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Abstract Aryltriazenes have been widely used as a stable aryldiazonium salt surrogate in organic synthesis, in which the
compounds show advantages of easy preparation, good stability, multiple reaction sites and mild reaction conditions. In this
review, the recent advances in the application of aryltriazenes in organic synthesis as aryl or aryl azo precursors are reviewed.
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Scheme 1 Common synthetic methods of aryltriazene
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Lewis acid: BF3-Et,0, TMS-R, Zn(CN),, Znl,, Agl, AgSbFg, AgOAC,
AgOTf, Cu(OAc),, B(CgHs)3, Sc(OTf)s, Pb(OAc),, CuCl,, CuBry,
CuCl, CuBr, Cul, RMgCl, etc.

Bronsted Acid: HBF 4, HPFg, HOTf, TFA, HX, HSiCl3, CI3CCOOH,
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Others: Mel, Ni-Al alloy, PPhg, I,, efc.
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Figure 2 Promoter or catalyst used for activation of aryltriazene
and their activation mode
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Scheme 3 Applacation of aryltriazene as aryl precursor in organic synthesis in recent years
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Scheme 7 Additional ligand-free Suzuki-Miyaura cross-coup-
ling reactions of aryltriazenes with arylboronic acid
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Scheme 10 Direct C—H arylation of heteroarylene with aryltriazene
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Scheme 13 Synthesis of amides by palladium-catalyzed car-
bonylation of aryltriazenes

75 B = RGN E K 5 — D RBRE N &
3 P H R N SR R R R A A, AR
FEJE L FR T HAEG NG PRI . 53— 7, Pd f
MR AE AR R e N2 38 % 5 I N B 1 LI 14 A
AT E, SXTCREIIN 1N B RRAS. NS iR B
73 TR NS5 5 P R A A B R TR B S BT R {1
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AR PR, AR A3 e N BB B 250, 2R 27
HE— 5 R R T BRI BE R 4 4 R B A AE 5
SRS —E AR A R S N B R IR i, SRR
T AT RE Y S R HLFE(Scheme 13b). 15k, PA(CO), 5T
5575 5 =5 N3 B A g 4 05 2 =%, CO ¥ Pd ik
J78 PA°, SRJE Pd° SiEAk e 195 5k = S0 I L A Ak
FRAE B AR A A A, P 2 B R RO A
AU EIRR, COHEN T AR . B J i A T
FRAS =YWL A PO, PA° HEN N —1E3. RSALEE
CO%@Tﬁﬁﬁ@&DWﬁEW5PMH@M@ME%
Gy rgtt, B4 DY 3 =5, () NI R R AR
J& Pd" £ PA°, AT B EALAE IR I R (3)E N BRI IR S
BURFEAL IR Bk . IR TR E T N-J5HEM N-
ot R PR I fl 1) R T .

HRIE =R — KRG AEYE R RS EY), BRES
75 2 S EUEARAL P ERAGPE R, AT AR R — R R =R
5. 2017 45, S/NER IR ZH S R AR AR B[R0 4 b 2K 5
BRI R N A BRIR R, SRR T TR
RIHLEE(Scheme 14). H5E, KIF=MAE AgOTE/ER TTE
REEIE A A, SREFEE S P AN A A
WAL B, B &3t 5 —F LA 57 TE St +
[k C, (a4 C 23 3 JE i ok A B g 28 7= ) 2R e
i, [RIEE 1 PA(O) AR HEN T — ARG A

PdCl,, Xantphos

\ _ AgOTf dk
, + ()
Z N CH4CN, 120 °C )\

R2—— N 4 ¢
16 h
RT ©
38 26examples
up to 91% vyield
Q Ph
o Ph
CCe P e
N Ph [Pdl° @[ ® @[N‘N
Nj /)
A N
o} N,
o) [Pd]
N\
n= C{ o
Ph P
c N~ “Ph
v B
co
B 14 B TR IR I = M R R R A
FS AR I R i

Scheme 14 Silver and palladium co-catalyzed carbonylation of
benzotriazoles to synthesis of benzoxazinones under mild condi-
tions
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1.2 B EFHRNIRE
12,1 BR-RALeHE
B TR A B2 AUMDRMR 5 4080 Kk 35 78 AR
—N%%ﬁﬁﬁﬂ?ﬂ#%%ﬁa%&2m9$&%h
R A MR T T A R i 5 5 i = UM R AR R B
ﬂA&TNﬁﬁmﬂmiw.ﬁﬁ&ﬁﬁE%ﬁﬁ
PEI™, FeEm, B Re I 32 M 4 B4R £ (Scheme 15).

