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Advances in Palladium-Catalyzed C—H Activation of
Phenyl Substituted Heterocyclic Aromatics

Gang, Fangli Xu, Guangli Dong, Taosheng Yang, Li Du, Zhengyin™*
(Key Laboratory of Eco-Environment Related Polymer Materials of Ministry of Education, Key Laboratory of Polymer Mate-

rials of Gansu Province & College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070)

Abstract The catalytic functionalization of carbon-hydrogen bond is the high efficient and atom economical strategy to con-
struct carbon-carbon bond and carbon-heteroatom bond. It is also one of the hot topics in organic synthetic chemistry in recent
years. Palladium catalysis in C—H bond activation has some advantages which include high catalytic activity, easily availabil-
ity and high region-selectivity. In this paper, the latest advances in palladium catalyzed C—H activation of phenyl substituted
heterocyclic aromatics in recent ten years are reviewed. The substrates involved phenyl substituted five- and six-membered
heterocycle aromatics, which include phenylpyridines, phenylpyrimidines, phenylpyrazoles, phenyltriazoles, phenylthiazoles
and phenyloxazoles. The different types of coupling reactions, such as arylation, acylation, cyanation and alkylation reactions
are described in detail. The reaction mechanisms are also discussed on emphasis. The summary and prospects about the reac-
tion are proposed.

Keywords phenyl substituted heterocyclic aromatics; C—H activation; palladium catalyzed reactions; coupling reaction;
mechanism
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SHAEAMRREN C—H W ELEE, BAZm
C—H B e S N SR A R T (1 e 4738 Y .
KRR A TS 1R R BENE LA R REAGES

AR AR, A R RS T SRR =
BRI, ZRELARIA TS R Rt R C—H WEiR
P, RN N 05 E RN JE TS Pd AT E A
DRI wav i Nl LGN L A I LU NS ) i i 9573
R A e R, AT S A RMEBGATIE AL, R
I J5 9 o PT 49 20 E e 140 1 2R B 2% B8 05 S (Scheme 1).
XJE N 39586 5 w055 IR AR s A i 32 =X
LER RFERURIAT5 18 C—H TEAL AL B AU = PR
TEFF ¥R b, AT LR L e AT, IX 5T IR IR A
SREH, APEBSHTE AN, A SCH TR
L PR 3 B 2 3R L A 1 2% ik B 20 2R D5 48 D3 7 28
Cop—H WH AL S

X __N X N
I U S N ler \
H Pd — Pd—R
C H activation

X=8,0,C,N /
[Pd]

B 1 St pd EAGEREME C—H 5k
Scheme 1 Pd-catalyzed regioselective C—H activation using
directing groups

1 FEBRRATRFFTR
1.1 2-FEMIER C—HIEURK
.11 FERRE

2- 77 FEIMEBE J& — FhA HLA B LR Ak, Dle
RFERRT 7 (L 2V 2 AL A Y. AR
F S A7 IR _EARAI e BEE C—H IS A T DL R s
PO B R, T 05 HEAF AT DO DT B Ak . P
e, AT LR S B m I A A . 5 B sk SR A BA K
e e

BHLA R R 22 105 B4R 50 24 8 s AR5 &,
JREH o IR i A A, BT DA — i 7 0 N B P 2 R 7
Sames ZE!'EHZIE T PA(OAc), fEAL T A8 I HUACAY FE A
BER) C—H J5 34 Bi(Eq. 1), PL Cs,CO; 1E N,
Ag,CO; EE AN, BN &SR Pd B NS IE,
NI 5E A AL IG IR . 12 I I AS e 456 1 b R 2B 7 v 2R
b, SRR ERARETE R, R BN BR T
T MIARAL. AR, IR — B TG b B 52 il FE W FL T2
LIS K. C(A)RT COYRLITEPE L i, 2R IEAb =
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YIRS T 78%, CQMITETEIRZ, (NSRRI E] 5%
75 AL =)

P
No2

Ph NO, @ Pd(OAc),, [P(n-Bu)Ad,H]I LJ

PivOH, Ag,CO3, Cs,CO;3
Toluene, 120 °C

Ph
0N ON._AL
» |

N >Ph e\

1 2
88% 81%

0

NO, Ph
& Ph ON -~

Ph” N7 Ph” N7
3 4

78% <5%

2009 4, Sanford 22 DL LA AL I, 18 Wiy
WAL [PhoIIBF, SCHL T 2-2R SEIEBE (4807 75 21k (Eq.
2), MNIEREFINAT 5 mol%H Pd #EALF, 1.1 equiv.
HI[PhoI1BF,, PAZE N, fE 100 C XM 8~24 h

ROml sk e . B o ss B4R A7 77 FE b i 2 kg, 7=
I 91%.
N
L\ B
+ PhllBF, Pd(OAc), (5 mol%) _N @
AcOH, 100 °C Ar

