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Abstract Amino compounds have a wide range of applications in the fields of organic chemistry, medicinal chemistry and
functional materials. The efficient construction of C—N bonds has important research significance. Conventional amination
reactions to construct C—N bonds require pre-functionalization of the substrate and inevitably produce quantitative halogenate
by-products. The C—H amination reaction is directly based on hydrocarbons. The reaction has the advantages of "step" and
"atomic" economy, in line with the green chemistry concept. Transition metal cobalt has the advantage of low toxicity and low
cost. As a catalyst for C—H amination reaction, it exhibits its unique catalytic properties and attracts the attention of chemists.
The research progress of cobalt-catalyzed C—H amination in recent years is summarized. At the same time, the challenges and
development prospects of the research field are summarized and forecasted.
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Scheme 10 Cobalt-catalyzed electrooxidation of benzamide C—H amination

. 0
=z Cp Co(CO)I, (2.5 mol%) (O]
R ,: o\\S“O—RZ AgSbFg (5 mol%) RZ TN N/S_R2
NN KOACc (5 mol%) X-"N H 16 examples
N\/\) 2 DCE, 100 °C, 12 h N)/\N 85% ~ 98% yields
S \
27 29 \i)
~ Br 0 O~ 9 OL 17
MeOzC®i>éOCH3 N ?\Fé’;@,cm mN\é‘@*OMe mN\SO—SH
N H N H N H N H
J~N J~N N/ N NQ\N
) | % =
29a, 89% \ng, 88% 29c, 87% 29d, 88%
BRI Al A P R B G B 2 A 20 (1 e A Jse BT
Scheme 11 Amination of indole and sulfonyl azide catalyzed by cobalt
B, GE ARSI 27 FRET S A ST 28 HEAl N =
e S R [ [Cp*Colal, (5 mol%)
(Scheme 11). AgSbFs EARER, KOAc 1E MM, 1E NN 0 AgSbF (20 mol%)
DCE ¥ RE 12 h A FRIGAL =40, RERIF4A N, JN T NeTPOAY T adioxane
- s N . \ [}
UK. Cp*Co(CO, FL & MI7E S R Bsh I R L2 w ) % eocen
4 e N Nyan N =
S, 1T 10 g BT UCER 86%. 40U W Hbrom,
KR 1.25 mol%f, 1RA RIFHIHEN R (TON= '}\N 16 examples
NN R N 7
68). %75 B A RAF R R &, T T2 Nd 60% ~ 86% yields
y A /= 1 ==
(g2t . SEABREE) M TR (R AR, k= s 3CI -------------------
PSR ABLE 85%LA E. OMe o o
Cp*Co(CON, BEAPIEA ML, 7R it 7 42 @HN'¢(0ph>2 @f\\ﬁHN'ﬂ:@ph)z
. L i e S A s A N
PRI ATHE 10— U . 7 38 S A 52 L A, - J
2015 4%, Kanai A1 PRI FH [Cp*Col, ], Bt & 4/E A PH NQ NQ
F Co(I)iEVEMEAL I AT, fELBEBEE S E MY 30 31a, 86% 31b, 66%
5| 27 1 C-2 ik FEMEAL R Bi(Scheme 12). BERE(E MeoszHNﬁ(OPh)
R T, AgSbF/E MR, 1,4- R8I, LA N ’
86% MU R A5 B A LR IR 31. &N B A RPN RE N//L"\‘
Hi sz Pk, nT DA etk | Be 2t BEFI <1 255 B Reld. 1% e, 75%
SN FEAT AN, R R IT, BT R REENTAE
PRV L S P B, IS 12 IR RS R B A
5 ELE [ B M Scheme 12 Amination of indole and phosphoryl azide cata-

lyzed by cobalt

3368 http://sioc-journal.cn/ © 2019 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2019, 39, 3363~3374



Chinese Journal of Organic Chemistry

2018 4F, 755 SCUR A P HRIE T B () fh e ke
J Vi TR 5k 32 St A C—H &b
(Scheme 13). %% Co(OAc),*4H,0 1E AT, 7EFH
WAEH NaOPiveH,O fEREING, ZME1ERERI, 12
M FH R EEAE 77, 10 mA fER R 3 h 5t AT 15 2tk
PRV, AESY BRI, BHAR B AT B AR SR S AR, e A
H&BENN, FEETARFENER, SR
&, R USERZME R, Bindl. B, BRSO
(URBE < FRACIE AT 1,2,3,4-PUS R MEMK), P20 i
ik E] 74%. YEELL 5.0 mmol MUEEHEAT A AL B A AL
C-H b B, We# N 59%.

