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Selective Functionalization of Normal Alkyl C—H Bonds
Using Amides as Directing Groups

Zhou, Lihong Lu, Wenjun*
(Department of Chemistry, Shanghai Jiao Tong University, Shanghai 200240)

Abstract Normal alkyl C—H bonds refer to those sp® C—H bonds not linking with any carbon functional groups or hetero-
atoms at their adjacent positions. They are fundamental chemical bonds, which are widespread both in raw materials such as
petroleum oil, natural gas efc. for chemical industries and in various kinds of intermediates for chemical syntheses. Selective
transformation of these ubiquitous alkyl C—H bonds into new carbon-carbon, carbon-nitrogen, or carbon-oxygen bonds is an
ideal method in construction of molecular skeletons, extension of carbon-chains and introduction of functional groups, which
is urgently desired in either large-scale production or laboratory synthesis. However, these normal sp> C—H bonds are ex-
tremely chemical inert, due to their high bond dissociation energy and low acid dissociation constant. Thus, they are not used
directly and conveniently as other available functional groups in synthetic chemistry. Since the beginning of this century, the
functionalization of normal alkyl C—H bonds has been developed rapidly through C—H activation which is to cleave these
inert C—H bonds with the assistance of some special directing groups by use of catalytic transition-metal complexes under
mild conditions. Amides as one of the effective directing groups, which are prevalent in natural products and pharmaceuti-
cals, has also received particular attention. A series of novel reactions using various amides as directing groups to produce
carbon-carbon and carbon-heteroatom bonds, including alkyl-aryl, alkyl-alkenyl, alkyl-carbonyl, alkyl-alkynyl, alkyl-alkyl
linkages and carbon-nitrogen, carbon-oxygen, carbon-chlorine, carbon-bromine, carbon-boron, carbon-sulfur, carbon-
selenium bonds, efc. have been established, and some of them have been applied to the practical synthesis already. This re-
view describes the development on the functionalization of normal alkyl C—H bonds according to the formed bonds, reaction
substrates, and chronological order. It is emphasized that the structures of amide groups, properties of transition metals, re-
gional and stereo-selectivities in C—H activations, reaction mechanisms, subsequent transformations and their synthetic ap-
plications, efc.
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2005-Daugulis

o)
N 4 0 equw
N A 5.0 moi% P(OAG), OAc)2
Z H 1.1 equiv. AgOAc
110°C, 5
0.7 mmol min 92%
O H
6 0 equw
N H—————
| N H 5.0 mol% Pd(OAC), |
& H™ "H 4.1 equiv. AgOAc
0.7 mmol 120 °C, 30 min 60%

Ar = p-Me-CgH,-

Bl 1 2005 4F Daugulis #RIEFIkTE C—H S5 TS B 1 R
Figure 1 Coupling of Alkyl-H with Aryl-I by Daugulis in 20052
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2006-Corey
I
(0]
N NPhth 4.0 equw
| N 20.0 mol% PA(OAG), Pd( OAc
Z H™ ~Si-Pr 1.5 equiv. AgOAc
110°C,3.0h NPhth
1.0 mmol 93%
0 O Ar
NPhth 4.0 equiv.
| HJI 20,0 mol% Pd(OAGY | Ny
- (] 2 ey
N H™ "H 1.5 equiv. AQOAG F N NPhth
1.0 mmol 110°C,1.5h 92%

Ar = 4-OMe-CgH,-

S

o Ao

NPhth 4.0 equiv.

N _— >
| H 20.0 mol% Pd(OAc), ||
N H 1.5 equiv. AgOAc =N NPhth
1.0 mmol 110°C,35h 85%

Ar = 4-OMG-C€,H4-

Bl 2 2006 1F Corey il (ke C—H § BT K i) B I
Figure 2 Coupling of Alkyl-H with Aryl-I by Corey in 2006*"’
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2009-Yu @
F

F. F o 3.0 equw
10.0 mol% Pd(OAc),
F H 20.0 mol% ligand

F 3.0 equiv. CsF
H 3A MS, toluene
0.2 mmol N,, 100 °C, 24 h 58%
PCy,* HBF,

B3 2009 4F Yu #IEM K C—H BS5BRTS & 1 B
Figure 3 Coupling of Alkyl-H with Aryl-I by Yu in 2009*!
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N
Ts
)H;NPhth 1.0 equiv. 0
20.0 mol% Pd(OAc), N i-Pr

1.5 equiv. AgOAc || H =
t-BUOH, 110°C, 16 A~ N NPhth
0.16 mmol, 2.0 equiv. 80%

NTs J NTs

1) ethylenediamine

n-| BuOH 90 °C o
2) TfN3, NEt;, DCM, r.t.

Y i-Pr 81%, 2 steps N Y i-Pr

NPhth H N
J NTs

1) Boc,O, DMAP
MeCN, r.t.
2) LiOH, H,0, O
THF/H,0, r.t. .
i-Pr

91%, 2 steps

Bl 4 2010 4F Chen RIEHIFER C—H # 5HUCTS B A B
Figure 4 Coupling of Alkyl-H with Aryl-I by Chen in 20101"

2010-Chen NHBoc
“CO,Bu-t
A\
NPhth N
Ts
N )
> iPr 6.25 mmol, 1.0 equiv.

20.0 mol% Pd(OAc),
1.5 equiv. AgOAC
t-BuOH, 110°C, 36 h

12.5 mmol, 2.0 equiv.

85%, 4.78 g
LCO,Bu-t
BocHN—
TsN
_— .
(@]

Celogentin C

B'5 2010 4F Chen #IZ kel C—H A ST ke HIEEEY
Figure 5 Coupling of Alkyl-H with Aryl-I by Chen in 20101%
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2010-Daugulis CI
52\ )i 3 0 equw £
5. 0 mol% Pd(OAc),
2.3 equiv. Cs3PO,

0.7 mmol tAmylOH, 90 °C, 10 h 81%

Q 3 0 equw
,'j)ﬁ 5.0 mol% Pd(OAc),
SMe

2.5 equiv. K,CO3

H tAmylOH/H,O SMe
0.7 mmol 90°C, 17 h 84%
o 1.0 equiv. Pd( OAc)2
”)ﬁL MeCN, 60 °C, 4 h #
99%, 1.11 g /N—Pd
H NCMe
. 3O0mmol
N—PjiL 5.0 equiv.
NCMe acetone, r.t.,, 40 h
0.08 mmol 31%
| _N

Bl 6 2010 4 Daugulis I8 I FEE C—H 85T G 1 (B
Figure 6 Coupling of Alkyl-H with Aryl-I by Daugulis in 2010*"
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2010-Chen
Q 10.0 mol% Pd(OAc), Q
| H I 1.0 equiv. Ag,CO;z || ”
=N 1.0 equiv. 0-PBA =N
H t-BuOH, 80 °C, 2 h
0.2 mmol 88%
Q\ 10.0 mol% Pd( OAc)z
1 0 equiv. A92C03
1.0 equiv. oPBA
t-BuOH, 90 °C, 24 h
0.2 mmol 64%

Bl 7 2010 4F Chen #IBIFEE C—H SRR TS R 1) fHERe)
Figure 7 Coupling of Alkyl-H with Aryl-I by Chen in 2010'%¢

2011 4F, Baran 5" 2- B k4 ek fie S 1 (1) C—H
75 HeAR SN T R AR P24 Piperarborenine B 1144 ik
I 8). B AR TR B AR — R
N, PURRI T OB AR RN T e e, AU
W T%HSIERAT 2] B AR

2012 4, Daugulis 252 HRIE T - Bk 25 ok e 56 141
SAM R IERRIRIE B A7 C—H $ 9534k B, 155 555
IR ERRATEY A ZE=E 9). =Uh RS
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2012 4, Baran ZFWHRIE T 5 — Bl S i BAE
C-H #7557 FALH T 46 sl (& 10). ] 8-fie ki
WAL i A = 1) B ], C—H BRI SIS SR A A s
RN, 1FBHERFRIR T BTN, HE& LR, 5%
SR A E] T RIRF“Y) Pipercyclobutanamide A.

2012 4F, RERCEPHRE T BN RG0S 5
2- T ARSI SE A G AR, SER T 4- = R AR
KR RG T 1) R B B A 2 C—H B8 1) 05 AL = B
(B 11). HEEEMIR RN =29 C—H SRS T
N, I HAE— S8 555 AR 451 5 H 2 Re AR B B — 1
Xt e AR = 4.

2013 4F, SfEEE S PIRIE T A N-1-(2-PHEE L )- 1 -
Ok 2 B i 1l R S R R Bk B 6T — 2 C—HL #8105
B R BB 12). T2 T w2 ] ] e A ) 1 —HY
R HARAE FST AR R, % p-T95 Fe-o- R IETR -]
HE— 2 R A - N T B A S B DR AT 58 478 b 73 21
M a2 - NI

2014 4, Baran Z5P™ R GUHGE T BERGEE A1 S R
T B AL C—H BERIThREA IS, FF N I SRS 5 R AR
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2011-Baran
(0]
(0] i 5
| — . N
SMe H OMe
07 “OMe 0
OMe

OMe Me
2.0 equw -
15.0 mol% Pd(OAc), OMe

1.5 equiv. A92C03

1.0 equiv. PivOH

HFIP, 90 °C, 36 h
52%,0.84 g

OMe

MeO OMe
| OMe
OMe

2.0 equiv.

| bt bl A
NJ 15.0 mol% Pd(OAc),
sme R OMe 1.0 equiv. Ag,COs
H o t-BUOH, 75 °C, 36 h

46%, 0.66 g

MeO OMe MeO OMe

OMe o OMe

Piperarborenine B

&8 2011 4F Baran fRI& % C—H B S5 42 1 15 1pe )
Figure 8 Coupling of Alkyl-H with Aryl-I by Baran in 2011
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2012-Daugulis

Q\ NPhth 4.0 equiv. o)
5.0 mol% Pd(OAc), N
2. 5 . AgOA =
0.5 mmol 78%
j)\gj 6.6 equiv. BF3 Et,0 o
_— >
MeOH, 100 °C, 20 h
H B © ' ’ MeO B
SMe NPhth NPhth

87%, 90% ee

B9 2012 4% Daugulis M0 C—H B S RUC TS 1 B
Figure 9 Coupling of Alkyl-H with Aryl-I by Daugulis in 20121

2014 4F, Chatani Z£PHRIE T8 ALY 8-k SE ek
P fie 5 1) R B2 B S Joe ke C—H B 1 0 40 S B (F 14).
KL 2,4,6- = F 2K R (MesCOH)TE LR K
B2 1 B, (ERBIKE 5.0 mmol LT AELL
T1%HICE 1.65 g KIS R HER™ 9. %1 SSMALEE,
PEZ IR T A /VUAN/ AN RO AL PR, H 2
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2012-Baran

3

O

2.0 equw
OMe 15.0 mol% Pd(OA), mol% Pd(OAc),
1.0 equiv. Ag,CO3
OMe

1.0 equiv. PivOH
t-BuOH, 85°C, 15 h
54%,0.78 g

OW | pZ e}
) )
o (e}
2.0 equiv.
B ——
| N OMe 15.0 mol% Pd(OAc),
H 1.5 equiv. AgOAc

toluene, 80 °C, 10 h
59%, 0.39 g

Iz

Pipercyclobutanamide A

& 10 2012 4F Baran fRIER KR C—H @E'—?ﬁﬁﬁ%ﬁ%ﬁﬂ*@
Figure 10  Coupling of Alkyl-H with Aryl-I by Baran in 20124

2012- Yu

3 0 equw
10 0 mol% Pd(TFA)2
20.0 mol% ligand

2.0 equiv. Ag,CO3
1.2 equiv. K;HPO, 77%
hexane, 110 °C, 24 h

F |
FsC F
Q 3.0 eqmv
F Njﬁ> 10.0 mol% Pd(TFA),
F H 20.0 mol% Ilgand

2.0 equiv. Ag,CO3
0.2 mmol 1.2 equiv. Ko;HPO, 86%
hexane, 110 °C, 24 h (single diastereomer)

X
ligand: _
N~ "OBu-i

B 11 2012 4F Yu GBIk E C—H 5 RuR 35 42 i 45 i
Figure 11 Coupling of Alkyl-H with Aryl-I by Yu in 2012

JUF R, Weahba 2RO 4R0E 7 BRI Y 8- i3t i
IR e S 1) RO B3 S e e C—H 4 S LR 55 I 1) s i
(B 15). fEIXH, —OREERE . — FIERESER DL — AR
SILFEEE T RBEET. RS R mFRREE A T
%S

0.2 mmol
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2013-Shi

NPhth 1 5 equw
10.0 mol% Pd OAc)z
_N

1.5 equiv. CuF,
5.0 equiv. DMPU NPhth

0.2 mmol acetone, N,, 100 °C, 24 h  81%, 99% ee

10.0 mol% Pd OAc)2 &_
NPhth
3.0 equiv. NaIO3
OX 10.0 equiv. Ac,O \
/

0
NPhth MeCN, N, 70 °C, 24 h

0.15 mmol 74%

Bl 12 2013 4F Shi |IE Hikes C—H 85U 55 i B B
Figure 12 Coupling of Alkyl-H with Aryl-I by Shi in 2013"

2014-Baran |
1 @
N
© \N Ts
O _NH 4.0 equiv.

