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WAL RUEHRERR S ERNEESELR RH 5

BEYR, HH#ER, ¥ L
(Rt L T2EBEHIZE TR, WA B 421001)

BE: WP R T — IR LA R, 1% Pd(OAc), 15 10% CuCl, + 2H,0 W< Ja 24115 AL 550 7 55
AN 0.5 equiv PPhy FEARAFAET | UM GEACH MRS T IR 4 T 7 L1000 FLHEDT 64k, 19 3 RAFIOUCR. 248
AL IR R B A AR TR AR . FCORBROY 215 . IRPIE G ) SR A& PR AN A A5

KEER . WEEMEA; S L
FE S EE: 0643.36; 0623.225

RS IR AT T HA LR PR AR |
P2 BE2 | AREGILE T L B R R PR 5 ER
C—H $EA AL RIS RS BT 300 L 6
HOTHhEZ—, SR 4 8 AL i 95 Sk R
I, T A B R M LA 45 TR e 2% 1
PLEEIRR, RN, B EL AR, Him, B
SR AESRF S R L AL B AR 3F C—H
SR BRI AL, S T RN A R G LA
VERFF AR | R Rk |
AL, BRI PR T2 1.0 ~2.5 equiv
ff) Cul, Cu(OTf),. Cu(OAc),, AgCO; Z:4E g dshm
7 R AR IR C—H B B ST AR
SEAAG SRk E S, (H AL R TR R, R
IR, 4 S A LA BRI IFF AL Sonogashira 45
IS, TIAEZRFR C—H B H 55 AL 5
HIEA SCHRIGE. B B AT, Huang 257 27 UCHGE
TR SRR L4 &, 7 IR 2 0 4% T i e
PR IIRAR A5 Mo AT B S RONE, AR AR
AL B REARAR, SR, %MK 2 B 22 A et
SRR B 4 B E M A A A
MALTEYE, PRI, AR R A S BRI A (2 BB
. A, FAIIFRE TR LA PR C—H B
FHACHIRABFSE.

1 XWEta

1.1 U 5iKF
Bruker ARX-300 MHz %% 4 3L 45 /X (CDCL, Ky

Y s HEA: 2012-09-21; f&[E HHA: 2012-10-31.

XHEFRERD: A

HR) , B ERAS 0 K T Sigma-Aldrich 24 w], 4l
99% 5 FoA IR 1 W) 3K T [ 25 4 1A 1 it Ak 2= il R A
FRAT, B85 Hrak.
1.2 UL ERK

TEATFIZE IR 1 (1.0 mmol ) F1T5 HER 2
(1.2 mmol) {Y FH 7K (3 mL) ¥, A Pd(OAc),
(0.0022 g, 0.01 mmol), CuCl, - 2H,0(0.0171 g,
0. 1 mmol) PPh, (0. 151 g, 0.5 mmol), K,CO,
(0.276 g, 2.0 equiv). IRGWLE 110 °C F )/,
TLC BRERSON, Mg afa, 08, IFH O OB
(5 mLx3) Yelk, SIFUBWR, WiEkds, P2
5385 (R I W WA AR 4 T 20 s oAy s I JT 0 B A i
Tik/ IR CTRAE A VRS, N-F LR IF R e Sy 12 1y
TR 1R R A ARV ) R aife B
345 5.
1.3 F=HRAE

3a'H NMR (CDCl;) & (ppm) : 8.30-8.25 (m,
2H), 7.82-7.75 (m, 1 H), 7.60-7.36 (m, 4H),
7.36-7.26 (m, 2H).

3b'H NMR (CDCL) & (ppm): 8.22-8.20 (m,
2H),7.76-7.72 (m, 1 H), 7.57-7.53 (m, 1 H),
7.35-7.26 (m, 2 H), 7.05-7.01 (m, 2 H), 3.88
(s, 3H).

3¢ '"H NMR (CDCly) & (ppm): 8.14-8.11 (m,
1 H),7.83-7.80 (m, 1 H), 7.58-7.54 (m, 1 H),
7.46-7.43 (m, 1 H), 7.33-7.09 (m, 2H), 7.07-
7.02 (m, 2 H), 3.97 (s, 3 H).

