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C—H Functionalization Induced by the Oxidizing Directing Group

Hu, Zhiyong* Tong, Xiaofeng™* Liu, Guixia™”

(“ Key Laboratory for Advanced Materials and Institute of Fine Chemicals, East China University of
Science and Technology, Shanghai 200237)
(* State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)

Abstract Transition-metal catalyzed C—H functionalization is a straightforward and efficient way to construct C—C and
C—X bonds. However, these transformations usually require stioichiometric or excess amount of external oxidants to oxidize
low valent metal and regenerate the active catalytic species. The use of the oxidizing directing group, which contains some
special group acting as the internal oxidant, can avoid the troubles arousing from the external oxidants and make the reaction
process more simple and efficient. Recently, increasing number of novel oxidizing directing groups have been designed and
diverse kinds of reactions have been developed. This approach can be used to synthesize kinds of heterocyles or highly func-

tionalized products under external oxidant free conditions.

Keywords C—H fucntionalization; oxidizing directing group; internal oxidant; transition metal
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Figure 1 The strategy of internal oxidant used in C—H bond
activation
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Figure 2 Oxidizing directing group
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5, BRI T A 2 i T (N—X) AR, 15207)
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T 5 [f1) B PR S R RN S N 2R R
1.1 RBRERITEY

FRNEAT W o sE 2 B s ) 2 e R T m)
K, XRAAE D AR R 5, W5 S ) RO R T 2
AT LU RE AT A 04E C—H 3G 118 F A 5 )
HE SRS 1 A A 21 T HED B i ) 7 .
1.2.1 N-RYBRAEEATAEY

2010 4 Fagnou /NI N-FARFE 28 T BEfE, L
[Cp*RhCLy], A AT, MeLh sl T 3 5 By 5 1k (Eq.
1). ABATTRE AN A IR B W R AN T B A AR, N—O
B T AN R R AN E A L AR T
Ve, 2N I — RO REAT TR Y. it
X ) R AR BRI IR AL, I AT T N-RE R
FORTRWEIE I, RNV, 5T N- AR RO
FeA b, FRRIAE: H—, RNV, L
FI) A TR 2.5 mol%B43] T 0.5 mol%; 2 —, &
IR = AR 1 L LA ] V- PR AR R e G 22 4, L
2 Ui HR(Eq. 2)FNRUGE 3L U 1) bt B LUEE iy = 2649 3
F=H).

o) 5 o]
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R1;\ NHOMe | CsOAc (30 mol%) R1._\ NH )
O * MeOH, 60°C L s

R? R®

2
1T R3=ArR2=alkyl, Ar R
48%~ 90%
e R [Cp*RhClyl, (0.5 mol%) 9
LN NPV CSOAC (30mol%) = ¢ “NH
R~ Hoo+ ] R4 @)
= MeOH, r.t. ONF R
2 H \
R = alkyl

49%~ 92%

N T SR B S N IR, AR T R p
Wi H(DFT), 4G ciktidhs, feth 7T MRV M
MEACTEIANLEL, B e =t e L e id i b ) < e £ 25 i
TAL(CMD)IEFEFF R Pk A, RIF BRI, T
FANE R EAR B, 25 AT PR T BEIR B A e A
B @R 1 W IR A A 2R AR C, XA LR B
IRADRFFE =M (212 ), PIE B LIl it st B
P A D, Rn—Migs N—O AR, X
—RE P E O A = A I R A AR =
(&2 D). WRIEARTE B AR B RS 204, 1)
I AEAL 1) 1 42(Scheme 1), ARl oH 5, HEER T2
a MIARErE, hIRTE b AT, AL — R
SEI AR, AEH P ik B AT B S 4 N
N—O $AESAACN AT B FANBE R A, SR8 50
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FEORWEIG [ N, {E[Cp*RhCL], ML T, 1521 T BAER
WEPI(EQ. 6). SRR LN FR e REAT B i
R RO EOERE. M SR M e, fets s
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Scheme 2 Rhodium catalyzed C—H functionalization between
the derevatives of N-hydroxybenzamide and alkenes
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Scheme 3 Rhodium catalyzed cyclization of substrate 2 with
the boronate substituted alkenes or alkynes
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Scheme 4 Employment of substrate 1 as the oxidizing directing
group in Ru catalyzed C—H functionalization
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Scheme 6 Formation of trisubstituted allenes using allenylsi-

