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Novel Covalent Cross—linked Nanocapsules: Fabrication,
Modulation and Functions
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Abstract Monomolecular layer polymeric nanocapsules can be easily prepared by the covalent self-assembly of the hori-
zontal cross-linking of rigid building blocks and flexible cross-linker under certain conditions. Compared with the traditional
noncovalent supramolecular vesicles, this new type of covalently self-assembled polymeric nanocapsules possess many ad-
vantages such as stable structure, controllable size, and excellent dispersibility. Therefore, it is of great significance to fabri-
cate new covalent nanocapsules by means of chemical synthesis to realize their structural control and application exploration.
Focusing on these problems, we have developed functionalized pillar[5]arene, tetraphenyl ethylene, porphyrin, triazine, phe-
nylboronic anhydride, efc. to serve as basic building blocks, which were polymerized by flexible alkyl linkers to finally ob-
tain the covalently cross-linked polymeric nanocapsules. Through the structural modification and regulation, we found the
functionalized polymeric nanocapsules showed potential application in the field of light harvesting, artificial enzyme, antimi-
crobial and drug delivery. In the future, more application fields of the covalent polymeric nanocapsules are expected to be
further explored.
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Figure 1 (a) Chemical structures and schematic representation of
bromo-pillar[5]arene and linkers with different length; (b) schematic
representation of formation mechanism of the cross-linked nanocapsule
(Reproduced from Ref. [15]. Copyright 2017 the Royal Society of Chem-
istry)
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Figure 2 Morphological characterization of the cross-linked nanocap-

sules by (a) SEM; (b) TEM; (c) HR-TEM; (d) DLS instruments (Repro-
duced from Ref. [15]. Copyright 2017. The Royal Society of Chemistry)
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Figure 3 (a) Structural transformation between polymeric nanocapsules
and 2D films; (b) TEM image of the nanocapsules; (c) AFM image of the
2D lamellar structures (Reproduced from Ref. [18]. Copyright 2020 John
Wiley & Sons, Inc.)
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Figure 4 The illustration and construction of 2D structure and
nanocapsule based on TPE; (b) construction of the cross-linked nanocap-
sules with light-harvesting abilities by utilizing different building blocks
(Reproduced from Ref. [24]. Copyright 2019 John Wiley & Sons, Inc.)
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Figure 5 (a) The active site of horseradish peroxidase (PDB code 1H55); (b) the design illustration of polymeric nanocapsules with the catalytic activity
of peroxidase (Reproduced from Ref. [16]. Copyright 2018 the Royal Society of Chemistry)

716  http://sioc-journal.cn

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2020, 78, 713—718



 F F ®R

RTL

AV A P ] 2 AR T SR ORGP ] 5 A S A Tl e ] 2
BRI, FrUAnT DL Z Fiofl 2 Hh S 3ot 4 4
R PR3 2 P A1,

e LR, NEEZAKCE AN & A
THAERKZAEH. A, ARG &
A58 P S T NS T 20 A PR 24 ) R B, (A 4 1 1)
R e D AT ) A -8 (R N E AR B S R TR G b oy
B TR ER IR o AORE  AA IE HA, DR ]
DA A P9 248 BRSSP A= T A7 R fif R0 AF AR FH, AT IS 3
FOHI 40 AR K it H 3N S i e e A B P A
BRI BRI R LA L B A B AR e P L BRI R
PE KRENE R F HLPA S 0B~ A 254, a0
K 6a B, KH C3 SR 2,4,6- = (4-Mt0E)-1,3,5- =&
VERBIAE RN S TT, PASRVER) 1,2- IR HeE R
I, JE I I B 2H 2 7 S A S — R R T A A
W ZR i IE LT 1 2 TR IR ZED. st R,
X s A O HLART PR 1 20 T A oK R T 22 IR 1 K
FFBE 2RI B2 AR A, A R 9 FE (MIC) F
B KA B BE(MBC) 73519 0.04 F110.1 mg/mL. M & 6b
N 6c WTLUE H, KA B AN & 2 T AR i B s
72 1 d LUE, KV g gn i AR R R I g . 2
A EEWTRAIBLS, WfE R IR AL A s 28 T W
FLGHT FR A R B B ARG IR 2. A& G bt R
B G A R B AR AR BH 28 - SR A 2 T W B 5
7K 2k (A1 4 N 1) 240 1 5 PR AT 5 R 48 14D 85 ) DA T s 1)
I 20 R G H . T T AR IR RS BOR,
FARTE 200 nm i A7, DRGAR M At N 2B AR I b,
JIr CAFRATTIA Ay o 49 2K e 3 2 3 R FH G 3R THD 1) T P

@ s
¢
I\/ ' P DMF
0 N,
P -

TPT 1. 2-dibromoethane

Bo (aaRimA LR AR E R # R B, b)) AXIEUK ()
LRI A K AT 355 9% 24 h J5 1) SEM ]

Figure 6 (a) Preparation illustration of the positively charged nanocap-
sules; SEM images of the E. coli (b) untreated control and (c) cultured
with positively charged nanocapsules for 24 h (Reproduced from Ref.
[32]. Copyright 2020 Elsevier)
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Figure 7 (a) Design illustration and drug delivery ability of the
DiSe-Nanocapsule; (b) schematic representation of drug delivery and
anti-cancer process of the drug-loaded nanocapsule (Reproduced from
Ref. [34]. Copyright 2019 the Royal Society of Chemistry)
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