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Recent Advances in Base Metal (Copper, Cobalt and Nickel)-
Catalyzed Directed C—H Amination

Feng, Ya-Lan Shi, Bing-Feng™
(Department of Chemistry, Zhejiang University, Hangzhou 310027)

Abstract  Nitrogen-containing organic compounds are ubiquitous in natural products, drug molecules and organic
intermediates. Therefore, the introduction of nitrogenous functional groups into organic compounds is of great significance.
Despite transition metal catalyzed C—N coupling reaction provided an effcient strategy to access these ntrogen-containing
compounds, extra steps are generally required to obtain the pre-functionalized starting materials. Recently, transi-
tion metal catalyzed C—H amination has emerged as a more atom- and step-economical strategy to construct C—N bonds.
Compared to the noble metals (e.g. palladium and rhodium), base metal catalysts, such as copper, cobalt and nickel, have
attracted dramatic attentions, due to their earth abundance, cost effectiveness, and unique catalytic activities. Herein, the recent
advances in copper-, cobalt- and nickel-catalyzed C—H amination reactions assisted by directing groups were summmarized
according to the types of base metals, C—H bonds, and amination reagents with an emphasis on the discussion of various
amination reagents and their application. Finally, the limitations and development trend of this research field are analyzed and
prospected.

Keywords base metal; C—H activation; amination; directing group; copper; cobalt; nickel
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(a) C—N coupling R

X |
H ™
+ /N\ L» N\R2
R R?
X = B(OR),, halide, pseudohalide, efc.

(b) C—H amination

H |
P L L N
R1/ SR R
[TM] = transition metal

BRI 1 e I8 < P A o R B A R e IS M Bk S B e e 12
Scheme 1 Transition metal-catalyzed C—N coupling and C—H
amination reaction

8 R A i) — RO 5 0 i sl () Bk iz, e
L X SRR AL I, RE EA NI A AL A e 5
AR . A F AR R T, W E R
Y. el AT N-p AQUEE, IX R A &
3 AT DME AR AL & @ AR, AT AS 75 AR
A7 (Scheme 2).
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[Amines and amides ]

NRs L s’
R=H, alkyl, aryl, etc.  HaN" "R g NH
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Ns)I\R 0O Ng
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B2 HARERMEMERT
Scheme 2 Representative examples of amination reagents
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AL R RIBEAT T 702808, fe)m, AT TxT %
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L.

1 {EECNERSEERLRN

1.1 §RAELH C(sp?)—H $ERRIL R KL
111 CA(RR)BLAE A B AR 7

2006 4F, ARG AR A OV i) 14 b SEEI T 4 fiE A 1Y)
T RS R BE, AT R EEE T DA R R T
[ I AR, S ) T R A e 1) 2- 2R FEE I g (1)
TR B Ak [ W (Scheme 3, a). SEIG 45 B R IR AE I
S NASREAE LA AW, ER AT DAHE R S S L R
P& R R TES G A TTRAE, AR Z RN
ATREA T T TR BHLEL. BEJG, 2004 R4
T8 1 DL AU T ZA AT, CuBr fiE b 1 2-7% ek i
HIMERZAY S B (Scheme 3, b). TEi% = BEFE A BEAN 75 2
FERR AR A 75 2808 (EAA— PR 2, ZRMATH 1)
M AR Y. BRUEZ 41, Nicholas BARZAIITE 2011 4F
WRIE T VRSO EGT, EEER AR (10 2-05 JRnbng 1)
P A SN, UE B T 4R DU N BRI 2 5 B e L
& Z 1 (Scheme 3, ¢). Tk BRI IZTE 2014 F4RIE [
DU ASAE AT, Cu(DfEfL FIEE AL & B (Scheme 3,
d). 2015 FZARIPRBH B HRE T —44 i = SAE R
3R, Cu(DfEAb ) 2-75 FEMERE 119 Ak [ 8 (Scheme 3,
e).

2013 4F 2 1AL 2H 130030 b A A0 S B T R IR 4
&5 WA FRIR B AL S B (Scheme 4, a). &
MUAVR B E YD T BB, BIRAR Ty AL, it iy
P flg BRI AR Je 0t 75 e AT e Ak, AT A S (T ) e e ) g
WAL B ). BEJG, Bolm HRAIZH I o 1 4 fH AL g
W EAL B AL C(sp?)—H REBEREAL SN, 1% 5 S A
TENEAFA, PR SHA B N-75 3 ARG (Scheme
4,b).

2014 4, REPORBHISTHE— D X HilE b A
B R BNLEAT TR AT, K IR AT L e B A T
A H R SR, A ol DL IS . st fi
KT BENGEE. PR RS G ) 5 o] DAAE R 2% 1
TWLER, 15 30<0 B oK IR KA &P (Scheme 5). 32Ut
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(a) Yu et. al., 2006

X N
R1—:/\ TSNH2 l\ecN, air R Q

_N Cu(OAc), A 4
|:|\=4 ) O A OeqUIv) 130 °C,24 h o E i
=
o
) up to 90% yield
up to 86% yield %’ho k/ﬂ\O\: p oy
// Bl i)
Ne, (e =) b) Li et al., 2010
(e) Lietal, 2015 % 74, Xy/ene Jn S 20 son (b)
4/7 2 ea\
R2-— | i\
X
CuOAc (20 mol%) Cu(OAc); (20 mol%)
toluene/o-dichlorobenzene (V:V = 1:1) DMSO, anisole
150 °C, O, H-NPhth ,  \160°C,48h, 0,
—NH;
X A
R1+/\ R1:_/\|
N N
NPhth H
= = ~p3
R2— | R | R
X N
up to 97% yield up to 66% yield
(d) Shen et al., 2014 (c) Nicholas et al., 2011

B3 mtne S 0m A C(sp?)—H WAL S
Scheme 3  Pyridine-directed copper-catalyzed C(sp?)—H amidation

(a)Lietal, 2013
Yu et al., 2014

o Cu(OAc); (10 mol%) e
\ AgaCO;3 (2.0 equiv.) o | .
CL +j/ benzene j’ N +RNH Cu(OAc), (1.0 equiv.) N/Oxa
120°C, 24 h H : A :
H ! ! Na,CO3 (2.0 equiv.) H

X =CH,N N” 0 DMSO, air, 80 °C NHR
1.0 equiv. 3.0 equiv. up to 93% yield : Oxa \ R = R'S0O,, R?CO, Ar up to 95% yield
1.0equiv. 2.0 equiv.
(b) Bolm et al., 2016 ~
_ 5 o
0 HN R KOH/EtOH
R{\ NapeH s \jsfo CuBr (5 mol%) \\\ M N\s -0 80°C, 16 h OH
\ RZ R air, tol AR R? ' @
AN 50°C, 48 h NHR
1.0 equiv. 4.0 equiv. up to 98% yield
‘ BIR 5 WEMEIK S ] AR AL C(sp?)—H BEARAL S B
B 4 FIHEACRREMRAL £ C(sp?)—H B L SR Scheme 5  Oxazoline-directed copper-catalyzed C(sp?) —H
Scheme 4 Copper-catalyzed C(sp?>)—H amidation of quinoline amidation
derivatives
g sy N S, Li et al., 2016
R R, AERRRALIOZE 2016 4EARIE T BA 2-EUE N R /R1
i 2 =
S LM S RS HRAE A C(sp?)—H BRI AL o I cutoncn (ooawy o L)
@;ﬁﬂﬁ’f’t}i}“‘(SCheme 6) NH H + XNH2 TMG (4.0 equiv.) N HN—X
2017 4%, Bolm PRIl -GS T ) SR @[ 80 E’('}" Socv)efn'lrgm @[
T AHEAL C(sp?)—H &4k [ N (Scheme 7, a). T L fE/E \;) X = OCR, O,SR N\’\N>
R LR Y, RS2 W R e LT B lOequv.  15eau o0 0

AL H FH 2 W R 2 B R, A SEEL T e " L Gl N

WA ORI, AU, Ghosh WUBAUHUE T CuMno  ( EPV6 HORSRERAHL Copy HARBILRS
cheme 6 Pyrazole-directed copper-catalyzed C(sp?)—H ami-

AL 7 Fe b B ) EL R () 2 4k [ B (Scheme 7, b). % dation
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(a) Bolm et al., 2017
O, NH (1) Cu(OAc), (20 mol%)

\\/
pyridine, 100 °C
O 10 ~48h
() ( i)3Si

Me3Si)3SiH (3.0 equiv.)
1.0 equw AIBN (40 mol%)
100°C,2~4d

2 0 equiv.

