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Figure 1 (Color online) N-heterocyclic carbene and its metal com-
plex.
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Figure 2 Cossee-Arlman mechanism for ethylene polymerization
catalyzed by transition metals.
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Figure 3 Metallacycle mechanism for ethylene polymerization cata-
lyzed by transition metals.
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Figure 4 (a) Ind-NHC-Ln complexes; (b) Flu-NHC-Ln complexes;
(c) copolymerization of ethylene with higher a-olefins catalyzed by Flu-
NHC-Sc complex; (d) copolymerization of ethylene with polar styrenes
catalyzed by Flu-NHC-Sc complex.
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Figure 5 (a) CCC-pincer bis(NHC)-Ln complexes; (b) synthesis of
CCC-pincer bis(NHC)-Ln complexes.
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Figure 6 3,4-Polymerization of isoprene catalyzed by Am-NHC-Lu
complex and formation of block copolymers via active chain ends.
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Figure 7 (a) (NHC)Sc(CH,SiMe;); complexes; (b) polymerization of
sulfur-functionalized a-olefins and (c) functionalized o-methoxystyr-
enes catalyzed by (NHC)Sc(CH,SiMe;); complex.
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Figure 8 Copolymerization of 1-hexene with 1,7-octadiene catalyzed
by IBiox-Sc(CH,SiMe;); complex.
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Figure 15 (a, b) Early NHC-Cr complexes used for ethylene
polymerization.

Pt
/NN NN R = Pr, Dipp, Ad
(N;L\l\lﬁ/lgy\? M =Ti, Cr, Fe, Co

/ / ‘ N \
R
cl ©) cl R
16-A
b
- & B-D transfer D N
[Cr] — [C1]
Metallacycle Path: \y CD; 161 D D N
D¢~ Dy D D
16-1 16-11 21
} b P -[C—D D
Cossee-Arlman Path: —_— X
icn — [Crlw ) D)Y\r
DD elimination D
16-11 16-IV 22

Bl 16 (a) MLBENHC-Cri&4; (b) PERILIE T A2 AN
STARE L 78

Figure 16 (a) Pyridine-bis(NHC)-Cr complexes; (b) processes yield-
ing differently deuterated products via two distinct mechanisms.
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Figure 17 (a, b) Bidentate NHC-Cr complexes and NHC-bis(imine)
complexes.
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Figure 18 (a—c) Indenyl-/phosphino-modified NHC-Cr complexes.
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Figure 19 (a, b) Cr/Ni complexes with imine-NHC-amine ligands.
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Figure 20 (a—c) Phosphino/arylamino-NHC and CAAC-Cr com-
plexes.
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Figure 21 (a, b) NHC-Ir complexes containing Cp* ligands.
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Figure 22 (a) Bis(NHC)-Ni complexes; (b) ether-functionalized bis
(NHC)-Ni complexes; (c) isomerization of ether-functionalized bis
(NHC)-Ni complexes induced by H,O; (d) ditopic ether-functionalized
NHC-Ni complexes; (e) ditopic tertiary amine-functionalized NHC-Ni
complexes; (f) monocoordinated amine-NHC-Ni complex; (g) synthesis
of monocoordinated amine-NHC-Ni complex.
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Figure 23 (a—d) Ni/Pd complexes with pyridine-NHC bidentate
ligands.
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Figure 24 (a, b) Enol-NHC bidentate Ni complexes.
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Figure 25 (a) Salicylaldimine-functionalized NHC-Ni complex;
(b) NHC-Ni complex containing chiral binaphthyl group; (c) Ni/Pd
complexes with phenoxy-NHC-pyridine tridentate ligands; (d) Ni/Pd
complexes with phenoxy-NHC-amine tridentate ligands; (e) 1zQO-Pd
complexes; (f) preparation of 1zQO-Pd complexes from phenoxy-NHC-
amine tridentate Pd complexes.
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Figure 26 (a) Indenyl-ligated NHC-Ni complexes; (b) cyclopentadie-
nyl-ligated NHC-Ni complexes; (c) synthesis of cyclopentadienyl and
derived NHC-Ni complexes; (d) cationic polymerization of styrene
catalyzed by cyclopentadienyl-ligated NHC-Ni complexes.
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Figure 27 (a) NHC and allyl ligated Ni complexes; (b) addition
polymerization of ester-containing norbornene catalyzed by NHC and
allyl ligated Pd complex; (c) NHC-Ni complexes with n3-benzyl
coordination; (d) NHC-Pd complexes with ns-allyl coordination;
(e) naphthoquinone-NHC allyl Pd complexes and reversible redox
interconversion; (f) allyl Pd complexes with six-/seven-membered
NHCs.
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Figure 28 (a—c) o-Hydroxyaryl NHC bidentate Ni/Pd complexes.
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Figure 29 (a) Sulfonate-NHC-Pd complexes with quinoline ligands
and mechanism in norbornene polymerization; (b) sulfonate-NHC-Pd
complexes with benzylamine ligands; (c) sulfonate-NHC-Pd complexes
with pyridine ligands; (d) rigid sulfonate-NHC-Pd complexes; (e) allyl-
ligated rigid sulfonate-NHC-Pd/Ni complexes.
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Figure 30 (a) Copolymerization of simple olefins with functionalized
olefins catalyzed by 1zQO-Pd complexes; (b) 1zQO-Ni complexes;
(c) hydrogenated 1zQO-Pd complex; (d) copolymerization of ethylene
with methyl acrylate catalyzed by 1zQO-Pd complex containing
methoxyethyl ether side chain in the presence of Li salts; (e)
sulfonamido-quinolinimidazole NHC-Pd complexes; (f) almPy-Pd
complexes.
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Figure 31 (a) Indenyl-functionalized NHC-Ni complex; (b) imine-
NHC-Pd complexes; (c) phosphine oxide-NHC-Pd complexes.

