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Progress in Application of Organic Polymers Supported Rhodium
Catalysts in Hydroformylation
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Abstract Hydroformylation is considered one of the most important homogenously catalyzed processes in dustry.
Hydroformylation has been widely used in the production of aldehydes, and aldehydes can also be further converted into high
value-added alcohols, acids and other derivatives. Compared with the homogeneous reaction, the heterogeneous catalysts
present significant advantages in terms of recyclability, separation of catalysts and products and so on. In recent years, organic
polymer-supported rhodium catalysts have shown excellent catalytic activity, high selectivity, and good recycleability in
heterogeneous hydroformylation, and have attracted widespread attention. The research progress of the application of organic
polymer supported catalysts in hydroformylation is summarized, including synthesis, material characteristics and application of
supported catalysts. Finally, the prospect of the reaction is discussed.

Keywords rhodium; hydroformylation; organic polymers; heterogeneous catalysts
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Scheme 1 Hydroformylation of olefins to aldehydes and their
derivatives
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Scheme 2  Selectivity in hydroformylation
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Triphosphoramidite ligand
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Naphos®™'. Xantphos!®. V. 2 fis Bt /& (DSM  ligand!”,
Biphephos™) F1 itk & 5 37 3 B fi% i 44 fic #4125 (Scheme
3).
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Scheme 3 Representative phosphine ligands in the hydroformylation
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PR, EAF Tl R KA HUBAR A R,
RFEVER N RCH/RP T2 KA HLHAR 48 LKA
SSEVE T, A FH /K P O TR B B A 55 B 2% 5 T AL A
KA T AL SN S L 22 J 7 I A K VR P A,
HAEATNE T /KA, BrA 5 SEELP= M A AL m) 1 23 25
S lewie. BT T KA AL B AR fL 5 TPPTS
(trisulfonated triphenylphosphane)!'), BISBIS (sulfonated
2,2'-bis(diphenylphosphinomethyl)-1,I'-biphenyl)!”’ A
BINAS (bis[disulphonatophenylphosphinomethyltetrasul-
phonatobinaphthene])!'® (Scheme 4). Hi T/ & 1EKH F
SR IE IR R, 2 L2 EEA TR C M iR
SR AIA

NaO,S NaO3S

D
___PAr,Ph,
R PAr,,Ph,,
NaO3S
TPPTS BISBIS

B 4 T KA HUPR R B L Y IR ¢
Scheme 4 Phosphine ligands used for aqueous two-phase hy-
droformylation
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EEAFH T BRI SR S, sl
AR B 2 FLEGH, BB, B s s A [
BMEALTT. 12 S BME AL TR T LAAT RO DR A 700 1) 3
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TEEPGEVEIER. BT IOHLEARA 5 (R R,
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TR D R A AR B, AR AR BC AR IR e BC A s
S 1S S S I A ) R M B < SR AOIAT G, T S £
WFIIIAE P A5 . 53 4b, A3 FH JEH LBk M wf A Se B 1442
(G EZ A

A BRSO, R B A i 3640 B 9 e £
REwaEeb, dt— D Bk S R R i i AL SE LA
TR B k. 25 I 3 AL 7 AT LA SEEIL 7 BB C A 14
LR, A RAR A IVE R E M. R, ASC#E
AT LA RAT WL G W B A TR AE SO IR S B
2R TERE R, PRV T BRI A S ST
BEAL SRS P B FE ARG E P2 AT SR R

1 HGANRSMGaT LT

G E IR A T BEARERIE L0 AT
BHESE. 2RARPMGEE RN, L C—C. C—0. C
—N FHM B B EE RSB, 78 1998 4F,
Nozaki @4 F 4% K& I (R,S)-BINAPHOS
((R)-(2-(diphenylphosphino)-1,1'-binaphthalen-2'-y1)-((S)-1
J'-binaphthalen-2,2"-yl)phosphite): 5 Rh(acac)(CO), %%
&, BHESHEWALE = 2/ E R RS H & 153
PS-[Rh(acac)(R,S)-BINAPHOS] (Scheme 5). % /72l
2% BB A FRIAE 2K 2 0 R TG TR 0 TR 1) AN 0 R 0 Tk
b B HR 351 R DAY A 5 38 A A R 2 A 0 ROR
(Schemes 6a, 6b). b, ZERMEAFIASTE B R RAE
Ak, 755 SeBUEAL 43 B, 2003, Nozaki 4>
8 FH [ 52 IR I B 28 PR 2R T PS-[Rh(acac)(R,S)-BINA-
PHO S A FTE S FF R AL S5 87 H ) 48 FH R [0) RO B4 2
B LRI - T o ORI AN RE FRE
SRR 48 h G, FEVIIER ee (HH BN 79% (12 h)FF=

