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Research Progress of Carbonyl a-Position Amination

Wu, Wengian Chen, Chunxia Peng, Jinsong™ Li, Zhanyu™
(College of Chemistry, Chemical Engineering and Resource Utilization, Northeast Forestry University, Harbin 150040)

Abstract a-Amino carbonyl derivatives are an important class of molecular backbones found in many pharmaceuticals and
natural product molecules, meanwhile, they are also an essential kind of intermediates for the synthesis of many organic mole-
cules. To develop simple and efficient method for the synthesis of structurally diversity a-amino carbonyl derivatives of great
importance, the amination reactions of carbonyl a-position hydrocarbon bond in recent decades are classified and summarized
based on the different activation patterns experienced by the reactions. These reactions are mainly divided into four categories:
electrophilic amination, oxidative amination, halide mediated amination, and electrochemical amination.

Keywords a-aminoketone; a-aminoaldehyde; carbonyl compound; electrophilic amination; oxidative amination
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Figure 1 Drugs with a-amino carbonyl structure

B0 55 AR IR P 1 2 A% ) e o 2% A A S ) #5121,

* Corresponding authors. E-mail: jspeng1998@nefu.edu.cn; lizy567@nefu.edu.cn
Received January 6, 2023; revised February 19, 2023; published online April 7, 2023.
Project supported by the Natural Science Foundation of Heilongjiang Province (No. LH2022B003) and the Fundamental Research Funds for the Central Uni-
versities (Nos. 41421029, 2572020BU03).
BT B RA 23 42 (No. LH2022B003) A1 Hh s i (e ABHIT L 55 3 % T B8 8 (Nos. 41421029, 2572020BU03) B Bl H .

Chin. J. Org. Chem. 2023, 43,2743~2763 © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences ~ http://sioc-journal.cn/ 2743



BIKE

SR, XTI B R TSE E R L, SR AP IR
DRk, BAN, SRR AR EHEARINZ S, )
HESCIUS P DS 2 R R, TR, M4EA HAR
EN G K, RIF S AFERMEIRZD o-H H
BREAC SN, =R 4 a- B A RIE AT AE W 4RGE I
BT ARG SRS, FREE o-H 1B EAL REA R0t
R PROF R SRAZ U S B AR A7 AE [ ). RV Fopth
ZRIRXTER P AHSC AIE TEREAT T 4RIE10, (BRI B
o-H A EREREA SN T STt e SR/ D VRNV i 2. %5 Tk
HAEY) a-H IR G o-BIEHRIERT VI E
ZER AN E, AR RS E5L LT o-H
() ELRERE A B, MR8 S 2 FRIATL A 2 B0 ok AUZ A

AL A EM%V%QU&%%%&%&f
(Scheme 1), T T4 AN A ) S MR AL AT 2R EL A A

0]

2
(a) R1J\(R R°R*NH
X nucleophilic
amination
0 R3R*NH, R®R*N-Y
R2 O RN=Y;Y=0O,N o
(b) R - R?
R electrophilic or R!
H oxidative amination NR3R4
P R2 R3R*NH
(c) R1J\( constant-current
H electrolytic amination

BR 1 o- 2R A R

Scheme 1  Synthesis of a-amino ketones

1 FHRUEM

1.1 BRUEYMERIRNFEBRRYER
1.1.1 A2 A b ey i B2

1993 4F, Greck ZFUHRIE T AT 4% 1) FHE p-32
FEBEONIRD), 765 AR A (LDA) AT B IR EEE
M NS T &GRS T, HSEEA TR
T EE(DTBAD) N ABR a-Z HE-B-F2 HE i (Scheme 2).
X RS ARALE  R FAT TR BRI, AR 5K
PIREETE R, 1714 0@ 256 (A I 7 28 0 S A4 Ak
SRR, 24 MeZnBr i, LA R Al

OH O

Zn
(MeznBr | %M DTBAD
LJ\/\OH )\.)J\ORZ

OH O

R OR2(2) LDA R" Y
BOCN\NHB
R'= alkyl, aryl, alkenyl, (MeO),CH(CH,), oc

R2 = Me, Et
B3R 2 LDA 5 MeZnBr {3 1155 HU Ak ) 37

Scheme 2 Electrophilic amination reactions promoted by LDA
and MeZnBr

2744 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

B R Bk BEVESRAS B RE o B IEAL I = ). AN
JE& R a5 N AR & B £, W MgBr) 8¢ Ti(O'Pr)s, 7.
A3 B I R LU R 2.

2000 4, Bulman Page PRAZHISISCHL T 2- 2B dE-2-
Lo HE-1,3- B - 1- S8 A0 11 5 5 00 A ke Aok a3 1 53
L% A6 [ ¥ (Scheme  3). 1% B B 56K [(CH;)3Si]NLi
(LiIHMDS)5 2- Bt 3-2- 2,561, 3- - 1- | B T
PUEmkmgrh, £—78 CTFRNAFEGEE ST, HS
8% F IR U T B5(DTBAD)Z JJj 3 HU N S B, B
KA a-PHEAGTY). BRI B8 5 7 8 5C R 5T K
B, # RN R2ANFERUREE, AR 5 s M
BIREMA AT, EAER BuE AR, RARY)
NI RY, RY N HIEE, R? AR, JExF Bkt &1
KT 98%. t— R BRI, OGS40 ) A
K, HeSEILRY)E %mﬁ%ﬁ%ﬁaﬁgﬁ&ﬂaﬁg
FRER )& L.

o Q 20

R2 ! 1
\Pjv (1) LiHMDS _ S\PJYR
& @DTBAD $  NBoc
NHBoc
(x)-anti (x)-anti

48% yield; 98% de

B=03  LiHMDS i i )55 s i b s v
Scheme 3 Electrophilic amination promoted by LIHMDS
FHEC R T T & BUR R, ARG R
7 Ol NMEAGE I TR, Bl ae SCELTF oK, itk
HA T RE 0N AT5E. 2017 4F, Kotani /NHIMEH 20
mol%[¥] LiOH AL, 10 mol%BEZEm) 1 ALK, &7
ST T o- FEEHURY B-BR R AL B, AHZ =4 )
X RIE PR, ee {HfR=I R 74% (Scheme 4).
BT I, B A A A A B B AR U M B2 =y ST AR I
PE, 20N 1.0 equiv.FEER IR, ee MHAETE R E] 95%.
X PR E B0 e A S R A R B S T e, X6 BT )
HArb &P T AT AR T il % L--REL 2 .

o o XOG  (R)11(10 mol%) o o
H 0,
LN LiOH (20 mol%) Ph)1>/U\OEt
Ph OEt ¥ N Et,0,-23°C, 1 h ;chox
\

COX NHCOX

l l Br
OH
]OH
Br

1

Bl 4 SRAEAG I B- R T X AR 36 e o e 5 R
Scheme 4 Enantioselective amination of S-ketoesters catalyzed
by lithium

Chin. J. Org. Chem. 2023, 43,2743~2763



Chinese Journal of Organic Chemistry

I =v=n

1.1.2 #EiayF v R

1997 4F, Evans ZEROW T T —Fh PV 0 (T I Bk
BC &9, RRISEI T FHEEEL A VAL N-TBE S g m
Pl L a- o0 % LI BV R B 24K (Scheme 5). JRBIFE
3210 mol%HIMEAL 77 2, 20 mol% IR 7] N-FH 3Lt B 2
e, TR 25 2F T B8 LU i 1 72 2R e B PR A3 3
HARr=90, F= S-FIRL. SN FE B S — 75 CHY,
XA TR A B R RS M, BRI IR
B A WOk PR RE R — 2 ER . SR, N-FR AT R
T Jie 0 I N AR 2 R R F S Bk, (R i 5N
3 AR S N R SR, K S R AL R B
A e R, WAER I 5 R (L) BER A P AH
SRR PR AT 1, 250 A U R A 22 T T AR 28 PR Tk e A i
PR a-REAb S .

o o 2 (10 mol%) 0O o
)L J\/ Ar_PTosN(H)Me (20 mol%) )L JJ\/ Ar
Q N BocN—NBoc O\ ’NB IEI
Ph Ph ot
-~ NHBoc
~N_ N«
Ve 0,5 g 802

? Me
MeMe
2

B 5 X(BEEIR)BERC A4 2 ALK FL AL S
Scheme 5 Electrophilic amination catalyzed by bis(sulfona-
mide) magnesium complex 2

1.1.3 4R ey F e il Rz

2002 4, Jorgensen /NAHPVHRIE 1T 1 XUPE L bk
(LA ITERAN S AE T AL 2- LS A X R Ak
J%i(Scheme 6). HT=¥kik a-H WERYE, Y50 &
R 5 R AR TR, 9T RO PG A ) R, R
WG PGS 5 5, BREK AL R AR 5L, S8
JE A 1571 W I BE A S NAT 1) N-Z2 08 R .

o) o)
Ph"--</\||/\||/\8—Ph
N, _N

: Cu

= \
o Ph10” otfPh o
3 (10 mol%) R
EtOzCJ\/ R Etoch\:/
CbzN=NCbz, CH,Cl, CbzN
rt, 16 h "NHCbz
OH H O
AR \ )L
Et0,C7 cozN-N" 70
CbzN_ 7
NHCbz R CO.Et

B 6 (ML) DAC A 3 A58 HUk A S B
Scheme 6 Electrophilic amination catalyzed by bis(oxazoline)
copper(Il) complex 3

Chin. J. Org. Chem. 2023, 43,2743~2763

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

2SN S A AR IR AN, 7R SRR SN R g DA S L
PP, BT o OE B AR 2R 7= 9, I H 8L
A BT R E M

BE 5, 1252 P2AE B AT 7 A b, FEARE G
MR ZR A, LU B-BAER R, FHRSEEL T T 1 B e ik £l
B 75 40 10 — B B 4 & 0 1R AS X6 R i 4K S JBZ (Scheme
7). BT AT S, X AT S R R H A A Y
FHE AT LU 10 mol%PFE A 0.5 mol%, [N 5 N5 4k
. BCHER R A SR IR E P, AMRE R =%
NP QRIS ivkie o 1L N 0370 s/ T THE B0 B2 /7 NN | 52N £
- e 2 T A U ) e

Me Me

o\”)Kl(o

Q/N\ /N\e

Pﬁ: /Cu\ Ph
O O TfO  OTf O NHCbz

4 (0.5 mol%)
Ao At
R2 CbzN=NCbz, CH,Cl, R2 COOR?®

rt, 16 h

B 7 WM (ADAC A4 4 AEAG SR s AL S R
Scheme 7 Electrophilic amination catalyzed by bis(oxazoline)
copper(Il) complex 4

Z 00 ) HR IR SN RE [R] I S 22 A S B O A 2
FEG BB A . T ARl F) /T 1 I A k4
FURIARI BRI SN T, 2004 45, FRA: B PR
2-FR LR P 5] NSRRGSR, R AL & AL
TSEIL T =0 0T AR R A ERIAME BN, X ik
FEVEHL B T — R TR e T A2 P (Scheme 8).
B, PR X ek B R A ZE . AR I S N 5
22 AR AL I FREE oA BN, X BRI FEAE I 5 1 or-
AL, S s AR AN B A A A A R
I TS A 0 P S R T TE A, 2R o s P L e ]
MRS 2 H AR ) (Scheme 9).