E&UH: WHEHFTAAPIRRBEH (11C1084) s BIR & BRI DT H (2010F]3014) 5 B A i -8 3864550 H (2012XQD008 ) .

EE®I: BEW, B, WL, JHi. E-mail: yanxueming88@ 126. com
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%&1 Pd(OAc),\CuClL,.2H,0 H£EAEFBELREFERNERFTEURY
Table 1 The direct arylation of benzoazoles with aryl bromides cocatalyzed by Pd( OAc), and CuCl,.2H,0

N\ Pd(OAc),\CuCl,:2H,0 N
> + Ar—Br > \>7Ar
X K, CO; , PPh; X

toluene, refllux

1(X=Oor SorNCH;) i 8‘;(8)))
5 (X=NCHs)

Entry Product Ar Entry Product Ar
1 3a C,H; 11 3k Naphthalen-1-yl
2 3b 4-MeOCH, 12 4a C H,
3 3c 2-MeOC, H, 13 4b 4-MeOC, H,
4 3d 4-MeC, H, 14 4c 3,5-Me,C H,
5 3e 3-MeC H, 15 4d pyridine-3-yl
6 3f 3,5-Me,C H, 16 de 4-FC.H,
7 3g pyridine-3-yl 17 5a CoH,
8 3h 4-Cl C,H, 18 5b 4-MeOC, H,
9 3i 4-FCH, 19 5¢ 4-MeC H,
10 3j 3-CH,CO C¢H, 20 5d 3,5-Me, G, H,

3d'H NMR (CDCl,) & (ppm): 8.17-8.13 (m,
2H), 7.78-7.75 (m, 1 H), 7.59-7.55 (m, 1 H),
7.36-7.25 (m, 4 H), 2.44 (s, 3H).

3e'H NMR (CDCl,) & (ppm): 8.10-8.05 (m,
2 H),7.80-7.76 (m, 1 H), 7.60-7.56 (m, 1 H),
7.45-7.26 (m, 4 H), 2.46 (s, 3 H).

3f '"H NMR (CDCly) & (ppm): 7.90-7.78 (m,
2 H),7.78-7.75 (m, 1 H), 7.58-7.55 (m, 1 H),
7.36-7.32 (m, 2 H), 7.26-7.15 (m, 1 H), 2.41
(s, 6 H).

3g '"H NMR (CDCL,) & (ppm): 9.46 (s, 1
H),8.76 (d, 1 H), 8.50 (d, 1 H), 7.79-7.77
(m, 1 H),7.60-7.58 (m, 1 H), 7.48-7.44 (m, 1
H), 7.40-7.35 (m, 2 H).

3h'H NMR (CDCL) & (ppm): 8.16-8. 15 (d,
2H),7.76-7.74 (m, 1 H), 7.56-7.53 (m, 1 H),
7.48-7.45 (m, 2 H), 7.35-7.26 (m, 2 H).

3i'H NMR (CDCl;) & (ppm): 8.28-8.22 (d, 2
H),7.78-7.74 (m, 1 H), 7.58-7.55 (m, 1 H),
7.36-7.23 (m, 2 H), 7.23-7.17 (m, 2 H).

3j'H NMR (CDClL,) & (ppm): & (ppm) : 8. 14-
8.11 (m, 1 H), 7.83-7.80 (m, 1 H), 7.58-7.54
(m, 1 H), 7.46-7.43 (m, 1 H), 7.33-7.09 (m,

2H), 7.07-7.02 (m, 2 H), 3.97 (s, 3 H).

3k'H NMR (CDClLy) & (ppm):9.47 (d, J=5.1
Hz, 1 H), 8.45-8.43 (m, 1 H), 8.04 (d, J=5.1,
1 H),7.96-7.89 (m, 2 H), 7.74-7.41 (m, 4 H) ,
7.41-7.40 (m, 2 H),

4a 'H NMR (CDCl,) & (ppm) : 8.12-8.07 (m,
3H),7.92-7.89 (m, 1 H), 7.53-7.47 (m, 4 H) ,
7.42-7.36 (m, 1 H).