NH,
up to 86% yield
(b) Ghosh et al., 2021 R
Cu-MnO (5 mol%)

DMAP (2.0 equiv.)
+
HN\b DMSO, air
N 120 °C, 12 h

n=0,1,2
1.5 equiv.

1.0 equiv.

up to 93% vyield

B 7 8-&EEEME S [ 4R i1k C(sp?)—H Mk =8
Scheme 7 Copper-catalyzed C(sp?)—H amination directed by
8-aminoquinoline
1.1.2 VA& JZAd) A BEAL KA

H Chang BRAZAITE R UAANLE ZAE NN
G SEIL T Rh(UD A B SRR A S B BAKR, % 43R
3T RS, 2014 4F, AR PO ok H R A
T4 A i B %Ak [ N (Scheme 8, a). 1% [V LA TsN;
FIEART, N-Z23 8 T ], AT Ak

A, W Cu()E IR, 53FAYIE &R EY
Int-8A, 7E 7573V MIVEH AL &) Int-8B, 1
o KA A, 33 E4A Int-8C. X4 N-Z8HE R
TR, Int-8C AR I 5T bk A AL R Ak P4 8-1. T
DUBK B W Ay 3 1) JE 0, Int-8C kA= Id 57 B A3 21
Int-8D, 1 J& FHX B S RMIEL, KE N—N & JRH
B, 153005 14L A4 8-2 (Scheme 9). [FI4E, %421
N LA TMSN; 1E A A7) i e A S 1 0% B
Btk ) i (Scheme 8, b).

1.1.3 AR BIATA M A X )

2010 4%, Yu BRI ORI AT A A AL
Y A TR B T PA(IT) A4 1) Al S B i b s 87
2015 4F, SEPCERUREA 20K S i A 7R) B T bR
AN G WAL S B NZ AL ) N (Scheme  10). 1% % M
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(a) Zhu et. al., 2014
CuTc (30 mol%)
PivOH (0.6 equiv.)

Xe il o
NN +RI-N
R2—:<;[ * DCB, 110 °C, Ar
H

Xy A
R | R']
= N/

H
X=C,N .
1.0 equiv. 1.5 equiv. up to 90% yield
R2 HFIP (1.0 equiv.) R2
DCB, 115 °C, Ar A
N SNH Y RN " R N
R3-1- CuTc (30 mol%) ~N
Z H \
R1
1.0 equiv. 1.5 equiv. up to 61% yield
(b) Zhu et. al., 2014
T Cu(TFA), (1.0 equiv.)
X:N/’ + TMSN, TFA (1.0 eoquw.) X:N/
DBC, 115 °C, Ar
H NH,
X=C,N
1.0 equiv. 2.0 equiv. up to 94% yield

B8 LABEM NI C(sp?)—H Mefb [ BL
Scheme 8 Azides as amination reagents in C(sp?)—H amina-
tion

R'N3 + HX

R =Ts, acyl

R2

Int-8D /R3
R3=H ' -Cu(l) (jﬁy
R'=Ts R H Gl

-H* N _ / /[‘\]H

Cu”' R'
\ Int-8B
Int-8C NH
/
R1
B9 M LB EAY LA G Csp?)—H At R L

Bl
Scheme 9 Proposed mechanism of Cu-catalyzed C(sp?)—H
amination with azides

Wu et al., 2015

Q’ OBz Cu(OAc), (10 mol%) (e} [
I Ag,CO3 (10 mol%) N

No_H+ N N |
X - > X N
R_:/\:Ej < 1BUOH, 80 °C, 24 h R{j/\j’
= = e 7 =

1.0 equiv. 3.0 equiv. up to 90% yield

B 10 ZEA S RIHfEL C(sp?)—H b
Scheme 10 N-Oxides directed copper-catalyzed C(sp?)—H
amination
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2016 4F, Uchiyama RBP4, TMP-Cu-ate AT,
BT S LA, 0 E DR BT R R A A
W, FEZIR N SRt SE I 1 ARAL Dy FE A S B A & B
(Scheme 11, a). {EfF—3M &2, FIHFR&IIEMLM,
AL TMP-Zn-ate 1EB, 75 A0 1B H 17 7E
T, SEBLT AR B AU 1 S L (Scheme 11, b).

Uchiyama et al., 2016

(a) MP-Cu-ate base promoted deprotonative cupration/amination

H (1) (TMP),Cu(CN)Liy (1.3 equiv.) NH,
THF, 0°C, 2 h
A\ Ve A\ PMe
RT _ (2) BnONH; (2.0 equiv.) R

rt, 1h
DMG = CONPr,, CONEt,, CN, OMOM, etc.

(b) CuCN-catalyzed aryl C—H amination

up to 94% yield

H O (1)BusZn(TMP),Li (20 equiv)  NH, O
\pr, — THF. It 3h ,-
I
2 (2) CUCN (10 mol%) NPrz
R BnONH, (2.0 equiv.) R
rt,1h R=H, 62%
R = CF3, 67%

R 11§ w0 % mF4b/C(sp?)—H b [ B
Scheme 11 Directed deprotonative cupration/C(sp?)—H amina-
tion

2018 4, REBREHPIUNT RGP AL
WA, SEIL TR AR AL Csph)—H B IZ 4K S B
(Scheme 12). Js b7 fe FHY gt fIc W AR A Oy 1K 3 ) 8, I
BRI 2RI BV (A b . B E L LR
MELE). BRIb 2 Ah, 2R SIIE T T A K VD A 2
Wor¥.

Yu et al., 2018
(1) CuOAc (1.5 equiv.)
OPIV KoHPO,4 (1.0 equiv.)
i | DMSO, 90 °C, N,
I
Me'

2) HCI (aq.)
1.0 equiv. 1.5 equiv.
(0]
A
NH2 N - (0]
_\_/
Me

up to 80% yield

B 12 Rk G e B AL C(sp?)—H AL [ RE
Scheme 12 Oxazoline-directed copper-catalyzed C(sp?)—H
amination

2019 4F, Jana BRANZHPOHRIE T HfEILT C(sp)—H
S Ak R Ri(Scheme 13). NI 2-MHe o ki Ay 5 1)
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5, FEMEACE RV T AR S 2R i 904%™ R KL L
JEA). Vil KIE SEEGUEIIFEIZ R B C—H HE ) i
HAR G . BRI AL, MEFHIGEIE B IR
KB MEACAEIR hw] REAFAE B H 2 S R

Jana et al., 2019

X - X
| condition A | N
=N 0Bz CU(OAL)"HZ0 (10 mol%) -
72 DMSO, N,, 80 °C, 6 h
RO INH condition B R 0" NH [
A H Cu,0 (10mol%)  (\™ N
A H,O, N, 80°C,6h 11\
1.0 equiv. 2.5 equiv. up to 94% yield

B 13 b FFE S A R AL C(sp)—H 05 B AL M
Scheme 13  Copper-catalyzed C(sp?)—H amination directed by
picolinamide

1.1.4 B (R, —BHE.
ALK F

Chatani BEZHPIELLE 2006 F e 114 il &= 1)
T TR ) Dy R A TR0 2- 4 R Ak g 1E 4T 2 4K e B (Scheme
14). 1% f 74 T A A DL DS 75 1 9 e A ) 1) iz 4L
SBE, 2SN AR BE A Dy 51 B, 7= e g ey AT Ik B 55%.

Chatani et al., 2006

R A A R

[ S
N ) | N
ot ArNH, Cu‘OAc)z (2.4 equiv.)

