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Advances in Transition-Metal-Catalyzed Keto Carbonyl-Directed
C—H Bond Functionalization Reactions

Chen, Silin®? Yang, Yunhui** Chen, Chao™* Wang, Congyang ™
(¢ School of Biotechnology and Health Sciences, Wuyi University, Jiangmen, Guangdong 529020)
(> CAS Key Laboratory of Molecular Recognition and Function, Institute of Chemistry,
Chinese Academy of Sciences, Beijing 100190)

(¢ University of Chinese Academy of Sciences, Beijing 100049)

Abstract In the past two decades, transition-metal-catalyzed keto carbonyl-directed C—H bond activation has evloved as a
powerful and convenient tool for the construction of C—C and C—X (X=N, F, O) bonds at the unconventional reaction sites
of ketones. Among them, keto carbonyl-directed C—H bond activation reactions catalyzed by noble metals, involving
ruthenium, rhodium, palladium and iridium, have been widely explored, whilst inexpensive 3d metals, such as manganese, iron
and cobalt, have gradually emerged as hotspot catalysts in keto carbonyl-directed C—H activation reactions recently. In this
review, advances on transition-metal-catalyzed keto carbonyl-directed C—H bond functionalization reactions from 2014 to
2021 are summarized, which are devided by reaction categories such as alkylation, alkenylation, amidation, arylation,
cyclization, and so on.

Keywords transition metals; catalysis; keto carbonyl; C—H bond functionalization; organic synthesis
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MR MR, ZAU T FEEIEER, 2014 FEL D
BRI SEIARZAIRAAT T B4,

IAER, R 5 8 R AR Ak A 2R DL RO R S ek
PIBEAT 3d 4 ML i bk R 2 b A T Bl e s 1)
() C—H BE RN F, ZAUE G T RERH
MR, PRI, AR SR IRARYE A R 1 s S8, el
SER(2014~2021)JR LB IE T ) C—H #F RE1L R
AT T AN B S S R

1 EiRESERNPATE R N

Ik fe C—H Btbe At e B rh g FH ) e R A )
Z—, B 100% M JE-72 itk Hod, M k-4 )8
R 10D A N S ) JEE R ) Tl e R 110 S B A0 BRI, SRR
A5 8 P A N s I 8 A7 X I e, e A U B Y
SRR B RLAL BV & 77 4. O AR FRORS A R 42 02 S Bk
PRPEE 30 R B () SRS 2 —. kA, SR s, &
BN EA N4 Eﬁ?‘ﬂf@ﬁbﬁﬁﬂ.ﬁ fl| 2 3R A5
— XIS A R0&

2m4¢,mwrﬁ@ﬁmﬁﬁﬁmmmwmw
rac-BINAP AR R R b, i w4 )8 e gl
NBREET. KEA MK dppb BLAAR(d ppb= 1,4-bis[di-
(pentafluorophenyl)phosphino]butane, BJ 1,4-X{[ (T3
AREDBE T ), TSI T B v DX B 1) 5 B AT A
C—H B RS S, Murai RS HRIE ) RuH,-
(CO)(PPhs)s fHEAL FRFIE 3 ) 77 e C—H B M e i AL
75 B Ak S B 32 BEAT B B AN BT Y, T A R B AE
[Ir(cod),]BF4/dfppb 4L FREME LML T 21 11 HISZ
B/ LB 2 PR R S O A /e B B 5 R R 20 )
S TT HEA RN e S P R BRAE TR L HOR AT
BEL PRI R A4 Do 1 s . B3 5L B s R, R I i) 1
FEYIR)IEFEYE (Scheme 1), 1% [ N FRERIEALAR R ) 2 5%
LM Murai fiRIE FIET AR R0 B BRI £ 1 B AN
78, NBEFEITIE C—H BRI JE N RS L X dslde $54
T S AR R BT A T SR

CREGREMTEANEERNFENTESETER.
2017 4F, Kakiuchi PR A Fe(PMes)s AELT, 7E
TCATART M e A4 A0S N SR R A, SEBI T 05 R 4R AL
C—H B I #is 11 e 5 BN BRSO, 753381 — 2R 51 B E Y
(175 B RS AL e FAb = 4. WSRO SRR B, P i) ELRE ik
PRI F B T A& RPN X BOR S, TR R
HERB TR, BAL, %I BAT BTz W R A,
Ji R G R . 07 B SR IR A S B b . R I
Ui Al R LI AR IR SR I RE S T B &R, I
A Hp 5 B 75 10 77 28 AR O B 1R e S BN B
(Scheme 2, a). PifiJ5, Kakiuchi T CRH N- 20
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H O [Ir(cod),]BARF (5 mol%) Phg

dFppb (5 mol%
ijiﬂ+/¥h e Eijm
Dioxane

100 ~120°C, 24 ~48h e
up to quantitative

accelerated

I reductive
elimination

Selected examples:

Phy Phy Phy Phy
Et ipr Bu Ph

64% 74% 80% 84%
> 25:18 >21:19 > 25:1@ > 25:1@
@ pranched:linear

B 1 AR ITARARAL C—H S8 S FEE R Sr Ak ) B
Scheme 1 Iridium-catalyzed C—H bond branch-selective al-
kylation of aryl ketones

(@)
H

(e}
~ 0,
R+ AR Fe(PMe3)4 (5 ~ 25 mol%)
Neat or 1,4-dioxane
50~70°C,0.25~40h

R' = alkyl, aryl, SiR?;, OR3, NR%,

up to 99% yield

hydrometalation

oy
Ony

hydrometalation

Fe(PMes), (5 ~ 20 mol%)

Neat or cyclohexane
or toluene
60°C, 20 h

R4

up to 11% NMR yield
(R*=H or Ph)

up to 86% yield
(R*=H)

B 2 BT EHAR A C—H B B B e or 31 S
Scheme 2 Iron-catalyzed C—H bond linear alkylation of aryl
ketones

M| R kg Jot AL AR S T Fe(PMes)s 44 1 55 I 45 437
C—H BERGEEAL . 5 AT ARO[ 2 b T
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TiEAAT N- ARG RS N, AV REE 15 31 55
A <ih C—H S E b AL, T H AT PAoy 515 320
AL C—H W[4k =¥ (Scheme 2, b). 1F & HEM 55 4
F IR YT B 1,4-BT BB IR AR, N-2R
CATHEEM| WA Ny S RTINS, A EA 10% 73 2 77 2245 3]
D5 =5 AR, Tk I BIAH L) e AL A,
A N g o T I e 1) 2 ) A7 BEL A0 1) e 42k o ) 4 1)
R B AR, AT EOTER ) C—H S b S NG
VIR AT

I R LR C(sp?)—H B R S S 7 AT i
PIRTR R e AR, S ROl % & — M fe 3 B Y
B, HEER T @M. 2014 4F, Ra-
mana UVRAZH SR FH & B AT 45 G VN AR, SEB0 T Bkdk
vﬁ%ZﬁMﬁﬁﬁw%%EW%@%%C@—H%
BRSO I A AT < S v L 5INAN R L7 RSN
Eﬂhﬁﬂﬁ’]@ﬂﬁi, ZRPNREE LA R 9 11 M IXIE B

53 A B SRR RN B e A 77 M) (Scheme 3, a). B
Ja, 1FE KM% EZ RS (DFT)iH 5 7%, #t—2
T T RN 2-55 BEHE IR (D)W IR 55 I A BRI ot 2 A s M2
e BT R B ) X B 5 1) S B R R . S ot MR R
B AR T o T) 4 B IC A2 AL 78 4l AN 22 BRI 3 7 5 1H 5
(Scheme 3, b), YE&H& 4% (a7 BN 24082 P B[R] 4
FA R T SRR = 0 AR A, T B e 3 P U T
SRS IRET HR AR AR AT Ru—C B HE - R 3252
BeAh, FEE R8I DFT T8I, 3-77 BE 2RI [b] Wi
5 PIIRBRINE S S 5 i i T TV L BE R AL ), X — 3
W 25 3 Ok SLEGIE 52 (Scheme 3, ¢).

