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Scheme 1 AROP of EO and PO initiated by N-carbamate-protected dipeptides.
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Table 1 Results and Conditions of AROP of EO and PO Initiated by Dipeptides “.

c d e
Entry  Ini. M [M]y/[Ini.]y/[base]/[Et;B] ® ! Mo Maom Mhsec Dy®
(h) (kg'mol ™) (kg'mol ™) (kg'mol ™)
1 BocGG PO 80/1/0.05/0.15 12 4.6 6.3 6.8 1.11
2 BocVG 80/1/0.05/0.15 12 4.6 6.4 8.1 1.08
3 BocVV 80/1/0.05/0.15 12 4.6 4.8 6.4 1.04
4 BocVV  EO 80/1/0.05/0.15 6 3.5 3.0 2.8 1.05
5 CbzAV 45/1/0.05/0.15 6 2.0 2.2 1.5 1.08
6 BocLL 45/1/0.05/0.15 6 2.0 2.3 2.3 1.06
7 90/1/0.05/0.15 6 4.0 4.9 4.0 1.06
8 BocPP 45/1/0.05/0.15 6 2.0 2.9 2.3 1.05
9 90/1/0.05/0.15 6 4.0 3.9 3.4 1.04

2 Performed at room temperature (ca. 25 °C) in bulk (entry 1-3), or in THF with [EQ], being 10.0 mol L' (entry 4-9); Molar
feed ratio of monomer, initiator, base, and Et;B. Base is ‘BuP, for entries 1-3 and ‘BuP, for entries 4-9; ¢ Theoretical number-
average molar mass calculated from the molar ratio of monomer to initiator in the feed; ¢ Calculated from the integral ratio of the
characteristic "H-NMR signals of the main chain and the initiator protons of the isolated product; ® Number-average molar mass
and molar mass distribution determined by SEC (THF, PS standards for PPO samples and PEO standards for PEO samples).
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Fig. 1 MALDI-TOF mass spectra (left), SEC traces (middle; in THF, 35 °C, annotated with M, szcand Dy,), and 'H-NMR
spectra (right; in CDCls) of the isolated products of (a) BocGG-PPO (Table 1, entry 1), (b) BocVG-PPO (Table 1, entry 2),
and (c) BocVV-PPO (Table 1, entry 3). Vg: retention volume.
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Fig. 2 SEC traces (left; in THF, 35 °C, annotated with M, szc) and "H-NMR spectra (right; in CDCl;) before and after
methanolysis treatment of the isolated products of (a) BocGG-PPO (Table 1, entry 1), (b) BocVG-PPO (Table 1, entry 2), and
(c) BocVV-PPO (Table 1, entry 3).
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Fig. 3 MALDI-TOF MS (left), SEC traces (middle; in THF, 35 °C, annotated with M, gzcand Py), and "H-NMR spectra
(right; in DMSO-d) of the isolated products of (a) BocVV-PEO (Table 1, entry 4), (b) CbzAV-PEO (Table 1, entry 5), (c)
BocLL-PEO (Table 1, entry 6), (d) BocLL-PEO (Table 1, entry 7), (¢) BocPP-PEO (Table 1, entry 8), and (f) BocPP-PEO

(Table 1, entry 9). Vy: retention volume.
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Fig. 4 DFT-calculated energy profiles for the key steps of BocV V-initiated AROP of EO. Left: initiation at the carboxyl site.
Right: comparison between propagation at the hydroxyl site and the undesired initiation at the amide site, with or without Et;B

involved in deprotonation. AG values (kcal-mol™) are given on the solid lines.