7 mesitylene, 160 °C,2h _~~_,NHAr
Ri— | R— |

X X

o o

1.0 equiv. 2.0 equiv. up to 55% yield

Bl 14 ke e R AL C(sp?)—H J5 A e il s i
Scheme 14  Pyridine-directed copper-catalyzed C(sp?) —H
amination

2013 4, Daugulis BRI 288 R IR T 7] 502
— R IE TR A B S AL 3, R
I FH T e A i B A OB (Seheme 15, a). 2B LA
8-ZA HLngE bk Ay T I B, V- FR RS AL S IR (NMO) R AL
i, R A — R AR, 7 T TR R R Bk R AR
HIFEAEAL T SEIL T IR BRI OB, 4T i ik 2R R AT
VR H SR AL T — R Tk, 2016 4, Daugulis
PRI — B R 7 AL 8- 2 L Rk 1) 1 0%
TR S B AL S B & B Ya el (Scheme 15, b). AH#T
ZHT R RE, ﬁ)if‘U\ SN, [FIR K R4
J& BRI RA S W, T A 9 i 3 Tt e
e MM uﬁl%j’*éﬂlﬁﬁﬂ LR, X BRI B0
WHRIE T DL 2-Z FE R BE LA, 8- 2 SR 5t [r)
Y A T S i A B IR DG PR G 8 e bk ] (Scheme
15, ¢). ZRPREERR A B, BRI 2% 8- 0k
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W R S ) A Al MR AL S . VE 2 B RE D], AN
B UL AT DLE B SR 25 A R AR, Rtz
4, Punniyamurthy PR @Z16BY, Jana BR824 B2# G J5 fikiE
1 8- R T [1 1 IR A 07 R B SRR A S

(a) Daugulis et al., 2013

1 Cu(OAc), (10 ~ 25 mol%)
,R Ag,CO3 (12 ~ 25 mol%) ‘\)\
NMO, NMP - o

110 °C, 11 ~25h

R

1.0 equiv. 2.0 equiv.

up to 87% yield
(b) Daugulis et al., 2016

1) Cu(OAc), (30 mol%)
Q HN/R1 Pyrldlne ‘\)J\
N °
@ H FI<2 80 ~ 110 °C, air N-
H

1.5 ~ 3.0 equiv.

1.0 equiv. up to 95% yield

c) Liu et al., 2017

(0]
R
\ (OAc)2 (1.2 equiv.) @ﬁj\N/ﬁ
T DMsO,ar | Y~ N/)\,/ ,
100 °C,4 h R! R
1.0 equiv. 2.0 equiv. up to 86% yield

B 15 8-S BmEmh T [ A AL C(sp?)—H Medb =8
Scheme 15 Copper-catalyzed C(sp?)—H amination directed by
8-minoquinoline

BT 8-S SErEmk Ak, 2-MLmE ARG i A o —
RO F 1 5, B TR A i S B e A [ . 2014
4F, Carretero PR BIRIE T LA 2-Mk e A I AE 9 3 )
FEH R AR S AL SN, 1275 L DA R A A Dy 4
HE55(Scheme 16, a). [F4E, MRS REHBPIEIRIE T 2-it
WGE FFY I e i D R A i S B e A B . (B A — 3R 1Y
fe, B 5 UREAAE FHEAL BE S BRI 261 R, B S R
R R =R, 2017 4, Punniyamurthy #8120 35140, 523
T 2-MEk P R I i 3 e P A PR Bl LB R A S B, 1220
7 DLIGI e A e L R S5 T T N- 2% 95 PR O AR
(Scheme 16, b). BRItz Ak, sk =FFIRABILL 2- K%
FE-2-MEWE A O 7] HE ST 1 40 A 57 i S B R A S
¥ (Scheme 16, c). 2020 4, 5777 HE 4 BT LGSR 5 >y
AT, A AT Z(DTBP)Y AT, LIl T 1-28
Ji& C(8)RLRRE B AL [ ¥ (Scheme 16, d). fHAF—$2H)
fe, BN ATETCIH NG oA S ST, il
Ghosh VR8I LA E RGO 3 m) 2, SEBL T 1-%%

i C(8)hLm R EAL.

2014 4F, 475 RBBAPHRIE 140 AL E R

A VAL Tk S B AL [ B (Scheme 17, a). Lﬁﬁiﬂ'ﬂ_j‘fiﬁ
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(a) Carreteroa et al., 2014

1
‘/R H R’
| S ) Cu(OAc); (15 mol%) "\~ NHPA
= R PhI(OAc), (1.2 equiv.) X |

NH + °NH

SRR N . | X

' N i RS p-Xylene (0.2 mol/L) l}l
L] X O 80°C, 16 h R3
i = i

: PA
T 4oequiv.  20equiv. up to 92% yield
(b) Punniyamurthy et al., 2017 PEEN
A I\
M NHPA Cu(OAc), (20 mol%) e -£_ X
= A TaA . AgyCO3 (25 mol%) N NHPA
X * \vr A KPO; (20equiv)  Z
X H NMO, DMSO X.
X=CH N 140 °C, air X
1.0 equ‘iv. 2.0 equiv. up to 76% yield
(c) Zhang et al., 2017
RZ R®
o M Cu(OAc), *H,0 o N
=z (1.0 equiv.)
N || + NHR?R® ———— N Z |
SN X\ DMSO, air N ¥
| R! 140 °C | N -
& =
1.0 equiv. 3.0 equiv. up to 77% yield

(d) Wu et al., 2020

;
H HNMR Cu(OACc),*H50 (20 mol%)
I\) +s  DTBP (2.0 equiv.)
LA N+ NHRIR

I —R?
e a

R3

NaOAc (2.0 equiv.)
air, 100 °C, 16 h

1.0 equiv. 30 equiv.

up to 80% yield

B 16 2-MkuE W 510 (AL C(sp?)—H HeAb [ BE
Scheme 16 Copper-catalyzed C(sp?)—H amination directed by
picolinamide

(a) Cuietal., 2014

T

R%, /R “Cul (10 moi%) |

toluene, air C[ :r
50°C,7~12h R
1.0 equiv. 8.0 equiv. Up to 96% yield
(b) Wang et al., 2016
l:le
! R, -R? cul 20 mmol%) ([ X7
X N\ H+ N — | 3
| * H toluene, air, NN N/R
AN~ 130°C, 12h g1
R' R2
1.0 equiv. 10.0 equiv. up to 81% yield
B 17 AENEWIAREAENL Csp?)—H IR

Scheme 17 N-Oxides directed copper-catalyzed C(sp?)—H
amination
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AR, %S DAAE SR 264 T 3T, Jo/R i A
TRAN AT, T DA BIE w1 =28, [R) i AT DASHe 25 A 2
M ZEERER]. 2016 4F, TR R SHEOHRE 8 f#
A NP i J5 g bk it S7. 48 55 o e F) i A SO, 1531 T R
A5 vy DX 3 3k B M 1 20 e 5 AR A R AT A 4 (Scheme
17, b).

2017 4F, REPOFEH M RS T 55980 I
WG 1 A By 1) A £ T S AL R A i R (Scheme
18). 1% S B LAWEME IR A SR O A, 33X A A SR b Ak &
BEVE A RN G AR R R 8 B T 7 ).

Yu et al., 2017 .
Cu(OAc), (2.0 equiv.)

CuBr (1.0 equiv.) R

(0]
R! Ligand (0.5 equiv.) Arg
A -
SN ON L RRIN ———————— |\\ N
| H CsOAc (2.0 equiv.) _ 003
Y LiOAc (1.0 equiv.) NR’R

DMSO, air, 100 °C, 6 h

1.0 equiv. 3.0 equiv. up to 57% yield

B 18 SHFCAL U T 1 AR AL C(sp?)—H BE Ak SR
Scheme 18 Copper-catalyzed C(sp?)—H amination directed by
weakly coordinating monodentate DG

2018 4, Chang 148 21 4216 i 14 b L2 K AE e Ah
WA, ST H AR C(sp?)—H Ak [ B (Scheme
19). [ A FH R fcHg bk D X014 1) 2, CuOA e A
3R, ERPE Tz, AT DA SHE A e R A 3 SR e

&f&%%%%mﬁ%?ﬁﬁ@mm%%ﬂ,ETuﬁ
T 5B K LSRR AL
Chang et al., 2018
condition A
o CuOAc (2.0 equiv.)
R DMSO, 60 °C, 12 h
S N + NHj; (aq.)
| _ H condition B
H N70 CuOAc (25 mol%)
-/ NaOAc (2.0 equiv.)
1.0 equiv. 13.5 equiv. Duhsllg, (36% ?gl,“;/g h
NH2 N
up to 89% yleld

B3 19 BRG] AL C(sp?)—H AL [ RE
Scheme 19 Oxazoline-directed copper-catalyzed C(sp?)—H
amination

2020 4, BEMELE R A PR IE T R S R R
iz &1 57 Tk S B e 4K [ %2 (Scheme 20). 1% J 82 LA, il bk
HFEFEAARTT, W5IMEe. FRIEMEMY . RIFIEME . R,
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VA R R AR 557 28 A D BEAE 1244 2R TP AR

Dai et al., 2020
(0]

H
N\”)J\N/i-Pr ., CuCl(20moi%)
O  Lpr * NHR'R Toluene, air
H 110 °C, 12 h
1.0 equiv. 2.0 equiv.
\”)J\ ~i-Pr
CER
NR1R2
up to 85% yield

B 20 EELG S M RN Csp?)—H kbR
Scheme 20 Copper-catalyzed C(sp?)—H amination directed by
oxalamide.