4b '"H NMR (CDCl,) & (ppm) : 8.06-8.04 (m,
3H),7.88 (d, 1 H),7.50-7.46 (m, 1 H), 7.38-
7.26 (m, 1 H), 7.02-7.00 (m, 2 H), 3.88 (s, 3
H).

4c 'H NMR (CDCL,) & (ppm): 8.09 (d, 1
H),7.89 (d, 1 H), 7.72 (s, 2 H), 7.52-7. 46
(m, 1H), 7.40-7.35 (m, 1 H), 7.12 (s, 1 H),
2.41 (s, 6 H).

4d 'H NMR (CDClL,) & (ppm): 9.28 (s, 1
H),8.70 (s, 1 H), 8.38-8.36 (m, 1 H), 8.09
(d, 1 H), 7.91 (d, 1 H), 7.51-7.40 (m, 3H).

4e '"H NMR (CDCly) 3 (ppm) : 8.10-8.05 (m,
3H),7.88 (d, 1 H),7.52-7.46 (m, 1 H), 7.40-
7.35 (m, 1 H), 7.20-7.14 (m, 2 H).

5a 'H NMR (CDCl,) 8 (ppm): 7.78-7.76 (m,
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1 H), 7.75-7.76 (m, 2 H), 7.53-7.51 (m, 3 H),
7.33-7.30 (m, 3 H), 3.85 (s, 3 H)

5b '"H NMR (CDCl;) & (ppm): 7.82-7.78 (m,
1 H), 7.68-7.65 (m, 2 H), 7.30-7.26 (m, 3 H),
7.01-6.98 (m, 2 H), 3.79 (s, 3 H), 3.76 (s, 3
H).

5¢ '"H NMR (CDCLy) 3 (ppm): 7.83-7.81 (m,
1 H), 7.62-7.60 (m, 2 H), 7.28-7.26 (m, 5 H),
3.74 (s, 3 H), 2.39 (s, 3 H).

5d 'H NMR (CDCl;) & (ppm) : 7.83-7.80 (m,
1 H), 7.33-7.27(m, 2 H), 7.26-7.24 (m, 3 H),
7.09 (s, 1 H),3.75 (s, 3 H), 2.36 (s, 6 H).

2 R Gt

Cul HA TR AT IR, S22 R R B A
R FROAET 27, PA(OAC) , 12— fé 2
SFFHIAEMEALTR, NI, FRIEATEH Pd(OAc),/
Cul 25 AT, LA SR SR
DMF S350, 1£ K,CO5 746 T I FLA%T7 HAL O [
PR, FEA R B RIS, AN [R50 o

DL RAEA R R IOAEAE T BT, ERBOA 193 A 4%
AL 77 4. Huang 26 F| ] PXPd/Cu ( Xant-
phos ) T AYECG W0 D 288 55 RO A LA A7) Y
WHoEss 7 RATEFERY A7 BCARTEAL ) I p AR 2R
TPy I A, AR TE BRI A RO A
FeI SR IR 07 B Z [ . T2, el
BHAZAE 5% Pd( OAc),/10% CuX Hefifb ik R A
C—H {EALr) B BEAL SO 8 FH RS ECAA& 4n TMEDA,
1,10-phenanthroline . 2, 2-bipyridine Z¢, 7] J& 7
RANREREAT. 24 LA PPhy BRI, AN ] 4 40 4
HEALZE G HRRES 15 245 i 7 28 1 07 B AL ).
2.1 AESBEE L L FIH & Xt S Bz B %2 0i

FEATT LA I 2 s 5 95 R B B R R R T A
K,CO, fETE NHEE T 1500 N i 52, 45 SR 3R W]
TCIE e s 7 7 40 DMF |, DMSO 45, i J& B H
PERY Tolune | Xylene 5 711] b X5 ] 45 21 458 5y 7 58 42
JFEA . T R A AR S EL S AL P AL
G, PG, FATTIE 4 W A Sy e g v AR ok — 0 5 4%
AT ] e Al 7R 0 B R R R, 4 R N SR 2
iR,

