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Abstract: The preparation of chain end functionalized polymers via chain transfer reactions represents
a highly effective strategy for imparting novel properties to polymers. This paper reviews the current
status and progress of chain transfer reactions on end-functionalized polymers. Based on the principle of
polymerization, this review introduces a classification of chain transfer agents and their roles in free radical
polymerization, coordination polymerization, and cationic polymerization. Additionally, this review aims
to summarize and analyze effective approaches for the preparation of end-functionalized polymers and
discuss the applications of end-functionalized polymers in fields such as biomedical materials and smart
materials. It also highlights the key challenges that need to be solved in current research on chain end
functionalized polymers and provides insights and suggestions for subsequent research.
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Figure 4 Copolymerization of a-lipoic acid and butyl acrylate mediated by trithiocarbonate
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888 oA T OB R 2025 4
(W R A b -0 R R 28Rk Ut &k B ERTT TR S P PR IRER S B .

13- 15 W0 Bl /e B2 5, S B 0 T 2R AN & 2
Sy IX W] T 2 AN I TR B TT L AR ik 3L
BEAT JE BB M. Fors S PR & 7 — R H L g
RIEAY, B tEHEFREafl& T RRT
B LA RE . deAk, W 14 o, @il R A
RPN THAEALEE, R an s o, &8 8 T
Uity M 2 PRI RN R AR IR I REIL R . B
T R nE B AT S A, B A Tk TR I SIS R A FE T
] BALE A0 38 B¢ 4o )6 BT R 2 5 RAFT- [
BT R A. Liao S P IF & 17— Rl AU BB
AL, AR 2R (-7 T A% 28 =
AR B A N B e F% FRIEAT S T 36 M R R 1Y) 2R
Fro Forr, RBURSE R A7 B AL TE % T R I
HH R v PR AL v, AR R T R AR R I i v 1) 3R
ST I LRI

4 IiREINEE RSN A

AR A AR (1 T B ARG Wi 2k £ 5
NFFE DI RE R, REUS IR T R S MR IR I AL 7
PRI XA DI REAL SRS REN RS 1 1 12 3R S WU 45
FIFITERE, (AR AP 2 FAAA ) B BEmi AT R
R B 43U I BRI T T

FEAEMER YR 5 1T PR 2 AR SR M 1) 2R
EAT R TR SR A AN A A A 1Y
S 1 AR AR RE o R AR 1 ) 2 FLER (PLA)
2 3DATENHIE 7ol I TR AL TR R, &

(a)

(PEGDA) S R A1 N0 IE I 0 s fric i
Wi ) 3R B W) 5 M R BREG W TT Y B AG E R &), it
Tt T pH Wi 7 75 2R I e - e At R v BR )
(PAMAM), 7 TR e oA 35 p e B RS TR 24 9, 12
e S e i PR 7 7 2

5 B SR RE 5 T i i A8 T (1 ZR (V-
S R 25 R A TN ) 7K J 3 T 8 i 7R SR P A Jeke
W R R AR T T MR s,
R 3t S R P U TR i R A R AE SR A B 7R B A
] 5 S T B T R B S e g 1L

FE LM R 7 T, e e 3 5 3 1) 3R 5 4 3
i B TR (SAMS), T T APRMI S+
I 7K < B3 B vk g 7 B2 S8 A AN P ) 47
FFR TR T T — 2 R B ERRS 1
T 10 2R (2- P 5 -2- IR e A i 5 5 1 5 A 1 £ 2R
(N- 5 74 5 PR LSO ) AL 3] 48 1 PR E—
IRBOLRY) . TR T LT AT AR 2R K -
B K E, SEBL AT I8 R R AR I A BOL R
PR HE & R,

5 BHESRE

ZiEPTIR, AR MR E RN F, A
B Y Dh REAL BERE M5, T DA 2 AL T REAL TR
Yo FEZ LIGANA NG IR H BR S AR I B R R &
o, M P SR A6 A S IS N T 395 T - i 2R i e
(RAFT)ZE & 55 T Br Al LASE BUAR M 2R 45 0 9 5% 2h

