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Abstract Coumarin-containing inimer was prepared and used in the self-condensing vinyl polymerization (SCVP) of
2-(2-methoxyethoxy)ethyl methacrylate (MEO,MA). The molar ratio of inimer/MEO,MA was set as 1 : 7, and the reaction
was carried out at 50 ‘C for 80 h to afford hyperbranched poly(2-(2-methoxyethoxy)ethyl methacrylate) (H-PMEO,MA).
The molecular weight of H-PMEO,MA is 5400 g/mol and M,/M, is 1.56. The content of coumarin group in the hyper-
branched polymer is consistent with the feed ratio. Then the resultant H-PMEO,MA was used as macroinitiator in the fol-
lowing atom transfer radical polymerization (ATRP) of dimethylaminoethyl methacrylate (DMAEMA), and ther-
mo-responsive hyperbranched-star copolymers with different molecular weights were achieved. NMR and GPC were utilized
to characterize the hyperbranched-star copolymers. Lower critical solution temperature (LCST) of H-PMEO,MA is below
room temperature, thus the hyperbranched-star copolymers can self-assemble to form micelles in water at room temperature.
TEM and DLS were utilized to characterize the morphology and size of the micelles. Coumarin group has the potential to
photodimerize via a cycloaddition to form a cyclobutane ring under irradiation of UV light at 2>310 nm, and the dimer can
be reversibly divide into two coumarin groups under irradiation of UV light at <260 nm. In this case, when exposed to irra-
diation of UV light at =320 nm, the micelles were core-crosslinked via photodimerization of the coumarin groups. This
procedure has been monitored by the UV-Vis spectrum. With increasing irradiation time, the absorbance of coumarin group at
320 nm decreased. After 30 min, the absorbance almost disappeared, indicating that most of coumarin groups dimerized.
Under irradiation at A=254 nm, de-crosslinking reaction of the crosslinked micelles occurred, with the division of dimer into
two coumarin groups. During the self-assembly, Nile Red as the model drug was loaded, and the release of Nile Red under
different conditions was investigated. When placed at 25 ‘C, both core cross-linked and uncross-linked micelles exhibit a
relatively slow release behavior, which suggest the good stability of the micelles. While at 0 °C, a burst release of the un-
cross-linked micelles was observed due to the disassembling of micelles. However, the morphology of core cross-linked mi-
celles was kept well, and only a small amount of Nile Red was released.
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Figure 1 'H NMR spectra of MA-Coumarin-Br (a) and hyperbranched
PMEO,MA (b) in CDCl;

332 http://sioc-journal.cn

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

a: M =5400 M, /M =1.56
b: M,=18300 M, /M,=1.34
c: M,=27400 M, /M =1.31

Retention time/min

B 2 GPC K, (a) H-PMEO,MA, (b), (c)73 & H-PMEO.MA F15| %
DMAEMA %4 80 min. 120 min 1322 LR KR A

Figure 2 GPC curves of H-PMEO,MA (a) and H-PMEO,MA-star-
PDMAEMA s obtained from ATRP of DMAEMA for 80 (b) and 120 min
(c), respectively
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Figure 3 'H NMR spectrum of hyperbranched-star copolymer,
H-PMEO,MA-star-PDMAEMA-120 in CDCl;
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Table 1 Synthesis of H-PMEO,MA-star-PDMAEMA

a ' . M,/ , DMAEMA :
Sample Time/min . M,/M, .
(gemol ) MEO,MA
H-PMEO,MA — 5400 1.56 —
H-PMEO,MA -star-
PDMAEMA-80 80 18300 1.34 3.7
H-PMEO,;MA -star-
O:MA-star- 27400 131 6.2

PDMAEMA-120

¢ H-PMEO;MA was prepared by ATRP with the feed molar ratio of inim-
er/MEO,;MA/CuBr/PMDETA=10 : 70 1 : 2 (molar ratio), anisole: 5.6 mL,
50 ‘C, 80 h. H-PMEO,MA-star-PDMAEMA were prepared by ATRP using
H-PMEO,;MA as macroinitiator, DMAEMA/CuBr/PMDETA =240 : 1 : 2
(molar ratio), H-PMEO,MA: 220 mg, THF: 2 mL, 50 C. b M, and M,/M,
were measured by GPC analysis using THF as the eluent. ¢ The molar ratio of
DMAEMA and MEO,MA units in H-PMEO,MA-star-PDMAEMA was calcu-
lated based on the 'H NMR spectrum.
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B4 REEBTIEMELERZ D)DK HPMEO,MA-star-
PDMAEMA 3 TEM &}

Figure 4 TEM images of the micelles without Nile Red (a) and with
Nile Red (b) respectively obtained from self-assembling of
H-PMEO,MA-star-PDMAEMA and H-PMEO,MA-star-PDMAEMA
containing Nile Red
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Figure 5 (a) UV-vis spectra of micellar aqueous solution of
H-PMEO;MA-star-PDMAEMA-80 under UV irradiation at 2=320 nm,
(b) change of photodimerization degree over irradiation time
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Figure 6 (a) UV-vis spectra of micellar aqueous solution of
H-PMEO,MA-star-PDMAEMA-80 under UV irradiation at A=254 nm,
(b) change of photodimerization degree over irradiation time
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Figure 7 The fluorescence emission of Nile Red in the H-PMEO,MA-star-PDMAEMA-80-Nile Red release system under different conditions. (a) Un-
cross-linked micelles at room temperature, (b) core cross-linked micelles at room temperature, (c) uncross-linked micelles at 0 C, (d) core cross-linked

micelles at 0 C
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. EF R EVIERARYE, TEAHEE30~60 C)F %
YT =R EERZSRTAT 24 h J5, [FEIL60FE
A [EA P24 410 mg.

4.3 BIUWERESEYH-PMEO,MA-star-PDMAEMA
ERB R &

U 10 mg B EIEEAEY) H-PMEO,MA-star-
PDMAEMA #f# T 1 mL PUSMRAE 1, FiHetRaS T 220
AN 10 mL Z8180K, W hnos e 5 4k 4 hitt 6 h. IR
R RENT S (molecular weight cutoff of 3500)1, 77K
HHOE AT R DA 22 DY SRk .

4.4 BIIUWEREAEY H-PMEO,MA-star-PDMAEMA
HYRBEFRAR

DU B A AE MBS 259, B 0.5 mmol/L FHEEV
M. 20 mg B ETERAY H-PMEO,MA-star-
PDMAEMA ¥ f#T 1 mL FEEH, O 0.6 mL _FikJE %
LI, PR TR IE A 20 mL Z&WK, 78
25 CRHiHE 6 h, TEREZEED AMIRIRER. HixiE
W5y Rwtr, Hod— 43 7E 320 nm KA RIS 30
min FATREACHR R BL. P I H 2 s, 539l
FCEAEANFRE T, W5 AN [E] I (8] 18] B R R i 2% e e i
K.
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