ER 5 FEZEMEMI(R,S)-BINAPHOS-Rh(I)
Scheme 5 Polystyrene-supported (R,S)-BINAPHOS-Rh(I)

2310 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2020, 40, 2308~2321



Chinese Journal of Organic Chemistry

REVIEW

PS-[Rh(acac)(R,S)-BINAPHOS]

X CO/M, (V:V = 1:1, 2 MPa)
@ benzene, 60 °C, 12 h

(;:HO
©/'\ + ©/\/CHO

S/C = 2000
> 99% conv. b/I = 85:15, 90% ee

PS-[Rh(acac)(R,S)-BINAPHOS] CHO
CO/H, (V:V = 1:1, 10 MPa) : CHO

b /\ 2 NN+ N
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S/C =500 b/l = 87:13, 92% ee
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PS-[Rh(acac)(R,S)-BINAPHOS] CHO
CO/H, (V:V = 1:1, 3.3 MPa)

C - +

© /7N 60°C, t=12~48h / N\ /" \_cho
TOF=12~76h 1000 — O -
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PS-[Rh(acac)(R, S)-BINAPHOS] CHO

P total pressure 5 MPa : CHO
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TON =45 b/1 = 95:5, 90% ee
PS-[Rh(acac)(R, S)-BINAPHOS] CHO

X CO/H, (V:V = 1:1, 12 MPa)
(e) 60 OC

conv. 81% ~ 94%
6 cycles

iso-aldehyde 76% ~ 80.3%, 82% ~ 86% ee

Bz 6 PS-[Rh(acac)(R,S)-BINAPHOS AL I 42 A X FRE F IR AL S
Scheme 6 PS-[Rh(acac)(R,S)-BINAPHOS] catalyzed asymmetric hydroformylation of olefins

7% (Scheme 6¢). 4 PA =5 5 2 )8 N R BRI, 7=
Wy ) xof W ade B W DAOREKE, AEL A A4 700 PR 3 2 1D Sk PRI
(Scheme 6d). A 7 #& &AL FITE 1, 4R H @ Im 5
CO ME R R i Al s R U 73(12.1 MPa)sk T,
AL RE S IAE 6 R, HARFRLF AL G PR RIE £
4 (Scheme 6¢).
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FIRAL SRR, BL 69% 1A% A 2 1 sy 1) X Ak £ 1 (1
b=96.8 : 3.2)43 ZAH N ) 7 ¥)(Scheme 8b). {HIXH
AR AT B ALV BE S T A B ) 3 AR (AL A R
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Scheme 8 PG-NIXANTPHOS-Rh(I) and PG/PU-NIXANT
PHOS-Rh(I) catalyzed hydroformylation of olefins
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Scheme 9 Synthesis and application of chitosan-supported Rh
catalyst
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Scheme 10  Synthesis of Rh(CO),(acac)/POL-PPh;

2014 4E, T = AR RN 5 H IR PR E T
Rh(CO),(acac)/POL-PPh; AL & i, F44 IR H T
-2 075 A R AL SR, AR 2R 200 e 46 JEURk ) 4%
IR, 5 PCly RNAS R = L@k =KL, 18
AIBN BT, ZMddk =R R ik it & ROV 1F

F| POL-PPh; (Scheme 10). &45HEME, BE
POL-PPh; ) BET (Brunauer. Emmett I Teller) bt 2% [ #
AL HIFTIEF] 1086 m?s g ' A1 1.70 cm’eg ™ '; fL42 %

BMGLE 0.7+ 1.5 Al 3~70 nm, UiZEM RSB 2R
FUIREHI(ER 1, Entry 1); /iR E AT LLENL 440 °C, £

acac) (CO),
Rh/POL-PPh3
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Table 1 Textural parameters of porous organic polymers and their supported catalysts

