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Abstract Catalysts play a pivotal role in promoting the development of polyolefin industry, especially, the design and syn-
thesis of metal-catalysts is the key to the metal-organic chemistry. Surprisingly, rare-earth metal harness the unique orbital
structure, reactivity and coordination criteria, so rare-earth metal complexes have been one of the efficient catalysts and show
the special advantages in the preparation of polyolefin materials by introducing steric hindrance around the metal center, no-
tably, their structure, chemical activity and stability are determined by ligands. The development of rare-earth metal catalysts
with cyclopentadienyl ligands (alkyl-substituted, aryl-substituted, indenyl and fluorenyl ligands) and non-cyclopentadienyl
ligands (macrocyclic tetradentate, tridentate, didentate, mondentate ligands), and their applications in the preparation of poly-
olefins are described in this review. This work aims to promote the research of rare-earth metal catalysts in the field of poly-
olefin synthesis and metal-organic catalysis, as well provide new design ideas and research methods for the synthesis of

high-quality and functionalized polyolefin catalysts.
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Figure 2 (a) The route of alkane elimination reaction for the synthesis
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Figure 3 The structures of constrained geometry configuration rare-
earth complexes
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Figure 10 (a) The structures of carbon-bridged indenyl ligated rare-
earth metal complexes. (b) The structures of constrained geometry con-
figuration indenyl ligated rare-earth complexes
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Figure 11 (a) Different interception methods of indenyl ligated dialkyl
rare-earth metal complexes. (b) The structures of the indenyl rare-earth
metals dialkyl complexes with different Lewis base ligands
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Figure 12 (a) Carbon-bridged fluorene-based ligated rare-earth metal
complexes. (b) Si-bridged fluorene-based rare-earth metal complexes
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Figure 13 Constrained geometry configuration fluorenyl ligated rare-
earth complexes
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Mountford ZFB%OVf f5HRIE | A PEBCAAREC AL 1) =4
FeHs + 4 JB A )(Ch)Ln(CH,SiMes); (Ch=1,3,5-=H
F=R AR Ok, Ln=Sc, Y, 64, & 18) ML R BEE
MR AR = ENERBERAED
([9]aneS3)Sc(CH,SiMes); ([9]aneS; = 1,4,7- =MWy T 45,
65, & 18). {EBIEALT B(CeFs)s FITEA R, BLAY) 64a

AENS =G (220 kgemol 'sh'sbar WAL LJG R A, 1521
A?g M=8.47X10° I L)%, EAY) 65 1E 1 equiv.
(P BNHEAL TR ML BN /EFR, RetsfRimtEh s &
IR 1-CIR R A, 2 BN REE 2 equiv.i), 1-CUE M)
AT PE T B4, £ —30 CIRE FHEEIAS] 3660
kgemol 'eh”!, H@Jﬁ%%é}%ﬁ?ﬁﬁ(PDI—ZS.O)TD_Lﬁ-‘
JritE r&ma&%m RO,

3.3 XABLAELIFE L &R BHELT

JRFEE T A TE 2= (B A B 55 FH R 8 25 Ak HCp K

Y, R Z G AR R A 2 —. PR
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14 J8 T 4 B FECAE, £ NCN A BU HL i 2 B, 54
BE TR T A -8B, o0 - o0+
R = PRI, 1990 4 Edelmann ZE01-624R1E T — N 4E
RFERE & HI[RCeH4C(NSiMes)2]:Yb(THF), (R=H, OMe,
66, & 19), &8 & 745 M PREREC AR s gy =02
0,0 BRI, BLEY) 66 HATRGRMIERE, Aets S5/ T
TR DY R R 2R AR 0 AR A DL g R
YN Yo 5 S, Se. Te LA IE FAH I (155 (1)
=M LAY, Hessen SE030@ i X PRIE B AR A T840, 18
K IRFERC AR () STARNLIHE, 45 21 5K IS XUe 5644 1 42 S8 ic
AW, B S ARATCSE T PRI FL A HPhC(NAr), (Ar=
2,6-"ProCeHs, HLe7), 133 — RHIHIREE UG I + 58
fit &%) LerLn(CH2SiMes)2(THF)1» (Ln=Sc, Y, La, Nd,
Gd, Lu, 67a~67g, K 19). Fe&Y 67 1E4A NI
[PhNMe,H][B(CeFs)s] 5 5 T 348 A 2 (TIBAOYE FH T,
REBS ML IR R A, MATENE 5 d0 &8 i T IR 28 A
BT ERAX, BT ERRAIEY 67 stk
/NEEA ) 67a AL TS PE B A, TS 72 RARE 1 67d.
67e fEALTEME i, 1A F] 1.5X 107 gemol 'sh 'ebar .

