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Microporous Network Polyaniline Coated Magnetic Fe;O, Nanopar-
ticals Supported Palladium Catalyzed Suzuki and Heck Coupling
Reactions

Hei, Liying®”’ Feng, Cuilan*" Li, Zhen*” Liu, Lantao” Gui, Jianzhou™*
(“ College of Chemistry and Material Science, Liaoning Shihua University, Fushun 113000)
(® College of Chemistry and Chemical Engineering, Shangqiu Normal University, Shangqiu 476000)

Abstract To solve the recovery and recycling problem of homogeneous palladium catalyst, a cheap and convenient method
was developed for the synthesis of magnetic nanoparticles (MNPs) supported palladium catalyst Fe;O4@MOPPA-Pd which is
easily in situ separated from the reaction system by the application of a permanent magnet. The catalyst can highly catalyzed
the Suzuki reaction and Heck reaction of different halogenobenzenes. Especially, it has higher catalytic activity for Suzuki
coupling reaction. Under mild reaction conditions, 300 mmol of bromobenzene reacted with phenylboronic acid catalyzed by
10 mg of Fe;04@MOPPA-Pd can give the product with 98% yield. And the turnover number (TON) and turnover frequency
(TOF) of the catalyst reached 77052 and 51368 h™', respectively. In addition, Fe;0,@MOPPA-Pd can be easily separated from
reaction system in the presence of magnetic field and the catalytic activity was not decreased by at least 4 times recycles.
Keywords magnetic nanoparticles; supported palladium catalyst; C—C coupling reaction; Suzuki coupling reaction; Heck
coupling reaction
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MOPs Z&7E—ike, HEBKAME, £ EHel MOPs X
MNPs 347 R E &1, T MNPs R AT DLRE )
FH S SR R i o B TRl AR, X 5 TR AL AR e
B

ARG T — P DAR i Ry Bk — 0 G i % FL IR
FAR I (MOPPA) LB HETEAK Fes04 (Fes;0,@MOPPA)
TR v, HAA B AL TR Fe;0,@MOPPA-Pd 1] 55
AR AT AE Y Suzuki BB S 82 S ICRAT A4
(1) Heck 6. Horr, fEHOK S 2RERI Suzuki 18
N, Fe;04@MOPPA-Pd 15646 50 (TON) A% i 47
F(TOF) 43 ik 77052 F1 51368 h™'. HAEAMINkEIZAF
fE°F, Fe;0,@MOPPA-Pd W] FH J 44 22 J5LAST 43 B [
W, DEMEH 4~5 DA s PR JC T S 1R BRI
1 ZR5VE
1.1 Fe;0,@MOPPA-Pd B4 Bk R Z=4E

Tan ML 2013 1005 & IR AP0 N Ak,
iR (FDA) AT, ETC/K FeCly (AL T, i@t — 36
SLR AR T 2% MOPs. 1% MOPs & 7% #. i
B9 5THOK. bR, Adams PSR 5 G M T
NSRS MOPs, 7t 7 HAE CO, B b
JITEII N . 5T A0 AR 70 SR, AR 2H SR F 2540
MERZR, G T Z LR R L BB HETEDIK FesOy
(Fe;0,@MOPPA), HAE g4 Scheme 1 fis. 1EF
249 20 nm IEEPEGK FesO TEE S, R EE S
(1 [ B EPE DK FeyOf B TE MR, — D152
Fe;0,@MOPPA, #Eifi7E PA(OAC), 1) 2 1AW a1 97t
N, BPAT & AR L7 Fe;0,@MOPPA-P, 416135
F4 0.38 mmoleg '(AAS FALLE ).

&l 1a fili7r Fe;04@MOPPA-Pd /) TEM AL K& W]
DAE tH, BEVEGK FesO4 BEANUZPTELE, HT4EM)

B4
Pd(OAc),

—_—
X acetonitrile

Q9 aniline, FDA
Q%O FeCls, DCE

RAEDIKFe304 Fes0,@VOPPA

BR 1 G Fe;0,@MOPPA-PA )4 i 2k
Scheme 1 Synthetic procedure of the supported palladium cat-
alyst Fe;O4@MOPPA-Pd

HEEUD(AAS S TINS5 58 4.03 wi%), TEM RAE
HAR M 23 B AR AR AR A R E e AT
(P 1a (A D) HR AT BAER 2 Pd 19 (111) Ko (311 I AT R,
FAMEF HRTEM K (K 10y 8 & 7] LLE 21)JH )& F Pd
(111) SR THI Y b 4% [A] PR 0.224 nm.