_—
H 15.0 mol% Pd(OAc),
1COMe 3 0 equiv. AgOPIv
toluene, 120 °C, 24 h NTs
TBSO H 46%, 0.79 g O
1.81 mmol

Bl 13 2014 4F Baran #IE ke C—H SRS I K e
Figure 13 Coupling of Alkyl-H with Aryl-I by Baran in 20142™!

I@OMe

2014-You

2014-Chatani
Q Ph 2.0 equiv.
B —
| H%Ph 10.0 mol% Ni(OTf),
_N H 20.0 mol% MesCO,H
2.0 equiv. Na,CO3 Ph Ph
DMF, 140 °C, 24 h
0.3 mmol 72%
I—< >—0Me
Q Ph 1.5 equiv.
_—
| H%Ph 5.0 mol% Ni(OTf),
_N H 10.0 mol% MesCO,H
2.0 equiv. Na,CO5 ||
DMF, 160°C, 24h ~=N Ph Ph
5.0 mmol 71%, 1.65¢g
B 14 2014 4F Chatani #RIB[Fkeke C-H 5L SR R
Figure 14 Coupling of Alkyl-H with Aryl-I by Chatani in 2014
IOOMe
2.0 equw
Bn 10 0 mol% Ni(OTf),
20.0 mol% PPhy
20.0 mol% PivOH
35 equw DMSO
2.0 equiv. Na,CO3 R Bn
0.2 mmol 1,4-dioxane, 160 °C, 24 h 83%
R= 4-MeO-C6H4-CH2-
B 15 2014 4F You HUEIBEE C—H # SHURTT B I BEL]
Figure 15 Coupling of Alkyl-H with Aryl-I by You in 2014
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2014 4, AR 4= 5 B R A R R IR I
SREIE ALkl C—H B 75 FAb s N TR RAR A
BRI A R (B 16). did K g A FIBCA T 25 5
ANFIAR T e, LA —8evk . SRS Mg B 1S
2| - B-HLASR T7 FEEUAHT -2 FERRATAED).

2014-Yu CO,Me

1.5 equw
NPhth 10.0 mol% Pd(TFA)2
20.0 mol% ligand-1

20.0 mol% CF3CO,H
1.5 equiv. Ag,CO3

0.1 mmol DCE, 100 °C, 20 h

3 0 equw

10 0 mol% Pd(TFA),
20.0 mol% ligand-2

20.0 mol% CF3CO,H
2.0 equiv. Ag,CO;3
DCE, 100 °C, 20 h 66%, dr > 20/1

X
ligand-1: | _ ligand-2: N
N | _
N~ ~O

Bl 16 2014 4 Yu IREMFEE C—H 8 58U & i B
Figure 16 Coupling of Alkyl-H with Aryl-I by Yu in 2014

[FI4E, REPEPHRIE T 4- =5 22 R
T RIRHREE B ALk C—H BT [ RL] & 4-75 552
WG 0 (P 17). 2,5-— P RE M E I A% 1O 458 P S
RIS, RNV ERAE B :ﬁE%FW&kE%W

2014-Yu

F
FsC F
o 4 0 equw
F HJj 10.0 mol% PdCl,
H

F 20.0 mol% 2,5-lutidine
3.0 equiv. Ag,CO3
tAmyIOH 140°C, 24 h

COzMe

0.2 mmol

O I 0

A 4.0 equiv. Ar\N |

b 10.0 mol% PdCl,

H 20.0 mol% 2,5-lutidine O
3.0 equiv. Ag,CO3

tAmylOH, 140 °C, 24 h

Ar: @F Br\© ©\ Me0\©\

69% 40% 48% 42%

B 17 2014 4E Yu B M FERE C—H 8 5RURST Rr R
Figure 17 Coupling of Alkyl-H with Aryl-I by Yu in 2014

0.2 mmol
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Heck 5L K 71 N F& 840 [ B il A i 2445 21 H b 72
Y. AR IR AT COER e 2RI, WNHE T 4-
75 H-2 WK = AR .

2014 4, LINEEPHRE TEH 1-Q-inE3E)-1-F
FE M e T 1 R S SR R B B A 2 C—H BRI Oy Ak
RN 18). E5 4-IRMUEK R N, nlkPert 5
C—I BB AR P C—Brift. 45 R 5 WA S m ]
Re s i 25 A A LR R TR

2014-Shi Br

1 5 equw o
10.0 mol% Pd(OAc),
X

1.5 equiv. AgOAC N
t-BuOH, 100°C, 24hll__n H
0.2 mmol 86%
Ac
HCI ( aq 1)
100 oC 48 h HO
0 12 mmol 66%

B 18 2014 4 Shi RIBEMHEE C—H 8 SIS B A (H B
Figure 18 Coupling of Alkyl-H with Aryl-I by Shi in 2014

2014 4F, RS SPURIE T 8-kt §
17 I Pt B SE LRI B i s — 4 C—H B 5 55 564k
KB 19). SR 3.0 mmol It 88 DA s i R 45 5
PR AR B RS FEAR AT AiE— B R A B AL S
B AR e A . BRI R A 5 I B, 7531 %2 Fh
KRG IELBRATED. =W (0 S 17 3 ] A7 3 181
25, SN AR N R T SR R,

2014 4, Bull Z5PHRGE 7 8-k s bR g 5 17 (1 )¢
% C—H #3578 RN AT L-IERAT A A b
(K120). B3t pAr ke — 2% C—H 4t SRV S IR (55E, L
o AR WS R 1 45 3 55 SR P . T 2 S- RS-
i FEWE IR R 5 1) JEE [T, 75 380 P2 T LA 4320 Bt 2k
Jige 11 5 1) B A A AR SR [, 3 3 — S
P N--2- Bk R ik -3- 55 LI e 7242,

JUT-[FIEE, 5K B2 P RE 1 8-k miit i 5
] LR B It C—H 5 LA 5 0 0 A1 6 I I (P
21). 165 4-IRARIER P RN H, L-J 2R AT I £ 5
C—I 8 S ST AR B C—Brgt. A2 s B =4 a] LA 2%
I E SR a-F IR,

2014 4F, REREPVSEEG S MR bE T HAR
M T Z AT G B (B 220 23). k. =Rk
VU A #R3E FH T S B, R IR B8 J B rf, R4 A4 v ) e ik
FRER S SEBE 72 24 T A AR, (2 T ki c—H
T A S N AT T I R e SN S S ) T
1%, ATLURIS B 2R, FramAEE AR Z KA.
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y 2015-Zhan
2014-Chen OMe ¢} I
0 o
v
(0] IO N N 5.0 equw
NPhth _ N H 10.0 mol% Pd(OAc),
| H 3.0 equiv. H 20 mol% (BnO)2P02
N H 10.0 mol% Pd(OAc), 2.0 equiv. AgOAC
2.0 equiv. AgTFA NPhth 0.2 mmol toluene, 110°C, 24 h 86%
0.2 mmol TCE/H,0, r.t,, 2 days 83% Cl
3.0 mmol 85% 0
l Cl Piv
I=Ph MeO Piv . N )
3.0 equw \© N N 5.0 equiv. | H
H o,
10.0 mol% Pd(OAG), N 10.0 mol% Pd(OAc),
20.0 mol% (BnO),PO,H )J\A Z H 20 mol% (BnO),PO,H
2.0 equiv. AgOAC cl
2.0 equiv. Ag,CO3 | s o,
NPhth tAmylOH, Ar _N NPhth 0.2 mmol toluene, 110 °C, 24 h Cl 68%
01 mmol 110°C, 12 h 95%, dr > 30/1 H-TEA
HO N
(1) NaOH, EtOH
(2) TFA/H,0 6%
Cl
Cl
0O
MeONI,0,07 B 21 2015 4F Zhang RIEHIKERE C—H B SRS B 1 (I
NPhth
2u]
0.2 mmol 70% Figure 21  Coupling of Alkyl-H with Aryl-I by Zhang in 2015
2014-Y OMe
TsN u I@OMe
1) Boc,O, DMAP N ~ o
(0] : 1.5 equiv.
_ MeCN,rt. o) NPhth ——————  ~_~
2) LIOH, 1,0 HO™ N 2.5 mol% Pd(OAc), o :
| 202 = OH 1.2 equiv. AgOACc
NPhth H20/THF 0°c NPhth H 3.0 equiv. KF YN :
0.2 mmol 81% 0.2 mmol HFIP,100°C,20h  OH 75q, NPhth
B 19 2014 4E Chen RIEMILEE C—H 5 BUR IS 1 M H B ~ o |@ ~ o0 Ar
Figure 19  Coupling of Alkyl-H with Aryl-I by Chen in 2014™ : :
OY\N NPhth 4 5 equiv. o NJ\_)
H —_—> H pt
2014-Bull YNH H 5.0 mol% Pd(OAc), NPhth
CO.B 1.2 equiv. AgOAc 2o.B
>bn 0, >bn
1  18equv. 0.2 mmol DCE, 1007°C, 20h 86%
5.0 mol% Pd(OAc), o A
1.8 equiv. AgOAc NPhth B r
110°C, 20 h :
OYNJ\_)
0.9 mmol 91%, 98% ee H -

1 8 equw [ ;
5. 0 mol% Pd(OAc),
_N 1.8 equiv. AgOAc
110°C, 20 h
0.95 mmoI
(0]
H
HoN N

82% 0.38g
CAN, MeCN/H,0 HoN Ha, PdIC.
79% T99%

B 20 2014 4 Bull IRIE RIS C—H -5 BUR 5 B AR
Figure 20 Coupling of Alkyl-H with Aryl-I by Bull in 2014

2014 4F, BREZPHRGE T 2-= RNEEE - 1-2-Mt
WE HL) 2 G e i 1 3 1) 141 | B o S deke C—H B 547
BELE R 1) 0 BUARRIAC D A RO AR B S B2 A B -5 A 7
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H ., _NH NPhth
2 0 equw i

10 0 mol% Pd(OAc), 07 “NH
2.0 equiv. AgOAc
DCE, 100°C, 20 h CO2Bn

0.2 mmol Ar = 4-Me-CgH,- 73%

B 22 2014 4 Yu HUBMFEE C—H #5005 & R
Figure 22 Coupling of Alkyl-H with Aryl-I by Yu in 2014

YK 24+ 25). PR IR S 1] 2 T AT A0 AR I (TR TR
I TR R AR W) Hibispeptin A #E4T 142
.

2015 4, REBEPURIE T E R N-FEE
AT D9 3 1r) 3k R Bk B A e C—H B 7 Ak S s
(# 26). i 73 8 A FIEC AR U5 AN TR AT e i
HRAFE] B8 AR BT =Y. P eh g2 LR
PP RTIE B AT B AR .

COan
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% % F R =
2014-Yu MeO 2014-Chen
'@ TIPS.
~
= X NPhth NPhth
OY\N%NPhth 1.5 equiv.
_—
on M y 5.0 mol% Pd(OAc),
1.2 equiv. AgOAc
5.0 mmol 3.0q:q\ijiv.gKF 0 equiv.
HFIP, 100 °C, 20 h B0
85%, 1.80 g | 2N Bod),
OMe OBoc T|PS\O o OBoc
\/ 1.0 equiv. |
. rUeauw. |
ove : 9 15.0 mol% Pd(OAc), T N T H N(Boc),
OY\N NPhth 30.0 mol% (BnO),POH XN NPhth
H 2.0 equiv. AgOAC
NPhth MeO,C.__NH H dioxane, 110°C, 2 d

X
- O,

1.5 equiv.