lanes

OPiv [Cp*RhCly], (1 mol%) o
X N~ 2 CsOAc(20 mol%)
I + o 12
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BRI T S N-28 IR A A 0 R AR 3 O
2013 4 Rovis NP HRIE T N-H5 I TSR WG L X
BIEIUAR IR N IGART ALV N, =400k 4-TUAR ) S
BRI 540 S (Eq. 13). 1EF NN R NS FE S 2 5 e
(PR AL, AR RV JE, 4@ fEA Lewis BRATIRN
KEEAT T TR IO A ORI FREE R R NI i, 15
BT EHRHLER T, P74 mol/L #h#R T
AR, AT DL BT IR =4, AESE TR SO R R R
M(Eq. 14).
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WrEE AL, SEER Ti@ e M. EEAE DT
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TEPEME AW A C—H B, 76Tl A4~
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PETRMRIEAT. AE R RESAT T, SO AR ssmuy] i) i
V), HAREIR L5k, SUR RN &4, L& H
FE AV, IS ISR I, SO BE LA 45 B4R a1 e F A
JSCAR IR 7 4. T i A R Z R LA SN I FseT S
SRR, TR SN R PEEAE TR, AEF A I
TR OB o () 44 B A P R RE IR S A%, AEARRCALVE
VAR B R P, BRMEZAAE R, iRk B Al REEE )
T TR, BEJGE R A 53 1 A0 () I I A9 380 2 5 Ik g =
Y. Xl EEE M AR, IF N %
AR BEAE . AERCA v R, 50 i e A A T A
1FEEP ML B 18 LTS NI ASE T [Al4A B, By i3t
JfgE. IR B AL R ER B C—N B, B e
O—N Bt A A48 0 1 FF A2 =4 B8 (Scheme 10).
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Scheme 10 Rhodium catalyzed coupling of N-phenoxyamides
with alkynes

F4E, %/ PR 3E T A5 I 4B S 0 1 1)
RN, A3 3804 HEF My (Scheme 11), 24 N 48 H A IR
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Scheme 11 Rhodium catalyzed reactions between N-pheno-
xyamides and alkenes

Ik Z W1 5 A B0 SN (Eq. 15), B A8 S e
PRI 74, B N0 5 R L 3 R R R I H AR
PR PE, SRR, A

ONHPiv  [Ru(p-cymene)Cl,],
©: (2.5 ~ 5 mol%) O 2
: )—R? (15)

+H K,COj3 (25 mol%
DCM, r.t. R’
13% ~ 99%

H A N-ZR48 5 St e e e b 8 T C—H G
TR, Ho R N AR O B 2 FEAL. Wang /N2 1O05
T N-ZRAHE Sl 5 IR s AR, A A A7 K
FERW . NV AATIR A, 6 B Re BIARAYELS, T LA
7 B RN PR AT 1) B 10 3 445 B = AR ) S U
X [ V] B Se s PR A R S ) R A C—H S AL
AR ICIR AR A, 5 AT AR R B A S P T R
e ST N/ R A S M TR SRR E 21 VAN A5 WAwveZ Tve2
rhiR 4 B, B-H W FR1S 2 b R 4 C LA RSB — W dE, B)n
—HrEe s N—O # ARk, BEJS BT AT 20
FFFAE =M 88 AL 71)(Scheme 12).
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Scheme 12 Rhodium catalyzed reactions of N-phenoxyamides
with hydrazones or diazoesters
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W ARG, &SR T 2H-KIFMEm Kb 59
(Scheme 13a). J V0] JEG A7) PR 11k e e, {HUU IR kX
IR NI A RE R A% Y. O il BESG Rk AR C
—H BRI A A, SRR ] 15 25
REEEMA C (path a), RFTHAEARBIPEAL D, $
FIHNALT 1,3 TBAR) ok E, 850 TN
P EVEH T B C—O BRI O—N BEWiZ445 214 f 2.
AT A S8 AR IR, TP A A IS 55 b —AN rT g
A% (path b): PR H R0 B BAR A AR A )
WA B AA F, p-C WA E])\UCHk bk E
(Scheme 13). 4 ML E AR A YINS, HEEH]
2H-ZRFFILIE P24, R A PR N I 1R SR N T B2 1 T
R[] 44 (Scheme 13c).
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R——
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RhCp*(OPiv), 13