XPS RALLE LR, AT & — KRS 2R
TR 1) Suzuki 185 M 5, Fe;0,@MOPPA-Pd #1575 41
TCRMAAEE 22). (HEHKE 2b FTULEHMEH. &
Fe;0,@MOPPA-Pd  H 4 (1) #h & A& [A, ff A Al
Fe;0,@MOPPA-Pd 170 % & A L MR 48 347, 1
8 — X5 Fe;0,@MOPPA-Pd 4R - B LA Z M TR
FEAE(E 2b), X AT RS A TE S NI 2 H A R A 2R A
FRIE JFONZN AR, XPS 5 TEM EALSE RAE W, BAT
CLANIRIAS 2] T 2 FL 3R 2K i 0. 78 W 1 9 KoRL 7 F 28 1)
HUEAL 7] Fe;0,@MOPPA-Pd. TG 43 #7 (& 3) 45 S 1,
Fe;0,@MOPPA K Fe;0,@MOPPA-Pd BLA R T HI#Fa
FEPE, FLORHE S0l FE AN KK BIR B A s B T 335,
500 1330, 510 °C.

1.2 Fe;0,@MOPPA-Pd #1LAY C—C 188k R M
1.2.1 Suzuki 185 5 &

PRI BN ER 2 AT Suzuki RIS B R
AN AL Fe;0,@MOPPA-PA UEALIE . &
P R LT BRI AT AL, B3R 1 A fERS
SRR, 2 mL ZEEAT 2 mL K RTR A A S At

Fe;0,@MOPPA-Pd

B 1 Fe;0,@MOPPA-Pd ] TEM (a)f1 HRTEM (b)Z& ik K

Figure 1 TEM (a) and HRTEM (b) images of Fe;0,@MOPPA-Pd
Inset of (a) is the corresponding SAED pattern of Fe;O,@MOPPA-Pd
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Figure 2 (a) XPS survey-scan and (b) Pd3d photoelectron spectrum of sample surface
(1) Fresh Fe;O,@MOPPA-Pd, (2) Fe;O0,@MOPPA-Pd after one run
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Figure 3 TG curves for Fe;0,@MOPPA-Pd and Fe;0,@-
MOPPA

W, 1.5 equiv 1) KoCOs AEAERIBR. 1A 571 20 1)
Fe;04@MOPPA A eMEAL T B R £ (R 1, Entry 12).
J9 T VW s R 2 B AR B AR A B )R A A 1 T R 2R
()R SLIE I R R A, FRATIR T P g s Ee, B,
0.01 g Fe;0,@MOPPA-Pd 5 1.5 mmol K,CO; 7£ 2 mL &
5 2 mL KRB ERIT, 60 CHiFE 4.5 h, @i EH
MEALT, RIS INNGHTEE (FIROE AR R, FAE 60 “C i
FE 4.5 h, SR RIEA Brr=PE R, B 7 IRE
5IRMER M Suzuki (BB B2 Fe;0,@MOP-
PA-Pd AL 5L,

il 52 SN FE A 60 °C, XM i e K S N
A E— B BT, R 2 At seat et el s, 0
TR BE AR IR SRR A R &L 1.0 ¢ 1.1,
BRI 1.5 he fEICR BT, JLFrT L =15 3
H A5 = PIoR.

