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QNG Pk . POPs #RFEAT & UK AR KAl 12 75 X 20 AT 8O 7 (3 7E RS W05 50 b E s I A E
IR AT AR AT X O 25T NP BC R B9 AR S 92 < i i AL TR0 B9 22 A AG R 30 T 4ol i SR B S L. AR SOHs
X ] A FE A AR S IR L K AR PR A 5 T N P BCAR POPs A RE B9 BT i b FA AR 182 777 T ARG T AF:
PEAT oy B A A5 VA AN 5 X 12T 1) 2t A7 R S #9) T oMb 07 FH i S 2R

1 X+ N B POPs # 88 % it 6 ik & HAE L B

¥ UL N i i&74 Porphyrin 3 . Salen 3t . Pyridine 3£ & H g 2880 % W N /4
1.1 Porphyrin & POPs &1 #} 89 %1 & & &4 & A

Porphyrin # LA 5 4 & B 74 & WL AFTE T H AR A b i & 5 R 21 38 55 5 A iy Ul | o 22
&S . ST NMRES G 1 1 JhRE S5 48 L Ik 28 5 1 7 e Ak ATl o A5 2 B 2 1 .

2011 4 ,Nguyen PR 2 A B T ¥R 35 5 i A1 4k A b ok 44, 1) DU (4~ 308 30 HBe A Ry 58
ER ) 2 35k TR S 6 2 S T i B DA T 465 M b T A 5 K 28 R 5 i R b R S B 1 SR 1E T A L T Fe
AR BRI Min B 9 22 AH A AR TR . 32 A A 300 A8 0 0 I AR Ak B e J 72 6 Ak R I T R 7 i T B ) A AL T
2015 4R A R e T N BE TR AF 5T T IR 4 5 IR RS ZE B0 3 1 b R D MR g R R 2 R R 8T A8 BB T
PR TC A 6 P bR C AR TR B[R] ) 5 2R 5 0 A R 4 4 Sl T R o L 3 0 S E A A O SR T T 48 T Zn AT Co-
bR Y SRS AR . DA R ER R SR A5 D BIAE AL R SR L AR TR AT DL Ak i A CO, 5 4 AL
B YRR . 2015 47, v ERL 2 B K R AL 2E 0 5T BT 0 R LT IR A T A T Br B RE
A B PR BRC A, FI) T8 =28 2 ey S8 8K 5] B T+ Sonogashira {55k S A @ CMPs #4FHW AL, B2 b &
BT RRMREE ) CMPs AWM R, 5 ALTECALE T B Al-rRosk CMPs #4 B R T 839m° g ! fL4
A3k 2. ldem®eg ', 273K, 1bar 550 CO., WMLH IR B T 4. 3% (wt) . LAZRE 55 0 Bk 1, Al-
nhmk CMPs AWML AT 1L CO. 53R &AW1 BN L B, TOF {H3K 8] T 364h™ ', 2016 4527,
WL R W F YR G B T &0 55 R T4k i I bR C A 35 00 B R & i il 48 T RN IR SR I R & 0 i
REYHERmMANE 1200m” < g IMKRALR ] 5 Co.Zn Ml Mg 4 )& B 7 B A of M il 2% 1 4 Jm-nh sk 2R &
YAl sn) . LA T Al i ok AL R L 1 3R W e A R T AR R RN AR F R i AL CO, 5 R EAL A W iy 3R
TSGR I F5e 5 B4 4R A 2 A AL R B PR AT A PR 18 YRR DU AR IS PE R W B . 2016 4F L 3 AR
H2E X e B R A B A v s A HCPs R4 W0k kL JE 56, s A 82 T Fe-NPobk i 3 & 9 it 1k
MR, ZA R LR TR, 735m” g FLIRBLAF] T 0. 678cm® e g, 15 25 T4 i Y HL R AR R A Ak
FIA A A8 1 Fe- N i £k o7 5 1 W BE 3 AR AR AL TR AE R W6 TR B 55 1, 3T 0 o i s g v Je o
T B I AT P ZERTRRT Y 80°C RN A5 AF R H AR AR AT LA F 9800, Ak 5 R e JEE AR
TR G I PERE . 2017 AR b1l K2R 40 41 SE SR IR A R RT3 1) A SR B AR BRSO R
BRI Zn-Rh ok 55 i 5L BE AL 1Y 825 F U IR U e 7 sl I B S BR Z R S E 4. RV REH
20 R A N VR A5 AL R B R T B CO, SRR . AL A R ET DL TE R R IR I Y 80°C |
3. OMPa 5 fF FAEAL BAR 1) CO. (N, 1 1550089 CO) S EAL AW 0I5 vy . A Ak 350 9 3818
6 YA LGB T R, 2017 4, Son ZEH ML M A B T 2R B AR T 4k A b b A4 L DR R U RIOR R
ZERF L FEF Sonogashira K W4 i CMPs #4819 HLEE , 726 B BRI R LA B 1 I ok JE 14 2R & W) 44
B ARG 2 BRAS 2 b 2 B9 IR IR CMPs RE WM B, RS ELS Cr AL U Co-IR ik 5 4
PEAR T [ R B A i s S50 AR 5 A R TR A= I . DL B 5 B AR % b 25 1Y Co-mh bk 2R
B WAL ] A IR R A AR CO, 53R A LA W I R