Entry  Sample BET surfauie Pore V(ilume/ Pore size distribution/ Decomposition Reference
area/(m’g ") (cm’eg™h nm temperature/ ‘C
1 POL-PPh; 1086 1.70 0.7,1.5,3~70 440 [29]
2 Rh/POL-PPh; 1032 1.69 — — [29]
3 Phosphite-POP 643 0.43 0.5-1.4,2~10 — [31]
4 Rh/phosphite-POP 616 0.43 — — [31]
5 POL-dppe 943 1.51 0.7-1.5,2.8~150 >400 [33]
6 Rh/POL-dppe 856 1.41 — — [33]
7 POL-dppm 892 1.07 — — [33]
8 POL-dppb 846 0.81 — — [33]
9 POL-Xantphos&PPh; 1022 1.24 0.6-1,1.2~2,2~10 >450 [34]
10 Rh/POL-Xantphos&PPh;  883.9 1.16 — - [34]
11 CPOL-BP&PPh; 1088.0 2.07 0.70, 0.84, 1.38,2.18 >430 [35]
12 Rh/CPOL-BP&PPh; 985.3 1.94 — — [35]
13 Rh/CPOL-BP&Ph 1116 1.66 — — [36]
14 CPOL-BP&P(OPh); 635 0.72 0.7,0.85, 1.38, 1.89,2~10 — [37]
15 Rh/CPOL-BP&P(OPh); 556 0.68 — — [37]
16 Rh/CPOL-BPa&PPh; 423.6 0.41 1.2~2.0,2.3~25 370 [38]
17 Rh/POL-BINAPa&PPh; 492.2 0.41 — 456 [40]
18 PSA-PPh; 547 0.56 — 400 [41]
19 PSA-Xantphos 290 0.69 — — [41]

BT AR IS Nafion NR50 /@i E(330 C),
KB POL-PPh; A U FI AR E M. 13 Rh LLJs IAEAL
T RELRFR R I LR AR AFLZE (3R 1, Entry 2). 7E 1/6000
AL &, Rh/POL-PPhs ALK 1-3F 0 i & ok
B BirR, fE DL 88.1%~89.7%IFIU R A1 0.87~1.35 [ 1E
S tU1S 2 H bRl MEATITEIRMEH 6 IRk, HARFFRRE M
BeAb R SRR EENE, 539 Rh/PPhs AL SR A
tt, Rh/POL-PPh; REFS 215 i1 1 X 33k 5 4 (Scheme 11).

Rh/POL-PPh;
COM,

(VIV=1Z1,2MPa) NN N TK
o}
toluene , 90°C, 4h i1y = 88.1% ~ 89.7 %

S/C = 6000 -
6 cycles I/b=0.87~1.35

B= 11 R/POL-PPh, b [ 2 S FR AL S5 7

Scheme 11 Rh/POL-PPh; catalyzed hydroformylation of olefins

2015 4F, T =AM M5 H AP R T
Rh/POL-PPh; {4 75175 [ 78 R S W 28 H 1 &0 A R AL
PERE. 4 L0 NEYIET, BE DA = 3L AL 2R (96.2%) F
75 AL 35 1 (TOF = 4530 h™ Y5 2 s =4, i1k
FIFTLMER 1000 2 AN/, EAGTE P LT 36 B L
TP ARG TR R R, JKEER T G H T =
i, 280 504 h IRBL, FAL B AT RIFLE 86.6%, HE
BRI S SCREIE LULE T UA R 6.4, i85 Rk — e [
Rh/POL-PPh; fEALPEREFIRRE M. =i TR RS A%
5 BT M (HAADF-STEM) 7%, Rh/POL-PPh, 4k,
FH Rh PARJR PRSI, G A FEEE H

NNNF cHo
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DU SR INRAE PSR, B X S 2R IORS 40 45 14 i P
(EXAFS)/r#r B, 7E48 5 B A5 H &6 Rh—P F
Rh—C (W8, %A K Rh—Rh , JE—B Ui 74
PIRJEFIEA, FRERESY+ Rh 5 PPh, FAdEH

. Tk T2 T T A 0 7K LG LUK, 95 5 R AR TC AR 43 i,
SRS PR B A FRAIC. 2016 4B, B FI0R
RO R I Y R AR A PR ) R R R 2 SR, A S
I A7) BT A AT [T B, ke 1 IV Aol R i 5o /K P UK )
B, ARFNEMIEE SN Phosphite-POP. LA AL T R 2K )
IR, Gid7N 0 I NAT B 20 0B R s B Ak 754
AR TIEAIBN)MEIR T, BAREH bR NS
Phosphite-POP (Scheme 12). &%) Phosphite-POP [1]
BET LR AMIFLA S 59 643 mPeg ' H1 0.43 cm’eg '
LA FEAGLE 0.5~1.4 F12~10 nm, R RS
FLRN A FLKI B (R 1, Entry 3). % #H Z ))&, Phos-
phite-POP K IR 7 I B /K P RE; 187K PE B RE 1%
AHHEIEKRKSTHANREDHALKR, 58
Phosphite-POP H A 1R 4F I /K £ i€ 1. 1% 58 & W 11 4%
Rh(CO),(acac)Rij#A#3 5] Rh/phos- phite-POP fiE{ki. 7E
B PR 2- 2 0 10 SR A S A RN R
Rh/phosphite-POP I H AL F5 AT I fb 221k #3548
FPG T, (H SR ) IX 353 5 14 I (Scheme 12).

