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Figure 1  Synthesis of the polymer supported Ru(IIl) catalyst
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Figure 2 Synthesis of Ru(I)-bearing microgel star polymer catalysts via Ru(ID-catalyzed living radical polymerization
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Figure 3 Synthesis of the porous and insoluble polymer of (R)-BINAP

S5ESMTEN RSB BINAP f#46FIA [F] , PCP-BINAP A7 18 K (1) Lt 2= 1 A1 AR 4 14 1 ik P I
EG R LETC B WG X Rl 2 A0 P 70 7 A X AR S AL B A O S A A P g L i n A SR Tk 1,27
TR Z R AL PCPs gk FEM A W R AL 1283 S A8 K rp AT AR X BR SUAk O 7 3R 3k 3]
94 % . M H . 8 H B AR XA A BT AR T BINAP,
1.5 Bt &M

It 25 (0 AR T 7K B S 07 e BRI J - 28 5 S I At R RS I e i e R B R 22—, Tslam 4§
BT — R AT CID B B A AL R (PS-teta-Ru) » F T s A0 & 90 4 B0 Tk e LA % 2 e 2 4
J A B iz » A 5 M A e T (D R o A 1 R 36 AR A 7 B T L 43 T R M R T e B A ) A
DA P PR R A P P ) Y A s 7 Sk 8] A 3R ORI LR BT I e A7 38 & i AL 75 (PS-teta-Ru) i AL AE
T R = HRT A 87 Vo o KRR RLET CITD e A5 38 & W A A 300 14 1 45 20 W 2B AT L 5 — 2B o G P L 3R
R 0 B A8 1Y T SRR L VR TR SRR 07 P E R P R . R DU e R R L 20 1 A AR [ ) 5
% 2002 RuCl, »3H, O % T DMSO Hi4: it [Ru(DMSO), CL 15 &9 A — 2 & B T A4 [ 22 97
BT .

2 4

2.1 C—C #2{B Bk & Kz :Suzuki &2 7 , Heck [z b7 &
He %50 B 205 5 RIFE RA W — RO & 2 FEURT IE S5 & B RE A& (LK 4. i

10. 14028/j. cnki. 1003-3726. 2017. 08. 006



5 83 = 0/ S S i i « 51 -

o 3 SRR AR AR TR Al DL B T 2= A 5 U

CHO Ho CHO y,N
o cl ’ D
H o o

2
o~y Omre (3T
of

B4 AW ORI R 4% 5 i il &
Figure 4 Preparation of polymer-supported macrocyclic Schiff base palladium complex
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Figure 6 Synthesis of polymer anchored Pd(ID) catalyst
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Pd(NO5), Reduction
in DMF —_

Pd?' Pd
COP-4 COP-4

K9 COP-4 f#k Pb 4k iy il £ 728 =&
Figure 9 The synthesis process of the COP-4 supported Pd catalysts

W BN A BEIE » IFHE Ni-B & G AR 73 O P 5 SRR 12 2R (-0 HE i I g D (9 B 370 T 1847 380 i, P4
4R AL AE) Ni-B K EEBE . 74 2] Pd-Ni-B 0K A FRAE AR, T LU R & 205 . KA NaBH,
B A AR 8 7 RN AT A AR U B 7 R T 3R 9206, Rl 10, 10mL/min, I BL7E K2R 58 B 2

Jo G T R AL B AR AT LR L R A TR 9 kUL
2.6 FEWHELESYHIER

Jg Jee— R AR B A M ELA AL T A T2 T B2 VR B AR 2 M 25 2T 4 QLR R A il B9 ]
FRUS Anna ZEA R T Bl 40T 003 B9 AR A AL 7R (Pd-pol) . T DUFE S A NaBH, B9 /K % Wb X il 3k 5%
REEATIRALIE I . AR N, 5 28 AR T LLEAT S SR 2he, 77 38 ik 9000, S L I LA . G A A

A3 2038 24 kb 3 )5 L BT LAGE PR A 12 WK
AL T A i & AN 10 BT .

PA(AAEMA),
hv

Pd-pol

&l 10 Pd-pol 194 ik
Figure 10  Synthesis of Pd-pol

10. 14028/j. cnki. 1003-3726. 2017. 08. 006



o« 54 o

Iy
e
-
&

it 2017 4F 8 A

2.7 FEBMAYHRENLRMN

Lei S5 33 T —Fh D) REAL 2 AL A LB 3R & 9 038 4R 4105000 i 4k 5% 3 LTk 4 1) 9k 3 1 S
N AR RE AL 2 Fh 07 B UL W) 45 T SR B 1 Bk S A0 IR L R TT 5k 7406 ~ 96 %6, I HLJS Ab 3 1R
Hu AT E A 10 WL L FIRZ R R T LA A s R R R
2.8 ZHRHMBSENMRN

Chen S5 7E WA R P& BT 2- £ 0 S48 1 (1 BEOR-2-iE e JE i (2V-P.ND . 5 Pd”" ) I Ji5 53 31— i iy
O3 T B AR AL ) (POL-2V-P, N, 0] DL T 2 B iy B 48 LAk J i -

POL-2V-P,N 45 S A g 2 &l 11 s .