2017 4F  th E BB KEAL A Y B BT T = AR R4 o i i 4 T 2% 5L E fE F L Y
Mg- Nk Fll 2 M 5 RE A A I R B3R 25 IRAA . 200°C 25 NI IR & 72h, AT A5 [F] I & A Mg-Th iR
L D B S Bl Eh B IR AR S A% D B 7 5 I XU ) BE 2R A W Ak A ) CUL BT 1) o 320 AR 300 A b 3R T AR
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558m’eg 'L LA NI 0. 55em’ g o ARG R G W A B A AR GE I S L Mg-H phk B 2 i R DU RE AL
ST RS WHEAR B 5 IZBIRER A WAL R 2 =R CO. 5 R E AL & W s v 1
HEARF, 2R T R AF 09 B [E AR VE L A8 140°C, 3MPa R & 1 R, 35 AR S8 A9 TOF B 1] 3k
15600h ", 3 2 F Ay SCHR b il 13 19 fe i 1 M . AR SRIOm PR 5 DR DL P BT 2 T R .
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Figure 1 Synthesis of Mg-porphyrin and phosphonium salt-integrated bifunctional catalyst!'*]

W Ah A T PIMs 4 RHB T 6 i B e 1l 5 41 280 Ak P bk 285 5 40 1 7 B A A 1 9 T A DL 3 7 5C
wkARIE
1.2 Salen £ POPs #1 #} iy i & & & 4L 5 A

Salen FE 42 Hugo Schiff & pi 2 & 5 Kok, b2 R B Z 8 N RkzZ —.