. @ Cu(OAC)H,0
@ ?  N=N _ AOH
N
e — "CH,CN, 80°C

R’ & 12h R1

40 R? 14 28 examples
up to 91% yield

B 15 A 57 3 = BUR R 77 FE IR I 57 Al SR
Scheme 15 Copper catalyzed N-arylation of amines using aryl
triazenes as aryl source

N-J5 BB Q0T 2 ATAE T AR Y] R T,
AL B e R T A e AT Ritter 5 Rl
% BT RERANMH T =S 51 Ritter KM
WE TR 2019 4F Brise 210 e T 0% 3 =5 Ud
5 ERME A Ritter [ BIHI] £ N-75 Bk L. 05 5l
Tob = G600 [ ] s e A b, 78 DU SRR B = 3 R 1)
PRI 5 3 = RS A S R E R IEE T, A
BAUGTER 07 B IR B 5 1 OV A O g E S, F
5K N A S EE% (Scheme  16a). 2020 4F, Bugarin i@
HBRIE T e e 3 T0 & B AR ORI 2 F T IR =AU
5162 N A BRI 1. 2T YRR R AN AR T %
T — RIS Z P B, EA—RERE, R
%R AR REMRA3EAT (Scheme 16b).

1.2.2  BR-FRAEGGT A%,

HH T S A S I A0S I AN 24 ke Ve, e i Y
B C—S WBFFZE] T T2 0%, 1554t
i, FEZEDBALIACY ., BRATER NS AR 5 05 =
B LA 5 BRI . T AR A .

2020 4, Singh WEAPHRIE T LA R R
%%5%%%%%%,@%@@%??@%c3ﬂﬁ@
C—S BTk, &L T IR, 7E 20 mol%[H)
BCEAL 5T () (AL BRI I B A 5 1591 €S, 5 05 2k = U
HA, LU MR C3-AL 1 X 38k B 1 AL B
(Scheme 17).

FHEWEAEMHR L EAIUMIE. R P,
SRS 1) 2 RS M 45 52 %3E. 2018 4F Singh ZHRIE
T AR N EER], Cu(OAC),»HaO AL 75 3 = %G
5555 BT W S 8L A bR T RN A 0 K 77 15 (Scheme
18). I s 87 2% A1 i B ¥R AE, A FH B8 IR vt

Chin. J. Org. Chem. 2021, 41, 2587~2600



Chinese Journal of Organic Chemistry

REVIEW

(a) e}
QN RZCN R
N_ HBF4 or TFA
N N AN 1
solvent/H,0, 80 °C | R
| X R 26 examples
P up to 100% yield 43
42 H,0
+ 2 2
I
C
Il I
N,* N* N
S R2CN S S
‘ — Rl — ‘ — Rl — ‘ —R!
= -N, Pz Pz
(b) 2
’\it-Bu N_N/R water, TFA o
A hv, r.t. 2
1 — R _R
RICN + [N>—N wkN
\ H
4
44 Bu 45 46
27 examples
up to 99% yield

B 16 i 57 3 = 50 5 1 S £ %

Scheme 16 Synthesis of amide from triazenes and nitrile
D
Ns _N 0

X e EtOH, 70 °C
[y « [y v Bk
A A

R! }Q R2
25 14

N\ ’\/RZ
(j[\g
// N

1 \
R R
47
21 examples

up to 95% vyield

B 17 JEd O R = A A R S R
Scheme 17 Synthesis of diaryl sulfide from aryltriazenes
BT, 72 T R G T — R BG4 ANE
) =57 BB & 4.

SO,NHNH, O Cu(OAC),*H,0 (20 mol%)
‘ A NN IL (1 equiv.)
R~ + R
_ EtOH, rt, 12 h
48 14
?
S
R1 | = 8 ‘ \7R2
P =
49
26 examples
up to 94% yield

B 18 SEIE RS 75 R = EUE A O 5L
Scheme 18 Synthesis of aryl sulfone from sulfonyl hydrazine
and aryl triazene
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1.2.3  BR-ANAEE T B,

75 MRS VR N A s YRR A 29z B
T i & A AL R - B B AN B - AR I S B rp . R
CEAFAE 2 P A B & BT TR R S FLATT AR B 7 %,
R IR A B VEAT SR AEAE AT F S5 ot ) &= HAER 8
MRS R B & Jm A 7 AR 7 20 (1) OB 2% 55

2017 4E, R/NVERR AL H 55 3 = R N S
U5, Boping VE AR, =PRI, 1ER
B ML TSIl T C—B B, ZRMNER
IRINECAR « BB AR 7R 2% A N o 05 i = RUR AL AR
75 H 6 (Scheme 19).