[A4F, Chan %!V F R ) 05 Bk o S AL 022
BURAGR)57 5 H Hi 2k, HAE PA(OAc), AL T 5 2-77
FENEE S NAT B 57 FAL . ROSHLERAA o Se il i
S 1 5 S B R A AL 51, AR S A
I3 R SRS AR R 55 B ) d 3 S N AR G ) (Scheme
2). XL TR LB S 507 5k B i SR AR

AN x

I |
2N Pd(OAc), (5 mol%),100 °C ~zN
+ Ar-

CH;CN/ACOH (1:1, V:V) Ar
T o,
0] heat )l\
_O
2 Ar)LO \IT
(0]

B2 JiBt AR S S 51 2-FIEALE 155 340 S8
Scheme 2 Arylation reaction of 2-phenylpyridine with aryl
acylperoxides
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AT DAy = Fe A9 BT 2R 51, X2 U7 &
VI —RioBi 7. 05 SRR Rt T DUE A s 20 05 4k
F. 2011 4, FhERFRA I K T —Fh PA(OAC), fiEfL
[y 2- 2 FEE I I 5 = AR 36 7 S ek e 1 A8 SUI BRI I, A=
BRI T A, N 5 B N PR B AN AR AR e Bk
#. ZRBHLFEAN Scheme 3 fizw, ¥ 5% Pd(0)/Pd(II)/
PA(IV)IASEFE. B5E, PA(OAc), 5 2-ZKFEMLIE Ak
R A 4, T 5 = F 5803 95 S ek doe SR A8 b ) 4 5,
HRERTR ] AR NSRS EAH, §5 300 R BRI
H PR SEAL I 2- 2R R e, A ME R A PA(0), HET
B Ag(DAIRT R FRAEAL, TERUELIEER.

—

N

B3  ArSi(OMe); 2 5 ) 2-FRHEMENE ) 57 Ak S REATLEE
Scheme 3 Arylation reaction mechanism of 2-phenylpyridine
with ArSi(OMe);

1.1.2 BiR

Pt A 5 87 A A WL A B R B I B SR 2 — Tk
FARAFN AR Z 2R, Ge B —KIRIE T
o~ P T TR TR AR N A 5R) 5 2R J ik g (1) ) B (Scheme
da). LA NG S AR AL, @i C—H S
s ARG 15 RIS 2. 2R BN IR E 1 %
Tl v -5 (A AN F - B AT 0 P I 52 1, 9 X Tk
AR AR IS A R R A B ) 5 2k, P2
FEHAE 56%~95%2 7). HHIERIRAML, 2 —HHithe
PENBALIRA. T il oo ZHAERU T BT A
LS (TBHP) 1) &AL T Wi 2415 20 Pk B i 28, b k4B
2-ZR LI e KL SR 1k S B (Scheme  4b). {E15VE & 12,
IR A ERTFR I 0 B R JE R, AT 5 AL AN
NEBEAL M=, 2 N2 e B AR S, BRI
KEIHN 107, BAENHR ZFERE K — N ER ESFH
HUARIREIT, 12 5 87 BE A ) T 25 R0 30 A AR 1Y) 5 Tk
=y, —FHWHIRLA N 201, [FFE, BIR EEHARE
H AR () — 2K W BE ik /2 TBHP UL T a4 it B il
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Scheme 4 Arylation reaction of 2-phenylpyridine with oxocar-
boxylics/diketones /ethers
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Scheme 5 Arylation reaction mechanism of 2-phenylpyridine
with alcohols
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A 2 ONAS R PAIV) R E A 4, 3k ik S5 T B 1
FIEAL =9 5 FI PA(ID), J&#H FEN T —EALIEIR. 1E1%
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C—H #E AL [ )% 1 (Scheme 6). 1% N 2AFIRAT, A
VA 2- AR EE N IE (2RI HE FE T HUR S, 2K LR
AR T R TR, BRI RFEE 60%~
94%:2 [].
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X AN
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X | ™ DCE, 100 °C, 24 h O O
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Scheme 6 Arylation reaction of 2-phenylpyridine with styrenes
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Scheme 7 Cyanation reaction of 2-phenylpyridine with various
cyanides

(Eq. 3). [A 2 EE e R A P rh B 1Y) PN B C 4y
59T "NH; (aq.)Fil HPCON(CHs),. 1% R iE
JEERT, BT S AEURE 2-F S nE (FAL = IR
R FIE 82%) Ak, 1-ZRFL IR, (]I, 2-2R
M g S T LTS 1) ey X Sk 2 R R =4, USCR A 51
48%. 75%A1 86%.