2013 4F , oy [ RL 27 BE K% b2 W BRAE 5 BT XB AT AR IR ZL Y 7E Salen Bdk 151 AT Br J& 7, F F %t
Y= O PRN R, B T Sonogashira {8 Ik 52 A4 42 CMPs 1 B9 HL L, i 2 35 W T Salen-Co Al
Salen-Al ) CMPs 3L R G WAL KL, PR AR H R A 002 965m® « g " Hl 798m” - g ', WG Bl A4 L
IR THRER CO, & . Salen-Co F1 Salen-Al & W#EAL 7 7] #E 25°C ,0. IMPa iy CO, /1 F
Ak CO, HIREALE PR iIn AP T 3R AL (TBAB) 5 AL IEMEAR 3] T — D 1R s iy
TON W] LUGA S| 167, AEH A B R o 32 4 10 500 ) fi Ak 1k B8 Ll AR IO Al 349 A Ak 570 38 22 8 . 6 500 9 26
i 22 G TEME B B T T B @AM Co 4@ o i Ak 571 B 06 M mT LAAS B 58 2 IR 2 . 765 22y TAE
L IR 2 3 A ) R ) 45 1) Salen-Zn (19 CMPs B & W) 4 Ak b kL5 00 T 3678 4k 8 CTBAB) 4 i
) e HEAR AR RAE IR AN e M CO, sl s B T 116000 (% TOF fE. Bl N A7 B ERHE K21
Eddaoudi 18207 o gl T b i 45 T Salen-Co.Salen-Al F1 Salen-Cr [} CMPs #4%} , 33 6 5 4 ¥4 4k b1 k)
WHRTE CO, 5 A AL A I mg B iy b BUAS T 80 A PR RE . Wi VT K 2% 1 = s i gl il oy b e
Salen BCi& F5I AT CMHEREW B R AR G153 T Salen B2y POPs #8H IZ RS WA B L3R
T AR FI LA 73 ] R 540m” g P Al 0. Tdem® « g ', 5 Co WAL G IE M Salen-Co ) POPs 1 FHi A 51 . 78
CO, 5HEG Wk v b @ om 1 ¥ AR Salen-Co B &y AL R RE . [FIBT X R & WM kL
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R T ARG K AR E 1 R0 B 2R AR e M R POPs MR b ) B A 30 4 fo e e i Sk hil . 2017
ARl KA 20T R 3l VA IR B35 Salen-AlLZn 455 W D BE AL 5 K ok g £ B TR
PRI e A i [F] B [ 2% 2 2 MR I R G WA 19 POPs #ARHE 22 b . il 28 19 & A XUT) BE A7 A 9 4 B 57 L
A5 e 1 b R RN 2 G LA 254  [R] B B AT SRR PR T CO. WM R . FE AN BT T Bh AL K 4540 T
iZ B A WAL T AE CO, Fe Akl % = M 1L & 41 (CO, 53 &AL & W3 i s 52 07 » N-H k46D K 7 v 2
T T B4 D R AL M R .
1.3 Pyridine & POPs #F #1159 % & R # L B A

2011 47, R4 K271 Cooper #F 5% 410 15 YOS T o A FE 35 = 2K 2 0 5 Br B BB 11k 14 B itk 1 e
Z 8] i) Sonogashira {1 ;i N il & T H A KILHE L5 49 19 CMPs BRMLIE# kL, ix CMPs #4 R0 L5 Re,
Rh I Ir 45 4 J& EAT FO A » 428 28 vl oy Jr (B e 4y . o etk e 3L ) CMPs MRS Tr B4 J5 il 45
(0 b 390 A A T RN TP R AR 5 o AU R B ORI RSO IR B BE T CMPs A4} i1 4 22
S B s A TR 2R A A T 1 Ru SR BE FC A7 2% B 4 0 BRI R A A A oA A S
MEHELPERE . 2016 47, v [ RL 4 B K 3 Ak 1 BT 50 P 4 i A2 DR 4 ) I o b A B T TR B B AT Ak
R IR L I AR s DA = SR R S8 R ) & T B A P B A R NV B A IR L BE S POPs R G W . BRI nE
5 Zn WAL G+ 5 2 i &t At A0 300 76 S VS AT i 359 40 B 350 2% 44 R AT i ki Ak CO, 5 3858046 6 W 00 il s
N VR TE S0 T AR Y A T SRR A AR 1 ik e BC AR L 5 3R U B B A A T N E S Y
POPs AW .5 Zn FLA7 5 B &85 2 L RIBTE CO, 53 &G W S i i R IR 5. 2016 4F,
b 2 L A A 2 I R R A R T I i T 36 4 R N ) £ COF's A4 R A HILER . 1l 2y Hb i £ 1 5K ik e
# iy COF-TpBpy # 8. 1% COFs # R 2 M A H, FLiB P FE &/ N AL ST LS Cu B 1A 5m A7 .
FE I B LI A DL N ME M B R B A9 e Cu fEAL A7 S A 2 S Eh i b 0 o5 W] i g S A R S .
Z I BE LRI AE CO, H5IEAE W PRI R s iy i R B T B i U [ Ak PR fig . 2016 4F, 3K Tl
K241 Palkovits BF 5% 410 56 T 550 3 45 S AL 2 5 W0 MRE G JEL I B2 i) 46 T ML WE 319 POPs 41 %},
POPs A rb g e BE (9 N AT LU Rh R A7 RO AL . il 48 00 4 A0 500 T A Ak 122 0 i &0 WP e Ak e . 2017
AR WL R4 1 F ORI AL i & T 20 3 8 6 0% 36tk i A, R A R AR Bk il 45 1T R %
SR AR E R S W) Z R G W EAT 1123m® eg By LR 2. 1em® e g ' HUFLEE . REWE T
(R IR L IE AR T LAY Cu 42 J8 3647 A 0RC AL » 1 45 Hh i A A 700 55 34 40 1 U T 5950 fk B (TBAB) 2 i —
TR R AE CO, 53 A ALA Wi s i i R B T 84 I AL Pk fg .