N Photocatalyst MGW S SEt
otocatalysts
s O/Y + MeYS\[(SEt A Oi]ns \n/
OBu & Blue LEDs (6 W, 30 mW/cm?) u u-s
HO Me (0]
S ARV
O'Bu O'Bu
(b) 93%
HO
Me S SEt :\4___—
n Photocatalysts s — Me W 0 : : .
OBu OBu g 2 i i !
Blue LEDs (6 W, 30 mW/cm O'Bu  O'Bu
97%
P
HO Ph Me O~ _- Ph
n
OBu OBu

90%

14 IR IhRE IS T 2k LR RE R A 25
Figure 14 The synthesis of end-functionalized polyisobutyl vinyl ethers



6 1] B A8 - T BRI RS N 14 0 Wi B D RE AL I T a3t 889

BEtL; MRS HRCAL GO R &, Bt i
I R A YIFA I FAF B F A2 RE 77, R
TR AW AL LIRS AR S 5
TREH, P DIRERL 5] KR AE 24 1) 55 5 77 2
KR SV IR A Rog . XA B
BREGFHTREY IR T ZERA RN
SRATFRA . DI RCR 5 0 T B A A FL A
- HLRT DO I 5 8 1 3R 6 R 4 2 ik BOE R
Y. REVHmEED BRI T AR
FH A PEAN S PR R, O A AR I R
RE MR AL 2 T 5 L [ 2H 3 A5 AU e TR
RIRTRENE, 3t — D0 T RSB N IV .
SR, BEFE R TR M ] — T 2 I I T E R Ik
I 3R AL A Ty — U TR RS S N ] e 2
it Bl S SL(nBE 2 1L AL ), HETTEE N SR 54
SR FIVE RE, 1A 45 00 1 B 3 3R 5 vk 1) 4% S 2 )
REAL SR S RO IR A P T e Pk . oK, BEAS
# 7 (CTAs) [ BIF 78 K 5 45 4 BT 5 SE B B
HEERTT AWK R . X — K REHANE
TR R BE R TS AR AR R AN R, K E R
WA e R BR A PP SR VR B DR RE
EIIRE I R S VIR R R SR LT 2 T e .

S0k

1 Hadjichristidis, N.; Pispas, S.; Pitsikalis, M. End-
functionalized polymers with zwitterionic end-groups.
Prog. Polym. Sci., 1999, 24(6), 875-915.

2 Kim, J.; Jung, H. Y.; Park, M. J. End-group chemistry
and junction chemistry in polymer science: past, present,
and future. Macromolecules, 2020, 53(3), 746-763.

3 Madkour, A. E.; Koch, A. H. R.; Lienkamp, K.
Tew, G. N. End-functionalized ROMP polymers for
biomedical applications. Macromolecules, 2010, 43(10),
4557-4561.

4 Mao, Z. H.; Vakhshouri, K.; Jaye, C.; Fischer, D. A.;
Fernando, R.; DeLongchamp, D. M.; Gomez, E. D
Sauvé, G. Synthesis of perfluoroalkyl end-functionalized
poly(3-hexylthiophene) and the effect of fluorinated
end groups on solar cell performance. Macromolecules,
2013, 46(1), 103-112.

5 Jasinska-Walc, L.; Bouyahyi, M.; Duchateau, R.
Potential of functionalized polyolefins in a sustainable
polymer economy: synthetic strategies and applications.
Acc. Chem. Res., 2022, 55(15), 1985-1996.

6 SREA, B, ARG, SR, EAME, BOGE.

10

11

12

13

14

15

16

18

19

EREDIREACTRIA R . SR A, 2020,
32(1), 84-92.

Zhou, D.; Zhu, L. W.; Wu, B. H.; Xu, Z. K.; Wan, L. S.
End-functionalized polymers by controlled/living radical
polymerizations: synthesis and applications. Polym.
Chem., 2022, 13(3), 300-358.

Pino-Ramos, V. H.; Ramos-Ballesteros, A.; Lopez-
Saucedo, F.; Lopez-Barriguete, J. E.; Varca, G. H. C.;
Bucio, E. Radiation grafting for the functionalization
and development of smart polymeric materials. Top
Curr Chem Cham, 2016, 374(5), 63.

Flory, P. J. The mechanism of vinyl polymerizations. J.
Am. Chem. Soc., 1937, 59(2), 241-253.

Farina, M. Chemistry and kinetics of the chain transfer
reaction. Makromol. Chem. Macromol. Symp., 1987, 10-11(1),
255-272.