TR B V% A2 Y 22 RAR = WA 245400 53 1 1) B 2L 45
Ry B il i P e R AR C—H B BRI i N
LR C=C UMM R, fe s BRod H. s 2
MG NFEFATE L I 4544 5275, 2015 4F, Prabhu TR0
HRIE 7T SRR T 0 1) 05 B SR AL S S R It
fEH) C—H BB RN, 133 7 — R 5157 B <AL
C—HHbesAL 4. DFT 1HE45 R, il A &8
tt.—2% i1 ¥ (concerted metalation-deprotonation, CMD)iZ
FESEILI7 AL C—H BVEALIS B 6 8 4T 3R b A,
M J& G S B AL /A N 5T 1, B &R 3-97
FAL BREATE T e 7= 4, S A0 ) 7 4R (Scheme 4, a).
it )i, Prabhu R4 LSS ECA K] COCFs 2k H{E N 3
) BE 1, SE I B A AL a1 C(4)—H B B ok i 1)
IR LR TN RAT T AH R (e A 7). VR R
A A A R S IR R S A 2 R B G B Y
i AgOAc/AcOH SNERNNFRIIE, W5IWeL5 B R it % S
R4S BRI, BI C(4)—H ke EAb =4, s
H AgoCOs 1EJy I B FRES I AR, S R4 A B A A0 2
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(a) Ru(PPh3)5Cl; (5 mol%)
AgOAc (30 mol%)
K,COj3 (3.0 equiv.)

Toluene, 140 °C

C CO,Me

up to 90% yleld

branched:linear: up to 9:1
[Ru(p-cymene)Cl,],

(10 mol%)
PPh; (30 mol%) CO,Me

NaHCO; (5.0 equiv.) :

Dioxane, 140 °C
up to 79% yleld
branched:linear: up to 1:9

MeOzc/\
MeOZC
L.
of
Qﬁ* - ‘
VY
L

Z>Co,Me

/\COZMe

i |n Meozc%
MeOzc\/ O’ \ A W0
\/ ok
COzMe L
© o
R2 Ru(PPh3)sCly (10 mol%)
R1 + SJL . AgOAc (30 mol%)
N—H R® "COR K,COj3 (2.0 equiv.)
0] toluene, 40 °C
() R?
R1
A\
o] CO,R*
R3
up to 91% yield
B3 BTl 2-/3-J5 ML A TR [b] DRI 5 UM BRI ) C—H
G N

Scheme 3 Ruthenium-catalyzed C—H bond alkylation of 2-/3-
aroylbenzofurans with acrylates

Heck fHE=4), B C(4)—H Ji2&1b™=#)(Scheme 4, b).
2016 4F, Kim SREEHIAE &R EMEAFIMER T, R
FH B R e g Joe FE AR, i B B 5 1 ) C—H
RV A SRS P Dy b ) € ] L R R S R R R 5
N T BEHABE L 4540 v B % RSB R T5 (A R 1k
PEMIE REIGRA . Beab, PEE VR T A SO 1t
ANFLIREE MCF-7 20 R i A K A, RIS A B8
HAGE W Ji v B 2R BRAT A 1 0 2 I RE 5 SIS A
Ffi(reactive oxygen species, ROS)FZ4E, M F=A4EH R AIPL
Jh 5 1 (Scheme 4, c).
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[Ru(p-cymene)Cly], (7.5 mol%) O
(@) 0 0 AgSbFg (30 mol%)

Cu(OAc),"H,0 (1.5 equiv.) 1A
Rl o [ nre . R
= ’ AcOH (10 equiv.) fo)

H,0 (5.0 equiv.)
o} 2 N
DCE, 120 °C o) \

CMD

alkene

/ u"’OAc insertion
L

(b)

(RhCp*Cly), (5 mol%)
AgSbFg (20 mol%) O &

AgOAc (3.0 equiv.) N
AcOH (3.0 equiv.) rHL A\
Z N

H CF;3 DCE, 120 °C, Air \
— R2
b é\/_\/% — % yi
R A\ + 0PSO up to 80% yield
Z N |

(RhCp*Cl,), (7.5 mol%)
AgSbFg (30 mol%)
Ag,CO3 (2.0 equw
AcOH (3.0 equiv.)
DCE, 120 °C, Air

R I
Z N

up to 75% yleld

(c)

(RhCp*Cly), (2.5 mol%)

AgSbFg (10 mol%)

! PivOH (1.0 equiv.)
DCE, 80 °C

Selected examples:

OH O

1,37% 2, 45%

B 4 £ /BB AL D5 A0 C—H BEX T SRt U fe P n Bl S o

Scheme 4 Ruthenium/Rhodium-catalyzed addition reactions of ortho C—H bond of aryl ketones to maleimides

2017 4, SO B UREA IR AL O s e bk A C—H BFMP BRI, =M ORI IFIRE 5

B, FESRERAFAE A 26 AF TSI 1 BBk [ S AL 1Y
M5 C(4)—H SEIEA SN, 12 SR AN RERS 16 £ 1
[ M5 e C(AL 5T N=F L HE, 38 7T Ul o 28 i il R
FRY e LG, U s T 9 R - R T 5 N g e
TR, R RL 4-5 e N5 SR ATAE ) (Scheme 5, a).
Hor, =5 AR BINXS T 1% 5B MR 34 4T 28 0 3
2L DFT iFSUILERERH], W0 C4) XL #1214
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Pd(OAc), ZRAAZZ #IE % PA(TFA),. A% T Pd(OAc),,
sz T ICAE TFA 5] Nf843 PA(TFA), REGE B Wk
C(4)—H 81 C(2)—H #RiEbAe, H C4)—H BRI
T REFRRIR B TR, S T80 Wk C(4)—H By tb i i
SMEHBEEEN CQ)—H #ISHESNHHEK 26.8
kJ/mol (Scheme 5, b), ~ & Z BB KRG EEMFIZKX
NRENS B —HuA B C(4)—H kAL ).
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Pd(OAc), (10 ~ 15 mol%)
TFA (1.0 ~ 3.0 equiv.)

DCM, r.t.

Selected examples:
CoFs CsF

[t ot e

83% 83% 69% 70%
®) .k
~F .0
54.4 kJ/mol \Pd_ —\ko

el
- TSC Fs
26.8 kd/mol o _
F3C YCFS

of Q°
H Pd~o,
N

N

\

+

27.6 kJ/mol

TScw)H

ER5 ARG C(4)—H B 5 m I 2R A S b3 Ak B
Scheme 5 Palladium-catalyzed C(4)—H bond fluoroalkylation
of indoles with hypervalent iodonium salts

2017 4F, Z=2LH5UR R ZH SR UG e 34k R
5N S AR AL C(4)—H 4B Retb N, i
% T — RS 2-KE M| ST AEY)(Scheme 6, a). JEIT
WA T SO FE RN N A, IRk 5 U 7E [RhCp*Cla),
HEE ] R4 CQ)—H BEI% AL/ 3Rk 8 1K I b A= ik
6-5-6 —JLHIHMHLED. fEHIN B CQ)—H
C(4)—H A1 X ke 338 14 2 H s i AR i 771 3 [+
P . Kim PR ZH R H 3 2K RER (Meldrum’s diazo
compounds) AKERE AT, 38 o B Bk T 1) R EUEE R AL
J5 M C—H Fatbe Ak AR R A B AC e BE, BRI R T
2-[2,3,4- = RS e -6-(1-F BE 5 ) R L] 4 1R L 1H(TMPA)
S HATHEYI(Scheme 6, b). H1, TMPA T4 3 il 4 1
A AR PRI S50 SR I TR s, H TMPA ik
Y1 3 BIPURE PRI 1R F B FE AR B S (BORE PRI 2
o I 24) 558 2 13%.

