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CHRBEESARFEHWINEEF E AL SR E M REH T RY: 5 330013)
CHREFTREMRRZ BE 330013)

WE DUMEMK Hummers 06 B4 AT SR BOIR, 6 KRB0 B A 46 T — ol B4 ) S 38 RAR AL 77D, SR 204
WA ESTREE. X SFEOEHE T AR, TN X ST OCE T BON ORI AL AT TRAE, JRPRH T L
XFKAH Suzuki S AR VE. 45 SRR, ML BGR AN ) S0 25 R RV AT v 2 A R 57 68 1 55 5 SRR (14
Suzuki [N, HEAFIERAEN] 5 5, EPEREAAAL.
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Synthesis and Characterization of Graphene Oxide Supported Schiff
Base Palladium Catalyst and Its Catalytic Performance to
Suzuki Reaction

Yuan, Dingzhong™®** Chen, Bibo”
(“ State Key Laboratory Breeding Base of Nuclear Resources and Environment, East China Institute of Technology,
Nanchang 330013)
(® Department of Materials Science and Engineering, East China Institute of Technology, Nanchang 330013)

Abstract Graphene oxide prepared by modified Hummers method was used to immobilize Shiff base palladium complex.
The novel supported catalyst was characterized by transmission electron microscopy (TEM), X-ray diffraction (XRD), X-ray
potoelectron sectroscopy (XPS), termogravity (TGA) and furier transform infrared spectrometer (FTIR). The supported palla-
dium compound is an efficient catalyst for Suzuki reaction of aryl halides with phenylboronic acid to substituted
trans-cinnamic acid or trans-stilbene at atmospheric condition in aqueous media, and the catalyst could be steadily dispersed

in the reaction mixture. The supported catalyst still remains high activity after repeatedly five times.

Keywords graphene oxide; Schiff base; Suzuki reaction; palladium catalyst
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RIS N SR C—C e R T2 M e
A0 1¥) Suzuki I S NAA ZR, HILECAA R 3B B AN Fh 20T & Y
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FUIRI R, YA TG % B A0 A A 750 1 T 48405 e 7 ff
AT 32 (PIRIT U4 R, 3 = B DR A K 30 A i R A
OB WA B AR Z J5, ANAT LB G /N7y 1R S Rk 4
JETE AW 2 ) 75 5 26 1 1) 1) 3R s A L 2 25
AR, SN SRR FE IR R 5 T, W ER
FIFAPL I RAR 2 8B AR o T R A 4L
TR hAE AR RIS 4 R A HLHE L (MOF) 441
S YN P B B RE R R AL A . i 2010 4R
Bhunia 25724 i BB 1) MCM-41 5518 RS &5 R
KA AW )5 5 SACEEC AT 73 2 RS AH AL, 78
V(H,0) : V(EtOH)=1 : 5 NI N =zl Suzuki 1
SO, AR TR I Lh i i R A k. 2012 4R
Koner Z5EPIUEM 4 HL 42 B HELL(MOF) A 2 f4, L 2-
Lk e PP g T A S0 4% 77— P B4 e A 4 47 3 1 R
BRARHEALT], 76 V(H,0) @ V(EtOH)=1 : 5 JEH N
AL Suzuki ISR, Ak 772 IR HH e v PR AL
KPR E A M. AR Zi e i, R IX S 3
PR S A s 70 A 1S L A 9588 v 11 e T 2k RH R A 11
FA AT RS, (RIS R A R R R A A R A
SRR, IXAEMRKFERE 5w 7 HAE C—C B M
(31— 20 A Tl AT S . Rk, RN A L
A AT TE R E AR PERE . I AR R R SR
58 P RE I B3 TR R AAT AL T = A58 )8 Suzuki 8
D5 N P — T E R AJF LR A