B —
5.0 mol% Pd(OAc), Y\N Y
1.2 equiv. AGQOAC MeO,C.__NH NPhth

DCE, 100 °C, 20 h
70%
Bl 23 2014 4F Yu 3B MIFER C—H 8 5T T5 K i fmpe)
Figure 23  Coupling of Alkyl-H with Aryl-I by Yu in 2014
2014-Chen I

4
Meo‘z >_/< Aryl
TIPSO o TIPSO o Yy
1.5 equiv. [—Aryl
_ N NPhth ==
|- 10.0 mol% Pd(OAc), TN T HE
~N oy Et 20 mol% (BnO),POH 'S N NPhth

1.5 equiv. AgOAc 69%
dioxane, Ar, 110 °C, 24 h

Bl 24 2014 4F Chen IRk C—H SRR TS 2 (R BT
Figure 24 Coupling of Alkyl-H with Aryl-I by Chen in 2014*]

2015 4F, i AN GEPURIE T 5 b ]
JEA T S 1 R AT R A ek C—H B 55 B0 S B (P
27). R B-T5 BRG] LAFAL SO R -5 SRR
117 24 5 [ 22 P o A5 3 PR e S, et B AL AR 2
C—H AT LU i R X R 5k 45 2155 A0 7 4.

(2) BhfEeHE po o ir C—H B 5 R TT R I [ N

E 2005 4F Daugulis 2P e ¥IRIEH, T 2-t
WE FE R AE R T 2R S, B y A2 —2 C—H g
AR T IR AR B, BT 2 B 07 B 2 (K 28).
XA fE I y AL C—H BTN REAL 1 -1

2011 4F, [ 520400} 2- e F A% S 1 O RE3 y r
C—H B5 A Nl T 3k — PR R (K 29.30). & E3H
O3y AL 2 C—H #Re SRS B XSkt
e b Aol — 20 fsin s 2] 35T 3 R

F-2-ntb mE FH G A e B A B 2. s A T m 2R A e

KT FARFEWI(+)-Obafluorin F-5 k.

2013 4, Daugulis Z5PPHERGE T st » fr3F O3k —
2% C—H B0 F4b B (B 31). BbAh, f&t 6 2 C—H

47%

Hibispeptin A

&l 25 2014 4 Chen HIEMILESE C—H 5 HUR 5 B (R L
Figure 25 Coupling of Alkyl-H with Aryl-I by Chen in 2014™"]

2015-Yu OMe

DO

0 1.2 equiv. 3.0 equiv.
MeO\N)K/ENPhth 10.0 mol% Pd(OAc), 10.0 mol% Pd(OAc),
H

20.0 mol% ligand-1 20.0 mol% ligand-2
H H 2.0 equiv. AgOAC 2.0 equiv. AgOAC

HEIP. 75°C. 24 h 3.0 equiv. NaH,PO; HyO
10 rmol 100°C, 36 h
0 0

NPhth

N MeO
- EtzO‘BF::,
o _ 273 _ \\\.
\© MeOH, 90 °C \©
OMe OMe
46%,2.19
| X
ligand-1: _
HZNV\NH2 N
_— >
DCM/EtOH N
77% for two steps . .
111g ligand-2: | N/

B 26 2015 4F Yu I ek C—H S BURTT K 1B I
Figure 26 Coupling of Alkyl-H with Aryl-I by Yu in 2015

AR BE AR A I B SN IR e fz 8 A S T A FH AL
AT R L1 2.

2013, D RKNZEPURIE T 2- AR WL LB S
[ (REHE p fr C—H SR 5 R I RS (B 32). B T
S T BRI TS 48, ARALER [t 2-Al £ AR
F7 IR AELL 1.29 g FIMIEAT 80% ISR 2=, XLk
PR G LACRFRTF- PRI 7 8 b R 2 S TR

Acta Chim. Sinica 2015, 73, 1250—1274 © 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 1257



W F F R ik
2015-Shi 2013-D li
'@ a”g” N COZEt
. (0]
Q 3.0 equiv. O\% _ 40equv. %
Om><” 10.0 mol% Pd(OPiv), | ﬁ 5.0 mol% Pd(OAc)2
%N A 10equv. BNOLPOH NN 10.0 mol% CuBr,
1.5HeF(1;|/VE') IG%ZSO3 4.0 equiv. CsOAc CO,Et
p 1.0 mmol tAmylOH, 140 °C, 24 h 86%
0.2 mmol Np, 120 °C, 12 h 66% - o
OMe

1,4-dioxane/H,SO,4
—_—

96% HO

|Osr
0

% 3.0 equiv.
o) N — > 0 N

N 10.0 mol% Pd(OPiv), rH

N 1.0 equiv. (BnO),PO,H N Ph
H™ "Ph 1.5equiv. AgoCO; g/

Bn 2.0 equiv. NaOPiv Br
HFIP/DMSO
0.2 mmol N,, 90°C, 12 h 66%, dr =7.3/1

B 27 2015 F Shi IR FekE C—H 5 HURTT KR IR
Figure 27 Coupling of Alkyl-H with Aryl-I by Shi in 2015™!

2005-Daugulis

OMe
I@OMe
o

N | x 4.0 equiv. o
H N ) 5.0 mol% Pd(OAc),
H 1.1 equiv. AgOAC N | N
130°C, 6 h H
0.7 mmol 76%

Bl 28 2005 “F Daugulis FRIE MIFik C—H - 5HUCTT & 1 R R
Figure 28 Coupling of Alkyl-H with Aryl-I by Daugulis in 2005

2011-Ch 0]
en IOOMe MeO,C
MeOZC O . N | B
N | N 1.5 equiv. H N
H N 10.0mol% Pd(OAc),
H 1.0 equiv. Ag,CO3
t-BuOH, 80 °C, 24 h OMe
0.2 mmol 77%

Bl 29 2011 4 Chen #RIE B E C—H #-5 U ST R I B
Figure 29 Coupling of Alkyl-H with Aryl-I by Chen in 2011

IONOz
TBSO

CO,Me MeO,C o 1.5 equiv.
TBSO 5 0 ol PO
NH, —> TBSO N7 15.0 mol% Pd(OAC),
H N__J 1.0 equiv. AgoCO3

H ¢-BuOH, 70 °C, 40 h
60%

2011-Chen

TBSO

MeO,C
TBSO o >\ENHBOC

B 30 2011 4 Chen $RIBIIFEE C—H %Eﬁﬂﬂﬁ%i}:wﬁﬂ%m
Figure 30 Coupling of Alkyl-H with Aryl-I by Chen in 20115
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H 4 0 equw J\O
10 0 mol% Pd(OAc),
Ar

20.0 mol% CuBr,
4.0 equiv. K,CO3  29% (di) + 13% (mono)
tAmylOH, 140 °C, 24 h  Ar = 3-OMe-Ph-

1.0 mmol

Bl 31 2013 4 Daugulis FOE[FIHEE C—H 5T 12 1 R EEE
Figure 31 Coupling of Alkyl-H with Aryl-I by Daugulis in 2013"

2013-Ma OMe OMe

MeO. O I—@
25e
quw o
10.0 mol% Pd(OAc), O )H/H
|

OMe 1.0 equiv. PivOH \] N

1.5 equiv. AgOAc OMe N.
0.5 mmol HFIP, 100 °C, 24 h 68% OMe
O,N
MeO._0O I O,N
2.5 equw 0
10.0 mol% Pd(OAc); O N)K(H
OMe 1.0 equiv. PivOH 3 H |
1.5 equiv. AgOAc OMe N
5.0 mmol HFIP, 110 °C, 36 h 80%,1.29 g
HO,C

1) KOH, 1,4-dioxane NHBoc

(2) (Boc),0 OMe
© 82%, 98% ee

Bl 32 2013 4F Ma fRIEMFEE C—H 5T TR 1 AR EkE
Figure 32 Coupling of Alkyl-H with Aryl-I by Ma in 20135

2014 4E, BT B SO F PR Z0NRE T 2-nkn
FRE fric S 1) (O e e 6 A C—H 4t 5 pa AR I5 1 R A ar ik
—PAREC SN 33). MR 4- A BRI, bk
JRPIFIAEAE 5.0 mmol ATy R LA SR 75 21 0% Ak =
.

1 1 equw /U\O
10 0 mol% Pd(OAc),

1.0 equiv. Ag,CO;

toluene, 130 °C, 24 h
66%, 1.20 g

5.0 mmol
& 33 2014 4 Zhao. Hu Ml Wang 38 4i/E C—H # 5T E1

0
Figure 33 Coupling of Alkyl-H with Aryl-I by Zhao, Hu, and Wang in
201409
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1 F F ®R

2,12 5igARFIREG R

Bk e 3 1) RSB B e C—H B AE 5 AR TS 1R 1 Ik
AR -7 JeE . RATT R R U T R e B B
NITEZ S, AR, 2014 4, JERiRA PR
T8 | 8-JHe MR R i T [ (1) 2 B A C—H B S5 VRAR TS
KRB LB 34). B A2 5 B AL TR A = I SR
8 _Eﬁlﬁmeﬂ’ﬁﬁﬁTuﬁEqﬁzzfﬁUﬁ%.

2014-You

OMe OMe
4.0 equw
Bn 10 0 mol% Ni(OTf), o

20.0 mol% PPhg

20.0 mol% PivOH N

3.5 equiv. DMSO | H

2.0 equiv. Na,CO; “__N R Bn
0.2 mmol 1,4-dioxane, 160 °C, 36 h 76%

R= 4-MeO-CeH4-CH2-
B34 2014 4F You IRIE MK fE C—H §15 AR I5 BRI {2
Figure 34 Coupling of Alkyl-H with Aryl-Br by You in 2014 >/

2014 4F, T ASERNRIE T 2-9 = L LB
K HATHED PRI p AT C—H B4 T P 95 FEA0 R N A
B 3,4- A EMRER (B 35). /D W Goo R A TE AL R ER
SNSRI

2014-Shi 10.0 mol% Pd(OAc), o

o) 20.0 mol% P(o-tol)3 HN
_—
N 0.3 equiv. PivOH
H 2.0 equiv. Cs,CO4
Br 4 NMP, 140 °C, 48 h
0.2 mmol 72%

B35 2014 F Shi M AFekE C—H 5T R I
Figure 35 Coupling of Alkyl-H with Aryl-Br by Shi in 2014

2014 4E, ST /NSRS T AL 8-
SR IE % 5 1 ORI B AL ki) C—H B 5 RS
BB N (B 36+ 37). —RAEFRIL, FEIE. B
%DH*%#E%EEI%B“E%%?}&W BidE MR A S

2014-Wu-Zeng

G

4 0 equw

5. 0 mol% Pd(TFA),

0.5 equiv. PivOH
3.5 equiv. K,CO3

tAmylOH, 120 °C, 36 h

0.3 mmol 80%
J]L 4 0 equw %{
—pdl!
(EN Pd tAmylOH
NCMe 120°C, 24 h
0.04 mmol 19%

Ar = 4-OMe-CgHj-
BI36 2014 4F Wu and Zeng $RIE 1540 C—H B 5 AR 35 2 (1) 1 1)

Figure 36 Coupling of Alkyl-H with Aryl-Br by Wu and Zeng in
2014
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2014-Wu-Z
u-eng BrOOH

o} 4.0 equiv.
—_—
5.0 mol% Pd(TFA),

N
| N H 0.5 equiv. PivOH
H 3.5 equiv. K,CO3
1.0 mmol tAmylOH, 120 °C, 24 h
40%
(@]
LN
Esmolol

Bl 37 20144 Wuand Zeng 38 [ 5i 4 C—H 45 AT & 1 fH !
Figure 37 Coupling of Alkyl-H with Aryl-Br by Wu and Zeng in
20141

RATT IR R B — D3R T SN, 12
I A B 29 73 Esmolol.

2014 4, LINEEPHRIE T 1-Q-nEdE)-1-F %2
JE i S A I R 3E B A — S ik C—H 8 5 IR IR
BN 38). — RAIHEE. BN ST Re ]
HBHEHE A S

2014-Shi

2 0 equw 0
10.0 mol% Pd OAC)2 N N
H

0.2 equiv. PivOH |
2.5 equiv. K,CO3 =N
t-BuOH, N,, 120 °C, 24 h 74%

M5 %6

0.15 mmol

B 38 2014 4F Shi B Mk C—H #5347 12 1 8
Figure 38 Coupling of Alkyl-H with Aryl-Br by Shi in 2014

2014 4F, WA SO E R S BYRE TR R R
F=%) 3-Pinanamine f7AEPI A A, i 2-mEnE IR A%
SRR 5 AL ek C—H 85 IRAT R R AR
B I ARIBE S N (B 39).

2014-Zhao-Hu-Wang
O

B
N AN 1.1 equw
H NI 10.0 mol% Pd(OAC),

H 1.0 equiv. A92003 %
toluene, 140 °C, 24 h

0.5 mmol 72%

& 39 2014 4 Zhao. Hu fl Wang RIERIKE/E C-H 85855 121

REEEY
Figure 39 Coupling of Alkyl-H with Aryl- Br by Zhao, Hu, and Wang
in 201484

2.1.3 535 A ANER(ER )44 AL

75 BN R (B ) A2 o5 — 205 Bk 7). LR+
F& 2008 AE A USRI (1) N-HR L BRI 5 1 6 B 3E
BAL—2 C—H 5 5 75 BRI R (1) A 196 s i (1 40). KBRS
TR R AR B M AR 1 IR, I L, 5 AR S A AR 46
A, ATIRE LA S SR AR B PR . R R TG e
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¥ F R

RIRIE o EHIAFAE.

