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Magnetic Microporous Organic Polymer of 1,1'-Bi-2-naphthol
Supported Palladium for Suzuki Coupling Reactions

Li, Zhen Liu, Lantao™
(College of Chemistry and Chemical Engineering, Shangqiu Normal University, Shangqiu 476000)

Feng, Cuilan* Hei, Liying

Abstract A recyclable palladium catalyst supported on magnetic microporous organic polymer (MOP) of 1,1'-bi-2-naphthol
(Fe;0,@MOPB-Pd) was synthesized by two steps. After being charactered by transmission electron microscope (TEM), X-ray
photoelectron spectroscopy (XPS), thermogravimetric analysis (TG) and vibrating sample magnetometer (VSM), the palladi-
um catalyst was applied in Suzuki coupling reaction in air atmosphere. With 0.01 g of Fe;0,@MOPB-Pd (0.12 mol% Pd based
on bromobenzene) as catalyst, 1.0 mmol of bromobenzene reacted with 1.1 equiv. phenylboronic acid at 60 ‘C for 3 h can
give the product with 98% yield. In addition, Fe;O,@MOPB-Pd can be easily separated from reaction system in the presence
of magnetic field and the 92% yield was achieved even being used at 7th time for the Suzuki coupling reaction of iodobenzene

ARTICLE

and phenylboronic acid.
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Fe;0,@MOPB-Pd " 7E IR A1 25 1F T i R AL Suzuki (5%
NG, FERE 5 2RI 1 Suzuki 1555 528 Hh 4 SEIE R E
FABIEE 7 UK, T8I IE 2 K R R], I 43 B
FARIRIEF] 92%.
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Fe;0,@MOPB-Pd LAR§ it RiFH) ) BINOL N
Bk, @IL Scheme 1 FIRHIESLRIES MBI FHP A
B, s BT B ABH(TEM) . X B 6 T AE
EXPS) E ST (TG) KRB S G T (VSM)X H
HEAT RAE.

i Fe;0,@MOPB-Pd [ TEM( & 1a) 5 /- e 5
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Figure 1 TEM (a) and HRTEM (b) images of Fe;0,@MOPB-Pd
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Figure 2 (a) XPS survey-scan and (b) Pd 3d photoelectron spectrum of sample surface
(1) Fe;0,@MOPB-Pd after one run, (2) fresh Fe;0,@MOPB-Pd
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Figure 3 TG curves for Fe;O4@MOPB-Pd and Fe;0,@MOPB
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Insert: the effect of an external magnetic field on Fe;O,@MOPB-Pd cat-
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PRI E 5 ENBR Y Suzuki 18R SN AR I N,
F AN AL Fe;0,@MOPB-Pd UL IR . %,
X S AR AT AL, JEKseat g A TR 1 R 2 .
SRR, A RIS 2 : 60 °C, 3 h, 1.5 equiv.[f)
KoCOs 1EBRM, AR A 1 2 1 i EtOH/H,O AAF. %
MRS R, R AESLHEAR Fe;0,@MOPB I A fEfi
% R Bi(3£ 2, Entry 12), MITEE] Fe;0,@MOPB-Pd
(AL K T R A Ak 7).
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Table 1 The effect of solvent and reaction temperature
Fe;0,@MOPB-Pd
Ors s v
solvent, 5 h

Entry Solvent (V/7) Temp./C Isolated yield/%
1 THF 75 3
2 DMF 157 36
3 Anhydrous EtOH 80 41
4 95% EtOH 80 78
5 H0 80 28
6  EtOH/H,O (2/1) 80 65
7  EtOH/H,O (1/1) 80 95
8  EtOH/H,0 (1/2) 80 64
9  EtOH/H,O (1/1) 90 92
10 EtOH/H,O (1/1) 60 >99
11 EtOH/H,O (1/1) 50 70

“Reaction condition: solvent 5 mL, reaction time 5 h, PhBr 1 mmol, n(PhBr) :
n[PhB(OH),] : n(K2CO3)=1.0 : 1.1 : 1.5, Fe;0,@MOPB-Pd 0.01 g (0.12
mol%).

