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2 BELERER-DRSBLERL

Table 2 The anti—-markovnikov alkoxycarbonylation of olefins over palladium catalyst[ 57

o
1% PdCl, R/\)J\O’Me
4% L n: 1-COOMe
R *MeOH
Toluene, 100 °C, 20 h o
CO(4.0 MPa), 5 mL H,O R 0° Me

is0-2:2-COOMe

Entry Alkene Yield /% Branched sel. /% is0=2 /%
1 ey T 88 84 86
2 PN 50 97 77
3 e N 86 85 >99
4 /\M’\ a 93 83 >99
5 Ny COOMe 90 83 96
6 P ava 90 84 99
7 > 82 >99 >99

78 78 >99

/\)\
9 /\]/\ 91 49 >99

organophosphorus

ligands

machine learning

commercial and

virtual libraries

conformer ensembles molecular properties

K12 Btk MBS AR 7 kraken ™

Fig.12 Kraken: A comprehensive database of monodentate phosphorus ligands[ ]

XK R F SR A SRR R T SRAR SO ST RISE A AL LA e A 15 R SR B = P 1R P T
B ) G40, Freixa flvan Leeuwen' ™ XU B BB M SEATPEANDEGE . FE4G H P-M-P IS Ay XoF 3
JRRCAR I A SO X B A T AL S | Bl RO AR AN S D R O B PEHT. R
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cat.
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<: )
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d'bpx, L13 dtbpp, L10
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Fig.13 Alkoxycarbonylation and copolymerization of ethene 77’

TR F R (MeP) J2: CO/ 24 2L 58 5 10 (14 B /1N Al
REF=H) , IS B A G 3L RIVR AR B R P A
TR, SR FIbe S0 3 Ak 2 o] A e 43 s o) Bk
FEGERGK ANEE AL 2 (B HEA T AR, X 4 R 1 fid
TRAE A SZ B . e LG TE R MeP MR e (42
ARLEAE P I HAT FARFUBAR IE A/ 3R A R LA
i, 2T L1085 113 BRI LUK T 99.9% ik $E
PEF= A MeP, (HELT L7 85 L14 BUHEAL I 2R 206 /
CO FERATR P AR , 3 2% BHTE R Ak 50 5 TL g
AERCR I, BOAARZS [R)RON  H 308 o 2L

S5 BT R T B 2 WSO I A 1Y) Pd
HhC JE L) 223 ) 0 55 A B 2 o T i Ak e 5 1 T
M e PR 2. 140, Ahmad 25173 5 5 Ak T
BT b3 T d'bpx Al dmpx [ 1,2- B0 H 35 Bl B %)
A )23 (AR FRUG Pd R AR 20 Bk Ak TR A0 3 2 1) 52

M), &5 5 2 B 5 KA BRI 3 19 d'bpx 3R T B fI%
Al P R (MARD M RS0E PE, BRAR T e g at
WEAHETS) i#ae, IMFEIL T B e, #2
15 T ONEE A . 1T dmpx BT 2SR EUE/N, BaE T
MARI, 76— & 2B L35 T HETS I 3Ge, M
TNT RN 4R . ksl L S AR o 4 — B,
Wi 75 T R AR R 388 o, X6 Ak SNz )
TSI L T

AN VR 0 380 110 S5 / B A TR A S g,
1% [ (d'bpx)PA(OTY), ] 1 [ (dmpx)PA(OTS), | A% kb
BFSE, AIE A A7 BELBY d'bpx B84 1] T T% B 246 Pd-
B BE MRl TR IV B4 Pd- Tk 5L Rh A 1O BE 22
BAK, #AL M van Leeuwen M Hi [ g 708051
TE ARG A7 PR A T35 e 4 5 i 7 T Al T AR
ZHWF5E . B QM/MM BIF 73 4544 Ak Bk Ak 52 7 i i i
THERAE TR, 25, SEme i B s S 4 oA, 1
THPESRRSE , N T RN BT, MRS Pd- R
iAW e FR -5 R N R O O

Pd it 5 W 48 A0 55 05 98 B AL T Ak 3 % 7T 3845
R LR AR =, DX A A T A = i o
75 LA K P-Pd-P Wy 2 [ AR AR S . HAT SEn ff
i) DPEphos (% £ 102.7° ) il Xantphos (B £ 110° )
TER LI HRAC N Hr At T s AL LT 230
LRIEFEY) . 2004 4F | Bianchini 2 2 8 T 4R 1,1 -
R FE ) 15 42 @ -Pd (D) fE Ak 770 76 2 2 s Ak
Fis Ak 2 7 P (R AL PR BE L 4 Fhp Ak 70) K 15 21 2k bk =
Y (3- R I N TR FP R IX Sk P = ik 85%) (1 14).
SR 2 M DX e R 1 1) D RLAT SR — A e L (]
L, AHJEAEE A PR OR35S e HE 2R A A
AR T 7 A 0 7 T A7 LR TR o A R ) e s
PSR TR 15 £A 96.37° ) A3 (R A
97.47° ), &\ H B m A7) 2 BA £ K P-Pd-P
IEAA(101.3° ), PIBLAESS [B] b 442K 30 B 5 B o
FOFEE , DT 2B F U ) B e PR