25, BFBORBA 5% T Rh/phosphite-POP
157 h P/Rh R & EL(P @ Rh=2, 4, 9, 18, 36)% 2-F
K55 ) 5 R A/ 20 PR I A, e 2 ) e A A e B R A A 71
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Rh/phosphite-POP
CO/H,

© CHO

BHE Fir5HRE
F1 POL-dppb &4, iE—H % E G5 Rh(CO)y(acac)
_CHal UW 254, 19 EFH P 1) 578k S A5 (Scheme 14).
KoCOs “2)DMF _
OH OMe gg/}ol_:]osphlte-POP
CHO 2
RN e o 0006 Ko
BBr- water m
—s PPhsCHl_ Pl 12~48h, S/C = 1000 Yield>99.5%
OMe OH OH Substrate Product i Substrate Product
A o ;
CHO i Boc I?oc I|30c
@ LN oHcN N
i )T W
0.,-0 AIBN 0.p-0 mo=133 CHO
|
° e <°7 O Q
\F@m £ m:0=2.03 CHO

/\/\;§/ (ViV=11,2MPa) .~ _~_~<CHO
tol ,100°C, 12 h )
SO/(L:Ie=n§030 yield > 99.5%
I/b=0.32

B 12 Rh/phosphite-POP ] & BN
Scheme 12  Synthesis and application of Rh/phosphite-POP

ROPEIR M 52 m B2 E P/RN Lo 9 I, (AL T2 L H Bt
B B, BEARAI TR P/Rh HE AR S 51 R AL M
(IR, P/Rh EEF BSCR T F AT 51 S s B2 )AL 27 e A
DB FEE AL AL, B F AR P/Rh KT 9 B,
AL A8 B8+ R ATS AR DR R S R I Ak R, &
ICP-OES fillf5, ARADEEMIFKIFS; = P/Rh LN T
9 KF(P : Rh=2, 4), FLIRTERZ )5, BERIHR &S A
F| 16.9%A1 6.8%, HEERCRIZHIFEIC. Hukr W, B
TC A 180 A 2 o A A 791 1 0 M AR B )9 O R AT = B ok
SEAEFH. IR A BRISC A 7T AR E 4GSR, H A Bk
AR T DARC AL R R, AT ok /D B8 U0 2R R0 R 1
NG L. 5340, BLKAE N [ R 7], Rh/phosphite-
POP HEALA [F) b 2 A A (0 0 P R4 S B2, I AR 75 WAL
433 H F5l% (Scheme 13).
2.2 WABEEC ARSI

5RO L, OB E P 5 B (TR 45 5
HAT S RaE A BRI 2 () S AR OB, T i &
P S M AE AL T ABRAS BE R OB £ 1. 2015 4, B+
OB VR R T — 51 XA T G s 5 2 40 7 R A
A, IR I TR A B R SR TE. D 4- 20
AR T AN (R ) e o Jle SR 5 B Bl S 2, 53 )
153 B AN [7] 1) 20 05 525 XM IC A4 B2 K dppm [bis-(diphen-
ylphosphino)methane] . dppe [1,2-bis(diphenylphosphi-
no)ethane] 1 dppb [1,4-bis(diphenylphosphino)butane].
£ AIBN 5| &ZFIFIYER R, 192] POL-dppm. POL-dppe

2314 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

Nyﬂw\CHO :

I/b=0.62

B 13 Rh/phosphite-POP i {k. (1)) 1 4 FH BE AL s B2
Scheme 13 Rh/phosphite-POP catalyzed hydroformylation of
olefins

A EL % Rh/POL-dppm 11 Rh/POL-dppb, {447 Rh/
POL-dppe £ 4 ¥ (1) & F kA s . 2 30 e B 000 55 ) i
11t e, POL-dppe = 2 HHISALAINFLAL R, HEA L1
PFLEME(E 1, Entry 5); R EWERE R 2K AE
MK, AT LM A 0 Rh <8 B 4 b 43 BOCE I R,
PEm AR, LR O A IR RIS, BELAMR TS (1)
A ZE AN e ) DX Sk VAR B SCRE . CEM AL R BT 3R
Wi, Rh/POL-dppe FEFMEH FLIk, ¥IREORFFFRE (1)
PEATE AR FEE, HER AR, AR A S S
FEMIAY S, BT ICP-OES Kl & K& AL J2(< 10
ppb). 4k, EKEER 1-¢ A 1 )@ S Ak
(1) S REFR, BB LA PR A 2R R0 5 1) X e 2 1 A5 2 B
BE =) (Scheme 15). FEAH [F ) N 2644 T, SHAHT)
Rh/dppe {4444 2 4H b, Rh/POL-dppe 3 F1L H 5 410 75 i
ek ge
2.3 BEECORHERYI oS LT

