R F F R S aecive |

ACTA CHIMICA SINICA DOI: 10.6023/A20050162

FIBESASHALEWHGERE
AR Rt e

CRFRE MERZS TEERS> THERZR L 201804)
CRABRFEEBER RS - ARER EFR L 200072)

WE REHESAHHEECISA)R —MFMNIFRRFH & ER, BERGEHNIRE T &, ESESEXME T
17, &2 H bR, Mok, B SRR BR A B L L E S BESE, AT DR R B 9RRLF T2, SR ERTE ISR
B ORISR, AR, ZRTIEH T PISA MRRWEETEMPERE, HRBHEZE T — e MRE. H i,
PISA EZET Al pli- Wi EE 8 5 A& (RAFT), HAER G AT A AN FESEhH] . S5MRIES I 7 BER,
X RS P HAD U A EE S ME. R0, BT RAFT R& %S HHBERAFT-PISA)/A R i i 443
ARRT () N ERES B A 20525, S RAFT-PISA #4& RIYN AR FR T H B b 325 00 LA G5 M s LLAE W PR,
R ZE YIS AT SO R, AT iR L BB, HHRREH S BB ROPISANIE A, EEARKAR SN EAES
5 B 25 (ROMPISA). IR -N-RIE- RN AFREGFEF BHIENCAPISA K BHEFREREEIFE T HHE
(tfROPISA). Hi-T ROMPISA A& R 2 Wy e PEEE BRI tH AL S8 1, ITTT A 22 Th AR AN KR B A ) 45 32 65 T i 0 7
#:; T rROPISA Fl NCA-PISA WIE75AE 40 a] B AR 9N KL T 1 JEAL H 4 ) A AT BE. {Ey PISA 45Uk & 37 ROBIF 42 7 19,
ROPISA MUK B A TIESINT PISA PR R, 1M HLIAE T LA PISA M DA% ] B ARG T (3N, v PISA HiRTE
AW 25 AT R P RS TR, MEF W EERALE T ROPISA WIRBILR, BEANIRH T ZSsmiE sk, &5
MBS IE . BTt S AR &8 77 T ROPISA [ K JE T st AT [ /R .

KW BEHFSAMAEPISA), FFHREESES HAEE(ROPISA); J1H 56 B 415 S AHEROMPISA); HILRE-N-&
IR N BB R AHES HHE(NCA-PISA); HHETHAEEHES HAHEEGROPISA)

Challenges and Perspective on Ring—Opening Polymerization—-Induced
Self-Assembly

RN $,0,b

Jiang, Jinhui“ Zhu, Yunqing Du, Jianzhong

(“ Department of Polymeric Materials, School of Materials Science and Engineering, Tongji University,
Shanghai 201804, China)

(® Department of Orthopedics, Shanghai Tenth People’s Hospital, Tongji University School of Medicine,
Shanghai 200072, China)

Abstract Polymerization-induced self-assembly (PISA) is one of the most cutting-edge strategies towards the preparation
of nanoparticles with a range of morphologies (spheres, worms, vesicles, etc.) as it combines polymerization and
self-assembly and thus can afford high solid contents in various media. Additionally, nanoparticle morphology can be accu-
rately targeted by adjusting the degree of polymerization of the soluble stabilizer block and the insoluble core-forming block,
as well as solid contents in PISA formula. Unfortunately, this highly efficient approach is limited to specific polymerization
methods, and hence specific monomer types. Currently, PISA based on reversible addition-fragmentation chain-transfer
polymerization (RAFT) has been well-established for the in situ preparation of a range of nanoparticle morphologies. This
method is relatively mature especially in the mechanism exploration, morphological control, and characterization, which has
important impact to other fields of polymer chemistry. However, methacrylates, acrylates, and styrene monomers are often
essential for reversible addition-fragmentation chain-transfer polymerization-induced self-assembly (RAFT-PISA), leading to
the carbon-carbon backbone, which normally produces nonbiodegradable structures. These drawbacks are detrimental in
terms of biomedical applications. Fortunately, new PISA strategies based on ring-opening polymerizations, including
ring-opening metathesis polymerization-induced self-assembly (ROMPISA), ring-opening polymerization of N-carboxy-
anhydride-induced self-assembly (NCA-PISA) and radical ring-opening polymerization-induced self-assembly (rROPISA),
have been developed to overcome these problems. ROMPISA has proven to be an efficient approach for fabricating multi-
functional nanoparticles due to its great tolerance for many functional groups. Biodegradable nanoparticles, including spheres
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and vesicles, have been successfully prepared by rROPISA and NCA-PISA. Therefore, ring-opening PISA (ROPISA) pro-
vides not only new polymerization methods but also new strategies for fabricating biodegradable nanoparticles with a range
of monomer species. In this perspective, we briefly summarize the current progress and analyze the challenges of ROPISA.
Finally, we provide a perspective for the further development of ROPISA addressed on the mechanism, monomers and appli-
cations, which provides an insight into ROPISA as well as some suggestions and directions for its future research.

Keywords polymerization-induced self-assembly (PISA); ring-opening polymerization-induced self-assembly (ROPISA);
ring-opening metathesis polymerization-induced self-assembly (ROMPISA); ring-opening polymerization of N-carboxy-
anhydride-induced self-assembly (NCA-PISA); radical ring-opening polymerization-induced self-assembly (rROPISA)
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Figure 1 Schematic illustration of the synthesis of diblock copolymer
nanoparticles via RAFT-PISA. Nanoparticle will go through morphology
transformation from spheres to vesicles with increasing P (P=v/(aol.),
where v is the volume of core-forming red chain, a, is the optimal
head-group area occupied by the stabilizing blue chain, /; is the length of
the core-forming red chain)"”!
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Figure 2 (A) Preparation of a water-soluble macroinitiator in organic
solvent which mediates living ROMP in aqueous milieu. (B) Representa-
tive transmission electron microscopy (TEM) images of various mor-
phologies obtained from ROMPISA using a macroinitiator approach®*!
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Figure 4 Biodegradable polymer vesicles prepared via NCA-PISA and
corresponding TEM and atomic force microscopy (AFM) images'*®!
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Figure 5 Synthesis of biodegradable nanoparticles by radical
ring-opening copolymerization-induced self-assembly (rROPISA) from
cyclic ketene acetals (CKA)™!
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