Lee, Y.; Boyer, C.; Kwon, M. S. Photocontrolled RAFT
polymerization: past, present, and future. Chem. Soc.
Rev., 2023, 52(9), 3035-3097.

Zhao, B. Y.; Wilson, P. Recent progress and applications
enabled via electrochemically triggered and controlled
chain-growth polymerizations. Polym. Chem., 2023,
14(17), 2000-2021.

Rajasekhar, T.; Singh, G.; Kapur, G. S.; Ramakumar,
S. S. V. Recent advances in catalytic chain transfer
polymerization of isobutylene: a review. RSC Adv.,
2020, 10(31), 18180-18191.

Uchiyama, M.; Satoh, K.; Kamigaito, M. Cationic
RAFT and DT polymerization. Prog. Polym. Sci., 2022,
124, 101485.

Li, Y.; Zhang, Y. J.; Li, Q.; Li, H. Y.; Zheng, S. R;
Hu, Y. L. Synthesis of novel chain-end-functionalized
polyethylenes via thiol-ene click chemistry. Macromol.
Chem. Phys., 2015, 216(5), 569-581.

Altintas, O.; Josse, T.; de Winter, J.; Matsumoto, N. M.;
Gerbaux, P.; Wilhelm, M.; Barner-Kowollik, C. Ready
access to end-functional polystyrenes via a combination
of ARGET ATRP and thiol-ene chemistry. Polym.
Chem., 2015, 6(39), 6931-6935.

Liu, H. Z.; Maugein, V. A.; Haddleton, D. M. Radical
polymerisation and thiol-ene post-polymerisation
functionalisation of terpenoid acrylates in conventional
and renewably sourced organic solvents. Polym. Chem.,
2024, 15(28), 2862-2872.

Yhaya, F.; Sutinah, A.; Gregory, A. M.; Liang, M.
T.; Stenzel, M. H. RAFT polymerization of vinyl
methacrylate and subsequent conjugation via enzymatic
thiol-ene chemistry. J. Polym. Sci. Part A Polym. Chem.,
2012, 50(19), 4085-4093.

Lowe, A. B. Thiol-ene “click” reactions and recent



890

]

Eind 2025 4

20

21

22

23

24

25

26

27

28

29

30

applications in polymer and materials synthesis. Polym.
Chem., 2010, 1(1), 17-36.

Perrier, S.; Takolpuckdee, P.; Westwood, J.; Lewis, D.
M. Versatile chain transfer agents for reversible addition
fragmentation chain transfer (RAFT) polymerization
to synthesize functional polymeric architectures.
Macromolecules, 2004, 37(8), 2709-2717.

Coskun, H. I.; de Luca Bossa, F.; Hu, X. L.; Jockusch, S.;
Sobieski, J.; Yilmaz, G.; Matyjaszewski, K. ATRP with
ppb concentrations of photocatalysts. J. Am. Chem. Soc.,
2024, 146(42), 28994-29005.

Kwak, Y.; Nicolay, R.; Matyjaszewski, K. A simple
and efficient synthesis of RAFT chain transfer agents
via atom transfer radical addition-fragmentation.
Macromolecules, 2009, 42(11), 3738-3742.

Albanese, K. R.; Morris, P. T.; Read de Alaniz,
J.; Bates, C. M.; Hawker, C. J. Controlled-radical
polymerization of a-lipoic acid: A general route to
degradable vinyl copolymers. J. Am. Chem. Soc., 2023,
145(41), 22728-22734.

Han, X. W.; Daugulis, O.; Brookhart, M. Unsaturated
alcohols as chain-transfer agents in olefin
polymerization: synthesis of aldehyde end-capped
oligomers and polymers. J. Am. Chem. Soc., 2020,
142(36), 15431-15437.

Han, X.-W.; Daugulis, O.; Brookhart, M. Synthesis of
end-functionalized poly(norbornenes) and poly(ethylidene
norbornenes) using a pd(ii) catalyst in combination with
chain transfer agents. Organometallics, 2021, 40(15),
2709-2715.

Yang, G. W.; Xie, R.; Zhang, Y. Y.; Xu, C. K.; Wu, G. P.
Evolution of copolymers of epoxides and CO,: catalysts,
monomers, architectures, and applications. Chem. Rev.,
2024, 124(21), 12305-12380.