3R 2 AN [E)SBER AL A AL X R R R R B RS

Table 2 Effect of different palladium and copper cocatalysts on isolated yields

Entry Base Palladium\ Copper Ligand Tsolated Yields
1 K, CO, Pd(OAc),\Cul PPh, 75
2 K,CO, Pd(OAc),\CuBr PPh, 77
3 K,CO, Pd(0Ac),\ CuCl PPh, 82
4 K, CO, Pd(0Ac),\ Cu(0OAc), + H,0 PPh, 85
5 K, CO, Pd(0Ac),\ CuSO, « 5H,0 PPh, 70
6 K, CO, Pd(0Ac),\ CuCl, - 2H,0 PPh, 90
7 K,CO, Pd(0Ac),\ Cu(NO,), - 3H,0 PPh, 70

K,CO, PACI,\ CuCl, - 2H,0 PPh, 85
9 K, CO, Pd(acac),\ CuCl, - 2H,0 PPh, 82
10 K, CO, PdX PPh, 0
11 K, CO, CuX ( Cul A1) PPh, 0
12 K, CO, PdX\ CuX — 0

CuX=Cul, CuCl, CuBr, CuCl, - 2H,0, Cu(OAc), - H,0, CuSO, - SH,0, Cu(NO,), - 3H,0. PdX="PdCl,, Pd(PPh,),,

Pd(dba),, Pd(PPh;),Cl,, Pd(acac),

SLEFR W], (£ PPhyCIRAFAE T, AL Cul RERS
IR 5 IROR ) B4R, eIk

BERAER U CuBr, CuCl, Cu(OAc), + H,0, CuSO, -
5H,0, CuCl, - 2H,0, Cu(NO,), - 3H,0 #EA %
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G RFAEACRICR (Entry 2-7) . FESCH0 H A8 A B0 -
B PPhySNHE RYA HLBE U (n-Bu) P, DPPP 1 a] ]
PRHEAL SN A R BE AR s R 2O B RCAR A7, HE
JEHY L R 42 4 PACL,, Pd (PPhy),, Pd(dba),,
Pd(PPh;),Cl,, Pd(acac), S5n[ SR PFIHIER AT
A WAL R, IRIEATHEAC SN, (A —12
R, 48, i BERCIRGD 3 F AR —A>, #A
REMEAL AT B M SRR B 47 3L (Enty 10-12).

PPhy A E R AUAREEL, PAd(OAc), i EEHAt
AECIAEIE R, FATEE T Pd(OAc),\CuCl, - 2H,0
\PPhy ALK R — P MR
2.2 NEREST AL I R B 500

it 7 (e C—H LI B REHI LR 2
MR R, AL S BT AT 1 B
R, NI, A b ST A R B 12 50 Y 0
LRI 3 PR,

R 3 RNEIEXT IR 7= 3 B &0
Table 3 Effect of base on product yield

Entry Base Palladium\ Copper Ligand Reaction time/h Yield
1 K, CO, Pd(0Ac),\ CuCl, - 2H,0 PPh, 3 90
2 Na, CO, Pd(0Ac),\ CuCl, - 2H,0 PPh, 3 87
3 KOAc Pd(0Ac),\ CuCl, - 2H,0 PPh, 5 7
4 Cs,CO, Pd(0Ac),\ CuCl, - 2H,0 PPh, 5 76
5 K,PO, - 3H,0 Pd(0Ac),\ CuCl, - 2H,0 PPh, 3 72
6 KOH Pd(0Ac),\ CuCl, - 2H,0 PPh, 3 70
7 NaOH Pd(0Ac),\ CuCl, - 2H,0 PPh, 3 75
8 t-BuOLi Pd(0Ac),\ CuCl, - 2H,0 PPh, 3 35
9 1-BuOK Pd(0Ac),\ CuCl, - 2H,0 PPh, 3 45
10 EtONa Pd(0Ac),\ CuCl, - 2H,0 PPh, 3 55
11 No base Pd(0Ac),\ CuCl, - 2H,0 PPh, 6 21

Reaction conditions; 1 (1.0 mmol), 2(1.2 mmol), Pd(0Ac),(5% ), CuCl, - 2H,0 (10% ), PPh;(0.5 equiv), and base

(2.0 equiv) in tolune(3 mL), 110 °C; 3 h under air.

