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Transition Metal-Catalyzed C—H Activation via Imine-Based
Transient Directing Group Strategy

Wu, Yongjie Shi, Bingfeng*
(Department of Chemistry, Zhejiang University, Hangzhou 310027)

Abstract In the past decades, transition metal-catalyzed C—H activation has experienced tremendous growth and revolu-
tionized the field of organic synthesis. Several elegant strategies have been developed to promote reactivity and control precise
site-selectivity. Among which, transient directing group strategy has been recognized to be an efficient and powerful approach
for selective C—H functionalization. In contrast to traditional directing groups with covalent linkage, transient directing group
strategy circumvents the covalent installation and removal of directing groups, which significantly improve the synthetic effi-
ciency and broaden the range of synthetic applications. The recent advances in imine-based transition directing groups are
summarized, providing an overview of recent achievements in this cutting-edge research field over the past few years. For
clarity, it is classified into two sections according to the type of substrate and the type of activated hydrocarbon bond. Empha-
sis is placed on the fully discussion of various transient directing groups and their applications. Finally, the limitations of pre-

vious works and perspectives on this cutting-edge area are also described.
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Scheme 1 Transition metal-catalyzed C—H activation via tran-
sient directing group strategy

TDG=transient directing group; TM =transition metal
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Jun et al., 1997
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0
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Toluene, 150 °C, 24 h
up to 90% yield

1.0 equiv. 3.0 equiv.
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Scheme 2 Rhodium-catalyzed intermolecular hydroacylation of
1-alkene with aldehyde
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(A) C—H activation of aldehydes/ketones (Section 1)

(a) Aldehydic C—H activation (Section 1.1.1)
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(b) (Hetero)aryl C(sp2)—H activation (Section 1.1.2)
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(1) Yu, 2017

Pd(Il), Arylation [ref. 17];
(2) Wang, 2018

Pd(ll), Arylation [ref. 22];
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(2) Hu, 2016
Pd(Il), Arylation [ref. 37a];
(3) Bao, 2020
Pd(Il), Arylation [ref. 37b];

HoN
COOH
TDG11
(1) Sorensen, 2017

Pd(Il), Arylation [ref. 18];
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(2) He, 2017 (2) Rasheed, 2018
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(1) Shi 2017
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Pd(Il), Alkynylation [ref. 29a]*; Allylation [ref. 29b]*;
H,N” ~COOH  (3) Shi 2019
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(4) Xie 2019
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continued on the next page
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(c) C(sp®)-H Activation (Section 1.1.3)
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(B) C—H activation of amines (Section 2)
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1.0 equiv. up to 98% vyield
B3 SHAIER S F RS F A AR R B

Scheme 3 Rhodium-catalyzed inter- and intra-molecular hydro-
acylation of alkenes
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Imine-based transient directing groups for the functionalization of C—H bonds (enantioselective examples are marked with an
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Scheme 4 Rhodium-catalyzed intramolecular hydroacylation to
form six and seven-membered ring ketones
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Scheme 5 Rhodium-catalyzed ortho-C(sp’)—H alkylation of
aromatic ketones
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Scheme 6 Rhenium-catalyzed annulation of aromatic ketones
and o,f-unsaturated esters through C—H bond activation
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Scheme 7 Rhodium-catalyzed direct annulation of aromatic
aldehydes with alkynes leading to indenones

Seayad et al., 2013
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Scheme 8 Rhodium-catalyzed oxidative coupling of aldehydes
to form phthalides

1.0 equiv. 3.0 equiv.
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N . R/ X*
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Scheme 9 Synthesis of chiral phthalides from aromatic alde-
hydes via rhodium-catalyzed asymmetric C—H activation
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R I
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COOH
TDG10

/

1.0 equiv. 2.0 equiv.

B 10 AT EREIADAL C(sp®)—H #5540 B
Scheme 10 Palladium-catalyzed ortho-C(sp?)—H arylation of
aromatic aldehydes
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Sorensen et al., 2017
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N
ACOHHFIP (V:V = 9:1
¢ )1/\ Y //\R2

120°C, air,36h R

1.0 equiv. 1.4 equiv.

up to 72% yield

AR 1
Fid
Scheme 11 Synthesis of fluorenones from aromatic aldehydes
and aryl iodides via palladium-catalyzed dual C—H functionali-
zations
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C(sp))—H 75 540 N A 535 e e, LR
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Jinet al., 2017
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TDG12 (50 mol%)
R1{jgo . Al AgOAc (2.0 equiv.) R1;\ o)
I . |
Z>H H,0O (4.0 equiv.) P pr

~ HFIP/AcOH (V:V =9:1)
3.0 equiv. 130°C, 24 h

TDG12
B 12 AL TS BB AL C(sp?)—H #5534k B

Scheme 12 Palladium-catalyzed ortho-C(sp*)—H arylation of
aromatic ketones
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AFIAHE, B8 A 5 A AN AL B P R B R A il
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1.0 equiv. up to 90% yield
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Cheng et al., 2017
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1.0 equiv.
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TDGS5 (40 mol%)
NaSbFg (25 mol%)

MgSO, (2.0 equiv.)
DCE, 130 °C, 24 h

1.5 equiv.

N
RI-— —R
NN

up to 88% yield

B 13 B DT A 55 A R IR UL A ) 46 AR XS PRI g
Scheme 13 Rhodium-catalyzed bilateral cyclization of alde-
hydes with nitrosos toward unsymmetrical acridines

2018 4, EREAPRIE T DL 3-E3E-3-
TR (TDG13) Mt 25 T 1) K, o 76 7% 05 B/ 1 <0 fr
C(sp?)—H ‘BEIFIA N, T % s B S T R ekl
K14 (Scheme 14).

Ge et al,, 2018 Pd(OAC), (10 mol%)

TDG13 (40 mol%)
AgTFA (1.5 equiv.)

R
< HFIP/ACOH (V:V = 5:1)
X=0,8, NR 130 °C, 24 h, N,
Y = HiMe

1.0 equiv.

1.5 equiv.

BRI 14 SEAEAL T T 55 /R B AR 55 A0 8
Scheme 14 Palladium-catalyzed ortho-C(sp*)—H arylation of
five-membered heteroaromatic aldehydes/ketones

2018 4F, TSR HRIE T —BILL 2-FEE A
AR (TDG10) B T 2, AL 07 & B 1 48 47
C(sp)—H ‘#753AL [ Vi (Scheme 15). 52 Fi#ii&E 1) LA
75 FERIOR T FEAARFUAN R, 12 B B B F 5 A o 05

Wang et al., 2018

Qﬁ@

Pd(OAC), (10 mol%) o
TDG10 (40 mol%) |
KQSZOg 2 0 eqUIV) R1_|\

|

TTFA 80 equiv) (8.0 equiv.) Z N
60°C, 24 h | R
1.0 equiv.  23.0 equiv. up to 75% yield

B 15 ARAEAL DT AR O7 e i) BRI 07 AL S R
Scheme 15 Palladium-catalyzed direct dehydrogenative aryla-
tion of aromatic aldehydes with arenes
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AR, B s R A B .