2016 4E, Nakamura F Ilies BRERHNHRiE T RFES
[Fa) PR A ) 5 ) R S S . 1% S IR ) R 0 Ay P 3
iR 7, Fe(acac)s JHEAT, 4-(R[2-( 2RI B JE) 2K
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(@) EWG
[RhCp*Cl,], (2.5 mol%) EWG'
H AgSbFg (10 mol%) COR2
COR? [ PivOH (2.0 equiv.) \
\ DCE, 40 °C N"H
NooH R
R’ — up to 98% yield
+
N, [RhCp*Cl], (2.5 mol%)
C AgNTf, (10 mol%) >0
EWG™ “EWG Zn(OTf), (50 mol%)

AcOH (2.0 equiv.)
DCE, 100 °C R1 COR
(EWG, EWG' = ester, ketone) up to 81% yield

[IrCp*Cly], (2 mol%)
or [RhCp*Cl,]5 (2 mol%)

N2 AgNTF, (8 mol%)
+OWO AgOAC (8 mol%)
R30OH (2.0 equiv.)
DCE, 60 °C
C-H alkylation

OR3
up to 92% yield

Rh]cat 52%

[Ir]cat 59%

B 6 BRI ITEH C—H 85 H HUNE 10 e 50 R B
Scheme 6 Rhodium/Iridium-catalyzed C—H bond alkylation of
(hetero)aromatic ketones with diazo esters

LI ok L )-V,N- - F RS DR i (MeoN-TP) A — U B i A,
2,3- & T 5E(2,3-DCBY IR A AL, 72 70 C&AMF T
IR 1] % HY — ZR A AT F L 0 B 2R A A5 (Scheme 7). fE
FHINNH AN LTI R 5 5% K EE SR L
K52 B-H WBRT IR, N Z IR N BN A id 1)
FRIEALARFT. D5 b Il . — 5% LR DL S 2K 3F 30 45 i 45
RN RRIRN 2 5 e BE, F DA AR A0 F5 107 28 AR 1
N EAL =), A, ZOTIESIE T A R
75 B R G DA A 5 A PR IR R R AR o7 e A i 2.

2014 4, ﬁi%ﬁﬁﬁmﬁﬁTgﬁﬁﬁﬁml&
155 ke 5 5 ] ) S A IR A S R AL ER T 9 SR B,
%&é%ﬁ%ﬁ%ﬂ%ﬁ%?i&%mﬂ&%¢@%,
BEJE, SRS &R Om AL, ST R AL
C—H #& R P BIY NI B 2% e h IaE; /5
2200 J5 Y ok 20 B AR R I 1 204 5t B4k 72 ) (Scheme
8). 1M A = FE AL = B AN ST AR IR B, REfE
DR AR SR F5 (1 7= 2R A AL P2 4. b4k, 05 & IR

http://sioc-journal.cn/ 5



BH=E —
Q Fe(acac); (5 mol%) i qugfi§§}génng) ¥
e(acac); (5 mol% c-Bly- Mmoo
X MeoN-TP (5 mol%) X X R N Ag,CO;3 (2 ~ 3 equiv.) R'T
+ AlMe3 m L R1 T 5 + » HFIP. 80 ~90°C 48 h
- H ; equiv) Me H = EtOC ' ’

THF/DME/toluene

up to 98% yield
or THF/toluene, 70 °C

X = alkyl, aryl
or OH, OMe, OEt, NMe, L
(6]
P
C{—'lfe'”—P
P Me
INT-B

B 7 BRI DT & S W AR AL Y A S R
Scheme 7 Iron-catalyzed ortho methylation of aromatic com-
pounds

R2

CoBr; (5 mol%)

H o R? DPPP (5 mol%)
N | | Zn (10 mol%)
. __2n (10 mol%) |
Rl X f Znl (20 mol%)
= v DCM or DCE
40 or 80 °C
X = Me, Ph, OMe, OEt, OPh
Y = 0, NTs, C(CO,Me),
H o

@)
| —— "
f \ R
v Y
Y cobaltacycle

cobaltacyclopentene
intermediate intermediate

B8 AL rT7 AL S VIR AR e ik Ah S
Scheme 8 Cobalt-catalyzed ortho alkylation of aromatic com-
pounds

FERA SR
"

2 FRSFEEMEENR N

i 2 Heck IR S5 82 PR v (14 20 BR/ S5~ 5 PR A
PSRRI ITTIRAT A EE I TRz —. BRIE. BEAIES
FotERMELARRZIN, B 3d &M thg T
BRI, HEEREEAMIE PR TR C—
H SRR SORE. EAE, C(sp?)—H SRR I B
5 MR RS I A e S B i P & A B A B g, HL e B
e O ey S 2 GRS AL

2015 4, REPORBHINRIE 7ML — bk
Wi 5 P IR R S o C(sp?)—H B 2 Ak S
(Scheme 9). 1% J B7E 17 i e A2k A Fle ik (1 S BC A A T,
P AR A LT A, SEBL T 97 C—H S
e, ML EIINBINF R EF AT

B2 26 AL SR B e 2 A

6 http://sioc-journal.cn/
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Selected examples

COzEt COzEt @ji: Et (j;j)\

35% 53% mono 0% go/COZEt
23% di(5, o) ° °

B9 AL C(sp?)—H M HAL M
Scheme 9 Palladium-catalyzed alkenylation of distal C(sp?)—H
bond

s AL 54 B L FIRCAL S N- I H E ERIC A nE
KRR EL AR FH X6 2% S 7 7 R R 2 A T IR i3k AT 28 5% B
J5 EE TR RATAE D RE S IR 2 5 [ B, 33l 25 H FH RE
MIELOB) I FEAL =1, EAR — 312, 4- R 5E-2-T Wb,
R DL 49% 173 25 P20 A= A . 1) BRI 40 7= 4.
2018 4F, T APEURMIZH O B ORI AL M
37, B I AL IR JE R AR, SR TS A R AR AL
C—H BIAEAL B, — B 20 M 5L 05 &R R &
¥)(Scheme 10). HLELSLLS K DFT tHHEMF 7L R A, 1%
) C—H BEIE Ak A5 B4R~ X4 8 T ) Jid o 13 .
%%%ﬁmMﬁ@wc—H%hﬁ%&FﬁmTﬂmm

Wi B A 1% S N R A2 T IR B, B FNEA
o MnBr(CO)s (5 ~ 10 mol%) OH
CuBr; (10 mol%)
Rill X R2+ A Re MeoZn (1.5 equiv.) N N R2
T DCE, 60 ~ 80 °C, 6 h AN RS

up to 92% yield

Selected examples

R H82%111 R = Br, 59% (8:1)
R=Cl, 92% (12:11) R = CO,Et, 49% (8:1)

Yields of isolated products are given with E/Z ratios within parentheses;
major isomers were shown.