SRR T A R AR AT 1 [ B i AT A0
Bz —, HAEMAB . BT, 1. MERLES
D5 AT T2 i U, SR A A B A BRI A )
—RAER EEWATEY. S BEMEAMLL, AR
95 BT KR RIE . IR IR 45 5 A JE A & R
B ERIRR S T RE, XA A ST AR L ok
HLE R AR A A RN AT 5t am sk, A
AT B0 T A b — ARG W R0 R i T 1 A
WAL, 2B AT, X 3B o 4%
LI Bt 4 AL TR A R L, A B L —
U I S R SRR a5 ()R AT BRI S KR A S
B, woRsE . RAEESIHEESE, IR T IAEK
AR 80, [ AR A 2E ThREAE 1, R ot
&R AT ) Z AR AT N, 43 B8 FPAS [RI LA T
S PR AR AR, AT B v 2 2R A L 7 1 9
Q)4 A7 B AT MRy 1) i P S R, R ARl
KRR SR Ok BE, AT i S R AL AR
EALTEME; QYA S 06 LA B m i LR IR, w3
FAA IR SEVER ), BEAEARCRERE L7 LAY
it R R AR AR Y ()b, Sk SR R ]
P AR, DL A B A 2% R AT AT 55 A%
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JFUHR, X ATAEAR RS B3R Al S N R, T
I R TR = ST o BN R A S P S S R £ = N
PRI AT EAL AR, A I G40 S A A R i 2 k.

i LT, ASCHILUMEIHR Hummers 72575 4 14
AT S A AR, I Rk B A 2% — o 2L 1) A
HUEAL T (Scheme 1), JEITZLAMERE. R IRIBOERE
B S X SR R E S T B LA Ml T R
ik, FEAEMCEEA b 2% 8% 5 AR AL AT Suzuki 7V H?
(AR ARk RE AN 24 FH 2 .

1 HR51E
1.1 EEFIRE

h 2 A AL AT B (GO), % Ak S I A SR A
(GO-NH,), A7 54 71 B KA (GO-Schiffbase) Fl 4,
AT S0 B A8 AT A Ak 1) (GO-Schiffbase-Pd) [
B, KBS B SCRE AT o b, 45k 1 pr
~. Bl 1a g GO IS B (TEM)M Fr. & 1a n] LA
BN B S ARG R B, XA A 8
IR AL, B R S Hummers 23 C D
HH A B B b K e 2%k GO-NH, fll
GO-Schiffbase (1) TEM H . MEIFRATLLE H, Sk
SRR £ RN 2k FR I R B IS, A nT R LT
W R ah k). 3E— WK 1b FIE 1c b n]F i, b
Sl 2 A B S SRR A s, IR ] B RO S
SRR 5 | N SRS I A e, L2 (I ) e K,
EBFE D EUERF, A 8800 A 2 2 I m) R 2k — e i
FERBFE. B 1d AL A SR B 28R R AT AL 7 (1)
) TEM B R M 1d ATLUE L, ARG RoRi 13450 4 B
A )2 b, AR R REC 4~8 nm, £ A A
1 2 B RO EIR G, WA IR R, X R EE
A BT B ORI A T I A A, AR OCRERE b
ATHE RAAK KL T AE LR 1) 20 BbE e, AT =y T A
Tk BE.

Kl 2 & GO, GO-NH, 1 GO-Schiffbase [{JZL4MiE
K. K 2a MBS S BEth S s
KERERKIER, Ede, RILFMIFEIESS. 3400 cm ™!
VA A ek S W B R 7K 43 - iR e B R B R i 0 1744
em O FRFEE FIRIE M AR RS, FRAEIEM C—O KRR
HPRBILE 1069, 827 em ™' NI EFEN C—O xR
PRBhUE. A AT sp® ALAb A AT B B 284 3 H IR
7£1610 em . B 2b N AEAAT BRI 5 £ e R N 19 3
HIF=4) GO-NH, IZLAMGIE . B 2b W LUE F, B4
FEAE 1069 F1 827 cm ' AL (1) R AR 1 45 i 5y g A Ak
FRAR i 4 S W PR 0 B AT BTk sy, RIS e 2920 F1 2850
em AL HIRT 4RSIV JE T CH, (R SRR B 45 H
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Scheme 1