RL N-R R2  Co(OAc), 4H,0
' NaOPiv*H,0, MeCN
divided cell: C(+)|Ni(-)
o)
N 24 examples
@ N | 22% ~ 74% yields
NRIRZ NS
33

33a, 57% 33b, 51%
0
N
/CELH N |
MeO,C NN TS
N
33c, 47%

B 13 HhifiEfl i s et ie C—H Jigfe
Scheme 13 Cobalt-catalyzed electrooxidation of alkylamine
C—H amination

2018 4F, ¥ 7R R A PR T Al Ak L g S )
Rk 34 il REM: C—H %4 N (Scheme 14). 5 mol%
Cp*Co(CO)L, VE AL 7], AgPFe 1E AR ER, AgOPiv 1E A
IS0, FEURFO s N 26 N AR N-Z R R Bk AT AR
Y 35, 73 B TEIE 96%. TE1% N A S5 s R ORI s i w]
DIE RS IA3E, 43 542 % 35b F135¢. 24 MRS FHUAR
FERTTIE, Fo5 HRGESER, B RS R B
KON R B SRR, 4 A 3 mmol (1) 34a
NIRYIES, B 12 h, 73 EICE R 84%. LR NN-—
VT R AT A D AR S A R ) R TR AR, 2
BB — s S HANME.

2019 4F, SR A P I Ra e 1) 1,4,2- Ik

Chin. J. Org. Chem. 2019, 39, 3363~3374

© 2019 Chinese Chemical Society & SIOC, CAS

A
/J O Cp*Co(CO)l, (5 mol%) Y //J
©)\\N o//< AgPFg¢ (0.15 equiv.) d\\N
.
JQN/O AgOPiv (0.1 equiv.)
R DCE (0.2 mol/L), 70 °C

@\R2 @Rz
35
_ 34 5 23 examples
Y=CorN up to 96% yield
NHBz :NHBz @NSC?Me
Fe NHBz
35a 5.5h, 90% 35¢, 44% 35d, 84%

12 h, 84% 35b, 96%

B 14 BhAEAGHEE T C—H AL R
Scheme 14 Cobalt-catalyzed pyridine-directed C—H amination

5-FRVE MR, FERSHFEH Cp*Co(CO)L, AL EL
Ji 17 — B E ) 36 Btk ) ¥i(Scheme 15). PAFRAE
HRBEETR, AgNTE /ERARER, PivOH NEINF, 7E 60

o O [Cp*Co(CO)l,] (10 mol%) R1—{

@_< AgNTf, (20 mol%) NH o

PivOH (20 mol%)

Fe N\ 3 N
2 R
R {d)? \<1Acetone 60 °C, 24 h,N, " Fe N-R3

36 R‘(y Re

30 examples
22% ~ 90% yields

0

@

Fe N Fe
& ) <
37a, 73% 37b, 53%
0 o} O
NH
NH
Fe N Fe N
<& U <&
37c, 90% 37d, 82%
0 0
ph— ph—{
NH NH
o o)
Fe N € N_>
< Uy
37e, 65% 37f, 41%

B 15 i B BEZ C—H izt
Scheme 15 Cobalt-catalyzed C—H amination of ferrocenecar-
boxamide

http://sioc-journal.cn/ 3369



BIHE

CURPEFAM T R 24 h A Bt =4 37. F=4) 37a [ 45
FIFS 3 X S 2B S ARATET A, P29 3T & — R N
B LG A LR 22 B BT A, Z M AR
R E Re A 320, 1,4,2- —WEm-5-FRAE i, A
DA T BRI (IS . TR A S 55) 845 Ha L
AEE(FEE . FAEEFRUT &), ﬂ&%%ﬂxﬁﬁ’rﬂﬁﬂ@cﬁﬂ
SRR, AR R A= 5 %Llﬁcé:mi 90%. —
JREREI R —A Cp AT UGRAE R EE. 1-(RIR-2-35) 4
FERZE 2, Z N AYORE] 4 mmol FUAR, {4k
= F R 10 mol% P2 5 mol%, LA 70%HI %45 3]
HeAb =4, 35 1 20715 1S .