2019 4, K5 AR IR EH P RIS T AR A AL Y AR
T(ERH ) K (TDG14) N U RS T 1R 2, 5
75 FEARART, T A5 i BV ) JE 2 R AT A D P
(Scheme 16).

Zhang et al., 2019

Pd(OAc), (10 mol%)
TDG14 (40 mol%)
K5S,0g (2.0 equiv.)

|
N X _, AcOH (15.0 equiv.)
R1 | + P R - = \
T TFA (8.0 equiv) € NG
_—

HFIP, 80 °C, 24 h

H

1.0 equiv. 5.0 equiv.

B 16 o7 eI Ja 2 B A Y B i 258 AR BBk 5 A
i i

Scheme 16 Synthesis of fluorenones from aromatic aldehydes
and arenes via palladium-catalyzed direct dehydrogenative cross-
coupling

2018 4E, Sorensen i ZH PN 2- 51 K K R
(TDG15) AR T 2, I BE — U0 R 20 9 AR 2 4L ik
7, 2% AR FI(O1) AR, SEHEL T R R &
WAL C(sp®)—H i 1 34k ) Bi(Scheme 17).

Sorensen et al., 2018 PA(OAC), (10 mol%)

: TDG15 (45 mol%) <|3
01 (2.0 equiv.)
N7 4 CH3BF;K gAY
P > HFIP/TFA (V:V = 9:1) T
H o 40equv. 9500 24 Ar Me
up to 73% yield

1.0 equiv.

F OBF,

N\
SO4H =
TDG15 o1

B 17 AR EEARAL C(sp”)—H B 1 H Ak SR
Scheme 17 Pd-catalyzed ortho-C(sp>)—H methylation of ben-
zaldehydes

2018 4F, 5K 7 MR B2 5 T 5k 245 5 1) S S
THETHEAL I 95 B EE AR AL C(sp?)—H e 3 4k e v
(Scheme 18). 1% M. LA 2-FJE-3- =5 I HL K )l (TDG16)
BRSSOk Ak S P, e
BEMERB. RNV LURCKZE 100 mmol, X7
0.5 mol%HIET AL, TLFAEZAT, HnldEt 40 2.8
H 45 L 86% KM= 2GR W), AR 1% R B
BPE. B A =i vT LUl I 5 B A 25— R B i
BRI KA.
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Zhang et al., 2018 [Ru(p-cymene)Cl,], (5 mol%)

TDG16 (20 mol%)
AgSbFg (20 mol%)

|
L0 + || N-R?
R _ 4-chlorobenzoic acid (50 mol%)

H o) DCE/HFIP (V:V = 5:1)
1.0 equiv. 1.5 equiv. 60°C,24 h
0
A\
- N<52
4 i
R o]
up to 90% yield

B 18 ET AL IS A AL C(sp”)—H SR e Ak S
Scheme 18 Ruthenium-catalyzed ortho-C(sp*)—H alkylation of
aromatic aldehydes

PO A YR TR AT RIRY)
FZPIII RO B2, R G AN S R 4 il 52 R 1 200,
2017 4F, SLREEURAEATE YR TR TR B 5K
WS YT R BB S ) AN Kot R e Sl B S A, s o s 4%
Ve T FHEBE S (Scheme 19), NHITFHEAL A YHE
7 — WG BB 2N LU 5153 T L-

(a) Shietal., 2017
Pd(OAc), (10 mol%)
TDG17 (20 mol%)
BQ (0.1 equiv.)
HFIP/ACOH (V:V = 4:1)
60 °C, 48 h, O,

R3
EHO . W

1.0 equiv. 3.0 equiv. up to 98% yield

up to >99% ee

(b) Shi et al., 2019
OBn

% OMe

MeO 5 CHO
BnO O H

cat. Pd(OAc),
TDG17

¢ atroposelective

C—H olefination
e gram scale

©99% ee

TAN-1085

17 linear steps
3% overall yied!

B 19 BB C(sp®)—H HM 3L I B J HAE

TAN-1085 & eI R

Scheme 19  Palladium-catalyzed atroposelective C(sp?)—H
olefination of biaryl aldehydes and the application in total syn-
thesis of TAN-1085
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BOERBR(TDG17) A T 3, T d@Edshsshh
Y57 (DKR)IE /L B 112349743 (KR), #BBE LA S AR
A i BTG B A BT I AW, LAIZ IR N R
IR, S R R R 2H PO T R RO S B T R AR
TAN-1085 A X R4 G Ak

AR, FHEBEAE N — R m B F A BN 7
F, B2 B A HUZ A FR LAk, TGRS
S5 T P R O R UL L PR R A S R R T A T
7P FRF b, LR ER A O Z T RS S
AN BB S B b S 30 JE BT 2 1) R B A B, DUR
SR TS A I 2 RIS RS . AR AT TR IR BA
Fi L-FEERRR(TDGIT) NS S 13, Jojaseil 15k
F5EE ] C(sp?)—H B HIAXT BB IE Ak (Scheme 20)% 4
R34k (Scheme 21)2F1ZE R4 (Scheme 22)P, %

Shi et al., 2018
Pd(OAc), (10 mol%)
SiR® TDG17 (30 mol%)
AgOAc (2.0 equiv.)
| | KH,PO4 (2.0 equiv.)
Br AcOH,600C, 48 h, N, R

1.0 equiv. 3.0 equiv.

up to 99% yield
up to >99% ee

B 20 AT P LR BETE C(sp”)—H BRI I
I

Scheme 20 Palladium-catalyzed atroposelective C(sp?)—H
alkynylation of biaryl aldehydes

Shi et al., 2018
Pd(OAC), (10 mol%) N
TDG17 20 mol%)  RI-pf
AcQ BQ (1.0 equiv.) ~

CHO

.
R3— HFIP/ACOH (V:V = 4:1)

2
60°C, 48 h R*AP|
’ N

up to 74% yield
up to > 99% ee
(1) Pd(OAc), (10 mol%)
TDG17 (30 mol%)
"PrCO,Na (2.0 equiv.)

HFIP/ACOH (V:V = 9:1)
60 °C, 48 h, air
(2) Rany-(Ni)/Hy
THF, r.t.

1.0 equiv. 3.0 equiv.

D0
+ O %O

1.0 equiv.

4.0 equiv.

up to 85% yield
up to > 99% ee

B 21 SO ISP AL R 3P Csp”)—H BEAR A 21k

=3
Scheme 21 Palladium-catalyzed atroposelective C(sp?)—H
allylation of biaryl aldehydes
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Shi et al., 2019

Pd(OAc), (10 mol%)
TDG17 (30 mol%)

N @ AdCH,CO,H (2.5 equiv.)
F "PrCO,Na (2.0 equiv.)
TFE/ACOH (V:V = 9:1)
60 °C, 48 h, air

1.0 equiv.

1.5 equiv.

up to 82% yield

up to > 99% ee
B 22 HLMEGIE DT BB AL R P C(sp”)—H BEZEEALIR
N

Scheme 22  Palladium-catalyzed atroposelective C(sp?)—H
naphthylation of biaryl aldehydes

P68 DA 53 0 7= SRR} g8 26 1 15 2 MBS IR AL &
. DLZAXS BRI S A D B, s iR i 2
(9240 DL 7 0 RAR, v S AR B SR I T R AR A
(+)-isoschizandrin F1(+)-steganone [T AT R 4= G k.