Hou S50 IE 1 — %A ¥ FIBC A7 1R B oK 2 0Ue
%ﬁﬁ%mﬂ/\% LesY (0-CH,CsHsNMe,), (68, &l 19), 7£
AU BN PER T, Bet% st il = 5
A, FFHAE—10 CHEUTHUEEH[EE 34-458 8
TCEE(99.5%) = (mm=100%, mmmm=99%)¥]
RS I, FRABATRIR BRI RPIIA 5 equiv.
AlMes NG E@-1,4 EPRPER R T, Horb
X-1,4 FEEIL 98%.

FITC 356 A 2 30 3ok 7 PR R A 0o B IR 7 5N
N R PRI 1R BRI, 75 TC A F 7 250 14D ] R
AT CACSCR ST ARGT BH. 5 PRI AR S5 0+ o A AL, T
T 7t 2 X B [ 8 e A4, 8 XA (RNC(NR',)NR)H,
Horp NRY £ B ALT N JEF B0 B 75 NCN Bt
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1 ) Qe s/
TMS. A TMS 2\ S,
N\' ‘/N @Dr ,-P@ ArLN'\ N—Ar? pr N /*N iPr
THF-Yb~THF NN L0(THF), e,
'Pr Pr ) ;
N/ \N 1 (THF) MesSICHz CHySiMes MesSiCHz CH,SiMes
T™™S™ YT T TMS MesSiCH) Y sinte 69: Ar' =CeHs, 4-MeCgHy, 2-MeCgHy,  70: R =PhNMe,, Ln=Lu,n=1
R 2 3 R = CH,SiMe3, Ln = Lu, n=1

66: R = CoHs, p-OMeCqH, 67 Ln = Sc (67a), Y (67b), Lu (67c), n = 1

Ln =Y (67d), La (67€), Nd (67f),

Gd (67g), n=2
’Pr N N ipr

@

Bl 19 JREERCAR IR & R I & a1
Figure 19 The structures of rare-earth metal complexes containing
amidino ligands