Chin. J. Org. Chem. 2015, 35, 1673~1681

K1 Fe;0,@MOPPA-Pd AL IR IR 55 IR S5 WV 77 AR FF)
i

Table 1 Screening of different solvents and bases for the reac-
tion of bromobenzene with phenylboronic acid catalyzed by

Fe3 O4@MOPPA-Pd

B(OH),

ROl

Fe30,@MOPPA-Pd

60 °C, in air
Entry Solvent (V/V) Base (equiv.)  Isolated yield/%
1 EtOH K,CO;(1.5) 25
2 H,O K,CO;(1.5) 94
3 EtOH/H,0 (1/1) K,CO;(1.5) >99
4 EtOH/H,0 (1/1) AcONa (1.5) 66
5 EtOH/H,0 (1/1) NaOH (1.5) 96
6 EtOH/H,0 (1/1) Cs,CO5(1.5) 91
7 EtOH/H,0 (1/1) Na,CO;(1.5) 92
8 EtOH/H,0 (1/1) NEt; (1.5) 77
9 EtOH/H,0 (1/1) NaHCO; (1.5) 84
10 EtOH/H,0 (1/1) K,CO;(1.0) 99
11 EtOH/H,0 (1/1) K,CO;(0.5) 92
12° EtOH/H,0 (1/1)  K,CO;(1.5) NR

© 2015 Chinese Chemical Society & SIOC, CAS

“ Reaction condition: 4.5 h, 60 °C, Solvent 4 mL, PhBr 1.0 mmol, PhBr :
PhB(OH), =1.0 : 1.1, Fe;0,@MOPPA-Pd catalyst 0.01 g (0.38 mol%).
? Fe;04@MOPPA as catalyst.

TEF BRI, 5T Fe;0,@MOPPA-Pd
TEARE H AT 12 5 K MIRATAEDN) Suzuki BN
A ERE. B3R 3 FoRISEIR g Bk, RIE XA
TR IER, ¥ NI R ZEK S 4 h, HRAREELL )
Gy BSWCERAS BIAR L B bR =4, TS TR I BIORAY 75 RO
30 min, LA 95%UA L BEICR IR H bR 9, X+
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Table 2 Effect of catalyst loading, ratio of PhBr/PhB(OH), and
reaction time

@ Fe30,@MOPPA-Pd
o (oo -0
@ OH)2 ™ 5 equiv. K,CO5 "

60 °C, in air
Entry PhBr/PhB(OH), (molar ratio) Time/h Isolated yield/%
1 1.0: 1.1 4.5 >99
2 1.0: 1.1 3.0 >99
3 1.0 1.1 2.0 >99
4 1.0: 1.1 1.5 >99
5 1.0: 1.1 1.0 98
6 1.0 1.1 0.5 90
7 1.0:1.5 1.5 >99
8 1.0 1.0 1.5 95
9 1.1 :1.0 1.5 >99
10 1.5:1.0 1.5 >99

“Reaction condition: 60 C, EtOH/H,O (2 mL/2 mL), PhBr 1.0 mmol, K,COs
1.5 equiv., Fe;0,@MOPPA-Pd catalyst 0.01 g (0.38 mol%).

A T8) Xz R SR A GIRR 2 DAL TS WA A5 2 AR 12
7P, AELTA] SR R ORI S S .

AR 25 5 2B 1 ) A B IR B N B B 5 %2 Fes0,4@-
MOPPA-Pd [, R 4 ATRLEH, BL 0.01 g
(0.38X 107 mol Pd) Fe;0,@MOPPA-Pd NHEALF], 1E
60 CKAL 1.5 h, {RFMAEHE 1 mmol ¥ KE| 300
mmol i}, BERE BRI Eik 98%, B E EHE
Fe;0,@MOPPA-Pd [f] TON I TOF 43 HliE%] T 77052
51368 h ", SHLA SCHR - FRE 1 2 MINPs § 38040 11
A FIEAIR S R R AR R ML TOF M ELER (K 4),
A ARG Fe;0,@MOPPA-Pd HAT 5 &) TOF, Hf
R T B 1 5k MNPs S AU Ak 77, Xl B
FEHT Fe;0,@MOPPA-Pd 1) FLIFIR 5 75 % )2 HI AL
gy DUR i b o BORRS E f BAE AR, HALIRGE
AT R Im AR AL R
1.2.2 Heck 188 R &

Rit— B Fe;0,@MOPPA-Pd [N G/, %t
FLAE Heck BRSO H (1) R BT 79T, B ek
o FE IR 5 UM TR BRI Heck OB N I, X
SN A AT T SRR, FHR 5 T R S Be 5 S mT A,
2L 0.01 g (0.38 mol% Pd) Fe;O,@MOPPA-Pd Jyfi{k 7,
7f 1 mL DMF 5 0.5 mL EtOH J& &% 7, 100 C &M 5