2 Co &k C(sp’)—H Bt R R

2012 4F, SK/NFEUREIAIPURIE T (D48 H A
AT S E A 38 70N C—H Mt ¥ (Scheme
16). fEIZ N, 2 mol%H[Co(P1)fE kT C—H
BT N R AR AT, RAE N IR BV 7, 1R
40 ‘C NN 20 h B4R a-RIERRATED 39, VKR
ik 99%. MRV NG . BAFER, BART Bk
K.Y p-EIARBEIR p- BRI 2 B, A
ZHARKERIFEW, 57N a-C—H Jefb B, BA =K
DX 3ade B A ik k. PRIREIERRRTAEY) 39 1
4- HEHFEME(DMAP)F/E N H ClL,CCH,OH AbFERT,
AT AR 8t AN o,y- B R T, U 88%. HIT
o1 -l A AR S A ORGP, B — 205 Ak T AR il

0 o 0,0

1 \\ 7/ 1

4
R\ - ~
SNTTNG [Co(P1)] (2 mol%) N"" NH_,

R4 + Ng
RZJ\(<EWG CegHg, MS,40°C, 20 h R2 EWG

R3 14 examples R3
65%-99% yields

0
S
COMe CN K)((:ozEt
39a, 99% 39b, 99% 39¢, 99%

B 16 #Hid)e)E B BEMEN C—H R R
Scheme 16 Cobalt (II) radical catalyzed C—H amination

3370 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

o y- —FHERRATAEY). N T MBI IDX C—H AR
e, 1EF AT T 50 118135 4 S50 (Scheme 17). 1%3K
WA RRGE T C—H, MIFEAEE I ATt f 7
ff) C—Hpg. KA C—H, 8 (385 kJemol "B HEML T C—Hp
(410 kJemol "% BT LU (ID)- A 355 5 FH 3 o 7] 44 T
R bk Hy JR T

BDE: 410 kJ-mol”
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Scheme 17 Intermolecular competition experiment
2016 4F, Sundararaju V20 PTHRIE T Bk 40
FEEMERH C(sp’)—H Mk Ni(Scheme 18). ZJ M L 5
mol% (¥ [Cp Col], A L7, fE4L & ¥) AgSbFg
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WEILHE 41 BEFCAN R 1B RERIGREE . WE) G B T E
REI(H AL . BUT ZEATHEE), Pl s 95%.
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N AgSbFg (20 mol%) R’

\ /
Y

R K 7
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N N7 N
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NH NH N
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B 18 Hififl 8-FH IR C—H 1k e B
Scheme 18 Cobalt-catalyzed 8-methylquinoline C—H amina-
tion
VB X 25 0 A B 42 3547 #R 71 (Scheme  19), {EAL
AT T AR 8-FEEMK Y CD;OD AT #e,
RYNZBLREATTIER). AFF S 7 —Fh & B RO
H(Scheme 20). BHE F4% 54 43 ££1d & (1) NaOPiv 4l i)
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2016 4F, SK/NPERREIAPHRIE T H (D48 H
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SREME—IE Y. 1SR B R A g A
B e 520, 7T DA s R0 e Ak 4 55 24 (W IR ARTIEE )
AR REY)S B A, 7 BN ERMT. O
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S R4 48d 1E ARV, DL 70%HI MR A Bf &
)2 I IE G 49d, #BA2 0 S7 A4 53 44 44 (Scheme  22).
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Scheme 21 Cobalt-catalyzed C—H amination in the molecule
of ammoniasulfonyl azide

2018 4F, FK/NEER AR F BG4 R ) b S
R E E A 50 1953 T 1,6-C(sp’)—H fétb B
(Scheme 23). 2 mmol%[[Co(PH1ENHEALF, I EEM
TREBKMTBEYE N A R N7, R ES R =
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Figure 23  Cobalt-catalyzed intramolecular 1,6-C(sp®) —H
amination of aminosulfonyl azide

3372 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

NHCOPh S HNCO \|
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Scheme 24 Catalytic amination reaction catalyzed by achiral
cobalt(III)/chiral carboxylic acid hybrid system
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