= AN

N 15\H,(aq) + H'>CON(CH3), | _N
1315y (3)

Pd(OAc),, CuBry, O, 130 °C

R' R'=Me, OMe, H, COOMe, Ph,F &1

114 AR

2006 4F, Yu ZPIE KL 2 equiv. (= FEEIR = A4
KNSR, PA 1 equivKER AR, & HF KN
W, BEERHAVS N, TERSERELMEAL T 5 07 FEmtng )k
B, BCINSEIL T Cye—H WAL N(Eq. 4). BARXT=H
B = E R A 785, (BZA WU o] LA
WO IR AR B REOL R R A, ATk e S A AR
R AN TR A2 B R - R 4 L 35 [ 2 e R AR O,
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AR E AT I 4B AL C—H i BRI A R
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BT EERSEE PACT, M N-$2FE4R 2K — HI BT Ji2(NHPI)
LR, DLEA 01 kPa)fE N —SALH], 52k T 2-
FIEMENE I Cpo—H I NI(Eq. 6). [RMILFE
W Tl C—H yEAAE BRI R R AR AL, FR R R IR
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(Scheme 8a), MIMi5| &3 H HIE 2 FIERK, 2 7F 0, 1
VER R et ey i i3t 3, LBl G et [ i3t
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B AR SR L I — SRR, R AR S — ol 1 B 17 BEANY )
e E R I T k.
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18 o 180H ©)
| X toluene, "“O,, 100 °C, 15 h | AN
Az A
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R' = Me, Ph, CF3, F, CI, OEt; R? = OMe, Me
1.1.6 BEWER
JiEER IR 2 — R B A 2. Sz
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REI N R AOEEEIR, T H AR PA(IDEA
R PA(IV). FIHIZIEE T 14 FhliEREAl 2-FR L0
WEATAE W, IR Ik 88%. ML ER A RE M K
PA(ID/PA(IV)FITEH: TLICH PAIDH E4A 1 5 N—O 4
Wi 2L EUAR T e 2E B PA(IV) R TR A4 2, B i) ST HES
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(Scheme 9).

AN AN
R1Q EtO,C  CO,E ,@Q
= >< PdCl, (10 mol%) ez
+ 0
y G—N CHCI3, 100°C, 24 h_L__CO,Et
3 < 3
R? R?

R'=H, OMe, Cl, Me, CF3, CHO; R? = Me

N LN LN CO,Et

VoL OSPNGING coEt SN ey
7l Pd T COE Pd_ «o
L ' COEt
L
1 2 3

B9 HEANGES M 2-FREE e IR Ak SR
Scheme 9 Esterification reaction of 2-phenylpyridine with oxa-
ziridines

o- TR AR N BRFAL TR S 2- 2R FEEE ) Je S AT
AP, AZNAE 5 mol%H PA(OAc), AL T, Wk
AT TBHP B 0] 75 3] 50%~92% K Ee 1L 7> #(Eq. 7).
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pr, Pd(OAC), (5 mol%)

TBHP, THF, 110 °C

R' = CHs, OMe, F, Cl, Ph; R? = Et, i-Pr, n-Pr, Me
1.1.7 #Bi524LR B

C—H BEEFIE T R R 2855 18 T R IR 4R
PEREAL I B T B, (H S B AR 52 BR Tk 77 1 3 P A
PR, o2 AAFAEPERA M52, 2009 4, Dong
2Dk P R S S5 0 05 IR T A s B T AR C—H Rt
th RRL, PAM o 55 BB (Eq. 8). 4R Ak 7 ik
Pd(CH;CN),Cl, i, 2-ZFEMERE 3L LN 92%, 75N
82%; A& 24f§i ] Pd(OAc), 1 Pd(dba); VE AL,
AL H 3 R 14%F0 11%.

o) Pd(CH3CN2)2C|2 (10 mol%)

Cl KoCO3 (2 equiv.), 6 h
A
1,4-dioxane, 60 °C
8 examples

2006 4, Sanford 2P ] 5 mol%f) PA(OAc), i1k
FISLHL T 2-ZRFE 0k SR IRARAL IR AL (Eq. 9), FTikiRIL
RN N-IRAT BEFZ(NBS), P23 51%~70%2
Ia].

p—
\ 7

Pd(OACc), (5 mol%) N

9
NBS (1.2 equiv.), MeCN Br. ©

R 100 °C, 12h

R = CF3, COzMe, CH3, H

1.1.8 HTIBEER S

3-FILMEE R EALIE PA(OAC), AL T 5 N-F3E
W5 W AT R A I A8 SUAR TR, 1 ik DAL 37 2 Bt e 4
AL 6 7 b, PEEON 57%

R EEE(CF:S )2k R 1 E fe HIA ). N-=3)
FRBR R T R i 5 2- 2R JE I e ] R A= C—H i — 6
WAk SR, B T AL 7 PA(OAC), FIVER] AcOH Ak, %
RN T IIANATAT F e i7), i HAZ 7250 R R
TRIBEHE . BEEL. BEIEALA TR, A ESAHH
R 4 B 52 14 (Eq. 10).
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[
. N-SCF, Pd(OAc), (10 mol /a)F3 s (10)
o AcOH, 110 °C
o)

22 examples

R =CHO, OMe, CO,Et, CH3, H, Ac, t-Bu 47% ~ 91%

DT 2-FREENENE S AR C—H AT EE AL [ N (Eq.
11), YN 58%~87%. 74k, PAd(OAc),~ Pd(PPhs),
Pd(dba); th B 55 4 Hh M A0 B e B, A i P R, 7E
51%~68% 7], 1% 732 ] FH -1 A ol e 1y 157 56 45 .
Kamebe 25 B T4 ] Pd(OAc), AMEALT, BESM AN
2 equiv.[iI% 4k CuBry, 7E DMF H1 80 ‘C75J MY 48 h
SEHL T C—Se HE: .