SR, BT EIN L, PR S SR
AT BRI 3400 em ™' AL W iC UG W S A A, [N A
1579 em ™' LT B, 33X A% T N—H [f4Ed
SRS Rz, DL E 78 45 v AT SR R &
RS R AL T N, B 2 NRALEA A SR S 2-
nHEIE FHYE S MY J5 15 274 GO-Schiffbase IZLAMG
Bl £ 1670 cm ' Ak HIRIWIKOE )T S T C=N K11, 13t
HH A SR AT B0 5 2-nHEme R R ) R A T RN g
D AIE W R A1 E Rk o b B A B 4 A A BRI AR T
SCRH T XG40t HLT BEE(XPS) X GO-Schiffbase #E47
T, diRwE 3 Fion. WK 3a W LLEH, GO-
Schiffbase 1) XPS R i5A 3 M, 43 5JHJE T Cis Nig
Oy, XU GO-Schiffbase IR LGN T N
JC#. Bl 3b N C Mk, il EHRRG, neA 3
Fillge: C—C (284.8 eV), C=N (285.8 eV)Hl C—N (287.5
eV). HE—0 I 3b IRl F H, Ny 1% E i 2e 5810
G, a3 i mEsEH ) N (398.2 eV), C=N
(399.8 eV)F1 C—N (400.4 eV). 454 FTIR fil XPS (1547
SRS TRATTIA A i J B A CL Rl Bh R B S A A 2R 0
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FEI, 15207 TIUA S5 R R S A AT BRI T A8 IR, 31Xk
Ji TR AL TR AR S A A SR80 )2 B s AT R T
BT Ak 25 A,

KH X FHERATH M5 GO B GO-Schiffbase-Pd ff]
FRHEREAT 08T, 5 Rl 4 s, Kl 4a WA
I X BHEEATHT . K da nT LR, 7 20=9°~11°
I R] B B B — AN R AR S AT U, IR A B
GO (002) i HIAFAERT S0, 78 10°~26°tHIL T /AT 5
U, IX R AR B AL S R RS A TR, X
HE— 2D AE B FRATT O e Dy i) 2% R B804 A S0 (UL IR A 38 (1)
ARG L2 B — e R BE RBR, KA T — e FEBE (4R
18). 1 4b g5 A A S0 S B B AE AL 77 1) XRD 1%
K. W 4b nf LA H, ST T 4a H GO (002) 84 THIAT
&, AL GO-Schiffbase-Pd & &A1 RIAE L AL IO 5t
ISR K RIRGY, MAE 20 K 200~30° IR T 8L 51
PRI, RO A SR IHERUE IR 5, 08500 1
S RIS EINHES:, XUk B 77 S A A A AR 0 1E
). E— K 4b i E H, 1E 20 4 40.1° (111)
H146.7° (200)40 A HEL R RFAERT SR U8, X U AT 44 oK b
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Figure 1 TEM images of samples
(a) GO; (b) GO-NH,, (c) GO-Schiffbase; (d) GO-Schiffbase-Pd
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Figure 2 FTIR spectrum of samples
(a) GO; (b) GO-NHy; (c) GO-Schiffbase
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Figure 4 XRD of samples
(a) GO; (b) GO-Schiffbase-Pd

1%} GO-Schiffbase
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a0

TR, SRR 1 s, NE 1 aJLLE N, AL
GO-Schiffbase-Pd H'[1] Pdsqs, 1) HL 455 REA I 41 £ 4,
39 337.6 Al 335.1 eV, 4 BN T Pd(I)sas, A
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Pd(0)345, HLF &5 A RS, 1X UM GO-Schiffbase-Pd
[ IR AR PAAD AT AT Pd(0). #F—2 WF 1
WG, FEMERFIT I Pdygs, 455 EE 337.6
335.5 eV 43 Lt Pd(OAc), A1 Pd ) 338.7 F1 335.5 eV %
i, XU B Ol o SRR IR AR T R, A
TEEARBIRRL. FAE 1 iTRLEH, XX Y
sk [ % KB GO-Schiffbase F11 Ny, (45 & BE N
399.8 eV, Lt GO-Schiffbase-Pd [¥) Ny, [f145 & fig 400.5 eV
B, XA AR LSBT S Pd RAET
BCAr. XPS 241 4 R I AR R T T0UHA 1) B 28 2R S I mi 4
AL,

# 1 Pd, Pd (OAc),, GO-Schiffbase Fll GO-Schiffbase-Pd [ i
F A G R

Table 1 Binding energy of Pd, Pd (OAc),, GO-Schiffbase and
GO-Schiffbase-Pd

gk gl ajayg

v Zrim He

i Pd34s/2 Ni
Pd 335.5 —
Pd(OAc), 338.7 —
GO-Schiffbase — 399.8

GO-Schiffbase-Pd 337.6, 335.1 400.5

HTAHE RS DL Coy I ST R, Cy 4 284.46 oV.