1.1.5 }tﬂb&%4bﬁ‘*ﬂ
ﬁﬁﬁﬁwﬁ&%%ﬁWMWﬁ&%ﬁﬂf
)ﬂ?ﬁﬁﬂ%@ﬂﬁf{fir. 2017 5, Samanta BEREZH IV
Wﬁﬁﬁ@%ﬁﬂ,iMT%%%%@Wﬁﬁ%é%%
ﬁ%@w&ﬁ@mmcm)ﬁ&&ﬁ%%%%%cm
WA KR AT R

Samanta et al., 2017

@:91 ? /i Cul (10 mol%) O\/\/L /Q

1,4-dioxane
80 ~ 100 °C

1.0 equiv. up to 93% yield

B 21 AL DLEE A A AT C(sp?)—H Iefb I
I3

Scheme 21 Copper-catalyzed C(sp?)—H amination using an-
thranil as amination reagent

1.1.6 45T AL L

2008 4, Buchwald HEZHMOHRIE T HMEL > T M
C(sp>)—H &b J¥i(Scheme 22, a). 1% M DABSERH1F
R, SRR T3k ERURCEE BIRT R g
PEAL A 52, A AR I S5 B3 1 A T 20 A AR R
/L) AR i N P S e S R 0] Rt ) S VAR X v
AT A R R RS . AEF R T =R e
TE R BRI ILER: 35 —Fh AT e 2 AR T SR LTS
AN, TER Int-21A (1) [EIBC T 4 @4, Rk
PRI G AT ISR P, o R e D e O T R
& EAR Int-21B, 2 Jq i ik JE i bRk o] 15 210747,
=M RE R TR R R =AY, ZJE A BT i
A, failid 13- 207, 2013 4, skETiRE
AU RPN, 248 Selectfluor AT, 7£ —FH3E
WA (DMSO) 3 71, AT DL SIE 304 4 Ak A il e e ik
(Scheme 22, b). XIFAREEHWBIRIE T Cu-MOF

2.0 equiv.

http://sioc-journal.cn/ 3759
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AR B A SRE, AT DA BT {8 i 28 B AR T K 2
1k & ¥)(Scheme 22, c).

(a) Buchwald et al., 2008

R! “ R2 Cu(OAc), (15 mol%) R1
X HOAc (5.0 equw) >—R2
| NH DMSO, O,
H 100 °C, 18 h
1.0 equiv. up to 89% yield
(b) Zhang et al., 2013
R1 Cu(OTf), (10 mol%) &Y
Selectfluor (3.0 equiv.)
| "T
NH DMSO 130 °C
) N N\ R?
1.0 equiv. R Y
AN
up to 93% vyield

(c) Liu et al., 2017

H 537-MOF (10 mol%) R

R Ar g id (5.0 ) N
X enzioc aci equiv. AN
DR : @:[»ﬂr
Ny NH N

DMSO/DMF (V:V = 1:1)
100 °C, 24 h

1.0 equiv. up to 96% yield

Proposed mechanism
H
erR2 Cu(OAc), ©/ \Nﬁ
©/ NH Oz/HOAC ‘-L‘[CU]
|
OAc
@R
Chi
N
A H
Int-21A
H
H

N
)R
H [CU] / N

Int-21B
[Cu]

R2

<j[N\YR2
TN

Int-21C

BR 22 AR Csp?)—H AL R
Scheme 22 Imine-directed copper-catalyzed C(sp?)—H amina-
tion

2010 4F, RGBS T —F] & URE T E
AR AR I MR A S I 2 T ke, S 12 A 7 i T A
SRAT 2 RS [F UK L IE 2R IR AL 570 (Scheme 23).
SNLEL 2-Z L MEnE Ay B, HLEERT ST, Cu(IID)id
12 AU S S BEAT RN A B AR, T Fe(ID) I €
e Cu(IDTE . Bl 5, Maes VR BOHBARIE [ 25101
FION. F:T-ZEBUSRME, Fossey DRI, XS 72 i i
A, IR, (IR, Chiba TR
Y4055, Chang MEIZADO, ARG, TR
ZH81, Kaliappan H@ZH5FT Inamoto #8240 001 ik i
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TR AR AL S P AL J5 2.

Zhu et al., 2010

1 H 2 Cu(OAc); (20 mol%) 2
R N R Fe(NO3)3 * 9H,0 (10 mol%) R R
A = 3)3 2 o =
_N H X PivOH (5.0 equiv.) N XN

DMF, O,, 130 °C
up to 96% yield

X

Proposed mechanism

Cu(OAc)z
-HOAc | HOAc Fe!l 0, +H*
without
SPOlENS SNt e
i ||
AcO” O Ac
- HOAc | HOAc

0D = OO

|

B 23 2-ESEALE S A AL C(sp?)—H fZ AL SN
Scheme 23 2-Aaminopyridine directed copper-catalyzed
C(sp?)—H amination

2013 4, EFRGHRIE 15 T B S 5 SR
IR AELL C(sp?)—H P BERZ AL N (Scheme 24, a). SN
TEMH Cul 1ERMEAFIMFIRE, DL PPhs A, 7E2S

(a) Tan et al., 2013

Cul (10 mol%)
PPh3 (20 mol%)
KOBu (2.0 equiv.)

o-xylene, air
120 °C, 18 h
up to 91% yield
(b) Zhang et al., 2016
R3
AN
"
Cul (5 mol%
( o) | NN
DMSO, O,, 160 °C //
R '}' ©
R2
up to 73% yield

B 24 BEE S AR Csp?)—H WBERAL R
Scheme 24 Amide-directed copper-catalyzed C(sp?>)—H lac-
tamization
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SV R EDRT SR, PR E A 91%. 2016 4R, KA H
WA R E T —fI A C(sp)—H WBEEL R
JSZ, E BT M MR R AT A=) (Scheme 24, b). BRELAER
B2 Goggiamani 1@ ZH 40 1 FHZ SR ms, SCEIL T 4R
R T S PN T e £ i 4 R AR A7 2420

2014 4F, Miura PR ISHRIE 1 IEE BRI T 7 )
AL B S B L AL A RHE ¥ (Scheme 25, a). {EAS—32HT
S, 1R SR 8 I —HRaE ST LA B B I B 5 1)
B BESE, R SO — PR T BRI, H
TG R IRR ORI RO S W& . 2018 4F, %R
ZH 1681 S B 7 R R S AL S R TR RE ML A
(Scheme 25, b). % ] 68 A2 S K AR o A e ok
WA BIZRIF RN T b Ak, BE 5 200 B HE R N5 3
IRIFIEME ).

(a) Miura et al., 2014
Cu(OAc), (30 mol%)

72\ ) AcOH (1.0 equiv.) N =
R1/— \ ’\R2 MnO, (2.0 equiv.) /// \ ¢

2

NHH DMF, 200°C,1h  R' N R

Fl’A microwave irradiation H
up to 96% yield
(b) Miura et al., 2018 plosbhy
Cu(OTf), (80 mol%) R2R3

R2R3 O PivOH (50 mol%)  R!

R! MnO, (4.0 equiv.) [P\ | 6]
X N X
I\/ H ] DwmF 1socc, 1h NN /NI
H microwave irradiation S
intramolecular
C—H amination

up to 73% yield
R! R%.3

6 electrocyclic
ring closing
ey

4 electrocyclic

r|ng opening 1
N LA

B 25  WEEMEIZ 17 8 AL C(sp>)—H WAL S
Scheme 25 Copper-catalyzed C(sp?)—H lactamization directed
by picolinamide

1.2 $EE1LHY C(sp®y—H BRIL R

oL, RESESBELT Csp)—H iEk
HA5 7 3E K&, AH C(sp®)—H TFAL TN FE X 13 i G 1816,
H BT AL C(sp)—H &b R BAY A JLEIHRIE. 2014 4F,
Kanai Y@ ZH7)(Scheme 26, a)F1& #F (Scheme 26, b)if
RIS T 8- SRR T A (AR 1K C(sp®)—H Tk
WAL, ST B- PN B 1) v A 721,
2016 4, Zefi 20 730/ it R A AR S0k &R R BA
IR W e A e A 700, SR 143 F-1A] C(sp®)—H fi
{6 Bi(Scheme 27, a). JRMLLA 8-ZHEMERM A5 4, 2
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(a) Kanai et al., 2014
9] Cu(OAc), (20 mol%) O

1
Q\N RR2 Ag,CO; (3.0 equiv.) Q\Nﬁ 1
H DCE, 140 °C, 24 h R
R3 H R3 R
up to 93% yield
(b) Ge et al., 2014
o1 0 CuCl (20 mol%) o
(c/)"R Q duroquinone (1.2 equiv.) (r)’R1
. - n _
R? H PhCO,Na (1.5 equiv) -2 N-Q
R3 “H o-xylene, air, 160 °C R3
n=1,23 up to 94% yield

B 26  8-Z MM A AL C(sp>)—H WAL SR
Scheme 26 Copper-catalyzed intramolecular C(sp®)—H ami-
dation directed by 8-aminoquinoline
equiv. FERR AR 9 HEAL TR, 78— P IR ML ARA VR Hh B AT BB,
PRRE AT R 79%. RNJRPNEE Tz, AT LR
RABE R EE R, HG R, ZRMIER T
HY-2901 H)mR0E B [A4F, Miura PREEZHTPHRIE T 8-
ST T AR AL C(sp?)—H E K R
(Scheme 27, b), SeAE AL & A EERR R AL, [
ISR N T KA R < e PR, A AU 77 — S R A
T RARR. A RIAE 8- 2 EMEM FEH T, Kk
7 e o ) o i S B A N AR A s T 2 AR [ )
N-Z5 RN, B N2 AT fE 22 5 R B el A e BE
Hofmann-Loffler-Freytag (HLF)id F£.