2011 4E, AR EAUEERIE 1t i ide M O B3 B A
Pt 2 C—H 8t 5 557 SRR TS (A 6 I 2 (1 41). 4-
i 22 A R R/ R T R B 4] R (o 7 32 B 5 1) 2B
P SE TR AR 5325 BRI 30 OB B E iR . @i
A 358 48 1 ) Sk

2014 4F, REBEPISER T X ik B i BRI p AL
T e =2 C—H 555 FENRR R i B S N (B 42).
S NE RS R SRR AT A- i ik A U Ik e 5 v 25k [ AN
HIEER Z LRI . P At Bt X
BHERAATEHE R TRA. R SRR RE e
B 23 T AR ST AR RUARAS AT Rtk — 25 F A S
FIF 7 FEA. T 7E A R K B )R C—H B
MERRPER T R R N, I 4 2 A SR R B
T B A EIE R R R ER AR, 15HE LA ST ee
EAEY). BARIZSN H AT EYE B A, HIXAE
—FRC PR T B B ) e C—H B Th REAK S SR T AT

it
2008-Y
% 1.6 equiv.
MeO. R (0]
N 10.0 mol% Pd(OAc),
H 0.5 equiv. BQ €Oy,
H 2.0 equiv. Ag,0O H
2.0 equiv. K,CO3
0.5 mmol t-BuOH/DMF, 70 °C, 18 h 85%
o)
o 1.6 equiv
MeO. e o (0]
N 10.0 mol% Pd(OAc),
H 0.5 equiv. BQ eO\N
H air (20 atm), N, (20 atm) H
2.0 equiv. K,CO3
0.5 mmol t-BuOH, 80 °C, 48 h 75%

Bl 40 2008 4F Yu RIEHIKERE C—H 5 25 2L R 10 (R
Figure 40 Coupling of Alkyl-H with Aryl-B(OH), by Yu in 2008>*

O

F
NC F i
o 1.0+0.5 equiv. NC £
5.0+5.0 mol% Pd(OACc), o
F N 10.0+10.0 mol% ligand E N

F 0.25+0.25 equiv. BQ H
H 0.75+0.75 equiv. Ag,CO3 F

0.1 mmol 2.0+1.0 equiv. NaHCO;  81%, 91% ee
3.0+1.0 equiv. H,O

tAmylOH, Ny, 40 °C, 6+6 h

cCl O COH R
ligand: n-Pr#\ )J\ -
0" N
n-Pr H

F

2011-Yu

Bl 41 2011 4F Yu #IEM B C—H 85 75 00 R (¥ 5 5!
Figure 41 Coupling of Alkyl-H with Aryl-B(OR), by Yu in 20115
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2014-Yu
o\

=)
o

F
NC F o OBn 2.0 equiv. NC
10.0 mol% Pd(OAc),
F H 11.0 mol% ligand g
F 0.5 equiv. BQ F _
H 2.5 equiv. Ag,CO3 BnO
2.0 equiv. Na,CO o o,
0.1 mmol 5 Oqequiv. H22 00 76%, 95% ee

tAmylOH, N,,70 °C, 24 h

F
NC F
conc. HCI, 110 °C
_—
F NT HO™ ™
F o Hipe i-Pr
95% ee 94%, 95% ee
K FgB—QOMe
OMe
F 2.0 equiv. F
_—
NC F 10.0 mol% Pd(OAc),
0 11.0 mol% ligand - \C Fo
F N t-Bu 0.5 equiv. BQ .
H 2.0 equiv. Ag,CO3 F N
F 3.0 equiv. NaHCO; oA t-Bu
H 5.0 equiv. H,0
0.1mmol  tAmylOH, Ny, 50°C, 72h  61%, 80% ee

O i-Bu
ligand: \/LOJ\H)\CONHMe

Bl 42 2014 4 Yu RIEMIFERE C—H B85 75 SR 6 ) (R P
Figure 42 Coupling of Alkyl-H with Aryl-B(OR), by Yu in 20145
2.1.4 5 ZMMAXA 69 R

75 B i A IR 2 — 2R 05 B Al I R (] 43).
2013 4F, i B ANSEIRIE T AL 8-Jd 3 ek Ik e
FE AR p A C—H a5 =55 BT AR I S .
=3 PR ERARAE N E I U BB 1, LSS R Bk R AR
NBRAE N 35 T R R, 2014 4E, Chatani 254 Figk
RN 2R A B R 4 U AR AL R 2015 4R, B R
A1) o T T Tt R A A 2801 5 TR ). Rt
R IR AL IR IR 1 — 8 5 he ke C—H BB
F4).
2.1.5 LA BEERA 69 R

75 BEEEGT R FH T BRI 3 1 i e e C—H B 05
I i 44). 2013 4F, Nakamura 2573258 T 2401
8- Ml L MBI e 3 1) (R Bl 26 B A C—H Bt 5 05 BB i
HIMEIE. —Zibike C—H 8 bR 28 C—H Bk o ) B,
UE s AL A T HE B RS, 2014 4F, Ackermann
SIS TR RN B2 T & =M T i 3 4]
A .
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1 F F ®R

Al
[

E:

2013-Shi

PholOTf
1.2 equw o
5.0 mol% Pd(SIMes)(OAc), | N
1.2 equiv. K,CO3 _N HPh Pr

I-Pr DCE, 120°C, 24 h
0.2 mmol 75%

2014-Chatani

Ph,IOTf
12 equw
Ph 10 0 mol% Ni(OTf), |
2.0 equiv. Na,CO3

MTHP, 140 °C, 24 h
0.3 mmol 8%

2015-Qin

Phl(OAc),
25 equw
10.0 mol% PdCIly(CH3CN), |
4.0 equiv. Cs,CO;3 ph

mesitylene, 110 °C, 24 h 86%

0.2 mmol

B 43 Beke C—H 85 m it r mpse e

Figure 43 Coupling of Alkyl-H with hyperiodonium reagents!®* !

2013-Nakamura Ar,Zn-MgBr, 3.0 equiv.

o ArMgBr 1.0 equiv.
| N Bn 10.0 mol% Fe(acac); Bn
N B y 10.0 mol% dppbz

2.0 equiv. DCIB

4.0 mmol THF, 50 °C, 36 h 85%, 1.4 g
Ar = 4-OMe-Ph-
2014-Ackerman ZnBry" TMEDA 3.0 equiv.
0 PhMgBr 7.0 equiv.
&%N 20.0 mol% Fe(acac)s /\'><
BnN H Bn 20.0 mol% dppbz  BnN.
'N=N H 2.0 equiv. DCIB
tol 80°C,48h
0.2 mmol ouens, 68%

dppbz = 1,2-bis(diphenylphosphino)benzene
DCIB = 1,2-dichloroisobutane

Bl44 bk C—H 55 BRI IR
Figure 44 Coupling of Alkyl-H with arylzinc reagents

[7a,7b]

2.1.6 5FHAARES R

2015 4F, REPEERIE T 4- =5 F 3 A FRNE B
@%W%ﬁ%ﬁﬁc—ﬂﬁﬁﬁgﬁ@%%ﬁﬁ@Ma
BRI BE WO AR (P48 6T S B BB G B2, T — b 2 3p
Tht g C—H YA RE IR J?ﬁ%ﬁ—réﬂlﬂfu JEH
J5 e B s — RN R R ).
2.1.7 HFBreR

B W RS RE N RN R, SRt b
Oﬂi%ﬁ%%ﬁﬁ%%@ﬁﬁ%ﬁ@ﬁ*%ﬁ%@%

LRI ERAR S M. BRI 5 T BT B R s I
ASH . H LI T 2008 4F Fagnou Z5PHRiE 7 N-=
H 2 RS M s TR AT AR AL R 2E 3 7 B S B, LA &%
HI R A B FLICH P2 46). & 248 A2 s B HEAT
e, T HH R SRR 78 240 R AL (H ik
SN SR R g b R A R R R, 2 HAN it
W 3 475 4 A7 RIS SEAT FRIE 5 05 SR OB T REIA F
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2015 Yu

£
EtO)@iO F
O
NPhth  2.0+2.0 equiv. FaC F (0]
_—
H 10 mol% Pd(OAc), F N
¢ H

20.0 mol% ligand
NPhth

H 3.0+3.0 equiv. AgF
0.1 mmol 1,4-dioxane, 110°C, 8+10 h  83%, 99% ee
_—
10 mol% Pd(OAc),

20.0 mol% ligand

3.0+3.0 equiv. AgF F
0.1 mmol  1,4-dioxane, 110 °C, 8+10 h

M902C
ligand: A
/

72%, mono:di = 2:1
(single diastereomers)
Bl 45 bike C-H f 5 07 ERER IS A AR 1™
Figure 45 Coupling of Alkyl-H with hyperiodonium reagents'®)

HREE, DRI AR R T BRI T SO ()38 FYE . 7EALEE 7 T,
JERE N- = F 2, F5 5 nt s o i s 4R 437, C—H B8 7E b v 2% A
TN AR = R B R A A TS e R R AR B T4
PART 3 A 255 0 C—H 8, A S RS 2
c— H&#Eﬁﬁﬁ%ﬁﬁ%ﬂﬁ%%ﬁ&@ﬁﬁi
TRk C—H B E N I REOE IR, Tk, 1
HIR BRI R gm%@%ﬂﬁﬁéww%ﬁu
C—H #3275 5 M vp Ak, SR 4k 25t be ke
C—H #3155 F 5 5E A b ek, 2 )5 05 3k 5 b gt
R B 2 FTH =, AR RO AN ]
B AN AT 58 A AL AE 3
22 RIE-IHIREN
221 HhreRp

il C—H B HZ S5 E R R e IR R
PP e T B B N . LRI 12 2010 4F A AU R
T PR A, 4~ — 50 FF 5 4 SRR G T i 1) ) 256 B A6 e
& C—H B 5 IGRRBR I ARER (B 47). A B ses R4k =
VR AT 5 3 I A B B 24 FL o0 N BERG P24,

2014 4F, REREICI R N RE TR y fr
Be e C—H B P4 TR T 1 A I Js . R A= 7S G P Tk i
FEI(BE 48). = IR 4R R o — S I A R S R
oG, T 2 IR BRI UK 28 S i AT e DA s WA £
FF=W). oAb, KRIRAF=a] DAFEAL AR p-Jdi T R IE AT
RSk — 5 6 R .
222 HEARME R

MU R A 568 C—H SR ABEE. 2011 4F,
MR S RGE T 2-ntlng PRGSO RS,y O gk
& C—H s 5 R PRI B, PPt —0
RIRTI S B E I SAL = (] 49).

EtO)3S| CO,Me

th 2.0+2.0 equiv.
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2008-Fagnou O 0O
10.0 mol% Pd(OAc), /N 2014-Yu Z > CO,E
N _—
& 20.0 mol% NaOBu-t = F (0.050r 1.0 mi) F
H “H air (1 atm) 10.0 mol% Pd(OAc), F3C F
M FsC F 0 2
MeO,C PivOH, 120 °C, 15 h eozgw e 0 40.0 mol% ligand Q
0 10.0 mol% TEMPO g N

o 0 F H 2.0 equiv. AgOAC

/ N F H 1.1 eqUiV. K2HPO4

N 2.0 equiv. NaHCO3;

< > <// />< _ O (1 atm) CO,Et
MeO,C 0.10r4.0mmol CgFsCF3, 120°C, 20 h  87% or 86%, 1.48 g
12% 29%
o)
0, -
58% D H/D ligand: t-Bu | N
7/ N P
Hw O P N0

10.0 mol% Pd(OAc), WD
oh— NJ\F 20.0 mol% NaOBu-t MeO2C  62% D
= air (1atm)  54% D H/D o]
PivOD, 120 °C, 3 h \
ph—

—

MEOZC

MeO,C

P
o) 10.0 mol% Pd(OAc), = ~C CDs

N n-Pr 20,0 mol% NaOBu-t MeO,C

// H;C CD; air (1 atm)
PivOH, 120 °C, 15 h
MeO,C kylkp =5.1 n-Pr
2 H/KD ph—/ N

~~C CHs

Ph

MeOZC

o
N

0 )k#

]
y MeOC Pd" 'H
Pd MeO,C

J N)HL
P~ VA Ph‘g;k

Pd"

/N MeO,C

-

Ph

MeOZC

Bl 46 2008 £F Fagnou il [Aifike C—H #5751 C—H E 1R Ip
Figure 46 Coupling of Alkyl-H with Aryl-H by Fagnou in 2008"’

2010-Yu /\COZBH F F
b 0.1 mL FsC o
F1C F - - .
0 10.0 mol% Pd(OAc), N
1.1 equiv. AgOAc F
F N . F
i H 1.1 equiv. _Cu(QAc)z
M OME. Ny 120°C, 12 h cOz8n
0.2 mmol 2 ' 94%

Bl 47 2010 4F Yu I RSk C—H 45k I R
Figure 47 Coupling of Alkyl-H with alkene by Yu in 2010!'%!