14y
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+ X
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=
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13%

B 13 FEMEALH) N-IREEE B 20 A 44 R AR I e
Scheme 13 Rhodium catalyzed coupling between N-phenoxy-
amides and cyclopropenes
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Scheme 14 The cyclopropanation initiated by C—H activation
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PR RO (Scheme 15). [ MR G TEIRES, 1
HLAS P WEWY A0 S B RE A5 2 EEBAF WA R . AN IR
PRt i s AN KR A RE AT AV (iR, iy HLIX 4k
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Scheme 15 Rhodium catalyzed cyclization of substrate 16 with
alkynes
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Cp FLARMI— M EE 5 17~19, LA Cp 34 C2 X
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1 C—H &b WV R EUS T BRI AP (Scheme 16), 43
ST 5o PG REL 47 A0 BT DL
RS PSR RR SN, 723X R s AR R b, il
FUHTAA D — 05, UG BI04 B 1 48— 2K A Ik
(DBPO)E My S8 AF, K A0 A 3% S8 A B — 0 8 AT
Z 53 IEH 2.
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Scheme 16 Asymmetric C—H functionalization using chiral
Cp ligands
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HIRTIE A Jy S8 A 1 5 o) e A B8 SE DU C—H B
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Scheme 17 Formation of pyridines by the wuse of
o,f-unsaturated oximines
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— i, BRI R EY C BRI 48 A ARSI Ot
FAEZMEEGRTE b); Q) IAA A R TFIRINVER Rk
FIKER HMN IR EER AR E, SR8 5 R 2171,
MR GEAE ), @RIk A KA TN E
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AUEHLEE L RE R, Li NP T A RE R R A B, {HAE
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P A Jse I 3 47 3 Y A WA P S 56 B0 e 36 E sl
kx(Scheme 18).

FAARfE R AR R N i, WF9 3 T 4f 4 56 n
3B R AT AL ). 2012 4F, Jeganmohan 255314 i fi ok
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Ljfug Ik [ NV (Eq. 20).
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Scheme 19
a.f-unsaturated oximines with alkenes

MT o ARG S-S BRI TR A BRI, 738 T 5-
REECAR (R E AT 42 90 (Scheme  20a). {E £ 1F ik v, W
ORIV N B R AR T = e g4, O R
@%ﬂMA“Emﬂ%U.%EWMEH%¢Em%E
MMAﬁMth,mﬁ%%T%mM%ﬁﬁﬁﬁﬁﬂ
BT A N EEIAE, AR AT Y B AR
135 7 BREE A 4K 24 1 25 (Scheme 20b). 1Ml Fib &)
25 {EARERVER] N Rk B RSB SR e
FIAEY). X —SI0F B RN 1 e R AR C—H BE I IT S
WAL, TR B T AT T ) PR .

Formation of pyridines by the cyclization of

(@ g [RhCp®F3Cl,l, (2.5 mol%)

1
R2. I\ opy  AgOTs (0.9 equiv.) 2 R
N K,S,0g (1.05 equiv.) O
R3 /+ HFIP, 58 °C _
SFNCo,H >20:1 regioselectivity RS
R® = alkyl, aryl, oCF 37% ~ 82%
heteroaryl, H peo=
CF4
(b)
X, ~OPiv
N RhCp*(OAc); (1 equiv.
+
_ HFIP, 58 °C
SN NCoH
24: X = OAc
25: X = OPiv

B 20 FUH KRR & e i A4

Scheme 20 Formation of pyridines using acrylic acids

£ 2014 4, Glorius /NP HB IG5 15 5 3L NG
IR S Y, £ 21 sk () P~ ). m] LA H B s A9 30 1)
FEY, HEUGES T o8 MIAVEER AT IERMA R T
WK1 P2 4. s SR 2 b PR AR AT AR L 1 slfe 25 1k
TARSER I, Fepy b JERk Ak T AL BE o A7 1K b
A AN AR T OAR, 3K O UUBE A RS P A TR 4
(Scheme 21).
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R1

