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Advances on the Synthesis of N—N Bonds

Zhao, Weizhe Xu, Jiali Yang, Fan Zeng, Xianghua™®
(College of Biological, Chemical Sciences and Engineering, Jiaxing University, Jiaxing, Zhejiang 314001)

Abstract Nitrogen-nitrogen bonds are widely found in drugs, nature products and organic materials. Design and synthesis of
nitrogen-nitrogen motifs with high efficiency have always been an important issue in organic chemistry. The nitrogen sources
such as amines, nitriles, nitroso, and azides or other N-functionalized reagents, are commonly exist in organic compounds.
Direct N-N coupling of these nitrogen sources provides a more convergent synthesis strategy to produce different heterocycles
and hydrazines containing the N-N motif. In this paper, the intermolecular and intramolecular formation of N—N bond in re-

cent years is reviewed, and the difficulties and future development of this method are prospected.
Keywords N-N coupling; N-containing group; N-heterocycle; N—N bond
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Figure 1 Molecules containing N—N bond
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Figure 2 Methods for construction of N—N bond
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(a) N=N (1.1 equiv.), CuBr (5 mol%), MeCN, r.t., 2 h
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(b) CuBr-DMS (10 mol%), DMAP (20 mol%), DCE, r.t. or 60 °C, Oy, 17 h
(c) KI (10 mol%), KIO4 (1.5 equiv.), MeCN, r.t., 8 h

(d) 15 (1.5 equiv.), KI (1.6 equiv.), K,COj3 (4.0 equiv.), DMSO, 60°C, 3 h
(e) Pt anode, Electrocatalysis, MeCN/MeOH, 60 °C, N, 10 h

(f) FeMog (2 mol%), NaHSO3 (10 mol%), H,O, (2.0 equiv.), EtOH, r.t., 2 h
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Scheme 1 Dehydrogenative coupling of diarylamines
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(a) Carbon anode, Electrocatalysis
(b) CuBr-DMS (20 mol%), DMAP (40 mol%), DCE, 60 °C, O5, 17 h
(c) KI (10 mol%), KIO,4 (1.5 equiv.), MeCN, r.t., 8 h

B2 e 2 AR I

Scheme 2 Dehydrogenative coupling of carbazoles
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2 = COMe, COPh, COCF3, CO'Bu
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Scheme 5 Iodine or phospine-mediated intermolecular N—N coupling

1338 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2022, 42, 1336~1345



Chinese Journal of Organic Chemistry

REVIEW

5¢), HAFEEN AR EAEEA 2.4,6- = HERFRIER
IRFAL M SATLERATE FEAF H, 128 B 2 75 B A 2
HRIE SR RO A IR, SR a5 PR s N AR AR EUR, B
S P AR TR A B
1.2 &mE N-N ZEHp 2R

= LN P Sl S Ny A ST D S
WALE, TEZ ARG YE Sy T T A T 2 IR .
Mt Ty ik, MHAHESE S 1,3- 248
BN, HEBEMERA ST EE) N—N SE5 %
HARARE Z RS, 2009 4, Nagasawa S5 204 iE
TR AR AL 2- B K RS N AE AR 1,2,4-=
EIEAL AW (Scheme 6a), HL AT HE 2- 2 3 ikt g i ok 2R i
Y (Scheme 6b). B f5, BXE; KR HPIRIE Cu-Zn/
Al-Ti ZHEFIE IR B, 2 )5, 4R SRR
SR E IR AR AL 3-E HE-6- Uk IR 5 2 R iR e
REn] AR 18% ~63% UL & 1) 1,24- = E WAL A&V
(Scheme 6¢), {H21% & i BEIML2ATFE R Fill. ik
B R B R A E N N 3R, 9K R 40U 2 PIHE T R A
it 13 2 i 55 2K 2, B 2R ik 5 JF e B2 (Scheme  7a), AE A%
39~90% U HK M 1,23- =&ML &Y, bE)E, ZifEE
LA HRIE T 43 T IR E 05 A B A R R R
= E R 1,2,3- =& M4k & P (Scheme 7b). L 4F,
Punniyamurthy®>/A1 Manna BR&E2H 2015y 51| R IE 1 i R
flEAk.(Scheme 7¢) AR Ha A2 1F JF E AR ER & 1 1,2,3- =
AL 5 )(Scheme 7d).

