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Recent Advances in Phosphine-Phenolate Neutral Nickel Catalyzed Olefin
Polymerization and Copolymerization with Polar Monomers
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Abstract: Copolymerization of olefin and polar monomer to produce functionalized polyolefin is a straightforward
pathway; however, challenges exist, which thus becomes a hot but difficult project in the area of olefin polymeri-
zation over two decades. lLate transition metal catalysts are of advantages on preparing functionalized polyolefin,
and nickel and palladium catalysts including diimine, salicylaldiminato, and phosphine-sulfonato ligands have
emerged. In contrast, phosphine-phenolate nickel catalysts have attracted much less attention. However, in re-
cent five years, phosphine-phenolate nickel catalysts have been corroborated to be a greatly promising catalyst
system on fundamental and industrial studies. Herein, in this review key phosphine-phenolate nickel catalysts
are summarized, and significant advances in phosphine-phenolate nickel catalyzed ethylene polymerization, co-
polymerization of ethylene with polar monomers, and copolymerization of propylene with polar monomers are
discussed over the past five years. Advantages of phosphine-phenolate nickel catalysts are thus summarized.
Moreover, perspectives on polar monomer, catalyst structure, stereoselective copolymerization of propylene and
polar monomer, mechanism of polymerization reaction, and comprehensive property of functionalized polyolefin

are provided.
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Figure 1

Phosphine-phenolate neutral nickel catalysts
for olefin polymerization and copolymerization with

polar monomers

1 Z2ERE

7 20 e 70 FAREW, B REESW
SHOP b7 E 4 H T il 4 H 48 ol . 2



6 39 UL

AL

S TR R B LA R SR S S R S i R A L SREBTT 5 i S + 659 -

J&i s Heinicke 48 & & T — R 5 R S M Z8 3L 20 1
Jile Ty TR A 3 3 Xk A S L AN L X3 BT K 1
P00 Ml BT A R IR BT A BT A I Y
BB AR A R OB R RS T
TET A SR 202 S e AT R Tl SRS A I M- R
AL K AR 200 B I 5 0 B R 3k 3R
FEBIES FRBEEYS . — A M A
J& 2015 4F 2R 00 AR IR A A1 5 o fE 2R R AR 5] A
A7 BEL AR TR - R8N A [ 1 B 3 il 4 o Bl
A3 B TR B AL ) 1a~ 1672 (] 2) 75 S HR 04 A
) B A AE A LR S AH LTI LB 1a, 2R I
SBAEALT e (Ab) B R 3 (1) M 5] A iR R 3 &
MR A WA TR KR (410" gemol '+h™'
versus 1. 3X10° gemol "+h "), Hdv, #fLH 1f
MRS VB 353 T 1.1 X107 gemol '«h ', {HZ
BRI LER O FEARAE 1.0 X 10
(£ . 2018 4, 1 T7E Z 1l I AF 58 v, P KR
AL A0 A7 HROAR 32 110 A7 L X 2R 5 9 1 1 5 ) O R
F L DR R 8 AR BIF 5T ) B ) g AR I 1 7
BHL 3518 X6 2 s 3 A i A0 M BB 19 52 L 83 IR A R
T — F N LA A [R) Sl 1 {5z BEL A4 i T A L 5] 22~
2d5 (B 2) o IO 3 A4 43 B i B 3 b R K
b R LA 2 BHL L 7 30 CC R A &M T A R4
TEEk 6.53X10° gemol 'YL R L4, 15
B R MERREREGY 4 F &t BA TRKHZE
W, 5340 7E 90 Crai R AR = R AT
PE(10° gemol ' +h "), R Wz M Ak 1A R A AR M
Bl TEARALF 2b 1 FEA b R R R T T
R A 07 JBOA e i il B R 1 v A T
B AL ) 3a~3h (B 2) 7E LI B & P Y ¥
mo SRR, A W TP (- F, —CF, Al