Lewis BREGB Z 5 HME ML T, IN4 (K523 45% BuP,
L TALH AG A 25.1 keal-mol ™! (IN4—IN5), &
=5 T W NH 255 710 19 AG (18.4 keal'mol ™!,
IN4—1INS"), IX 55 i 5 5 AH ORI 1) A AE B2 14 AH
5. 881, 1EEGBAFTERITEOLT, PR 755
H R A B B R, FRIE LR T AG BE
iK% 7.9 keal'mol ! (IN4—IN3), Tl NH 5T
1H ) AG $75 & 27.5 keal-mol ! (IN4—IN3Y), fifi
1355 LT e R AR S s A . IX — 25 SR i B
B B B 75 EGB 5% O— B /E MK K T 52
BEER T HRRe R, MBS TR S BB
RAEFHBPIN—BIEH, TCIEIERBERZ %R T
b, 5% HEEER IS DL AR AL

BE J5 . #% A4 BB S 6 1 EO L4k 5 IN3
L, T BRSO I T B (B B ) 7 ) ING6,
%3 FE A 22 4k 4L 3 TF 29.0 keal-mol ! (IN3—
TS2), BT EO fE A HL A s P M M S Re 22N
36.9 kcal-mol ! (IN4—TS2). # M A 5 Et;B 45 & 1)
BB T H &, U EO JF¥R K A 22 32 THiR 2 A1

WEREER TR 28T 5, SR8 E
50.4 kcal'mol™! (IN4—TS3). 7] ., Et;B i if 55
O—BEH R A L BT 11k, KORFEAC 724
H5EO PN ReS, A m EIEEE KA
RTINS A

3 %#ig

LA EE M ORI i K — IO 2 i 7 R 51 ke
Al ﬁ%ﬂ@“ﬁﬂ@%ﬂ%ﬂ?ﬂﬁmom
A IR FEIE AROP, — VLG L T 4544 W
TEAMER kDRt M;ﬁ%%ﬁMﬁﬁﬁ
BB 1Az s AROP BUSCHE S S HLEE, B0 E
T CBRYER” MBS 7R R BB 282 1
RANRTY e, HAT, —HRThREAL R 2 1
PERERT FE IEAEBEAT o . e T AR TR, ARRATKE 5|
Rty e B R IR 2 T A Ry T
(URZRIK AN PSR IE KB k. SERE B2 HE ),
o3E S SR DIVARR U ES U Sy I VS 95 ey )
B HL e KR P R B A s B R ) 2B -

/N (25.3 keal-mol ™!, INS—TS3), HHETH—  liddbma 7ok
REFERENCES

Sugihara, S.; Endo, A.; Raje, K.; Matsumoto, A.; Fujita, S.; Maeda, Y. Design and synthesis of thermoresponsive
degradable copolymers: integrating hydroxy-functional vinyl ethers with cyclic ketene acetals. Polym. Chem., 2025,
16(26), 3059-3069.

Borrelli, M. A.; Warunek, J. J. P.; Ravikumar, T.; Balmert, S. C.; Little, S. R. End group chemistry modulates physical
properties and biomolecule release from biodegradable polyesters. J. Mater. Chem. B, 2025, 13(34), 10621-10634.
Matyjaszewski, K. Atom transfer radical polymerization (ATRP): current status and future perspectives. Macromolecules,
2012, 45(10), 4015-4039.



Wrtd 5 AL BB B TP M R A — 25 A B AR T RE AL SR 9

10

11

12

15

16

17

18

19

20

21

22

23

24

25

Hawker, C. J.; Bosman, A. W.; Harth, E. New polymer synthesis by nitroxide mediated living radical polymerizations.
Chem. Rev., 2001, 101(12), 3661-3688.

Yamago, S.; lida, K.; Yoshida, J. I. Organotellurium compounds as novel initiators for controlled/living radical
polymerizations. Synthesis of functionalized polystyrenes and end-group modifications. J. Am. Chem. Soc., 2002,
124(12), 2874-2875.

Coessens, V.; Pintauer, T.; Matyjaszewski, K. Functional polymers by atom transfer radical polymerization. Prog. Polym.
Sci., 2001, 26(3), 337-377.