R 3 Fe;0,@MOPPA-PA LA R 4855 48 5 75 IR PO AR BBk S o2
Table 3 Reaction of different aryl halides with arylboronic acids catalyzed by Fe;0,@MOPPA-Pd

R@fx + (HO)ZB—@ y

2

Fes;0,@MOPPA-Pd  Rl,—  ,— R
T~ P
N\ /" \ /

KoCO3, EtOH/H,0

60 °C, in air
Entry R! X R’ Time/h Isolated yield/%
1 H Cl H 4.0 80
2 H Cl p-Me 4.0 78
3 H Cl p-CF; 4.0 60
4 H I H 0.5 96
5 H I p-Me 0.5 97
6 H I p-CF; 0.5 95
7 H Br H 1.5 >99
8 H Br p-Me 1.5 96
9 H Br p-CF; 1.5 94
10 0-OMe Br H 1.5 97
11 0-OMe Br p-Me 1.5 96
12 0-OMe Br p-CF; 1.5 88
13 m-OMe Br H 1.5 88
14 m-OMe Br p-Me 1.5 88
15 m-OMe Br p-CF; 1.5 88
16 p-OMe Br H 1.5 96
17 p-OMe Br p-Me 1.5 96
18 p-OMe Br p-CF; 1.5 89
19 o-Me Br H 35 96
20 o-Me Br p-Me 35 96
21 o-Me Br p-CF; 3.5 89
22 p-OH Br p-Me 1.5 97

“ Reaction condition: 60 ‘C, EtOH/H,O (2 mL/2 mL), Ar'X : ArZB(OH)z cKCO;=1.0:1.1:1.5, Ar'X 1.0 mmol, Fe;04@MOPPA-Pd catalyst 0.01 g (0.38

mol%).
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R4 BRGHINERN Suzuki MHBCR R IH RS ¢

Table 4 Amplification experiments of Suzuki coupling reaction of bromobenzene with phenylboronic acid
Entry PhBr/mmol Solvent/mL Isolated yield/% TON/TOF/h ™"
1 1 4 >99 261/174
2 10 40 >99 2605/1737
3 20 80 >99 5211/3474
4 50 200 >99 13026/8684
5 100 200 >99 26053/17368
6 300 500 98 77052/51368

“Reaction condition: EtOH/H,0 (2 mL/2 mL), PhBr : PhB(OH), : K,CO;=1.0 : 1.1 : 1.5, Fe;0,@MOPPA-Pd catalyst 0.01 g (0.38 X 10 3 mol Pd), 60 °C; 1.5 h.

RS AR PYRER L1618 Heck (RIS 2 FHEAL

Table 5 Optimization of reaction conditions for Heck reaction of 4-iodotoluene with ethyl acrylate

N
2 Me_*<::>/»\b/ﬂ\o/5t
Fe;0,@MOPB-Pd

Entry Solvent/mL Time/h Catalyst/g Temperature/C Isolated yield/%
1 DMF (1) 5 0.01 110 87
2 DMF (1)+EtOH (0.5) 5 0.01 110 >99
3 DMF (1)+EtOH (0.5) 4 0.01 110 88
4 DMF (1)+EtOH (0.5) 5 0.01 100 99
5 DMF (1)+EtOH (0.5) 5 0.01 90 81
6 DMF (1)+EtOH (0.5) 5 0.0075 100 96

“Reaction condition: 4-lodotoluene : Ethyl acrylate : K,CO3;=1.0 : 2.0 : 1.5, 4-iodotoluene 1.0 mmol, Fe;0;@MOPPA-Pd as catalyst, in N, atmosphere.
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Figure 4 Performance of different magnetic nanopartide-sup-
ported catalysts for the reaction of bromobenzene with phenyl-
boronic acid
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fith e AL S S (L FR B 5 R, IR —2R 51
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TEAFBIRAEAT T, X Fe;04@MOPPA-Pd 75
HKE MR M) Suzuki MBI SN R H ISR 5 IR IR
ZRT Heck RIS A IR 76 44 B RCR BT T 5 4%,
Ho¥ssesh a5 Wa T8 7 th. 13 7 WTA: 7 Suzuki fBEE
N, Fe;04@MOPPA-Pd LG E 5 4 1k, H
FRr= IR (1 7 B R AT SR I8 99%; TITE Heck fBIEE
N, Fe;04@MOPPA-Pd ELLEIAEH 5 7k, HAElk
T PR A PR