(1) Ph-Box (S,S)

R o BnO,C Cu(OTH), (10 mol%)
3 N CH2C|2, 0°C
R2 PRI (2) K,CO3, Pd(PPh3), (5 mol%)
23, 3)4 °
COOR*

€0,Bn  14-dioxane, 100 °C, 4 h

BIK 8 ikt AL AL A AR Bk R BRI A B B
Scheme 8 One-pot copper- and palladium-catalyzed asymmet-
ric tandem cyclization reactions

http://sioc-journal.cn/ 2745



i

1.1.4 #2446y Bl B2

ZT% 1 z*ti o Y 4.5 - PEREMARE {5 5 (0 P 1 B AL o
N-R? — N-R RPdX+E o N . I

2Nﬂ1 REAS X BRI AL S N A T AR B AR T 32k 2. 2007 4,

el & e n Vallribera 525155t T 47784 7 4 R4 14 0 XUBERAE
ol K:w+ g A it 5 Cu(SbFe), B Ni(ClOy), &5 2 HEALFRIR p-BARE i)

W amination i = ARG SR, (ELRE ST AR P AR 122, R
Eﬁ 9 Z:Xﬂfk%H%%ﬁﬁfiﬁﬁfﬁEmﬁLfi %){% Hﬁ'ﬁ%fﬂ:ﬁE’JﬂH:%-ﬂ”ﬁé@%@ﬂ%(pybox)%%@ﬂ

Scheme 9 Proposed mechanism of asymmetric tandem cycliza- R R <R A&, 7RIS 7o, . SSRCE 6
tion reaction AT SRR TERE. BT TR DURYIFER AL A 6 15

TEREAL IS a-fr s g R BRI E e 1 LAl BONER —40~0 "C B2 iy Il 44 8,
TAEH, KREHMRNEYRRT p-Bifls. 2013 4, 5 BE SRS (10777 2 e v 1% ek 4% 7 (Scheme 11).
/INBR AT AR R A TE R 1 N N- S S ZJa, RPN VEANIR R T A A R T
515 Cul 454, STHLT TV S IIEALE B-HRTEE DA L P — 00 A R A 5 A () - 4 &5 S AL R IR 1
J% - i RS B e 6 2 e A4 B (Scheme 10). B AR & o= H J - 8- 5 T 1) AN X6 P S Ak S . (Scheme 12).
VI B 7= K IE 3 98%, ee (H 5 N 95%.

0 o
N _R2 COOR®  5-Cul (1.1:1, 10 mol%) 9 ~oxr? CORE
R X N CH,Cl,, 35 °C, 24 h N -2
T + \ 10 N—NH
= N R .—/ )
s ! CO,R?
X =0, NH R300C
o N N o X =0, NH
N '6\/\/’6 N
Ar” UHY _ “H™ Ar
Ar = 2,6-’PI’206H3

5

B 10 HfEAL p-BAlS . S-BR N Wt BEVE oL %A S R

Scheme 10 Enantioselective a-amination of S-keto esters and f-keto amides catalyzed by copper

o GOOBu
fBuooc Ln(OTf), N-NHCOO'Bu
II >
C 7 o 6
N-cootBu é)’o‘pa
X
o}
TiilT 0 T &)
4& @ 5 o
N -
/\
6

BR 11 FitemaEHoR p-Bal o k£ a-fr il s

Scheme 11 Enantioselective a-amination of cyclic S-keto esters catalyzed by rare metal

o O

M(OTf)3, 9
NG _MS 4A, MeCN _ OR
HsCO X HCO NHBoc
OCH; | o OCH,

IN\
N

o .

AR 12 Wt EmAELARIOR p-Bl Bk FEE o- R0 R

Scheme 12 Enantioselective a-amination of acyclic S-keto esters catalyzed by rare metal

2746 http://sioc-journal.cn/  © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Chin. J. Org. Chem. 2023, 43,2743~2763



Chinese Journal of Organic Chemistry

I =v=n

TR EM, WL & B s S B E
(AT, (LR SIS 8 1 T IR A e 255 1 2 () 7 LA
v RIS, — M It i 2 ) o7 EL1 O T - o
1.1.5  41EALeY % & i RS

B 7 WER IR 5 4 1 T AR E & B AL IR AL o-fir
ANKF PR AL R N R B T AL R . 2015
F, Nishiyama VREEZHPIF AT 20 SE D WRAT A 16 il 3 14
BifA 10 550 & e AL ERAR B- B e X B 51 i
BB, #E 10 mol% Zn(OTH), A1 11 mol%FHEciA 10 7E4E
T, RMAEZH Ok =T A IR a5
PRI IR B BE IR ) 90% LA I (Scheme 13).

(S)-10 (11 mol%) N~ CO2Pr
Zn(OTf), (10 mol%)

o CO,/Pr

/

N

CO,Et \
é/ o \/N

Pro,C

DCE, rt, 24 h

B 13 FEAEALIIHOIR B- e 0 BRI SR o e A S R
Scheme 13 Enantioselective a-amination of cyclic f-keto esters
catalyzed by zinc

1.1.6  AH TS F E IR 2

2002 4, Jorgensen U 2H 2820 i BLSLHL T A ALY

FHEAEE . RS EE R BRI ANHR o- Al ROV
(Scheme 14). X Fh 7 ESEEL T M 5L 1R H R A Ak
SR Z TS T, HRE DL L-E BT, —
ST BN, R TRELL 93%IM=HF 92%[1) ee
EAS 2| B A=y, 3 —DIRER X [ BLEPE DL R 6T B
BEFEPE R A I, PEARIR N R AR IR A& A, T H
ee [HIFEA RENL. AL, %R BT R
A, T HAETE R N RMAE IEE D1 ee H
10, TRSLIR R A ee (HINTEALREE. TL I N TR
B G HE I BAI AL F H , 3RS T B SR
1) o-Z Bl a-RIEREM o-F IR, 1E List. Houk %5t
FE3AE -, 2004 5 Blackmond 14 @R 2H BPOISE & 5286 A1 HE i
THE, TR R a-hfZ b BRI RR T T
Hi% S H) S (Scheme 15), L-JHZABRIEMALIEIA
DA B2 Ui 25 Tl R AN R M e B ) T AP . &
SR 25 () B R R KT s i, 3-S5 A8 Bk
FRTHBRIE AR, SR 5 MU R K fl A0 B bR =) A
g, W s S E R R S & &9, &
Ja a2 BARF=4, Fa iR - e BT = A A M A T 4.

R200C 2
o \N L-proline 0 H’}‘/COOR
R1 + 7 _—
HJ\/ N HJ\{ N-coor?
COOR? R

BRI 14 LR M AL 1RO 23 R A S 2

Scheme 14 Electrophilic amination catalyzed by L-proline

R200C-N
“N—COOR?
Q‘COOH h D‘COO
(solution)
COOH H,0
\ N ho NH ~COOR?
H
H 2 COOR2
N COOH
H (solid)
_COOR?
O HN D\( COOH
2 ’\Il /< (solid)
N-coor "
1a J\/R1 N N- COOR2\< &
2
. COOR COOH
J\ (solution)
o)
Ho0 CH<O
(0]
"~
R
Bl 15 Blackmond #REZH$E H (9 B BE A HLEE
Scheme 15 Self-inductive coupling mechanism proposed by Blackmond group

Chin. J. Org. Chem. 2023, 43,2743~2763

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn/ 2747



BIKE

BN AR RS, 85 2RO A —
bl FH AL ). 2005 4 Jorgensen UREZHBY R I L-fili
SRR AL 1) SR B2 A 25 R BIR AR 0K, 38 5 55 e T
SRR B R B, MR AR R N BE, X
TF TR BTN T HE A TR o 0- 5 25 i 2, P ek
11 (Scheme 16). IXFHT 8 /N7 (A0 7 14 BE AR
CAFR) TR, KT EACEERR A AN RS B A B B
A JEH U (P e

CF3

F3C O CF3
EtOOC N i

OTMS CF3; o COOEt

(e} \ H
J\( H . //N 1 lll COOEt
H N H \H/

\
COOEt R
90% ~ 97% ee

R = alkyl

B3R 16 o,0- 757 HE I EUBERESLIE 11 (AL K55 i A S
Scheme 16 Electrophilic amination catalyzed by a,a-diaryl-
prolinol silyl ether 11

[F]4F, Barbas URERZHBA L S- 7Y ) [ 20 B8 A AL 57,
PR BRIE PRI ST T A B R, - AL SN
(Scheme 17). Z4fiH] R # R I ZFR EAL TR, 74
MR RARIEL . DR, AT D 1 & AR E A =
2 52 AR T AK (S)-1- & B -2,3- A -1H-¥i-1.5- R
[(S)-AIDAJHI(S)-1- % F-5- B B H-2,3- - 1H-Efi-1- 2
FR[(S)-APICA].