@) CuBr (5 mol%)

NH N
X 2 1,10-Phen (5 mol%) Z =
[ Art + N=—AR2 en (5 mo °)> Art I —ar2
N Znly (10 mol%) x-N-N

20  DCB, Air, 130°C, 24 h 21
T DB ARTS0TC N 6o, ~ 50% yiela.
(b) CuBr (5 mol%)

1 Cs,CO;3 (3 equiv. RI_ N _R2
R\n/NHZ . e 2C03 ( ) < r
I, -He DMSO, AIr, 120°C, 24h  HN-N

24
2B 52% ~ 82% yield
(C)NH2 CuBr (5 mol%)

)\ N 1,10-Phen (5 mol%) N =

v . <

E +R1 . ||| Znl, (20 mol%), I, (1.0 equiv.) R2—<\ b(\/j\
Y R2 Kl (1.0 equiv.), K,CO3 (3.0 equiv.) N’N~N/ cl
Cl DCB, Air, 130 °C, 12 h 26

25 23

18% ~ 63% yield

Bt 6 ML=
Scheme 6 Copper-catalyzed synthesis of triazoles
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Scheme 7 Copper or base-mediated synthesis of triazoles
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Scheme 11 Pd-catalyzed synthesis of pyrido[1,2-b]indazoles
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Scheme 12 Methods for the synthesis of 1H-indazoles
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Scheme 14 Synthesis of tetrazine derivatives
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Scheme 15 Photocatalytic synthesis of diaziridines
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Scheme 16 Catalyst-free synthesis of 1,2,3-triazoles
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2-(2-B AW ER) ML IE RV T B SR A R N—N
AR IDEAE B IE [ 1,2-5] 05| A7),
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BHLE
(a) ] , PIFA (2.0 equiv.) o
- CF3COOH (5.0 equiv.) ©\/I<N_R2
i CHCl 0°C 1h N
83 8a R
R" = Aryl, Alkyl; R? = Aryl 45% ~ 68% yield
[ CFCcO, \
1 \ ‘
1 I :
1 / 1
| CF5CO, !
1 PIFA J

(b) o 0
2
LN R CuBr (20 mol%) R3€E«'N_R2
R o H = N

DMSO, 120 °C, 4 h

NHR' ;
85 86 R!
R' = Aryl, Alkyl; R? = Aryl 41% ~ 99% yield
© o (i) CuCl (20 mol%)
R? Et3N (50 mol%)
N N~ MeOH, r.t., 3h
R'G— H + R3B(OH), >
Z NH, (ii) DMSO, 120 °C, 4 h
87
R2 = Aryl, Alkyl; R® = Aryl
0
A
R'5— N-R?
N
8g R®

30% ~ 94% yield

B 17 IR ) 5 T i

Scheme 17 Methods for synthesis of indazolone derivatives

(a) R2 R?
1|_\ \N,OMe F?sz (5~ 10 mol%) 1 N )
R . 4AMS (1.0 equiv) R T \N,N OMe
3 o
89 CH,Cl,, 40°C, 16 h 9
R2 = Aryl, Alkyl, H 44% ~ 99% yield
(b) R3 R3
_R? Conditions A or B
N g ket LN o N
R ,—/ R —\ - N-R
Ny N
91 92

R2 = Aryl; R% = Aryl, Alkyl, H 66% ~ 90% yield
Conditions A: Cul (10 mol%), TMEDA (50 mol%), THF, 40 °C, 2 h
Conditions B: NCS (1.0 equiv.), THF, 40°C, 2 h

