2,3- =% M /5 ¥2:(Scheme  47). 1% 5 V30 i iE 4: 10 %
B C—N Al N—N fgdkimfe i 2 fR A 1,4-—HuR-
1,2,3- =M. 2R NI AN, AR ESRIAFIMER
WA

0] ; N~
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R—NH, + + ———— = R-N
2 Ar)J\ TsNHNH2 ‘5vis0. 100°C, 12n \%\Ar
1 2 3 4
Ph. Ph, Ph Ph
N-N N-N [N ﬂ
N N N,N N,N
COMe _N
L ~
S N
CF;
84% 79% 90% 64%

B 47 1 /S 5 EATTEN =405 KB R N
R-1,2,3- =%k
Scheme 47 1,/TBPB mediated three-component reaction of
arylketone, amine and tosylhydrazine to construct N'-substituted-
1,2,3-triazoles

Scheme 48 &7~ T M AT REMN IR BIERAE. BRI A:
FERIURT — L ANAE FH SR O 2a B4 A RO
NG, HEREATH & RGP I Pk J 5
Xof FOR BRI S N AT 2 P A K, fJa, Pk K gt
iR S5 I NAS BAR L ) da. BR1E B: B L
A 2a 15508 PRI G 04T 246 & S LA 2 N-3X HY AT gt
% Sa, 5a AT o-TAL SRR b )44 Sat, LB KR HI B
BUREME T ER E. E M55 12317 aza-Michael [ A R,
WED 6a. fie)n, 6a i S AL IA AL i Bk il I 2 15 21
1,2,3-= %M 4a.

2015 4, J&EFIRBA R E T —FhadE e m i

Chin. J. Org. Chem. 2020, 40, 4015~4030

© 2020 Chinese Chemical Society & SIOC, CAS

Ts
NNHTs | NNHTs /lll Ts,
2, | __, N __NHyPh NH
Ph™ > HI Ph _HIP aza-Michael Ny~ NHPh
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,0 PH 6a
TsNHNH, Path B
3a
o PhNH, + TsNHNH Ph
2 7) ZaND
Ph)J\ \<\N P
2a I,/DMSO N=N
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O ’
PN Path A

Ts
_NH
HHzO Ph—NH, 1a o TsNHNH, N|
N
0 ; e M-y o Nep
H,0 J K
Ph OH
L OH ~

B 48 LA J5 ERAREB =270 SR LEE
Scheme 48 Mechanism for I,/TBPB mediated three-component
reaction of arylketone, amine and tosylhydrazine

AN W BT — G i RO B 2R R A — 2 S 7 A 2
N'-HUAR-1,2,3- = %M (1) J5 15 (Scheme  49). 1% 5 & 3@
S C—N BRI N—N B DL S e R K 52 1k,
FH AP SR AT CR A T 28 N-BUR-1,2,3- =%
e 2016 4E, Dehaen 822050 F 75 75 WAL R FD N, N-
P P R A R R A A ) B R A, — 4R
57 5E BRI SN A AT DL o AR
N-BUR-1,2,3-= %M.
O R2

R' I, (0.5 equiv.) ,’)I\N/

J<:\ + R2NH, + TsNHNH2—>D§ASO‘ 0o N\)\WW

Br
PMP Pmp Q CF
N-N N-N OO N=N ’
N _— N = NI,/
O 0 o

67% 68% 56%

B 49 WAL G R IEAR . — SRR R R I I = 2H 4>
BRI N'-EUAR-1,2,3- = 0

Scheme 49 1, catalyzed three-component reaction of enami-
nones, primary amines and tosylhydrazine to construct N'-subs-
tituted-1,2,3-triazoles
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N'-HUAR-1,2,3- = UM ) 7 ¥ (Scheme  50). 1% 52 5 )
ARMERGERNANT, BAERSA. FERM. 7
RER e A ME LS A, MR N-BUR-1,2,3- = k4R
BT —ANSEHRA RO

R
CuBr, (30 mol% N-N
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R R? R DMF, Oy 1t I
(6] RS
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;z/gr Et?j/ \“ hNMez
ph O

Ph O ,
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) S
o Yj\ NHMe
Ot 7 ~OEt ph O

88% MeO 82% 78%

OMe O

E 50 HfA o- S BE A EEAIB 21 IBLUR B R
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Scheme 42 Cu-catalyzed oxidative [3+2] cycloaddition reac-
tion of a-aminoketones and diazo compounds for the synthesis of
N'-substituted-1,2,3-triazoles

Al BER RN HLER LD Scheme 51 . B5E, M& 1@
I RS R CuBr, S AT R B B 2SR = T
A. )5, S H R IY ST EHE T B, WAL &1
B 5 a-BHEAMMAY) 2 BAT[3+H 210 s A5 21 v ] 4
C. &Ja, Mk C A FH CuBr, AfbAER N'-HL
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o) H O
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N H -
R JJ\Rz R1/!'\! 2 -H erll%)J\Rz
1 A B

O

[3+2] cycloaddition R2 [Cu2+] R2

B 51 A -2 BB AT S E A3+ 215R B RL AL 2
Scheme 51 Mechanism for Cu-catalyzed oxidative [3+2] cy-
cloaddition reaction of a-aminoketone and diazo compound

2015 4F, D7 A MRGE T — R B SE RO AR (H
5 5 A3 + 20N B R LA B N -HAR-1,2,3
=R M 775 (Scheme 52). HAR, Kiselyov HREHZH
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1E 2006 44 7 — PG R 5 EEM S N-FARITE
WE TR IR B, (H AR Z R NAAR E 1,2,3- =& s
HENEREY). SEZRBHIRIER AgCO;
SIS 2,2,2- =5 F 58 8 250 R o e S R DAE i A 2% A
T RO R L Rl 4- = N e 3 -1,2,3- = R,

75%

B 52 R AL B3 + 2R 0 B R A i N -EL
£R-1,2,3- =5 M

Scheme 52 Silver-catalyzed cycloaddition of isocyanide with
diazo compound to construct N 1_substituted-1,2,3-triazoles
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B 53 SRR A EE S A0 [3 209 Al S AL 2
Scheme 53 Mechanism for silver-catalyzed cycloaddition of
isocyanide with diazo compound
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ZAT W E B, B IR & BB -1,2,3- = S
WA FA Y A 1R L M
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Scheme 54 Reaction of amine, aldehyde and dimethyl a-diazo-
f-oxopropylphosphonate to synthesize N'-substituted-1,2,3-tria-
zoles

6 SLEMRE
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BRI EE S R AR DL v IR AN A B v
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