~ _NEt
N N\N/ 2 _
R—— + Bopiny
=

Zn(ClO4), (5 mol%)
CF3SO3H (1 equiv.)

50 CH30H, 60 °C
26 10~15h
©/Bpin
R——
=
12
7 examples
up to 91% yield

B 19 FrfiEfl o7 3 = %00 BBl AL S
Scheme 19 Zn-catalyzed borylation of aryltriazenes

2 {FAREREERIAaRTFHNA

DS RIS A S A R T R IS T ECE
FE, X — R A AR R O BRI T A LA L
o SRTMAEAE R 05 A il o 75 BRI — 1
BN, 814555 5 =508 0 R R 220K FRAIK.
S 07 B = U TR IR ORL I A e AR I O R R B
5 R SEAZ R RN, B2 T 05 BB E G, [F)
B B2 i 05 2 = A I SR A 2. SR T E T 05 SR EL A
IEEFAER A 5 M 2B GO 2 E S 18 H HE 3
005 Fk = FURAEAR AL SR ) B R 2
21 {EABRATEHITS FRIF LR M

75 FE = UG RO R AR ERT @ i T AR
IR B S BRI G, ekl G750,
M5| PSS Ak A 10125, 2016 4F 4 b L B ZH OV DL o- A8 2
TR W AR, R T SEEL T Oy R =AU
807 55 C—H R e LR B, e IR Rt it —
AT A AT A3 205 A5 P (Scheme 20).
22 pFEBRERRN
22,1 lRe91E RALR L

E=FMmS 5 RMNF, KZFEMANSITER
Lewis fREL Bronsted FRAFARIET, (HIX LG AE S {2 12 57
RKEMGEEGDTER . PREMARIEAFHER S AT
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O N, [Cp*Rhglzlz
: N N\\N/N . )’k (1 mol%)
Rf/ MeO,C”~ "CO,Me AgOAc
14 51 (30 mol%)
BF5-OEt, COMe
(2.8 equiv.) N
CchN R+\ \N
bt ,
SN I
N\ /N COzMe
R N ~N o 53
L_AA_CO,Me 70% yield
TFA (1 equiv.)
CO,Me CH3CN N,
52 65 °C RN
15 examples COM
up to 99% yield MeO,C ~©2Ve
54
81% yield
B 20 dd 5 R =S C—H B R/ 2 T A R L R

HER S5z 25 R £ 540

Scheme 20 Synthesis of indazole compounds via aromatic C—
H bond carbenoid functionalization/intramolecular cyclization of
triazenes

R FIRAE, 2016 4F, XRVLFGK K L0556 02458 1
Bronsted B2 B F-ARME AR RER, LLJT 2 = %0 A1
BT, 1E =AU SEI T M5 MR AR SRR )
HL MR S B (Scheme 21). 851V AR AL HE 70418 4 4
FHVU R AT B A e FTE . R, S B OK 31 e R
B 5 LT Be DUE RS 2. (R i AT AT e
R IR, BRI —RRiEE A R S T AR =
BB ARG, Z T ENEA S H AR S
VIR 3-AiF FE NG| B R SRt R AL TR R
222 sk R 6 4B RAL R

U5 T A L s ] S A 2 A [ 2 R G R 5 4

R2 R*

|
~ _No IL

s @[\& o

R P N EtOH, rt, 1.5 h

\
R6
55
R*=Me, R®=H
R*=H, R®=Me, Ph

B TZ R, 2017 4, XRILAGK K LA SHRTE T
Bronsted FRVE S T RAARE I S-IE Lk 5 5 2 — U 11
AL [N, G R S T 4-75 FEAR R 1t
FHRAE YA R, TR R 5 5 = E U AR A
R, ARPERIER, &SR RER, S
SRR ZA TR T — K5 48 ZUHUR Itk e e
FKWA W) (Scheme 22). [FINS, Wixsk s AR T
ERT 2R S AEA, K R v 24k e PR E AT AR ) =
N 55 ML P I sz 8745 281478 SC e ) A2 s ) i i T AR 4,
R TG T — Pkt S R & .