Pyr a:R=H, Ar=Ph
\._Me
O/N\l/ b: R ='Bu, Ar=Ph
R p\/Ph ¢:R=Ar=Ph
Ar d: R = anthr, Ar=Ph
e: R =C¢Fs, Ar=Ph
1 f:R=Ar='Bu
Pyr At! = 2-(2,6-(Me0),C¢H3)CeHy
s Me 2
o—Ni— Ar? = 2-(2,6-F,C4H3)CH,
R i’\/Ph a:R=H, Ar' e:R= Bu, Ar!
Ar b:R=F Ar! f: R = Ph, Ar!
¢:R=CH;, Ar! g R=C(Fs, Ar!
3 d:R=CF;, Ar' h:R= By, AP

\
o—NiMe

Bu }3 ~Ar?
\
Ar'

—C,FO) HIEAL ] (3b,3d F1 3g) Fb X 1 A 4 £k 571
3a,3c 1 3f B W & M RA M WA &
o7 BELASONE B 385 0, 3R A £ 0 19 S PR A IR ) 42
o (HAS— 3R AR A AL T BEHUC A9 i 1L ] 3e
HA feom w4 & M, o DLk 8] 2.4 X 107
gemol '<h ', BRULZ AN, AL R A AR E M R
S E 60 TR R FF G R0 4 R &, T g 1)
FE N T RENEMEER O (4. 89X10° gemol 1),

B TR B SR Y R 1 AR A R A TR
2021 AERETT T LAZR AL g B R 0 — R 90 I 1 R Ak 1k
) da~4d" (E 2), W TZERITBUCH 2 E 12K
{14 S 457 AR R B, R o A ) BROAR R 28 8 S50 [
LU A 2R SR AR % 4 i ot 5 e TR, TR UG A Ak
IR E S A EANEENS T/, 5
R Ay v R T T R A R ARL Y 2R
B TR 1 R AL R 8 58 b 57 BH PR3 Can 4 A
4d) XA IE MR 2 OO B 3 . Horh 4b 1Y E
15 .35 3.0X10" gemol '+h ',

B T b R X A O 3 Y s TR O e L
BN B AT AT R DR DR A A B SR T A AR R Sa~
Se([El 3a) F NI Ni—C 3 HI X 2 B4 &
w0 AR RS [ 8 N C 3 M (“NiMe”,
“NiPh”, “NiCally)”, “Ni(COD)” #l“Ni(acac)/
ALEt, CI”) il £ H A W2 09 25 A K A7 BEL B B A &R 1Y
il W B A4 AL ) Sa~Se. FEAIRIE (30 C) A &AM
T REWEEEM 5a>>5a">5b>5c=5d="5e Y&
P AE IR (50~90 C) &M T REWHMELIH 5b
>5a'>5a>5d>5e>5c aH . MR AWM
FH250] LI R Ni—C 3 A % i 4k 351 1 2R & v
AE R AR A7 25w s 58 H R, — D7 R A Ni—C
U E GRS, 55— Ni—C ZEHd B A
P a: Ar' =Ar? = Ph
b: Ar' = Ph, Ar? = 2-(2,6-(MeO),C(H;)C(H,

¢: Ar' = Ph, Ar? = 2-(C¢H;)C(H,
d: Ar'= Ar? = 2-(C4H5)CgH,y

2
Pyr\
R o—N-M¢ L R_H Ar=rh
i i \/Ph b: R = Ar =Ph
OO Ar ¢: R =3,5-(CH;),C¢H;, Ar=Ph
d: R = 3,5-(CF,;),C¢Hs, Ar = Ph
4

a": R =H, Ar = Diph

B 2 N[5 o7 BEL AR A0 HL 2500 A A T B A £ 7R

Figure 2 Phosphine-phenolate nickel catalysts with different steric and electronic effects