2012 4E, Baran Z5HHRIE T 8-k s KL % 5 1 1)
BRFE pALIA T BE 2% C—H 8 SR 2 RISk
BE N F RAR =P A b (B 10 F1E 50).
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1) LIHMDS/THF

o)
2) Boc20
"3) +BUOK/EIOH co.c EtO
10,C._-

CO,Et
0.3 mmol 72%

B 48 2014 4F Yu HUEMHE C—H #5143 1 Ep o)
Figure 48 Coupling of Alkyl-H with alkene by Yu in 2014'%)

2011-Chen

I M602C (0]
MeOZC (0]

1.5 equiv. N | =

N N — > H
N_ _J 10.0 mol% Pd(OAc),
H 10.0 mol% BQ
1.5 equiv. AgOAc
0.2 mmol {-BuOH, 110 °C, 20 h 69%

Bl 49 2011 4 Chen fRIEMIFEE C—H 5 MU R IR R
Figure 49 Coupling of Alkyl-H with iodo-alkene by Chen in 2011

3 0 equw
15.0 mol% Pd OAc)z
R 3.0 equiv. AgOAc

toluene, 80 °C, 12 h
0.18 mmol 50%

R = CO,Me

B 50 2012 4F Baran OB MLEE C—H #GBUREHBEY
Figure 50 Coupling of Alkyl-H with iodo-alkene by Baran in 2012!

2014 4F, M5 20N R EAL R NOE T -0
BRI R R AT A b (B 51). it AN A R
R, AT 43 3 LATS 3 1,1- B LA R =0
X L2-ZHR A R =),

2015 4F, PUFSEVNRIE T 8-RLFEERELRE g L
g C—H HE-5 AR B R B I (B 52).

2015 4F, Sl RIE T B ONA B ALK
8-l L IR I e 5 17 RO 3L B A — 2 C—H 48 SR
KBS (53, 54). I H, dEidEs: =Sk
B =W E 2Bk g AT C—H BEDIREAL IR N, RE bRk 15
F p.B.B-—E RERIEU =),
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2014-Chen
__CO;Me 2015-Shi
NPhth
NPhth 1 2.0equiv.
10.0 mol% Pd(OAc), Pd(OAc)2 1 _ 15equiv.
2.0 equiv. CF3CO5H | "5.0 mol% Ni(OTf),
3.0 equiv. AgOAC 10.0 o, 2
MeO-C mol% MesCO,H
0.2 mmol dioxane, r.t., 24 h 2 68% 2.0 equiv. Na,COs
5.0 mmol DMF, Ny, 160 °C, 24 h
| / OMe

o NPhth
| H NPhth 2 0 equiv.
_N H 10.0 mol% Pd(OAc)2

2.0 equiv. AgTFA
0.2 mmol TCE/H,0, 65 °C, 24 h

R'=H, R? = CO,Me, 51%; R' = CO,Me, R? = H, 90%.

Bl 51 2014 4 Chen HIEMIKEE C—H 5 BURE & K fEE
Figure 51 Coupling of Alkyl-H with iodo-alkene by Chen in 2014

2015-Rao |

o
N 1 5eqU|v
| N B y 10.0 mol% Pd(OAc),

1.0 equiv. Ag,CO3

0.2 mmol PhMe, 110°C, 8 h 82% O

B 52 2015 F Rao I ke C—H 5 MUK K e
Figure 52 Coupling of Alkyl-H with iodo-alkene by Rao in 2015!"'!

2015-Shi (NG

0 2.0 equw
10.0 mol% Ni( acac)2
| ” 40.0 mol% BINOL
_N H 2.0 equiv. Li,CO3

2.0 equiv. KOCOCF3;

0.1 mmol DMSO, Ny, 140 °C, 8 h 78%

Bl 53 2015 4F Shi #UEMKEE C-H #SHUUR &R EEY
Figure 53 Coupling of Alkyl-H with iodo-alkene by Shi in 20154l
223 5l mER s e B

1E 2011 4FAR G RUECOHRIE Y 4-Ji 5 A UK R
IR HORF R IE R D AL BRI B AR E — % C—H
B SS, FR ORI EE R RN SR, DA AR K
82%I1] ee [HAF 2 p-MFEAL T PD(K 55). G AR
FERIC A2 SN R ) R
224 BLEMEA

2008 AR EALEIRIE T AU A AT IR I
VT I e L e e i S5 A S B2 (B 56). 2013 4, i g
IR T AR RS BURIR D A E IR AU A
SR
2.3 RE-HRELSH
23.1 H—540B e R

bike C—H HEe S — SRR RN 5] AFRFE (& 57)
2010 4F, REAEVHRE T 4- =5 F AR
Rzt Jiz 3 o) PR B B A2 C—H BEAE 58 ﬁ—aﬂcﬁb‘%fi&,
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2. 0 equw
10.0 mol% Ni(acac),
40.0 mol% BINOL
2.0 equiv. Li,CO3

2.0 equiv. KOCOCF3
DMSO, Ny, 140 °C, 8 h
62%

@i@%\

I\/\©/OM6
2.0 equiv.
_—

10.0 mol% Ni(acac),
40.0 mol% BINOL
2.0 equiv. Li,CO3

2.0 equiv. KOCOCF3

DMSO, Ny, 140 °C, 10 h
72%

Bl 54 2015 4F Shi B MbeE C—H 5 U 2 r g e
Figure 54 Coupling of Alkyl-H with iodo-alkene by Shi in 2015

2011-Yu
O\
)
F © .
NC F i
o 0.5+0.5 equiv. NG F
5.0+5.0 mol% Pd(OAc), 0
F N 10.0+10.0 mol% ligand
g H 0.25+0.25 equiv. BQ © N
0.75+0.75 equiv. Ag,CO3 F
0.1 mmol 2.0+1.0 equiv. NaHCO; 60%, 82% ee
THF, N, 50 °C, 6+6 h
CClz O
ligand: "-Pr
N
n-Pr H

B 55 2011 4F Yu #RIEM K C—H BS54 00 B (1 5 e
Figure 55 Coupling of Alkyl-H with Alkenyl-B(OR), by Yu in 20115"!

2008-Yu
(0] o
10.0 mol% Pd(OAc),
N R — N
H 2.0 equiv. BQ H
0" SN DMSO/HOAc 0" SN

0,
\% 02mmol  120°C.12h % 75%

B 56 2008 4F Yu 4RIE M Feke C—H I U IR S R
Figure 56 Dehydrogenation of Alkyl-H bonds by Yu in 2008!'%!
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PR Ak ik 1T 5 I S I A8 3 F G A 1 R BRI e 7
P REAE A R A N BT IAS BT R EL p-
FHAEURIE 2 ERZ. 2011 4F, Chatani 2515338 1 4718
PRI 8- L ma MR e T 1 (RO B3 B4 C—H B 5 — ik
B R AL S BT, TR RE 73 21 T 0 38 1) — G S = ).
2014 4F A AR 4= G5 I A UK RE B S 170 1)
Wl RNy e & T L y A1 C—H 8 b, R~
Wit — 5 RIS B /S 0 BV . MR A
MR T A A2 S I B 0 R A R Q. B I A A ISR &
4.0 mmol B 47588 DA HR SE R 1 2 =)

2010- Yu
CO (1 atm) F
10.0 mol% Pd(OAc) F.,c F o
2.0 equiv. AgOAC
2.0 equiv. TEMPO N Et
2.0 equiv. KH,PO4 F F
H hexane, 130 °C, 18 h o
0.1 mmol 99%
2011-Chatani o CO (10 atm) 0
5.0 mol% Ru3(CO)q,
@AH% 2.0 equiv. H,0 ~¢ N
N ethylene (7atm) || N
7 H toluene, 160°C, 5d ~7 = O
1.0 mmol 79%
2014-YuF CO (1 atm) .
_—
FsC Fo 10.0 mol% Pd(OAc), F5C Fo
20.0 mol% ligand
F N 2.0 equiv. t-BuOO(¢Bu F N
E H 2.0 equiv. AgOAC £
H 2.0 equiv. KH2PO4 O
hexane, 150 °C, 20 h
4.0 mmol 61%, 0.87 g
Iigand:t_Bu | N
—
N~ "O

B 57 Lk C—H 5 — ALK R 2010
Figure 57 Coupling of Alkyl-H with COUZ12>1]
232 5 NN-Z—FAFBURE R

2015 4F, B IRE T 8- eIk L T
(33 p AL C—H B8t 5 N,N-— F 3k F i Jiie 76 56 N 55 1)
B O T 25 A TR SR AR Bl TG IR R B T i
(K 58).

2015-Ge 10.0 mol% NiBr,

O
O 20.0 mol% Cu(acac), N
bbbl i
N ), 0.3equiv. Na;CO3 "
| H "1.5 equiv. (n-Bu),NPFg S N
/

=N H DMF, O, (1 atm) ©

150 °C, 24 h

0.2 mmol n=1~3,62% ~ 83%

B S8 hike C—H 5 N-N-—- F 2 Ak i g i)
Figure 58 Reaction of Alkyl-H with DMF!")

24 IRIR-KRIZEER
241 BB MR R
ik C-H #ge 5 HEAMEE B 5] NFRIE(E 59).
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2011 4E, Chatani 208 T AL 8- LR Ik i
MBI B AL =2 C—H f 5 IRAREEEEE, 15 2]kk
FALF=Y). BeAb, BRI y A —2 C—H B EELL 33%H
FAREY). SHUARTT & OSIHLERZRAL, B AR
MABZ T s AR, B e, 18 F I RO — e R AR
FENHEAT T B, 2013 4F, REREHRIE TR 4-
R A A RUORFE G S IR B g kil C—H 5
BRAR R AR B 1 S L. 38 3 A A B L% 24 2=
R, TERERI /AN I IR IR T, — R )
#& C—H BEHRHE LUB SRS 2724, 2014 4R 5 2501
B T 8- LML e T 1) () IR BR AT AR W) Bk pAr
C—H # 5RO R, E—PFE TIERR
FEMATEYI ZFEYE. 2015 4F, BRSSP EgqiRkiE 7
8-l B R BRI iz T (m] RO L B A C—H 8t 5 iRAIE T
BN, H AT L-IE RS KRRt A .

2011-Chatani TIPS

1 5 equw
5.0 mol% Pd(OAC), Pd(OAC), ||
1.0 equiv. AgOAc _N
n-Pr 1.0 equiv. LiCl
05 mmol toluene, 110°C, 15h TIPS 65%
2013- Yu

—TIPS

n

2 0 equw

F3C o
5. 0 mol% [Pd(allyl)Cl], = N n-Pr
Jj/n-Pr 20.0 equiv. ligand E H
2.0 equiv. Cs,CO3
Et,0, Ny, 85°C, 8 h Z

Ad\N SN-Ad ©

ligand: ® BF,

2014-Chen

o) TIPS
N NPhth  2.0equiv. 2 0 equiv. NPhth
| N H 10.0 mol% Pd(OAG), |
Z H 2.0 equiv. AgTFA

0.2 mmol

2015-Chen

—=TIPS
2 0 equiv.
Ji)m 0 mol% Pd(OAc), ||
10.0 mol% CF3CO,H ~2N

2.5 equiv. AgOAC

0.2 mmol toluene, 110°C, 36 h TIPS 51%

B 59 Lk C—H #5 EARHUR [ R 150 6159
Figure 59 Coupling of Alkyl-H with Alkynyl-Br!'*®150:11015¢]

2.5 BIR-IRIRLE
2.5.1 HaRkke e RO

(E e ke C—H B8 b 5] N e 2 2 K A 1) H AR
Jrik. BOAnEE G AR 2 AR . 2010 4E,
Daugulis 2578 T B RIE g A0 keE C—H BT 8-i%
FEVEREE G o T ) JE L AL T SR E R A AR e
N(FE 60). BRERE 7824 1A S EMGR. R IR Bl
WA HACE B, X RN E R R C—H Bk B
BUGE e ke 45 1) () 545 1.
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2013 4F, B ENHRE T AL 2-mhne F R
[ ARk y ek C—H S A be e RO A BBk 58 A 17 ik
HERHEC (B 61.62). — NREBEIRA FOWAEHE TN 1
Sb, Bk o frbike C—H BEMEENE KA b AL SN, 8
1o 75V R PRI 5 R 2- R E .