H o]
0 ROzc\N //N\CO R H— EOZR
2 - \I}IH
CO,R
X X

HOJO > 99% ee

X

X= COzH, PO3H2

B 17 SRR M b — B 1586 PR e A e L
Scheme 17 Electrophilic amination of dihydroindene catalyzed
by proline

2011 £, Greck VAP HRIE 1 HEMEATAE K T4
1% 12 AL a,0- U 5 A IR EE A TR
SBE, F g T ORA BE ) M= 0 (Scheme 18). B
LG i, 15 mol% =90 ZER(TFA) NI, =i
ST 5 DA e 7 F R w0 Wk BRI S S AT R O
() o- . BEAEAL AR RN T o7 B XL w
AR F T BARIE Y 05 A SR, AR R S B
PEANSL A FENE.

2011 4%, f5—Frif @ BORIE T B LR

2748 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

_N
12 (5 mol%) Roc

72 ~
TFA (15 mol%) O/K | NHBoc
Boc CHCI;(0.5mollL),rt. R R

B 18 WEIRAT A A e i AL PR LA S
Scheme 18  Electrophilic amination catalyzed by quino-
line-derived primary amine
AKIBRIEA L. 2771518 S e XS gy A WA AL ) —
[ 5 FHER IR (CSA)IR &, B &8 A TIEhif
BT B AR AR RIE R R, A
g R R SR T O 36 b, RESEILXTRE R o-H
(AN XS B kA S S (Scheme  19). #4677 2 A R 5 &1 19
EALTEYE, UM 0.5 mol% T PSS 1 mol%
FEGRATR, SURES ™ F . o B R AS B S T
RO a-IFRERERTAEY). BEAN, BT RESEIL T
P, TR SEI0 BEMUR) 3y SEHL T4 o- RS R (Y

e
EA.

/
R? N
04\( + \\N

R1

"o g \g j/TSOH
HOAN 0"
(0.5 mol%), (1 mol%)
; = NH
cHo BuooC | z
NS
Ph * N//N
\ CHCls, rt,, 36 h
COOBu
;<CHO .
o N/coosu
AN~ coosu

96% vyield; 95% ee

B 19 BT HISR FU AL U8

Scheme 19 Electrophilic amination catalyzed by ion pair

W DA A2 ) T R AR A TR AR A R - (S 0] B 4
PEREAG S EUG T BT I Tt g, 2013 4F, JH SR
AL 1 WA AS [ S R P e AT A= 1) T A 771,
KL T 3-Rrfi UG R AN BRI AL B L, %o
WG M A A T 3,3 AR R ] B B SR AL S
(Scheme 20).

[FI4E, Kim NHBHRGE T FIRBRZEATA A % 15 1
55 B R B B AN BRI AL S S (Scheme 21). 55 75 i Al
R SRR B ff T I R, DA =90 T T IR D9 45
A, AT SN AL R o B 7 A R O A G R A
K 97%. WHIT T AR AL 57 7 i ) S B3 g, 7
A Wi PR R ERAR. SR, DT RS
s, A A — PR R,

Chin. J. Org. Chem. 2023, 43,2743~2763



Chinese Journal of Organic Chemistry

I =v=n

R1\ Rl HN/Boc
S Boc S
\ N
N N 13 (10 mol%) X “Boc
R— O+ /4 T >R o)
AN N_  CHaClp (0.05 mollL) ~ L A
k2 Boc -40°C,9~12h Lo

R® R® HN/Boc
S B S
OC\ N
X N 14 (10 mol%) X “Boc
RI o+ 4 ————— R
AN N/ CHyCl, (0.1 mollL) A\
H Boc H

BRI 20 WEIHAT A= B0 TR A AL G| B 3-57 FA A S 7
Scheme 20 Amination of indolones at the 3-position catalyzed
by chiral amine derived from quinoline

v~ )
/COOEt O‘ H2N

0 15 (2.5 mol%) O  COOEt
N . ° T
R+ N N.,  .COOEt
Ar)J\/ /N TFOH (5 mol%)  Ar™ “" N
EtOOC iProH, rt. R

B 21 FHEAA8E 15 fAb R sR B R

Scheme 21 Electrophilic amination catalyzed by chiral primary
amine 15

FEFPERAEA R BRI, o B B AL S 2 5] N iEAL &
(18 TR A0 5 T 2 S Py TR 4 AR %o RS 456 P A 5 L 11 A e
PEH, B2 GR D 0FI NI F/E FI BRI 5T, 2014 4, %
=R BTHRIE 7 PR a- B -p- B M
FIASKIRRIEA SRE, &= m LR IE R A | F
PEZERR 0 (Scheme 22). 5 HAtEAEL 1A R A H, 5l
N 9 FPRBE TR A 1) i 268 248 PP R B S 3 42 v S ) 7 6
AT R R, G B T A SRR SO B, IR
M2 5 = R 1AL, TS5 R S A A
EREAT, SRR i 7Y PR SR A ) B AR

2015 4, List SRAZHPRIE 7 FIEBRR L o-SC5E
AR B AT FRIAR S S (Scheme 23). S-# Tz 17
PERMEALTT, BRAME 2 — F R ERAE O b = IR R B AT 3]

Chin. J. Org. Chem. 2023, 43,2743~2763

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

o-Z KM, B RAR AT B ER A 99%. FER
H SRR i 28 D T A Tl TR R JE A7) PR R e e S A ) 5
o, ORJE P IEBERR AR T A I SR A 5 1 R IR e
SEAR R TR CRA Y e b O (I RS, R £

16 (10 mol%) O O
o o CO,R® m-NO,CgH4CO,H

N (10 mol%) )%ORZ .
MORZ TN chon . RU_1ITCOR
1 30.0 2z WN-co R
R R30,C 2
S~
"LTfOH

NH,
16

B 22 TR AL B-BalE AR AR A S
Scheme 22 Asymmetric amination of -ketone esters catalyzed
by chiral amine

% COOR? o
{j} R, N A Emo) dj;N/NHCOORZ
N
) / MeCN, r.t. Y, 5
’ R?00C R " COOR
c-smower S
R2 = Bn (DBAD) oo
Et (DEAD) N

iPr (DIAD) O‘ O ©OH
R

R = 9-anthracenyl
17

BRIz 23 FIERERRAE AL B2 FE AL SR
Scheme 23 Electrophilic amination catalyzed by chiral phos-
phoric acid
PEMUE R C—N 8, fa o-HERTE %, BRIt
BT A AL G PR (Scheme 24). X Rl 7 VETF 4 T ASX FR
MEAC B RET T, 3798 1 FREE A3 v L

0=P-0 —o-Pc
o-H , o_—H1O P-0
R200C OH | R'" .0
N R1 L
N H
) n n

Bz 24 THERERRAEAL ISR f AL S BT AT BE LR
Scheme 24 Proposed mechanism of chiral phosphoric acid-
catalyzed electrophilic amination reactions
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2016 4%, Odagi Z5EHE 1 - XUIRAT HLAUT) BEFHE AL
FIMHEAL B-BRE 1A KTFR AL S B (Scheme 25). LLIRIR B-
fi g ), 1% W iR = ZTE(DEAD) &R, L HEH
W, 1E 5 mol% I T REMEAL TR 18 fiEfL R, fE—40 C
AT E S min, p-BAERZE DIt S 19 R A a-R AL, 72
Rt AT IA 99%, N WA EAE B N 94%.

18 (5 mol%)
0 DEAD (1.2 equiv.) o)

PIEA Et,0 (0.05 mollL) ¢~
X COOBU —————— X | 7
~F ), -40 °C, 5 min. <7 Ay N~ COOE

B 25 II-XUIRXDREA B 18 FEAL IR R Ak S 52
Scheme 25 Electrophilic amination catalyzed by guanidine-
diurea bifunctional organic 18

2017 4, Wasa /NHBEOFF R T B M2 FH 1) Lewis FR/
Bronsted B, 25 1 XF. i Lewis FRF1 Bronsted Bl % 555
LR, RE AT E R A, RE A
BRI AR B A DS i B Bk e b i R B2 B
S(HEEE) A Lewis BRAEMF, T 20 H
Bronsted TfELFF], —46 C TS24 h, SEHLT XfmLik
BRI o-fLAZA S Ni(Scheme 26). I HAE e SE 5
h, PRI B RRR— )5, BELL 72%7 515 2
HFRr=#, 7= 3 S Ak B REAR A HL R B

2
o COR® B(CeFss (Bmol%) o pn-COR
Hooo N 20 (10 mol%) ,{,\
xJ\F; N toluene, 46°C, 240 X~ Y TCOR®
R20,C Ph O R
Ph
< N7 CF,
o
Me™ “Me
20

B 26 Lewis fiz/Bronsted H {14 HI AT FRIGAL [ B0
Scheme 26 Asymmetric amination catalyzed by Lewis acid/
Bronsted base

2019 4, Shimizu BRFRZHHRIE T H N EAL
FRIR BLAE o-Ab [N, 244 R DUR R AIB & — R —fis
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KD, (AcO)B.O MHEMLF, 1,8- A ILMIF[5.4.0] 1
—TTHEDBUYAR, AR, BIRALE TR 3
h i AETS B o-HESR IR (Scheme 27). 1% B Uil % T
LM R REEA 0- IR RRATED. T R BLLH
A AE RIS, TR P A7) L AR 5] N T
s, T ASEIL AR A B - AERRA 2, (E R
LA DRI FERE RS 45% e f.

o iPrOOC\ (Ac0)4B50 (10 mol%) ipro0C._
RH)J\ //N DBU (2 equiv.) N Q
OH + i N
] N\ ~ toluene, rt, 3h  iprooc >JJ\OH
R cooPr RT R

B 27 WAL SR AL S

Scheme 27 Electrophilic amination catalyzed by boron

AHUEAL O EE T — 2 B2 R 7R, (H i A7
TE R ) 2 (A 75 F B 5. Smiith BRERRZH 2 X ix A
R TE R T R IR AT 21, EWET
R OBATEMFEENEWIE 1 mol% ai IR AL T 3k
AELL 95% ee EAFRILIT =) (Scheme 28). FiidE KB
T BE MIREAR, =2 RedR = 2 89%, ee fH KT 99%. HT
HAREMIRZE, 7B WA 5 KA TFFIR B TR I [r)
RNEAR Z 5] NEE DA RSB A% A, Be4e I JE A R 3R
R FHIRRNEY.