(a) Qin et al., 2016

Rzﬁ\»% i

Cu(OAc) (2.0 equiv.)

DMSO 0O,
130°C,2h

1.0 equiv. 3.0 equiv.

R i
R? N YOS
H N

/N\R4

RS :

up to 79% yield

(b) Miura et al., 2016 Cu(OAc), (20 mol%)

1-AdCOOH (40 mol%) R R
or
Cu(OPiv), (20 mol%)
N PivOH (1.0 equiv.) 0
N

R" O

N
zﬁj(u;':' N~ MnO,6.0equiv) R
R R diglyme, pw, 200 °C N
R 7%
up to 83% yield

B 27 8-ZEE M T 17 (AL C(sp®)—H b [ L
Scheme 27 Copper-catalyzed C(sp®)—H amidation directed by
8-aminoquinoline

http://sioc-journal.cn/ 3761



BIKE

ik SR

2 SRS R N

2.1 §hHELLEY C(sp?)—H BRIL R RZ
2.1.1  VAE RAA) A BEA XA

2014 4F, Kanai BRAZHTHIE T [Cp*Co(CO)L]MHEAL
(RURGI R 2 o7 326 438 Pk 11 e S R A P 1 S . (Scheme 28,
a). ML TsN; NI, BARAEH 1.25 mol%f
BT RT DA s RO A R B U VR VNPT RE R
AU Scheme 29 FTvR, &40 7156 5 e 5 ] JE T

(a) Kanai et al., 2014 R

Cp*Ca(COYl5 (x mol%) 7]\
T Ny AgSbFg (2xmol%) \—( ] ?\//o
SN Oyg© __HOAe (2x mol%) NE -

N~ R2
4
" N)/\\\; N e aserizs N%N "
\ Y
— N\
1.5 equiv. 1.0 equiv. up to 98% yield

(b) Kanai et al., 2015

R 1
7 X [Cp*Colal (5 mol%) ¢ \/ R
= | ? | AgSbFe (20 mol%)
N g POAT: oo 2

1,4-dioxane 1%
Nﬁ( 60 °C, 36 h N/< |

K\///N 1.0 equiv. K//N P(OAN,

2.0 equiv. up to 86% yield

B 28 e T A A B AL C(sp?)—H fe b SR
Scheme 28 Pyrimidine-directed cobalt-catalyzed C(sp?)—H
amidation

Kanai et al., 2014
Postulated catalytic cycle

Pym [Co(Ill](OAC),

[ 3
ym
AcOH ;/ [Co(|||)]=Cp*Coz+\
N
N N

N
pup e )/\N,[CO(III)](OAc)z
72

Int.28D Int-28A
N\\
X AcOH

8

[Co(IIN]OAG
7 N ~. - N
\\)\\\T’///\\)
I
Int-28C Ng-§-R  Int-288
o

B 29 e S IR AL C(sp?)—H et SR T RE AL IR
Scheme 29 Plausible mechanism of pyrimidine-directed co-
balt-catalyzed C(sp?)—H amidation mechanism
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RrAE R G Int-28A, 5 0| 2 AL T i g
th, 2 a5 RMY AR AR Int-28C, T
Fam A AR AR EY) Int-28D, )5 FAat ]
DATS B S & P2 W) S8 ARG 3R, Bl 5, 2RI
P L B WA AR, SBIL T M5l 2 Ao A S B
P fée b [z ) (Scheme 28, b).

2014 4£, Musaev AU IE T B % S WA
[Cp*CoClL]» f 1k 1 77 3 ik S 5 % Ak )z I (Scheme  30).
SEERFNTHE 25 R R, B BRI SO ) s

Musaev et al., 2014

9 oy [CP*CoClyl, (4 mol%) 0 o
N, R AgSbFg (16 mol%) N
H 3 11,2,2-TCE, 1.5 h H
H NHR
1.0 equiv. 1.4 equiv. up to 10% yield

Bz 30 g9z 5k S IS AL C(sp?)—H Ik
Scheme 30 Weakly coordinating monodentate directed co-
balt-catalyzed C(sp*)—H amidation

212 vAEd@RER(R. —BME. ZRER) A BALIR A

2016 4F, AR R R B g U HRIE T fE
1) DL ot 5 e Ay fie 22 A R 7)) 5 i A B i A e
(Scheme 31, a). % LAzt dH & e iyt i S8 80N 5
F, DRI NEAMNT. = E K, Ackermann iR
HUSIFE 2018 SR T — Rl i f A6 1) 77 AT 14
PR S e A 1R )7 25 (Scheme 31, b). 1% 537 BARHBE %0
AL BN TR, AT ERINEAR, EMIRBE S
BR(RVC)FI Pt HLRR AR R RIR R A, 1F & 8 i 7 Ak
W SRR MO R R 2 e AR UK, A KIE SE3G 45 R
RSB AR REOE . TR A1 H T IEEM
MALHEE: 155 Co(OAc), 7E FH M M AR A &b
Co(OAc)s, MEREE A ETEIAEH T R ARSI
ARG Int-30A, 25 KA FCARAS e FHE Ji7 T =
MRS R A Int-30C, )5 BRI 15 2] H AR =4
F Co(OAc), 4 it FH K Ak % 1k, Co(OAc) i % ik %
Co(OAc); k42 5L JE3F.

2016 4F, 5K T LU MR IE TSR A AL
TRE AL I ¥ (Scheme 32, a). 5B PR & JE 1)
FIEARFRZ, 5k BB Ll 8-Z FEMEMk Ry G ) 3,
fi TR R AR N AL, BT i % 4 )8 f AL B U e 1k e
N — BARME N F T = 07 B A ik, T 1 ek, A
R e AR B IR B /E 2017 4R it 4 BE A (1)
Co(OAc), Nk, CpoFe RSN NEATF, £S5
S B (HFIP) A R A S8 T X T S th, AT
— 75 Ktk & ¥)(Scheme 32, b).
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(a) Song et al., 2016

Co(OAC),4H,0 (10 mol%)
AgNO; (2.5 equiv.) 0 O
dk \® RZ _R3  NaOAc (2.0 equiv.) N @
N . R1--
H KNO3; (0.5 equiv.) !
MeCN, 85°C, 12 h Z NR2R3 &°
1.0 equiv. 1.2 equiv. up to 91% vyield

(b) Ackermann et al., 2018
RvC iﬁPt

constant current /@
\® R®  Co(OAC),4H,0 (10 mol%) IS N
KOACc (3.0 equiv.)

n-BuyNPFg (1.0 equiv.)
GVL, 24 h, 40 °C

1.0 equiv. 2.0 equiv. up to 83% yield

Proposed catalytic cycle 0 Z

anodic oxidation

o A
/@ NN
Co(OAc) H 1o
o@ — 3 WO
N_
13 OAC
R RVC Pt 2 HOAc

anodic oxidation

@
HOAc C
(0] = OAc
@ | Int-30A

N™ °N
| S
Co—O R2 N R®
R2? R® o Z H
Int-30C /@
N Ng
Co—0 HOAc
Int-30B

B 31 FEAEA S T A AL Csp?)—H fe b SR
Scheme 31 N-Oxides directed cobalt-catalyzed C(sp?)—H amination