B LG S5 R B S Bl VAL S B A AR
BN fe 22, Rk, FCORXERR & s BBk R, 2019
G, SIREER A R R I UL FME LB R R (TDG17)
RNECAIE IS SR, A SCILBN L RE 22 AR X /N LA
FLICHIR A B BRI T BE 1 C(sp?)—H B8 AN B e 3
{k.(Scheme 23, a)ma] I P F A0 A FE K 2 . (Scheme
23, b)) g3 AR R PR Rl T — i T
1) N-J5 50500 m%ﬂ&ﬁmC@n H 31 %
RE. ABAT o B CAFE L-SE B (TDG18) 1 L-BUR R R
(TDG17) N BE A S5 1m 3 S BZ I T4k s B i Bh 25 20 77
YR FI 5 1124497 43 (Scheme 23, ¢).

FRUE R o BRI S A LR )3 I T BB 5
FHA DI FRA R, AR LIGRB Tk
EVIRIAIIIR A B 08 P 2 1R, ERAE T
R F VAP LA A B B EL Re 22, ik
SUBEE A I 2 2R S8 5 B e v B S MR R, 2020
E, PIRBEREAPTURE T —AHFEE L-FRER
T AT R () KA BH R 2 L G TDG19 1E IS 5 1) 4,
FRINSEIL T RIS RATAE M B 1 B E Y C(sp”)—H
B IR R N (Scheme 24), DA 5 AIUAC AN X} it e
PEm sk H S T — RIVEEREF G, FR, (EE
BRI P s — 5 T B et AL R TR, 153
SRR BV T L IR EF TR, 10 5 K15 B T R 1
N M E R R R T RN A AR I i SR AT A
C(sp”)—H BERIXT MR BEPERL AL R B, SE6 45 R,
FEZ SN IR S A T K 208 R AT A TR RR 1AL
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a) Shi et al., 2019

Pd(OAc), (10 mol%) Y\
K j\ R?  TDG17 (30 mol%) |n 1
“
CHO | | AgTFA (2.0 equiv.) X CHO R3
H AcOH/toluene (V:V = 2:1) R2 y
- |)m Br 55°C, 72 h, N, S
z 3.0 equiv.
X=CorN up to 98% yield
Y,Z=C,SorO up to > 99% ee
m, n=0or1
1.0 equiv.

(b) Shi et al., 2019

Pd(OAc), (10 mol%)
TDG17 (20 mol%)

CO,Et Chloranil (1.0 equiv.)
OAC LEIP/ACOH (V:V = 4:1)
3.0 equiv. 70°C, 72 h, air
Y
X,Y=C,SorO
m,n=0or1
1.0 equiv.

up to 83% yield
up to 96% ee
Pd(OAc); (10 mol%) X
TDG17 (30 mol%)
CHO R®  BQ(1.0 equiv.) R
( HFIP/ACOH (V:V = 4:1) R? R
0
v )m 3.0 equw. 60 °C, 48 h, air v )m
)I:; T‘IZ (0:’0?10r © up to 70% yield
1.0 equiv. up to 99% ee

(c) Xie et al., 2019

Pd(OAC), (10 mol%)

S A\ TDGA17 or TDG18 (20 mol%)
R N~ “CHO NaHCO; (2.0 equiv.)
+ ZAOR3 .
Me -t _ AgTFA (2.0 equiv.)
I// 3.0equiv. TEE/ACOH (Vv = 1:1)
> 60°C, 48 h, N,
1.0 equiv

up to 77% yield
up to 99% ee

B 23 MRS TUCARIR T BRI AL FEE Csp®)—H
B REHIL

Scheme 23  Palladium-catalyzed atroposelective C(sp?)—H
functionalization of pentatomic heteroaromatics

ORI T4l F PRI 7 SR B TR,
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Shi et al., 2020 Pd(OAc), (10 mol%)

TDG19 (30 mol%)

R17Xy~CHO BQ (1.0 equiv.)
\ H o, R Co(OACc),*4H,0 (1.0 equiv.)
R2—— 4 ) (BnO),PO,H (0.5 equiv.)
Z 0equiv. A coH, DMSO, 40 °C, 48 h, O,
1.0 equiv.

R CHO
3
X R
R
Z

up to 95% yield
up to 99% ee
B 24 AL DTS RAT AR VB L R PR M C(sp”)—H B
AL SR

Scheme 24  Palladium-catalyzed atroposelective C(sp?) —H
olefination of acrylaldehydes

TE AR 4 BCUR B 4H AN s I e AR R 20 2 ) ik T 2 T
B 75 F 1) SR SE B O PR T e, SR
FIAAPIF 2018 F4RIE 1 3 T 17245 5 170 SR WS A4 2 T P 1k
fATRRE LT L-BEE IR (TDG17) A BES S 2, 52
TR RO TEIE e ek X ik B C(sp®)—H B85
FAb [ 8 (Scheme 25). 7E ] s B2 %A AL I A%
o, AR IR IR AL BH AN pK, YA 1% SN R 1
AT B B E AR K B2, Rk, ARATVE R R B i
A O RE eIz T A TR R, 1BV ReS 5
TIX X W B O B R R S R A —— B R
(Concerted Metallation-Deprotonation, CMD)idF2. NilE
AAZ IR B ) S F A, AT 05 A B = il — 2P e A
BT BT SRR A T RO AR, IR SR T AN KRR
NSV

Jinet al., 2018 Pd(OAG), (10 mol%)

o TDGA17 (60 mol%) 0
@//<R1 Ag,CO3 (0.5 equiv.) @W
Fe H + Al : : Fe Ar
C'b 3.0 equiv. PivOH (2.0 eqU|\{.) d)
Q\Rz NaHCO; (0.5 equiv.) QRz

1.0 equiv. HFIP, 130 OC, 36 h, air up to 75% yield

up to 98% ee

B 25 B IR RFR Csp’)—H §#55 H:4k
.\_\L

Scheme 25 Palladium-catalyzed enantioselective C(sp?)—H
arylation of ferrocenyl ketones

1.1.3 C(sp’)—H 4 &1L

2016 4F, & BORMALP YAl B S8R H
AIR(TDGI2)E AR T dk, I SCHl 7 05 & W)
AL C(sp’)—H TS FAL B (Scheme 26, a). 1%k &
MEREHA— RII TR, Wi e, Bk,
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M. B FREESE, 1M H AR RE A AP 07 B Al ATt R
Thitf iZk R0 R R T 5 EFRERIE AL C(sp®)—H BEHIAR
SR 95 Ak (Scheme 26, b)PY. B R G TR, ATk
WAEH T L-BUERBR(TDGIT)E A B T M) 26T,
Aie LA 53 1R 7= SR AT de 58 14 15 21 05 JR A0 = ). (515 —
e, RN RS, AR I E YR A S
THILG, R MNAR R KAE AR, W a] BL e R
—HERE. ARATISE N AT B R H TR TR R S B T
FEUX A S SR ZEANICIE, AT I8 RSP fige = [R) 44 1) 43 fit
THAE, BT LUK AT DARE AR S 7 1ot 42 Ao I fie A () A FR) A
JEAT RERH 1B 53 i

Yu et al., 2016

@) o Pd(OAc), (10 mol%)
] TDG12 (40 mol%)
AgTFA (1.5 equiv.
RIS + ArHety— —~9TPA (15 equv)
A ACOH/H,0 (V:V = 9:1)
1.2 equiv. 1.0 equiv. 090 °C,36~48h
|
RIS
LN Ar(Het)
up to 84% yield
® 0 Pd(OAC), (10 mol%)

N N TDG17 (20 mol%)
R [+ /@m AgTFA (2.0 equiv.)
| H,O (3.0 equiv.)