(1) 4-MeOC4H,COCI, Pr,NE

CH,Cl,, T°C
o (2) 21, 'Pr,NEt Ph... )o\
N. =
Ph Ph” "N Ph
\)J\OH J':,,(\N/Q
-
o Ph" N/)\S
o]
21
N
Ph"" "N “Ph : Ph".%OMe
(1) CgHsCOCI, 'Pr,NEt N.
CH,Cly, T°C Ph j\H
(2) 21, 'Pr,NEt o ph
then MeOH

B 28 FEUARME AR BRAT AL YRt hoade B AL 8
Scheme 28 Enantioselective amination of carboxylic acid de-
rivatives catalyzed by isothiourea

1.2 EHEECEVRERIERENFZBRRER N
1.2.1 Ao 5FT A F IR

2010 4, XIRPREACHRIE T T390 4P
AL 2-M5| R AT AR ) AN X BRI A ) B2 (Scheme  29).
IR ELL 3-HUAR-2-5| W 9 iS4, S0 25 2R i Ak i
7, EXGANAEPIE 22 JoEALT, 7R SRR H 0~
20 CRM, 1 RO SEIN 1 PR AR AL B S AR I B R
Jedt. SRR BT Re 4 i RS 23 FRAR ARG SR
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I =v=n

2- 15| R ) JEG 470 2t A, 0 O T 485 ) 5 4 00 0 A D i R A
Jc . e, DA 2 5 4 XS 4N A W e v R AL e
I SR AR SIS AR S R . R ZMER R
AR EEEGR AN, H R BESRAR S5 11 ee (H(72%).

Ph

R
~OH
& O/N 22 (10 mol%) oN
0
CH,Cly, 0~ 20 °C N

H
HO Q
Y%
HO N N
~
N

22

BR 29 EXO9 A MBI AL 12K FUR AL SRR

Scheme 29 Electrophilic amination catalyzed by cinchona al-
kaloid

2012 4, Rios PREIAHMURIE T BUEHIIR 24 fEALTE
DRAP 11 2-15] R £ AN B ER AL S (Scheme 30). =
TR, 2-Pol R A0 S 32 4 O B R U, FR R AT B
(TBME) N, TERUEHRIR 24 4L A4 K 3-F2 % 5k -2-
WG| RBRATAEYD, TP ee fH S EIE 99%. VEEHIF T
2 2-W5 W JEE D A AL BT, S 6 45 SRR WX A AL
A 28508 8 73 SRR 4 S5 S B8 3 R SLAR IR B 2, (ELRE RS
THEE SR, ML= Yte Ltve B i, Ja 4k

i B
R'Ph
(RR)-or (5,5)-24 _, N
m (20 mol%) Rmo()“
TBME R3 N
rt, 14 ~24 h H
R'=Me, R2=H, R3= H CF3

R1 Me, R?=Br, R®=H

= CH,CHMe,, R2=H, R®= H
R1 = p-BrCgH,CH,, R?=H,R3=H
R'=2,6-Cl,CgHzCH,, R2=H, R®=H

e
"’NJ\N CF;
H H

NMez " (s.5)-24

B 30 BUHINR 24 {5 1b (¥ 57 R AR s BE
Scheme 30 Electrophilic amination catalyzed by tertiary amine
thiourea 24

[F4E, FEILHR e K T T Th e
fEE AL B AN KT RR 2 % AL S B (Scheme 31). éé)ili?ﬂﬂﬁ"]%
P70 15 Y B A 2 1 e N=" R4 1) | 1 i A JEG 4,
R IR 25 AR, R, 25 C T RN AR
FEER L ENLGE RIS BIFREE o R RAL N, (B,
7275 B 20 mol% Ak 7 FH &

2016 5, Ooi WAZHIT K T FE =5 e 2hfE L 15|
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, R2 NO R2Ph
3
R o © 25 (20 mol%) R < N~0oH
+ _— o
R4 N\ toluene, 25 °C R4 N
R® R R5 \R1
s
N HN—4
()
25 CF;

B 31 U IR 25 AL K5 F A S B

Scheme 31 Electrophilic amination catalyzed by tertiary amine
thiourea 25

MR ] (1) 0 B a2 8 M Ak S 82 (Scheme 32). BI A =8 &
R R AT AL i A 7 AL 2% B R, = U ER
26 S5HRIERYIME AL T R Y = m AR, AR R AE
FAE =S R AN S AR IR C-3 A3 vt e £ (14
Ak S Ri(Scheme 33). iZMEALAR RIRAE T — MR, K
FI R A 3-SR K 5 7%, V2 p-illiE . p-&
FEME L MR 5 A R AT RE AR A AR 2. )i
Vb RIS & PR AR IR, A R R A T A
KINBL. KPP TT RS F I, JF B R ek
e S HVEIPNE-

Ph o
N N CI3CCN (1.0 equiv.) o
I|300 K>COj3 (1.0 equiv.) '}l

_ toluene Boc
'Pr.
Bn‘NfN\ N e
Pho r
e

B 32 =R ER 26 (ALK AL SR
Scheme 32 Electrophilic amination catalyzed by triazole bro-
mide 26

O

3)%@

R

- jx“
X N

v cieen R® R*

NH

AN
o R2 R
RY T
iPr ® © ¥
Q O
;
Bn\NAN Br@ R3J\(R NH
un R - re M
PhH \/&O 0" "CCls
Ph ~NH
Q-Br R*

B 33 = %UMIR ERAE AL 5% FRUR A S S 7T RE A AL R
Scheme 33  Proposed mechanism of the electrophilic amina-
tion catalyzed by triazole bromide
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122 4 EERGE LIRS
2011 4E, /NS HRE TR 1 4B Btk

2- M| R 7 A 42 PR RT B 32 56 14 2 11 4K S . (Scheme 34).
DL i 28 28 VE N R, = (= 40 R IR ) 0 M 1k 771
NN-"54k¥ 5 1Eliclk, =& O BENER, 30 CRR
7, BB LA = S A i IR BEPEAS B 3-8 M Bk -2- 1
FRATAEY). RN ABREFE A R 1 N—H 1R,
FEVINIT= R ee (HIREIEE] 98%. 1EHHEH BT HE
ZPIMHLER: (SRR SR NN- A 5 45
G A BOE AR, MR s S R Br e TR
FRBRFHERBUREAA T1, EBE SRS M
FEIRMEAL P AR PR T2, R RAZRFIE TN eIk
AL Re TS 2 E 0L EE T3, BG40
TR a-FEAL Y0 (Scheme 35). %5 N AVMY @ 31
T AER T RERI S, [RI R AH HL  E A S AR
RV LF S AT

Sc(OTf)y/5 (n:n = 1:1.5)

1Ph
2 R’ (3.3 mol%) , Bl
mo PhNO (1.1 equiv.) R\@\/;‘OOH
N CH4CClj, 30 °C N
H H

N g’\/\/?)j' N
Ar” CHY “H™ Ar
Ar = 2,6-Pr,CgHs

5

B 34 Sc(OTHs AL HL Ak S i
Scheme 34 Electrophilic amination catalyzed by Sc(OTf)s

5+ Sc OTf)3 R1 Ph
‘OH
cat
HOTf
R1 Ph
R2 N\ *
R2 Seln* O ScLn
\ o’
N H
H

™

& Ph
N
N=0 R! 4N
PH’ R2 / (?S
o T C.
XO_C N (o] Ln*
O.j-Ph N

Ul
O/'E\Ph

B 35  Sc(OTHs AL 2R HL AL S BT RE R ALER

Scheme 35  Proposed mechanism of the electrophilic amina-
tion catalyzed by Sc(OTf)3
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2012 4E, Read de Alaniz BEEHIR E T —F N-#&
BRI A REIR, S B-BH B 1o W Ak ) B
(Scheme 36). Z 5T, F p-BR A N-32 L 20 5 R
v T R, 2 Ml e Do Ao S A 7 A 1 S i 2k D9 5 R 3K
7, R AE ST A A = 580 PR R R A 1) L R F R AR ik
T o-FRRE-p-HAE. 4 R R2EON RS, Z RN AR N
97%. B FRr=P0 ] FE R/ B R (Rl B A AR S L R
AR o-ZE-p-BHEE. 1FEE R H R BT REL T T XU
i s R, B- T B EL AR e A B B P S < R A 25
TE BRI, N-F2 2 5 A R e Bl S <A A A8 T A
EUEY, ZEHERNSEI T B-FIEEM a-lZA(Scheme
37). XA TAE R AR AN, BRI, R PLmi st
BPRIE a-hrffeF =)

o o [e) CuCl (5 mol%) 0 (IjH
g Cu(OTH), (5 mol%) N
RPN g+ HY oBn = - P & Voms
R2 OH MeOH, air, r.t. R2 COOEt

E= 36 CuCl fl Cu(OTH) fEAL IS H A SN
Scheme 36 Electrophilic amination catalyzed by CuCl and
Cu(OTf)

o o j\ O O
RJ\(U\OEt
R1J\RjU\OEt + HgH OBn RZ "N-OH
O—Bn
Lewis

acid aerobic\oxidation

o S
R1)§/k0Et N" ~0Bn
o

nucleophile formation  electrophile formation

B 37  CuCl Al Cu(OTH): HEAL IS HLIZ AL SR AT RE K ALER
Scheme 37 Proposed mechanism of the electrophilic amina-tion
catalyzed by CuCl and Cu(OTf)2

2015 4, Srivastava BAEZHWBRIE T 75 FiRFEIE N
BIE, FACEERMEII 1,3- = IE S0 AL e M
(Scheme 38). kAL FIAE fe BT 2 o & #5545 XCEAE H,
BERER: 07 B i A AL O A 3k, N REE IR
YIVE T B B 47 B 1, AR 2 MR 5 S i il e B
R A PR Y (Scheme  39). 1% R AR R ANIE H T
20 1,3- ZHRFE KA, LAY B 3- F -2 ik e A 2-
IR U, O iEmT LB, Wl SR 3] o-2
FREA), BRI BRI S 1.