PdCI,(NCPh), (5 mol%)
PhSe-SePh (0.5 equiv.)

DMSO, 110 °C

R = aryl, heteroaryl, alkyl

TR IR 2- 2R FE e A AT LS A 2GR, B
ATLAR A B S BEE. 78 PA(OAC), A FHFRH L 7 AR
TEFRISEAE T, 2-05 FEIEIE 23 A X I M I AR F
BEL(Eq. 12), FEETE 50%~80% [A]FP7,

V% anode cathode
- Pd(OAc), (10 mol%)
7 N I,,MeCN  H,S0,(aq.) R & = R (12)
R divided cell, (Pt)-(Pt),90 °C

R = OMe, CO,Et, CHz, H, CF3, Ph

1.2 2-FEEMIER C—HIEHURR

AL R 2- 2R AR NE 1) C—H 3516 5 2- 2K 3kt
FAh, X HNFEF 73— M S SO IR AL & 4 R A
J5i & T i T PR AR RS A ) 4

2009 4, BITZEPSHGE T —Ff Pd(OAC), LT 2-
FREFEMEE ) C—H B AL ) RA(Eq. 13). 1% NAE
TAHHT, AN —EAR, AT BRAE
A, AN Z AETE T ORI ]G 48 h,

BERFREVENEPGARF S 5 B, BT 7ERER A
(264 NSRBIl T 2- 2K ARk e ) A8 A A K R K R
RPNEq. 14), EXSA R E B8 BRI O =2 1, 7=
KAk 87%. TBHP &N R NFEMEK, 2% [
R C—H RN, F£EKT 10 FiER 5 &,
N 3 equivi i, PERAUK 56%, HAFEZME, EIEEK
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R R A R A

X
Pd(OAG), (10 mol%) ZN
R1
TBHP (4 equw) _ e} \/\ (14)
\\ DCE, 80 °C 20h | |
4 ¥z
R? o)

=Cl, F, Me, OMe; R? = H, Me, OMe, CF5, CO,Me, F, Cl

2- 2R S B I e T DL O i = R R AR A AL
F5HEAL R B 10 mol% HIEE ER A M AL, 7E 130~
140 C T 48 h, F=¥IU# 1A 95% (Scheme 10). %
JRSEFRD 7 P = R P G R PR A AR B, Rt
AN, SRR Iy, AR R [ B Ik 75
Rz —.

Pd(OAc), (10 mol%)

| BQ (1 equiv.)
~-N Ag,CO3 (2 equiv.)
5 + Ar—BFsK BMSO (4 equiv)
H,0 (8 equiv.)
DCE, 130 ~ 140 °C, 48 h
| X
_N (1) MeOTf, PhMe, 100 °C Ho:@
(2) Na, MeOH, 80 °C Ar

o}
Ar:©
B 10  Ar-BF;K 2 51 2-2R SRR IE 175 J 4k S5
Scheme 10 Arylation reaction of 2-phenoxypyridinewith
Ar-BF;K
[FIFETE PA(OAC), IIMEAL T, IR B8 i T ok
SR E R AR AL S N, %07 R T E R
W, WA TR, MIEEOR, 18R NI
W PA(D/PA(IV)TEIR, HA i 4445 9 BL Pd
OHIZSTOH, HY 2- R EFENEIE 5 PAAD) R E A 1,
M 5 AR SR B R PA(IV) R A4 2, 5518 )5
TH BR324 =PI (Scheme 11).
— i I X C—H i i BRI AS B 2R
FEIRIRG[3,2-b] e E AL A &5 1 ) 5 vk O 4 4RI ),
P AE BRI P 0AE. PA/C AL T Bt S0 R 2 PR 28 K i
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RZ
R' = Cl, F, Me, Et, OMe; R? = H, Me, OMe, Br, Cl

AN ‘ AN o
\
Pd(OAc ~N-. ,
_N (OAc), Pd— . —

RV
>

0
\© HOAc
o\;
S o
_N—g/ O
Pd._ o
o Cl N\
&
Pd(II) ©/ 0

2
B 11 RS 510 2- 5 E R e R A S R
Scheme 11 Sulfonylation reaction of 2-phenoxypyridine with
benzenesulfonyl chloride

[3,2-b]MLME(Scheme 12). R REMI S BHLEE 41 R 3-F %A
Femtne 5 PA()iE N C—H 8RR 1, SR T
T IR T R T AR Ah 2, X — B8 & —

C—H 831k, FriRkiar 2 iIEJE BRI EIF=4) 3 1 Pd(0),
Hr PA(0)H Ag(DFEAL LAFA: PA(ID) 1M 56 AR AL IB A
5 i, 3 1£ PA/C WIAFAE T I 415 21 5 24 7= i (Scheme 13).