2017 4%, v ERR 2 B KA A S T = 7R IR 5 5 ) KA gL A 1R R =
R P Br Uy g Ak i I 0tk IE Bic A& =2 (1] (% Sonogashira {5 52 I & 2 b 15 11 945 BT BR ML RE ) CMPs 44
B R G WA RE L R T AR FISLIAR RS 5 415m* e g PRI O. Tlem® =g ' FETHRILBE KL CMPs AR 35
Wit &)@ Pd i 5% CMPs -G YA R 0 B R g b i N RIS FC AL . 39 P AR 0 v M =IE i 1] 4
K1) Heck 40 2 HEE MBI — B2 — A0 A P PR, FIAHEATS B Pd/CMP R &
WAL BRI I IE S E RT3k 10010 b, JEH A BB, B AW 1L 19 1E 5 H v B
TR () B M BE O AR Y TF S s B e T 30 LA B X F RS TR AW B0 A s 0 R
KR 0 FLAE S5 48 . 1% T AR ARG 4 Ak TR0 v DX 8 M 1 R R R A0 T A i S

AR — 2 AT 3 T A ) 5 W 35 T ) 25 O BE E Wy CMIPs #4281, Pd s 2 [ i 5 6 e AT wy i () S
B A7 1) o 2 A 8 ) A A 390 76 05 0 1 450 fk Heck AR IBE S 1 v [R) R J 7 1 T 3504 1) LA R 0K 7™ P 6 1
1.4 HEHRBS NEMEK POPs & BB 5 & R 1L 5 B

L N Be& R T Porphyrin, Salen 1 Pyridine #F, I8 7 — 26 = 38 LM 48 R 42 9E 58 & N i /R 5k
POPs #4815 36 25 KA Ak i F DL v T SCHR A IE

2011 AF, 22 K2 T oA O R ZH ) DA Y = 2R Y RII R 2R g Ay A8k LA R S e T 3 4 2R A
COFs # R py it B 2 A il 7 COF-LZUL REWM . ZMeHe 4809, A MR 1. 8nm fL

y

o
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2 FETHRMENEECAR CMPs A4 8t £ 1 76 5 e 4 Heck S0k B2 R i 13 FH
Figure 2 Synthesis of pyridine ligand based conjugated microporous polymers (CMPs) and

their applications in selective oxidative heck reactions'?*

T LEA BRI A AL 4 B 410m2 eg M 0. 54em’ g ', COF-LZU1L M4k 20 rb g W0 g i 145 K
HREE N N,/ DL 5t 4 )8 Pd B hy 2l 45 1 7 Pd/COF-LZUL A Wi kL, % POPs 4k
FIFE Suzuki-Miyaura {52 b H B T 88 48 B A AL 6 M . B AR 7= 9 0 45 3R 350 78 96 Y0 A2 47 . LI AR
SE MRS G 5 WK R UL B AR = AR R T R

2015 4F , o [ B 2 g Ak 2% BF 9 0 00 AR AL S IR T A N Azo-MOPs bR} A B 1% 4 KLY
58 W RR SR P AR BRI 25°C &0 R il & B EWAF 0k 956 LA b . Azo-MOPs 5 Ru Bt fi J5 75
AL AR T8 CO, SEMME , AT ZE BRI RN R 1 0. 5MPa 2544 F AL L CO. S B U5 114 i
f1hy R Ak BN