(0]
FeCl, (5 mol%)

H
Noon ¥ MR di 50°C, 4 h MR
Ar OH - ioxane, , _ HN‘Ar

BRI 38 S BRAE AL 58 AL S
Scheme 38  Electrophilic amination catalyzed by ferrous
chloride
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I =v=n

H FeCI2 0 .
N [L.Fe'(PhNO),] + Fellcl,”
A DOH nFe (PANO) N
,Fe”'
9 o o "o
~ 1
MR YR
- HN\AI’ [
_ e o
Ph., _N_
N o
[L,Fel = o, |
/Fe
o" |
-N: .0
Ph N

B 39 ST BRAEL 55 A S B FT BE OB

Scheme 39 Proposed mechanism of the electrophilic amination
catalyzed by ferrous chloride

2 FRILRMN

21 BRNS5MELRYRER

FLTE 1988 4F, Moriarty UVRHZHPOHRIE | - —FkIEAl
E VIR EAL B B AL SR (Scheme 40). EE AT, —
B L A AN B 6 = W B e AE I R AE A AR o
BREILEY). BT REA ] T LA S =
Rt SR A i B BRI R R
S BaRm & — o7 HN; H oAl 540
AN TR 134 SR VH B 45 21 H A5 7270 (Scheme 41).

PhIO (1 equiv.)

Q Q TMSNj3; (2 equiv.) o 0
R’ R? " CHCI, reflux R*JJ\/U\R2
R'=Me, Ph N3
R? = Me, Et

BX 40 =HEESRSS5HEEMRN

Scheme 40 Azidation reactions involving trimethylsilylazide

N3 o O
TMSN !
Pr'So e b R1MR2
N3
TMSN; ‘
0 0
OH O Ns kka
+ R!
X |
R R? % -
Ph™ N, o N,

BR 41 =HEESESHNBEMIR A R
Scheme 41 Proposed mechanism of azidation reactions involv-
ing trimethylsilyl azide

2000 4, Lee SFPURIE T —Ff a-F BB & BOTE
(Scheme 42). J5 N 5144 i 12 J2 (OF Al 22 24 T Pk A4 ) A
ZE(HNIB)E ZMEH [F1f 2~6 h, FEIMABEMA, iR
TR 1~4 h, WL R % a- B R, 1207 R
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T LR TR R PV, BRI 7 A B A 5
R PR BEAE S L 28 AF A S Rz, v 57 4 B AN 2% 340
75 B B P A W vy T AR TR, =445 P At AL 4
fF HNIB 1E AR, o-B B A SRR R A3 Y
58 73—y .

j\/RZ HNIB o e NaNs 0 i
R! MeCN, reflux R1J\/ rt,1~4h R!

2~6h ONs N3

BX 42 BEMANSEHBEMLRN

Scheme 42  Azidation reactions involving sodium azide

2010 4, VSR PREAPNRGE T i i S 40
LRI 71 P R IRFR AL A 2 35T (Scheme 43). B 5%
T PR PR A R DY T S A B S B A s VE A I, B 2%
PR, I TS i A BRI £ P A B a-fir
i E A, SRR BUR T TN BEBOREE a-fir, ik
JRHBRBCRTE . C—N 8. BLJE, eSS i i
BT SSE P A T B e O e P A, 8 D IR T B A
T o ST -3-15 B (Scheme 44).

0 PhI(OAc), (3.0 equiv.) o)
R! R3 Bu,NI (2.5 equiv.) R! OAc
NaOAc (1.0 equiv.)
N R®
NHR?  dioxane, 25 °C,0.5~1h \
B 43 V0T RN 30 RAL RN

R2
Scheme 43  Tetrabutylammonium iodide mediated amination

PhI(OAc), + BuNI

Q o Ph—I—I
R1 R3 — R1 X R3 |
AcO OAc
NHR? NHR?
o R

BuyNOAc

¢ O
R3
R1 (‘ NN R3 'IDh/_‘ )
\\/ I_| ’e !_Ph \
NHR?  OAc N—H OAc
| Phl
RZ
. 0 Ph—I—I OH ¥
R Aa , ( Ph
R3 c - R /\\ [
\ R3 !_‘\lr
N N OAc
2
R \R )
1 0, OAc 1 0
R R
~ OAc
Ph
\R2 Phl \R )

B 44 DU TIEBVEE A T A SR AT BE L ER
Scheme 44 Proposed mechanism of tetrabutylammonium io-
dide-mediated amination reaction
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2012 4F, Sudalai ZF53HRIE T 7E NalO4 A1 NaNs M.
ERF S EIN o-f0 X E B AL R S (Scheme 45). R
T2 1.0 equiv.f) NalO4 F1 3.0 equiv.fJ NaNs, 7F - FJ&
TEA(DMSO)FI LERIEFALL A 4 & 1 IR-AWE R 75 C
S 2 h, A PAAEZIE 100% ) 7= 3R 15 2 WS E AL =4
(Scheme 46). PRILANAER AL PUREERT, fER
A RS EAL RN, (H 27 K.

NaN; (3.0 equiv.)

NalOy4 (1.0 equiv.) Q N3R
DMSO/ACOH (V:V = 4:1) AF)J\‘/

75°C,2h N3

(6]
Ar)J\/R
R = Alk

B 45 SEMUHSEHZEBEILRMN

Scheme 45 Polyazide reactions involving sodium azide

OH OH
— R
R xR 0
r— by
N3
NalO, | Nalo,
O N:? O
Nog R
Ar)k‘/ Ar)H/
Na Ns

B 46 £ BRI HERIHLEL
Scheme 46 Proposed mechanism of polyazide reactions

2013 4, FRobPREEAPMRE 1A BT BE A )
F I o-fe4k [ N (Scheme 47). F LK, Boc fRFH]
FREATAE AR BB R ICFVE RIS, B4R TN
BRI AT R L, AR AR 2-T 2 — & k. 12 BiAL
AT R SRAEBRIE S5 AE T, R EREL Y o-H BRI 73X
R, RIGE 175 BRI S B A5 21— 20 05]
(Scheme 48). 4 JECH I 2 2L AR 2 (4] 2 X Y 2R sk i 2
W, P E] DL — B AT B 2- I NG . i i
8 F DR Sk [T T 30 5% 11 L 45 0 M| e A S s e 7 b A
R AL =4,

0 I, (1.5 equiv.)
. (t(\)Lw K,COj3 (2.2 equiv.) el A 0
T I
= MeOH, r.t. Z~N R!
NHBoc Boc
3
R* O I, (1.1 equiv.) R®

X R! K2COj3 (3.0 equiv.) N 0
RZL RZI_
'/ NHTs MeOH, 60 °C L~ R

B 47 WA TR R B
Scheme 47 lodine-mediated amination
2014 4, FRUIRFEEASITF kK T — P LI &8
AL B BB AR A7 SR AL AL 1) 77 7% (Scheme 49). 1% TAE

Iz __
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Rz@(\)\w 1,/K,CO3 RZ{:(%\W
NHBoc -Hi NHBoc
AN o)
- . 21
-HI Z N R1
Boc
B 48 WA TR SN AT BEROHLEE

Scheme 48  Proposed mechanism of iodine-mediated amina-

tion

DA B L B A AR, T SRR B R B AR, Bk
JRITE I 50 CRIRBL 18 h, Lh 97%[17= %43 2 a-
QM. RS R R TR R I
REFIFRANE, (35 &M AE5 & AR, AEFRRIE
8/ B Bk e S SR Y RE AR i dh 2 5 e . Horp 7 2
PR ZRER Fo% A W i 7 B B AR B ], oGk
7= 23 7E 8% LA . AEEWIH T I ERERES, FA
[FEIBLERLE 50 CHIZRE R, 25 F R JEALA )
T A2 M A TR AA. FEARHE ORI 2,2,6,6- 10 FF SR e
AMNAY)(TEMPO) BRI A 7t Ee 47, w8 240 %
N, RUTZAEIEIA T e & B &R rp ek, EE TR
SN AT BEFIBLER Ay AR B 4 A A = A LR, TR
RIS R A 5, AR5 SR R AR AR T R A K
H %, ) E B A A R ST, e SR
AR SRR R B IS - SEBIL T BHE a-fi Z AL (Scheme 50).
(0]
NH,4l (15 mol%)

R2
1
Na,COs+1.5H,0, (2.0 equiv.) T J\N/
[j MeCN, 50 °C, 18 h [j
0

BR 49 RLALEEAE AL A S AL A S

Scheme 49 Oxidative amination reactions catalyzed by ammo-
nium iodide

RJ‘»R

SET [0]

o
R1JI\/R2 R1JI\+/R2
H

H202 R1 0

B 50 A AEAL I AL B T e AL ER
Scheme 50 Proposed mechanism of the oxidative amination
reactions catalyzed by ammonium iodide
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[FAE, kAl PR A4 SORE 1 DY T 2 A e R A T
PREL AL A R B, G T — R o-Z H: i (Scheme
51). % TAELL "BuNI RG], AT 3t S S
(TBHP)NEALF, 130 CFRAL 3 h, AILARAHEE SR
F5 0= RAF R a-FFEM. 2% B BT IR A
PP R . BRAREE G R WEARS . FmR. 75 &0 & p-— ¥k
BB B SE I Al BB VRS B T AT R B B ATL B :
AT HE I A E S B 1 P AU Bk T
o LA S S A AL AR T B R, i B R
P B R AE RN i C—N 8, B e iU T A E 5
AR 7 5 BifiE AL JE 2R (Scheme 52).

ol 0
N0 _0 1
JOJ\/R2+ Sy __"BuNI TBHP S/A?‘R
130 °C, EtOAc, 3 h

BRIz 51 PUIE T SR A ) S A
Scheme 51 Oxidative amination reactions catalyzed by tetra-
n-butylammonium iodide

'BUOOH BuO" + OH®
0] >—-<
N C) |

/ A 2
O// = ><
0 / 0 0
Ol — Gl ono Clpwror
/S\\ //S\\
o © o o

O

ﬁvzggﬁA

OH
R1J\/Rz @E«

BuO’

OR1

‘BuOH

wkvw

o R!