N \N/OPlv . R
R [Cp*RhCl,], (2.5 mol%)
Z | AgSbFs (15 mol%) @@N\/\

PivOH (3 equiv.)
7“7 EWG

DCE, 100°C s g
R? R3 R R
44%~91%
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B 21 FEAEAL IR MGG 5 I =0 PR A I S I8 5 13 57 b
Scheme 21 Rhodium catalyzed coupling of oximine esters with
1,3-dienes for the synthesis of isoquinolones
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R M. HAndE 2008 4 Chang /NSRRI ne S f0 &
YISZBL T S ARI(Eq. 21), 25 2013 4 Kuang
SOV T 1,2,3 MESSEAL A 2 A C—H B EAL.
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WG T BN B N—O Bk

FNF EWG

Pd(OAc), (10 mol%)

X Ag,CO3 (1.5 equiv. A
R ]+ R g2C0;3 (1.5 equiv.) R'i*/ 1)
N 1,4-dioxane, 100 °C N
|
é 26 0

SEBPE TAE BT 2009 45, Wu 258055 —iaE 7
W B S AE AN AN AR R 1 Ol S B s T LS
WA IE R . A2 ] PA(OAC), 1 M Ak 7, N-FH
NI o i (NMIP) g 5 57, 4581 T bR 2- A7 45 F Ak P 4.
EJEAEARE R A, 1% AR B R DL e
IR LR, IR IR |y F S el R i 1
S, SN RERSRUF AT, W i PR IEA & K
AKX N ERE S R WEE R S AN B R A X
RIS N7, S RS20 R TS HP 7 M AR AR TR AN 2 i
VIR LI A B, 1T 200 A IS IR s IR AT . i ik
VEFHR T T RERI IR N WLBE: 1 SE ek AL & 5 T 1
BT FEAFD A, ARG ISR B, B K
B-H W TE R (844 C. Pd—H w44t vh (a4 C 484k
BRNPTTE =, I HE Ml (Scheme 22).
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H BRI SN . 12 5 SR AR PR B J A e 2 11
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)/\ R

=
c
\ PdOAC
m

o-
I
@E\rj . WR Pd(OAG), (5 mol%)
Z NMP, 110 °C
27 27% ~ 93%
[Pd(OAC)]\<f7 O

OAc)2

product/\/

HPdOAc +
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Scheme 22 Alkenylation of quinoline-N-oxides via C—H acti-
vation under external-oxidant-free conditions
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R+ _ [CP*RNCl]; (2.5 mol%) g1 R?
Rz/N*O AgSbFg (10 mol%) N 22)
+ 7 R " Cs0Piv (30 mol%) R
1 equiv. PivOH (2 equiv.)
MeOH, r.t., N,
2 equiv

Bn\ -

NN
@/\/0025 ©/\/C02Et @Ncoza
80% 64%

trace

~ /
1

x_CO,Et N,Rz
X CO2Et R = Me: 82%
R = OMe: 79% Rh
Cp

R R=Br 76%
0,
74% R = CO,Et: 75%
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A5 R RIS Bl PR E C BiH G2 R
KD, 5 4 i A5 20 4 58 CHE AL 0 P (Scheme

23).
o H [CP*RhClyl, (4 mol%) Ar
L\l\ AgSbFg (16 mol%)
| + Ar———R
= AcOH (2 equiv.)
1,4-dioxane, 110 °

uRh'” Rnl

_* + |||
oo Al / S
Rh +
¢ VR e [
L\l Rhl Ox. add. -

—_—

= R + COAr
A Rhlll
. |
|

B 23 mERRE ALY S PRI R
The reactions of quinoline-N-oxides and alkynes
1.5 & N—N,N—SEMENESHE

SR ARG AR C—H  BEIE AL S AS W7 A 1%,
RZHIRAE DL N—O B Heal, M2 Rps A e
IRTTEEGINEE Z 2R A S T ) R Ak H B 2
T N—N, N—S A ) FETCRER L+ T