R? ACOH/H,0 (V:V = 9:1)
1.0 equiv. 3.0 equiv. 100°C. 24 h

R
up to 88% yield

up to 98:2 er
o

Pd(OAc), (10 mol%) g

()
Q | 0 2
R! A TDG12 (50 mol%) R
R2 + | _R3
Pz AgTFA (1.5 equiv.) | X R
H HFIP/AcOH (V:V = 3:1) _
110°C, 36 h

1.0 equiv. 2.0 equiv. up to 71% yield

B 26 HUEM IS EREEAL Csp’)—H 75 B (LA IR 15
B-C(sp®)—H 55 540 [ B

Scheme 26 Palladium-catalyzed benzylic C(sp’)—H arylation
of aromatic aldehydes and S-C(sp®)—H arylation of aliphatic
ketones

Btz 4b, iAo % S a4 e 2 T RE W
i) b, AR 2 DAH 2R (TDG12) NI T 1 2, A
SEHAG BT BRI B-C(sp®)y—H 8195 54k ) b (Scheme 26,
©). LI NIAA R AMHE B AT £ M /W H - ik [ 1) 5 ik
flt, I RETE AL RN G R _E S R 3L B-C(sph)—H i,
133 B ARG R xS Bk B == 4. Ak, 24 B
B %A SRR AL »-C(sp)—H 8. (B2 1% T/Em
-C(sp’)—H RIS FE R EPE—Fm st -,
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SE = 2y sy P b heu LT K VA SN 7 WO K U T AN A R B ST
SUBRAR T3 N — i A s T

BASE 2R P ™F 2016 SE B RIE T 151 LA Z BRI
(TDGT)E ABRAS T m JE, AR Ak 1 48 38 2K F S5 o7
C(sp®)—H HE7%5HAk SR (Scheme 27). fiAITR 3054 H
s 2 2 1 05 B4R, Wi Br, Cl, TsO 1 TfO, 1A
SN, AN FERIE A R 5 SR (A BE RGO X s B
TG MRS AR K, E AL AR ) AR 1 S N i e K T
A0 AL EUARE, TSRO EAR R S AS S BE. SRl
A0, 73 R R BT o T i 2 SR S I T 4 K AR A 1
E[BOY LN

Hu et al., 2016
Pd(OAc), (10 mol%)

R’ ? R?  TDG7(20mol%) ? R2
@i . /@ AgOAc (2.0 equiv.) |\\ 7 /I
A~H N ACOHHL0 (ViV = 1:1) Sz x

110°C, 24 h

1.2 equiv. 1.0 equiv. up to 93% yield

Bt 27 GLAEAIF ARG Clsp’)—H IR ILR L
Scheme 27 Palladium-catalyzed benzylic C(sp®)—H arylation
of aromatic aldehydes

2018 4F, Jung. Kim 82 AN 5K 7 MR ZH A1 53 51
RIE T 7] — W ) 57 A BT C(sp)—H B 5 B A0 .
Jung A1 Kim SREAPUEH B Cdit-G i, BHEiER
AN BRI AS 3 ) 3 TDG20, T8 i s S K 5 )
TR, W LA SO FE AL DA K 57 B R T A
R A E Y (Scheme 28). 9K J5 AR R £H BV F H

Jung and Kim et al., 2018

(a) Pd(TFA), (10 mol%) o

. o R2 TDG20 (40 mol%) R | R?
R ! XN AGTFA (15equiv.) XN Z)
|\\ sl Q) ————— $
A __H AcOH/H,0 (V:V = 9:1)

90°C, 12 h up to 91% yield

1.2 equiv. 1.0 elquiv.

BnH

N

H,N < OH
o) Me Me
TDG20

PA(TFA), (10 mol%)
0 TDG20 (40 mol%)

4-nitroaniline (2.0 equiv.
H + | \_Rs ( )
H | P> AgOTf (1.5 equiv.)

ACOH/H,O (V:V = 9:1)
120°C, 24 h

1.2 equiv.

\_R3
=

up to 37% vyield

B 28 AL C(sp’)—H 855 B — 4k & ISR AT A
Scheme 28 One-pot synthesis of anthracenes by Pd-catalyzed
C(sp*)—H arylation

1.0 equiv.
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ZIR(TDGI2)ENBEA T e, SLBRAL C(sp’)—H
Fi R, I HLT AL P WA = 98 TR (TTOH) Y 1k
T, EMITHNAR R T — R L4 T5K(Scheme 29).

Zhang et al., 2018

Ox 10 mol% Pd(OAc),
80 mol% TDG12
H B 2.5 equiv. AgTFA
I + | —R
= AcOH/H,0 (V:V =9:1)
. ) 100°C, 36 h
1.0 equiv. 2.5 equiv.
R3

5 mol% TfOH
_—
CHCls, r.t, 5h

=
o I
3

up to 80% yield

up to 99% yield

BRI 29 I TS 1 SRS AR AL 2 3057 R i 5 A
Scheme 29 Palladium-catalyzed synthesis of polycyclic aro-
matic hydrocarbons (PAHs) via a transient directing group strat-

egy

T E AR T C(sp®)—H FAIN T 47 C(sp®)—
H SRS INTE T — A, A1 b L v 2081 3 38 M i 0 B R
HME. 2016 4F, 5l R O T 57 245 5 1) S g BRIl itk
SCIL T REWIEE B-C(sp®)—H %75 FAk N (Scheme 30).
FRBARRLL - NER(TDG2)E AR S, A1
UFI B R 2 e M RO T sk 48 1k

Ge et al., 2016
eetal, Pd(OAc), (10 mol%)

CHO TDG21 (40 mol%) CHO
R1J\(H . Al AgTFA (1.5 equiv.) R1)\(Ar
T2 HFIP/ACOH (V:V = 5:1) 1
10equiv.  15equiv. 80°C:24N N2 40730 vield
HoN~ - COOH
TDG21

BN 30 AEAALARIIRE B-C(sp’)—H 75 54k [ v
Scheme 30 Palladium-catalyzed 5-C(sp”)—H arylation of ali-
phatic aldehydes

AE, Bull AL LT IX — g thaliE T — i g
JiRE ) B-C(sph)—H BT AL BE, ARATTEA N-(2-5
. HE)-4- T I ZE R T 2 (TDG22) 9 Wk 25 5 7] i (Scheme
31). ZR MR RUE T o A 2200 AR EE, 1 H.
S AR AR,

2016 4F AR BUR LA 5 ORI 1 — 1 5 17 i 1)
B-C(sp’)—H S5 HAb /B, (R ROUEH T — %
B S B2 (Scheme 26, c). JMFRIX —PhARIEXER, A EHL
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Bull et al., 2017