©:1<\\ JOH

B 52 DUIE T RERAL B i A P A A S 82 ] e FROATL B
Scheme 52  Proposed mechanism of the oxidative amination
reactions catalyzed by tetra-n-butylammonium iodide

IEHT AR 1 A S BT TE S AR &R AT, RBE
SER R AL RERISCRI . 2019 4, %5 Bl a4 b7
RIE T WINRE A RS+ et = R B 27 1
¥ W BREE a-Or RIS, A R T M8 A A AT AR
Y)(Scheme 53). J S PAZE A 17K R, HaO2 AEALH,
60 C N 2% A T BE LA &5 fw b 1) 7= 2245 31 H Az = 4.
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LR BEIR T LR BN Ts, Ns 5 Ms i, [N #AG
BT P22, AR FE R Ac, Boc Bt H I, RSARE R
A XA R HoOr N ImAAL T, Bl AT K, 4k
o BB ER . B S, 121 R 2E 581 AR 5] 4 S 4 H
R, BT FHEM S XSG A YIRAT ALY 28
0, LA N-PF O FERE S e B (CHP) AL, S8l T fiEf
AN 6T R AR 2 AR AL MG WA ) 4 B (Scheme 53). A EL 4 i3
(IE FC AT, 3% b T e R A8 A 5709 8 1 1100 S O 3 12k,
A7) FH B P 3 3 mol%, 20 °C B 12 h kA = %
/53 UL S, ik B0k LAl Sy 92 - 8.
I H R NAT T R IE G, 53 L SRR
IR A AR T RO ARSI, S ST e AR U 1

MR RO H I, SR BEMTA A A
j\[ ‘ H,0, 60 °C 48 h 2
10 |+

gHN
O 28 (3 mol%) O
CHP (3 0 equiv.)
N CHgCOOC3H7 20°C N
R MS5A, 12 h R

/z} up to 99% yield
Me

+ —

N I

up to 92:8 e.r.
. N0
“OH

27 (10 mol%)
H202 (3.0 equiv.)

BK 53 70 T a-fr AL S B R S AL
Scheme 53 Intramolecular oxidative a-amination to synthesize
spiroindolyloxindole

2021 4, Ttoh /NS 1 AL B o i 12F 1D T — R I
PR A R B, TR TAEH, 1.5 equiv. LR S5
T, Bh KoCOs M, &8 AN FHARIER R A0 R
Ffh e A O R 5 AR RS TS R — R OB 20
h, #HE R R A BN [F] T 1 B AL 7= ¥ (Scheme  54).
TR SEIRAIEFT TN BN T R i N A R T,
AT AEL 74%F0 55% 7= 45 3 H ki =4,

K,CO3 (3.0 equiv.)
I, (1.5 equiv.)
MeCN (0.15 mol/L)
Ar, 70°C,20 h
Bz 54 WLt i R Y R — WY R A 8L At
Scheme 54 Iodine-promoted oxidative amination of dimethyl

methylmalonate

2022 4, HRIRUREASORERE KR TR T

MeO,C.__CO,Me

)<H + H,N"R

MeO,C.__CO,Me

7N
H R
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iR SR

I N ERT AN 2K CIRBENT AL B - ) A AL NI
L. RN 2-F R, FALr=aedt—5 %
RS B KEEATA Y0 (Scheme  55). PR s o7 7 DATEL AL
REAT, AE 2R SR 7 W FIFIIEAN A, Al
RifE DMSO & ZH, 1,8- & JWIF[5.4.0] +—Bk-7-1%
(DBU) AT AT, DRPER A sl A — & 2. 55(DCE)
R, NaxCOs R EISFAF T AT, IXPFRRA I
IR A Y SR PN B e T e 2

0
@ 9 N 1,pBU R1J\(R2
2 N 2
R*JI\/R *C Y Suso N

/' DMSO, rt. N

(b) R?

. N I, Na,CO3 "N
J_re, { Q| 2NeCOs ,I;\g’w
NH, DCE, reflux N

B 55 Wit a-Z LN BRATDRIL ) 75 AR
Scheme 55 Iodine-promoted synthesis of a-Amino ketones,
esters and imidazoles

22 SREUNSEMRILRN

£ 2007 4F, Yakura SEOVHRIE | FEHREE o-H 75 Pk
SR N, #48T a-H 32 E IR BL(Scheme 56).
TEIXAN R, SR L e iR — R =42 75
FHIE, ARG HYE Rh(IDA B TS E R IR, &)
FRT o-Ir S BT NG B R AL =4 (Scheme 57).

R1

0 cat. (10 mol%)
MeOOC
Meoocy/\oJLNH [, MgO ) o
= 2 CHyCly, A Mebn—{
Me H o
Rh,(OAc)s PhI(OAC), 24% yield
Rha(esp), PhI(OAc), 44% yield
)OL Rhy(02CCPh3)s MeOOC
MeOOC K2CO3, CH,Clp )
~S07 “NHOTs —2 -2 7272 =
MZ? HN_\«O

B 56 FEfEAL B N

Scheme 56 Oxidative amination catalyzed by rhodium

Ro%i

H,N™ 0 N

PhI(OAC),

2 AcOH
Rh(l) 4‘
RO/>.__/\O ; Ro/>{\o
HN—QO H’?‘. )§o
Rh

B 57  BEAEAL IS S R AT BE L EE
Scheme 57  Proposed mechanism of rhodium-catalyzed oxida-
tive amination
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23 fEECHNELERICR

RIENAEY) a- O K BRI R T2 51 N2
DR T A I P Y Bl S A, AT AR X P Rl SR S Rk
B2 BIFRIE. 2012 4, Chan 251020 B T =5 FRI# R
A PEEAY 1,3- ZBRFEAI I AL R R (Scheme 58), %R M.
KAFIER AN, JRKPFE 0 CRERMAEIRE AL, 77
BAE 62%~99% [8]. {EIXA B, Cu(OTf), FLLIE
W MR IC 57 A BTG AR T A4, AR FE RO AR 2 R B A ik
1B WA F A AR 25 5 R RE 51 S 1, X RS TRk
S AR B T, PR MR FRZE T B 2 1 N T
FEAS BB EL AL AL I P2 ¥)(Scheme 59).

o o Cu(OTH), (10 mol%) o
1,10-phen (10 mol%
R1J\/U\R2 PhI’:NZOZA(r @ equiv?) R1J>(U\R2
R®  CH,Cl, 0°C~rt,2~6h  R3 NHSOAr

B 58 Cu(OThH: AL EALIZ I [ B

Scheme 58  Oxidative amination reactions catalyzed by
Cu(OTf)
7
N_ ot
Cu(OTf), + 1,10-phen —— _Cu =[Cu]
N~ OTf
J

[Cu] + PhI=NSO,Ar [CU=NSO,Ar + Phl

[Cu]=NSO,Ar

JLcu
[Cu] . '
9 ou gy [Cu—NSOAr j%(ﬂ
T 5
R1J\/u\ R2™_ .+ | R R
R3 H R Y R2 ArO,SN R®
R® [Cu]
Cu
/ [\]
0O O o) o)
-[Cu] | - [Cu]
R R2 R 3R2
R® NHSO,Ar ( r\ll R
H SOZAF

B 59  Cu(OThH: AL IS AL S B2 AT BE AL EE
Scheme 59 Proposed mechanism of Cu(OTf):-catalyzed oxida-
tive amination

2016 4, Ohshima U@L T B MY,
R T 3 bt e 55 14 SH 5 5 A 2% 1 5 40 ) 0L A 1
FH, 5 S nt e 5 25 ) A R e X, T 9 e v R
BN AAEAERIRA, 0 CAE & HEH, 10 mol%
R R AR (AR, TR A M T A S RE LA
PR R G B AL 2 )(Scheme 60). T 33X MRk
WA, R R A I . FUIL
SESEPANE, Bl S B R A AEBRIE MR o-fr. REALF=
VI EAT AR E I E N AN AR, T S nb mae 8 0k ] S 1) Ak
SRRt e b R Z e RE. BB clock SEXGHERR
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0 0
. R
/N\NJ\/R ol SUOTD: (10 mo%) \<N/NKJ\/
_ + = s————— > _
\LK CH,Cly, MS 4A NHTs
0°C,48h

B 60 AL SL L AL 2 I R o A S R
Scheme 60 Chemoselective a-amination of acylpyrazoles cata-
lyzed by copper
T AT R AR BRI, o~ R PORE, SN RT g AR B AR
SE T E RN, RIS 2N 70 0 A R 7 A Y W v R A