Py Cl
X BuLi, ZnCl,
@\ L‘ _ | (j\ q‘yryMgB
Py, THF
7
v o n Py, THF
Cl ,v

Br  -40°C e Tm

”Q@J@N 20

& 11 POL-2V-P, N (4 W
Figure 11  Synthesis of POL-2V-P,N

3 4R

3.1 —WmABEA BERK

He &5t S b2 AN T — RN BAEWH BN EARA RFEREZAY  HEZRT —REE
A A RN AR . AR 7 3 BE AR & 0. 1% (mol) o R R SR W gk 677, H e BB w . ik
b, 3% Be AR A AR AR g AT R, S SR I PEAR AR I R R

RE W 14 NHC-Ag(D b0 0 6l 45 Wl 12 Bos

@ @ @ o
—_— —_— — R

N R CH2C12
Br"
1 2 3 4 Br
4a:R=Me
4b:R=Bn
4c:R=Mes

B 12 AW RER NHC- Ag(D AR I &k
Figure 12 Preparation of the polymer-supported NHC-Ag(D) complexes
3.2 HE-FERBHNENLRE
Ma 284 18T DU Rl AR B A7 B4 7 40 5 K (1) {[Ags (bpmb), 5 (2-sb) (2-Hsb) ]+ (0. 5H,0) },; (2)
[Ag, (bpmb), (2-Hsb), 1, (3) {{Ag, (bpmb), (3-sb) J+4H, O}, ; (4) {{Ag(bpmb) (4-Hsb)]-2H,0},, H
i bpmb Sy 1, 4- X Ok - B 3 2R IR BURC AV AT 72 4R B9 7 5 sb by i 35 8 TR LR 8 -
¥ 3 VU ot B2 45 00 D T A A Y - R A Tk 19 4P 2 1 DA 3t Al T . 4 SR s A 1 7 A 9

10. 14028/j. cnki. 1003-3726. 2017. 08. 006



1
(2]

5% 8 [ S S R

YT LR LA R 22 A1 390 0 R L) TR AR AL 30 0 45 4
4 A

4.1 SRR BEKRRK

Miyamura %5 H B 28 16 Rl 20 FHF A BOR G 0 T HE XA & R 99K 7%, H T A8k VS AR PE H DL
C—C I AR RN o R 9% K B0 AN 7 %% 5 %) A Ak 390 (PT- A 7 852 25 S0 R B0 12 199 {1 E0K sz o o
A0 T TR 5 T v A R A AR R (PT-Aw) 78 975 B Ak Tk 1 A3 S A fL I B AL T TR 5 . R B WS . &
R ol 288 1) SR 455 D B A0 DK 5 b ik R A (D V5 300 8 2 e T R s 8 A S T 8 1% P 4 A O A i 3R 1 0%
BT EL S G RAE RUST FNA3 Ak B 28k % B A R RRURE
4.2 RXERM

Woo Z54 W T 2k & 9K Bk Lk TR AW E M Fe, O, Bk LR, Hh R AW i1 4
KR g T gk BT AR IR Fe, O, Ik R EME ., Woo FF L MBI SN KT R M TREY
ZEN Fes O, sk b0 508 1 i J5t S 7 ) i A6 16 Ve s T L 3R 7E SI0, 1) Fe, O, 13K, B 5 T3 i
it HIAD ARG 37 4 5 SONE TR G0 43 5 o v i 5 1 T 30 M v Lk

W FE I8 K B AZ AR AL TR T F T — 28 47 i 5 1 R4 e 1) 3 Jit s I A AT P e SO 7 3 e HL 5 AR
e A B IC K,

5 HwHEZ

AW 5 Jm AR A AR AL SR BT B s D BT A VR A S L BN TR SRR E Y
I A o R A R A R TR A R T T B sk 26 A3 A 70 B 05 i - T o 52 22 0 D T % 1P 80 A 4
RARK AFE A IO AR B e b2 "B B & . AR O T A 2R A AL 50 B 0F 50 2 48 L B 4 i » [0 A i
PCAR IR S 07 55 € 28 VF 2208 77 15 T B AU HUE Bt & LA BCH & e R AN AN X6 S 55 1 Al B I 2 1) 4
FATPIRA G RN (AT o (R IE er A F 2 G A~ BOR 00 5 4250 SR 55 g I A% 58 05 0 5 1 P 5
T 1R 73 00 A A T AR R AT 18 SR o AT 52 BRSO 2 A A 5 0 e R e A IR R e e A E
A K Z2 RETEAOR BAT BRAR 15 S92 R 38 305 TRE i 23 1 AL 0] 5 A A 1k BE 5 2854 1) 5 R O A B AD 2 HLAT PR A
PER IR, AT AT AR SR 5 T 2R & 1 00 3 5t < Jm R M AL R B B0F 5 2 ik — AP TR D Al 2 R
P2

5 k-

[1] MollaR A, Roy AS, et al. J Organomet Chem, 2015, 776; 170~179.