2010-Daugulis

3.0 equw 5)\
5.0 mol% Pd(OAc),
20.0 mol% PivOH

2.5 equiv. K,CO3

0.7mmol  tAmylOH, 110°C, 22h  58%

Bl 60 2010 4F Daugulis #I& b s C-H £ 5B bR i e
Figure 60 Coupling of Alkyl-H with Alkyl-I by Daugulis in 2010 2!
1.0 equiv. Nal

toluene/tAmylOH

Ar, 110°C, 20 h 60%
I—Me
5.0 equw

10.0 mol% Pd(OAc),
20.0 mol% (BnO),PO,H
2.0 equiv. Ag,CO;3

toluene/tAmylOH
Ar, 110°C, 20 h 77%

2013-Chen I—Et
3.0 equw

10.0 mol% Pd(OAc),
20.0 mol% (BnO),PO,H
1.0 equiv. Ag,CO;

0.2 mmol

0.2 mmol

Bl 61 2013 4F Chen fRIEXleke C—H H SH Sk r T
Figure 61 Coupling of Alkyl-H with Alkyl-T by Chen in 2013

2013-Chen
OTBS
MeO,C MeO,C O

t-BuO,__~ — -
u 7/\NH2 t-BuO, N
H

H

0.2 mmol
I >Co,Me
i OTBS
2.0 equiv. MeO,C o
10.0 mol% Pd(OAc),  t-BuO. N x
20.0 mol% (BnO),PO,H H |
2.0 equiv. Ag,CO3 N~
tAmylOH, Ar, 110°C, 6 h
86% COzMe
MeO,C

. t-BuO\&|
(¢}

2-Piperidinone

B 62 2013 4E Chen fRIB ki fE C—H 5 MU e fa 1) R e o)
Figure 62 Coupling of Alkyl-H with Alkyl-I by Chen in 2013"%!

2013 4F, SEBEUCHRIE T 8- LIk B S 1h
TR bk C—H B SARLT R A B(E 63
64). BRIE p AT —LK — % C—H BEHESTAR L — ) )M,
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I BRI y f2— 2% C—H SR A s SR B BT 2t
SeAbrm ). R R S HEIREE B IRet B, AT
DLV 2% RS % — R B -, - —IURAE R R SR,

2013-Shi

(0] I—n-Bu
\ NPhth  15equiv. NPhth
| 4 H 10.0 mol% Pd(OAc), |
z H nBu

30.0 mol% ( BnO)zPOZH
0.8 equiv. Ag,CO3
0.2 mmol DCE/t-BuOH, 50°C,2h  85%, 99% ee

“COo,Et
)iNPhth 15 equiv. )K(Nphth
pr 10.0 mol% Pd( 0Ac)2 pr

30.0 mol% (BnO),PO,H co Et
2

0.8 equiv. Ag,CO3
DCE/t-BuOH, 90 °C, 9 h 77%, dr > 50/1

“COo,Et
5,\NPhth 1.5 equiv. J\iNPhth
10.0 mol% Pd( OAc)2 =N

30.0 mol% (BnO),PO,H
0.8 equiv. Ag,CO3 EtO, C
DCE/t-BuOH, 90 °C, 12 h

0.2 mmol

0.2 mmol 41%, dr =171

B 63 2013 4F Shi $RIB MkeaE C—H 5 Rk 1 el o)
Figure 63 Coupling of Alkyl-H with Alkyl-I by Shi in 2013!"®"!

2013-Shi

0 I—n-C1gHa7
N NPhth 1.5 equiv.
—_—
| N H 10.0 mol% Pd(OAc),
H 30.0 mol% (BnO),PO,H

0.8 equiv. Ag,CO3

5.0 mmol DCE/t-BuOH, Ny, 50 °C, 2 h
89%, 2.65 ¢
o)
NPhth
| N
N
Z H™ “n-CqgHa7
o)
B CO,Et NPhth
S | H
~
83%, dr > 50/1 n-CqgHaz
| COzEt
0,
77%, dr > 20/1 6;\ J\ENPhth
IOCOZMe N
Z n-CigHaz
MEOQC

Bl 64 2013 F Shi |IE 11k C—H 5 WU e e i Bt
Figure 64 Coupling of Alkyl-H with Alkyl-T by Shi in 2013}

JUFIR, BRSO RIE T 8-k e k5 fre
B g ke C—H S BR I B, Sk
P15 2 Tl 2-PHE PR A 3 17 1A S S AR R (1 65). —
G gk C—H ARERIF G T . Ltk
SNER] VA RV 22 AR AR R IR AT £
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2013-Chen - >CO,E

(0] 2.0 equw
N 10.0 mol% Pd(OAc),
| N H 20.0 mol% BnO)ZPozH
H” R

2.0 equiv. Ag,CO3
tAmylOH, Ar, 110 °C, 6 h CO?Et
R=H, 90%

R=Me, 85%

0.2 mmol

Bl 65 2013 4F Chen fRIEXike C—H f SH SR r T
Figure 65 Coupling of Alkyl-H with Alkyl-T by Chen in 2013

2014 4F, BRI RIE T ML 8-k L eIk
Pk fliz S 1) O BRIE B AT e e C—H 4t S ke 2 i b ik
(] 66). KIE 5256 2 B ot Jie C—H B W 242 S B 1)
PeEOP IR, ARSI R PR R LB A R A
BUEALFIEAL . WAk ee C—H 5 Bkt — e b e
M, 2 Ja AR e 0 B A I ) e 2 )RR 3 AL R =AY

bk 5 bl JEH bR 15 B e =AY, TR TR —
A B AN AT 578 AL TR .
2014-Ge I—nPen
P 5.0 equiv. 9 n-Pr
10.0 mol% Ni(acac), | N Et
10.0 mol% dppbz N B
5.0 equiv. Cs,CO4 n-Pe
0.3 mmol toluene, No, 150 °C, 24 h 86%
O
)KF Et
| Et I—n-Pen | NJ\FEt
_N CH; ) N H CH
0.15 mmol —»5'0 cquiv. Y

10.0 mol% Ni(acac),
10.0 mol% dppbz
t 5.0 equiv. Cs,CO;3 0
& toluene, N,, 150 °C Et
| CDEt 15% conversion NJ\F
N 3 kulkp = 4.1 [ _n H Et

0.15 mmol
(>99% D)

Bl 66 2014 4F Ge RIEMIFE C—H B EMRLTE M EEK!
Figure 66 Coupling of Alkyl-H with Alkyl-I by Ge in 2014!"*Y

2014 4E, REPEE R T A 4- =5 AR
FREBRREA T T 1 3 R IR R R B ikl C—H
ISEAR T — Wb Al S B, 15 2 ik K =2 (B 67).
3 Y g A O (5 P A S N BT S
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2014 4F, SUREESEUSIRIE T 4- USRI R RS IR
et 8—H§%ﬂ§ﬂ%@ﬂﬁ‘?y ] B3 B AL e ke C—H B )
Fe 3 S N (B 68). i e e B AT PR 2% 43T 11 I 3
&M LA KA B B B- SR [ L R AT A 4.

2014-Yu
F.C F I—Et F
¢ 25e F3C F
"9 NPhth — 220V o Et
10.0 mol% Pd(TFA), J
F N
20.0 mol% ligand H :
H 3.0 equiv. AgOPiv F NPhth
0.1 mmol DCE,80°C,20h  75%, 99% ee

ligand: O \
e
N

B 67 2014 4F Yu #RIB Mk C—H 8 5Lk R 1 fEpl o
Figure 67 Coupling of Alkyl-H with Alkyl-T by Yu in 2014

2014-Shi

o)
NPhth |—n-Bu NPhth
| H 2.0 equw
N H” > Et 10.0 mol% Pd(OAc), n- Bu

30.0 mol% 4-CI-CgH4SO,NH,
0.15 mmol 1.5 equiv. Ag,CO5 75%, dr =10/1
2.0 equiv. NaOCN
1,4-dioxane, N,, 80 °C, 20 h

Bl 68 2014 4F Shi $RIE MFekE C—H H 5L r e e
Figure 68 Coupling of Alkyl-H with Alkyl-T by Shi in 20147
242 HiEKRepE R

2013 4, sl IR I 8- SErE kLA 5 1
Hbeke C—H BRI e EEA S virh, AR et RE 8 1 H,
A RISLAR G S 5 kA B AL — M — ek C—H 4t
HI(A 69).

Br—n-Bu

2013-Shi
3.0 equw

15 0 mol% Pd(OAc),
nBu

50.0 mol% BnO P02
1.0 equw A92C03

0.2 mmol DCE/t-BuOH, 90°C, 24 h  60%, 99% ee

“>Cco,Me o

6>\ )tNPhth Seaiv. N)KENPhth
H
Et 10.0 mol% Pd(OAc), ~=N WNE

30.0 mol% (BnO),POH |
0.8 equiv. Ag,CO3 CO-Me

0.2 mmol DCE/t-BuOH, 90°C,9h  87%, dr > 50/1

Bl 69 2013 4 Shi & Mkeke C—H H5 IAE R R Ikl o)
Figure 69 Coupling of Alkyl-H with Alkyl-Br by Shi in 2013"*"!

MR AU R IIAE 8-Ji BRI I 3 ] T IRAR
KRt SEEE p kit C—H BB, BRISLARE Kk
SAC (B 70 71). RIS A 2] B8-S A
FERAREIERR.
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2013-Chen
“>Cco,Me o
2.0 equw

NPhth | 20eauv. ¢ N)k[NPhth
10.0 mol% Pd(OAc), =N NP

i-Pr
720.0 mol% (BnO),PO,H
2.0 equiv. Ag,CO5 CO,Me
tAmylOH, Ar, 110 °C, 20 h 70%

T

0.2 mmol

Bl 70 2013 4F Chen fRIB kiR C—H 15 AL ) R
Figure 70 Coupling of Alkyl-H with Alkyl-Br by Chen in 2013!'*’]

2013-Chen
0 Br~ >CO,Me
NJj’NPhth 2.0 equiv.
_—
H 10.0 mol% Pd(OAc),
H 20.0 mol% (BnO),PO,H

2.0 equiv. Ag,CO3
tAmylOH, Ar, 110 °C, 20 h
58%

NPhth
COzMe
NPhth
85% dr~10/1
COzMe
88% dr>15/1 NPhth
COQMG

B 71 2013 4E Chen IRIEAIKESRE C—H §5 IR B ORI o
Figure 71 Coupling of Alkyl-H with Alkyl-Br by Chen in 2013

243 Gk ER(88) e KL

2008 4, REPEPIRIAE N-FESEBIEAE S 17
S HUMEACR, BREE B AT C—H BEAEES S KT TIRR I
7, 19 EIBREEREK =Y 72). 2,2,5,5-P0 3 PO S0k
(e NS (DN

2008-Yu (HOLE /\(
§, __1eeaw 0
MeO. 10.0 mol% Pd(OAc), MeO.
H 0.5 equiv. BQ H
H 2.0 equiv. Ag,O
2.0 equiv. K,CO3
0.5mmol  2,2,5,5-tetramethylTHF 71%
70°C, 18 h

Bl 72 2008 4 Yu RIE MIFifE C—H 85 He IR ) {8 e
Figure 72 Coupling of Alkyl-H with Alkyl-B(OH), by Yu in 2008

2011 4F, REBEEHRE TIPS % C—H #57
PRIEFEVE Bl S R 73). 7E 4 A R e
TR IR &G )RR 2 R BRAC A LS 5328 3R
Jrigs, RELAHHSE IR0 WL AR B A AR AL 1.
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2011-Yu '?F@B 5
F 3 n-ou F

1.0+0.5 equiv.
NC F It
:@[ O 50+5.0mol% PdOAGL'C Fo nBu
10.0+10.0 mol% ligand
F ﬁ)ﬁé 0.25+0.25 equiv. BQ F HJ\A
F 0.75+0.75 equiv. Ag,CO3 F

1.50+0.75 equiv. Li,CO3

3.0 equiv. H,O

THF, N», 70°C, 6+6 h

CCI3 COH R
ligand: " Pr#\o
n-Pr

F

B 73 2011 4 Yu HOE GG C—H B 5 ke k= UM RIS 1 (5 e
Figure 73 Coupling of Alkyl-H with Alkyl-BF;K by Yu in 20115