2016 4F, Wi VT K2 1 FYCRBH Y BT MR E REL 4P /U2 3 IR R AR Akl 4 T 48—
RARAER R EY POP-Phen, POP-Phen WM N 574m’ g ', & H ZHFLEL# . POP-Phen 55 Pd
e 437 J& v] 4L Suzuki,Sonogashira Al Heck Bk S 1 » BUAS T 45 4 1 4 A6 B4R R 4 B Bs 7 i i 158
#AE 90 %A I,

2017 4% EDBE 1 Modak 4841 DL = 2RAR HH 3 DR e by 28 K BRI, 3 ) s o SE Ak A 4 HCPs #4 K
FUSRIE . & A T R AW B R & R R IAUKE LN PP-3 RE WA kL. 1E# DL PP-3 Ry 844,
£ 17 PP-3 52k Pt il Pd KA F AL, B3 A BRI R TE o0 SASH A 1 Jin S0 10 T o 95 o i b
R T 8RR A L3R . Pt@PP-3 b7 = BT A R 1 C = O A IN&, I Pd@PP-3 4
A7) 32 B e P X C = C XU AT &L .

2 T P EAK POPs A8 8y %1t & & B =48 16 R A

Fie B8P ECAAR ] STk PG AL AL SECH ORTRD R POECIR SR S B P OBCIR L P RCR RN 2 PR,
H AT UL T SCHR R I 1 2202 5 P SR FN Z P AR POPs A il 45 K .
2.1 B P B POPs MR HI & RENXNA

2012 4F A PR R A 1R BB Y 3 A SO sg IR A £ HCPs A W SR ms il Dy s by 2 17 =K
FLREBCAA 5 R BB A Y KAPs(Ph-PPh,y), KAPs(Ph-PPhy) B4 Y9 HL 2 M AL RS 34 1036m° =g !,
5 Pd Bz J5 il £ 1) KAPs(Ph-PPhy)-Pd fifb 5] . b2 MR AR 53K 1025m” - g ' %A AL 7 7E 6 R R AT
A7 18 5 R INAR 1) Suzuki-Miyaura {H 56 SR R 7R T B 1905 1 H A (0 56 7™ 420 119 75 56385 3 7F
73%~99%.,

h E B B KA E Y BT ST T T = 2R IR 4L 3L F HCPs bR # £ B 8, i 45 T = R 3L 5
K KAPs BAY, M il # 7 Rh/KAPs 4L 5]. Rh/KAPs B4 W4 10 7055 F T = Bk e 19 &0
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BN 5% 521 Rh/SiO, AR FRIAH L 85 oM e 20 Bk 1k B B 7 b T 1 5 s T 04 8 1) S A i &
e J ) S I B PR BT

Hh R 2 e I b 4 BT 5 T 19 5 A S R 7 Sl 0 HCPs 4 RE A #4 2 SR s L il 46 T Ag/KAPs-
P RE WA GZAE R b Ag I 4. Inm B AL 1 43 HOR A . 78RR LB (60°C) FiT R I & 77
(latm) o iZ A A5 P i SRR A CO, 75 Ak 45 8 IR 3R (85 %0 ~ 98 Y0 M e Ak W MR R . BT 3% 1% Zhang
ALY T HCPs B4 YAl 8 0 3K ] 4 1 1 20 v [R) e 6 8 7 = 2% 56 I R 2 3l Ak 8 - A 1 o 2R
W, = ORILETCR S Lewis 8 ZnBr, A5 - 145 H 10 X RRAE 1L 77 76 CO, 5 3 &4k A 9 3R s = 1 b
T T BRI RN . A A BT HCPs 34 Wk 2 5 ms 1l 4 Pd@KAPs(Ph-PPh,) 4 1k,
T 1 FH T i 1) I 3 Ak 1 T DL T SCRR R AE Y