R1
R1
R
7" N—o 15
— Pd(PPh3)Cl, (5 mol%) ~_N_ . _PdC

0

0
Ag,0, HOAG, 140 °C ;

R!
//ﬂ
N

R! R'=Me, H, Cl, Ph

/ =S R2=Me, Et, NO,, OMe, COMe, CI, F

B 12 2- A IEMENE ) B AL SR

Scheme 12 Self-cyclization reaction of 2-phenoxypyridine

1.3 2-FEMIEH) C—H EHR K
WENE T — MR AL Rk PR E L% ], Kakiuchi
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o X
Pd/C Pl ©/ B
Lpda” N
o)
/|+ /&\\ VT% 1
: L,Pd
3

B 13 2- R IEMEBE R B AL SR HLER
Scheme 13 Self-cyclization reaction mechanism of
2-phenoxypyridine

SEIOURIE T B AL R SRR T 2- SR R
FERAE 87%~95%2 [8](Eq. 15). i%J5i%:LL HCI B¢ HBr
K R, SACEEAE AT, TERR AR AA )
A EAHR EOR R AR, A A E AL
I P I v R TR N N2 1 I N = B vk
PRI 95 3 s ARIDTVE, FIRHECN C—H i 5 Hh#
Ak g & T TE D5 38 B gl N —/N 5 fe B3R AL T8 )

K.
N anode cathode
1) PdCl, 2mo%)2 ol Hlyy [
NN DMF or HBrq = (15)
N, divided cell, (Pt)}-(PY) N Cl, Br
R 90°C, 5 h, 20 mA R

R =OMe, CHs, H, OCF3, CF3

Yu ZEBEIIAE 2-2K BEmEIE ) C—H i = P 34k
JEH, AN [ 2516 () = R B0 700 ArCFs [RT]
AIRKMEE. 2 PL e MEN = BRI, R
9 11%; 2L 1a AF 8 =5 EARAIN, R
70%; é{u 1b =5 AL IR, e ] 32 v 3
86%. X Z[HN 1b B =3 3 s Y B aRSE FL e, /e
FAFH S ArPA(ID) R OB, AT 2F B AR =4 AR
%(Eq. 16).

2-TRFEMENE 5 — R AN o-BRER & AR 0w
133 h &5 2 RAFIWCR(Eq. 17). BEIE )X ﬂ@fm’ﬁﬂi
AR ILAEE Bt A5 IR B C—H BERAERRL,
FEHRAE 41%~69% (8], IX Ayt — B il &G i (a itk g
FmGIRATAE DR AL TR 2 I
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o Y

|
N. N

N
2 ' 2 (16)
1 (1.5 equiv.), DCE/TFA, 110 °C, 48 h CF;
R R% = OMe, Me, H
“!!
CF,

1a X = OTf (70%)
1b X = BF,4 (86%)

R1

1c (11%)

Y M

N._N Pd(OAc), (5 mol%)  N~=N
+ ROJHTP“ o (1)
\ TBHP, THF, 110 °C \
Ar H Ar

" OR

Ar = phenyl, indole, pyrrole 10 e>o<ample§
R = Et, Me, i-Pr, n-Pr 1% ~78%

2 FERRIAT N-FER
2.1 A-FREMME C—H B RN
2.1.1 BriLR &

1-HEFEAH M) R 2 8 C—H IR R 5 2- 2R Rt
AL, S B [ A A 7 2 5 e e R R A4
Bz, Az B U O I TG IRR A &4, 4k 1T 5 4
FHAFIRE RN, MiZE RS 2- 2K FE e 1) S M AL EE
AL 1-ZRSE N 11 X Sk 458 1 2 R I A A vl 2- 3
MEBE AL AT AE TR . 7 PA(OAc), AL 1-ZRFENT
M5 FR AR G, 2 PRt 7 BRARR S0 ), 1931 65%
()5 7 B Y(Eq. 18).

U\
Pd(OAc (10 mol%) N O (18)
@ xylene, 130, air ij)kPh

2.12 #MAAE R

2013 4, Takai 2109 Uk Rl Th 7 B FRAR A Ab T 52
LT V- BE N DX e BRI b 1. 2R BEAE = iR
SEEAT, BT AW A R A 9- B WA [3.3.1] F He
(9-BBN), TG i ¥ I AT S8 A0 75 Bk, T L e 37 A1, ] 3
T 2-2K3EmEnE . 2-2KFEREIRAE ). AT R N )
X IR MEYR T By N 5T (A1 (1% 2 W R - BelAH ELVE .
LR RAEH: 9-BBN ik J5 4 Pd(0), 4kifi Pd(0)M B—H
BRI, HE R TEOE ORI, C—H R AR
T E SR, R IEJETE RS B, XA AT N-E
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BIHE

fL 95k C—H iR IIREAL I BL(Eq. 19). 7 Z45 H )2
A RBRAL R Lewis BRIEAS, 2N A 2 1E4T.