Chiefari, J.; Chong, Y. K. B.; Ercole, F.; Krstina, J.; Jeffery, J.; Le, T. P. T.; Mayadunne, R. T. A.; Meijs, G. F.; Moad, C.
L.; Moad, G.; Rizzardo, E.; Thang, S. H. Living free-radical polymerization by reversible addition-fragmentation chain
transfer: the RAFT process. Macromolecules, 1998, 31(16), 5559-5562.

Herzberger, J.; Niederer, K.; Pohlit, H.; Seiwert, J.; Worm, M.; Wurm, F. R.; Frey, H. Polymerization of ethylene oxide,
propylene oxide, and other alkylene oxides: synthesis, novel polymer architectures, and bioconjugation. Chem. Rev.,
2016, 116(4), 2170-2243.

Klein, R.; Wurm, F. R. Aliphatic polyethers: classical polymers for the 21st century. Macromol. Rapid Commun., 2015,
36(12), 1147-1165.

Hadjichristidis, N.; Pitsikalis, M.; Pispas, S.; latrou, H. Polymers with complex architecture by living anionic
polymerization. Chem. Rev., 2001, 101(12), 3747-3792.

Brocas, A. L.; Mantzaridis, C.; Tunc, D.; Carlotti, S. Polyether synthesis: from activated or metal-free anionic ring-
opening polymerization of epoxides to functionalization. Prog. Polym. Sci., 2013, 38(6), 845-873.

Raynaud, J.; Ottou, W. N.; Gnanou, Y.; Taton, D. Metal-free and solvent-free access to a,w -heterodifunctionalized
poly(propylene oxide)s by N-heterocyclic carbene-induced ring opening polymerization. Chem. Commun., 2010, 46(18),
3203-3205.

Raynaud, J.; Absalon, C.; Gnanou, Y.; Taton, D. N-heterocyclic carbene-organocatalyzed ring-opening polymerization of
ethylene oxide in the presence of alcohols or trimethylsilyl nucleophiles as chain moderators for the synthesis of
o,w-heterodifunctionalized poly(ethylene oxide)s. Macromolecules, 2010, 43(6), 2814-2823.

Cammas, S.; Nagasaki, Y.; Kataoka, K. Heterobifunctional poly(ethylene oxide): synthesis of a-methoxy-w-amino and
o-hydroxy-w-amino PEOs with the same molecular weights. Bioconjugate Chem., 1995, 6(2), 226-230.

Schlaad, H.; Kukula, H.; Rudloff, J.; Below, I. Synthesis of a,w-Heterobifunctional poly(ethylene glycol)s by metal-free
Anionic Ring-Opening Polymerization. Macromolecules, 2001, 34(13), 4302-4304.

Nagasaki, Y.; Iijima, M.; Kato, M.; Kataoka, K. Primary amino-terminal heterobifunctional poly(ethylene oxide). facile
synthesis of poly(ethylene oxide) with a primary amino group at one end and a hydroxyl group at the other end.
Bioconjugate Chem., 1995, 6(6), 702-704.

Chen, Y.; Zhang, P. F.; Liu, S.; Pahovnik, D.; Zagar, E.; Zhao, J. P.; Zhang, G. Z. Noncovalent protection for direct
synthesis of a-amino-w-hydroxyl poly(ethylene oxide). ACS Macro Lett., 2021, 10(6), 737-743.

Chen, Y.; Liu, S.; Zhao, J. P.; Pahovnik, D.; Zagar, E.; Zhang, G. Z. Chemoselective polymerization of epoxides from carboxylic
acids: direct access to esterified polyethers and biodegradable polyurethanes. ACS Macro Lett., 2019, 8(12), 1582-1587.
Zhao, J. P.; Schlaad, H.; Weidner, S.; Antonietti, M. Synthesis of terpene-poly(ethylene oxide)s by #BuP,-promoted
anionic ring-opening polymerization. Polym. Chem., 2012, 3(7), 1763-1768.

Amdursky, N.; Beker, P.; Koren, I.; Bank-Srour, B.; Mishina, E.; Semin, S.; Rasing, T.; Rosenberg, Y.; Barkay, Z.; Gazit,
E.; Rosenman, G. Structural transition in peptide nanotubes. Biomacromolecules, 2011, 12(4), 1349-1354.