(c) Os_NHR 0 NHR?
N R hv =455~ 470 nm o~
. -
R'C . H  DMFR A rt, 12~48h R I NR?
N3 N
93 94

R2 = Aryl, Alkyl; R® = Alkyl 68% ~ 96% yield

B 18 2H-WIME & R
Scheme 18 Methods for synthesis of 2H-indazoles

DY 0 2% M A4 A AT J55 2 RO i 5 i 2. H-P| W T e
[1,2-b]95| AL A #(Scheme 19b). Kundu B8 20 SO 4R 1
T ZRAEG AR i AR B 2R O E IS O RE TR 1,2-5]
5| (Scheme 19¢), % R4 R R M AFRA, =HE T 30
min J5 3P 3R EE 91% IR =)

@) EDG

Ru(bpy)sCl, (1 mol%)

R? MeCN, visible light
NO, rt,3~24h

P cat. (15 mol%)
1 PhSiH; (2.0 equiv.) R1—/ =
2 PhMe, 100 °C,3~16 h XN
NO,
98
50% ~ 93% yield

N-R?

AN
R4 SnCl, (1.5 equiv.)
s EtsN (0.5 equiv.)  TsCl (1.1 equiv.)

~NO2 PhSH (4.5 equiv.)
| MeCN, r.t., 15 min

rt., 15 min

88% ~ 91% vyield

B 19 BEmE [ 1,2-H]10 1 (1 & BT 72
Scheme 19 Methods for synthesis of pyrido[1,2-b]indazoles

RS R®
R1'—\ N Cu(OAc), (20 mol%) R1'—\ \
_ , 02,DMS0,85°C,3~6h PN
NHR \
101 102 R?
R2 = H, Aryl, Alkyl 51% ~ 90% yield
R cu' = O cu' R
@ NH N
NH, N
103 104
R R
SNH cu'or O, SNH
H/\Cull H/\Culll
| 4415 i E] 4416

2013 4, Mo W8 20 RO T G 1 A A A S 2R
W R A 7> N N—N B A I & R E I [1,2-6] 0] e
(Scheme 19a). ifi)ii, Radosevich ¥@ZH 1k iE | %A

B 20 ffEAL LH-MGIER & A
Scheme 20 Cu-catalyzed synthesis of 1H-indazoles
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2016 4F, Chen Z5UUHIE T i W4 fh Ak A8 2 FE 2K
AL & % 1LH-"5 8 (Scheme 20), %44 218 FHESN
AT HEH(DMSO)NEF, AT LIRS 51%~
0% =), Heh Tl REm I MALEL. 2021 4F,
Darehkordi 255243 T £53 BRAA A XU /K P [F) (i i3k 41 2 2
R H K 1H-P5| e (Scheme 21), FF45 H T AT RER [N ATLEE,
HH NaaWOu #O0UEKE AL AE B Nao[W(05)s] 42 B EL 1)
AL 7R TR .

=z
el ~
N Na,WO, (10 mol%) HNAL
NH, H,0, (4.0 equiv.) R1'—\ N .
CH,Cly, rt., 0.5 h N
NH
2 " 106
105 30% ~ 38% yield
_R
N

107 108

B 21 IR LH-MGIE ) AR
Scheme 21 NaxWOus-catalyzed synthesis of 1H-indazoles

2.2 SRt LTAEY

2010 4, Driver PRAVAHMHRIE [ IR T2 AL 3-8
RBIELNIGE IR A FH N—N #{HE(Scheme 22a),
AT PASRAS SIE 91%MCR I 1H-IE M. BE S, Gk i
SIS R E T A SR A 3-8 B T I U K j 1 H-
ML (Scheme 22b); Jones BRAEZHIPIRIE | A A AL AR iE
QI Ji 1 g FH I B B M 1 g 6 5 P (Scheme 22c).