QU

Fischer M[We&r iaidk R H 2 J0F 5 1 s 11 R 1k 2% A
TG, SRR EHE, &G I 2 i ITEZ
—. AEAER, C—H BRI R DL AR A Y T 1) B 2
g IN, AR A= 404 T8 2% 18 T AR 5 g Wk 1) Jit
kL, 522 AR I4L5 J Bz, 2013 4E Glorius /N1
LR E, AL C—H B SR I AR,
LG T — R ANEIEE A Y)(Scheme 24a). %)%
PESATIRAT . R R TR, G AN, XA
PR T Bl T R RIS RE AR B S, poke B
SRR IE S, AR IE N AR S S W )
NG| 42U 7ok B SR T S ORI U . AR
2014 4, Hual®F1 Cheng!®VINg 23 MIARAE T S5 A2 )
AR N A AR R ) 2, S 209Uk (Scheme  24b).
P s AT JEC ) 110 38 T A A . I e L B R AR
(Scheme 24c), ESEHAZ TN C—H BE AR A
A, RPN G R Lok B, H %
e h SRR SE N TeI R IAMA C, e C—N BERITE K
UK N—N SR W849 2078, 58 AL I PR (Scheme
24).

Scheme 23
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(a) AN R1 [Cp*RhC|2]2 (25 mol%) R1
i CsOAc (0.25equiv. AN
Ry A | ( q )R+ \_ge
N HOAc (1.2 equiv.) <N
29 R?2 DCE, 70~ 100°C H

1 R’
(b) H R" [Cp*RnCLl,
R._\ “NH, +| @5mol%), R TN\_ge
' “HCl N

Hua's conditions: Cheng'sconditions:
'—CE

R3 i-PrCHO (2 equiv.) pentan-3-one(1.2 equiv.)
KOAc (1.1 equiv.) NaOAc (1.5 equiv.)

in situ formed MeOH, 80°C EtOH, 110°C
Cp*Rh(OAC), RIS
LA N
product CH N
C-N formation activation
N-N cleavage
N H
N. N
X * X AN
¥
R? RhCp*

Cc alkyne
insertion
H
N—[N]

B 24 A N—N BV A P g%
Scheme 24 Synthesis of indoles using N—N bond as the inter-
nal oxidant

FIHZR AT AE A b P9 A4k T ) A At 42 ) v
WATHRAE. 7F 2014 4F, Huang /NSO T ATV R fEAL 71,
SEIL T N-ZRFE-nh -3 5 b (R AR IR (Bq. 23), KWV
HOR T BN AT, PSS ), T HAE A
Uiy 52 I3 A BE A AR I 1) R 2k

R1

©\ R' [RuCly(p-cycmene),l,
o] (2.5 mol%) @E%,Rz 23
N\j * | NaOAc (2 equiv.) N @3)

R? PhCl, 110°C

R' = H, alkyl, aryl
R? = alkyl, aryl o

5 N—N B[R [t s ] T Sl 2 7
a1, Cheng /NHSTME FIREAE AL IS0 T N,N-—
KRG PSRIIRI(Eq. 24), A& RS L T &2

NH,

R'
1
N SN [Cp*RACIgl, (2.5 mol%) R
- Ag,0 (20 mol%) XYIN
N - RI- (24)
AcOH (1 equiv.) N 53
R —=— R? o R
MeOH, 90°C R2

35% ~ 96%
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B RNV [ERER B C—C/C—N BB R A B2 N—N 4
W

MAE 2013 4E, Zhu /NHSFIF N-TAHFEZR G 0 i
W), EREIAMEAL N ST T H S hueim 43 2 Ik 64
(EIRE, S A R BB E 46 A R S RENRI & . 1%
i PN BRI iR BERL I E] PNLO (2R,
HEM OB A) 44 B AERR IOAE ] B R 2k C—N BB i DA JL
N—N B2 7=, A I (A7) 2R 5 AL IR PR
(Scheme 25). JLF-[AJi, Huang /N HB A 2L TAE 1)
i

RZ
~ [Cp*RNCl,], (4 mol%) s
R1©/ “NO " AgSbF, (16 mol%) NN
Z £BUCOOH (1equiv), "Ll /R
R3I—=——R* H20(8equiv.), R3
CH4CN, 80°C
J Cp*RhOOCBu-+!
| //
N-N —I tBuCOOH
@ N=0 —— __ Rh—Cp*
Rh_
tBuCOOH O+H20
A