Pd(OPiv), (5 mol%)
O H TDG22 (50 mol%) o Ar
| AgTFA (2.0 equiv.) |
_—

+ Arl -
RT R2 DMSO (1.0 equiv.) R’ R2
HFIP/AcOH (V:V = 1:1)
1.0 equiv. 2.6 equiv. 130°C, 3 h up to 59% yield

B 31 AR L = s B-C(sp”)—H $8 75 Sk S L
Scheme 31 Palladium-catalyzed S-C(sp’)—H arylation of ter-
tiary aldehydes

WA R BT —2 p-RIE IR ——2-% -3k 0
NER(TDG23)/E Nt T, Aeis Sl A ik B4 e
I B T B 3 B-C(sp®)—H B 75 HEAK SN (Scheme 32).
AT R I p-Z R 5 AR Ak 5 BT R R I 7S TG 2 v 1) 4
POREAS IV S IR INy S e Sl i R S e e i K U O A B -8
C(sp’)—H B3N

Yu et al., 2017

Pd(OAc), (10 mol%)
TDG23 (30 mol%)
o H AgTFA (1.0 equiv.) o Ar
I A, +an = AL
R R? AgOAc (2.0 equiv.) R! R?
1.0 equiv. 2.0 ec|uiv.|-”:”3/ACO|-| (Vv= 3:‘l)up to 83% yield

120°C, 72 h

HoN COOH

TDG23 Ph

B 32 HEAL R T 5 -C(sp’)—H 5 S Ak =
Scheme 32 Palladium-catalyzed methylene f-C(sp*)—H aryla-
tion of aliphatic ketones

2018 4F, HiFFPIREA SRR T —F R
FR——p-THZ R (TDG21) A T 1R ZE S8 T g 7 i
TEHIIE p-C(sp’)—H B 1175 36 4k(Scheme 33). % Mifk
FXT T EEEFMR G RE IR #E H, I E A 1R UF R A7 5
TEREE.

Ge et al., 2018
Pd(OAc), (10 mol%)

TDG21 (40 mol%)
AgTFA (1.5 equiv.) o Ar

HFIP/ACOH (V:V = 3:1) A

up to 73% yield

o H

2.0 equiv. 130°C,36h, N,

1.0 equiv.

B 33 AEAEAL GG AR B A e PR 57 B4k
Scheme 33 Palladium-catalyzed site-selective arylation of ali-
phatic ketones

3528 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

1.2 BRABEHII

VAR, JE TR 5 0] S ms i3 4 Jm AL i A
TEA I OSBRI PEUR R, EOK 22 AR R PR AE -k
TR SR, I 12 TR B SRR - AR BEAA SR B PR A £
Mk A8 V2 AR AE T R0 50 7, 540 FRIEE L
PR A AE S VeSS VE R 2 B SR m, B DU I 1%
SR SE PR AR A R A R L

2016 4, i AR MRE T AR E R = A
7K (TDG24) Ay Wk 745 T 1) 2L, &K i 10 190 05 &5 & 41 £
C(sp?)—H B4k SN (Scheme 34, a). — RAHIE) 12
SI G 3 W I 07 R Bk~ B () T B TT R U IR IR,
AT RIS A2 b 138 T DATE) (=48 T 3 K I (TDG 14)
NBRRS G, BRI B BEARAL C(sp?)—H HEfiEiL
J< M (Scheme 34, b).

(a) Shi et al., 2016

0 (1) [IrCp*Cly]2 (2 mol%) (e}
| TDG24 (40 mol%) |
X AgPFg (12 mol% N
Ry~ b TsmN, — (0 L R
Z DCE, 100 °C, 24 h, Air NHTs
. ~ (2) HCI (2 mol/L), r.t. .
1.0 equiv. 2.0 equiv. up to 84% vyield
HoN
TDG24 CF;
(b) He et al., 2017
(0] (o}
| [IrCp*Cly]» (2.5 mol%) |
N TDG14 (10 mol%) N
R'-— + R2—N, R~
ZH AgNTf, (10 mol%) Z > NHR2
o .
1.0 equiv. 2.0 equiv. DCE, 80 °C, 12 h, Air up to 98% yield

B 34 ARAEAL TS ERE AL C(sp?)—H SR AL N
Scheme 34  Iridium-catalyzed C(sp?)—H amidation of aromatic
aldehydes

2018 4E, FET RN = % 3 A % (TDGS)
RS TS, RRINSEEL T AL TS A REARAL C(spD)—
H 854k [ N (Scheme 35). [F]4E, Rasheed B4 4
T T T RS S (AT AL 55 B RS AR C(sp?)—H
BERAL RN, oA 2-F IE-3- = 5 ALK I (TDG16)iE
& 2-F A -4- = H I K F R (TDG25) 1E N4 5 m) 3,
BIhess H R 1 1) 77 % (Scheme 36).

Jiao et al., 2018 R’

o) o | O
R oJ\o [RhCp*Cly], (1.5 motte) ¢ | H—7
@\) _ __TDG8 (10 mol%) = 0

4 M AgSbFg (6 mol%) HN
RZ\/\ Yy, PhCI, 120 °C, 20 h, Ar 7\

X
1.5 equiv.

R2 —
up to 96% vyield

B 35 AEMEAL T FREARAL C(sp™)—H AL SN
Scheme 35 Rhodium-catalyzed C(sp?)—H amidation of aro-
matic aldehydes

1.0 equiv.
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Rasheed et al., 2018

(0]
| [Ru(p-cymene)Cly], (3 mol%)
LY TDG16 or TDG25 (10 mol%)
R T + R2802N3
Z>H AgSbFg (5 mol%)
o]
1.0 equiv. 2.0 equiv. DCE, 80°C, 121
O
|
R D
Z  NHSO,R2
up to 96% yield

B 36 £ AT A REAIAL C(sp”)—H B AL B
Scheme 36 Ruthenium-catalyzed C(sp*)—H amidation of aro-
matic aldehydes

2019 4F, fhHr e U 4L MR G TG AR
(TDG26) MIEAS T A%, A A 75 B BEARAL C(sp”)—
H #HE AL SN (Scheme 37). Al TRAZ [ W oA % B 3%,
ST Clr 222008 B B 770 1R st a1 g4 1) 71
11 (16 k.

Wu et al., 2019

o] o (1) Cp*Co(CH;CN)s[SbFel, 0
| )il (10 mol%) |
X i A
R1:— ) p TDG26 (1.0 equiv.) R1+ )O]\
A~y J=N  DCE, 120°C,6h, Ar PN R2
R? (2) HCI (2 mol/L), r.t. H
1.0 equiv. 2.0 equiv. up to 88% vyield
HZN@CI
TDG26

Cﬁ% @@5

C1r serine protease inhibitor | Elastase inhibitor Il

B 37 BT AR AEAL C(sp”)—H BRI AL B
Scheme 37 Cobalt-catalyzed C(sp?)—H amidation of aromatic
aldehydes

2017 4F, A RER G UL T A S S g S2 I
TR SRV R - B A SR A ATTRL 2-980-5- = i R 3
Z M (TDG27) A 75 5 1) LI S8l 7 B AR b 1) 55 7 1
ABA7 C(sp”)—H itk [ M (Scheme 38, a); PAAREFETE
FER(TDGI) MRS S, TR SEB 1 4R A Ak (1) 75
FFWE AL C(sp?)—H 48 &AM (Scheme 38, b)!') i 24
DL 2-5 JE-4- T HE 2K F R (TDG28) A2 T ) 3L, )%,
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ThSZEL T AR 55 B S ARAL C(sp)—H HIRAR M
(Scheme 38, o)™\ At ATt B Th G 2 S B T 2454
STRIEIREE B, B8 T — KA. SRR
FA.