%23 Buchwald-Hartwing F&1b Jz WAl Chan-Lam 18
FE SN ) %, 2013 4E, MacMillan 2564977 1 — b ff
R BRFEAL SV 5 B Be AL B ) BRI A S S (Scheme
61). BLTAR, DLEALHOA AT, SRR, =
I~ DMSO H1 = B 12 h, A [FZER I EREAL & V2R
HRRE M SEI MG, SemeRILE] 93%. fEH IR
CuBr, £ B2 [F] I A 9 IR IR A AL 7, P S
PENEAMH. B A R AR S R S A i o- IR &
Y, HEDIPRZEUREEIL o-fi 2 £ (Scheme 62). I /%
FEABGE T 55 &, &M T e Rm . BEAEE;
AARFT] DU — S MOIR G BRAR IR . 37 Jr A T 2 BUAX

o 0
Me [Oj [Cu] (10 mol%) Me
.
N~ air, DMSO, rt,, 12 h N
H

o CuBr, (10 mol%) R
J\/R YONRRIR® S0 50°C X
X air, s NRR2

B 61 SALHIE AL I E AL R R

Scheme 61 Oxidative amination reactions catalyzed by copper
bromide

2 CUBr2
2 H,0
XJ\/R>/ 2
1/2 0, + 2 BrH
CuBr- _ :
? 2 CuB
uBr
2R
x)\l/
BrCuBr
HBr

X
1R2
NHR'R NR1R2

Bz 62 IRALHIME AL A A B L FT RE FRITLER
Scheme 62  Proposed mechanism of the oxidative amination
reactions catalyzed by copper bromide
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PR B WL 1), ey S 7 it FEE P () I 7 5 A\ BBk 4
FEA REMRR] AT . X AT B2 H A =) a- 8 Fk 3k 2R
Finkelstein B, AEmoR EVEEGRIK - TREE. HEAMX
PO ERIE TR KB E N ANE, BT R,
GITERN B WA EZERNAY S ¥ Plavix
Amfepramone & .

2014 4, EREREAOILL O-BtHF i ok B i,
SEIL T BE AN () o JAL SR (Scheme 63). KR4 Ay
WL HEAT, 5B RY 5 X(2,2,6,6- VU H FE R IE 5 ) 1
HAL RO SRR, SRETERIMEAL T, 5 e s e R AR
A A b AR R AR, B S B O-BE B 2 i 4R
A A R, B JE 48 D738 TR 3 3 2B R B4k 7= )
(Scheme 64). B 5T AN, {4050 T H A SOV b A
A, T EARIAETE, ANEERTE O-Bt i 2%
RAE SR B R R BB B A =), TS Pl 42 )8
SV BR IR Ak S

(1) Zn(tmp),, toluene, r.t., 1 h
‘BuO Me (2) BzO-NR'R2 (1.0 equiv.) BuO
CuCly/bipyr, THF, r.t., 1 h

B 63  SALH AL I AL AL SR
Scheme 63 Oxidative amination reactions catalyzed by copper
chloride

0
)1\/NR1R2

O O
Buo Z”\oJL Ph
(6]
’BuO)J\Me

Zn(tmp), 0

§ )j\/Cu
o BuO
[fsuo/q\/ Zn +Ccu()
2

BzO-NR'R?
0 Cl)C(O)Ph
I e

‘BuO “NR'R2

o}
NR'R2
tBuO)]\/

B 64 SUALHRHEAL B AL IR A S 7 AT RE AL R
Scheme 64 Proposed mechanism of the oxidative amination
reactions catalyzed by copper chloride

2014 4%, B P EBEH IS TG % T XU {(DMO-
X)CuCl}a(p-Cl)]«  HAZ[(DMOX)CuBr, | f1[(Dm-Pybox)-
CuBr] =Ff Cu(IDELEY, AR ER TiX =M1 &4
A B L o AL SR ) 1, 5258 K B [(DMOX)-
CuBr,] fil [(Dm-Pybox)CuBr,] ¥ fit i R Hb i 4k i 16 ) B
(Scheme 65). H A RFEZRA I EIRD I, RIS, B U
IR A U 0 S AR 0 R AR A 3t S 7, R P J 2 A PR i
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AARGT I S BL P

O
R1
X R?
R 0o H [(DM-Pybox)CuBr,] @)‘\'!l/\
X R?, J: j (10 mol%) [ j
| _ I(:’ \)I( air, DMSO, r.t,, 10 h .r:/ \j(

i u

X=C,0,S
B 65 Cu(IDEC & WAL I E AL SO

Scheme 65 Oxidative amination reactions catalyzed by Cu(Il)
complex

2 HTRIE AR A IR o b [ N K % )
FRAEAL, R 23 B8 — B AFAE I Bk, JUHAEZ
W& R B iE & B 15 Y. 2017 4, Truong &R T
— B AU &R A HUAESL(MOF) il 4k 7r). LL 3,5-ntne
THRBR(PDO) NIEFF, =K EMRENEIR, G T
VNU-18 i MOF £k} LLixFh: @A HIAESE VNU-18
MR R AT, IRABONRIR, SRR, 07 &
75 N,N-— H B B (DMF) R 12 h, BB LA 86% 0%
2B Ak 7= W) (Scheme  66). X A 3 351 A1 {1 4L 1 75 v &
F Tl BRAIER, FAiasRke 7 ik, IR SE PR AT IZ,
] AR EMAR P e A 05 A fa iz, 4, % MOF #EL
WHER T 25%4rF Clopidogrel 1 Pyrrolidinovalero-
phenone & K. IXE64E FAFRH T VNU-18 1R L7
k.35 1 (Scheme 67).

VNU-18 (5 mol%) CH,4
CHa + 2R3 1
R1J\/ 3% NHR'R KBr, air, solvent, 12 h R

NR2R3
B 66 ik MOF 1L S A AL s B

Scheme 66 Oxidative amination reactions catalyzed by cop-
per-based MOF

K cu(ll R1
cu(l)
NRZR®
EI=X 67 15 MOF fiAb IR UMb At S 82 v B FRATL B
Scheme 67 Proposed mechanism of the oxidative amination
reactions catalyzed by copper-based MOF
2020 4F, Granados PR 81 CuBr, 73l ‘?j?ﬁkﬂ
WK B R (ER B SE B IV B 2 b 1
FIE — S P he b B % T Cu? it &%) a-CDCuBr..
DA A R AT PR A AN i AN AR IR N Y, N
WA, ERARPERRN 24 h SFE AR S h, 68
F) S a-CDCuBr: /12 [ a- %4k [ N (Scheme 68).

CH3 + KBr

0
CH3 _NHR?R® NHRZR® s CHs
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o (0]
[ j a-CDCuBr; (10 mol%) '\(\)
Ph)H 0, MeCN, rt.  Ph

B 68 a-CDCuBra A4 UL A B
Scheme 68  Oxidative amination reactions catalyzed by
a-CDCuBr2

24 PFEUNELERCRN

2012 4F, sKilIREAHCOMRIE T —Fherill 1,3- =8k
FALY I Ak I . (Scheme 69). 1 34 IV Rk 5 1 48
AT, ol FY R R 9t i M AR, 77K & e R N
AT, 7RI NE SRR IR TR 1,3- Ik
WD) a-TEIEIZ A, 7R R N A AR AN, OB I AR,
—MRAE 30 min IR REFR AL B4, e o- BRI LA =4
BT RN =5 SRR, 25T k5 bR i oo FR
TR e LA B . AR WTh 1O R S S REMLER AT
TEHIE, TSmO 29 5 TRENAE YR
N, BENGR A3 20 f A F= ). IR o] B 0 e LML 2 T
PORTBE 242 5 0 e S B AR e i G R) 29, R e S EES &
PR B2 870 5 - R A SR FRUIN R, ¢ i 8 7 v O AL )
YL S 3 B A5 21 B ARl & 0 (Scheme 70).

PhIO (1.5 equiv.)

Joj\/lcj)\ TsNH, (1.5 equiv.) e Q
R R? Zn(ClO,),*6H,0 (10 mol%) R’ R?
CHyCly, rt., 1h NHTs
= Aryl, Alkyl
R2 Alkoxyl, Ph, N(CHa3),
(1) MeSO3H, TFA o o

thioanisole, r.t., 1.5h
(2) 5 mol/L HCI

OEt
NH,+HCI

B 69 FRAEILAISA LI AL N

Scheme 69 Oxidative amination reactions catalyzed by zinc

Zn(C|O4)2 o
PhlO + TsNH, PhI=NTs
o o 29
O O
1 2 + PhI=NT:
NHTs
>/ Zn(CI0,),
2+
oo - Zn?"
LR &
1 2
R D R R C R?
1<
\/

B 70 FRfEAl A A SR AT B R ATLEE
Scheme 70 Proposed mechanism of zinc-catalyzed oxidative
amination reactions
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25 BENHNENERERN

2013 £E, Gade SEVHRIE 1 B BIELMEL -BABRATE
PIxt BRI FENE a-B BAL R B (Scheme 71). IR T, MIA
AL AVERZE 1) 30 AURIRIRER 31, BE LU 32 5 p-
HRBE/E LR LG H BEIMI M A A o- B BN, R AR
RAHAEA R 93%. LR RADOE M T p-BillE, i&w]
LA™ Ji 05| W

1 0
R\r."iL/§<COOR3
"
XN - n H

NG| “Ph NO, N3

/.

/
N eSmPh [

R Q0

30 (10 mol%)

31 (10mol%) o1 o
32 (1.5 equiv.) ~ ‘iﬁ},COOR‘"’
—_— > " ",
ELO, 18,480 ot A, N,
n=12

COOAg
(S = Solvent, m=1o0r2)
30 31 32
B 71 ZFEMRSE5NEERN

Scheme 71 Azidation reactions involving azidoiodane

2018 4, Chikhalia BRAERZHUIR FT 1 2R Ak P9 9t L
WREERE o-fr I AL C—N BI3E SUABIBE I . L =S A8k
RHEAT, BT B F A S (TBHP) AL A, 1,4- 25
NN, RPITE 80 °C 2k N HEAT BE LA S5 384T
FIU RS B AXT . C(sp®)—N fBELF=#I(Scheme 72). %
BEZHH T VEA BT 15 RO Rtk B AR R AT A= 4.
EZ SR T IR AT RENLIL: 7ERUT il E AL A A B AE I
FISLEE R R R 9 S A AR B T Bk B 2, ik B R
— B Fe SRR IRIKIE B T, RS 05 A s TR AR
AL NAF 3] H bR P)(Scheme 73).