B 25 FIH] N-SEAR ORI b s ) S i g e
Scheme 25 Synthesis of indoles by the reaction of
N-nitrosoanilines and alkynes

B N—X HBEAE AT R R R, N HE
R AT B, PR E . 1F 2014 4, Dong
ANAVOSRIE T AR N—S B AR R 4 A T 1 S N
VA P I RE W Jie 1 A e, — Mg A AR, Jdad
Jfids C-H BES AL SE L T 5P MR BE R N, 73 8 m BT
REMIL e b 51, OV 15 5 R AR S 17 3615 S 104
B C-HHEE b, RGP B NS 2 Lo e i)
1A B, EEHFRAEIT A C LR — e, 5 IRk
C ' N—S BT AR b a4k D, X —idfer, —
FEAR N =M, BRI T NI AR DO, RIS N—S
T RN, Bl AR D B SO, 153 ]
1 E, E T IE15 207 )R — 0 B 5 B LT R
(Scheme 26).

I 7E 2014 4, Sahoo /N M IE T4 F KA 4 0 i
W), TEETI AL Pl T Sidke . Bk iime. Ve fd
FAIRARAE g SN IS, A3 2R I AR =4, o 1
HH N—S BB R AL PER, SO H T 240
NI =R e TR (= R A EF o X (S P VA L 7 [
VE TS R B N, H AN T BTSN AR, N=

S BEE R T A EALIIAER], (AR 0 F A,

VR WBATH I ISR B BEAT ¥ & PERIE 9E(Eq. 25).
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R [CP*RACI], (2.5 mol%) «=7;
AgBF, (0.5 equiv.) . !
HOAC (5 equiv.), DCE
R2 Ar, 60 °C
-S0,

B 26 A N—S 80 WAL C—H R RIS
Scheme 26 C—H functionalization using N—S bond as the in-
ternal oxidant

[RuCl,(p-cycmene)],

R O O
g (5.0 mol%)
e AgSbFg (40 mol%
©/N\N FI’hMe + Ph—=——ph gSbFe ( o)
AcOH ( 1 equiv.)

1,4-dioxane, 120 °C
R O

S
NH
@Ph * Ph)LMe (25)

Ph
R = Me, 40% 35%
R=F, 63% 43%
2 EMTEEERELBRE

PLEA A SN R, IS TR i 4 e, R
MNAGFRLL C—H #3514k 2 3. ML N—O B a3
1) C—H Hgfhrh, K2 MR &8 A Ak iS TEFh.
N SR 4 5 A A L 3 ) i N—O B R AR
PRIk [ 3R R 2 N—O 8, Bifi 5 5 Al Ay B 1)
C—H BEEAL, SOV AGFR— R LA S50 Bk A AR A 0 £
s EYIRH.

2009 45, Zhu /NHTFR I ZA A 5 R G 0 4 A0 n
J, RIS T RG-S AR A s TR R R R K
N, A — 2R A AERE BT K (Scheme 27). EHIEM T
AL, 52 LL[(allyl)PACI](APC) R ik 71 2%
Bl R AIIEE PR R, 4 G IS
PERARANE, ARRAE TN, B8 e 5 5 R I %47 W)
BT AIXEAEE NN T CsF £ T % gt
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APC(2 5mol%)  Ar

NOCOCF 5 N

O \\ (o-tolyl) (3.5 mol%) i

™S CsF (3 equiv.), 4AMS X Z ‘\/1
7

| butyronitrile, 120°C Y R

N ’

AP - -

30% ~69%
% eductive

_OCOCgF5
elimination

Oxidative )\©
addition
Y actlvat|on |
‘- ﬁ_%_ R activatior
Insertion
C—H
activation N
/—\

as)

B 27 FIHIHEAEAG i e
IS IS PG S R

Scheme 27 Synthesis of phenanthridines and isoquinolines by

Ar

Insertio ‘"
TCsF
TfO

T™MS :

EIRBRAT VR B T B R R ) A4k

palladium-catalyzed annulation of acyloximes with arynes or
alkynes

25, AEAF IR A B b i A T RN R A RN
AP REMIERR, BT MA AR, K555 R
KA B b T R A, A R T R A AR
HRaA B, ARJE R AR C—H G A e A C, B Jq 8 )5
THERAREI=8; 46, ik A T lse kA C—H #
AR R A B, ARG AL AR AT RS 4 AR e 1)
& C, ok Rl A3 21 72 ) (Scheme 27).