73% (6:1)

Me\ b
Me_ Zn_ CO

'o, «| ..co
"“Mni

| ~co
H‘Me

Intramolecular H-transfer enabled
by Mn-Zn bimetallic synergy

Concerted bis-metalation
deprotonation (CBMD)

BRI 10 AR A R 57 7 IR ) AT Jis 3 A S
Scheme 10 Manganese-catalyzed ortho-olefination of aromatic
ketones

Chin. J. Org. Chem. 2023, 43, 1~16
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R MZAR, RAWOE R OB, 1% R N BT T
RN HERNE, J7RIM IR eI DL ek BRI e 38
IRUF MO AR TZ IR BL, DA & B T5 (1) 7= 28 A U I (1)
B I 5 75 A R REATAE )

2016 4F, Prabhu i85 2H 2215 o8 18 % fi ¢ 5 11 B 1 1k
JR, EEEMEH ST T Ru(I) B Rh(II) 4 46 1 5] e
C(2—H/C(4)—H # 5 EH RIS ¥ (Scheme 11, a).
2 B T AR T R A, RN —
133 CQ2)—H M FAL =4, TR B H 1 1) = 90 Y 2
i g T ) B (AT, S AN S B — MR AETERS R ) C(4)
B, HLERRF AL SEER R B, ST HRE CQ)
COR & E LR E v AR, Ml T %5
T B X R B, Ak, TNIGEREE . BERR £ 0TS
Bt I I e 75 B IR IR IR M 2 5 ) vt, R T 1%
SN HE . 2017 4E, Bakthadoss i fZH 2]
I ET A Heck [N, S8R T (iR 5 A AR
Fig \ 2075 FE AN M 2K 205 1) C(5)—H #8 B A Ak 2 b (Scheme
11, b). 2019 4, Maji AP 3d BEih &R 5% &
Y, WL T 75 F WS i e B AR B R B, K —
PEH SR T E-IN M 34 = P (Scheme 11, ¢). B )5,
Maji BRAEZH AR H NI TR S ) 6 S 07, 78
BARB AR 2T, SEELT 75 & B 4 2240 =
L. I O R B S, R 8 T 7t RT ASEER
B AL 10 05 A BRI A0 FE A S N, BBz 4%t — R4
T LR IEBAR K 205286 590 (Scheme 11, d). 2R,
H i W FRIE 77 FE RGP 5 NGRS . Lt
S BREA R W B G A I R I A Heck I BE,
8RB 22 R F 5 4 Bk P01 sl B U 2V (1) 28 B WK
HE AR, [ B fSf FH 4547 5 1 B PR R (1) 26 B30AR (1) 32 D 4
7.

2021 4, Baidya B8 ZHPSHR0E T — 11 B R 2L T 171 11
BT AL TS BB S5 05 A SN I AL Heck ABIBCN. 7E1%
SO RE A, ISR £ A% TLC A S FALIE N S5 K
E A tocshrpia) ik 8. itk 8 JRIERA: - s bR 1S
IR =), T IEFEVERLE B-200H B RS AE BUAH
N E-UR . A, D53 BRI MR &
FEANIA FE I AN S M A B S B AR AT, I T %
SSEAR B ) BE A1 52 P (Scheme 12).

R NT 4 J 4 A I B — 4 e B P A N R R SR
J5 R M E L TR N 2 —. 2016 4, Szostak 5/
YR FH B 0 B A7), ST B R S v T 4
A B4 75 R PR AR A 95 364k [ B (Scheme  13). 2K 3k 2.k
TR R B8 RE IR 2 5 ) B, LA S5 IR F5 (1
FERMINTEERZ ) ZIE VRS AR IR A= .
Ab, o-PUEZEM 5 =28 CHRAEN AR B 1 = ST ik
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FITRRETS, HRAeS 1 81%MIMEAL 4.

(a) [RhCp*Cll, (2.5 mol%) R
(o) AgSbFg (10 mol%) (0]
H R Cu(OAc)H,0 (1.0 equiv.) CFs
il S\, | DCE 100 °C,6~8h RiC SN\
Ay R = CF4 P
\ \
+ — up to 97% yield
O R2 [Ru(p-cymene)Cl,], (5 mol%)
AgSbFg (20 mol%) 0}
Cu(OAC), H,0 (1.0 equiv.) CHs ,
DCE/AGOH (V:V=3:1) (7SN J R
80°C,2~5h [ ~N
R =CHj, = \
up to 84% yield

[Ru(p-cymene)Cl,], (5 mol%)
AgSbFg (20 mol%)
Cu(OAc), (30 mol%)

Dioxane, 100 °C
3~12h

up to 83% yield

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

AgSbFgs (50 mol%) R1 Q
R X R2+ PR3 Cu(OAc), (90 mol%) l\\ R2
¥ H TFE, 90 °C, 24 h NG R3

up to 76% vyield

(d) CO,Et
(6)
o COEt
Cp*Co(CO)l, (20 mol%) o]
AgSbFg (40 mol%)
Cu(OAc), (40 mol%) it 3 R?
|
o} TFE, 90°C, 20 h ZN " co,Et
X R2 up to 67% yield
14 J—
R »Z Cp*Co(CO)l; (5 ~ 20 mol%)
H AgSbFg (20 ~ 40 mol%) o)
Cu(OAc), (20 ~ 40 mol%)
o O R?
TFE,90~1OOOC,20h RT
/\OJ\ @ up to 78% yield
B 11 AT AR Heck BB N
Scheme 11  Rhodium/Ruthenium/Cobalt-catalyzed oxidative

Heck-type coupling reactions

3 EFERISMALBEAR L R B

SW N 57 2 W R A VR 2 A3 TR ) 1 ) B A
P RTT, ARG R Rl A SR S I OB P Rl A, DA
Rttt B LA 5 P i — S i D It e A k), L i <
Jr PR A R B 1) ) R A2 C—H M A S 7 e 6 2 B %
A S WDIT ve h #
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O

R'  [Ru(p-cymene)Cl,], (5 mol%)

Cu(OAc), H,0 (0. 5 equw)
H AgSbFg (0.2 equiv.)

+

DCE, 110 °C, air, 24 h SOAr

/\/SOZAr
up to 84% yield

Selected examples: -H elimination

0
R/@il;\/sozPh ° \
R=0H, 71%
R=1,60% H SOLAr

R=NTs,, 37%

~_-SO0zPh
| SO,Ph

Ph 69% 84%

B 12 T REAR IR O A I 5 0 P SR R &8 LA R4 s
Scheme 12 Ruthenium-catalyzed ortho olefination of aromatic
ketones with allyl sulfones

o [Ru(p-cymene)Cly], (2.5 mol%)
PPh3 (15 mol%)
HCO,Na (30 mol%)

toluene, 160 ~ 180 °C

up to 90% yield
ZIE ratio up to >20:1

B 13 ATAEAL D7 A B 55 I (0 AR AR 2R A 82
Scheme 13 Ruthenium-catalyzed ortho olefination of aromatic
ketones with alkynes

2014 4, Chang f @ 2H BOCR F i e S 24k &9
(TsN3) A BERZ AR, SEBLT HR T ) A fb 1) 05 & 4R A
C—H BERIMEZ AL [ ¥ (Scheme 14, a). b4k, 753245
SRR AN L T A B R M 2 5 R, AR FHE SRR, LA
Hh S5 AR T5 10 7 2R 2 A I I B R AL . DA
35%MIP= 0 B IR A YD 9, FE MR BIESE T
9 LN EE SRR, 2018 4E, 5 iR PR E
T B 55 B S S A A A C—H A
1k % Mi(Scheme 14, b). 1E# A8 MnBr(CO)s 1f AL 7
IR, 1505 F L6 4 55 4 Ja ok R T R 1 AL 15 PE P b
11, FEREBCH A, BEJS 11 5 55 e 47 1) B 5 i
B, JE4 C—H SIS AR T B IR 4 e HA h a) i
12. 2019 4F, Maji BRAEAHBR A S d sl s i s &4
AT, DL WERR B R I i AR 7R, 43 i) DA AR 2 F
T5 W P= 2R 3RAT T 2 P A8 I 2 2 05 I 25 A & ) (Scheme
14, ¢).

8 http://sioc-journal.cn/

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

(IrCp*Cly), (4 mol%)

~ | R"  AgNTf, (16 mol%)
(SN H HOAc (15 mol%) r;,ﬁ\)}\w
S . A .
. Li,CO3 (15 mol%) L /| _SO,R?