2011 4F, HEEESCFE DRI SEPIRIE TR A S A
FACHREHE 3-H T Bk R A5 TN N—N BRI
(Scheme 23a), 7EE L T LAPE IR 85%~93%I %
(R IEE e bk-5-J . B e, ok o AR A gk A B SRS HRTE TR
VAP 3-S5 A P I Jie 5 Fs bk P B - 5- B (S cheme
23b); Waldvogel VR HRIE [ HLfiEAL 1,3-T8 il &
J A IR -3,5- [l (Scheme 23c), FEVEAIFR T AL
PR VEF DO A 1,3-TA BG4 RN E 3
Ha A, SRR EE E BRI SR
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a
@ g2 N -OMe  FeBr, (5mol%)  Ra_—
| —_—— j\/\N—OMe
4A MS (1.0 equiv.) =N\

R1 N3 R1
100 CH,Cly, 40 °C, 16 h 110
79% ~ 91% yield
(b) Cul (10 mol%) R2
RTN,Ar EtsN (50 mol%) fN_ Ar
; THF, 40°C, 2 h R" N
RN, 12
111 34% ~ 97% yield
) Cl

cl =N
NS OS0H NaoH (1 moliL) >§§r‘\1\
l _ ———>» N /) Ar

\
N A CHChyrt, 61 NN
13 14
o 30% ~ 69% yield
NaOH { ,\():EN ]
X NAr
1] 4420

B 22 1H-MEME A TV
Scheme 22 Methods for synthesis of 1 H-pyrazoles

@ o TsCl (1.0 equiv.) N
! o] KOH (2.0 equiv.) )’ N
)XU\NHAr CH,Cly, rt., 40 ~ 90 min_ /%O
116
15 .
85 ~ 93% yield
TsO. 4>
N NHAr A
|
o)
_____________________ k21
2
() aco R

CuBr (10 mol%)

- )
1
R1)XLLNHR2 Toluene, 100°C, 1~6h R yo

17 118
R', R2= Aryl, Alkyl 69% ~ 97% yield
Graphite anode R! R?
© O o Platinum cathode \N - N/
R1HNJ§<U\NHR2 HFIP, Electrolysis 04><¥o
19 120

6 o 21% ~ 89% yield

R', R?= Aryl
|_> |:Ar\N)><U\N,Ar —+
\, j'

th 422
B 23 A5 WG T i

Scheme 23 Methods for synthesis of pyrazolin-5-ones

2019 4F, A Al TSR IE T = ARk
W 3-BRFENIEKAET AN N—N BB A Pk
(Scheme 24a), %Ak 5 H 23 E AL AT DLARE 3815
54%~93% R IF=Y). 2021 4E, B 55 M4 OHRIE T
— 5 A A B P BT AR G RN TR AL 1,3-7 T
KA T N N—N BRI Bt ek ) 77 7% (Scheme
24b). zfk R R TONENLH, HAEE AL T
XU A E A, b4, Martin Z5004B HR0E T {3 1k
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bR AR RN

@ il FeChBmoh)  pi_y

1
N;—2 R THF, Air, 100°C, 0.5h ~ N=# R’
121 - 122
R' = Alkyl RN | 54% ~ 93% yield
R2= Alkyl, Aryl | e - oZN— R
N7 A fh23
(b) Cu'CsPbBrz 2mg)  R?
H 8 Blue LED '?‘}
R ~ g2 - _N
123 CHyCly, rt, Air, 18h g1
R = Any S 20% 1;;/ ield
R2 = Aryl, Alkyl . \ o~z yle
ph~ N~ Nopyy

o ] 424

B 24 LMK A R
Scheme 24 Methods for synthesis of pyrazolines

23 AREZEMATEY

2014 4, Nagasawa M@ CHRIE T BSR4 AL 2-
FH i Ik B A A A BR[1,2,3] = P [1,5-a] HF IiEBE 4k & 4
(Scheme 25a), {EfF M2, ZAERER FH T ET,
HARZ WAL S A S T E R A, AR5
AR, IRAE, Bartels BRAEIZHIOHRIE TR AL AR
A 2-WICHEREE A B 2-20 25 -[1,2,4] =ME[1,5-a] JF ik
A Y)(Scheme 25b), %A REIAALIED WREC A, H
FHE AR 16 h BL L.