Yang, G. W.; Xu, C. K.; Xie, R.; Zhang, Y. Y.; Lu, C. J;
Qi, H.;; Yang, L.; Wang, Y. H; Wu, G. P. Precision
copolymerization of CO, and epoxides enabled by
organoboron catalysts. Nat. Synth., 2022, 1(11), 892-901.
Zhang, Y. Y.; Yang, G. W.; Xie, R.; Zhu, X. F.; Wu,
G. P. Sequence-reversible construction of oxygen-
rich block copolymers from epoxide mixtures by
organoboron catalysts. J. Am. Chem. Soc., 2022,
144(43), 19896-19909.

Makiguchi, K.; Satoh, T.; Kakuchi, T. Synthesis of
various end-functionalized polyesters by controlled/
living ring-opening polymerization of lactones using
pentafluorophenylbis(triflyl)methane. J. Polym. Sci.
Part A Polym. Chem., 2011, 49(17), 3769-3777.
Obenauf, J.; Kretschmer, W. P.; Bauer, T.; Kempe, R.

An efficient titanium amidinate catalyzed version of

31

32

33

34

35

36

37

38

39

ziegler's “aufbaureaktion”. Eur. J. Inorg. Chem., 2013,
2013(4), 537-544.

Pillai, S. K. T.; Kretschmer, W. P.; Trebbin, M.; Forster,
S.; Kempe, R. Tailored nanostructuring of end-group-
functionalized high-density polyethylene synthesized by
an efficient catalytic version of ziegler's “aufbaureaktion”.
Chem., 2012, 18(44), 13974-13978.

Mundil, R.; Bravo, C.; Merle, N.; Zinck, P. Coordinative
chain transfer and chain shuttling polymerization. Chem.
Rev., 2024, 124(1), 210-244.

Lin, F.; Liu, Z. H.; Wang, M. Y,; Liu, B.; Li, S. H.; Cui,
D. M. Chain transfer to toluene in styrene coordination
polymerization. Angew. Chem. Int. Ed., 2020, 59(11),
4324-4328.

Santoro, O.; Piola, L.; Cabe, K. M.; Lhost, O.; Den
Dauw, K.; Vantomme, A.; Welle, A.; Maron, L.;
Carpentier, J. F.; Kirillov, E. Long-chain branched
polyethylene via coordinative tandem insertion and
chain-transfer polymerization using rac-{EBTHI}
ZrCl,/MAO/Al-alkenyl combinations: an experimental
and theoretical study. Macromolecules, 2020, 53(20),
8847-8857.

Santoro, O.; Piola, L.; Mc Cabe, K.; Lhost, O.; Den
Dauw, K.; Vantomme, A.; Welle, A.; Maron, L.;
Carpentier, J. F.; Kirillov, E. Al-alkenyl-induced
formation of long-chain branched polyethylene via
coordinative tandem insertion and chain-transfer
polymerization using (nBuCp),ZrCl,/MAO systems: An
experimental and theoretical study. Eur. Polym. J., 2021,
154, 110567.

Gottker-Schnetmann, 1.; Kenyon, P.; Mecking, S.
Coordinative chain transfer polymerization of butadiene
with functionalized aluminum reagents. Angew. Chem.
Int. Ed., 2019, 58(49), 17777-17781.

German, I.; Kelhifi, W.; Norsic, S.; Boisson, C.;
D’Agosto, F. Telechelic polyethylene from catalyzed
chain-growth polymerization. Angew. Chem. Int. Ed.,
2013, 52(12), 3438-3441.

Belaid, 1.; M. N.; Bouaouli, S.;
Thuilliez, J.; Perrin, L.; D’Agosto, F.; Boisson, C.

Dialkenylmagnesium compounds in coordinative chain

Poradowski,

transfer polymerization of ethylene. reversible chain
transfer agents and tools to probe catalyst selectivities
toward ring formation. Organometallics, 2018, 37(10),
1546-1554.

Norsic, S.; Thomas, C.; D’Agosto, F.; Boisson, C.
Divinyl-end-functionalized polyethylenes: ready access
to a range of telechelic polyethylenes through thiol-
ene reactions. Angew. Chem. Int. Ed., 2015, 54(15),
4631-4635.