DCE, 25°C, 12 h N
up to 99% vyield

~ MnBr(CO)s (5 mol%)
10 H MeoZn (2.0 equiv.) @fjxw
Cu(OAc), (1.5 equiv.
A u(OAC), ) SO’

dioxane, 80 ~ 120 °C

R°0,5—N 6~36h H
2 * up to 96% vyield
MeH Xu~Mn(CO),
Me,Zn R4 o)
MnBr(CO)s MnMe(CO)s P
LT 12 R?
0
C
© O )L Condition A or B _ R2
0,
Z w2, o AgSbFi (20 ~ 30 mol%) _\ |
R | )_N DCE, 100 °C NH
N H )\
0~ "R®

Condition A: 10 ~ 15 mol% CoCp*(CO)l,, 20 mol% KOAc,
16 h. up to 91% yield

Condition B: 5 mol% [RhCp*Cl,],, 15 mol% Cu(OAc),"H,0
12 h. Up to 88% yield

B 14 FRBE SRR Clspd)—H SR (L 7
Scheme 14 Keto carbonyl-directed C(sp?)—H amidation of
arenes

2016 4, Chang ¥fRRZHPIE FL AT A TAE 1566 L,
R N-PEEE G ), SEIL TR NS e C(7)—H T
4k [ N (Scheme 15, a). HLELHE L B, AS o] 3 [
C(7)—H MR R Z N B IR, N e ekt
HY 13 A EAZ AR SR AR, BEAh, N-BUK
Pt ik BE M8 A IR AT 25 1 T IR, T SR AT Bt fre e
K&V, R4, Antonchick ¥ 5 2H BAUFN E K N i
LS 73 B SLARE 1 SR ALh RIS TR i Ak S 2. 2017
4, Prabhu PRGAIPOR F —WEME R gt i b i), 7EM
W R ER AR AL 25 AF T, i AT L) C—H
BEEREAL N, REWS LLrh A EIO0FS B F ) N-BURIBE
HENGI RN C(TYRL TN (i) 77 kI 2 ik 141 e Joe i i 2 A
[#1(Scheme 15, b). t4h, Prabhu 84 BRI S FA R
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H 8153 B ST AR TE A AT B = ] X M| D C(4)—H
’f}%ﬁ’]ﬁ%@%ﬂﬁ%(Scheme 15, ¢). [HF—NE, BN

ReAF R T IR B B2 5 /N Jo kAR B R R T 1. 2020 4R
FRIRBAPUEH 3d Beh & Bt &1 ),
e COYNEABE I E SAETS, BRI 7 N-H |k
C(2)—H 5 I MeEH 1) Bz Ak [ S (Scheme 15, d).

=
R A\
N | N R1_/ | \
IrCp*(OAG), (5 mol%) N
H O)‘RZ AgNTf, (10 mol%) R )\RZ
+ DCE, 25°C, 12h  R3Q,s~
R30,8—N3 up to 99% yield

\ D 3 N\ IINTR
N N § N
TS/ NH )\ O)\Q i *C|

e //L
p

: 0~ Bu
90% 60% 13

T [Ru(p-cymene)Cl,],
B/\ (5 mol%)
R2 AgSbFg (20 mol% -
H PivOH (20 mol%) N

TFE, 25~30°C, 24 h RST

o R®
i/ )
O—-N to 98% yield
o) [IrCp*Clyl, (5 mol%) NHTS
H 0 R AgNTf, (20 mol%)
Li,CO5 (1.0 equw
N\ AcOH (1.0 equiv.)
N DCE, 60 °C, 6 h R2
R2 Prabhu, 2017 R2 H, 60%
. B = Me, 40%
Ts—N IrCp*(OAc), (7.5 mol%)
3 AgNTf, (15 mol%) NHTS
DCE, 60 °C, 24 h
You, 2017
@ 0 R? 71%

TN\
R I H CoCp*(CO)l, (5 mol%)
H AgSbFg (20 mol%)
AdCH,CO,H (20 mol%
* ., PhCL100°C, 12h )/'_Rs
o R
z/ up to 96% yleld

ER 15 BBE T m IBIRETAE DI C(sp?)—H 48 kAL AL
SR

Scheme 15 Keto carbonyl-directed C(sp?)—H amidation of
indole derivatives

2017 4, 2= 24 R ORI R it R R 4 L[]
I ARG8T I BB T e A 1 55 R A0 C—H B Bk
1k ] i (Scheme 16). 5 87 35 5K FH I A ] Sy Pt i A4 X
A TEEEAGRAT T, & X 3R R4 /A T R
B REAR I b e A% I N, R T %R N R A7 B RE

TR 52 1. shabh, 2% Fﬁﬁﬂﬁéﬂ[‘“’]ﬁﬂ'ﬁﬁﬁ[Rth*Clz]z
VEOIHEALT, BREAEIE 2 A T SeBl Bk . (A
—ARIE, BRI RES 2 — 2D ZK iR AL ER IR
AL M R RAT AR, R I ESAE R 2R A7)
T R P EAT TR A A (.

o}
1 = 7 NMez O
R _\ | Condition _—
H A BorC R1_<f\/\NM92
+ - > ~
(e} NH
o6
Y=N
R2
Conditions:
A: 10 mol% CoCp*(CO)l,, 20 mol% AgSbFg, 30 up to 99% vyield
mol%; KOAc, dioxane, 100 °C, 12 h. Li, 2017.
B: 5~ 10 mol% CoCp*(CO)l,, 10 ~ 20 mol% up to 93% vyield
AgBF4, DCE, 80 °C, 12 h. Zhu, 2017.

C: 4 mol% [RhCp*Cl,],, 16 mol% AgSbFg, 20 mol% up to 89% yield
AgOAc, DCE, 100 °C, 12 h. Li, 2017.

B 16 I HZEAHIE 3 [ 997 K8 C(sp?)—H S AL S

Scheme 16 Enaminone-directed C(sp?)—H amidation of arenes

4 FESEEPASENR N

1E &R G B AL C—H BB N, 95
o N B BB HUR BRI C—H 8 H R R B 2
—. b, SR G, 7R s A S
TR AT A RS I U 4 e A B 5 1 4T 05 Ak
SN A S AR R,

2015 4F, Yamakawa WR@ZH 2R IE T FRHREE S 17047/
TRl A 1 5 B 5 e A IR R 1 C—H D5 B R B
(Scheme 17, a). TEiZMNA, ML EFITT T3 B x
F%mwzﬂﬁ%ﬁi%ig VR D B ) S A
PAEPAN 7 TH, Ho— 2l < 2 me A AT (D& P4
HEPS WA & B A IR, H R e ¢ A4k 14
5555 IR i % 4 @ AL FE (Scheme 17, b). @I i
W TC AT 2 A F S B0 U 4 AL T 2 ) B e A
AL C—H f B8 07 B R MBI AE. it
Kakiuchi BRAHIEG BT — R AN =05 FLBEHC AR 8
RUETHEALT, FEB R T & T A B IR 1) — 05 i 5%
F5 R LB 5 ORI RR R ) C—H 855 344k ) N (Scheme
mc)%%%%ﬁﬁmﬁmﬁm#%ﬁ%MQ%%J
15 f 16 H ARG IERE, REIE4 ﬁﬁﬁhm%$
FFEA AR, AN, Kakiuchi PRI =
%%MQMﬁ%é%ﬁ%%ﬂ,umﬁmw%ﬁhﬁ%
BT AR F ARSI 2L 5 95 SRR R IS (1 4867 C—H 75
B, T C—O BSR4 2540 i1l (Scheme 17,
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BIHEFE
(a)/:: 7SNy
o o Condition |}
¢ o + B-G AorB N
Wl <> N
X i
Conditions: R! R

A: 1 ~2 mol% RuH,(CO)(PPhs)s, 20 mol% up to 83% vield
Cs,C0;3, 150°C, 2~ 3 h
B: 0.5 ~ 2 mol% RuHCI(CO)(PPhj)s,

5 ~ 30 mol% Cs,CO3, 135 ~150°C,3~12h

=0 14 naphthyl Ru' O
Ru l at
/

up to 80% yield

(b)

\

H
O base Ru? Q
(base) ] Br
‘s J@f { o
(c) 0]
R1
L,
R1

work-up J 1- naphthyl

HQ
)—1 -naphthyl

Condition

o
R? e}
+ Ar—E :>< _AoB |
(e}
Conditions:

A: 10 mol% RuHCI(CO)[P(4-MeO-3,5-Me,CgH,)3l3
(15), 2 equiv. CsF, acetone/mesitylene ( V:V =
1:4), 140 °C, 24 h