3 FRIR—ZRFiE

31 RmE-mE
3.1 - F AR S
() TERRAEIH

B IR 5 N B i 02 259 bR LB R BE I 45 .
Jle B bk C—H B 1) 73 ¥ P9 RG34 I B A s s A
(B 74). 2009 4E, Glorius 25 418 T 25T 3 4
e T 3 B C—H B 5 BRI 0T N ST R
TERLIR. R KA 10 mmol It A DU il 2 4551
FEPD. 2012 4F, B 5 SRS T 2- ik F R S R b
f& C—H BT WAL B, TR L — A sl R A0
FEW. RS y . 0 L C—H SEERRENS OB, 715 B4
PR T BB IR . LT RS, Daugulis 25714
T8 7 2-MErE B ERG T M e o A ki ke C—H 8T
e 3l B, 3 BB A IR R E = ). 2013 4F, SEER AR
SRR TE T 1,2,3- =M I EIE S I y Arkids C—
H 85 7 WAL RN, STk — E’Jﬁﬁ%?ﬂfwﬂ
T e, 2014 4F, R a AR A TR I8 TR S
e o7 5 ) B [ e 2 o A C— H%&"?Wﬂﬁ%%&ﬁi
B TGRSR
(2) TERCH B

P e B 3 — M ) e 2 C—H 2 T P R AL 13 B A
BERE(& 75). 2013 4F, [ 525U HR0E T 8- g 5 e ik L%
FEH ST 7] R IR TR R IE o ALk C—H 88T N g 3E
WP, SEARE—153] p-WEE =Y. 2014 4, RIE
SEIOHE I T FRER SRR EERL L T R B
frkeke C—H BEAEFLMEAL N R A5 NI I B, ST
Mt 153 B-NTIE(E 75 76). A5 B S AL 7=
EPEIEAS B = PR 7 DU SRR = . il s vk T
53| — R XFA =1, HHTRA= M5
FEE AR IRMER S . 2014 4E, Kuninobu 5 Kanai
LSRR T8 T HMEALR 8-k W IR e S 170 O B3 A7
ke C—H 15T WL RO, 78 DLy 9 1 AR i)
% p-NBEIE. 25, &P SR akiE T E N TR
AU TS D) R TSI (6 L 751 ) 8- fi 56 e R P A 52 121

0, 0,
0.1 mmol 49%, 62% ee

http://sioc-journal.cn 1267



W F ¥ R £RIR
TR FERIE B ALE e C—H BRI AF 3 B- N B 1) s L. 2013-Chen
T I X 2 Sz AT DA £ — R AMEIR B- P Bt AT AR ). 9 NPhth 5.0 moi% PA(OAS)
NPhth
_ 2.5 equiv. PhI(OAQ), Phi(OAc), \5’
2009-Glorius toluene Ar,90°C, 24 h
O 10 0 mol% Pd(OAc),
M J\ 0.2 mmoI 86%
N 3 0 equiv. AgOAc
H 3.0 equiv. Na,CO3 2014-Wu 5.0 mol% Pd(OAC)
H mesitylene, 140 °C, 12 h mol% C)2
1.0 or 10 mmol 80% or 77% )ﬁi} 15256quw Aé]?:Ac
equiv 6 5
2012 Chen mw, 160 °C, 1.5 h
5.0 mol% Pd(OAc) 2
AcO

2.5 equiv. Phi(OAc),

\8\ J\/\j toluene, Ar, 110 °C, 24 h

2.0 equiv. HOAc

bine

0.2 mmol 82% (dr>20/1)

5.0 mol% Pd(OAc)2
2.5 equiv. PhI(OAc) N =

/& )KO 10.0 equiv. HOAC ﬁ:)
toluene, Ar, 110°C,24h ¢

0.2 mmol 72% (dr>20/1)

2012 Dauguhs

o)
5.0 mol% Pd(OAC);
N X
)H/\j 2.0 equiv. PhI(OAC), k@
toluene, 80 °C, 24 h N~
1.0 mmol 88%
2013-Shi

AcO 5.0 mol% Pd(OAc),
_—
J\/\ 2.5 equiv. Phl(OAc), )H/\
v Ar 2.0 equiv. HOAc

DCE, Ar, 120 °C, 24 h

0.3 mmol
Ar = 4-methoxyphenyl-

2014-Yao and Zhao

(0]
N)H(N(i-Pr 5.0 mol% Pd(OAc), Jﬁf (i-Pr),
H o) 2.5 equiv. Phl( OAc
H Mesﬂylene

Ar, 100°C, 24 h
0.25 mmol 91%

69% (dr>20/1)

B 74 ke C—H MO T WA R AR T 17
Figure 74 Formation of nitrogen-containing heterocycles through in-
tramolecular amination of alkyl C—H bonds!'7* 7!

3.1.2 o F A e A R

2015 4F, REMNERRIET 4- =5 & 2R
T i 5 1) 1) 3 o . C—HL B 7 475 T 25 LA A D = [3,5-
(=40 T I R L B AR L R AR R R - O-
k2 e R A oy T I R A OB, BT A3 P4 ml A Jt
B-Z IR (E 77).
32 Emik-=E#
32,1 BRRAEA
MRS ERE C—H I NFRREESH
Hf 3048 77 (& 78). 2006 4F Corey Z5PHRiE T 8-

HHE
Ji T R E A 3 110 PR R TR PP Bk (el C—H B
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0.1 mmol cis, n = 1-3, 83-93%

2014-Kuninobu and Kanai

o 20.0 mol% Cu(OAc),
t
N 3 0 equiv. Ag,CO3
| Ny H DCE 140 °C, 24 h
Z H

4.5 mmol 81%,1.22 g
2014-Ge
0 20.0 mol% Cu( OAc)
1. 2 equiv. duroquinone &
| ” 1.5 equiv. PhCO,Na
_N o-oxylene
H 160 °C, 24 h
0.3 mmol 87%
2014-Ge 10.0 mol% Nl(dme)

3.0 equiv. TEMPO. &@
» 2.0 equiv. K2HPO4

0.1 equiv. TBAI

n-PrCN/PhCN

0.3 mmol 150°C, 24 h n=1-3, 65-81%

2015-Ge
0 10.0 mol% Co(OAc &@
H 2.5 equiv. A92003
H 0.5 equiv. PhCOzNa

PhCl, 150 °C, 24 h
n=1~3,69% ~83%

Bl 75 ke C—H B4 T P I el P e el 150
Figure 75 Formation of lactams through intramolecular amination of
alkyl C—H bonds!'% 181

0.3 mmol

2014 Wu

Cbz 10.0 mol% Pd(OAc),
1.2 equiv. AgOAc
6.8 equiv. CsFsl
mw, 160 °C, 1.5 h
86%

MeO

T —= » HN

Bl 76 2014 F Wu RIEMFiRE C—H BT NIIELE R B-H Bk
Hﬂ[lxb]

Figure 76 Formation of f-lactams through intramolecular amination of
alkyl C—H bonds by Wu in 20148

MR IEA SN, — e — ek C—H BATRETS B —
MRS, T 5 32 ] TG A5 21 p-1 S R U -
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2015-Yu soN o F
S0
F \  FiC Fo
FsC F o) 4.0 equiv.
B ——————
. \ 5.0 mol% [{Pd(allyl)C},] M
B 20.0 mol% ligand F N
F H 4.0 equiv. Cs,CO3
4AMS, CH,Cl, 0
0.1 mmol N,, 120 °C, 16 h 77%
F
F Bz0-N j FaC F
o) o
FsC F o 4.0 equiv.
. " 7.5 mol% [{Pd(ally)Cl},] M
B 30.0 mol% ligand F N
F H 4.0 equiv. Cs,CO3 0
4AMS, CH,Cl,
0.1 mmol N,, 120 °C, 16 h O  67%
FiC
ligand: P
3
FiC
F
(1) HCI o
)ﬁL (2) NHs, NH,Cl, MeOH HonL
(3) PhthNCO,Et NPhi
61%
o

B 77 BEke C-H BT RN

Figure 77 Intermolecular amination of alkyl C—H bonds

SIERRTAEY. 2012 4F, Sahoo 2% T {3 2-NknE
MEAROI i A 2 3 m) 226 [ (R B 3 B A e e C—H B 1) It 2
FAG OB, E AR I R AT, P S R e
DL 22 A2 MR R (I FR R . 2013 4F, SRR AR a5 E T
1,2,3- = P B iz 3 ) ) 8 2 PR R R 2k o N e ke C—H 4
AT S AL R, 2014 4F, [t S0 % A POH A 1 33 e i
SRIERIE p AL — P el C—H BB E I N, %

AT DAt S B b A PG AN T A R 2R A 1Y
NI, ERIET D ARRES A o . 2014 4, 5522005
FH 2-nt e F P e 3 ) B A SR 7 2t p A e C—H
ML A AL S B, [ 4E, 58 9% PR Kuninobu
Kanai 2P0 53008 7 HIIEHER) 8-t mE ikt i 517
kel C—H SR BEEIEAL [N, 2014 4F A A& VIR
T T =Rk I pArkeld C—H BRI M. R
Vb R RR G T8 2 1A AU S R Sk, Bh
AL 5E B T IR M. 2015 48, SR R0058 T 8-l
FE R A 5 I‘]EIE’J’EL%EVEEP%% B hifEsd C—H
A SR A S . 3 IR — S B AT A 5 — 28 e o -
FF-o-F IR,
322 REAMRM

A —ZRA R C—O B TR R R C—H B e 5

FAL RN 79). 2012 4, [R5 SR HR5E T 2-nkne
PG A 5 1) 36 A O e L p ek C—H BRI e SR L

[19]
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SN 2013 4, SRS Y 1-2- M 3E)-1- 1 3L 2,
JEBEEAE S S |, SERT BREE p LR C—H HERY
FEE I N, — A g E C—H BEERRE LA IR

2006- Corey

20.0 mol% Pd(OAc),
NPhth 1.2 equiv. Mn( OAc NPhth
5.0 equiv. Oxone |
10.0 e Ac,0O
quiv. Ac, AcO

CH3NO,, 80°C, 22 h

1.0 mmoI R=H, 52%, R = Me, 51%
2012-Sahoo
N ,/ 5.0 mol% Pd(OAc), AN ,,
C( JjL 1.5 equiv. PhI(OAc), C( )ﬁL
N N
_ HOAG, rt, 14 h > ACO
0.5 mmol 80%
2013-Shi
MeO.__O MeQ
(0] Ph 10 0 mol% Pd(OAc),
Et NJ\(QN 1.5 equiv. AgOAC — )H/(
H N-y 3.0 equiv. Phi(OAc),
H DCE, Ar, 140 °c 24 h
i N
0.3 mmol ND 58% N/
2014-Lu o 10.0 mol% Pd(OAc), 0

_—
Me/\/\N 2.0 equiv. K28208 Me/\/\N
H 5.0 equiv. CF3CO,H H
H 80°C,20h F3COCO
1.0 mmol 91%

2014-Chen

10.0 moI% Pd(OAc),

(0]
2 5 equiv. Phl(OAc),
N° Y 0.2 equiv. |_|2003
H N HOACc/p-xylene

Ar, 110 °C. 20 h
0.2 mmol & 91%

2014-Ge

Q Et  50.0 mol% Cu(OAc)2
| H nPr 3.0 equiv. AGQOAC equiv. AgOAc
_N 1.5 equiv. K;HPO,
H NMP, 170 °C, 24 h ACO

0.15 mmol 72%
2014-Kuninobu and Kanai

Q Et 1.0 eqU|v Cu(OAc),
| H Bn 5.0 equiv. AgOAc )ﬁLBn
_N H 1.0 equiv. NaOAc AcO

NMP, 145 °C, 24 h

0.1 mmol 86%
2014-Yu
Pro 10.0 mol% Pd(OAc), PrQ
(0] N NPhth —— £ N NPhth
YH 4.0 equiv. AQOAC YH
AN Me Sy 3.0equiv. Phi(OAc), PN _Me “oac
[o}
CO,Bn Ac,0, 100°C, 12 h CO,Bn
0.2 mmol 55%
2015-Shi
12.0 mol% Pd(OAc),
NPhth™ 2 5 equiv. Oxone 2.5 equiv. Oxone NPhth
| N 6.0 equiv. Ac,0O N
= MeCN/DCE Z Aco‘
0.2 mmoI Ny, 85°C, 14 h 86%, dr = 18/1