TERACIG 4, 5% T Fe;0,@MOPB-Pd XA
[ A 5 2R R AT A= D O EA IS %, 3R 3 s i Sk
g T DU e DM RS VE I SR N RPN, K I
RIEFIAIZERS] 12 h, BT LA R332 H AR =PI (3R

http://sioc-journal.cn/ 181



BIKE

K2 GBI (A5

Table 2 The effect of base and reaction time

Fe30,@MOPB-Pd
Oy o) o2Erers, 3y
EtOH/H,0, 60 °C

Entry Base (mmol) Time/h Isolated yield/%
1 Cs,CO5(1.5) 5 94
2 Na,CO; (1.5) 5 96
3 NaOH (1.5) 5 91
4 K,CO;s (1.5) 5 >99
5 K,CO5(1.0) 5 89
6 K,CO5(2.0) 5 >99
7 K,CO;s (1.5) 5 >99
8 K,CO;s (1.5) 4 >99
9 K,CO;s (1.5) 3 98
10 K,CO;s (1.5) 2 94
11 K,CO;s (1.5) 1 91

12 K,CO; (1.5) 3 NR

¢ Reaction condition: V(EtOH)/V(H,0) = 2.5 mL/2.5 mL, n(PhBr) :
n[PhB(OH);]=1.0 : 1.1, PhBr 1 mmol, Fe;0,@MOPB-Pd 0.01 g (0.12
mol%); b0.01 g of Fe;04@MOPB as catalyst.

R3S RIBRATEMN Suzuki ISR ¢
Table 3 Suzuki coupling reactions of aryl halides with aryl-
boronic acids

;
R®x . wons @Rz Fe;0,@MOPB-Pd
— — EtOH/H,0
. R2 K,CO3, 60 °C
KN/ X
Entry X R! R? Time/h Isolated yield/% TOF/h !
1 ClH p-Me 12 65 45
2 Br H H 3 98 272
3 1 H H 0.5 94 1567
4 Br p-OMe H 3 90 250
5 Br m-OMe H 3 75 208
6 Br o-OH H 3 91 253
7 Br p-CF; H 3 99 275
8 BrH p-Me 3 >99 >275
9 Br o-Me p-Me 3 83 231
10 Br m-Me p-Me 3 75 208
11 Br p-Me  p-Me 3 95 264
12 Br p-F p-Me 3 >99 >275
13 Br p-OH p-Me 3 >99 >275
14 Br H p-Cl 3 97 269
15 Br p-CF; p-Cl 3 99 275
16 Br p-Me p-Cl 3 94 261

17  Br p-OH p-Cl 3 >99 >275
“ Reaction condition: 60 ‘C, EtOH/H,O (V/V=2.5 mL/2.5 mL), n(Ar'X) :
A[APB(OH),] : n(K2CO3)=1.0 : 1.1 : 1.5, Ar'X 1.0 mmol, Fe;0,@MOPB-
Pd catalyst 0.01 g (0.12 mol%), K,CO;5 1.5 equiv.; * TOF was defined as mol
product mol ' Pdeh "',

3, Entry 1); 15 SN d M AR 5, SRR ]
BPAE 4595 21 30 min, PP AT IA ] 94%, TOF H
Wik F) 1567 h™'(F 3, Entry 3). 4RI K A0 R () %L
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A HREERS, TG0 A2 W AR 8 2 4 i A,
Fyay DA (WS 2645 BAH R )(K 3, Entries 4, 7~17).
R, GEIRIAE . RHALA BCRCEERT, JAH R i
R B 4% (GR 3, Entries 5, 9, 10).

2 FE A AT PR O A 450 P 2 e L R A5 72 ol 3R
BTz MHMEZERERZ —, Hi, X Fe0,@
MOPB-Pd ) 1E A8 FH RACR 04T 5 2. B 70 45 R
Fe;0,@MOPB-Pd AU AT ESMMBEIAAEAE R, IR AR
F RO 1 SRR S IR, T ELAE ORI R 1
Suzuki BB, 24 Fe;0,@MOPB-Pd % S: 1/ ¥ /i
BN 7 WA, BT 0.5 h 3EKF] 3 h, FEIBCR I
WCRMAIR AT LLIAF 92%(FR 4). LA L, Zeid 2 IRF5FF
i, Fe;0,@MOPB-Pd [PJfEALIEVERS A FEAK, XTI HE
S T/ A B A AL R B SR R

F£ 4 Fe;0,@MOPB-Pd [HI7EHF A FH 3% R
Table 4 Recycling performance of the Fe;0,@MOPB-Pd cata-

lyst
Fe;0,@MOPB-Pd
Or-voe ™ como -
EtOH/H,0
K,CO3, 60 °C
Run 1 2 3 4 5 6 7

Reaction Time/h 0.5 1 1 2 2 3 3
Isolated yield/% 94 93 92 92 92 92 92

© 2016 Chinese Chemical Society & SIOC, CAS

¢ Reaction condition: 60 C, EtOH/H,O (V/V=2.5 mL/2.5 mL), n(Phl) :
A[PhB(OH),] : n(K2CO3)=1.0 : 1.1 : 1.5, PhI 1.0 mmol, Fe;04@MOPB-Pd
catalyst 0.01 g (0.12 mol%), K,COs 1.5 equiv..