B: 10 mol% RuH,(CO)[P(3-MeCgHy)3l5 (16), 2 equiv. up to 88% yield
CsF, acetone/mesitylene (V:V =1:1), 140 °C, 24 h.

up to 64% yield

(d) OMe O Ar RUHCI(CO)(P'Pr3), (4 mol%)
_B. CsF (8 mol%) OMe O
. o0 styrene (1.0 equiv.)
Cyclohexanone, 70 °C, 3 ~ 18 h
H Ar
up to 94% yield

RuHCI(CO)(P'Pr3), (2.5 mol%)
CsF (5 mol%) H O
H O Ar 23,45 6-pentafluorostyrene

| 1,9,
O/B\O (1.0 equiv.) <Iu\
+ % Cyclohexanone, 130 °C Ar
H

2~4h up to 74% yield
(major product)

@ 0 RUCP*(MeCN)3(SbFe), o
_ R2 (10 mol%) _
R1—\ | + ArBpin Ag,0 (2.0 equiv.) R1—/ | R2
H DCE, 120°C, 6 h X Ar
up to 95% vyield
E 17 FE T w05 R S TERER N C—H I 5 HAb R
L\L

Scheme 17 Keto carbonyl-directed C—H arylation of arenes
with arylboronates
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d). ZETE AP RE AR Bk BV AR R 5 5
TR TS ) B e B Ak SR, 2017 4F, IVAHRR ISR
BEARAL I SCI T AR J5 S 17 (R AR 67, C—H B 0%
FAb M (Scheme 17, e).

2015 4, Ape iR i 2H OV im ok i e 5 T 1l AR A T
AR SR, B T 5 B R AL C—H B 05 Ak S B
(Scheme 18). 1% 7732 2= AN iE H T 75 B A 00 B & 1%
WS N, 30 e T 3 1 B I R T A0 1) P B S AR ) 5 i 2
B A SABIBE S . A2 R I/ 5 AT T (HLF LR ) 3 771 A 4
AT T SE IR BEAT 28 OC B 2. 38 Hk I i A

K] g2 1L PA(ID/PA(IV) G AL SEIL.
Pd(OAc), (5 mol%)
o Q NalO, (0.6 equiv.)
R1 | 2 R2 . R3|_ X R4 K28208 (05 eqUIV)
L = TfOH (2.0 equiv.)

H H HFIP, rt. to 70 °C
5~24h

R4
up to 94% yield

BN 18 ARG 5 C—H B ) I AU I S
Scheme 18 Palladium-catalyzed C—H dehydrogenative cross
coupling reaction of aromatic ketones

2016 4, Gramage-Doria B84 PR ) —4a P D%,
I R AL A B AL T A, SEBL T AT AL
J5 B4R C—H B8 75 FE A0 S Bi(Scheme 19). 2-"FIEMLE
FAb Wy o AE EUR I rh A A AR R 2- 28 I bt e
TN, B e B U B 5RO R A AT A
C—H 53, PArh &8 3 BT A A il R —
Fi BTN, R HAMA 17 KRG BEALEE, Fifh T 5K

I PR,
(1) Cul (10 mol%)
N=\" PhCO,H (1.0 equiv.) 0 N=
_ /" \_/ NMP,0,,100°C, 24 h \ /

1\/\ / H (2) [RuCly(p-cymene)], (5 mol%) L - Ar
R ArBr (1.5 equiv.) RIC
K,CO3 (4.0 equiv. ;
Nf\/IP :jA(r 150q°C )48 . up to 84% yield
O
1) N N\ (2)
R |
H
17, in situ

BR 19 AT RALITE C—H 8K 0T AL N
Scheme 19 Ruthenium-catalyzed C—H arylation of aromatic
ketones formed in situ

T PR I G e 52 g BGRB8 7 ) 931 TR R L 6
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Jr Btz —. 2015 4, Ramana 1@ 2H 481 FH 7 JE 00 R G B
75 BN TR £h o8 75 A, 782 SR A ST T AT
AR FERIR ) C—H BVE A ON, J8 2Pt J 1) 2 1)
YER, RGN 2R R B 220 CRYRLTI N T — RFU(HR)
753 (Scheme 20, a). HAr, =S P E S T3 ETALFIRT
AR B (Ru®—Rulh) 2 B D R4 B AT PR 1) DG, 2017
GE, SO AR UR AL DL 57 BRI M BN g B EL O O
B, BL 3-8 S R A, i A B A
C—H #IE B, BEfE LB R 77 5 51 05| ki 42
[ C(4)8 C(5)hZ(Scheme 20, b). TEALMELIEFRH, C—H
BGOSR AAE C(A)Nr, Bl a4 07 FEUEA IR 05
FE 0] Wi J5 Y o RO TR AR A B AR, P A AT IR
TER AR PR, — 5 BT ER S o0 A i A7 Ak I R,
SR G A 4y il i 5 e 2 A S A A G, T S
Heck B4 DY eI P KA D5 HT RS, Aemidit B2 Ay
B S SLRETECH H bR =4, ()i S 38 44 71 F5 2B (Scheme
20, ). {HAF—1RAIAZ, 1FEN 1 2k B R e 5 re % d
1 1% Friedel-Crafts ) BB = AR B, I 1% %%
TEALE B IR 5.

5 EiREE C—H#ENHTIURN

MR R ZAFAE T VF 2 R 298 AL
REMBL Y T orh. R C—H B IFAME

(@) Ar'B(OH),
RUCI,(PPhs)s (10 mol%) Ar
K,CO5 (3.0 equiv.) N o
Toluene, 140°C, 24h R— | )

H
N 5\ O_| AFZBF K up to 96% yield
A~g A |RUCL(PPhs)s (10 mol%) A2
K,COj (3.0 equiv.)
N 0
DCE, 140 °C, 24 h R1EI\$—/<
Z0 A

Arl 19
Pd(PPhs),Cl, (5 mol%) o
Ag,0 (1.2 equiv.) Ar Bu
DBU (1.0 equiv.)
4 AMS T
HFIP, 80 °C, 12 h AZ~N
TN R! Bn
Bu 21
H NN\ up to 83% yield
|// N PholOTf or ArMeslOTf 20 0] By
R! | CuTc (10 mol%)
Bn . Ar.
18 dtpby (1.0 equiv.) | N
DCM, 40 °C, 12 h Z~N
R1 22 ‘Bn
up to 76% yield

RN R EE REZ LAY EETF B — B0,
TEAZR N, BRREEREREME N T 2R 4], tmT DUEN
TGN S 5 R

2015 4F, Shibata AL @ T BEIE 5 A Bk {10
1) N-J B R A VI 93 F 8 C—H BEE A0 R B,
DL AR 25 B AL F5 177 2R R 6 LI B M B Bl T AU 5
5|51k A0 (Scheme 21, a). TEi% e N, XUJB AT A4
(S)-SEGPHOS  fg W i thid F T4+ N & S BUAR L
B, WX T FHNEAE Z-BU0EER N-HU
Y, SUBSIECAA(S)-xylylBINAP 15 2 N 5 fe i 45t B AT
FE ee {EFI HFRFE4. 2020 4, Rueping W @£ 52 i
KAL) 7> F AL SRR, BA(R,R)-QuinoxP* XU B 1k,
BEVRTFIERCE, mA&LLEIE 99%) ee MHBIIGR T
— RY|FHE AR IR 1L 5 Y)(Scheme 21, b). fH
13— PRI, TR P A B 5 B A 7R B A 5 el 4
{5 #5312 S 87 v Bl T A BELSZ ), AT — Hb R AR AR A
C—H BE IR L.