Suzuki & N — T EEAEINFAGAE T AT, Bl
T (R R S P AR 3 R R A M RE A IR
Wi, Skt SR FHFAE VO] 5 3300 F AT e A 7 e AR
PRl R AR e PEREEAT TWEIT, &5 3l 5 Fros. A
5 ATUAE H, S RO 3 AN B 1)
KEEH, H—DBOE 50~165 C, 4 T4
S 2 AR 3 I i R 5 =AM 170~250 °C,
HEAMNAT BRI E I E AR SCIE R A BE iRt SR = AP B
JE 260~800 °C, MKy 58 A0 A =545 Bk B 2R I BR0E 7 i
AT L, S AT S 0 B B R AT A A i A
180°C U [ A7 1R b s vl T4 s B R 1
Suzuki % V.
1.2 EEFHERIERERRIE

LL W(EtOH) : V(H,0)=1: 1 IREN R
J5 FENR I Suzuki VAR, KoCO; ATk, 5 5A ]
SAF(IFIAL S WRLEE S A TR SR 25 R0 S DR 25 0
ek RE R, 8RR 2 pon. WR2ATLLEH, ik
FLEEAFN AR, =238 100%(% 2, 75
1, 2), UL AN GO-Schiffbase-Pd FHEALPE BE 50
AR B0 R 2 AT 4N, AR &6 Suzuki R
N HATBR M. AR RS 0.05 mol%, 74
FrE I 45%, MEAFIHER S 0.1 A1 0.2 mol%HT,
IS A I = 4 ] 45 31 80% K1 100%FICE (R 2, ' 3,
4). BRI LET VAR AN NI (] X) Suzuki B R
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Figure 5 TGA curve of GO-Schiffbase-Pd
MM, FHER 2 AT, SR (R = 2 AT 0 5 () 5%
M. 47E 25 A1 60 CJV 3 h i, FEHIF=3R 554 20%
1 75%(3R 2, J¥*5 5,6), 47E 80 ‘C NI 1 h A2 h i,
FEY PR AR 50N 60%H1 88%(FK 2, P57, 8). 47K 80 C
KN 3 h, BRI PR 100%. A, RATIEHES T
FAAT B B F] GO-Pd AMEALTE . 45
7, S5 GO-Pd MLk, GO-Schiffbase-Pd AL TG I
W vy, FLARAR IR IR 2[R S A ORI = 7=
J5 100%) 15 DL T, GO-Pd FT s i S WS TR BE K (4 h),
PEALF ] 5 K (0.25 mol%)(3R 2, FP'5 9). HE—4rHT
NN FE GO-Schiffbase-Pd . GO-Pd i Ak i M 58 i 1)
JE PRI AT fig & GO-Pd o Pd 5 8 R 118 1 7 VAN SE BRI
W R4 T892, 110 GO-Schiffbase-Pd H 4 5 4k 44
MRS Ftdo ke A T FOAEAE FH, 3 mT AL B A Bb oy S 2344
X, SR .
R 2 IRKREFFEINEN) Suzuki SN EHE ¢

Table 2 Suzuki reaction of aryl bromide with aryl boronic acid

Supported catalyst
(o (O)r-orm, Stz
EtOH/H,O

AL

F5 RMNEE/A RNIERESC L HAE PR Y%
=/mol%
1 3 80 0.2 R 100
2 3 80 0.2 B 100
3 3 80 0.05  #% 45
4 3 80 0.1 T 80
5 3 60 0.2 A 75
6 3 25 0.2 B 20
7 1 80 0.2 B 60
8 2 80 0.2 A 88
9° 4 80 025 %% 100