R2 R2
/\H\\N/NHz Cu(OAc), (5 mol%) /\4(
@ Ry R'©— N
C_N EtOAc, rt., 0.3~24h NN
125 R? 126
R2 = Aryl, Alkyl 37% ~ 97% yield
I ONS
N N
______________________ ks
(b) R2
N l{l CuBr (4 ~ 8 mol%) R2
AN “R2 - ~ 0 N
R1:_/\r Sy TR?_1,10-phen (4 ~ 8 mol%) R1@// />_N,
SN NHz Al DMSO, 110~130°C — SON- ge
127 16 ~ 46 h 128
R? = Aryl, Alkyl 45% ~ 93% yield

B 25 =MEIRALNE 45 T 2

Scheme 25 Methods for synthesis of triazolopyridines
24 ARATERAF

2017 4, Knodlker BEACHRIE T 2 Ak BB
(FeF6Po) fiE AL AR R ZE B R K A2 N—N 8 5 X (Scheme
26a), A LAFEE IR E M N IRAT 32%~90% A 3 ) g kAT
A=), 2018 4F, Waldvogel PRERZLISHRIE 1 HLEAL ALK —
PG R JHe 5 B 34% ~ 90% L 14 Bk 18R 447 = ) (Scheme
26b). 2019 4, ATAKAN T HRSFERIE = IRk
W 3-B BT DTN N—N BB S ke
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(Scheme 27a). 2021 4, B{HIRBAHPHRIE | — i
SRR U AR TE OGRS AL 1,4- T R A5+
N N—N B S k% (Scheme 27b).

(a)
OTIPS OTIPS
Me 2N Me N
\—.R [FeF16PC] (10 mol%) \—.R
H AcOH (3.0 equiv.) N
H CH,Cl,, air NS
NN rt,3~16h —R
Dg X
) Me
Me OTIPS
OTIPS 130
_______ 129 L __32%=90%yield_
(b) o ,

™ X
R1'—\ H Electrocatalysis R1'_\ '}l
; H —_— ! P>
= N N =z
2 s R
o L R SN
132

131 34% ~ 89% yield

B 26 MYOHRIAR-1,4- —Hi )& Ok
Scheme 26 Methods for synthesis of cinnolines and phthala-
zin-1,4-diones

(a)
R1-N FeBrj (5 mol%)
HN’:\4R; . . 1\N—N T—pR2
3 dioane, Air, 110 °C, 0.5 h =~ R
133 134
R', R2 = Alkyl, Aryl 64% ~ 86% yield

(b) H Cu-CsPbBr3 (2 mg) R1

) .
R1’NM\/\N/R _ BlelEd C'}l
H CH,Cl,, rt., Air, 18 h N-~ge
135
136
R', RZ=Aryl 31% ~ 90% yield

B 27 WRGR G T i
Scheme 27 Methods for synthesis of pyridazines

3 R&ESRE

AR, AT I N—N SR ECEUSE T
WK B, A RS N—N 4R SR L 1 5 i)
GRS, Forr, TS RO ERE: SE M. B
b Sl AHVEILRBIE LSS, &l ERTE =
TG~ honMINTeaRs. REW, M TAEME C—N
O TH BUAS F O S R, AR AT AT AT SR A AE AR £ Bk
k. FATANEL S JLAESOGE: (1) 1L,2-ZR8 &R0 T 5
SV TTHFA I —25, (2 H T T2 5 B Be (9 n
AR B 9 N—N BE); (2) C Rk IE i S B 7 AL 2
FICES AR IR, X T L0 44 P B K 1) A A ik
i8; (3)HAr Rl T E S ML A Y R A C—N B
BC5 T A B N—N L8 F AL S, A iiE B
BEE T N—N SEB R N—N g P ik &
TG TEA S TAE AT RSS 1, BEERA N—N
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