S
S NH, R1-NJL
R1_NJLN,R2 . SN FeCls (20 moi%), TBHP o)—(
g = 1,4-dioxane, 80 °C _
NN

2
N-R

NH

B 72 GBI S A S

Scheme 72 Oxidative amination reactions catalyzed by ferric
chloride

26 HHEUHWEILERCRE

2016 4F, FhELfdiR g U2RIE T —Fh e 4 194
T 1,5-C(sp>)—H 1 H AL R S (Scheme 74). 1%
SN AT R 8 5N Y, R B RS SR Co()&
AL BEASTE Co(lN& B e A B Hh3E,
WM& 1,5-H iT#A 20k 3 B, RE4EN o E H
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NH,
80°C
| =N 'BUOOH BuO"
Zan S
o / R
NNE “OH
H,0 Fe?* Fed* "
o
NH 8 S
RL JL R2 RLNJ\ ~R2

R2
N NN
N
X
N =
/ o
R‘l

B 73 SRR A AL S BT B AL ER
Scheme 73 Proposed mechanism of the oxidative amination
reactions catalyzed by ferric chloride

I AR B A6 7= P (Scheme  75). T IEUEFL T L
AIRIE a-HEAC ST, AN R FR A e ) ) S 36 4
FEXS L, BRI R B e T B K.

0
N/ R200C
R2 ~sl 33

0N, 2 L X TR

B 74 S ISR AL R

Scheme 74 Oxidative amination reactions catalyzed by cobalt

RZOOC Ny
" NR? RZOOC N/s\N
HN- s\ H 3

R3
[Co(Por)]
NZT
R200C, R®
/
RS R?00C_ N 0
R’ HN- S\o YN
Poncs & R HN O

‘\_/ Cllo(Por)

B 75 B AE SURE AT BE LR
Scheme 75 Proposed mechanism of oxidative amination reac-
tions catalyzed by cobalt
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iR SR

2.7 BEHMRHBSWRNR N

LY RIS A 2 FhAS R SRS B B R, dh
JRE (1) DX 5832 B S S B — AN S [ /. 2016 4, Mau-
lide PR SHRIE T —Fh I 5 e 1R A i a2k M 1 Bl i
SBALIEAL 2 N (Scheme 76). FEBLR N H, DL S H BN
W, TR S B N IR, BEREAE 2-5UE e Fl =%
PRI R IF RS AL S B AL R o- BRI . R B TS Ak
T BRI AT — 96 R R I I R0 2- it e 3 ) 4
AN A 25 I = R PR RR B, SRS 25 2-sntk e
TR T 53 PR IR A5 T e R A B A A A0 i I
Jle FR (AR L IR B, PR AR, XEHTE R — T
e Ak, i fe /KA 2] B FR = 4)(Scheme 77). BT IX
FhRFIR TGRS, X P VRN B o & — 1)
ERENE, 7EFRIRAFAE M. . BHEEER, RNt —
R BEBERZ ) a-fir, THHAR BRI R, A
FYERImE I RIS, BESEILFHE SR 2, (5
BRI BRI

2-F-Py (2.0 equiv.) 1 |O

T£,0 (1.0 equiv.) R\I)\NQ
N

CH,Cly, 0°C ~ rt.
R2

0]
1
R\)J\D + R2/\N3
then NaHCO; (aq.)

BIK 76  MRAeiE I AL SN

Scheme 76 Oxidative amination reactions facilitated by acid

9 (D
RQLD 2-F-Py, Tf,0 R1\/N\+ - RZON,

Nl
- )
q TO ¢
R2
N +
R2 1N3 N . kN,Nz
R« ﬁ' -
N 1
o ¢ \,> R\/\N
— 2-F-Py -
TfO

R2

~

2 H,0 TfOH + N, Q
SN R1
rRNN N D
/\ NH
e .
TfO R?

B 77 BRI B A S R AT E L EE
Scheme 77 Proposed mechanism of acid-promoted oxidative
amination reactions

28 23-Z5.-56-Z8& E-1,4-KR(DDQ)RFHFMRIL
FE1v R R

2022 4, Jorgensen /NHIAHRIE T 2,3- —&-5,6-
K I (1-DDQ) 2 #E 3 B 1 o 37 1 55 AL i AL e B
(Scheme 78). % J7i£LL 1-DDQ NEALF, fEAEM
F G H e, 455 1-DDQ Ml % Hi 1-DDQ itk
R A, AR JE B N BRI R A R B R R O 20
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mmol% AL 34, 5 %R R VAT 2 Z AL
1. SRAZ ARG AR S AT DL R AT AR W s =5
e BINTF R A AR, RSB AS X BRI
PRIE oI ARG SRS, R PR of TR 39 356 A1 5 e E A 51

92%.
NC  CN
9 0
H/O DDQ (1.2 equiv.) g/o OH
1 CH,CI
Ar 212 1 cl

Ar Cl
t
Bu N 1-DDQ
NH, k/o o
34 (20 mol%) | (,\?
“Ar

MeNO,, H e
“Ar

BX 78 DDQ ik i A IZ L R

Scheme 78 Oxidative amination reactions facilitated by DDQ

3 sWHRERIBRILR &

3.1 N-RRT ZEE L BE(NBS) R FIBZ 4L &2 B2

2012 4, RARNTRAEAH T HRIE T NBS 1 1,8- %
X T IR[5.4.0)-7-+—IHDBUYN S —4RER a- ik
SN (Scheme 79). DBU 7E e B R 5 T WEAEH, 1EA
B R 25 R TG EE AL, RN IE9E1E NBS 8 In&CE
158 J1(Scheme 80). 1E#H 24 T Wit NBS RUMER

o
0 0
M_re _NBS,DBU ]
; _WBS,PBY
R MeCN, rt. R1J\(
RZ O

Bz 79 NBS /SRR

Scheme 79 NBS-mediated amination

R’
R1J\/R2
0 ? 0 °
. RZ + C?\, - N
R R1
2
BB Y R2 O

B 80 NBS /AL SN AT g IHLER
Scheme 80 Proposed mechanism of NBS-mediated amination
reactions

Chin. J. Org. Chem. 2023, 43,2743~2763



Chinese Journal of Organic Chemistry

REVIEW

BIR, WA N F= HARTE 80% LA L. X Fh b Js o ) &
W& RV, RBLEAARCNIRF, HHH =55 5.

2018 4, Kumar ZE7OUF | —FpERAR A A E
V8, NBS {23t (4 J5i%(Scheme 81). JEA) 75 3L i
IR S AR I = SRR S NAF B, PEHIR G S B E
AT N — B M, ZEil RIS RN A a-Z 2.
I FH I 98 R BAZ 77 V6T BB ORI BN AT 5, ISR
AT CABOR R 2.04 g ZAVERTREL RIS & sk
TERAER T 271k, X5 NBSERHA R o- 1R, &%)5
il e A2 SR AR AR B a- 28 B4 (Scheme 82).

~

r hl
| |
[N J

‘ NBS (2.0 equiv.) N ‘
amine (4.0 equiv.)
O o) MeCN, r.t. O le}

B 81 It NBS N SR Ak ) 37

Scheme 81 Improved NBS-mediated amination reactions

oY
[ml

T r

I I I
~ - '\ /)
N N

H Ph
0

BRIz 82 ik NBS 43 B A SR Tl RE AL EE

Scheme 82 Proposed mechanism of improved NBS-mediated
amination reactions

3.2 NIS R#RIBRIC & B

2012 4F, Prabhu B UMRIE T N-AR T BRI %
(NIS)f#E Ak B B Ik & W) 1 % 4K S S (Scheme  83). 7 1%
RN, LRGN, N-BART R AR 7], R
T A S (TBHP) R A, 75 75 B B2k 55 il 5 AN
A2 A AR A i o SRR A 50%~80% 2 []. 1%
THENTTEFEEHE &, 7T LLLL 50% USRS i —Fh 25 H
IRFTEEDD.

(

Ph
k +
@AW »
Ha
A Ph
o}

o
NIS (30 mol%)

R

[ j _ TBHP(aq) Af)j\/
"MeCN, rt, 4~24h [Nj

X

X=0, CH2 CHBn

B 83 NIS N SFHfEl ™

Scheme 83 NIS-mediated amination

R = Me, Et, Ph
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4 BUFFURERE

2016 4F, WREYIR A TSRS T @ Bk A
17515 S I 5 e SR A R a- R BB AT AR
WI(Scheme 84). 23t VEAN I [ b 45 PE i &I, LA NH.I
AT, 0.1 mol/L LiClOs A MR, LI,
I SF1 A% FL AR T A A SR A, 14 F/mol 1E FRI HLAR, fctk
SN RN M A RS TR I & O 2 R, =%
— AT KT, (HZ RN A TR B NEAH, IR A
T T e SR PO IR . 12N AT RES T L
iR TS 1 PFH AR A A R 5, AR S5 R S 87 AR
B a-TRARER, T35 i R A SRR AR R a2 S A
HI, HI 7 PR Tk i s s 7 i El <, e 79 5ozl
B, BENEALIE R IE3A(Scheme 85). RE1Z VAL
—EORN R, HEZ VR AR R, AR, T
Grvkm, RICH R —DRE.

0 0
R1 NH4| R1
1SN R? LICIO/MeCN A\ NR*R®
| s+ NHRR® —————— | 7R3
_— R CCE, rt. ~ R

B 84  AALZEIE AL SN

Scheme 84 Electrochemical amination
NHR*R®
A ® 0
,\/O .

|
\ N\R5
R? R3
2()

Anode Cathode

BIK 85  FALZEfLAL SN AT RERI ML

Scheme 85 Proposed mechanism of electrochemical amination

5 IL,\—I:I EE

LR LR, ARG T L SR AT R
B oIRGB, 2 — RN J SR IR B B A Bl
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