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WE DO SUEIRm N Sk, SRB AL BT R &%, i 5EHfS T BEARAE 2 pm AT R AT Z IR R (PNP), 44
S I SR R 1 T VRS B R L AR R S AR AR L A ) (PA-PNP), FH IR, XRD, XPS, SEM, TG %53 Bt &y itk AT
TRAE. XPS AHTIESE THEAAFI ML, JF H2IH M. SEM 482 B A0 0 ) 4 FE A BR B ER M 50
A A BRI 23 A1 70 T S B R Bk R THI. PA-PNP 75 L FIMA M Nl BB AL IR 205 . NI IR 5 5 AL
Heck [N, JHIFFE&77 BRI R DY IE IR 2975 540 A P 100 SR AR HAT BRAR 1 4R Ak sl . S —F IR R DR 5 198 114 e v,
Pd-PNP EH AT 5K, =208 92%, Bt T RIGHEZAHIME

RERE Bl TRA SRR, M AL Heck KW

Synthesis of Poly(p-aminophenol) Microsphere-Supported Palladium
Complex and Evaluation of Its Catalytic Performance for
Heck Reaction

Nie, Guangrui” Zhang, Lei” Cui, Yuanchen™®?
(“ College of Chemistry and Chemical Engineering, Henan University, Kaifeng 475004)
(® Key Laboratory of Ministry of Education for Special Functional Materials, Henan University, Kaifeng 475004)

Abstract Poly(p-aminophenol) microspheres were prepared by template polymerization of p-aminophenol in the presence of
horseradish peroxidase as bio-enzyme catalyst. The average size of poly(p-aminophenol) microsphere is about 2 pm. Further,
poly(p-aminophenol) microspheres as obtained were loaded with palladium to generate poly(p-aminophenol) micro-
sphere-supported Pd complex. Resultant Pd complex catalyst supported by poly(p-aminophenol) microsphere was character-
ized by means of IR, XRD, XPS, SEM, TG etc. XPS confirms the presence of zerovalent palladium. Poly(p-aminophenol)
microsphere maintains their configuration after coordination with palladium chloride, while a large number of fine Pd particu-
lates are uniformly adsorbed on poly(p-aminophenol) microspheres. The complex is an efficient catalyst for Heck arylation of
acrylic acid, styrene with aryl iodide under solvent-free condition and it also exhibits catalytic activity for activated bromo-
benzene. Yield of cinnamic acid was 92% for Heck reaction of acrylic acid with iodobenzene even though the complex was
used 5 times.

Keywords enzymatic; poly(p-aminophenol) microsphere; supported; palladium; Heck reaction
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L, EBHEAC IR S A 0 I FE A 23 I SRR 20,
YK g PSRN R AR I 0 45 2 TS S TR 4. RO,
TRATAE AR A A Z2 B = 2 2 T 2Ry 2R A P,
AT, SRE VAR TS R W S Y1 R
R 387 T R A5 EELAE . ARSCRLLUN & 2R ) N
JECH), 3 sk T AR SR v A SR R
B, AR5 FH A ] B 1) 5 V245 B 2RO S R Iy ek 4 AT
K&, AT IR, XRD, XPS, SEM, TG %55 HitkT3
TE. H SR AW R X Heck MR
PSR e A AR MR SROU S R Iy ek A T &
Y14 1 W Scheme 1.
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poly(p-aminophenol) microsphere @ the novel catalyst
Scheme 1
1 HR51E
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Figure 1 XRD patterns of PNP (a) and Pd-PNP (b)
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SIERATHINER BB 1b), B THE 200445, SIAME 40.1°,
46.7° % 68.2°#HIIL T W B AT S U, IX Lk (T4
JERAA [ B TG 37 PR ERTHI(L 1 1), (2 0 0), (2 2 0)2Y,
FH G T DL I 4 R AR A R T L4 45 Ak,
1.1.2 FAFEORB Rk 1 R4eke b4 69 XPS 4547
B AERMWEKE T & s+, BT haH
FRILAGEIE, FIH N SR O JR15 Pd [lC AL AF ]
¥ Pd PECT REIER M kR M. M PA-PNP ] XPS
WL 2) LT LA, AR S T &
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Figure 2 Wide X-ray photoelectron spectrum of Pd-PNP

h T ST T SO B e 2, FRATT 4 kT
PNP J%2 Pd-PNP H1[f] O Fl N ({1454 640 BT T IR,
iR 3 fros. LA IR BUE O e & 4 &gt
JEoK ) 532.65 eV BEKF] T 533.15 eV, #iNT 0.5 eV,
M N JCE M A e EOR 1 399.7 eV 3 K3 T 400.8eV,
BT 11 eV, XUMEAET O MIN#HZE T 5H A
fr, FERL N uENE. XE5RAMPTHRER S-CTS-Pd
HEALFI XPS A HT 45828 5541, PA-PNP
Pd3ds, F1 3ds, 45 G BE 70 4 335.9 FI341.3 eV (Kl 4),
] Pd-PNP H1[f) Pd DL F648 M 2.