Yu et al., 2017

(a) [Ir(Cp*)Cl2], (4 mol%)
0 TDG27 (10 mol%) 9
AgNTf, (16 mol%
Ru_\ + TsN3 —»g 2 °) R'—\
T y AgTFA (30 mol%) L~ NHT.
TFA, 50 °C, 24 h S
1.0 equiv. 1.5 equiv. up to 93% yield
(b) o
Pd(OAc), (10 mol%)
0 TDG11 (30 mol%) o
AgTFA (0.1 equiv.)
RIS + CI—N ———— % g
T TFA (10.0 equiv.) _
H d DCE, 60 °C, 24 h cl
1.0 equiv. 1.5 equiv. up to 98% yield
(c)
Pd(OAC), (10 mol%)
| TDG28 (50 mol%) o
AgTFA (0.1 equiv.)
RIS + Br—N =% g
L p-TsOH (0.5 equiv.) -
H & DCETFA (v:v=1:1) Br
0,
1.0 equiv. 1.5 equiv. 90°C, 240 up to 96% yield

B 38 ISR S E I ALAL C(sp®)—H BEIAL/ SRR
AR

Scheme 38 Transition-metal-catalyzed C(sp*)—H amidation/
chlorination/bromination of aromatic aldehydes

2018 4F, %2t Bl Th M DL 1 a3 I
(TDG29) Ak A T M 2, SEIL 144 A 1 05 & B R 47
C(sp’)—H #HIAKIFRH AL (Scheme 39). SLIEE, 24
DAS TR RS F ) i, F2 2@ 40 1R) Sy2 JRAY
C—O LR IR1S 3] B A H =4, 24K H 1
REEME N NS T A R, M E 2@ F N C—F
W JRIERR, 152057, AT AR BRI 0 SRR AE T
BN R A B S T B A R T BHE 1 PA(IV)HE]
EEITE R, TR E C—F SR 5 E B, RN, ARATH
R RAST EL P 7 18 2 68 Tt fi 3 S oA 8 A e A 42 |
Mgt C—F SIE RN, SEERA L, PLsd 1
SR FIRRAE NG, AR THH L4 C—O0 #id
BRI BR, PR 9 A A B 55 SR A% .

http://sioc-journal.cn/ 3529
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Yu et al., 2018
o Me Pd(OAc), (10 mol%)
| BF, TDG29 (20 mol%)
N X NBu4PFg (50 mol%)
R1+ + | + .
= H Me” >N >Me CsFsCO2H (5.0 equiv.)
R2 E Benzene, 70 °C, 24 h
[FIBFs
1.0 equiv. 1.5 equiv.
O
|
1
R WF
RZ
up to 61% yield

up to 99% ee

B 39 AL I EEEAL C(sp’)—H #A X R
Scheme 39  Palladium-catalyzed benzylic enantioselective
C(sp®)—H fluorination of aromatic aldehydes

Sorensen EAAPYERET 2018 FEHRIE T LA -
2,5- TR (TDG30) MR RS T 1) 3, AEAEAL Y 05 B EE 4R
K7 C(sp®)—H AL [ S (Scheme 40). %R @2 BOZE
Z R0 AROE T TS T A R, AL 55 A AR AL
C(sp>)—H HE IR B (Scheme 41). 24D 2-4
B-4-FUORHIR(TDG3) ABES Tk, DO HERERR N
ININF, RetE LBl FEE AL C(sp)—H BRI
(Scheme 41, a); LA 2-FEH R IR(TDG10) ABES T 17
B, 7N T I (HFIP) 9 A a0 B s e, U m] DSk
W2 bt AL M (Scheme 41, b); 1724 2-83E-4-
AR R (TDG3) WA T M EE, S ZKE(DCE)NR
PSS, AT LA 2 SAR K 2P0 (Scheme 41, ¢). B
SRIEA N AR M T8 ik A 257 SR A 38 PA(IV) Hh T4,
ELALATT P 2 SRAR G U IF B T 4038 1R S A AR 75 %o 2 12 E
F PR EALFNEAL TR PAIV) Hh 1] 4k 38 JE 3 o &5 0%
HIE

Sorensen et al., 2018

Q Me Jri- Pd(OAC), (10 mol%) 9
N N TDG30 (50 mol%) N
SSEPe) et
H Mo~ N7 e DOE, 110°C, 24 . air e
F

1.0 equiv. 1.5 equiv. up to 84% yield

B 40 AL T A READAL C(sp”)—H BRI B
Scheme 40 Palladium-catalyzed ortho-C(sp?)—H fluorination
of aromatic aldehydes
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Sorensen et al., 2017

@

O
(|) Pd(OAc), (10 mol%) |
AN TDG31 (50 mol%) X
R + p-TsOH - Ry~
= 01 (1.5 equiv.) =
H OH
. ~ AcOH, 90 °C, 24 h, air .
1.0 equiv. 2.0 equiv. up to 67% yield

Pd(OAC), (10 mol%) 0
TDG10 (50 mol%) Cl

(e}
cl !
+HFIP —————————
cl H 03 (1.5 equiv.) cl

110 °C, 24 h, air OCH(CF3),
1.0 equiv. 22% yield
c
(c) o o
cl | Pd(OAc), (10 mol%) cal |
TDG31 (50 mol%)
+ DCE ————m >
cl H 02(1.5 equw.). cl cl
110 °C, 24 h, air
1.0 equiv. 56% yield
o,
I|:@ X
Me N _Me
| N
=
Me
X = OTf, 01
X = BFy4, 02

B 41 AT EREALAL C(sph)—H BFIEL. ZHbIA
SR GACR
Scheme 41 Palladium-catalyzed ortho-C(sp)—H hydroxyla-
tion, polyfluoroalkoxylation and chlorination of aromatic alde-
hydes

2019 4F, FKITARIRAL HRIE T LU RS 5
F X = g6 F L 2K 1% (TDG8) Al ] & i = 5 FF 2K (TDG24)
I3 RSP B AR C(sp®)—H B S AX(Scheme 42, a)Fll
HIS L {L(Scheme 42, b). fBAITEIIFF 2] T FR4E Al 4,
S X P o T ST M A 5 A el L i R A 3 ) X
A, 1X S5 RAER] 1R R S T A R
t, AN IE BRAC (A 2 5 T AR ML B E IS4, [F)4E,
sk 7 MR PR RE T — BB 2-S S-S ST R
(TDG32) Al G 1%, AT FREARAL C(sp))—
H 8R4 2 S (Scheme 42, ¢).

ik, 7k 77 MR Y DL (TDG33) M s 5
), SEBL T ARAE G DS B EEANAL C(sp?)—H ST HEAL
J¥i(Scheme 43). ZJMJEYITEH 2, BA R HHEGE
BGRAE, $eft 17— oE B il oy & B R T 1.