2 i

DARS it A [ BINOL Bk, TEREVEANK Fe;O4 fE1E
TIRAIEREY), 4T BINOL ) MOP 178 4 It 44k
Fe;0, #ifk, HANEI L] Fe;0,@MOPB-Pd FJEZ
AR IR AT R m A AL Suzuki B M. FEH,
TEAMINREATER T, Fe;04@MOPB-Pd 2 B BAA 5
TTH AT H, SRR AR P A R 2y 8 R0, 4 2 IRAE A
T, AR AT ORI = B AL s .

3 LIRS
31 X5

FIT FH 77035 R T B o A 2l ), AR Ak — 2D Ab 2.
WEVEDIK FesO4(BRIE, Fifd 20~30 nm, HLRIEA 60
m¥/g)l [ Alfa Aesar IRFIA . FEENEF 200~300
H#ERE. "H NMR FH Bruker DPX 400 MHz 4% i L AR 1%
{X(CDCl; R, TMS AP FR)IE. #8855 A IR
5B TR (ICP)FE Optima 7000 DV HLJEHE & 45 5 144
HeueA _EllsE. FH AL (TEM)TE Tecnai G2F30 il 52
X PR T RE IR (XPS) LA Al Koo X-rays (> 1486.6 eV)
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NGUE, £E 150 W, 15 kV F15.0X 107° Torr 214 F H VG
ESCALAB 210 R4, #ENH(TGTEZSMAE T
Fl NETZSCHSTA 409 PC #HE MG E, &eihE
800 C, FHIEHEX 10 C min . WiEAEE MPMS
SQUID VSM AU ILHRAE f s FE TH il e .

3.2 ZLWAHE

3.2.1 Fe;0,@MOPB # A4k 4 pk

BINOL [ MOP 7B HLTEANK Fe;04 #ifk Fe;0,@
MOPB @it ik 7726 k.

TEMET, BRI ESK Fe;04 (0.8
g)~ Jo7K FeCls (1.25 g, 6.0 mmol). F 4% (FDA, 0.56 mL,
6.0 mmol) % 1,2- 5 Z%E(DCE, 40 mL), %X & £ B 14
T 22183 0 BINOL (0.43 g, 1.5 mmol)#J DCE (20 mL)
V. N TE R fE =R N BB 30 min, 45 CJRBYL S
hJE, FHEF] 80 C, FRfHEI N 20 h. 57 85 Hi [ 44~
atn, AR 2B KORT B IR e, RS 1E
2R S b FH S BR VRV 24 h, 60 CEZ N FIEE,
53 1.1 g 225 Fe;0,@MOPB #AA.

322 i HAELF Fe;0,@MOPB-Pd 494 5%,

55 R, ¥ Fe;0,@MOPB (1.0 g)ii A% PdCl,
) LIV, 80 CHitHE N 12 h. A3 Ak 57 Y HY
o, 1R KPR T H IR e 24 h, 60 CHZ
THEER, 42 0.9 g fEAMHLF] Fe;0,@MOPB-Pd.
FEA B 1.28 wt% (0.12 mmoleg ™', ICP I 5E).

3.2.3 Fe;0,@MOPB-Pd ##4L 89 Suzuki 1% % B_&

TESE T, 25 mL RBEHIIA 0.01 g Fe;0,@
MOPB-Pd (0.12 mol% Pd)~ ¥#7(1.0 mmol). HIEZ(1.1
mmol). K,CO; (1.5 mmol). EtOH/H,O (V' : V=1 1:.1.5
mL), EREEIRE N E RN —E M E G, fE78mis
HAET, o H AWM, JHH R LB 74 P A5,
GIEANIAE, A& KBS, K MgSo, T E,
e VAR, PR AR AR 4l fk, 'TH NMR 3%
fiE.