2 g

KRSCHRIE T —FpBRAN Gy AT 7 156 B LR R i
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# 6 Fe;0,@MOPPA-Pd i LA [FI AR Z ) Heck R0
Table 6 Heck reaction of different iodine benzene derivatives catalyzed by Fe;O4@MOPPA-Pd
R /= — Fe;0,@MOPB-Pd R @/\/R.
\ /' *r 100°C, 5 h, N, \_7
DMF/EtOH
Entry R Alkene Yield/%
1 p-OMe Ethyl acrylate 99
2 H Ethyl acrylate 87
3 p-CN Ethyl acrylate 80
4 p-Cl Ethyl acrylate 89
5 p-C(O)Me Ethyl acrylate 85
6 0-Br Ethyl acrylate 73
7 0-OH Ethyl acrylate 56
8 0-NH, Ethyl acrylate 67
9 p-Me Ethyl acrylate 99
10 p-Me Methyl acrylate 97
11 p-Me Styrene 67

“Reaction condition:100 “C, 5 h, DMF/EtOH (1 mL/0.5 mL), Arl : Vinyl substrates : K,CO3;=1.0 : 2.0 : 1.5, Arl 1.0 mmol, Fe;04@MOPPA-Pd catalyst 0.01 g
(0.38 mol%), in N, atmosphere.

B 5 (a)Fe;0,@MOPPA-Pd & F, (b) & Fe;0,@MOPPA-Pd [t N AR R 45 £ HE - Fl(c) Fe;0,@MOPPA-Pd [ N 45 3K 5 ANk

FAAERS I
Figure 5 The photos of (a) Fe;0,@MOPPA-Pd, (b) the reaction mixture containing the Fe;O,@MOPPA-Pd catalyst under stirring, and
(c) the reaction mixture containing the Fe;O,@MOPPA-Pdcatalyst with the application of a magnet

7 Fe;04@MOPPA-Pd £ Suzuki fH5k S B K Heck AEER SR 98 8 FH A5 50
Table 7 Repeated used of recovered Fe;04@MOPPA-Pd for catalyzing Suzuki and Heck coupling reactions, respectively

Isolated yield/% of each round

Ent R t 1 R t2
ntry eagen eagen ] 5 3 2 S
14 Bromobenzene Phenylboronic acid >99 >99 99 99 -
2° 4-lodotoluene Ethyl acrylate 99.5 99.2 99 95.2 92

“Reaction condition: 60 C, 1.5 h, EtOH/H,O (2 mL/2 mL); PhBr : PhB(OH), : K,CO;=1.0 : 1.1 : 1.5, PhBr 1.0 mmol, Fe;04@MOPPA-Pd catalyst 0.01 g (0.38
mol%), in air atmosphere. b Reaction condition: 100 C, 5 h, DMF/EtOH (1 mL/0.5 mL), 4-iodotoluene : Ethyl acrylate : K,CO;=1.0 : 2.0 : 1.5, 4-iodotoluene 1.0
mmol, Fe;04@MOPPA-Pd catalyst 0.01 g (0.38 mol%), in N, atmosphere.

)5 B, Fe;0,@MOPPA-Pd Xf Suzuki f#5E B K Heck
BB S B3 A B A TG P, eI AE Suzuki 1B
i3 TOF ik 51368 h', J&3i24 WigiRi& 1) MNPs
B AR IR B ) B s B, F B Fe;0,@MOPPA-
Pd WFEAMINBEIAVE R R LA 5 b s L 1k 43 B TR0,
S L RIGIAEH, AL B Rk, %4
J5 15 FC At BB AR S AR A T — Aok L
Fe;04@MOPPA-Pd A5 B2 7E Tl A 7= 45 2 RUSLAL R F .
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3 Y
31 UBE5EHF