NHCH B VIUES B WA, Rinl ANAIPAT
R, & MR RGBS RIS ATy B K
BHIRT R T, FAEA . NozakiZE g 4 r4C# T
1FiEE 2 INHCE AR ¥, F%E H fe BE s
e AR e MERUREIE SR RE D AR, el st —2D
P& mAR PR BRI 1 N R RS B ) S A o A, A2
A RAIE FCTH (IAZ OB R 5 AL

7 IBE&JE(Cu, Ag, Au) REREY

TakeuchiZ!' " 120234411 T Ag. Cu. AuZsd
JEINHCEC & 9(E32a)TE M 5 AR R . NHC-
Ag/MMAOTK R AT LUMEAL 205 R4, B3 ¥ il
SRR O, BA G SOM& . AR, SE
BRI PP F 2 NHC-AIRE & 4(E132b), Aghc &N
BCPRYER, fhA 18 I NMRIF FCIESE T RCAAR R 1M 72

B4 JE(Cu, Ag, Au)FINHCH &YIA GG 1E
REPIEHEARLLEZMHEAENE, HIEERNEN
A, WA HAR A RS S E A K
NHCE A HARL & | L &4, REBHERN AR,
IBJE S ENHCIEC & 1V E N EFERIBCAARYR, £ A4k
T B ) 4 AT LA S FE AL

i<

8 BaihREy

A E - SRR A W £ R

C

N

S5 3k

~Ns—N< N _ N
Ar \r Ar Ar~ ? “Ar
M _Al
| ~
Cl cl
M = Cu, Ag, Au 3241
32-A

Bl 32 (a) NHC-IBiEEJBELAY); (b) NHC-ALG Y FH
Figure 32 (a) NHC-group IB metal complexes; (b) NHC-Al active
species.
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Abstract: Polyolefins are synthetic polymers with massive global production and extensive applications. Developing
high-performance, highly selective catalytic systems capable of precise control over polymer structures has long been a
key research focus in this field. As a class of ligands with strong o-donating ability and structural tunability,
N-heterocyclic carbenes (NHCs) have demonstrated significant potential in transition-metal-catalyzed olefin
polymerization. This review summarized the research progress of NHC-transition-metal complexes in catalytic olefin
polymerization, categorized according to the metal groups in the periodic table and ligand structural types. In this
review, the molecular structures of NHC-transition-metal complexes, their catalytic performance, and structure-activity
relationships between ligand design and catalytic behavior were discussed, and a summary and outlook on future
developments were also presented.
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