SRR AP 3-E -3 2K N FR(TDG34)
A T, ST AR ALY S AR AL C(sp”)—H. 4
fE 3L [ B (Scheme 44). {HAF W&, FEHE—IFE
WAKEE Ao HA M HUHMERZER], RERtAT ZREIERIH
e, wnsARL R, BIACAIMRIBESE . AR Tt ) K 1%
TERAL R INEN T FRY B, MRS, F%
WA 7 e ) TV RE S AR A b R A
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Zhang et al., 2019

(@) Pd(OAc), (5 mol%)
TDGS8 (10 mol%)

|O Q 2-Hydroxy-5-nitro-3-(trifluoro- |O
methyl)pyridine (30 mol%
Rl + GIN yhpy ( o) R:_\
= H TFA (10.0 equiv.) Pz cl
(0] DCE, 80°C, 24 h
1.0 equiv. 1.5 equiv. up to 95% vyield
® 0
I Pd(OAc), (10 mol%) |
A TDG24 (40 mol%) X
R + MeOH ————————> R~
Pz H K2S,05 (2.0 equiv.) = OMe
DCM, 60 °C, 24 h
1.0 equiv. 20.0 equiv. ’ ' up to 75% yield
| Pd(OAC), (10 mol%) !
RIS + Br—N TDG32 (20 mol%) gL
| P> - —_ | _—
H DCE/TFA (V:V =5:1) Br
60°C, 24 h
1.0 equiv. 1.2 equiv. up to 98% yield

B 42 A FREAAL Csp)—H SR, LA
RACR

Scheme 42 Palladium-catalyzed ortho-C(sp>)—H chlorination,
methoxylation and bromination of aromatic aldehydes

Zhang et al., 2019

o o)
| Pd(OAC), (10 mol%) |

X TD 30 mol% X
R—— + ArSe—SeHAr M R-—
= CuBr, (1.0 equiv.) =

H DMF, 80 °C, 48 h SeAr
1.0 equiv. ' ' up to 91% yield

TDG33

0.6 equiv.

B 43 AL T AR AN C(sp®)—H BRI S 1L 5 B
Scheme 43 Palladium-catalyzed ortho-C(sp*)—H selenylation
of aromatic aldehydes

Shi et al., 2020 Pd(OAc), (10 mol%)

TDG34 (40 mol%)

O
R ? 2,3-Dimethoxy-5-methyl-1,4- R |
@\) + Me;Si—SiMes benz.oqumone (3.0.equw.) |\\
= H LiOAc (2.5 e'qui/.). = SiMe,
1.0 equiv. 5.0 equiv. HFIP/ACOH (V:V = 1:1) up to 83% yield
60 °C, 24 h, air

B 44 SO A EESSAL C(sp”)—H BEREREAL SR
Scheme 44 Palladium-catalyzed ortho-C(sp’)—H silylation of
aromatic aldehydes
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2 BRRUSYHNBEREREK

R B R —REBENAIEY, FiX—55H
BT AFE T KRR R 255 Ty, DR S e
&I & RS 10 B R . B H AT AR/ N
W A5 5 170 56 A 3o U 4 e A I AT A W I e S B AL
I LI IR /D,

2016 4F, BHIAEEAPILIK G ZBEFR(TDG35) N
WEAS FIa3E, SZEL T ARMEAL IR (A IE p-C(sp)—H HE55
HeAk(Scheme 45). HT B % 5 W 3N 115 A R HoT
HEEARAIA, T SRS 355 W8 B p-88 5-11 55
FALR =P,

Ge et al., 2016

Pd(OPiv), (10 mol%)
TDG35 (20 mol%)
NH; AgTFA (15 equiv.) NH2
1/;\/\ + Al 1
R R2 H H,0 (4.0 equiv.) R R2 Ar
AcOH, 100 °C, 15 h, air
1.0 equiv. 1.5 equiv. up to 74% yield

B 45 AR p-C(sp”)—H B 75 B AL R
Scheme 45 Palladium-catalyzed y-C(sp®)—H arylation of pri-
mary aliphatic amines

[F4E, WA DA AT B E R R R
(1) exo-5: 7] Bk W ik -8- F i (TDG36) 4 Ji EI| ik 745 T 171 40
5, RO SEEL T AR e ST e RN R R R AT AR -
A 0-C(sp’)—H B 175 34k B (Scheme 46).

Dong et al., 2016

a
(@ (1) Pd(OPiv), (10 mol%)
TDG36 (1.25 equiv.) Bz.
NH H 2,6-Bu-4-MePy (1.0 equiv.) N0 Ph
R1 R4 + Ph2|BF4 R1 R4
R2 3 DCE, 90 °C, 48 h, N, R2 5
R (2) benzoyl derivatization R
1.0 equiv. 2.5 equiv. up to 77% yield
N C Me | :
N :
CHO HBu” N By |
TDG36 ) {26-Bud-MePy |
(b) .
(1) TDG36 (1.0 equiv.)
R NHz Me (2) Pd(OAC); (10 mol%) NH, Me
H SbPh; (5 mol%), 4AM.S. R
A + ArlOTF . TS Ar
P H 2.0 equiv. AdCO,H | Py
. . PhCl, 90 °C, air
1.0 equiv. 2.0 equiv. up to 50% yield

B 46 AL p-F1 6-C(sp’)—H 55 24k [ B
Scheme 46 Palladium-catalyzed y- and 6-C(sp’)—H arylation
of primary amines

http://sioc-journal.cn/ 3531
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TEWEA TR RIS, B AN 55 BCAL R BR T A
WV F kR ZE—RESHEHANAS, REPURB
PF 2016 EARIE T —FHRERSE M ST AR ——
2-FRFEIEmE, A ATTLL 2-R B (TDG37) Bk 5 1l A,
JRISEIL T MBI p-C(sp’)—H HRIN 95 bR
% (Scheme 47). 1%/ MLAK FANH GE A2 A & FpEUR
SIS BERURN L PR JER, T ELX RS . BRI A
FHEFRIR I L E 1 p-C(sp®)—H BEE . [FIN, %)%
AR 28 (AR A A 71 R B 2 T ) 5 1 FH s T 40 A B
2 2% 4%, FBIEE AL
Yu et al., 2016

(1) Pd(OPiv), (10 mol%)

TDG37 (20 mol%)
AgTFA (2.0 equiv.)  Boc.

NH H A H,0 (10.0 equiv.) NH A
+ Ar 1 4
R" 2 . R* HFIPIACOH (v:v = 19:1)  RigeT R
R* , 120°C, 12 h R
1.0 equiv. 2.0 equiv. (2) HCI (2 mol/L) up to 91% yield

(3) NaOH (10 mol/L), Boc,O

B 47 AR p-C(sp®)—H H7 HeAb p
Scheme 47 Palladium-catalyzed y-C(sp’)—H arylation of pri-
mary aliphatic amines

[FIRETE 2017 4F, Murakami 55 205 LKA BH K
fitt——3,5- R T FK S (TDG38) it 4 S 2k, B
ISR T BEFEAANE p-C(sp®)—H BT Ak R
(Scheme 48). {H/Z1% & M ML IR: (1) 52 A
Murakami et al., 2016

(1) TDG38 (1.05 equiv.)
CICH,CH,CI, 110 °C, 15 min

(2) Arl (3.0 equiv.), Pd(OAC), (10 mol%)
IPrCO,H (20 mol%), KHCO; (2.0 equiv.)