T I 45 ) SE AR AN 222 SR, % Brensted FR1E 55K
A AR 33k 55 Bk = U AR A B AR B R AL R R AT T
AT, DAY 3k = U0 5 ML I 1) s g o o, g Ak
SRR E TR N AR B T =B S R
TBCH DU SR g T2 Bl 5 9k B AU IE B I, R, fERRVE
7RV A 25 A T b A e e A R ks T = L AR S AT,
75 5 H AR B 1 5 0 e L A e R A 1 RN R B (]
PRIV, )5, HIEARIVEBUE 7R H b=
223 ABEreg4% 8 AR

HEBREM L EDITEIRL . Zhd . AHLE RS
WEATZ N, Rk BURM ek Y
M HAPHME SRR T AT G, 2018 4F, XIRITAIHK
TR EFIAMRTE T —Fh G B 05 J: 05 A ) 25 ) A %
Ykl ta 7k, 1% 515185t Bronsted B2 1 B T A2
W5 R =R UG 5 2R B, IR TR S i T O
FEARF IR A 25 ML AP0 (Scheme 23). TEUL N H, 5
I = RGN EARF], Bronsted BRME B T AERAE N
fRIEF, KA RGEER, E=E. L EmE et

7\
S
R4 R
{ N=N
—
\
R° 56
30 examples
77% ~ 99% yields

IL
O AgNO; (20 mol%) NO>
. _N Na,S,0g (3 equiv.)
N CH,Cl, (1 mL) N
14 H r.t., 36 h H
0.2 mmol 57 58
0.2 mmol 54% vyield
/F’h
\pn ‘BUONO (0.6 mmol) >~ wPh ~ HOsS\/\/\N/%;\’I/\/\/SO?,H
N 1,4-dioxane (1 mL) N IL= \—/ nso;
H rt, 0.5h H ¢
59 58
0.2 mmol 84% yield
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Scheme 21 Ionic liquid promoted diazenylation of N-heterocyclic compounds with aryltriazenes
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Ph HsC R
NN Ne /NO L SN HOSS - SOH
L g RN N o
HsC o] R-T HxO, rt, 1h N~ on TsO
60 pH 61 IL
14 27 examples
up to 99% yield o
o) N-
N\ CH
1) HCI, NaNO, O s\NM 3
2) KOH, pyrrolidine AN IL HaC N
Sulfamethoxazole 99% H — ) N
o N. H,0
W s 20(mb) N7
HsC AN 62 60°C, 8 h N"on 6
lolg /
Ph 83% yield

HO3S _~_~ NK/'SN/\/\/SO;
TSO H

ON\ o (]

N
g

Nx J\D
TN N
R P

- RN\
=/ TsO I
O ' .
/
>I SN H3c/4N OH
\
Ph
n
=
HsG H —R
BN N
Nl
N"SoH
PR+
v

B 22 Bronsted FR1E B - (e 2E AL PR 55 57 ik = %R0 ) EL B AR RUAL S BT

Scheme 22 Brensted acidic ionic liquid promoted direct diazenylation of pyrazolones with aryltriazenes

Ar
Et‘N N-COOH N
T woD —i o
——OH + _Ns _N
— AN H,0, rt. ©\)j o
64 14 &
65
17 examples, up to 99% vyield
“OH
Na O HN—</Ok
N / / —
H (I?/©/ N SO, CH3
He— T % BN N/COOH O N
o-N o \’/ TsO-
62 H,0, rt. OH

67 68% yield

Bz 23 Bronsted BT 2 IR AR L 1EZE M 55 7 3 = S0 HO R 200 S RE
Scheme 23 Brensted acidic ionic liquid promoted diazenylation of naphthol with aryltriazenes
TERT —RIBERARNZEMLEY. MEZisT 3 ESES RS TRE®EM BRI
SKELSE B 5 R, (Rt At AT A AN, BUREN
XF LR A RGF A, RIS B = 5 B i
Pyl | 145 T E Rk L AR L, S EIEAT I
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RN F R EE — e sk, InaEck, did i
A i) 3 [ AR 7 A 4 o) W e 4 X i 8 1 R i
Ak e RiAF 2 T KRR RE, JEIHGRAER| M) C2 F1 C3
L BB PRI T AL LR 2. SR, K2 H05 kM
FEAFE RN AT 2 SONE I TR] K o TR AT e 4 AN 3 4]
i) 52 VE 72 AN /& . 05 ik = U A e B 2 NI PR A A
AERZ G T A LG B, 1805 AE N 75 AR
BAGF. SR, @ ST B = BT 2 AR
FEAG IR IE R D>, BT, 2019 4E, X RIT ATk K 20
1653 I A 4% SEBL T LAY R = R0 A 9 AR R A A
SRR TR X P Rk (1 X 33830 495 1k AN A 2 3% 5 1) g
1k(Scheme 24). M/ FiH, 4 L) DMF /¥ 7], HPFe B2
T AARAE AR, B RRARE AL, 7E =R T L
65%~93%7" FAZ BN 207 35 FEAL =W, TAE =L
FEAEV 7, HPFe 8RS TVRAARVE MR, Toid % & JE i,
TEZE IR T AE LA 64%~99%)™= 2615 2] 3057 5 Z Ak 15| W AT
AW,