B 78 bl C— T T L 44, 120200.174200.20¢204 206 2200
Figure 78 Acyloxylation of alkyl C—H bonds?>20%174200.20¢.20d.20e.2v.201]
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¥ F R LR
2012-Chen 2008 Yu 10.0 mol% Pd(OAc), o)
MeO
1 5 equiv. CuCl >
10.0 mol% Pd(OA 2 N
10.0 mol% Pd(OAc), 2.0 equiv. AgOAC H
2 5 equiv. PhI(OAG), DCE, Ny, 100 °C, 10 h cl
MeOH/p-xylene 0.5 mmol 70%
0.2 mmol Ar 1107C. 21 2% 2014-Sahoo
- i 0,
2013-Shi o 10.0 mol% Pd( OAc)2 \S//O 1000r150mo|/o Pd(OAc),
AN N 1.5 equiv. PhI(OAC)z | N \NJjL 155‘92:'[\J/NXH§1AT JjL
| H MeOH/p-xylene _N o _N
_N H Pr N, 90°C, 24 h |v|o br H DCE, 60-65 °C, 15 h
e e 0.3 mmol X = Cl, 66%; X = Br 65%
0.2 mmol 83%
2013-Rao 2014-Shi
Q 10.0 mol% Pd(OAc), BB
N 2.0 equiv. Aor B
N H)Hﬁ\ MeOH, 100°C, 7.5h U__N Jj\ MeO. 0O _ | 40equv. | MeO O ,
20.0 mol% Pd(OAc),
0.2 mmol 75% or 73% H | N 5.0 equiv. i-Pr,S
2014-Rao (1) 7.5 mol% Pd(OAc), H N~ 3.0equiv. Li;COq B m
1.5 equiv. A 3.0 equiv. LiF P
0.5 equiv. Ag,CO;3 0.1 mmol 1.0 equiv. NaHCO3 68%
_MeOH, 70°C, 4h_ O, (1 atm)
N MeCN/PhCN, 80 °C, 12 h
= H(2) 7.5 mol% Pd(OAc), MeO OEt
2.0 equiv. A 2015-Zhang PhS—SPh or
02 mm°' 0.5 equiv. Ag,CO5 50% PhSe—SePh
PR EtOH/m-xylene 0 _ 30equiv.
I 120°C,2.5h 10.0 mol% Ni(OTf),
O A:R=Me | N 20.0 mol% Ac-GIy OH |
B:R=Ac N H 4.0 equiv. TBAI
o H 2.0 equiv. Nay,CO5
3 0.2 mmol DMF, N,, 140 °C, 24 h R= PhS, 52%
Bl 79 kikk C—H Bk AR - TBAI = tetrabutylammonium iodide R = PhSe, 40%
Figure 79 Alkoxylation of alkyl C—H bonds!?'* 'l
2015-Shi IZhOS SPh
N N - - N equw
%’?%?IJ}JJ‘#% Z)ﬁ, %@%?&ﬁ? 8'H§%u§uﬁg I_)lﬂ E@%ﬁ n-Bu 10.0 mol% dppp NIC|2
$ B R RS C—H B e S8 S A SRR VR85 25 e S A )ﬁt 20.0mal% BINOL ¢
L equiv. Agy
}iﬁy\ﬁﬁ?%ﬂﬂliﬁﬁf(éﬁ@@md], 2.0 equiv. KTFA PhS
. 0.1 mmol DMSO, Ny, 140 °C, 12 h 53%
3.3 MEETCH-HEFE ? ’
1E 2008 4FAx S AUE 5 il Py B (1 3R0E HF, N-F 2015-Qiu, Xu, and Yin  PhS—SPhor

AIE TR AL B AL hile C—H BT LUK A ik B PE )
AR, IS RS B B-H (B 80). 2014
4, Sahoo Z5EPPHRE T 2- M W AR % S 1) ) e 4G
L, BT o RIS BB B A —ktke C—H f S ARER
IREIF=H). 2014 45, Jitide A2 1 T 2-nthne kS 5
MRS y Aeke C—H B ER B b s 8. FH itk s |82
A DA 2 AR TR T b AT ThRe Ak, BBk, 2015 4FE5K
T 40 A2 NRTE T AREAL ) S-REIE IR S 1A (BRI B L
Pl C—H $MBREEL S, H B AEAH R 244 T et

PR =Y. LT IR, SmeEe S b ikl 7R
IR p ikt C—H BB EAML M. [F4E, B
M VAR TR P2 e i T B 8- g
BRIt e T 1] R S B ASE — 2t e C—H Bk P ot B A e Ty
BkAk S . 2015 4E, S0 e AR S 408 T AR L 1 A%
BAL— Gtk C—H Bt 5 Tk Pk s o R B A e B2, 2015
4E, Besset 25235 ] 8-l H s R e 52 R T BRFE B AT —
e s C—H B — 5 FF B 2R AL S B
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PhSe—SePh

o] 0
__ 20equiv.
” 10.0 mol% NiBr, | H
H 20.0 mol% MesCO,H _N R

2.0 equiv. Na,CO3

0.1 mmol DMF, 160 or 120°C,24 h R =PhS, 75%
R = PhSe, 27%
2015-Shi PhS—SPh or
3-F-CgHsSH
2.50r4.0 equw
20.0 mol% Ni(OTf),
5.0 or 7.0 equiv. L|OtB _N
DMF, Ar or air
0.3 mmol 120°C, 20 or5~6 h R=PhS, 86%

R = 3-F-CgH4S, 80%

2015-Besset F3CS—NPhth
9] 0.2 mmol, 1.0 equw
N 20 0 mol%
| N H Pd(MeCN),Cl,
z H 10 equiv. PivOH F CS
1.3 equiv. DMF, Ar, 70 °C, 70 h 53%
B 80 bl bl L e B SR e

Figure 80 Formation of carbon—hetero-atom bonds from car-
bon-hydrogen bonds?2*
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o # F R P

L . C-H o-H -
Directing Grou Bond Formation Reagent Catalyst Reference(s)
9 p g Cleavage Tolerance Position Vs
o Cisp3) —Aryl Cspz2) Aryl—I 10,2° yes B Pd 2a,b,d, e f gj s tu
N & 10 yes ¥ Pd 2b, w
| _N H 1° no B Ni 2n, 0
Aryl—Br 1°, 2° yes B Pd 4b
1° no B Ni 20
Aryl—I ® 1°, 2° yes B Pd 6a, ¢
1° no B Ni 6b
Aryl—Zn 1° no B Fe 7a
Csp3)—Alkenyl Cgpo) XA 10, 20 yes B Pd 2j, 11b, 11¢
1° no B Ni 11d
C(sp3y—Carbonyl C(spy  DMF 1° no B Ni 14
C(sp3y—Alkynyl C(sp) R——Br 1°,2° yes B Pd 15a, 11b, 15¢
1° yes Y Pd 15a
Cisp3)~Crspa) Alkyl—l 19, 2° yes B Pd 2f, 16b, 16c,
1° yes Y Pd 16b
1° no B Ni 16d
Alkyl—Br 10, 20 yes B Pd 16b, ¢
Csp3)—N R'CONHRZ  1°,2° yes B Pd 18b
(lactam) 10 yes Y Pd 18a
1° no B Cu 18c, d
1° no B Ni 18e
1° no B Co 18f
Cisp3)—O RCO,H 1°,2° yes B Pd 2b, 20f
1° no B Cu 20d, e
ROH 10, 2° yes B Pd 21c, d
Csp3)—S PhS—SPh 1° no B Ni 22d,e,f g
PhthN—SCF; 1° no B Pd 22h
Cispay—Se PhSe—SePh 1° no B Ni 22d,
0 Cisp3)~ArYl Cisp2) Aryl—I 10, 2° yes B Pd 2f h, i
o
HJ\,
SMe
" C(sp3)~ Ayl Cispo) Aryl—l 1° yes B Pd 2
F Fo C(sp3)y—Alkenyl Csp) e 2k 10, 20 yes B Pd 10a
o
A
F
F C(sp3)—Aryl Csp2) Aryl—I 10, 20 yes B Pd 2k, p, q,Vv
F3C Fo Aryl—Si 10, 20 yes B Pd 8
. NJ\“,/ Cpay—Akenyl Cispp) g xH 10 yes B Pd 10a
H 1° yes Y Pd 10b
F
C(sp3y—Carbonyl Csp2) CcO 10, 2° yes B Pd 13a
1° yes Y Pd 10b
C(sp3)—Alkynyl Csp) R——bBr 1°2° yes B Pd 15b
Cisp3)~Crsp3) Alkyl—I 1° yes B Pd 16e
Cispa)—N N-OBz 10 no B Pd 19
F Csp3)~ ATyl Csp2) Aryl—B 10,20 no B Pd 5b, ¢
NC Fo Cspay—Alkenyl Cigpyy  Alkenyl—B  1°,2° no B Pd 5b
F NJJ\(Z',/ C(SpS)_C(spS) A|ky|_B 10, 20 no B Pd 5b
£ H

Bl 81 M 3 i il ke i C—H B L T R AL SRS (/N s

Figure 81 Summary of selective functionalization of normal alkyl C—H bonds using amides as directing groups
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& F F H# P

C-H o-H

Directing Group Bond Formation Reagent Cleavage Tolerance Position Catalyst Reference(s)
(6] C(sp3)~Aryl Cisp2) Aryl—I 19, 20 yes B Pd 2,
NN & Aryl—Br 10, 20 yes B Pd 2r
N H Cepg)—O ROH 10, 20 yes B Pd 21b
NP )Ol\a Csp3)—0 RCOH 1° no B Pd 20a
| XPINT T Cepay—Cl Phth—Cl 10 no B Pd 29
_N Cisp3)—Br Phth—Br 1° no ] Pd 22b

/\% j)\“ Cisp3)—Aryl Cisp2) Aryl—Zn 10 no B Fe 7b
\ »
BN | H

N’N

j.J\“ C(sp3)—Aryl Csp2) Aryl—I 10, 20 yes B Pd 2y
0] : N -7
N H

&

o} Cisp3)—Aryl Cispa) Aryl—Br 10 no B Pd 4a
IR
N p
Br H

o) Cisp3)—Aryl Csp2) Aryl—lI 10, 20 yes B Pd 2x
o Aryl—B ° Pd
MeO\N )J\, ryl 1 no B 5a
H Cisp3)~Crsp3) Alkyl—B 10,20 no B Pd 5a
Cisp3)—Cl CuCl, 10 no B Pd 22a
0 C(spS)_Aryl C(sp2) Aryl—H 1° no B Pd 9
a -
) N
—
ROC
(0] C -0 RCO,H 10 no Pd 20b
)J\a ) (sp3) 2 B
/\/\N -
H
% Cisp3)—Aryl Csp2) Aryl—lI 10, 20 yes y Pd 2a, 2m, 3a, 3b
Ta NS 10, 20 yes ] Pd 3b, 3d
H N__— Aryl—Br 10, 20 yes 8 Pd 3d
Cispa)—Alkenyl Crgpp) g~ 10, 20 yes y Pd 11a
Cisp3)~Cspa) Alkyl—TI 10, 20 yes y Pd 16a
1°,2° yes ) Pd 16a
Cispz)—N R'CONHR? 10 yes y Pd 17b
(N-heterocycle) 10 yes 5 Pd 17b, ¢
Cisp3)—O RCO2H 1°, 20 yes y Pd 20c
ROH 10 yes Y Pd 21a
% Cisp3)—Aryl Cgpz) Aryl—lI 10 yes y Pd 3c
PN H
- o N |
H N
“OMe
o} Cisp3~N R'CONHRZ  1° no 8 Pd 17a
)J\ (N-heterocycle)
N
* H
TH
)

B 81 M3 B R C—H BRI D) REAL IR BL I /NG (58)

Figure 81 Summary of selective functionalization of normal alkyl C—H bonds using amides as directing groups (continued)
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% F F R ik
Directing Group Bond Formation Reagent Clga:/zg e Tolg;:nce Position Catalyst Reference(s)
0 Alkyl—N RICONHR2 10 no ¥ Pd 17d
PiaN (N-heterocycle)
- N
“y 7 ON-Ar
N=N
0] Ar Alkyl—O RCO,H 10 no Y Pd 17d
PN
o H | \/N
N
Py
0 Alkyl—N R'CONHR?2 10 no 5 Pd 17e
PN N(iPr), (N-heterocycle)
a N
H (0]

B 81 M E 3 B R C—H B R D) REAL IR BL I /NG (58)

Figure 81 Summary of selective functionalization of normal alkyl C—H bonds using amides as directing groups (continued)

4 RES5RE

AR, WM K 2 2 R IR SR D T e 5 1]
SrmEE s C—H SRR REEE D) BRSO R IR
W, I EE AR C—C. C—N. C—0 S il
SER B SRR B BB DL A 5N R
0 LN S B A FH PRI SN SR R AR 7 40 0 245 4 1 |
IR TR G BORNS, 4550 T RAPIR, $Em T AR
BRI T IRFWI =4, SR, S E e L ] T 1A
brke C—H #ErThagth, RHEBEESR. iR C—H
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