/VR /R
HoN ),
2 1 H,N L

110°C, 24 h
H (3) HCI (aq.), THF, 80 °C, 1 h Ar
1.0 equiv. (4) BocyO, NEts, CHyCly, rt, 1h  up to 78% yield
Me, Me

— Me
N ZBul
: O SN
o™ —~ Pd
N o/ "0 ~H
00—
But _<R

A B

B 48 AR (A C(sp)—H B35 HEAL R B
Scheme 48 Palladium-catalyzed C(sp’)—H arylation of prima-
ry aliphatic amines
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%
IR 3 0 20 P e 5 (2) TR B R B B B Y
TDG38 47 TSN ; (3)3H X A K 2B A% C(sp’)—H
75364k, ST B ONE T3 C(sp))—H #, UF
PRAEA AN b ()37 FR 38, 8 0K AR B b i) S HR
TR AT KALBL AR B 2 i LA B A 3E 1 S
)38, W] RE AL KA 2 058 A7 B N K AR BRI, B
FEHHLEE ) 5 AN WG R B AR A, AT A6 A £
TR 2 IR RGP A7 KA I P2 R 1 A 51 N KA B
FIRUT JE0T, B 5 RREE LR 25 18] A7 e s i+ 1E
FH, A 1512 00 & (AR A (A AR e, AT A 25 i i
B A BRI AR R AR B, b R AR R SR A
2018 4F, REPGRBA O R TS S
SR, 739 LL 2-F2 IS (TDG37). 2-5-6-Fa L A I g
(TDG39) Al a-FAEZZE K (TDG40) Al A S 1A 3k, [FI£E
2-FRFENMEIE R EARLY A1 L2)AERE R, ahsesl 1 g i
FEZ i p-F1 5-C(sp®)—H B2 7% 4k 2 M (Scheme 49). {15

Yu et al., 2018

(@) (1) Pd(OAC), (10 mol%)
TDG37 or TDG39 (20 mol%)

L1 (50 mol%)
H  NHp HetArl

AgTFA (3.0 or 4.0 equiv.)
RQJ\/kR-] + or )
y HetArBr H,0 (10.0 equiv.)
1.0 equiv. 2.0 equiv. HFIP, 150 °C or 160 OC, 12h

(2) HCI (2 mol/L), THF

NaOH (10 mol/L), Boc,O
HetAr NHBoc

R’y R’
up to 74% yield

(b)
(1) Pd(OAc), (10 mol%)

TDG40 (40 mol%)
H L2 (50 mol%)

9 NH, AGTFA (3.0 equiv.) TEUA™S 5 NHBoo
+ (Het)Arl -
R? R H,0 (5.0 equiv.) 2

R R’
HFIP, 120 °C, 48 h

1.0 equiv. 2.0 equiv. up to 82% vyield
(2) HCI (2 mol/L), THF
NaOH (10 mol/L), Boc,0O
% OMe O
o OH R S
| L1:R=CF,
OH o N~ "OH L2:R=NO,
TDG39 TDG40
via: CF3 via: NO,
R
| N / | N\ & 0 MeO
N O N.o
Pd 6 )— (o} P4 o
RZJ}/\/I\R‘I R2 R1

B 49 A AR i (e 56 -2 6-C(sp”) —H B 5 B6 1L S

4
Scheme 49 Palladium-catalyzed selective y- or d-C(sp’)—H
arylation of aliphatic amines
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—IEHE, EEVOVE S ARG S T ARSI
BEMIIRRKNGE p-5 0-C(sp’)—H B L5 AL
R R A FI3E R IMEAE—E I ILEC R &R, B S
W 25 T AL R B S TR RON TE I B SIS S AR T
R p-C(sp’)—H HEFAL; A9 5BS S REES T
WA TCHE AP, WS S TR 6-C(sp’)—H
BEIELL.

3 &g

2E LATR, TR A T 1 S R & R
IR S S EAET AER3R A T T 2 R0, AT E
T — RANE RIS S A TR B SLE )
AT REFIL, CARENE STl Wy 5h . i,
IR TR . EIEAL. B B R
b, UHAESEPRMR, FIH TS, %X
AT BRI SEIL T TP T 272220323408 —
BRI RIS B b . Bah, HTBEE S Rg i
B S B B B T R AR B & B RO 258 93 7
1 JE AT A AR P72 R B H 2% 5 e ) 9 A S A
SR, MR TAE G0 5 ) S, 124503 04 R S Ak T4
BB, I FZ A LA, FREZATE— PR R,

MR TR ED, BRI S b S i LR
JE PR, RTREJRIEIAE T, oG, M P b T 5 T R
FOR, EAERR i S e 2 (M B BAR S0 A4k, BRI
i 525 5 52 U S R PR S, e 7 3o R v 2 e 9 1 v
AR R LT S5 ), Lh W7 25 5 ) S 4 40 1 2 H iR A
HEOONWAE. TN TR AT S, BT &R
ARSI BE S, SE2E 5 T BB 43T BC AL 1) 4 i+ 1]
PRI AR T 5 82 N R 2B 534k, et W 2 Ak
FIRT 5% HIR R A b A MUK, 5 5 T BRI R B R
A L6100 33t 3k — S AR BILAE s N 2R 2 ) J PR A

HETa 7 E )RR T &R, . Hord
S RIBFHIBRS S AEAL A R, R E R HAR
B0 3d ISR, WEh . SRS NI, 24 S
f L BRI AT 5 1.

S IE LI AL R B IR IR B —, X T 05 F&
WA, HATR R RIEAR AL IR B, A The kb &
Y, W25 B PR T LG IR & i m IR A2 1 £ g i 7S/ )
B LSRRG y AL, WA SEEY A Ak A i TR A At
PLf C(sp?)—H Bih 1k Bl IR s ik iz i ) C(sp”)—H
T R — B R B

FESL AR BB SRS A T T, H AT R R T AL
IFH - FEREUEEIR TDG173 245 1R
TDG185N 7 HATA (1 &R B i (TDG19)P i) T
ST, Kk, BridH R RBR T 5804 2 1
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RAUEY, TR T RSAL S WIS 3 170 A R T
WA, AT, TR A AR sp’
IR, JRYIVE R IR T AR AL e 5 4 P R 54
() (LY FRECSSVRIER T e iy 28 _E 3 LS, e f
TR 557 B4l SO, B R e f] B0 e BA R B L R S
FHETREE, RECHIIMELARR, SCORY A AR
N RV SN, FeiliE A B P A ALE .

AELHARSS, BB AT SN HLEE A (AR R e ik
RN B AR AR, 3K — A R 3R 5 2 K Re,
AR AR BORA I E R TR, 5
AlE SR PSR iR 12,
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