Handelman, A.; Natan, A.; Rosenman, G. Structural and optical properties of short peptides: nanotubes-to-nanofibers
phase transformation. J. Pept. Sci., 2014, 20(7), 487-493.

Gan, Z. X.; Wu, X. L.; Zhu, X. B.; Shen, J. C. Light-induced ferroclectricity in bioinspired self-assembled
diphenylalanine nanotubes/microtubes. Angew. Chim., 2013, 125(7), 2109-2113.

Kol, N.; Adler-Abramovich, L.; Barlam, D.; Shneck, R. Z.; Gazit, E.; Rousso, 1. Self-assembled peptide nanotubes are
uniquely rigid bioinspired supramolecular structures. Nano Lett., 2005, 5(7), 1343-1346.

Niu, L. J.; Chen, X. Y.; Allen, S.; Tendler, S. J. B. Using the bending beam model to estimate the elasticity of
diphenylalanine nanotubes. Langmuir, 2007, 23(14), 7443-7446.

Ohashi, E.; Karanjit, S.; Nakayama, A.; Takeuchi, K.; Emam, S. E.; Ando, H.; Ishida, T.; Namba, K. Efficient
construction of the hexacyclic ring core of palau’amine: the pK, concept for proceeding with unfavorable equilibrium
reactions. Chem. Sci., 2021, 12(36), 12201-12210.



10 [T N R 4

26 Hassouna, L.; Illy, N.; Guégan, P. Phosphazene/triisobutylaluminum-promoted anionic ring-opening polymerization of
1,2-epoxybutane initiated by secondary carbamates. Polym. Chem., 2017, 8(27), 4005-4013.

27  Dentzer, L.; Bray, C.; Noinville, S.; Illy, N.; Guégan, P. Phosphazene-promoted metal-free ring-opening polymerization
of 1,2-epoxybutane initiated by secondary amides. Macromolecules, 2015, 48(21), 7755-7764.

28  Cesarek, U; Liu, L. I.; Chen, Q. Y.; Wen, T. Y; Zagar, E.; Zhao, J. P.; Pahovnik, D. Acidity reversal enables site-specific
ring-opening polymerization of epoxides from biprotonic compounds. J. Am. Chem. Soc., 2025, 147(6), 5189-5196.

29  Capasso, S.; Vergara, A.; Mazzarella, L. Mechanism of 2,5-dioxopiperazine formation. J. Am. Chem. Soc., 1998, 120(9),
1990-1995.

Research Article

One-step Synthesis of Dipeptide-functionalized Polyethers through
Site-selective Anionic Ring-opening Polymerization

Qi-yi Chen, Xing-pei Hong, Li-jun Liu, Jun-peng Zhao"
(Faculty of Materials Science and Engineering, South China University of Technology, Guangzhou 510640)

Abstract Employing functionalized initiators is a key strategy for the efficient synthesis of end-functionalized
polymers. Initiators containing protonic functional groups are often incompatible with the harsh conditions of anionic
polymerization, leading to uncontrollable product structures. In this work, amino-protected dipeptides were used
as biomass initiators to achieve one-step controlled synthesis of end-functionalized poly(ethylene/propylene oxide)
in multiprotonic systems. Experimental results and theoretical calculations jointly demonstrated that polymerization
occured exclusively from the carboxyl site of the dipeptide. The two-component Lewis pair organocatalyst
exerted an acidity reversal effect between the alcohol hydroxyl group at the growing polyether chain end and the
peptide amide on the initiator moiety, ensuring that the polyethers had controllable molar mass, low dispersity,
and fully retained end-group dipeptide structures. This work broadens the applicability of the acidity reversal
mechanism and site-selective anionic ring-opening polymerization method, laying the foundation for further
expansion of biomass initiators and the construction of diverse biomass-polyether functional materials.
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