2014 4F, v [ RL 2 e KA SA Y B 5T T T = 2RI 5 W0 T K 3 RO s 4L A 1R o M e
SOREEEBCAA BRI T A A T O EEE Re LR 3vPPhy B 2 0 SR A 6 & T
3vPPhy [ RIE B R AW FATH X — A BCAR R 5 P4 4 9 POLs(Porous organic ligands) , X 5l F
HEeREWMELPOL-PPh, REWAIK 5 AR & P WA (2. 94mmoleg™ '), H R TH RS ALE
BRGr5R 1086m® g VAl 1. 70em® « g 1), $AR E P B (AR IR i 48 s G W AE 440°C DL B A
WML . 54, POLs REY ZE T HERMREHE T BREWIEN 100% 9 BB RS W5
Baiv A EA SR &R, 3T Bk POL-PPhy B &%) HA 0900 BT, e &6 % 9 Rh/POL-PPh,
A TR0 7 G i s A 1 R I Ak B Ry v R B T AR R T T R R R T Ak R 99 04 DA 1) Rk R P G
BB 896 LA 1) o HEALFRIAE PR 5 YR A UL T 4 1 B B B

FE R R4 TAE B9 SERE L, o R e KA W B SR T T = AR R AT IR 5 T Rh/
POL-PPh; #4604 & OC & . 78 [ € K & 9 &0 W Bk A6 B bz A, L Rh/POL-PPhy Sy 46 . £ 46 1Y
TOF ik 10534h ", Jf H [ 2 R 1000h 7% 2253 5 M 00 b oK e BUAHE AL 700 09 2 T B0 4 . 3 ok =i 1 306 1
AP T AR B s 1 Rh 3G AL 8 (WL 3D fE HAADE-STEM, Jo i /2 57 f (138 /& 1000h i i J5
) Rh/POL-PPh, #4671, 36 P 0 Rh ¥ 52 85 51 70 800 R4 s 3> 77 4 Ak 500 e i 306 PR O J R
T B B AR e .

FA1E i+ EXAFS 58 T Rh/POL-PPh; ##4k5 I Rh AYECALIRZS L 45 5 o 8 e i Ak 57 F1 1000h
i B9 Rh SR G WK E 34 P T (L 4. ZE K Rh-P BCALEE T 7 3 Fl 4 1k )3
R As e M IR AE 1000 h Y 1 2 R AR PRI 3 v s A A ) oK TR Hh 22 2 I R TR LA

JE AT RATIE ST T A R & T 20 A R Re f s m . — R IC IR 5 Rh Jefid
Brbf e IR AL R AT i Rh-POL-PPh, fi A6 57, = 2R B B R 5 15 71 46 Rh 4 J&@ W ) % 11 Rh/POL-PPh,
AL CULIE 5) . AT &0 Bk AL o 3R 41 B2 b » Rh/POL-PPh {4k 5 it Rh-POL-PPh, 3% {5 5 — 8
CRIBREAR /& 0. 125 %0 (wo) Rh $H i A AL 7] BT 4 TR AL 23, 2040, J5 & 3. 0000 T ™= il T S 1Y)
1E 5 F 2 Rh-POL-PPh; #4651 tb Rh/POL-PPh, % — 26 ([a] FEER 2 0. 125 % (wt) Rh $H 2% & i 4 1k
R HrE NIRRT 4. 5% R 6. D,

POL-PPh, A Y ANGE T & W B4k 50, 76 J5 22 A 78 TAE R AT A B i KRB AW 7 2
Pd i 25 i A Ak 550 78 DLIE PR B & 05 B 5 2R RR 1Y Suzuki-Miyaura {56 5 0 b &R T 84 19 7%
P LAAnt& 6 s . DURR R A Y0l £ T AR B Pd f g A AR AR R 0 RN ST . Pd/PS-L1 B AR = i
5%, Pd/PS-L2 Hbr7= 5% 61%, 1 KL Pd/POL-PPh; N #4L I, H b5 7= i 5% K 97%, Pd/
POL-PPh; f A4k 50 H A R 47 0 I W 38 FH M J6 B AT T 10 YRR DL T P B 2 R R