BB TH NMR (400 MHz, CDCLy) 0: 7.6~7.58 (d,
J=17.4 Hz, 4H), 7.46~7.42 (t, J=7.6 Hz, 4H), 7.36~7.32
(t, J=7.3 Hz, 2H).

X B LR U TH NMR (400 MHz, CDCLy) 6
7.58~7.56 (d, J=17.4 Hz, 2H), 7.50~7.48 (d, J=8.0 Hz,
2H), 7.44~7.4 (t, J=7.6 Hz, 2H), 7.33~7.3 (t, J=7.3 Hz,
1H), 7.23~7.22 (m, 2H), 2.39 (s, 3H).

X AR R ES: 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).

2-FAR R0 'H NMR (400 MHz, CDCLy) 6:

Chin. J. Org. Chem. 2016, 36, 179~184
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7.52 (dt, J=3.0, 1.7 Hz, 2H), 7.45~7.36 (m, 2H), 7.35~
7.26 (m, 3H), 7.06~6.93 (m, 2H), 3.79 (s, 3H).

3-HA PRI 'TH NMR (400 MHz, CDCly) &
7.58~7.46 (d, J=7.4 Hz, 2H), 7.44~7.34 (m, 4H), 7.13
(dd, J=21.4, 4.8 Hz, 2H), 6.92~6.89 (dd, J=8.2, 2.3 Hz,
1H), 3.87 (s, 3H).

2-#2 5B 'TH NMR (400 MHz, CDCLy) &: 7.44
(t, J=6.5 Hz, 4H), 7.39~7.29 (m, 1H), 7.27~7.11 (m,
2H), 7.01~6.88 (m, 2H), 5.39 (s, 1H).

X = 4 PR RS 'TH NMR (400 MHz, CDCl) 6
7.70 (s, 4H), 7.61 (d, J=7.4 Hz, 2H), 7.45 (dt, J=27.5,
7.2 Hz, 3H).

2,4- —HIEE I TH NMR (400 MHz, CDCl3) 6:
7.30~7.17 (m, 8H), 2.40 (d, J=5.5 Hz, 3H), 2.28 (s, 3H).

3.4- " HHEEZEM TH NMR (400 MHz, CDCLy) 6:
7.47 (d, J=17.3 Hz, 2H), 7.37 (d, J=9.3 Hz, 2H), 7.30 (t,
J=17.4 Hz, 1H), 7.22 (d, J=7.1 Hz, 2H), 7.13 (d, J=7.3
Hz, 1H), 2.39 (d, J=9.4 Hz, 6H).

4.4'- " HEBER) TH NMR (400 MHz, CDCly) 6
7.46 (d, J=8.1 Hz, 4H), 7.20 (d, J=7.9 Hz, 4H), 2.36 (s,
6H).

4-5-4'-FA K2 'TH NMR (400 MHz, CDCLy) 6:
7.54~7.47 (m, 2H), 7.45~7.39 (m, 2H), 7.23 (d, J=7.8
Hz, 2H), 7.13~7.05 (m, 2H), 2.38 (s, 3H).

4-F2HE-4 B R B P 'TH NMR (400 MHz, CDCLy)
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).

4-5 223 TH NMR (400 MHz, CDCly) 6: 7.55 (dd,
J=15.0, 8.0 Hz, 4H), 7.49~7.34 (m, 5H).

4 A= P REBEPY TH NMR (400 MHz,
CDCLy) 8: 7.65 (dd, J=21.1, 8.3 Hz, 4H), 7.54~7.46 (m,
2H), 7.45~7.39 (m, 2H).

4-50-4-F RBP4 TH NMR (400 MHz, CDCLy) 6:
7.47 (dd, J=8.3, 6.4 Hz, 4H), 7.37 (d, J=8.4 Hz, 2H),
6.97 (d, J=8.6 Hz, 2H), 3.85 (s, 3H).

4-50-4- B ZEP): TH NMR (400 MHz, CDCly) 6:
7.44 (t, J=8.4 Hz, 4H), 7.40~7.33 (m, 2H), 6.90 (d, J=
8.5 Hz, 2H), 5.02 (s, 1H).

118 B4 0 F P e 5 82 OB 45 RS oy B I
Fe;0,@MOPB-Pd L, & KE T /KM LR LBER 5
PRBIETRE, BN R SR FER, HF T~k
AL

#HBh#1 Bl (Supporting Information) Fr& i HARbL &
Y 'TH NMR . 3 SRR AT DL G 9 AR 1) ) i
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