2016 4F, bR R4 0 o AR 1Ak 10 55 3 475 i B
SRl a-ER-A-BlEN C—H S5 IR L H B
R, FEDId & T — RY p- B -a- 25 KT
(Scheme 22, a). 1E#HEM [ M52 1 %64 C—H B
IR B FCHR TR [AA 27, B G 70 5l 4 ke Bl B
RAENIE A2 Lo Ip 28 slEE-R stk 29, 155

(c)

Pd catalysis |
LXPd" Q1 19 LXBd/'V"O\ g, 2
Cfg AN Abjg ) PdIXL
T N‘Bn "!Bn Ag,0
LX2Pd”--O\ -
©\/§ Pd"X,L
N N\
Cu catalysis Bn 18

TfQ /
x—Cu'--0

I
/ By Ar—Cu\ OTf
Ar Ar
N
N

l Bn
20
o O -OTf
/\Cu”'__o\ Bu X;Cu""'o\ By

Ar\ H Ar H CuIX
R R

N N 22

Bn Bn

B 20 BB 1 (2597 C—H B 97 B AL N

Scheme 20 Keto carbonyl-directed C—H arylation of heteroarenes

Chin. J. Org. Chem. 2023, 43,1~16

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

http://sioc-journal.cn/ 11



BT FREHR

(@ o]
Ar [|I'(COd)2]OTf (10 moI%) (b) o [Ir(cod)CI]2 5 mol% Ir)
ligand (10 mol%) . " o
N N\ 5 N R (R,R)-QuinoxP* (7 mol%)
R y Ho e xylene, 120 °C, 24 h R NaBAr," (10 mol%)
\\/i\J R H RS toluene, 70 °C
) - (e}
R? = H, ligand = (S)-SEGPHOS up to 81% yield, 97% ee i
R? = Et, ligand = (S)-xylyIBINAP up to 74% yield, 98% ee \/Q\’RA' up to 91% yield, 99% ee

R? = Ph, ligand = (S)-xylyIBINAP up to 98% yield, 84% ee

Notes: (S)-SEGPHOS = (S)-5,5'-bis(diphenylphosphino)-4,4'-bi-1,3-benzodioxole; (S)-xylylBINAP = (S)-2,2'-bis[di(3,5-xylyl)phosphine]-1,1'-binaphthyl;
(R,R)-QuinoxP* = 2,3-bis((R)-tert-butyl(methyl)phosphanyl)quinoxaline

B 21 B A7 A C—H BHE L IF LR

Scheme 21 Keto carbonyl-directed intramolecular annulation via C—H activation

[Cp*RNCl,], (2 mol%), AgSbFg (8 mol%) OH
(a) AgOAc (2 equiv.), HOAC (6 equiv.) N CHO
o H,0 (8 equiv.) R1:—/
N DCE, 80°C, 6 ~ 12 h R?
R | RZ-=R? 23 R?
H “NMe, — 24
l [Cp*RhCl,], (4 mol%), AgSbFg (16 mol%) OH
J NMe, HODmb (2.5 equiv.), H,O (10 equiv.) N CHO
—— 1
DCE, 60 °C, 6 ~ 12 h R
A N RS
R T Yo P 4
AR M 25 R
Rh R4 R5 26
MezN
NMG]GD O  NMe,
2 H,0,H*
2,
Rh R 2
R® R®
RZ
O  NMe,
=
H,0, H*
110 2\,
R H RS 26
Rt O
1,0 3
(b) ) . ) w R
R [CP*RNCl,], (5 mol%), AgSbFg (20 mol%) \ /)
| (0] . RO— R Cu(OAc),"H,0 (2.0 equiv.) R? R
R2 H DME, 90 °C, air 32
30 31 up to 78% yield
o)
Hf 30 HOAc, H* o)
N/ Rh!! X/H2o E/ R3

RO\ R? |
2¢cu \_/ S
C UXZOZ R R4

2cu'

R* H" O,
RZ RZ R2
33 /
(©) ? Cp*Co(CO)l, (10 mol%) N
X R AgSbFg (25 mol%), KOAc (20 mol%) R1.— R
R'{— + R3I—=——R¢ =
PZ H DCE, 130°C, 24 h R3
up to 92% yield

BR 22 WS 5 C—H BIEL IR

Scheme 22 Sequential C—H activation and annulation involving internal alkynes
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TG — BRIV IR S A R A G 24/26. HH4E,
(EERTESE SRR N R YN VA n A af e S SRR U S
HI7E I NS R 15 DUORFE, I T2k % B AR
LB REIGRA . [F4FE, WA R MR E T — 1)
B I A A R AR T 5 PN BRI [4 + 2] O-FR A IR 4 34
[V(Scheme 22, b). HLELWFFLR, Mali5 b B o e s
EALFIER T4 C—H 8GRk 5 S TE i e 6 H
(44 33, 1% [R) A B BP 7E 2= U B R AR AL T B
BYURER IS, kT A R 22 BRI AL & 4. 2019 4R,
HEREASIRA 3d SR LAw N, ez
TS W) C—H BE IR B R B, KRE T
— R A ORI E I A T 12 (Scheme 22, ¢).

2017 4E, FEMPER G IHRIE T —FlsE A 1 55
il S ) C—H SIG I R B N, BT R
EEF, —DE R T &8 BRI S5 05| MRk AT 22 4
(Scheme 23, a). BbAh, @I —FREE A E, K6
522 = 20 4y I A3 3] F AL ) S I R SR AL &9, (515
— IR, TRz R R, RO EY S W%

Al K A Mannich [ MR 584 1. 2020 45, EM
PR YE R IA TAE R At b, @ SR = 2R
9 Lewis R, MSEHL T B Bk BE T 1) A A4 R I -5 182 1)
B2 R B, 415 3] — RIIR I F KRR EY)
(Scheme 23, b). /5, Z WA —P kET
Me:Zn/AICL/AgOT! = JoHEALIA R, S = FERER 1)
[3+ 210 B A LAIRR] AT, ki sTh 3k T — R 5
3-W TR AR R — R it &4, Bar, mARARH
oA 3k 9% 4 i A A0 7R S % 2 s B T 4R (Scheme 23,
c).

2020 4F, Dethe PR SMRE 7S EifEMH C—H
B R RO S BRI A e ST PR AL R A
R 2 LT R R B o~/ M AN 1 E A7 B
1,4- IS R TR 1 rR TR 4A 34; d5¢ i 18 2540 53 1) B e PR Rl
TEERIZRAME TS, 34 KIS aldol 4664 1 B A5r=4,
(i) i I ULVt A e AL ) o 1) 5 A2 (Scheme 24).

2021 4E, Nemoto BRHZHICOHRIE T — 151 B 1AL I i
T [0 Wk C(2)—H ##E L IFH IR R B (Scheme 25). 7E
SN, 5 EIE R Y e e S R SR
FIIE R R, 288 5 Hp 1) 44 g 8 b R B A 18] 44
35, B &4E SRR 7 N P OB AR R P Bl 2 A
AW

6 HttfiSmK C—HBERURN

2018 4, Maji W48 2 (O VI 3o il B 1) - 1) S A% L
ACHLH ST 1 Bl HE A R (1) 75 s 55 B ARG 1A 1 ) S0 P
Ak [z B (Scheme 26, a). fEZMNAE R T, FKLET. —

Chin. J. Org. Chem. 2023, 43,1~16

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

o MnBr(CO)s (10 mol%) /
2 MesZn (1.5 ~ 2.0 equiv.)
R 4
R1'—\ ZnBr, (1.0 equiv.) N-R
= H DCE/toluene

H 60 ~100°C, 2~ 10 h
+ ] up to 67% yield
R4 MnBr(CO)s (10 mol%)
N Me,Zn (2.0 equiv.)
SJ\ ZnBr, (1.0 equiv.) \Me R?
R H DCE/toluene R _ N-R*
100 °C, 10 h
O s R®
4 i}
<R = §§—@> up to 65% vield
(e}
®) 0 o MnBr(CO)s (10 mol%)
NS R , Jl\ BPhj (1 ~ 2 equiv.) N
Rg P R3 “H DCE, 100 °C \ S
H 12~24h
up to 90% yield
(c)
o) MnBr(CO)s (10 mol%)
) AgOTf (20 mol%) /
R1'—\ R 3 MeZZn (1.8 equiv.)
P> + R°PNCO —————
H AICI3 (1.0 equiv.)