. 660 - [T S S R 2023 4F
K1 LIHRAES
Table 1 Results for ethylene polymerization *
Cat. (pmol) p» (MPa) T (°C) ¢ (min) Act. P (10%) M, (10%) M, /M, Ref.
1f (10) 1 70 20 10.9 1.9 2.2 [29]
2a (5) 1 70 20 0.2 5.6 2.0 [30]
2b (5) 1 30 20 2.9 480 1.4 [30]
2b (5) 1 70 20 11.1 146 1.5 [30]
3c (5) 1 80 20 7.7 30. 4 3.9 [31]
3d (5) 1 80 20 14.5 9.3 3.9 [31]
3e (5) 1 80 20 24.1 18.1 2.4 [31]
4b (5) 1 70 20 29.7 2.0 3.0 [32]
5b (3.5)° 0.8 30 15 0.5 211. 4 1.8 [33]
6¢-Li (0. D 3.1 30 60 35.0 40 1.3 [34]
Te (5)° 4 30 60 1.6 1428 1.1 [38]
7e (5)F 4 50 60 1.8 101 2.2 [39]
8b'-MgO (0. 1)¥ 3 80 10 109. 2 3265 2.7 [40]
8b'-MgO (0. 1)* 3 150 10 57.0 1791 3.9 [40]
SR H 100 mL) ;P S MBI gemol Teh s FIE/ A2 (98 mL/2 mL) ;¢ LiBAr] (0. 2 pmol) , Ni(COD), (0. 8 pmol) ; °iF
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Figure 3 (a) Phosphine-phenolate nickel catalysts with different initiating groups; (b) Phosphine-phenolate
nickel catalysts with secondary metal cations; (c¢) Phosphine-phenolate nickel catalysts for aqueous ethylene
polymerization; (d) Supported phosphine-phenolate nickel catalysts
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Figure 4 Phosphine-phenolate nickel catalysts bearing aryl moieties with alkoxy or aryloxy substituents
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Figure 5 Structures of polar monomers and the corresponding abbreviations
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Table 2 Copolymerization of ethylene with polar monomer"

Comon. b T Act.® Xy M,
Cat. (pmol) M, /M, Ref.
(mol-L™") (MPa) (o) 10 (mol%) (10%)
2¢ (10) MA (0. 2) 1 50 49.3 4.3 21.7 2.1 [30]
2¢ (10) MA (0. 2) 0.5 50 11. 4 7.4 10. 0 1.7 [30]
2¢ (10) PVS (0. 1) 1.5 50 23.0 0.8 78.5 2.9 [42]
2d (10) MA (0. 2) 1 50 100 0.5 72. 4 1.8 [30]
2d (10) DMAA (0. 2) 1 50 20. 2 < 0.5 63. 2 2.2 [30]
3g (10) MA (0. 1) 1 50 132 0.7 154 2.0 [31]
3g (10) MEA (0. 2) 0.5 50 2.5 3.0 11.5 2.1 [31]
4a (10) DMI (0. 4) 1 70 13.2 0.9 7.3 2.5 [32]
4b (10) MA (0. 1) 1.5 70 366 3.7 1.2 1.8 [32]
5a (10)¢ HCI (1. 0) 0.8 50 280 1.28 46. 7 2.6 [33]
8a'-MgO (5)¢ ‘BA (0.2) 0.8 140 200 6.6 73.6 2.3 [40]
8a'-MgO (5)° HCI (0. 5) 0.8 80 1900 0.7 562. 8 2.1 [40]
8b'-MgO (5)°¢ MA (0. 1) 0.8 80 124 2.9 96. 6 2.1 [40]
9b (80)f MA (0. 04) 3 70 86 4.5 68 2.0 [41]
9b (80)° ‘BA (0.04) 3 70 390 1.1 185 2.0 [41]
10a (0. 25)° ‘BA (0.05) 2.8 70 321 2.5 94. 2 2.3 [44]
10a (0. 25)° ‘BA (0.2) 2.8 100 82 12 19.1 2.2 [44]
11d (25)* ‘BA (0. 025) 2.8 110 7700 0.4 9.5 2.5 [46]

© RN S < R RO M B AL (50 mL) , BEA ) (60 min) ;P WEHERAA N gemol Teh 'i¢ H U H-NMR I ;¢ A 0 M 2 A
MRF(25 mL) ;¢ IF B AU M B A S A FR (5 mL) , B AR (30 min) ;" P28 F0H M B BB (1000 mL) 5 ® HE R R 1k 2 A 2 R R
(5 mL) .,
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Figure 6 Phosphine-phenolate nickel catalysts for copolymerization of ethylene with polar monomers
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Figure 7 Phosphine-phenolate nickel catalysts for copolymerization of propylene with polar monomers
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phine-phenolate neutral nickel catalysts
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