1.1.3  Rxf B RE IR 71 BAeBe&40 69 SEM 47

5 PNP % Pd-PNP {] SEM I /i, W LAE Y, %
X SR ER AT L3 S, RIMILBOEH, HARTE
2 um ZEA7, EALLUE, BRIGOK/NEAT R AW AR
b, PHIHARFEERIE AR, A, ERERER A Yok
PRI A, X 1T e AL 57 2k B AR SR T 1) 4 J A0 K.
1.1.4 Rt 28I KB HIR 71 AT 09 oA

Heck SNV — M s BLAE M A R HEAT, HEAGH
1) A St A L v 0 A A T e BB AR KT s .
K 6 Pd-PNP 7E75 S5l A (TG A Z= T4 73 B
(DTA) 2k, MBI nTLAE H, PA-PNP 7E =i F] 100 C
T WA N R, X e AR IR 2K K
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Figure 3 X-ray photoelectron spectrum of O (a) and N (b) from PNP as well as O (c¢) and N (d) from Pd-PNP
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Figure 4 X-ray photoelectron spectrum of Pd from Pd-PNP
R E R AUR. il L 300 C, HRPREHTK,
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Vv SRy ST
1.2 BIRERMEERAREESMELBENNEFLGT
Xt Heck 5z [z B 1L 1% &E
121 REL&AM A

T 5 FRATT LRI A A R (14 B N Ay 528 e (B q.
1), FEICEFMEAE T, 5T AR RN AT PAd-PNP

B 5 PNP (a, b)} Pd-PNP (c, d)if] SEM [ F
Figure 5 SEM images of PNP (a, b) and Pd-PNP (c, d)
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Figure 6 TG (a) and DTA (b) curves of Pd-PNP
R 1 AR PA-PNP LR 50
Table 1 The effect of the dosage of catalyst on the catalytic of
Pd-PNP “
x(Pd)/mol% 0.298  0.448 0.597 0.746 1.492
Yield/% 77 96.5 97.4 97.2 95.1

“ Reaction conditions: 1 mmol of iodobenzene, 1.5 mmol of acrylic acid, 3
mmol of tributylamine, 90 C, 4 h.

n, B TiEE. 670 CRALILE R, PA-PNP {51H

2 ANIE SN ) SR EE XS PA-PNP HEALTE PERK 50 ¢
Table 2 The effect of reaction temperature and reaction time on
the catalytic of Pd-PNP

Entry Time/h Temp/C Yield/%
1 2 90 74.1
2 3 90 81.9
3 4 90 96.5
4 5 90 93.0
5 6 90 94.3
6 4 70 50.6
7 4 80 75.6
8 4 100 87.7

“ Reaction conditions: 1 mmol of iodobenzene, 1.5 mmol of acrylic acid, 3
mmol of tributylamine, 0.448 mol% Pd.

AHEAIETE, 58] 50.6%M077 3%, B L% TR, 90
TP RIERNH K 96.5%, HIFFEHLE, 772 & imE fr
FAR, X AT AE AL B T il R ROV 5 IE PR 2).
122 FaF R8I RE R R BARBL oM 2 T BT 45
T 2 R Bl &4 Heck B 691 42
HEASBIAL S I LRt b, Bl ] SUAETC w1 i 4 1
NHEET PA-PNP X B ) 55 A4 530 R DA 945 8
FKOMHIMAROR(Eq. 2). 45505 1% 3. WLLGEH, £

3 Pd-PNP XA AR Heek S WAL AR
Table 3 Heck reactions of acrylic acid and styrene with different aryl halide under Pd-PNP

Entry Aryl iodide Alkene Product Yield/%
/—COOH

1 @| CH,=CHCOOH @J 96.5
a
/—COOH

2 H3COI CH,=CHCOOH H30©J 91.2
b
/—COOH

3 H3CO@>I CH,=CHCOOH cho@f 90.0
[+
/—COOH

4 OZNOI CH,=CHCOOH OM@J 98.5

5 G

7 HsCO

7

8 O,N

7

TR

S/
HaC O / O 94.2

HyCO O / O 91.1
) wo

“Reaction conditions: 1 mmol of aryl iodide, 1.5 mmol of alkene, tributylamine, 0.448 mol% Pd, 4 h, 90 C.