FRATIF BB A 4 T AR Rh/POL-PPh, 40507 21 7 HF B s b 4 L e A B 2
I 8 R A A P U 7 A Bk Ak ) B Rh-POL-PPh; #4651 7R T HeAZ 48 9 Rh/AC T4/
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B3 (i 0.125% (w)Rh $#H & Rh/POL-PPh, , (b)1008h f#i FJ5 19 0. 125 % (wt) Rh $H % & Rh/POL-PPh, ,
(e-d)504 h i HJE 1Y 2. 0% (wt)Rh $H % Rh/POL-PPh, 41k 51 HAADF-STEM H 4 gL
Figure 3 HAADF-STEM images of Rh/POL-PPh; catalysts: (a) 0.125% (wt)Rh/POL-PPh; sample before reaction;
(b) the same catalyst after 1008 h of time-on-stream for ethylene hydroformylation; (c-d) 2. 0% (wt) Rh/POL-PPh;

catalyst after 504 h for ethylene hydroformylation*!!

® Rh P

I 4  Rh/POL-PPh; {4k 5] £ B Rh-P it {7 8o 5 g 0
Figure 4 Schematic diagrams of multiple Rh-P coordination bonds in Rh/POL-PPh; catalyst-!)
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route A %) Rh(CO)z(acaC)ﬁ Solvothermal
(one-pot) ‘/0/ \Om “RiCOXxac)  Polymerization
S

@ Rh @ POL-PPh;

routeB Solvothermal ? Rh(CO);(acac)
(post-synthesis) \O\lPolymmzauon
| z :

5 Route A:—#iik il % Rh-POL-PPh, 1k ; Route B. )5 Mk il 4 Rh/POL-PPh, f#{k 7)1
Figure 5 Route A: Synthetic route of Rh-POL-PPh; catalyst through one-pot synthesis;

Route B: Synthetic route of Rh/POL-PPh; catalyst through post-synthesis-'*

Ph,P

(@) O R

Bl 6 (a)PSL1;(b)PSL2(R=H);(c)POL-PPh, 4 ¥~ &K
Figure 6 Schematic diagrams of (a)PS-L1; (b)PS-L2(R=H); (¢)POL-PPh; polymers!**
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Figure 7 Stability tests of Rh-POL-PPh, and Rh/AC catalysts for heterogeneous methanol carbonylation**!
BB & T =R BB R G W #0801 Ir R0 Rh 4k 7] DF9E 1 X S R G WAL R FE 2 A DL L i
N
BT OmAERGW RN RE VAT B AR i 20 AT A S T m BB B IR I3k

10. 14028/j. cnki. 1003-3726. 2018. 06. 004



+ 40 - = ix T i {1 2018 4F 6 H

(a) —=ESoD (b)

8 Ca)Ru/POL-PPh, 0 0 1 7 2 P8 5 (b) 14 L 4 P B 22
Figure 8 (a) Preparation of Ru/POL-PPh; catalyst; (b) Regioselective hydrogenation of cinnamaldehyde"**]
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Figure 9  Structure-function relationship of POLs based catalysts
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X synthesis
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Figure 10  Preparation of PPh;-ILBr-ZnBr, @POPs catalysts featuring multifunctional sites™?
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Figure 11  Synthesis procedures of quaternary phosphonium salts 3vP" Br~ and 3vP "1 "
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Figure 12 Proposed cooperative reaction mechanism for cycloaddition of CO, and epoxides over

1P Br &.ZnBr,-1PPh; @POPs catalyst™™"

A cat. R R H
R—== + CO + ROH —» L=
R'0OC H  COOR

coordination center 2 coordination center 1
) ” N ‘
catalyst system: Pd(OAc),/2-PyPPh;/Acids on bransfar center slngle site metal center
NH* e .
B e
Z N

acid souPd
i) Hoas

2
R—:\//—Ta—lyl SOsNa
! a
JL b (N copol ymenzauon acldnﬁcabon HO,S H \P
]
RO0C” "R ~Pd= e _ii)PAOAT),
—Pd-H \
| loadlng
R
N NH
'S SO3H SO;H
roH H. 9 ( N : < : polymer