B T I RN, A S0 B R0 A2 (B
O PR DXk 488 11 2 B v o 19 A A
WA % [ . 2006 4F, van Leeuwen /N 4 TE TR
AT A TR A L 20507 AR AL 20 Pk AR T Ak s g
SR RIS, $ R OBUDT FBA TC AR 1) P, 45500 RE B 42
BN RA TR AL TR A DX PR, 5 FH B 1)
25 DPEphos U ¥ FL A4 (151 14) fig % 48 = = #i g 25
PRI R DR LR ERAC TR A= ) SR A LA E ok
74)26.



%33 XA F% B L TR s TR0 KA A Ak e Fh B T S 1 (4 52 263
@_ _‘ (OTs), @_ —‘ OTs
PPh, PPh,
! \ _ OH, | \ _ OH,
Fe Pd = F Pd_ + HO0
OH, ¢ OTs
iérm’hz iC‘|_“>7— PPh,
1
solid state solution
@ PPh, <| ©T9: @—Pphz —‘ o
| | \ P OH, 0
_— P + H,0 F,C CF;
fe F|e / ™~ oTs r P
- Pth N
solid state solution CF, cF,
OH,
PPh, OT.
o | =
| Yo 0Os —Pd — OTs
Ru Pd - S
/ OTs % ‘
<é? PPh, B PPh, 4
solid state/solution solid state/solution
Bl 14 1,1 - XU HEIERE) 408 -PA (D) AL B2 DPEphos Btk gh 25
Fig.14 1,1" -Bis(phosphine)metallocenes-Pd(ID) catalysts and DPEphos analogue '
BRI, Tay 2 BT — R V5 BB R & 0O T R A BLE (HOMO) ffE &, FFIR5 B L: P

Phobane & A1 i XU BEBCAA (] 15), BF5E T X SEfD f4
XoF LR A 075 H Ak S Y B2 . 7 Phobane 32 [ 7
BT LA PhobPR (e 3 -9- 2 WA T-e [ 3.3.1 1)
e Sheu/\ 1%?%1}%4{:%ﬁ1_ﬁ A WL E
B2 Ve EE 5 Phobane M AHSCHCA T C—P—
c*ﬁ%éﬁr‘ S T IO A B PR, DA

Phobane

@ =75 &

BCOPE

7

PhobPR

L28(R'=H, R’=CF;)

P@
<

K15 J5IARIE A Phobane XU 14 *

Fig.15 Aryl bridging bidentate phosphine ligands
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Fig.17 Alkoxycarbonylation of methyl oleate

[87]

Ligand
NN
6]
0.1% Pd(OAc),
0.2%Ligand, ‘Bu ‘Bu
1.05% MSA %/ P
= ol oC
CO(5.0 MPa), AT P
105°C, 4h ﬂj
/\/\W oL ) o
d'bpx BPX
o X =30% X =85%

selectivity = 94%

TON = 280

selectivity = 94%

TON = 800

18 BPX 5 d'bpx 7E tran-4- 4 AL BE AL 5 17 v i e

Fig.18 Comparison of BPX and d'bpx in methoxycarbonylation of tran-4-octene
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Influence of Electronic and Steric Factors of Phosphine Ligands upon

Palladium-catalyzed Alkoxycarbonylation

LIU Meng-li '*, ZENG Bo', HU Bo’, LI Zhen ", XIA Chun-gu'

( 1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,
Academy of Science, Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049,
China; 3. Jiangsu Huachang Chemical CO., LTD, Zhangjiagang 215634, China )

Abstract: Palladium catalysts modified with phosphine ligands are widely used in the alkoxycarbonylation of

unsaturated compounds, and their catalytic activity largely depends on the coordination environment around the metal

center. The modulation of electronic and steric effects of phosphine ligands can achieve directional catalysis and even

predict the catalytic behavior. Moreover, the development of new catalytic reactions and the optimization of existing

ones can be achieved through the rational design of phosphine ligands. Ligand is already recognized as one of the

most important variables requiring detailed study. The regulation of activity and selectivity based on electronic and

steric effects of phosphine ligands, including monodentate, bidentate and hemilabile ligands, in palladium-catalyzed

alkene alkoxycarbonylation is reviewed. Furthermore, we discuss the facing problems and future prospects in order to

provide guidance for the design of efficient and high-selectivity alkoxycarbonylation catalytic systems.

Key words: palladium catalysis; alkoxycarbonylation; phosphine ligand; ligand effect