MUL kR LUK IR, BAR— RPN 2 LR
G SO B AR T R I SR AL OB, G
Rh/POL-dppe. Rh/POL-PPh; 1 Rh/Phosphite-POP, {H/Z
IR X I BT AA 2 75 B TR ) 1] R I AE 20 ik
SIORFE B IR A v RN R AT BH B O A4, 0 R i T
A ST T 1 A A R T ol Tk e G AR 55, AT Bh T B4 vy
PR AT SR I A S IR AR )3 P R B . ek
IRERC AL SR, = R BRI B o0 SR A 1 22 4L
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MgBr
/

Rh CO),(acac) Rh/l?,?i'f)p pm
* Rh/POL-dppe

(n=2)

@

| |
A\ N
M
9 CI2P PCI2

AIBN
MgBr
CO)2 acac)
Rh/POL-dppb

Bz 14 Rh/POL-dppm. Rh/POL-dppe F1 Rh/POL-dppb i 4
%

Scheme 14 Synthesis of Rh/POL-dppm, Rh/POL-dppe and Rh/
POL-dppb

Rh/POL-dppe
CO/Hy (V:V=1:1,2 MP.
2 2MPa) _ cHo

R toluene , 80 or 90 °C R™ X
S/C = 2000
Styrene conv. =95.7 %, b/1=7.93
1-Octene conv. =96.9 %, I/b = 2.46
1-Dodecene conv. =95.5 %, I/b =2.45

Bz 15 Rh/POL-dppe B A5 )5 S0 BE b SR
Scheme 15 Rh/POL-dppe catalyzed hydroformylation of ole-
fins

SERE); HRON AT B0 7 P SR v 1 A9 PO it 1 R e 8
PR 5 AL TR r R OUB I A R — 2R e T DA B [
BC A2 T2 BT B VPR, 20 [FIAE FH A RT3 Ak 71
(R A e
WUBEACAR Xantphos 75348 1 b S H G S B2 H A
FHHRERBEFIN. 2016 F, T AT EHP 5/ T
LJF%E ) Xantphos HLAK, IS 2062, PPhy RA 15
F|FLEY) POL-Xantphos&PPh; (Scheme 16). Rh/POL-
Xantphos&PPhs AL C(6)~C(12) i A i s e ) 20 I
R R, &8 LA R R (AL 5 P (TOF: 300~500 h'). 1k
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cl
Et\N P\I Et
nBuL| O Et Et
TMEDA S -78°C
THF,0°c U Li
Li /
O O rew [T
—_—
nHexane O
_P _P
Et)z P(E cl” ~cr ¢’ el

X

— N
POL-Xantphos&PPh, —R1(@%3)CO):_ /b0l -Xantphos&PPhs

B3 16 Rh/POL-Xantphos&PPh; H & i
Scheme 16 Synthesis of Rh/POL-Xantphos&PPh;

S B (87% ~ 91%) A1 X 35k [X 35k 14 5% 11k 45 ) P i
(Scheme 17). 1E 1-FME M RBIH, AT W] AE IR E
5 Ik, FFRELRFF I EALIE PR AIE B, THE E 2,
g5 G v IR Y I 3 3 R OE 5 T B T (HAADF-
STEM) A Ji€ X S 2RISR 4145 441 B (EX AFS) 70 #r R
B, BEAE[E B AT T DU R IR i 3 — D4R a
DFT (Discrete fourier transform) i 5 A1 52 56 0408 % b,
FWAE S BRI 5 M B RCAR T A7, TR 1 = D
RS R A, Z AR AT Bl T AL R I R E 1 A
IR

Rh/POL-Xantphos&PPhg
CO/H, (V:V = 1:1, 1.0 MPa) _~CHO

R toluene, 100 °C, 5 h
S/C = 5000
1-Hexene conv. =34%, I/b = 87:13
1-Heptene conv. = 28%, I/b = 89:11
1-Octene conv. =42%, I/b =90:10
1-Dodecene conv. = 54%, I/b = 89:11

B 17 Rh/POL-Xantphos&PPh; i1k (4 1S FHEBEAL 2 B
Scheme 17 Rh/POL-Xantphos&PPh; catalyzed hydroformyla-
tion of olefins