M ARSI AR E, DIH AR, PPhy 1E
it , Pd(OAc),(5% ), 1 CuCl, - 2H,0 (10% )
FAYEILAEALTI T, 25 Fhom B B A AE AR T, R
I ERRENR R HEA T, #RAK AN ¢-BuOLi , 1-BuOK | EtONa
FEAE T A5 3 o 45 7 28 (Enwry 8-10) , 1 55 B 40
K,CO, . Na,CO, . KOAC ., Cs,CO, i /=345 & ( Entry
1-4) . Gl FE SR RE LR A, BRI 2R
PRUEFESRBIATAE T, SO FR r 1 1R 28 R 2 X s
AR 25 T e BARER, il B AR Y
RRFEAG. EBATAFAER TGO T, R AE 1 s b
B % 6 h, =% 04 21% (Entry 11).

2.3 REMEAL I b 513 KR B9 0m

PEAET S B0 SRR AL, FRATERIEAE 5% Pd
(OAc),, 10% CuCl, - 2H,0 Z{FF 47, 48
Wirkg & o, BT AFRAT 22— 20 Ak PA(OAc), 11

fefb i, ZAMEAKOR. N RN SEEE5 R ] A,
AR Pd(OAc), 5 CuCl, - 2H,0 AT E XS
MR LA K, MR 5% Pd(OAc), 5
5% CuCl, - 2H,0 f#fLif, P2 1A 56% , TLC 4y
M B 202 TR BRI T2 (Entry 2) . 0
K CuCl, - 2H,0 pfifbi, %I AR5 (Entry 3,
4). FEAK PA(OAc), MIMEAL T 1% B fe, =2 0]
ik 92% (Entry 6) , #f—FEIRE 0. 1% , P2 FIK
FEAR (Entry 7). 2545 53 05 20 S A i A 1o
Itk 1% PA(OAc), 5 10% CuCl, - 2H,0.
2.4 BEUAKRENEMERCEER

TEXTAS [ e AL 7 41 L B, AR TRITC BL
HEAT TARAR IS, FRATTR o 85 5 4 1) 25 R IR AR Ry
SR, A ZMEAA R YIS Ve, 45250
LS.



%52 P IS5 ;A Al R IS T B 5 5 B Y 45 05 B S R F AT 149
R 4 AS[E) 140 5 be B3 R Rz = 2R B 85 i
Table 4 Effect of catalyst loading of Pd( OAc), and CuCl, + 2H,0 on isolated yields
Entry Pd(OAc),(X% )/CuCl, - 2H,0 (Y% ) Base Sovent Tsolated Yields
1 5/10 K, CO, Tolune 85
2 5/5 K,CO, Tolune 56
3 5/20 K, CO, Tolune 80
4 5/30 K,CO, Tolune 72
5 2/10 K, CO, Tolune 91
6 1/10 K, CO, Tolune 92
7 0.1/10 K, CO, Tolune 45

Reaction conditions: 1 (1.0 mmol), 2(1.2 mmol), Pd(OAc),(X% ), CuCl, - 2H,0 (Y% ), PPh,(0.5 equiv), and KCO,

(2.0 equiv) in tolune (3 mL), 110 C; 3 h under air.

RS ZEAERRYMERECANESR
Table 5 Applicability of the direct arylation of benzoazoles with aryl bromides

Entry Product Isolated Yields Entry Product Isolated Yields
1 3a 92 11 3k 75
2 3b 91 12 4a 86
3 3c 83 13 4b 92
4 3d 89 14 4c 92
5 3e 84 15 4d 79
6 3f 88 16 4e 81
7 3g 84 17 5a 80
8 3h 75 18 5b 85
9 3i 78 19 S5c 83
10 3j 42 20 Sd 75

Reaction conditions: 1 (1.0 mmol), 2(1.2 mmol), Pd(0Ac),(1% ), CuCl, - 2H,0 (10% ), PPh;(0.5 equiv), and K,CO,

(2.0 equiv) in tolune(3 mL), 110 °C; 3 h under air.