Chin. J. Org. Chem. 2013, 33, 1734~1740

© 2013 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 1737



BHlLE

Cat. BusN
Solvent-free

O e
2
R1@f R @

R'= H, CH;, CH30, NO,; R? = CO,H, Ph; R® = |, Br, Cl

R AR MR HT BEMUR R AR . K O A A2 O, H.
HRAFEN 90% LA Ly, 7 KR b AR A i [ R flL 7
S AR N A B e, R T PA-PNP 4%
AT PE. ARGV AL I RO o, AR 7% A A7)
(IR AT UAT R ARt B W (R4 727, vk, Bl 3 2%
T AE Ny 45UH 1, TBAB ££4E T, PA-PNP X 5 5L IR A5
FHE SR WIRIRI A SOR, 4R Wk 4 B
7~ NGERATLLE Y, PA-PNP S AR5 A W o 1 L [4]
PIRHIHFSR S S IR IR . K CMT Heck ROV HEEA L
# 4 Pd-PNP XA FRMIM Heck S8 oML @

Table 4 Heck reactions of aryl bromides or aryl chlorides and
alkenes under Pd-PNP

Ti Yiel

Entry  Aryl halide Alkene 1r;1e/ Product 1; ¢
0

1 er CH,=CHCOOH 6 a 832

2  HgC Br CH,=CHCOOH 6 b 60.4

.

3  HsCO Br CH,=CHCOOH 6 c 85.2

>

Br CH,=CHCOOH 6 d 94.1

~
@]
N
Z

6 e 83.5

W
@
=

;
Q9%

6 f 75.2

7 HsCO

>

Br 6 g 88.5

8 OZN@Br 6 h 928
cl

9 @f CH,=CHCOOH 8 a 0
cl

o T O s

11 OZNOCI CH,=CHCOOH 8 d 918

/
12 O.N cl 8 h 836

“Reaction conditions: 1 mmol of aryl halide, 1.5 mmol of alkene, 2.5 mmol of
TBAB, 0.448 mol% Pd, 120 C.
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T HEAL R (3 4, Entries 1, 4, 5, 8), %f FEIRZE ) F
SRR DI IR 2K 205 (1) S N 77 M 1) Al
FEVR R BERY( 4, Entries 2, 3, 6, 7), Xl AEEH T4
H 2 P VR 5 B AR ) 2 . 0 TR 23 Sl R N 4
TR\ IR ORI, AT RN R =) (3R 4, Entries 9, 10).
{HZ PA-PNP 1] UL IR A O A I SRR IA IR . R
LI RN, 15 B8 1 7= 26(3K 4, Entries 11, 12).
1.2.3  aF 8RB MOR i BAeH oM 60 & F4% A
PR

RV G, KA R VAR F b oy 3 ok, H
FRUBKFE Uik, FUAS T, DURMER R DA 4 R 1) S Ny
B, 2ENVAHREE N 90 C, [V N 4 h ISR, %
%27 PA-PNP [WHE G MERE, 459 TE 5. WERTIR
T LG ), PA-PNP HA IR A PERE, e ES
R LRI R R, A LT B BRI, R EERR =
FATGIHAE 90% LA b, A58 RS i il 15 5 5 A8 H — Ik
Je AL AR AR 0.604 mmol/g, IX IR £E & W
R A b AL K.

# 5 Pd-PNP T TERE

Table 5 Effect of recycling on the catalytic efficiency of
Pd-PNP

Cycle 1 2 3 4 5

Yield/% 96.5 96.0 95.0 94.3 92.0

© 2013 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 1 mmol of iodobenzene, 1.5 mmol of acrylic acid, tribu-
tylamine, 90 C, 4 h.

2 it

1) P8 A A (P RS 2R B 0 i e Tl 4 T SR A K
Wy ER, EREARLE 2 um 4. LIS BBk 34k, #
FH A I8 S5 7 4 T 3 & L PRy T R £ AT
fb3#. IR, XRD, XPS, SEM %5 £ FhF 1L B s 4 @i
L1538 TIRLF I 45 4. PA-PNP £E JCIR I 4 R 5K
WLTX Heck KMV IP) sl fEdt, Hooot T &4 14
V1) 0 S RN 0 SEAG A W0 10 s A LA B AR i 1k
RO TR RN TS R 1) S8, PA-PNP 52 & A TLiK,
FERAIRAT 92%, ot T R UF A AT .