© 2014 Chinese Chemical Society & SIOC, CAS

“WRAE(1.0 mmol), F5IEBIEEZ (1.5 mmol), K,CO; (2.0 mmol), fH1LHIA
GO-Schiffbase-Pd, 5 mL W(EtOH) : V(H,0)=1 : 1. * 4@ e, < 1.0
mmol), F5FEMER(1.5 mmol), K,CO; (2.0 mmol), #E/L7h GO-Pd, 5 mL
V(EtOH) : ¥ (H,0)=1: 1.
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SRR, LLARERUK A N A TR — 25 %
OOK A — R H 55 R 1 Suzuki & N F %
GO-Schiffbase-Pd [l FYE [, SLH 45 R WK 3, I 3
ATLLE H, 07 SRR R E W H - AR RN H
FHUAREE AR XS S N WA 5, AR R R AN SR R OK
(G 3, 79 1~11). XEZRLR R G IR 5,
DR] Lh 75 R YRN 5 S b 1yl H 7 et o RO IR AL
VRS 2 IS R 5 M AN B AR, 25 Pl v B A H - A R E
HAFEAE. RIS, RATEXS 7 FE N5 FEMBR ) Suzuki [
N T THEFGNER 3, P9 12, 13). S5 R I, 7EFFER)
RN EAETR, F7HE G Suzuki S N A IO R 95 Sk
Hefk, XFEER R TRIRP C—ClLE MRS TR
(1] C—Br [PBERE, Ak SN B4R A I e 1 X 5 58
K, mESFECRBAL. ook, AR A L5
(1) GO-Schiffbase-Pd I{IF5E PEREMEAT THIFT, LA LBEAI
IR T R RUZE N ER 1Y) Suzuki S W% 2245 455U
Fil R i 42— H G ) GO-Schiffbase-Pd fEALPERE, 455
W, HEAGFIRATE R g AE AR 1, 702 SR K
BE—MHE, DEAREREIETEER 3, 75 14).

# 3  GO-Schiffbase-Pd 1L Suzuki S b £
Table 3 Suzuki reaction catalyzed by GO-Schiftbase-Pd

@X . @B (OH) Supported catalyst

/ / ,

R R EtOH/H,0
R1/\ / \ /\/Rz

75 R' R? X RS FEE %
1 p-CH; H Br 3.0 97
2 p-CH;0 H Br 3.0 96
3 p-Cl H Br 3.0 97
4 0-CH;0 H Br 3.0 95
5 m-CH;0 H Br 3.0 96
6 p-NO, H Br 2.5 100
7 p-CH;CO H Br 2.5 100
8 p-CHO H Br 2.5 99
9 H p-CH; Br 3.0 95
10 H p-Cl Br 3.0 95
11 H p-CH;0 Br 3.0 94
12 H H Cl 3.0 18
13 H p-CH; Cl 3.0 15
14¢ H H Br 3.0 98

“ g AR2K(1.0 mmol), F5IEHIER(1.5 mmol), K,CO5 (2.0 mmol), #E{L71(0.2
mol%) in SmL EtOH : HyO (V' : V=1 : 1) at 80 ‘C; "4} B3, “ 5S4 Flh
7 1A HIE.

TESE BRI 710, S0 3R AR PR A FH 2t LA
AT FIPERE S AR F L, LA R A 5T b R i
WOR RN R 1Y) Suzuki [ WV 25 8445 GO-Schiff-
base-Pd B E AT FHTERE. 40t OV S W G, AL
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FUTRT I B0 B0, ANEATA AL BRAEM R 45 1F F R
SRS FE AR Suzuki [N, 455K 7 Fios.
M 7 WL, EFIESAEN 5 005, REAR
AL NE PR (> 90%). IX A 4y o T Ak 7
GO-Schiffbase-Pd BA7 R 4F s I vERE. Aidt—0
WAL R e Mg, AR AAS 1 TEM X}
5 U M B AT T AHOCRAE. TEM 453 BoR
ALK 5 Wa, (AR MAR AT W2,
R o G KR T AT 4R B A s 0 2 2 b
AAS RfiE4E 7 GO-Schiffbase-Pd 18 1] 5 ¥, H 4
R ILA 2 R, X AL B R T ) & D) s R
fi].