FA B A ST T 2 T ol T, ARSIV P o o P £
HA RN n BRYERK I 2 RN, 72072 I A B
ISR, T LS B B e A T RN X A R . 2016 4E,

T EAAE AR BIL 2-80 T Fe-4- A FE R N R
B, 240 RIS 243, Biphenphos HAE; ZAAAE
— LJf%L PPhy LRI R EY) CPOL-BP&PPh;; L5
Yit— 5 Rh(acac)(CO), [ M3 EIf#E4LF] Rh/CPOL-
BP&PPh; (Scheme 18). 3K AiF, CPOL-BP&PPh; HA5 &
HI R T AL (643 mPeg ™) FLA(2.07 cm’sg ™) FIIF [ $0FE
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BT SR EHR

OH OH
KaFe(CN)g, KOH_ BBr, (1 moliL in DCM) O O T£,0, Py
- = =
“MeOHH,0, 2h 0~23°C, 1h Yield = 85%
Yield = 95% Yield = 99% OH OH

X Z
oTf  OTf 7 s
Pd(PPh3)4 (4 mol%)
O O Ac;O/DMAP LiCl, BHT O O
EtzN, DCM, 12 h 1,4-Dioxane, 90 °C
OH OH Yield = 80% Yield = 81.8%
X z
< o> O O
O
(0] (0]
_ LAH, O ‘ P P
THF, 0°C PhMe, EtsN
Yield = 70% 50~0°C
Yield = 45%
X
vmyl blphenphos
— H _
nnfrmnnannn CH, c

\0 \©\/ O O Rh(acac)(CO),
* %
ey
" M Rh/CPOL-BP&PPh;

c:H2 HoC

CPOL-BP&PPh;
Ha Hy 1 H -
anannaanns G C CH, Cc
Rh(acac)(CO),

i

o
SN
o

\'U\
(o]

o/-/U‘o O

o

O ] () l
| O O I Rh/CPOL-BP&Ph
Q Q CH, CH;

L — =3 s
CPOL-BP&Ph

ww L Lch, -
\/©/ Rh co
S CTL |
NV’/O/ Rh/CPOL-BP&P(OPh);

CPOL-BP&P(OPh);

OI

o.l
)

o/
O

@
»

Ez 18 Rh/CPOL-BP&PPh;. Rh/CPOL-BP&Ph 1 Rh/CPOL-BP&P(OPh); K& ik
Scheme 18  Synthesis of Rh/CPOL-BP&PPh; Rh/CPOL-BP&Ph and Rh/CPOL-BP&P(OPh);

2316 http://sioc-journal.cn/ © 2020 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2020, 40, 2308~2321



Chinese Journal of Organic Chemistry

REVIEW

SEME@30 C, £ 1, Entry 11). Rh/CPOL-bp & PPh; 3y
AR A 7 A v 5 4 S R I A I A 3R T P 5 ) 42
fe, DL BTSRRI AR 75 ) X SR B (/b =96 © 4~
98 & 2)15 FIAH N () ELEERE (Scheme 19); fEALTEREE AL
T RW/ZJfi%E Biphenphos fiEfbiA R, F74bh, 1&EAAFIAT
DAPEIAE 7N R, HRE LR IEFR e 1R PR A0 75 12 A e B 1k

/59 7 19 /2, Rh/CPOL-BP & PPhy i AERE AL P I 1 1)
SR B B, DA i X SE R (/b=92 1 8~93 1 7)
53 ELBEBE =) (Scheme 19). Z G, T = AR @ULK
Rh/CPOL-BP&PPh; I T [f 58 IR [ B4k, 50 7 HAE
T AR R AL S S R i Ak 1 BB #E Rh/CPOL-
BP&PPh; #81 1- T /G B, PAOLTS B 07 1
(TOF=11200 h™ YAt 75 (KX ik F (1 © b=62.2)13 5
BRI, %L FILE 100 B 300 h ELE R N T, fE
545 w0 B HE AL S T (TOF = 5400 h") A X 3 e Bk (7
b>61). N T W FU A 5 BRI 45 #4504k A BB 1) 52
4 T Rh/CPOL-BP&Ph i 1t 7 (Scheme 18). 7E
Rh/CPOL-BP&Ph AL 1-CE A L, SN
&) 100~300 h 4, TOF {52500 h™' H.7: b M 45
R 22 18, JE I SR X bb K B Ak R 45 A4 SR A, Rh/CPOL-