3 SCIERS

3.1 UE5IKFA

AVATAR-360 B2 020 AR 6184 (32 [, Nicolet
A, X-PertPro B X HHEATHMX(F7 2=, Philips 2 ),
AXISULTRA ! X St Beil (U [E, Kratos 2
F]), JISM5600LV 4t 1 WA H A, JOEL A ),
EXSTAR6000 HUZE4 it RE(H A, Seiko 2 7]),
Optima 2100 DV 2 H SR & 48 B2 1 ARG TS (36 [,
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PerkinEimer 24 7), DF-101S SE R I NS g 5t b 2%
CBIMEINE TRHAT AR, ZK-82A TR LiE
NEISIIY

BT 24 S35 A TS e BT 4li, SRR mIE Ak, R4t
— DAL FE.
3.2 BMREFMMIKAIE K

1E 100 mL LM, I 5 mmol X2 FE KM
5mL ZZMHE. 15 mL 4 /NF. 0.2 mL PEG-400, fii
P, B, R EIEAR AR S, PN 2 mg
HRP [¥] 5 mL &M, &S50, A 0.25 mL 5%
H,0,, RN IR, LSRN L2 nA 0.25 mL 1)
5% H,0,, —3 14 k. =3 PR 24 h, VSR
J&, AKUeHE, #3308 @ B AREPRPNP), HIKE 200K
Mk, BT e AMR A P AT
3.3 BMREFMMIKGEHEESIHIEK

I PACI, (0.5 mmol, 0.0883 g)# 1~ 50 mL 0.04 mol/L
() HCLYAW, B 24 h. B 0.2 g X & LRy T Bk
N EREW, 385, Bidt24 h, dhiE, HOKEZEE
IKYEES, P AT T TR SRS TR A A
SYEAE 10 mL 280K, AR5 2% I 10 mL NaBH,
(0.0925 g, 2.5 mmol), [N—BIFIA]E, flig, HOKEZE
PR BEG, FE)(FFR PA-PNP)TE B A5 FREE T 448

S5 TR SR G R DN R R AR R AR A A 0.746
mmol/g.
34 ITBEFEZHETRBERSFEMA Heck FEMLUR
7

76 50 mL J MO H NN — 5 5 1 SR S 3 2R I i
FRAOEALE S, 1.0 mmol J5REME. 1.5 mmol N4 IE A
3.0 mmol = T i, AWML T Y. RIV45
e, ¥H, N 20 mL Z218/K N 0.4 g BRIEREN, 756t
$£ 20 min, fHYE, JEHHAMERRIRIL, RTINS
Ak, g, R ZEEKTEE PR ).
35 LEBRFIZBTEZHESFEME Heck HEMUK
AVA

76 50 mL J MO H I — & 2 1R SR U 2R I T
FRAOEALE S, 1.0 mmol J5FEME. 1.5 mmol 2K 245 A0
1.5 mmol = T %, IRAWE— ML TR, V45
W, i, N 25 mL LB, SRR,
JE, JEWH 3.0 mol/L ThIR . Eh/KVELR, TR MR T4,
Tk v A0 AR JE AR B =1, 320 K SR 4
i 7 240 .

B = Canfe &4, Akt "H NMR 1L,
gk 6.

Chin. J. Org. Chem. 2013, 33, 1734~1740

26 Y "HNMR %4

Table 6 '"H NMR data of compound

Product "H NMR (CDCl; or DMSO-dg) &

6.48 (d, J=16.0 Hz, 1H), 7.27~7.56 (m, 5H), 7.81
(d, J=16.0 Hz, 1H)*¥
2.17 (s, 3H), 6.19 (d, J=16.0, 1H), 7.03 (d, J=8.0,
b 2H), 7.22 (d, J=8.0 Hz, 2H), 7.55 (d, J=16.0 Hz,
IH)[29]
3.85 (s, 3H), 6.34 (d, J=15.9 Hz, 1H), 6.95 (d, J=
c 8.7 Hz, 2H), 7.54 (d, J=8.7 Hz, 2H), 7.77 (d, J=
15.9 Hz, 1H)™*”
6.38 (d, J=16.0 Hz, 1H), 7.61 (d, J=16.0 Hz, 1H),

a

© 2013 Chinese Chemical Society & SIOC, CAS

d 7.34~7.61 (m, SH)”

e 7.14 (s, 2H), 7.29~7.56 (m, 10H)1*!

f 2.38 (s, 3H), 7.03 (s, 2H), 7.19~7.52 (m, 9H)1*?

g 3.86 (s, 3H), 7.07 (s, 2H), 7.28~7.53 (m, 9H)?*!

h 7.09 (s, 2H), 7.26~7.48 (m, 9H)1*"
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