—Pd-C A

I = /_ﬁ,,_( PyPPhy-SOsH@Porous Organic Polymers Pd-PyPPh,-SO;H@Porous Organic Polymers

R < | R

co

B 13 (a) Pd AL ERIEEH AL 52 02X 5 (b) Pd A Al b B 56 Ak B i AL BRI 5 (o) 75 21 BIF & 19 8 2 ) fig
Pd-PyPPh,-SO; H@POPs Heki B S AL A1k 77) & pl 2 SR
Figure 13 (A) Palladium catalyzed hydrocarbonylation of terminal alkynes; (B) Mechanism of alkoxycarbonylation
of alkynes; (C) Synthesis of Pd-PyPPh,-SO; H@POPs catalyst for efficient alkoxycarbonylation of alkynes-®*
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Figure 14  Synthesis of POL-1 through heck coupling reaction and preparation of different content Pd nanocatalysts-**]
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Figure 15  Synthesis of KAP-BINAP polymers
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Figure 16  Synthesis of vinyl functionalized BINAP ligand®"
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Figure 17 Rh-BINAP@POPs catalyst showed higher ee value compared with the homogeneous

Rh-BINAP analogue in hydroformylation of styrene-®]
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Figure 18 Hydroformylation reactions and further conversion of the aldehydes
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Figure 19 Preparation of Rh/CPOL-bp&.PPh, catalyst"®*)
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Figure 20 HAADF-STEM images of Rh/CPOL-1bp&.10P catalysts: (A) fresh sample; (B) the same catalyst

after 1008h of time-on-stream for propene hydroformylation®’
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Figure 21 Hydroformylation of propene in fixed bed reactor
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Figure 22 Structure-function relationship of Xantphos doped Rh/POPs-PPh; catalyst!’®]
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Figure 23 The mechanisms for the formation of linear nonanal (Cycle I) and branched nonanal (Cycle 1) for

the hydroformylation of 1-octenel™
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Figure 24 Photographs of Rh/POL-PPh; catalyst after forming procedure
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Design and Synthesis of N, P-Ligands Based POPs (Porous Organic
Polymers) and Their Applications in Heterougeneous Catalysis

LICun-yao', YANLi', WANGWen-long', Yu-qing WANG', Miao JIANG', Yun-jie DING"**

(1. Dalian National Laboratory for Clean Energy, Dalian Institute of Chemical Physics, Chinese Academy of

Sciences. Dalian 116023, China; 2. State Key Laboratory of catalysis, Dalian Institute of Chemical Physics,
Chinese Academy of Sciences, Dalian 116023, China)

Abstract: Porous organic polymers (POPs), which were constructed by covalently bonded pure organic molecular
building blocks, were a newly-emerging class of material with high surface area, abundant pore structure, low framework
density and good heat stability in recent years. On the other hand, N, P-based ligands have widely applications in
homogeneous transition metal complexes catalyzed reactions such as hydroformylation reaction. coupling reaction,
hydrogenation reaction, hydrosilylation reaction and CO, cycloaddition reaction. The yield and selectivity of target products
can be effectively controlled by appropriate design and modification of N, P-based ligands with specific electronic and steric
effects. Thanks to the diversity of organic synthesis strategies, POPs possess abundant synthesis and construction routes
and the specific functional sites can be conveniently introduced into the skeleton of POPs, which provide great perspectives
and opportunities for heterogenisation of N. P ligands based homogeneous transition metal complexes catalysts. This paper
briefly summarizes the contributions on “design and synthesis of N, P-based POPs and their applications in heterougeneous
catalysis” made by domestic and foreign research colleagues and our group, and provides a future prospect of industrial
application of N, P-based POPs.

Key words: Heterogeneous catalysis; Porous organic ligands (POLs); N, P-Ligands based complex catalysts; Porous

organic polymers (POPs); Cooperative catalysis
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