S, R 77 AICSE A Bb R SR e AR 2L SR 45 FE P e
77. Cui ZE7V J5#0E T — R 5K . IR RC RS54
AL NPN 1 NSN BUXUA LA, JFid@id 5 = ke hs +
1A WD HEAT e B T )R R4S B — RPN B 5 8
Bic & 4 (NPN)Ln(CH,SiMes)»(THF) (NPN = Ar'NPPh;-
NAI‘z, Ar! = Ce¢Hs, 4-MeCgH4, 2-MeCgHa, 2-EtCgHa,
2,6-Et,C¢H3, CsNHi, 2-FCgHy, Ar? = 2,4,6-Me;Cg¢Ha,
2,6-Et,C¢Hs, 2,6—iPI'2C6H3, 2-MeC¢Hy4; Ln=Sc, Y, Er, Lu,
69, K 20). (NSN)Ln(CH,SiMe;)(THF) (70, & 20). i
A1 69 S5 PR NB AT TIBA 1 #4676 H i N &
TETE AL R I W 34 BEER A, Mo EEURIE 1)
A7 BH DA B2 4 J o0 IR P R 8 2 o e B MR AT AR DK I s2 ).
B 5 BRI A AR (48 K, 3, 4-38 381 253825 M 81.6%1H
KE] 97.8%, HE G HURIEFAARFUK BXTFRET, B
KNS EARK NPN B2 EEERES, SH&E
RO JE T AR S BRI DS, R 2 BRAR. BT X e
G A G B AL BR R, B PSR AR R, HRa0 4
J& B T2 4858 /N (Y > Er > Lu > Sc), A XS Az B i oK,
iﬁhﬁﬂjﬁtij{(Y<Er<Lu<Sc) [FAEH, P& 70
A HUI I [PhNHMe, ][B(CoFs)s] 5 TIBA &b,
fE—30 CIERPREEL TR ) hm 34- 050
(>99%) A, 192 =4 [F HURE B (mmmm > 99%) 1 5 57
% 0, W RIS Tw=170 C.
NI flg B P 2 5 IR R A B AT AR AT NCN 4
B R RROA L S RO, B FJEH Kempe S50 X
kg g ARG A LSRN, FT
(TMS-Ap);YPy (TMS-ApH=2-(TMS-HN)-CsNH.,). Ft)5
FATITI S G NAS [F) B (A1 e 3 K EC AR A B, A 1
UL E e de —ANHe + & JREC &4 Ap'aYbs —HEIE fc B F
TEEEY) ApMesYb. XML RE i s B fe 7 L &)
Ap2Y(CH,SiMes) (71, B 21)FIAHIE ek Ue 2 4 I
4 ApLn(CH,SiMes),(THF) (Ap=Ap", Ap', Ap", Ln=
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2-EtCgHs, 2,6-Et,CeHs,

R =Ph, Ln=Lu,n=1
, CoNHa, 2-FCHy AR
Ar¢ = 2,4,6—Me3CeH2, 2,6'Et206H3, Ln= SC, n=1

2,6-‘Pr206H3, 2-M8C6H4,
Ln=Sc, Y, Er, Lu

Bl 20 NPN H1 NSN A XUK BRI+ 2RI S W41
Figure 20 The structures of rare-earth metal complexes containing NPN
and NSN-type bidentate ligands

X
‘ —
N N
THE-- N/A”
’Pr /
L" THF
M638ICH2 CstIME3

72:Ln=Y,
Ar' = 2,6-PryCgHs, Ar? = 2,4,6-PrsCgH, (72a)
Ar' = 2,6-Pr,CgH3, Ar? = 2,6-Me,CgHs (72b)
Ar' = 2,4,6-Me3CgHy, Ar = 2,4,6-PraCgH, (72¢)
73:Ln = Lu (73a), Er (73b), Yb (73c)
Ar' = 2 6-Pr,CgHs3, Ar? = 2,4,6-PryCgH,

BT 20 b T AR e R A 5 XA T A 160 s <2 A L & W 5
Figure 21 The structures of rare-earth metal complexes containing
pyridylamino and quinolinamino bidentate ligands

Y, 72a~72¢; Ap=Ap", Ln=Lu, Er, Yb, 73, &l 21). Hh
Bt &4 72 AE4 HLAHR I [PhNHMe,][B(CsFs)s]5 TIBAO
FIVERF, BE% mis L Z0a R A, HAE IS TR
AA A7 SEL P 24 KT 38 .

B- XU & Be A 2 A B ZE BSOS RO Ak, BERTE 9B
M o-HBFHE, WAER o m-HEBRTHREE)E
ETEAL, JLFHTIESBERESYIIEK. 55 Piers
MBI IE T - WG Wk LR A Y
(ArNC(R)CHC(R)NAr)ScR'>s(THF), (74, & 22), L&
74 LEA P BN B(CoFs)s F15E I B4R 4055 (PMAO)
BIEAAE T AT DL EE AL O 5 G