FIF AW S YRR T7 B B BOR RAF, F
B A R B A PR AR S
P, 7R (Entry 2-6) . X 4 A SURBU RIS,
PEARTHAR, AR TR I AR, BARIE K
T BN IE], EATS S8 URE o3 B BB A R
(Entryl0). 3-JRmE0Ed A 5 4 1057 AL G, o7
FAL PR AR (Enty 7). 1-ZR84E 0 97 54l
RS, R AE (Entry 1), TLC Sp it i T 1-
ZRUME RO ACAT B A ARG, 2RI F e ] T
LRI, B I B Qe 14 57 B R BB A8 I A1) Xof
FUEHTTHEAL, (SN IS TRI RS T 5 e ok 15 A

K, WZ @I TLC BRE OV /R, 772 6 h, A 6E
WS84, TS 9 P B 355 ) N-F BRIk, 5 B
AL 4 22 10 b, BAT A 7L AT A R [
EARAT AL 7 R 1 BT B4 ) (Entry17-20) .
2.5 EUFINES ERERE

FRATLATRF A 55 R S WA BB 58 T A
P 2 BORGE L S AR A0 T A2 A TP RE, 445 5R 51
T, AW, EEMM3 REET ™Y
A ECRAT L, (BRI 3 WG, R 9F
R RINEL A SV VLV S R N N e T )= P92
20y BRI A AT R BT k.
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Table 6 Reusability of the cocatalyst in direct arylation reaction

Run Reaction time Conversion Isolatedyields
1 3 95 92
2 3 88 85
3 5 84 79
4 8 51 43
5 8 45 40

Bromo-
benzene (1.2 mmol), Pd(OAc),(1% ), CuCl, - 2H,0
(10% ), PPh;(0.5 equiv), and K,CO;(2.0 equiv) in
tolune (3 mL), 110 °C, under air.

Reaction conditions: Benzoxazole (1.0 mmol) ,

2.6 $ESEAL LR ERT

SRR IR SCHR[ 2224 T RATER I T RUR
UL A SOV LB, B S M (Pd ") ZE =K
SRR R R AR B E M (P, B Y
PR A AA AT AL EBIPERT T, 5 2535
MR R EEGY B, B 5 A LA &R B E
HER PR C, C i JiH B 2 X7 5™ 1) D.
EL—@%ﬁ%EE,MRWWMAﬁ%%ﬁH

o AR 2 S AR BT A A, X I AT
ﬂ%im ORI TEAE PR Fp 2% B 15 AN [R] B9 S IS
Yy, k—Anl, ATDARGFRRER 2 1) SR04,

pd"+ nL
reductmn

Bl(hetero)aryls

Pd’ Ar-X

N-HetAr -Pd-Ar
C ArPdX

>

[Cu] N-HetAr-Cu

>

N-HetAr-H
P 1 AR S A T RE AL I
Fig. 1 Plausible mechanism for the Pd/Cu-cocatalyzed direct

C—H arylation of benzoazoles with aryl bromides

3% B
FFE C—H 5 R RN BT S SEAL R A

J7 A —RIOBT R R BRSO k. AT
AT I A 2 BRI S I 96 A A58 1) 55 B R SR
Wy, WEFEIFIF A T — ol i 25 59 T 16 418 5 LA AL A
F, AR R B ARG BC R R
Mo te . IRYIERNER ) SRR, =%
B HAAE M S PR R (AR . AT TR
SR Z AL A ZR N T — 252 3k RIA B AR ™
/lLEEy®
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The Direct Arylation of Benzoazoles with Aryl Bromides
Cocatalyzed by Palladium and Copper

YAN Xue-ming, XIAO Xin-rong, TAN Ni
(College of Chemistry and Chemical Engineering , University of South China, Hengyang 421001, China)

Abstract; A practical, efficient palladium \ copper cocatalytic system has been developed. With only 1%
Pd(OAc),, 10% CuCl, - 2H,0, 0.5 equiv of inexpensive PPh, as ligand, and K,COj, as the base, the direct ary-
lation of benzoazoles with aryl bromides could be performed smoothly and afforded the desired arylated benzoazoles
in good yields. The cocatalytic system has the property of low catalyst loading, simple ligand, wild substrate scope
and mild reaction conditions.

Key words : bimetallic catalysis; palladium catalysis; copper catalysis