I\ / N\
Y H Pd(OAc), (3 mol%) / N
i *  RyB] BR, CH,CICH,CI, 24 h l ,BRy
H
BR, = B‘g

213 FERRE

3,5- T H - 1SR e 5 RAR D 8 e S RTE BR R 11
133 4B 05 BAL =), AL KAFRIR ER) C—H 75
B R PA(OAc), RN 1 mol%, KAR#
KT st&BEmuenmMdAE, BB RIMAT KOAc
PENIE, WA ERFIMIA, F=%7E 58%~80% [H]
(Eq. 20). #AT, 1%/ RAY S R Tk B 714 05 S5 IR0 an
2-8% 4-JREHE, 4-1ROK BRI RTAEY S, 2R A
A-JRR TR E AR BARFINT, BB TR 4-757 AL 721

/4/—\( Pd(OAC), (1 mol%)
VAT T OAG, DMAG, 150 °C

‘ 7 | ‘
Ph examples Ph

(19)

/N (0

2014 4, Doucet ZE*IZE ] 2 mol%f#) PACI(C;Hs)-
(dppb) AMEALT, DL 1-ZREEn M Ey 1-2K3E-3- F Lk Ay
JEY), IO 3 equiv.HIRACTT IR, AT LARE] 4. 5 FrX05
FALHIFYI(Eq. 21). H, 49155 DL EMEY R
ISE R 77 2853 59N 40% 1 43%, 3,5- (= F IR A 5 1-
IRHE-3-FE BRI 2 BT = 26 0R 78%.

R

R Ar.
{ PdCI(C3Hs5)(dppb) (2 mol%) \
/ Nt ArBr Ar / N (21
N N

‘ KOAc, DMA, 150 °C ‘

Ph Ph

R =H, CH3; Ar = 3,5-bis(trifluoromethyl)phenyl, 4-phenyl

5 R BB, U 1-2REE A ] DL i M
ECS R A T5 248 L C—H iS55 AL e ™. 7 F
e C(4) MR 73S (Al S . SRR SS), SO0 %
Dy Wb A AT A3 AL IR L Hof PR C—H B R i ER 1,
T 5 F kA C(5) % FAL(Eq. 22).

2.2 ZEEEUCH 1,2,3-=1H) C—H SELR N
221 =3 bty C—H FRR
22.1.1 FHEARE

Gevorgyan 5P ] 1-1EBEdE-4- 28 5E-1.2,3- =R
J&Y), SRR, 15 B2 =R b5 A7 1) 05
=¥ (Scheme 14a), MAZZEIA L) C—H B
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cl
R1\l,/ \\ Pd(OAC)z, PPh3, KzCO3
SN PiVOH, toluene, 100 °C
|
Ph R2
R
=N
N
Ph (22)

R'=NO,, CI, CO,Et, H; R = CI, CN, H

TR, WRIE 4 R0 S5 AL EREAA BRI A,
C—H JEHIER R AELE 5 An. X = WRIR AN [F] A7 B i
HLSABEAT % B2 B (DF TS, R 5 AR S
MF T, A G RASERRN. B T IRRIT RS S
=My C—H FREFML AL, ARG IENE RS IE AL 4%

WREAE =M 5 A7 RAE DT FAL IS, IR SIS 98%
(Scheme 14b).

Pd(OAc), (5 mol%) Ar. Ph
BusNOAc (2 equiv.) H

_N. .N
NMP, 100 °C n-CrH1s™ N

(a) Ph

T\ + ArBr
n-C7H15/N‘N/’N

-0.45 +0.13

N/
SN/:\I\?
n-CzHis™ N’

. C
U@r

? Q

R = Alkyl, Benzyl, Phenyl, p-Tolyl

ER 14 WES 5N 1,2,3- =800 55 540 & v
Scheme 14 Arylation reaction of 1,2,3-triazole with aryl bro-
mide

A5 FH O Y AR 07 FE R A Ao e 05 A ), 7E R
FRAEMEAL T 1,4- ZHUR = MEE) S-A7 2 R AR 5 Bk )
2B PR IR 97%. 24 BT G A DRy B i TGO T £k
X-Phos (L), LA K,COs VE J9bif o AR B (Eqg. 23).

PATHCORAE 05 B4 IR0, 2-05 46-1,2,3- =M A 5 3
KA. AE ARG 2-75 Fk-1,2,3- = 1] BSOS B2 ) N-
A, H C—H BE MRS 2IFEET, 133 5 £
TR Eq. 24), R MAERE T 16 FURY,
PERAAE 81% LA b KBk TR i PR R BCR A R4,
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REVIEW

N ., OTs N N-RE
N” N-R N Pd(OAc), L = (23)
>:/ + ‘ R'] \
R! /2 KyCO3 DMF, 100 °C 4
R3 _‘_
1 2 R®
R'= Ph, Bu, H, Hex; R2? = Ph, 4-MeO-CgH, 11 examples
R3 = H, F, Me, OMe, CO,Me, NMe,, 2-naphthyl
i-Pr
P,o
PrPCy;
L
MR N-FAE RS = T R BTG, X

TR ARG SRR A K 2,4- R 1,2,3-=
.