Cui USR8 7 P Fl - X i BE A4 (B 22)
(2,6-C¢H3R,)N =C(Me)CH=C(Me)NH(2,6-C¢HsR,) (R=
Me (HLss), Et (HLw)), K& H i+ & )8 & b
LssLnCly(THF) (Ln=Gd, Nd, Dy, Er, Y, 75a~75e, X
22) . L1GdCly(THF), (76, 22) . KA S W
LssY(CH,SiMe;)o(THF) (77, E 22). 1E A BN B )
[PhNHMe,][B(CeFs)s] 5 TIBA KI{EH T, W& 75. 76
A1 77 IR AT AR i-1,4 3B (>97.5%) Hhff
S I IR R A TR AAT T3 5 LR B R - 1,4 3%
PSR, BLEY) 75e £ 0 CHEMST R MRS,
HmER-1,4 S BE R N 99.3%, BLad 75 I =JofiEfk
R HIE R A RS TS, BT AN Bh LA Rk
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. FARECEY) 77 ERMEA R AR T R A
P FEHERUG IE F = -1,4 B R AU, (BB IR 205
REHBA TG

R~ R

P N\ /N j
@;r Sc. "&

R }?I‘(THF),,

74c: R = Bu,
R' = Me, Et, CH,SiMes,
CH,CMes;, CHoPh, n =0

74a:R=Me, R'=Me, n=1
74b: R = Me,
R' = Et, CH,SiMe3,
CH,CMej3, CH,Ph, n=0

N N N N
Ar7N / Ar N,/
~"LQ\THF \“Yi‘THF
Cl ¢ Me;SiCH, CH,SiMe;

75: Ar = 2,6-Me,CgH3 77
Ln = Gd (75a), Nd (75b),
Dy (75c), Er (75d), Y (75e)

76: Ar = 2,6-Et,CgH3
Ln =Gd

Bl 22 B-WUIE i IC AR R R BC AR (1 45 s e S P 4 1
Figure 22 The structures of rare-earth metal complexes containing
p-diketiminato bidentate ligands

3.4 BSEHERMFIERBHEWL

I B T b 4 O 0 ) B R TG A R BB S T
2,6- T HE KB LK. Evans 25780 YCl3 5 2 equiv. [
LiCH,SiMe; A 1 equiv.ff(2,6-BuyCeH;0)Li #1725
SRR, AT M kS RE A
(2,6-Bu,CsH;0)Y(CH,SiMe;3)»(THF), (78a, K& 23), {HTC
H1) 18a AR IEEE, AT 60 CHIRE FakAE
oy, WSS, Kempe S5UONE IS e He 1 bR S R4S 21 AH [F] 1)
Fh I e 3 55 FE S A (2,6-BuaCeH30)Lin(CH,SiMes),-
(THF), (Ln=Y, Lu, 78a, 78b, & 23), ¥ e415 d-id ¥
& @ S B (CpaReH, CpWH(CO)3, Cp,WH,,

(@) o (b)
Q _SiMe Q

Pr L‘n THF Ln~

80: Ln = Sc (80a), Y (80b),
Ho (80c), Lu (80d)

o’

Csi<_THR_ THF
Ar=N %éa @
~ N

- /N :
W THF
\ [ THF
[ i MesSi  “sime
Me;Si SiMe3 3

82: Ln = Sc (82a), Lu (82b), Y (82c)

Bu ; Bu

B
07

l¢] / Bu
Re-Lu
THF-| \-THF "THF
Lo S
MesSi  SiMe, SiMes
78:Ln =Y (78a), Lu (78b) 79

K23 (a) L 2,6- AT HEORMIIR MR - SRR S WE
Figure 23 (a) The structures of rare-earth metal complexes containing
2,6-di-tert-butylphenol ligand

[CpRuH(DMPE)]) LUHTS 2I7E d-il % &8 fts L &8 <
R “ T3 A% & JE- S BB e /Ay, it
WEE—2 T SiMes, RERBLAY) 78b 5 CpoReH KM
AR THESERE-SERBHENEREEGY
Cpa2ReLu(2,6-Bu,CsH;0)(CH,SiMe;)(THF) (79, Kl 23),
T AR R =1 4 5 4 2 (R e IS CO 2 H M
i