B A8 - T BRI RS N 14 0 Wi B D RE AL I T a3t 891

40

41

42

43

44

45

46

47

48

49

Nzahou Ottou, W.; Norsic, S.; Belaid, 1.; Boisson, C.;
D’Agosto, F. Amino end-functionalized polyethylenes
and corresponding telechelics by coordinative chain
transfer polymerization. Macromolecules, 2017, 50(21),
8372-8377.

Baulu, N.; Poradowski, M. N.; Verrieux, L.; Thuilliez, J.;
Jean-Baptiste-dit-Dominique, F.; Perrin, L.; D’Agosto, F.;
Boisson, C. Design of selective divalent chain transfer
agents for coordinative chain transfer polymerization
of ethylene and its copolymerization with butadiene.
Polym. Chem., 2022, 13(14), 1970-1977.

Minyaev, M. E.; Komarov, P. D.; Roitershtein, D.
M.; Lyssenko, K. A.; Nifant’ev, I. E.; Puntus, L. N
Varaksina, E. A.; Borisov, R. S.; Dyadchenko, V.
P.; Ivchenko, P. V. Aryloxy alkyl magnesium versus
dialkyl magnesium in the lanthanidocene-catalyzed
coordinative chain transfer polymerization of ethylene.
Organometallics, 2019, 38(15), 2892-2901.

Georges, S.; Bonnet, F.; Roussel, P.; Visseaux, M.;
Zinck, P. p-Diketiminate-supported magnesium alkyl:
Synthesis, structure and application as co-catalyst
for polymerizations mediated by a lanthanum half-
sandwich complex. Appl. Organomet. Chem., 2016,
30(1), 26-31.

Wallace, M. A.; Burkey, A. A.; Sita, L. R. Phenyl-
terminated polyolefins via living coordinative chain
transfer polymerization with ZnPh, as a chain transfer
agent. ACS Catal., 2021, 11(16), 10170-10178.

Lee, H. J.; Baek, J. W.; Kim, T. J.; Park, H. S.; Moon, S. H.;
Park, K. L.; Bae, S. M.; Park, J.; Lee, B. Y. Synthesis of
long-chain branched polyolefins by coordinative chain
transfer polymerization. Macromolecules, 2019, 52(23),
9311-9320.

Makio, H.; Ochiai, T.; Mohri, J. I.; Takeda, K.
Shimazaki, T.; Usui, Y.; Matsuura, S.; Fujita, T.
Synthesis of telechelic olefin polymers via catalyzed
chain growth on multinuclear alkylene zinc compounds. J.
Am. Chem. Soc., 2013, 135(22), 8177-8180.

Sun, L. X.; Szuromi, E.; Karjala, T.; Zhou, Z.;
Carnahan, E. Synthesis of chain shuttling organometallic
compounds capable of producing triblock polyolefins.
Macromolecules, 2020, 53(24), 10796-10802.

Gies, A. P.; Zhou, Z.; Sun, L. X.; Szuromi, E.; Huang,
T. Z.; Krasovskiy, A.; Mukhopadhyay, S.; Herceg, E.;
Kobylianskii, I.; Shi, Z.; Reyes, J. C. P. Microstructure
characterization of functionalized ethylene/propylene
polyolefins. Macromolecules, 2022, 55(7), 2542-2556.
Han, X. W.; Zhang, X.; Zhou, Y. Y.; Maimaitiming, A.;
Sun, X. L.; Gao, Y. S.; Li, P. Z.; Zhu, B. Y.; Chen, E. Y_;
Kuang, X. K.; Tang, Y. Circular olefin copolymers made

51

52

53

54

55

56

57

58

59

de novo from ethylene and o-olefins. Nat. Commun.,
2024, 15(1), 1462.

Yu, Z. L.; Han, X. W,; Li, P. Z.; Zhao, Y. N.; Zhang,
X.; Sun, X. L.; Gao, Y. S.; Zhou, Y. Y.; Tang, Y.
Synthesis of telechelic isotactic polypropylenes for
circular polypropylene-like materials via chain transfer
polymerization. J. Am. Chem. Soc., 2025, 147(5),
3931-3936.

Zhang, L.; Jiang, K. M.; Shen, X. W.; Gu, Y.; Lin,
X. R.; Chen, M. Thienyl chloride initiated living
cationic polymerization: a general and efficient access
toward terminally functionalized poly(vinyl ether)s.
Macromolecules, 2020, 53(5), 1536—1542.