B 6 N5 RJE AL GO-Schiffbase-Pd [¥) TEM fi /v
Figure 6 TEM image of GO-Schiffbase-Pd after repeatedly five
run

2 a9 79 v

Yield/%
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S S
1 1
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o
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N
o
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B 7 465 GO-Schiffbase-Pd 1 F A8 T it
Figure 7 Recycle of GO-Schiffbase-Pd
2 #Hig

PUMEAF I Hummers 724l 4% (1 48 A0 A 8500 0 2044,
i SR A TR S ) 2% 7 — b 2R 1) S R A A A 5
GO-Schiffbase-Pd. — R HIRIEL L 7" GO-Schiffbase-
Pd HAT RIFr#Gae M, A A 886 R ITRLAE N
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4~8 nm, ZrHUPERLE. 4k S50 3R WA R R 1) S 5
%A1 F GO-Schiffbase-Pd BT ] = S Ak K AH A 5 1) 95
FLIR 5 5 IR ) Suzuki SN, #RP 55 RIR 5 57 IR
REZ A3 200 [ AR, i B s N A A5 4 1) X ik
PEVERSTARIEREE. X 4-E LR AR R 1Y) Suzuki
RN, HEALF] GO-Schiffbase-Pd B AT 5 k), TEPE
FYNETE RPN

3 XKWL
3.1 UEHIKF

XIS ULTRA 2 X S 20t Hi 1 RE 151X Hitachi 24 w] 1)
Z-8000 )i 7R A, XRD-2000 %Y X S ATEHAL;
JEOL A w1 JEM100-3010 7837 5 iy 1t ik s v 4
Nicolet FTIR-750 41 AMEHEAY; TA A A1 Q500TG. i
AR A T A2 Al B o3 B 40
32 LWHE
3.2.1 B4 BH o4&

A AT BRI S SCER[131H1 4% #7250 mL (IR IR IR
WHIR O CAA, 12 g A 88k A1 8 g iMIREN, 7ERIZY
BEFEAE T T RIB NN 45 g ) i F e, dEfp ik RELEA
HEIE 20 C, HEFAAEBON 35 CHRIZKBH N 2 h,
BN 800 mL 5B /K, A RIEANEL 98 C,
A FE 20 ming; 20500 700 mL 25551 7KF1 60 mL
11 30% (w) HyO,, E2HGdyE, 1 molsL ™' ) HCI 78430k
U RO A REDN H SOY T, LB T K E R
PE, B0 B BT LA R T B3 31 SR 44 1 41
AT #BIRR R, TIFR GO.

322 BALE B 7 BF K ARACSE ] 69 6] &

0.2 g 1 GO A% 200 g (KRR ECN 5.0% 5 4
TR, AR B, B AR 2 h, 7R
JEH 80 CHIZAE FHLFER Y. 18 h, AHIR =54
SELDE G, WK CBERIZETRK GRS, SRR
J 19 2 B R AR R e f S8 A 6 280, TTFR GO-NH,.
FRF 0.2 g 11 GO-NH, IR 150 g 3500 5.0%
(1) 2- CIHIERE 1) SR B 7 4R 2 h, TR [RIE A
RN 12 h, AHIRER G A SO B, HK
U I RIZEAR KGR, GV 115 15 33 B0 [ 440 E)
A AAT BRI AR KRR, RIFR GO-Schiffbase. )it
0.2 g [¥] GO-Schiffbase JIAE] 100 g JFi 43 H0Ch 0.1%(1)
BEERALIN I, SIRAHE 24 h 5B 008, &%
R T I RIS 380 28 6 1R S A f S s 7 280 R AT 1k
#, faiiFk GO-Schiffbase-Pd, AAS M HAR )t 73 3
M 5.8%. fil#% 77540 Scheme 1 FT7R.

YEAXTEE, # 0.2 g 5 GO IIAF] 100 g a5k
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0.1% MBS R AL SBERS W, =W 24 b 505
B, ST S 1S B 2 ) S A SR SR A R b
A, fiFR GO-Pd, AAS MR LA T & 7 0h 4.5%.
323 AEIHERLEIATR

TEREAT VA TR E 25 mL (B0 10 (B ECBEI 4 v
AN IR 53R BRIRET . 251K, &
P R A7 R A AL 7). GO-Schiffbase-Pd. 75— & & N
WL RN, NSRS, AE, TN 15 mL LRk
filt, FEMEALFIE S B0 B, AT ER E AT R
—AECIEIME . BEMAEIUS, INJC/KBR IR AN T, ik,
Wi 5, KP4 A kR 2018 IS TR TR & Y VR Ve i
WARE AT PO JZ TS H A5 =4
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