BT O I T A AR T R T M A U e
T &JRECA Y. 2007 4 Hou Z5EBOHRIE 1 FALK 55 Bt e 3
kﬁ%ﬁi/ﬁ*}%@aé\%[Ar-N(slMe3)]Ln(CHQSIMeQZ(THF)
(Ln=Sc, Y, Ho, Lu, 80a~80d, [ 24), iZA &AL
WA BN B3S A6 A T T DATE 2R 26 AR e v e AL
R METE RS, WREETETEME L 1-CE AR L6 R
. T EREFEEBEANE - &E Gd, AR FE
PRI SL A L, BT P it — 2 kAT W C—
H B3 A A G A =5 HE, AT AR U & @ I & 4
Gda(u-CH,SiMesNAr)3(THF); (81, & 24).

IIE Luo S5BURGE | — 38 07 B i e ) XU 1
BL&Y0(82~84, K 24)MH LL IS AL BL & 40(85, K 24),
BAZEL AP H T AL, HAg 2- 245 RE(2VP)
HIE P B B3 0. Bc &%) 82b, 82¢ ML &Y 84 1 2
equiv.ffl NB B3 [PhNMe,H][B(CsFs)a P& AL )G, BE

84: Ln = Lu (84a), Y (84b)

2 S

gV s SN <K%

81: Ar = 2,6-Pr,CgH3 83

B 24 (a) 5 ORMENR-2-TE 23 O AR IO XUGE 300 - B R L S DA M. (b) XU 5 I < R L & 0 AN S Tl S LG & 1 4544

Figure 24 (a) The structures of dialkyl rare-earth metal complexes containing imidazoline-2-imino ligand. (b) The structures of bimetallic arylamide-

ligated rare-earth metal complexes and arylamide-ligated sandium complex

286  http://sioc-journal.cn

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2023, 81, 275—288



F F R

% i AL 2VP ZE R A (mm=96%). T IEBIEL &4
82a 5 83 fift 2VP RE/HIEMEES(mm=50%~
59%), M 2 equiv.fA PR FIEIE, 15300025
EEW(rr=60%).

4 RHESRE

Mo b4 B A HLIC & 4 FE A L B AL R RE AN 22
B R TE AT 5 T B, ORI 21 KA TN B3 1 AL
A AR E R L E AR &, TPRENHE
AHVE R AR AR S AR M B A R S S5
ML (AR R, R AR AL R S T8
BT, HEALRCR . SLREERE . ik, RE
WS 7> T8 Ly TR AEIERE, BB EEN
R VTt i < AR AR GE L B AR AR S R SR K S R
SR e JE A HLC 5 MBIk T4, 35 At 72 5 7
FUET: (1) AR RS F L5 8 A SR Bl
F RS R AL R AT E . BRIV R S SR R
FERZ ML (2) XM L e m A L S A Sk Be
T, EEEEEREAA, WA LR A AR T
NS AR TR e of = NR A /NI R C e od R SR INL
E TG B L&A VL & R

1E& &

EE, TEHFRTEAMARRS ZRATHEFLE.
2013 - AAFHE L T AN K. 2020 42 F BAH S B KA A
WEALH (R T BHFRARE L AE L TS R)HRF
WkEls. AT @A HLeBiReMAE % M
B PR A BB M B BT, e e B AEAL A A AR AR
MM EIRNGYRE LR,

B E, PEMFRTEMHARIRE TEARHTARLTR
Hib A B, 1997 £ AF 2N T4 & K. 2007 500 T P
HF RKAR AALF AT, REE5#42. 2003 £ £ 2012 5
AAARFERIFR. RIFREMEZXFE. LEA N 2
XFEMNEHLEHA. 2012 £ £ 2018 FARY BAHFRE KA
B RAEFRAT. 2018 FEASFEAMFRTAMARRE T
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