R-LZ
Pd(OAc), (56 mol%)
NN PCy3 K2C03 W
0Ny (24)

toluene, 8 °C N

R= Me OMe, F, Ph OEt \

B R AE 5 AR F G 2-553E-1,2.3- =B EMAY
B CAREDY, RN FEZE NN 5 mol%f Pd(OAc),,
Ag,CO; NEAF, AW oF 1K, RYIR,

JEFFI 2 i (Eq. 25).
+ //—\\ %
oN N © Pd(OAc), (5 mol%) Q\\ 25)
N Ag,CO3 100 °C, 8h + I
Ar 6 examples _O/N‘N N

|
Ar

2212 HECRR

1,2,3-=Mef) C—H B REHILIR T 75 254k, IR
M E AL R N A O A RIE. ERFREAP W% T
—Fh 2-053E-1,2,3- = M- N-E ALY I 5 TR R IR O,
AE R AT 2] 5 LA FEAL P2 W) (Scheme 15a). [F4E, %/
2H FHMERE-N-F A AR e, I 2-0% 24-1,2,3-
=S Me-N-E ALY R e U R AR AR = S5 A
Sntkng 2 A BLESE SUBEL - )(Scheme  15b)°Y, 1% M
L PA(OAC), NIEALF, Ag,COs NEALF, S NIMEE
7, 7€ 120 ‘C NN 24 h FEAEESBIM R4, VR
77%~93%2 [A]. 5 HUAE AL ORI E () 83 C—H
WA AR [F], 2-953E-1,2,3- = M- N-SE AL WD 1E & A2 44 R
) C—H B AR R B AR H AR AR RO R )4,
MR E S PA(OAC), EFMEAE L PAAT)H A4 1,
S P S E ZUE IR R 2, B85 B2 28 B4
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COM MeOzC
I\ blvie —
-O/N‘ /N — \/\—\
N - . N
Ar Pd(OAc), (5 mol%)  ~O~ NN
\
Ar
(b) R\/’/’\':fl o
) Pd(OAG), (5 mol%) -
(j A92003 (2 equiv.) \_/
" t4dioxane ,4-dioxane /AR
120 °C, 24 h o NN
R= Me OMe, Bn Ph \
Ar

B 15 =M-NEWS 5K C—H S SUBERM

Scheme 15 C—H cross-coupling reaction of triazole N-oxides

F1 Pd(0), PA(0)RELE Ag,COs FIEAL FHEN N —1EH
(Scheme 16)1*),

/O_
AI’\ +

Ag2CO; %‘ Pd(OAc), \\ NJ
OAc
,4\ ”fpd

‘ N\>/Pd \ O

Ar HOAC ‘

/

3

B 16 —=M-N-SEHMWZ 5K C—H 5 BNV HLEE
Scheme 16 Mechanism of C—H cross-coupling reaction of
triazole N-oxides

222 RIF L4y C—H FRRE

2013 4F, EHFEPIDL 2-5FE-12,3- =AY,
TEESER AL IO MEAL T I\ NXS (X=Cl, Br, I), BEASTEIRIL

BB KA AL BL(Bq. 26). BFFER I, BT AL sy
%N A B B S HEE B, PivOH LB HLER TFA. 2R
TsOH. MsOH F1 CF;SO;H F 5 & 5= %K.

I N@ I N@zﬁ

R = Me, OMe, CI, F, CO,Me X=Cl,Br, |

Pd(OAc), (5 mol%)
NXS, PivOH

R toluene, 100 °C

[FIFERN, 2- 2R3 — M 55 B R e 87 R4S 21 AH LR 2R
FAAI B LS RIEE AL P A . BT LZE TBHP AL T
TE R0 . B Pt 2 15 ph B R 5 ArPd(ID) A 1) 4% B o7
(Scheme 17a), ANidiZ e ML M AR BIEGIE. MRS
H5rlgtb e BdFEF, FHALFE KyS,05 (Scheme 17b),
S FE AR R e, e SN (] B A R
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Bl
(a)
M NF\\N
Ny N Pd(OAc), (10 mol%) ‘N 0o

TBHP, DCE, 80°C, 15 h

+ R'CHO
Jv\ ) ) R
= phenyl, naphthyl, alkyl

(b)
Pd(OAC), (10 mol%) N

+ R?COOH o. R?
K»S,0s, DCE, 120 °C, 20 h N
R? = phenyl, alkenyl, alkyl o)

BR 17 B/mRS50 1,2,3- =M L/ms & B
Scheme 17 Acylation/esterification reaction of 1,2,3-triazole
with aldehyde/acid

23 HE2-FEATEANFTER C—HIEURR
231 2-FR A Eed oy C—H ER

2010¢ Yu DL 2 S FLEMON Y, (=)

R HMEWY R = AR, DX s 428 1 s

T ﬂ%ﬂ%% 6] ) S FR AT AL C—H 4 = 5 TP Bk I R
(Scheme 18a). %X ifk T Pd(OAc), fEALAF, TFA 1EH
fEREFIF Cu(OAC), 1F NI FIRE 2 L H T, (HliR
1N 74%. [FIRER: 2-2KFEMEME (1) C—H 34k, Miura 25
HURIAE PA(OAC), LT, BL AgOAc N, TR
N, B TR R S 2 T C—H ISR A A
BRI, 55 IR E T I SN £33 7 EMEER 5-47 |
()4 24k 7= #)(Scheme 18b).