Rh/CPOL-bp&PPh3
CO/H;, (V:V=1:1, 1.0 MPa) /\/CHO
R ~

toluene , 100°C, 4 h
S/C = 5400

1-Hexene conv. = 98.7%, I/b = 96:4
1-Heptene conv. = 98.6%, I/b = 98:2
1-Octene conv. = 97.1%, I/b = 98:2
2-Heptene conv. = 34.7%, I/b = 92:8
2-Octene conv. = 70.3%, I/b = 93:7
trans-3-Hexene conv. = 56.2%, I/b = 93:7

B 19 Rh/CPOL-BP&PPhy AL 14 i A FF AL S
Scheme 19 Rh/CPOL-BP&PPh; catalyzed hydroformylation of

olefins
)]\Cl O

OH CH3COOH
yield =91%

OH CHZCIZ
yield = 95%

=

BP&PPh; 11t 75 1) #6414 g 15 9 Bl A~ [5] 3% I 44 (Bi-phen-
phos F PPhy) 1% 4 J& i1 ¥ [F 4/ F A7 K.

2018 4E, T =K AN A6 2,075 Biphen-
phos 203 1) = 2K 3L B IR ER L 1A 515 8] CPOL-
BP&P(OPh); (Scheme 18), F-HF 7L T %K AW 1 B
A FITE S R B B R . T8 1-T 9 AR I
AL BE DL 3% PE(TOF =2490.3 h™")HIX dskik
PEYE(  b=40.0)19 8| H4E s, fE& it —Plid s
FT-IR #57 | BRI FR A AL, 25050 K I,
TER G B N ISR, B4R A [F i 548
| 257 [ B (Biphenphos A1 P(OPh);) {57 72 i #7 ) Rh-H
Y)Fh(Scheme 20). 24 Rh/CPOL-BP&P(OPh); & T [f 32
PRI B a3 MR, 5B 36 h J&, TOF B M\ 4626 [4 22 2806
h's (HRM 240 J5, 10 b EM 18.6 FHEi %] 49.4. #E—
TIF B SN HHOZ T A Rh-H A AL i [X 41 33 £
A BN ER.

\
oc- Rh/

\
oc- Rh ) OC-RN
' coP

P: Biphenphos, P': P(OPh)3; Ligands in the polymer skeleton

B 20 Rh/CPOL-BP&P(OPh)s 14 i1 5 H AL 52 B2 T A
f¥) Rh-H 5k
Scheme 20 Rh-H species in the Rh/CPOL-BP&PPh; catalyzed
hydroformylation of olefins

AR ZH PSR T — 2 X Il T e T 5
PPhy &M, K 1384 €)% J5 15 8] Rh/POL-BPa&
PPhs. DL 2,2- " RRLIEONJER, SRR, FRRE R
P\ Suzuki PIREE 100 S AT B £ XU 7 Rt e e
1A B (Scheme 21). Rh/POL-BPa&PPh; H.AT 1= ) 3 i X

e
aHCO3 o|-|

OoY

| PQW

TS
krg k
PACIy(dppf), EN, THF “H,0, MeOH_
yield = 85% O vield =96% O

S P

AIBN, THF

Et3N THF O |
yield = 61%
(\ /7

vBPa

\|\/
o~

U w CHy \©|'Eg~

—Im e

POL-BPa&PPh3

B 21 POL-BPa&PPh; {14 ik
Scheme 21  Synthesis of POL-BPa&PPh;
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MPFEEIE(E 1, Entry 16). ZHALFIZE R IR A
e Ak s o2 R A 75 G P . X IR B (b =
12.1~52.8)F{&EH P (Scheme 22a). 7E 1-Cufi NIEH
SREH, TON 5 AT ik 45.3 X 10%; HARALH AT DLEFRE
FH 10 7k, FEAELRER SONE PEAN X Sk 50 0. 3l i sz ag xet
tt, Rh/POL-BPa&PPh; [Ff#fL P BEZLE T- Rh/POL-PPh;
ML, 50 B 58 A0 v SO AT IV gl o e A A e %o A 71
M RESE M BRI, R Ah, IR TITE
11 SR A/ A e 82 H 3R R HE AL 5 1 M A P
(Scheme 22b).