(a) Zhang et al., 2016

o Co(acac), (20 mol%) g5
R o R_R AgCO; (2 equiv.) S N
SN N NaHCO; (2 equiv.) " H

2R3
ANy TFE, 130 °C, N, 10 h NR°R

1.0 equiv.
(b) Song et al., 2017

2.0 equiv. up to 73% yield
Co(OAc)-4H,0 (20 mol%)  R'{i—

o N
Q
: N N . N Cp,Fe (2.0 equiv.)
R— | H | R CsOAc (2.0 equiv.)
H HFIP, Oy, 100 °C

1.0 equiv. 3.0 equiv. /

R2
up to 86% yield

B 32 8-EIEMEN T B L C(sp?)—H AL

Scheme 32 8-Aminoquinoline directed cobalt-catalyzed C(sp?)—H amination

Chin. J. Org. Chem. 2021, 41, 3753~3770 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 3763
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75 FE ORI S 2 I R A (R i AR T IR 5 e Ak
FUIRIC S N A R, A I 4B Ak 1 S A A s s
B, HIX LS g N SR AR V2 T HIRSEAS T
BIF=4. AT fRvux se ) @, 2018 4, 5% LR Y
TRIE T 8- Fk W IRk T 1) P ot A A 2 AR E ) e
Jlefl [ Si(Scheme 33). JSAS T BAR AN A MDA, 1E
T FELAR AN FELAR PRI A R, o8 PR R R 1140 S 25 A4 3k T
AT AR OB, [RIE, 2% B3 LA L () B e 3 2%
PE, ATLAAEAS RS BRI RS

,—\ﬂbb

H fe 4]

Lei et al,, 2018

divided cell: C(+)|Ni(-) o

o) constant current
,R Co(OAc),"4H,0 (20 mol%) N/Q
NH *+HN H
| \RZ NaOPiv-H,0 (1.0 equiv.) o
HQ n-BusNPFg (2.0 equiv.) /N R
MeCN, 3.5 h, 65 °C R?
1.0 equiv. 2.0 equiv. up to 74% yield

B 33 Al iR C(sp?)—H Ik R
Scheme 33 Cobalt-catalyzed electrooxidative C(sp?>)—H ami-
nation

2.1.3  VAERMERIATE M K A KA
2015 4F, Chang PRAHEHRIE T LA N-Boc ZMBEH: 2
HEAE AR, Bl A 1 2-2R JE g B 6- 75 FE M IE 1)

A EENZ AL ) M (Scheme 34). {HF—12HIE, % MAEE
He4¥ Boc Fmoc Hl Cbz S5 2 ORY L. [FII, KIE SE3e %
B, TS BT R AN % S B I s P IR,

Chang et al., 2015

| o Cp*Co(CO)l, (8 mol%) .. /IL
AgSbFg (16 mol%
+ )J\O/NHR2 95bFs ( 2

_ Acetone, 60 °C ] = | NHR
16 h R
R'— | R2 = Boc, Fomc, Bn A
AN
1.0equiv. 1.1equiv. up to 88% yield

B 34 HhifiEdl ORI AL R C(sp?)—H AL SR
Scheme 34 Hydroxylamine as amination reagent in Co-catal-
yzed C(sp?)—H amination

VAP KA B A P A T
H REMEER A OARIE LR, IR R, &t
e R VR A 1770, 2015 4F, Chang S50}
EE T AN [R] [Cp*MCLy A6 771 55 B i A6 Js 2 F) s w1 2
DA S Gy T i) B, R R D AR, IR 5T T A
Rl FRUE A S B b B i, SEg s SRR, &% K4
AT R PP 2 D9 B A 771) > S A 70 > BB AR A 771,
R4, £ AERIDIENG Jy 3 ) 2, SRR A i te
PR, SEPL T 05 IR AR A A SR Ak S R (Scheme 35, a).

2.14

4
(a) Jiao et al., 2015 R
H R? 0
N=( OJ< [Cp*Co(MeCN)3](SbF), NH R2
R3 N T o) (05 mol%) N=<
\ / + N o 3
¢ DCE, 80°C,12h R N
X N R*
YR X< N
1.0 equiv. 1.1 equiv. TR
X=CH,N up to 99% yield

(b) Ackermann et al., 2016

O [Cp*Co(CO)l, (5 mol%) 1
AgSbFg (20 mol%) j
0/[< NaOAc (20 mol%)

R1\_ o jRZ .
H
1.0 equiv.
(c) Chen & Wu et al., 2016 & 2017

i

1.2 equiv.

— N\
7\ X 7 NJ o
N\N,N R? N //<
H
NHCOR! Q ]
N [Cp*Co(MeCN);](SbFg), (10 mol%) N%
R DCE, 120 °C, 24 h R

(d) You et al., 2018

DCE, 100 °C, 16 h

R3
up to 75% yield

E. NN N
- N, !
N\ R N
R3 H R
1
Cp*Co(CO)l, (20 mol%) X N4HCOR
AgSbFg (40 mol%), KOAc (20 mol%) I R

DCE, 100 °C, 24 h

XQ O  Cp*Co(CO)l, (5 mol%) Y/\
@/Q\NJ R! o AgPFg (0.15 equiv.) N R
i +
Fe H R3JQN/O AgOPiv (0.1 equiv.) Fe NHCOR3
DCE (0.2 mol/L), 70 °C
@Rz ( ) @RZ
X= CH'_ N 1.2 equiv. up to 96% vyield
1.0 equiv.

B 35 MRS RRE L C(sp?)—H BEEAL SR
Scheme 35 Azole-directed cobalt-catalyzed C(sp?)—H amidation
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VE# B H/D A2 HeSEue Al KIE SZRGIE B i U 1 T 24
R, HAZOd A R Al s B s D R 2016 4F,
Ackermann R84 B TE T DAE R RR Ay 5 1) 5 0 B £
TR S i Ak [ . (Scheme 35, b). fEEFT— R
HLEESZIOHE S T T REAONLER, & Jeah b7 5 & N R
Be A7 H R A B g A, TE RO R R Ak, 8285 5 itk
WO AERAL AL, W2 8 kG, fERIIE
N RAETR TR R4, b5, BT ZE0R 5 5B
ZH STV A3 G ST AR TE T = G M T ] (1) 5 i e S B T v
b ) ¥ (Scheme 35, ¢). A1 —#EME, Bolm i Mﬂ[gg]f
2018 AL BR R AU 27 76 1 E T 1) RSB 1 g b
7 T S B R B £ S . 2018 AT 15 77 1R Mﬂ[g"]ﬁiiﬂﬂﬁ
4 e A PR B S B T A R B B T2 B Rk R AL
G, ST R S AT AL, ARATIRE T LAk g
E RS IMZE, ek REMeER T AAER N2 N A4
TR EEREBEL AR B, 1593 — RA SR ) AT
(Scheme 35, d).

2016 4F, Ackermann ﬁéﬂ[golu]ﬁﬂﬁjﬂ@mﬁLL
—HRIE A R T ME I (Scheme 36, a). 1E3#& BT 7% S 5206

(a) Ackermann et al., 2016
OR? 0 OR?

R [Cp*Co(MeCN);](SbF); Rt
S NH 9//<O (5 mol%) S
1 * N=( DCE, 100°C, 130 I _J_ _I_

H R3 N" °R®

1.0 equiv. 1.2 equiv. up to 99% yield
(b) Li et al., 2016
o Cp* o OR2
NH p*Co(CO)l, (10 mol%) 4
R I AgsbFg (20 mol%) NN
\ N
N oR A " bcE100°C L L
- )N ’ N~ R
H R3
o
1.0 equiv. 1.2 equiv. up to 93% yield
Q
NS )OL Cp*Co(CO)l, (10 mol%)
Bu AgNTf, (20 mol%)
I . 00 gNTf ( o) Y
O O = DCE, 120 °C
H R! Ph
1.0 equiv. 1.2 equiv. up to 94% yield

(c) Li et al., 2016
Ef\ /CE’\;

3.0 equiv

[Cp*Co(MeCN)3](SbFg),
(10 mol%)

Cu(OAc);, (0.2 equiv.)
DCE 100 °C,20h

1.0 equiv.
EtO R2

\l\\jo
R1\// N
N\
cl

up to 93% yield

B 36 ML T A B AL C(sp?)—H fefb S
Scheme 36 Imine-directed cobalt-catalyzed C(sp?)—H amina-
tion
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X AN () 5 ) 26 0o e 2 ¥ 1k ) S Ml T 9T, R RN R
JSF 375 1 SAPIBK A == I I A LG A > VR IR R > I ] 4 2
A AR R 2L O A, 3 e IV fi 5 1) S A A A A e R
W IR AL & ) (Scheme 36, b). 25 D4R 15 20 02,38
Ik 45 R B ) 4 A ) B BT 5] S 4K G ) (Scheme
36, c), RAEHZE N EFAE A AR Btk AE,
Patel PRAZHSIFE 2017 4FEHIE T Cp*Co(LIDL LA
255 AR 1) i S B I A S