(a) CF3
|

Z
P~z
Q

U\,F

Ph

R
i 1 NVCOOBu-n
R=HMe (b)~>cooBun I S
Ph

B 18 IRIEMEMEZ 51 C—H IRV
Scheme 18 C—H coupling reaction with phenyl-thiazol
PR 248 T TR AT A2 47 A R0 57 AL K57, Shin
e IF LY S et R R AP SER (BT VE P N A
&, DUKAEUET, SKBL T 2-2RSEMEMEANTHCOR ) C—C
AESARBRIRY, e DX e B M A5 3] 2-JR BRgE e 5 A 0%
FAb =) (Scheme 192), F2H A 99%. Itami ZU7E
Pd(OAc), FITEF T, MMARLHR L, FLL TEMPO 1E %
), NN- "3 W IR, £ 100 CTR, 2- K FE g
e 5 IR IR S A E 4 A7 HEAL ) P (Scheme  19b).
TR R 2R TR AR 2 ] T A Wy 1457 4K e
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ﬁY@W +© PA@SNT Q\EY@W

15 examples
up to 99%

R' = H, 4-OMe, 4-Me
R? = H, 4-OMe, 4-Me, 4-Cl, 4-Br

©) A

N Pd(OAc), Nj
;\} + AB(OH), ——2
Ph/<s * 2L Ph/Qs :

3 examples
85% ~ 96%

B 19 WORIRTIIR 2 51 2- 2R FEME L ) 07 B AL e B
Scheme 19 Arylation reaction of 2-phenyl thiazole with Iodo-
benzene/phenylboronic acid
232 2-FAMEe4 4y C—H Fik

WEMESE K0 P BRAE RIR W 25 AWM RE IR
TR G AEAE, WEMEAT ARG BT R E A IR Z iR
18, Hilid C—H B E ek 5 MEMERTAE Y R SE e
PLALD. UEMEIR I C)RL AN C(S)LS 4 75 KL AT H 4
FERUR I, LA IR TP R S5 9 22 A7), C—H
FEAGIEAL AR A T K EAEREMEIA 4 5 (LI B 2
AR 621 K o A R e ] 3 — 25 E R R S A T 4
R E Re A 2 Bl A FE R AT A2 ) (Scheme  20a). 24
WEMEER T CYNL N T HE, CAB AR CO)EA
HUARTE I, C—H S MR B4l S B 4% 58 4 X b
HWRAEAE COL L, MR RALERA B, Xl ge
ARINFNZRIR b7 2= % B IR 22 5 95 (Scheme 20b).

(@) MeO R

%‘\O . = Pd(OAc), (10 mol%)
R Cu(OAc), (200 mol%) )1\1\ N OMe
Ar o

= CH4CN, 60 °C, 6 h
OMe
VCOOBU n

Ar
R = CO,Et, CO,Bu-n, Ph, TMS, OAc
b
B 20 2-ZRHEEMEM ) C—H B
Scheme 20 C—H coupling reaction of 2-phenyl oxazoles
Punji ZCNil % 7 —Fh PON Z UGB LR S

RAEATEAL 2- A EENEME AL S WIH 5-75 B4k [ Vi (Eq.
27). WAL I TC 18 2 R B30 b5k R - SR AR R
TR, IR EME T ) BRI b B e R A A
R 2 5 . EEEE’J%, 2 AR AN 75 22
0.5 mol%ff] Pd A7, 1XRHBARHIMEALTIH &,

/\coosu -n
Pd(OAc (10 mol%)
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| R2
- Pd X =
{)r@RH @ — \_ \ OY@R1 27)
N A \ S/
R? N

R'=H, OMe, Cl, CF4

0
2= i
R®=H. Me, CFy (HPr)zP—Pd——N(:Pr),
cl
[Pd]

3 Hit5RE

I ITCAITT AN TEARIA TR NI A S, 50k
TABAEAL I S M ORIE AR J7 R ) C—H BB eI L
SR, GG 7RG BEAG. pafl. IR, B
BiAL. WAL =T RS R PRI
ARMERE . WENE . ML, SRR 2 S 5 IR R
JTEMME, C—H HE B R B 1k e A AR R R AT AL
by R IR B, BRI, T AR FR B
T R REE A EOR, AL 5 R H AR 3
JE 5 T S i A 5 R AL A, A C—H
PR REAL SO 2 R AR IR b RS LB REAL RS —
Tl 5t AR I S, 0 PO A 2 A RS A R LT
SRR, 18N BAT o E TERIAE .

LR, BiE C—H HLHITE FOBOIBIR N, 3
BURAIA I Je i i VB B RE AL R okl e 38 . TR
JNLEAFRAN . JFRIERE S R A AT 215
R R B S RS IR IR
g ROTE R H AT ES E A E S, B
TFrEBIF IR C—H BRI AR L LB, =
FEFREITE C—H LR M AR e &, X R
HFATLL S5 1175 1.
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