DCE, 90°C, 12 h
up to 71% yleld
B 23 G C—H S IR B

Scheme 23 Sequential C—H activation and annulation cata-
lyzed by manganese

Cp*Co(CO)l, (5 mol%) o
AngFs (15 mol%)

kf Cu(OAc),+H,0 (1.0 equiv.)
DCE, 80°C, 16 h =

0 up to 84% yield

RM- W+

C-H functionalization (,:O aldol condensation
10

34

B 24 HifiEf C—H SIS & e
Scheme 24 Synthesis of indene derivatives via Cobalt-cata-
lyzed C—H activation

75 FE W AR B 3- T -NH- 5] W 25 BENTUR b A A )
PN, DA 88 B0 75 7 2 403 HH AH L A S0 A 2
PR, e, TR B AT A AL P I RE i — Rk
L4 1% 17 2 B 5% Ak il R F DU 2R AT £ W) (azate-
tracene), 1M &A% I PUZRSRAL 5 1A I 30 3808 8 44
B AU T . ORBHE R BRI AEfi e 1 o i
MEL 2019 4, ENFEREAH R AR AL, dseIl
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R2
[Cp*RNCl,], (2.5 mol%) CO,R3
AgNTf, (10 mol%) o
Zn(OTf), (1.0 equiv.) CO,R®
PhCO,H (2.0 equiv.)
A NH
DCE, 60 °C, 4 h |
4
R1
up to 93% yield

3.
zinc promoted
cyclization

C(2)-H
functionalization

B 25 BefiEf C—H BIEAL G R R R A5 )
Scheme 25 Synthesis of carbazolone derivatives via Rhodi-
um-catalyzed C—H activation

T ZRACh ) I AL SN (Scheme 26, b). {EfF— 2172,
TE -, B-8 p-Br & A BUREE I 4% P9 251270, o RRIA) b
S5/, 2 SN2, LAR TS 0 X ek 25 AR R B
(AR P AL 2. 2020 4F, B ORESURBEZH IO I B4
I C—H B 7-B AR I FEUK v 0 BRI T 31 Je
R, AR R SLARGE BN SRAT T — R A SRR A B 2K L
HATHEYI(Scheme 26, ¢).

(@)

2017 4E, RAREREA RS TN EE o
FARIRFER I B R B Ak [ i (Scheme 27, a). 1% N HA
PR A ARAEREYE, R DLREIA 90% IR E] 1,2-—
MR R W, MR SR BZ R B V] Be v IR E
HHAE 36 X IR 37 (LRI, 2019 4R, sk
AR R 2 105 SR R A TR) A e A0 AR, S T AR AR AR 1)
I5] W& C(4)—H BBt FAL [ N (Scheme 27, b). 2l 5256
SR, H AL KoS:0s AR HE o AR R 1) i iR
R, BRI R B . AL, %R ST AR
Je PPN IR (LG IR

2021 4E, VFPHE R ORIE T AR AL 1) 55 B 41
fir C—H H AL B(Scheme 28). Hirr, 2 3k F & s Al
TR SR I AN RHZ R L IRR 4T 22 0 B, BRI
TEXE I L= R RCR R T, il sein st Bk, &3
R 6 1T 66 5 75 B SR SR A2 1 T Y el ik 39, i
AR EZ AN, A, 207 15 SR 4 B F T 5 46U
] P il 2 e 1 01 700 1 i A S ARAE 0.

[F]4E, Ackermann B &RZH 715 Ak 4l AL V5,
SEHL T REMEAL B S B AL C—H B4k [ M (Scheme
29). %R NLAE TG R I AR AE N 3EAT, TR AR A
. HLERRF TR 3R B, EALRIRT A [Rh(OAC).], &b 2E 5 AL

R2
Cp*Co(CO)l, (10 mol%)
AgSbF (30 mol%), Cu(OAc), (30 mol%) il ) O
i 3
TFE, 100 °C, 20 h Z R

up to 93% yield

Selected example:

0] 3

o R Cp*Co(CO)l, (10 mol%) __R
AgSbFs (30 mol%), Cu(OAc), B0 mol%) ™S\
TFE, 100°C, 20 h N
H

(1) OsOy4 (5 mol%), NMO, 50 °C, 30 min
(2) NalOy, 50 °C, 20 min
O  (3) NH40Ac, NaOAc, 50 °C, 50 min

68%

>N
%

azatetracene

MnBr(CO)s (10 mol%)

b @) R2
® o R4 R®
3 Cu(OTf), (0 ~ 60 mol%), Me,Zn (1.0 ~ 1.5 equiv.)
N RZ + R\/\OI(LG e
R B DCE, rt. ~80°C, 17 h 4 |
¥ 7 RS R /\
R1

up to 89% vyield

[RhCp*Cly], (5 mol%)

X =NBoc, O, NTs

O — X 0 | X R?
15 mol9 5 equiv. 0
N . 2(/:/2[3 AgNTF, (15 mol%), NaOAc (0.5 equiv.) Q P
R R DCE, 100 °C R
Pz H PZ XH

up to 82% yield

Bz 26 ABRIE S 10 ) C—H SEAR A EAL S
Scheme 26 Keto carbonyl-directed C—H allylation
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a
@ oy Pd(OAG), (5 mol%) 0 O AT
O K;S,05 (3.0 equiv.)
R + )J\ 2928 R
v A COOH TFA/DCE .
X 80°C,24h “y
ll up to 90% yield
reductive
f 2 elimination
O—Pd—TFA Ar
L
R oxidation o={ | x
L OI—Pd—L
x (
37 R
o .
K08+ — M. X
2928
A" SCOOH A 36
2
®) 0 Pd(OAc), (10mol%) R2 0O
H AgTFA (0.3 equiv.) Ph
N oo\ ) K23208 (2.0 equiv.) A
R  Tramrp R
N 80 °C, 48 h Z N
Ts Ts

up to 81% yield

B 27 FHRAE S0 () C—H SRR S B
Scheme 27 Keto carbonyl-directed C—H acylation

Pd(OAc), (10 mol%)
NH,COOMe (20 mol%)

0 AgNO; (0.5 equiv.) Q
o N R2 NFSI (2.5 equiv.) i X R2
R § DCM, 95 °C, 24 h - .
o~ up to 93% yield
o)\|N
XN 2
in situ R R
¥
39
B 28  Fcdt 3 mi C—H B0 R
Scheme 28 Keto carbonyl-directed C—H fluorination
GF F ﬁ Pt
Q [Rh(OAC),], (2.5 mol%) Q
R N R2  TFA'NEt; (2.0 equiv.) R X R2
= TFA/TFAA, r.t.
H by OH
2.5F-mol" (2 mA) up to 77% yield
2+
/O\R /O\ '\;l
o | \o‘o
)\\ /Rh\ //A
Me O 0O Me
40

bimetallic rhodium(lll) species

B 29 BBt SR C—H B LR

Scheme 29 Keto carbonyl-directed C—H oxygenation

e BRI S A R A A VS VE ) 0 XURERH 1 40,
e KA RYIBCAL. C—H &gt &R BR A& BT A
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B NTTRE TR = 90 BRI B SRAT AW, Ak A %
WA EA AT IR & .

7

B E R S N AR 2SR RN AR A2 A m O BIE T4
—. {ESTEJEET . B AURERAEAL A R ARSI R I[FII,

BHEERE

zi BT, WV SR E R S s c—H
I 2

PR R B ATERAEAL R T 7] C—H SIS iRk
BRBEABR IS SR T RIS T — S B . R EAR A
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ey

FEB AT —.

BRSO, I, KX
I B A <6 i TR A A0 2R AT 0 A 2 AR SR A 11
(RIS, 383X s WAL ER AR ) AN B
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