Belay, T. A.; Chen, J. P.; Xu, H.; Zhang, S. W.; Chen, S. L;
Li, X. F. Functionalization methodology for synthesis
of silane-end-functionalized linear and star poly(aryl
isocyanide)s by combination of cationic polymerization
and hydrosilylation reaction. Macromolecules, 2021,
54(19), 9007-9018.

Uchiyama, M.; Ohira, N.; Yamashita, K.; Sagawa, K.;
Kamigaito, M. Proton transfer anionic polymerization
with C— H bond as the dormant species. Nat. Chem.,
2024, 16(10), 1630-1637.

Motoyanagi, J.; Fujishima, A.; Minoda, M. Controlled
synthesis and photoresponsive properties of spiropyran
end-functionalized poly(vinyl ether)s. Crystals, 2022,
12(5), 742.

Fuchise, K.; Sato, K.; Igarashi, M. Precise synthesis of
linear polysiloxanes end-functionalized with alkynylsilyl
groups by organocatalytic ring-opening polymerization
of cyclotrisiloxanes. Macromolecules, 2021, 54(12),
5765-5773.

Kottisch, V.; Supej, M. J.; Fors, B. P. Enhancing
temporal control and enabling chain-end modification
in photoregulated cationic polymerizations by using
iridium-based catalysts. Angew. Chem. Int. Ed., 2018,
57(27), 8260-8264.

Johnson, H. C.; Cueny, E. S.; Landis, C. R. Chain
transfer with dialkyl zinc during hafnium-pyridyl amido-
catalyzed polymerization of l-octene: relative rates,
reversibility, and kinetic models. ACS Catal., 2018, 8(5),
4178-4188.

Zhang, X.; Jiang, Y.; Ma, Q.; Hu, S. P; Liao, S.
H. Metal-free cationic polymerization of vinyl
ethers with strict temporal control by employing an
organophotocatalyst. J. Am. Chem. Soc., 2021, 143(17),
6357-6362.

Mandsberg, N. K.; Aslan, F.; Dong, Z. Q.; Levkin, P.
A. 3D printing of reactive macroporous polymers via

thiol-ene chemistry and polymerization-induced phase



892

Eind 2025 4

60

61

62

63

separation. Chem. Commun., 2024, 60(45), 5872-5875.
Sun, X.; Huang, D.; Li, G. Q.; Sun, J.; Zhang, Y. Y.;
Hu, B.; Xie, M. B.; Zhao, M. D.; Zhang, X. C.; Yu, J;
Li, G. Artificial heart valve reinforced with silk woven
fabric and poly(ethylene glycol) diacrylate hydrogels
composite. /nt. J. Biol. Macromol., 2024, 260, 129485.
Chu, S. L.; Shi, X. L.; Tian, Y.; Gao, F. X. pH-responsive
polymer nanomaterials for tumor therapy. Front. Oncol.,
2022, 12, 855019.

Ju, H. K.; Kim, S. Y.; Lee, Y. M. pH/temperature-responsive
behaviors of semi-IPN and comb-type graft hydrogels
composed of alginate and poly(N-isopropylacrylamide).
Polymer, 2001, 42(16), 6851-6857.

Ye, H. Q.; Kwon, H. J.; Ryu, K. Y.; Lu, Y. F,; Choi, H. H,;

64

65

Nam, S. Y; Feng, Z. X.; Park, J.; Mo, J.; Zhang, H. J.; Lee,
J.; Kong, H.; Kim, S. H. Fluorinated polymeric insulating
layer surface advancement by fluorine based cross-linking
for high-performance organic electronic applications. J.
Mater. Chem. C, 2024, 12(42), 17223-17232.
Mastrangelo, F.; Fioravanti, G.; Quaresima, R.; Vinci,
R.; Gherlone, E. Self-assembled monolayers (SAMs):
which perspectives in implant dentistry? J. Biomater.
Nanobiotechnol., 2011, 2(5), 533-543.

Stadermann, J.; Komber, H.; Erber, M.; Débritz, F.;
Ritter, H.; Voit, B. Diblock copolymer formation
via self-assembly of cyclodextrin and adamantyl end-
functionalized polymers. Macromolecules, 2011, 44(9),
3250-3259.