2010 4F, Hartwig /N7 HRIE 7 LL Pd(dba), AL
U, W5 L BREE AR S F ) C—H BiEL
B 5 A g 2540 &) (Scheme  28). [ W ] GEE Se K
AEMALE N—O BESEA I P Ak A, WG
W AT SR i AR B B2 C—H BT 2LE R
HAEA C, fJi C—N BEEUHRRA R =Y, BAEE
W (Scheme 28a). {1 X 55— 40N e ) R R4 T
TR e N T RE W EY), Bl Pd(PCy),
AR, RIhHE R T &8 S N—O kBN
JR IR R RIS, 12 R S IR I W) 3% ) A th B R B 15 3
@“%%MA%@mmmz%ng@%%%m¢@w

A RES S HELIE IR,

JlE T C—H G kR, HEME— LA
A (anti) £ AE. TR B (syn) R TG N—O #E5
FIAE T, AR TR e C—H AL e
HRIEAR. O T X — JRBRYE, 2012 4E Chiba /NU74A)
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Pd(dba, (1mol%) N
R R2
Cs,CO3 (1 equiv.) L Y/
toluene, 150 °C, 24 h k3
40% ~ 70%

product

C-N bond
reductive

substrate
N-O oxidative
addtion
elimilation OAC
pd' Pd"
NH ©\/K

C-H bond OAC tantomerization
cleavage @:/\\

Ph
B
(b)
_OCOCqFs5 CeF5(0)CO  pey,
N
pn. M _PAPCYsl - CyP~ Py (0900
toluene, r.t. Ph I toluene
Ph 150 °C
Ph
H 56% isolated yield
N
/
Ph
31% yield

B 28 SEARAGIKIG IR N IR K) C—H B AL S
Scheme 28 Palladium-catalyzed amination of aromatic C—H
bonds with oxime esters

JH %8 R0V 2 RS 1) 0 4 i A7) S B T 15 T 5 e 1 £
e M. A RS E T, AN AGE 2 i B 2
HREY), B &K EmE T 1 N—O Bk 7 f3
B4 WAk, RE5 50— & BT S Ek
(Scheme 29). 4 Ja MV Ji& 1 W) 44 fR) 2 s A4 84 w] L1 il
A IXREIR T DL e R R L BR . TR I
VE 5 Ry b 7 A 5 B 4 S fRE A SE B T 1 R (N 52 4
TR R ) 5 bR IR A D s 8. R P X 0L 4 e TR S AL g
SRS R S PR L, RV MR HNT R, S5+
N—N SR — & 3.

3 ZKitERE

AL FEAR IR TR T S 51 C—H #HE 1L
SN R AR AL 3 fi B SR m] LAAETC A A AL 7 2 1
N ERRA BRI C—H B REMIL Y, 1 S TSR
L PR R AT B R R A, AR
AR MUK, 32 AT IR 22 5 INE SR AT 9T 5 A
. AP TANAAE T R R R T E S, H2h C—
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RZ
(a) ’_,.,OAC ) . ,
N‘ R® [CP"RNCly, (2.5 mol%) RN\
Cu(OAc), (10 mol%) i
R S
DMF, N,, 60 °C
R1
‘CuI ‘T
Rh'” Rhlll
SN
® - N R
N™"2  R2 [Cp*RhCl,], (5 mol%) R /
Cu(OAC), (20 mol%) ‘N
+ |l 5 X
) DMF, Ny, 60 °C R

B 29 TR C—H BREEIL N
Scheme 29 Cu-Rh bimetallic catalytic system for C—H func-
tionalization

H BEAL SN KK o5 — 7 RALE L —, 1202
Koy Bk, JLEWB . EEL HRERTEY S AT b
SR, S5, AT AR N—X
RJE A AEAE AR T I — AN, s —

MR IR AR Ay kR . DR, AT it — R e R T
R, vk BT 1 A2 A T 3 ) S A J5 1R
JETT ).
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