Ft AR Y R T & 4 BT 2k ), R AEE— D Ab .
MK Fe;04ERFE, Kifd 20~30 nm, LR 60
m*/g)lJH Alfa Aesar WA . #ZHTH 200~300
H &k, '"H NMR A Bruker DPX 400 MHz A% g dL 4R it
{X(CDCI; RN#EH, TMS HWNFR) N E. 85 5= E TR
Wi (AAS)E PerkinElmer AA800 Y Ji MR it il 5 .
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F3 BB (TEM)ZE Tecnai G2F30 _LillSE. X $H6 1
AEI(XPS) LA Al Koo X-rays (>1486.6 eV) LI, 7 150
W 15 kV #15.0X 1077 Torr 2614+ F ] VG ESCALAB
210 RGH5E. HESM(TGES S A FE N NETZS-
CHSTA 409 PC #a#HE /i, & =idafE 800 C,
R 10 Cemin .

32 ZWHE

3.2.1 4% Fe;04@MOPPA # 1k

TAAET, FRFBEMAPRIONAN 0.8 g #itEgK
Fe;04+ 57K FeCl; (6.0 mmol). FDA (6.0 mmol)Fl 1,2-
& ZH(DCE) 35 mL, #RJE/ERIZIRE SR N 2
mmol K% DCE (20 mL)A . i nse 5 e =0 N6
PEZ N 30 min, 45 ‘C/M 5 h JE, FHEE] 80 C, FfitH:
S 20 h. I 3E, JEDHRK I 5Bk AN R R e A R
W, R R IRIEHEE B Y% 24 h )5, 60 C
B TEEH, 153 1.0 g #H Fe;0,@MOPPA #4A.
3.2.2 &k Fe;0,@MOPPA-Pd #E4L 7

2S5 T, 1.0 g Fe;0,@MOPPA 7£ PA(OAc), 1 Z.
FEF R 80 “C I 12 h. T3 A7 H BESeik 78 2
Ve Ja 10 2 IRHR LS F I R e PR 24 h, 60 C
HEFTERER, 5 1.04 g GEAREALT] Fe;04@-
MOPPA-Pd. &8 4.03 wt% (0.38 mmoleg™', AAS il
5E).

3.2.3 Fe;0,@MOPPA-Pd £ = A, F #4149 Suzuki 1%
KB R

TAEAET, 25 mL RMNE R I 001 g
Fe;04@MOPPA-PA(FE (1) BE /K B 43 #0038 mol%). ¥
ZR(1.0 mmol). ZEHIFL(1.1 mmol). K,CO; (1.5 mmol).
EtOH/H,0 (V/V=1/1, 4 mL), 7E55EEE N %5 7N —
SER G, TEANMBEAAAAE T, AN, JEH O’
LBEF VR, A IEE A, FR &K Peg,
ToK MgSO, T8 5, TEZERR Va7, ATSHRLR= & Al ki
FEAfifh, FRESE™ 50 R CR.

B TH NMR (400 MHz, CDCLy) 8: 7.59 (d, J=
7.4 Hz, 4H), 7.44 (t, J=7.6 Hz, 4H), 7.34 (t, J=7.3 Hz,
2H).

Xof FRFEBEEILTH NMR (400 MHz, CDCly) d: 7.57
(d, J=7.4 Hz, 2H), 7.49 (d, J=8.0 Hz, 2H), 7.42 (t, J=7.6
Hz, 2H), 7.32 (t, J=7.3 Hz, 1H), 7.23 (m, 2H), 2.39 (s,
3H).

X = RIS TH NMR (400 MHz, CDCl3) 6:
7.70 (s, 4H), 7.61 (d, J=7.4 Hz, 2H), 7.48 (t, J=7.4 Hz,
2H), 7.41 (t, J=7.3 Hz, 1H).

2- A L4~ R BE2E ) '"H NMR (400 MHz,
CDCly) 6: 7.42 (d, J=8.0 Hz, 2H), 7.29 (dd, J=12.1, 4.5

Chin. J. Org. Chem. 2015, 35, 1673~1681

© 2015 Chinese Chemical Society & SIOC, CAS

Hz, 2H), 7.21 (d, J=7.8 Hz, 2H), 7.06~6.91 (m, 2H),
3.79 (s, 3H), 2.38 (s, 3H).