R IR 7E 2017 £EHRGE TR T, T
BAG 5 I ] 1) Jl2 A6 ) B (Scheme 37), R[] 7]
PAREZ 2~3 h, HRMEIFPAL I = A a Ak

Chen et al., 2017
Cp*Co(CO)l, (5 mol%) O\\ Ar
AgNTf, (10 mol%)

W A
N\ _Ar S
S 0" o

NN +070 - , @[\N
I/q NH )=\ PivOH (20equiv)) MW [/ N/)\

Hi H R2 {AMOH/CHCI3 (V:V = 1:1) g1 R?
1.0 equiv.
B 37 WA S R AL C(sp?)—H &b
Scheme 37 Sulfoximine-directed cobalt-catalyzed C(sp?)—H
amination
S R VR R A OV T P fr e 1) SE B TR AL R
WA %o sk P g e 1) o S B I e Ak ) . (Scheme 38,
a). 1ZAT AEIR AN S6AF T s Rt AT, HAA RIF
HE REIFEAE, Rels 7 (& U R — kAT
A TS, SR DR AR A O S CARR AR iy 5 v 2,
AR FR g B R A (1) 56 2 5 R H 2 B2 (Bz-Hpg-OH) N T+ 14

(a) Shietal., 2019

110°C,2~3h

2.0 equiv. up to 87% yield

H [Cp"Co(CO)l,] (10 mol%)
o) O AgNTf, (20 mol%) R “/<
@—/{ s oJ< PivOH (20 mol%) o)
R Fe NR ¥ N\( acetone, 60 °C @—<
~ * 240N,  Fe NR
R R
~~>
1.0 equiv. 1.5 equiv. up to 90% yield
(b) Shi et al,, 2019
Hos O [Cp*Co(CH3CN)3(SbFg), (5 mol%)
0 (D)-Bz-Hpg-OH (20 mol%)
! NHRZ,+ I O
R e 2 NS¢ EtOH, 25 °C, 12 h, N,
@ R3
1.0 equiv. 1.2 equiv.
o]
R3
NH o NHBz
Y Ho
Fe NRZ, o
R :Cl>: HO

(D)-Bz-Hpg-OH

up to 97% yield, 55% ee

B 38 (AL T [F A B AL C(sp?)—H b S
Scheme 38 Thioamide- or amide-directed cobalt-catalyzed
C(sp?)—H amination

http://sioc-journal.cn/ 3765
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ik SR

BofA, SEL T B A AN X B SRR B e A S e, A T
PR A W (Scheme 38, b). iZ%AKHFR B AT LL
TR TR, PR m ik s 97%, Wik HEEnrk
3 55%, NFIHFVEACE YN G R AL T 3T g,
28 A UR R A TV L B M A SR O R AR e T )
T S0 Bk T e Ak S B2 (Scheme 39).  FH T 45 i i 336 [ 11 5
L, B AT S B T ) H — B AR U AL T )R,
FEERTR AR HI N 4R B AT K M-3R A SR, A= B v v
KW, RBEREIZHOS, Ackermann WS HPVFIARR T
VRS AL UOOM 73 3l 3 T SR ALL R (B ) P ik 3 1) it A B
VB AL SN
Li et al., 2017

o Cp*Co(CO)l, (10 mol%)
AgSbFg (20 mol%)

-0
N
LN 2 Nie, + ) )=0
R w R O KOAc (30 mol%)
H 1,4-dioxane, 100 °C, 12 h

1.0 equiv. 1.5 equiv.
o 0
R“_(/\a\/\NMez HCI (aq.), THF R1'—\ |
! 30°C, 12 h !
ZNH F N
07 "R? up to 99% yield

B 39 FRAE T AL C(sp?)—H fefb SR
Scheme 39  Carbonyl-directed cobalt-catalyzed C(sp?) —H
amination

AT TR A O DL — W i g i A 1K), R P R
A T A SRS LO2, SEIL Tl T R P A e S B L
B Si(Scheme 40). 1% S N4 8 T 22 5 R 2 1 g
V) AN AP T 1 AT £ 7R 4 5 K

Wu & Li et al., 2019 R2
(1) [CP*Co(MeCN)3](SbFg), (10 mol%) o

CHO Q -chloroaniline (1.0 equiv.
R H Mo II;CE 120 °C 6(h Ar ) HN
N '+0 7 : 2N A
L YN (2)2 moliL Hel, . oHc—(,
R2 R1 —
1.0 equiv. 2.0 equiv. up to 88% yield

(6] (1) [Co] (10 mol%)
CHO J< p-chloroaniline (1.0 equiv.)

2
R i H o, R "% DCE, 120 °C, 6 h, Ar
C/\N

R" O

CoCl, (10 mol%) )

CHO | TBHP (10 equiv.) o R

R! N - P
MeCN, reflux N
0O R?
C1r serine protease inhibitor
R'=H, RZ=1, 78% yied

Elastase Inhibitor
R'=Cl, R2=Br, 72% yield

B 40 BEES T AEHEAL C(sp?)—H Fefb S R
Scheme 40 Cobalt-catalyzed C(sp?)—H amination enabled by
transient directing group

(2) 2 moliL HCI, r.t.

R'=H, R2=1, 56% yield
R'=Cl, R2=Br, 77% yield
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2.1.5 T AR R

2016 4, Anbarasan @ ZH 1R 38 T [Cp*Co(CO)L,]
R A PR 1475 DR e 43 1 A s R Bk SRR A s ¥ (Scheme
41). 1%L AR e — B AR, B T — M
WG IR R T

Anbarasan et al., 2016
2

R 2
R’ L CprColy(CO) (2 mol%) R R
@\)\/ Cu(OAC),H,0 (7.5 mol%) @E\g
ZSNH 0,, toluene, 100 °C F II\I
:\\ /és 12h 1\ R®
up to 84% yield

B 41 B T A Csp)—H KRR

Scheme 41 Cobalt-catalyzed intramolecular C(sp?)—H amination

2.2 §hE1LAY C(sp®y—H BRI KL

2015 4, Wi iR AN IE T AL TN
C(sp*)—H KB E Ak [ Bi(Scheme 42). £ 8- J: e
Mk T B E R T, LLRRAY 25 19 1S IR Bl DR A0 771,
ATRASEIL C(sp®)—H [ ABEIZ AL S, & B IR AR
W B-5C - N B SR A T IHE R Tk, BRibZ Ah, Ml AiTiE
X PR 5 A FRAETEAL, SRS TR Bl #(CAN)
Ak, T LLRTl M5 R bk T ), A5 SRR R ) Y I e
FEY).

Ge et al., 2015

SR o 20(830)22(150 mol%) /TR 0
\ . .5 equiv. "
R2 N Q g2C0;3 ( quiv.) R2 N-Q
( ':i PhCO,Na (0.5 equiv) (
PhCI, 150 °C R3
3 -
R n=0,1 up to 90% vyield

Removal of quinolyl group

(1) PhI(OAC), (3.0 equiv.)
R' 9 BF5-Et,0 (2.0 equiv.) R' 9
R\ g MeOH, 80 °C R
(9 (2) CAN, MeCN/H,0, rt. O
R3 R3

n=0,1

B 42 8- LM T [5] BS AL C(sp®)—H N IBEEAL S
Scheme 42 Cobalt-catalyzed C(sp*)—H amidation directed by
8-aminoquinoline

24 Mk, BEE R T Csp®)—H JEfl SR =
BLE MR AW A EAIRFT). 2016 4F, Sundararaju i
RRALUOUIE T S EAL 8-SR C(sp?)—H JEILIR
Ni(Scheme 43). 1% J 5 L BEMEE Ay g Ak k57, T LA
IHHE. Pk, AR, BRI REFE RN

2017 4, Seayad URHAIOSHRIE 184 HEALBR AR
17 () R B SR LA S, 122 S T L R DAy
AL (Scheme 44, a). LI A BHE A AL B,

up to 62% yield

Chin. J. Org. Chem. 2021, 41, 3753~3770



Chinese Journal of Organic Chemistry

REVIEW

Sundararaju et al., 2016

; XrX
RN JOL [Cp*Colgl, (5.0 moi%) Ry _J_
A AgSbFg (20 mol%) N
N+ Q O :
V=N NaOPiv (20 mol%) NH
H R2 DCE, 100 °C, 12 h
O)\RZ
1.3 equiv. 1.0 equiv. up to 95% yield