S CHRIRIE RS20 45 3, SHmIWE C2 F5 844k 5 C3
EEAHR PR T TR R LB, Bk, 755 =%
TE R TR BB ME & TR VAL R, 15 2 (a4 5 1
=50 A, ZH AR I 25 A i (RTRENH) B B 5 225 8
B, WE, RMNIESHMGEET. ROET C2 0

Ar
/

N .
N HPFg or IL R2 @ X
Rzi\;\r\g TFE, rit. N
i
=
N

\
~ 2 R
Me—\n—Bu” 25
59 R? \—/
17 examples N
up to 99% vyield
path b:

C3 diazenylation

AN, IL/PFg

path a:
C2 arylation

FAb. BEEG B LN Pd ML T EE I IE R C
ik, FIRPRETRCH S #ER R, C 5 1- RN i it
Heck J BB/l f& D, /5, & &+ 1 PR 5(
R'R?NH fie#t D i g-i8 J5H br m 5 J5 #dk, 74 C2
FiRAC AR RIS, FER A PABEA TS — ML
PE¥R. 73— RS T C3 MR, 1-F BEN5| 5 25 i st 7
HEH B RN P B 2Tk, il PRk
RIRINH et 2 J5T 510 Ja 7 A= F A=) 3-07 1 U0 k.

4 REERE

g bR, REERILHIVESGE=2KZ 500
PUR AR E] 720, JEH RN DT R AT D7 34k
S SEHR (RIE TEBC A, BTk SRR AR — 2 R P R SR
7 — RS, B MARER, EEARBELTIL
ANTTIE: (DAEAXFR G R R R SEHL. RS =
Hh S 001 220Kt 07 2k = UG T AN R & o, (EIF
B33 BRAR o0 R B, AR 5T RT DL I e £
I R A A AR DL B W oK S B L AE AN XA 45 1 )
R, QL =RUGHAT AL AL 5 2R . =%
2 5 10 S N3 H 7 NN S 5 IR R ) B T R AT
BASTRF IR e it 0 AT AL = %0, PRI T HAEA PG i
. R feil A D ARl S T B 5 TR A B S

R;l ) \RS

\I/ Pd(OAC), Rz;i\ N A
N HPFg or IL Z N
Ar DMF, r.t. 27 R’
1 SN
NN S04 up to 6% yield
IL
L

PP,
Ar” L 6

L N2
1R2 Pd(h —— Pd(0)L,
NARR L = DMF or )
1-Me-indole 1-Me-indole 1-Me-indole
H +
N ArN,NHR'R2 L oL
C[gg IL/PF; H By
) .
N\ = Ar
Me N H
ArN,NR'R? Y
IL/PFg ILIPF; e
or NHR'R? 12
~ o ILUHPF; 0?""? R
N=N
Crd )
N \
\
Me Me

B 24 DT = EURNIEIER) C2-07 LA C3-fHE AL
Scheme 24 Controllable C2 arylation and C3 diazenylation of indoles with aryltriazenes
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FERR AL T 5 B = EUR I AL, HIX LT iR TR AR U
()R SER FE R AT . DRI -4 oE F AR R, S
PR AN R 05 B = EUR AL A AR R Q)R T
I FH 2R AR AR 2 BRI = BUATE A AL E B R 1 — A
B REFAE., RADESRBHIRTE 71505 25
H(EAM )2 530 RN A RS, {2 H RNE MR
LI 100% R TR 2. (4)77 2 =% B 261k
KA, H RIS B0 A U R SEELTE A, BN, JF 3L
(AL sp>-C—H &, DAK =% sp’-C—H B 1)
WAL MR WARIE. HeAh, XA S RIS A e
RO AT Z R AL, BT SIS R v dm i, DA
F TR 25905y T BN Re MR & ik, 3982
AT 7T B H Fr.

BT, Fairlamb 5 Firth & SO R EEA WA AL L
VB 55 Wi 2 07 B E G & BRIV FH kR ) 2 B AR
Z O AR 5 A SR A R E AR OR M PR ) T A
AHLE R BRI, RIS SCHER Ao ) B e e 1) )5 R
VU G ER 6t BT AR R Be AR 67681 BRI b, 5 36k —
I FH T LU PR AR e T AN 22 SR AL R R, A LA R
SERA NIRRT H E R T ANLE .
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