2-FAE B4 - = HUF EBCE: "TH NMR (400 MHz,
CDCly) 8: 7.73~7.55 (m, 4H), 7.34 (ddd, J=16.8, 7.9, 3.8
Hz, 2H), 7.12~6.93 (m, 2H), 3.81 (s, 3H).

3-FA R 'TH NMR (400 MHz, CDCly) d:
7.52 (d, J=7.4 Hz, 2H), 7.44~7.34 (m, 4H), 7.13 (dd, J=
21.4, 4.8 Hz, 2H), 6.91 (dd, J=8.2, 2.3 Hz, 1H), 3.87 (s,
3H).

3- A B -4- R 2E ) '"H NMR (400 MHz,
CDCls) 8: 7.48 (d, J=8.1 Hz, 2H), 7.33 (t, J=7.9 Hz, 1H),
7.23 (d, J=7.9 Hz, 2H), 7.15 (t, J=7.9 Hz, 1H), 7.13~
7.09 (m, 1H), 6.91~6.82 (m, 1H), 3.84 (s, 3H), 2.38 (s,
3H).

3-FAESE-4- = HUFF LB TH NMR (400 MHz,
CDCl3) 6: 7.68 (s, 4H), 7.47~7.33 (m, 1H), 7.21~7.07
(m, 2H), 6.92 (ddd, J=19.9, 8.2, 2.0 Hz, 1H), 3.87 (s, 3H).

A LS TH NMR (400 MHz, CDCly) 6
7.54 (t, J=8.4 Hz, 4H), 7.41 (t, J=7.6 Hz, 2H), 7.30 (t,
J=17.3 Hz, 1H), 6.98 (d, J=8.7 Hz, 2H), 3.85 (s, 3H).

4- A BE 4o B R 2R Y '"H NMR (400 MHz,
CDCl3) d: 7.49 (dd, J=24.3, 8.3 Hz, 4H), 7.24 (t, J=6.2
Hz, 2H), 6.97 (d, J=8.7 Hz, 2H), 3.85 (s, 3H), 2.39 (s,
3H).

4-FUA -4 = P RBEP): 'TH NMR (400 MHz,
CDCl3) 6: 7.67~7.63 (m, 4H), 7.54 (d, J=8.6 Hz, 2H),
7.00 (d, J=8.6 Hz, 2H), 3.86 (s, 3H).

4-$2FE-4-HEEES) 'TH NMR (400 MHz, CDCls)
5: 7.44 (t, J=8.2 Hz, 4H), 7.21 (d, J=8.0 Hz, 2H), 6.88
(d, J=8.6 Hz, 2H), 5.32 (s, 1H), 2.37 (s, 3H).

3.2.4 Fe;0,@MOPPA-Pd 7 R A F L 49 Heck 1% 5%

AAHE T, 10 mL KMEF A 001 g
Fe;0,@MOPPA-PA(FE I BE /R A 73 #09 0.38 mol%). ¥
FRILAR (1.0 mmol). AR £ 1H(2 mmol). K,CO5 (1.5
mmol). DMF (1 mL). 57K EtOH (0.5 mL), 7£ 100 ‘C
EERMN—E 5 h 5, EAMIRBHIER T, BAFIHKR
N R PURET L, BV, JEH OB O Rk
B, SFANUN, 16 ZBRZEE. KPR R P2
Wor 8, JoKBREREET- A HUAH, 4% 2 G0 B2l
REFFFHIA VO M) @ (R ZH8)=20: 1~10 : 1],
PR, tHHE > BEICE.

Fe;04@MOPPA-Pd TEI i FIPEREH %2: [ M 450K
JE LAY B U Fe;04@MOPPA-PA 467, F 28817k
MR FRF Pk IF TR, BE NN SRR
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4- AR IHIR 25 'TH NMR (400 MHz,
CDCls) &: 7.64 (d, J=16.0 Hz, 1H), 7.47 (d, J=8.7 Hz,
2H), 6.89 (d, J=8.7 Hz, 2H), 6.30 (d, J=16.0 Hz, 1H),
425 (q, J=7.1 Hz, 2H), 3.82 (s, 3H), 1.33 (t, J=7.1 Hz,
3H).