B 43 kS A AL C(sp®)—H &tk R
Scheme 43
amination

(a) Seayad et al., 2017
[Cp*Co(MeCN)3](SbFg),

5
s H 0o (5~ 10 mol%) /'L
R Jﬁ(' )L PhCONa (10 ~20mol%) g "o
N . 1
A >_N DCE, 40 ~ 60 °C, 24 h R\N)S(l
R | 3 R4
Rz R
1.0 equiv. 1.2 equiv. up to 86% yield
(b) Loh et al., 2019
S H , R2 [Cp*Co(MeCN)3](SbFe),
R (7.5 mol%)
l,’\N + /\/ _—
| O AdCO,H (1.0 equiv.)
.| R3R4 PN 2
N 4 AMS, (CHC,),
2.0 equiv. 1.0 equiv. 90°C,12~24h
S —
NJ&__F/IN \ 7R
R, o
R2
up to 93% vyield
(c) Matsunaga etal., 2019
Co cat. (5 mol%) S NHCOR?
_CCA1 (10mol%) -~ )S/'
MS13X, oDCB Q M
40°C, 24 h e/
R
1.0 equiv. 1.2 iv. up to 99% yield
q equiv. 85% oo
Me
Me Bu
Me" | Me
Co\
HsCON | “Nech,
3
(SbFg),
Co ca

(d) Matsunaga et al., 2019

S H /[Z) Co cat. (5 mol%) S NHCOR?
0,
RN Y o CCA2 (10 mol%) R ’
Ar N MS13X, DCE ud Ar
H R?2 4°C,72h
1.0 equiv. 1.2 equiv. up to > 99% yield
74% ee
Me
Me Bu QcozH
Me" | Me Fe Ar
Co !
HsCON | NecH, S
HsCCN Ar = 3,5-(Bu),-CoHs
(SbFg)2
CCA2
Co cat.

B 44 BRAIE T B EGHEL C(sp®)—H E AL M
Scheme 44 Thiocarbonyl-directed cobalt-catalyzed C(sp*)—H
amination
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Quinoline-directed cobalt-catalyzed C(sp*) —H
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Loh BREZHITIT- 2019 FFHE 1 AU Cp*Co AL
i A It M P 25 i & B A6 )R B (Scheme: 44, b). HAS —

FEE, Matsunaga W@ ZHE B3 A T M AL B L 1R
(Scheme 44, c)l'%%lal# 2-75 5 — K8k H iR (Scheme 44,
d)TOSOUE S VRO, ST AN R B I T

3 SEAHRSEBEREEN

IRk, RSN IREEREKEN K
I&, {H%ﬁﬁé{m@ﬁ}i SN R B B AT iRIE D, AR
B R RS 2014 4F, B RS OWRIE TR
Y8 0 B % B-C(sp®)—H 8 N Bk Ak [ 2 (Scheme 45).
LA TEMPO 1ER R HLF 2], BERRE — 41 N,
TEIE T S AR I FR A b AT, BB IR T Al R
H RS, RS Ni(ID) B3, ERERT, 5
AL 3347 C(sp®)—H T tk, ZJ57E TEMPO HifE
R FAEA =M A Int-44C, & J5ET T
Ji 3 B B R AT BAAS 2 B FR = A Ni(D 4655, Ni(D) B
TEMPO 84k ik Ni(IT), 4522 5HEA0TEE.

Ge et al., 2014 [Ni(dme),l,] (10 mol%)

(1-p10 TMEPO (3.0 equiv.) . o
R Q  KHPO,(20equiv)  (J;R
RET N TBAI (0.1 equiv.) Lps V@
R NH n-PrCN/PhCN, 150 °C RS
n=1,23 up to 91% yield
Proposed mechanism
, 0
R
TMEPO .Q
R2 N
/—\ H
;%iN -Q NiX Ni'X, H
R + K,HPO,
[e) KH,PO,4 + KX
1

s |

||
OTMP 3 N
Int-44C R Int-44A
K,HPO,
TMEPO
KH,PO,4 + KX

Int-44B

BR 45 8-ZFIMENK T [ R C(sp)—H WBLHZ L R
PLEN [k

Scheme 45 8-Aminoquinoline-directed nickel-catalyzed C(sp*)—
H amidation and mechanism

2015 4F, FK RLRLHMORIE T LU LA ik
PARF, BR8-S LR T 1) 1) 2 R I e 403 7 75 R Al
S AL [ N (Scheme 46). KIE SZB&IE STk SR ) i 24
FEAZ N P S IR, T E SRR SR SRR SE T /R

http://sioc-journal.cn/ 3767
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T PAFE S i TR . IR SRS R, (EHfE
T AR R HLER. B S Ni(I) 5 R AT A7 AR Bk
V) Int-45A, FRCEGR 1R TR BEAT T U I A A2 A
BAPAA Int-45B, A 5 A G MIBR IR HR S A= A

=R AA Int-45C, %] T DU R i 2.

)5, Int-45C KA IR JE I bR B F& AL =P A Ni(T), Ni(D)

MR SRR BR AR 5 AL 2E B N(ID), 58 E AL TG IR,

Zhang et al., 2015
Ni(OAc), (10 mol%)
o Ag,CO3 (2 equiv.)

Q
N NT 4 NHRZRS Y2200 (2 equiv.) Na,COj (2 equlv) ‘

R1T H toluene air
Z H 140 °C, 10 h R2R3
1.0 equiv. 2.0 equiv. up to 81% yield
Proposed mechanism
o o)
.Q Q
NR?R3
+ I
Na,CO; - N'Xz LNi'%, Na2C03
NaHCO; + NaHCO3 +
NaX NaX
RZ _R®
N O

N
| NIII— -Na
©)LN“L"N\ |nt-45AH ‘
Int-45D X Na,COs5
\ ¢

NaHCO; +
wa | N
Nt N N~

NaX
R Ngs T T Int-458

Int-45C Ag + NHRZR3 +
AgHCO3 AngO3

B 46 S-ZIEMEMS MRS Cspd)—H Mt B & H
HLEE

Scheme 46 8-Aminoquinoline-directed  nickel-catalyzed
C(sp?)—H amination and mechanism

2018 4F, EEFEMEEG ORI R TE | 8- A
MR 5 i) 5% 4 1 2 B TG e 410 a7 Ao & B Ji2 4k S 97 (Scheme
47, a). ZPKH BRI B B B AN TE A AR, BT R
SRR Z HRER], Wmks. ek, MRS, ME, HER
AN DL SAE AR, ST TR AL 1) 2K H Tt
Ji & A Ttk S B ) B 4K S S (Scheme 47, b).

4 g

g LR, 4. B S ERIN 4R AL R TR A
WA S REAE T AR RS2 332 60k, 2RISR AR,
RGBT R, IR T & W e B A6 A 1, v e bk
T OB 2 S P iy R e e e S A I 8t 2 4%

(a) Tan et al., 2018
NiCl, (2.0 equiv.) o

(0} Ko,CO3 (0.5 equiv.)
_Q TBAA (2.0 equiv.) N/Q
‘: "N~ + NaNs @ N
H H,O, DMSO
H 100 °C, Ny, 24 h NH;
1.0 equiv. 4.0 equiv. up to 82% yield

(b) Tan et al., 2019

o NiCl, (2.0 equiv.) 0
Q KoCO3 (2.0 equiv.) (LN/Q
G g CL)
H TBAA (2.0 equiv.)
H NMP, 120 °C, 12 h NH,
1.0 equiv. 101 kPa up to 82% yield

B 47 AL Csp>)—H LR
Scheme 47 Ni-catalyzed C(sp?)—H amination
I T BA VG255 1 1 G e, B2 m R
FE T 1) 7 A0 58 P B 0 IR 1) 7 PR 1, BRI H 1%
FKRBBLER N HAME. RECEBE T —ERRE,
B A < Jem R A 1) Bl U B e A S N ATS SR 22 AN S Mk
Ryt — P R R AR .

0 R A P o S BRI A e B 26 A1 A R B R B
AT T EAE R R I N RS, ey SRR A 24, e
AR NRN, AR PRER.

FESLARIEFENETT I, AU TUBI RS AL A PR S
B A SN A5 5 A AR TE 2108 T T AR T
RIRF=INFIZ5 ) 35, Wk AR R B T P T AR 44

%%’J SEHLHR S Bl AR AR FRBR SR L A SN,

— YU Bk A LS
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