[ 2] Terashima T, Ouchi M, et al. J Polym Sci Part A: Polym Chem, 2011,49:1061~1069.
[3] HuZM, Leung CF, et al. New J Chem, 2011, 35; 149~155 149.

[4] Sun G, Meng X J, et al. Chem Commun, 2012, 48; 10505~10507.

[5] Polshettiwar V, Varma R S. Chem Eur J, 2009, 15; 1582~1586.

[ 6] Islam S M, Ghosh K, et al. Appl Organomet Chem, 2014, 28: 900~907.

[7] HeY, Cai C. Catal Commun, 2011, 12; 678~683.

[ 8] Karimi B, Akhavan P F. Inorg Chem, 2011, 50: 6063~6072.

[9] Islam S M, Salam N, Mondal P, Roy A S. ] Molecul Catal A; Chem, 2013, 366;: 321~332.
[10] Akai Y, Yamamoto T, et al. ] Am Chem Soc, 2012, 134; 11092~11095.

[11] Qureshi Z S, Revankar S A, et al. Catal Today, 2012, 198: 148~153.

[12] Park]J, Li ] R, Sanudo E C, Yuan D Q, Zhou H C. Chem Commun, 2012, 48. 883.
[13] Kreno L E, Kirsty L, Farha O K, Allendorf M, et al. Chem Rev, 2012, 112; 1105.
[14] Zhou Y, Xiang Z H. et al. Chem Commun, 2013, 49; 5633.

10. 14028/j. cnki. 1003-3726. 2017. 08. 006



+ 56 - = ix T i {1 2017 4¢ 8

[15] Chen Y, Kim H. Energy. 2010, 35: 960~963.

[16] Galli S, De Francesco M, Monteleone G, Oronzio R, Pozio A. Int J Hydrogen Energy, 2010, 35; 7344~7349.
[17] Liu WY, Cai HK, et al. Int ] Hydrogen Energy, 2013, 38; 9206~9216.
[18] Pinheiroa H M, Touraud E, et al. Dyes Pigments, 2004, 61; 121~139.

[19] LeiYZ, WulL]J, etal. J] Molecul Catal A; Chem, 2015, 398: 164~169.

[20] Kirillov A M, Wieczorez S W, et al. CrystEngComm, 2011, 3. 6329~6333.
[21] HeY, Lv M F, Cai C. Dalton Trans, 2012, 41; 12428~12433.

[22] Ma A Qand Zhu L. G. RSC Adv, 2014, 4. 14691 ~14699.

[23] Miyamura H, Yasukawa T, Kobayashi S. Tetrahedron, 2014, 70; 6039~6049.
[24] Woo H, Park K H. Catal Commun, 2014, 46; 133~137.

[25] Choudhary V R, Jana P, Bhargava S K. Catal Commun, 2007, 8; 811~816.
[26] 1laria B G, Laurenczy A, Paul J D. Inorg Chem, 2011, 50; 8038~8045.

Polymer Supported Precious Metal Catalysts and Its Latest
Applications in Organic Reactions

HUANG Cong-cong, GUO Yi-ting
(Institute of Chemistry Chinese Academy of Science , University of Chinese Academy of
Science, Beijing 100087, China)

Abstract: Polymer-supported metallic catalysts have lots of advantages such as higher catalytic activity,
stereoselectivity, better stability, reusability and easier to handle, compared with homogeneous catalysts. After the
completion of the reaction, the catalyst could separate from the reaction mixture and the catalyst could be recovered and
reused by simple filtration for the next run. The cost and pollution could be reduced efficiently to some extent. The
application of polymer supported precious metallic reagents in organic synthesis in recent five years are reviewed, the review
has been divided into Ruthenium. Palladium, Silver and Gold according to the metal used and further sub-divided according
to their application in organic reactions. This report is limited to the use of non-soluble polymeric supports, organometallics
attached to silica, soluble polymers and dendrimers are excluded, although many interesting new supported catalysts have
appeared using such materials also. Palladium-containing catalysts are introduced particularly because of their extensive
use, we also ignored the Rhodium-containing catalysts due to the insufficient of literature.

Key words: Polymer supported precious metal catalysts; Solid phase organic reactions; Non soluble polymeric supports
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