HKNIEEE 2B "H NMR (400 MHz, CDCLy) o:
7.68 (d, J=16.0 Hz, 1H), 7.50 (dd, J=5.7, 2.3 Hz, 2H),
7.43~7.30 (m, 3H), 6.43 (d, J=16.1 Hz, 1H), 4.25 (q, J=
7.1 Hz, 2H), 1.37~1.26 (m, 3H).

4-FIEFE R EB B2 'TH NMR (400 MHz,
CDCl3) 6: 7.66 (dt, J=27.5, 7.1 Hz, 5H), 6.52 (d, J=16.0
Hz, 1H), 4.29 (q, J=7.1 Hz, 2H), 1.35 (t, J=7.1 Hz, 3H).

4-FERBERR P "TH NMR (400 MHz, CDCl5)
d: 7.60 (d, J=16.0 Hz, 1H), 7.30 (ddd, J=38.7, 37.6, 8.2
Hz, 4H), 6.38 (d, J=16.0 Hz, 1H), 4.25 (q, J=7.1 Hz,
2H), 1.32 (t, J=7.1 Hz, 3H).

4- B FEE IR 4.5 '"H NMR(400 MHz,
CDCls) 6: 7.97 (d, J=8.3 Hz, 2H), 7.65 (dd, J=35.4, 12.2
Hz, 3H), 6.52 (d, J=16.0 Hz, 1H), 4.28 (q, J=7.1 Hz,
2H), 2.61 (s, 3H), 1.35 (t, J=7.1 Hz, 3H).

2-IR-FE PR 28 "H NMR (400 MHz, CDCl;)
J: 8.04 (d, J=15.9 Hz, 1H), 7.67~7.54 (m, 2H), 7.35~
7.17 (m, 2H), 6.38 (d, J=15.9 Hz, 1H), 4.28 (q, J=7.1
Hz, 2H), 1.34 (t, J=7.1 Hz, 3H).

- REWERR B 'TH NMR (400 MHz,
CDCl3) d: 8.08 (d, J=16.2 Hz, 1H), 7.59~7.37 (m, 2H),
7.30~7.14 (m, 1H), 6.96~6.85 (m, 2H), 6.67 (d, J=16.2
Hz, 1H), 4.30 (q, J=7.1 Hz, 2H), 1.35 (t, J=7.1 Hz, 3H).

- EEW IR B '"H NMR (400 MHz,
CDCls) &: 7.82 (d, J=15.8 Hz, 1H), 7.37 (d, J=7.7 Hz,
1H), 7.21~7.09 (m, 1H), 6.83~6.63 (m, 2H), 6.35 (d, J=
15.8 Hz, 1H), 4.26 (q, J=7.1 Hz, 2H), 4.13~3.86 (m,
2H), 1.33 (t, J=7.1 Hz, 3H).

4- I E R MG B 2 B2 'TH NMR (400 MHz,
CDCLy) &: 7.67 (d, J=16.0 Hz, 1H), 7.40 (d, J=8.0 Hz,
2H), 7.17 (d, J=7.9 Hz, 2H), 6.39 (d, J=16.0 Hz, 1H),
426 (q, J=7.1 Hz, 2H), 2.35 (s, 3H), 1.34 (t, J=7.1 Hz,
3H).

4- F LR T R R P '"H NMR (400 MHz,
CDCly) 8: 7.67 (dd, J=16.0, 3.6 Hz, 1H), 7.42 (d, J=8.1
Hz, 2H), 7.19 (d, J=7.9 Hz, 2H), 6.39 (d, J=16.0 Hz,
1H), 3.80 (s, 2H), 2.37 (s, 3H).

4-F3E — 2528 'TH NMR (400 MHz, CDCly)
7.50 (d, J=7.4 Hz, 2H), 7.41 (d, J=8.1 Hz, 2H), 7.35 (t,

1680
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J=17.6 Hz, 2H), 7.24 (t, J=7.3 Hz, 1H), 7.16 (d, J=8.0
Hz, 2H), 7.07 (d, J=2.4 Hz, 2H), 2.36 (s, 3H).

#HBh#1 Bl (Supporting Information) Fr& i H AR &
Y 'H NMR 3. IS bH R AT DL G 9 AR F1) ) i
(http://sioc-journal.cn/) I N #k.
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