(a) Rh/POL-BPa&PPh;

CO/M, (V:V = 1:1, 2 MPa CHO

R™N Tolue2n<(e 90°C, 5 h : R
o ’ conv. = 80% ~ 90.3%

R=CqHo, CeHis  SIC=20000~30000 /M0 577 0
() Rh/POL-BPa&PPh;

CO/H,
s WV = 105,05 MPap < CHO

Toluene, 110°C, 12 h
S/C = 10000

conv. = 62.2%
I/b=6.7

B 22 RW/CPOL-BPa&PPhs fff Al ) 5 F Bt AL S
Scheme 22 Rh/CPOL-BPa&PPh; catalyzed hydroformylation
of olefins

BT UL s s, AT P
THEB B R B S TE. SR B, b
AP BEAL S R I AR A AE AT P« A DU ] )b 2 ik
PR X B, A R T B N B
175 5L W FR e i Ak, 5 O = R R A 15 3
POL-BINAPa&PPh; (Scheme 23)Y; %R &% 5 Rh-
(acac)(CO), B 2% 4153 %] Rh/POL-BINAPa&PPh; fi{t
7. Rh/POL-BINAPa&PPh; 7E H I 1) & FF Ik AL S v
R RIH TS IS . SEARE R FNL 2
e FE 1 (Scheme 24). 1£ 2K BN R ) S H BEAL I
Rir, AT ERARAT R B 52—, PR
W) E/Z FRILUAG ik 40 ¢ 1. iZIBALAR R0 SR e B
HIEA AN, W, AR, B, RE. Ao,
75 PR BRI A% A A5 21 AH B I AN RN RS . 1% 2Kk 4k
FAH e R A e B B, DL e 2 15 B e AN T
/5. Rh/POL-BINAPa&PPh; 74 2, (IAE A ALt
APE AR, HBA R BB k. EAE R
#&, Rh/POL-BINAPa&PPh; i ff 1k 3% M 2 5 T 44 A
Rh/BINAPa/PPh; 1k 2. FATHEDLE 2 B2 X0 I 2% i
Pl P A N = SR Ll S B LA, 19 2 = BEBCAZ Y Rh-H
TR A B, S ak A AL, RAA B AR E
ETEDAYER SN Ry g S R I A S 3 K 39
El"]f’ﬁéﬁdﬁﬁ(Scheme 25). fEREGYH, BT Rk A4
SELESEEHE T, FRAK T P Fh 4 2 1A) 5 48 1 Bl 9] R0,
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Scheme 23  Synthesis of POL-BINAPa&PPh;

Rh/POL-BINAPa&PPh;

Ri_—— g2 COMz (V:V = 1:1, 1.0 MPa) < v
i toluene, 70~90°C,20h R
R,-amkalyl = sic = 1000 14 examples
R®=aryl, H 38% ~ 97% yield
10 recycles

Bl 24 POL-BINAPa&PPh; (1]
Scheme 24 Application of POL-BINAPa&PPh;

""" ;h CcO L 2 ”"’;h Cco
R ‘?TLA‘ Gr

CO  PPh; CO PPhg
A B

B 25 LT ARIB
Scheme 25 Catalytically active species A and B
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AL PR 8 A . Ruhrchemie/Rhone-Poulenc 1 A,
T, KEME TPPTS Feik A T 794 i & R R AL I
R, AERT K2 KRR, SR TSR
OIS 4 SR R R D R R R A R R
?ﬂ%f%ﬁ% CINYRER i S S ETf I = e 4 e
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TG 4 S 15 B R (4 46 77 (Scheme 26)*Y. %
P EAG MR, MUEA K, M HS5MEEN
HARG A . PLK N 7, Rh/PSA-PPh; #il
Rh/PSA- Xantphos Y 1-3¢ 4 ) Z IR AL S 2, 4331 LA
96.3%1 94.7% {1 EE AL 2 Je 2.8 A1 39 1] /b A3 A N 1)
% 7= 4)(Scheme 27). 1M BL R/TPPTS 1 A ALK 5B,
AR F] 29.7%F4L N 2.9 1IESF . % TAE A/KAMHEAL
05 08 1 S R R A S L PRI A TR AL T I RRE T 38T R 5 7).

ST

w@ \%
o,

AIBN =
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DMF, 100 °C, 24 h

O enl
Of a5

P PPh,  PPh,

AIBN
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DMF, 100 °C, 24 h
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Scheme 26 Synthesis of PSA-PPh; I PSA-Xantphos
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Rh/PSA-PPh;

(b) CO/H; = 1:1 (2.0 MPa) \/\/\/\/CHO
H,O (10 mL), 100 °C, 4 h
S/C = 3000 96.3% conv., I:b=2.8

// Rh/PSA-Xantphos
COM, = 1:1 2.0MPa) .\~ _~_~CHO
®) H,O (10 mL), 120 °C, 4 h
S/C = 3000 94.7%% conv., I:b= 39

B 27 Rh/PSA-PPh; #l Rh/PSA-Xantphos fEAL I 1- 4755,

F B A S N2
Scheme 27 RWPSA-PPh; and Rh/PSA-Xantphos catalyzed
hydroformylation of 1-octene
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HAF BB A, DR A e Bk — 0 ¥ R I e e A RV
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