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Abstract In this paper, a series of amphiphilic block copolymers Pluronic-b-poly(e-caprolactone-co-benzyl-oxycarbonyl-
methyl-¢-caprolactone) (Pluronic-5-P(CL-co-BCL)) were synthesized successfully via ring-opening polymerization (ROP) of
e-caprolactone (CL) and 6-(benzyl-oxycarbonylmethyl)-¢-caprolactone (BCL) using stannous octoate as the catalyst (weight
ratio: 0.5%o) and PEQOge-b-PPOgo-b-PEOg¢ (Pluronic F127) as macroinitiator. 'H NMR, GPC and FT-IR were employed to
determine the structure, composition, molecular weight and molecular weight distribution. The result of "H NMR showed the
content of BCL in the copolymers was less than the theoretical value, which may be attributed to the low reactivity of BCL
due to the steric hindrance of Bn substituent on the ¢ position of CL. The number-average molecular weight by GPC was
different from the value calculated by '"H NMR, it may be attributed to the hydrodynamic volume of the copolymers being
different from that of the poly(styrene) as the GPC calibration in THF. The thermal properties of the copolymers were evalu-
ated by TGA, DSC and XRD. The results indicated that the stability and the crystallinity of the copolymers could be adjusted
by the content of the BCL. Due to the BCL units in the copolymers reduced the regularity of the PCL chain and intensively
disrupted its crystallinity and the steric hindrance effect of BCL trammeled the movement of the PCL chain, the melting point
(T,,) of CL segment in copolymer shifted down and the glass transition temperature (7,) of copolymer increased with the
increase of the content of BCL respectively. Emulsion/solvent evaporation technique was employed to prepare the polymeric
micelle solution. The formation, size and morphologies of the micelles in aqueous solution were studied by fluorescence
spectroscopy, TEM and DLS, the results demonstrated that the micelles were spherical spheres with narrow distribution, the
copolymer had low critical micelles concentration (CMC) and depended on the content of BCL in the copolymer. Moreover,
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DLS results showed that the Pluronic-b-P(CL-co-BCL) had a reversible thermosensitivity due to the introduction of BCL.
Keywords functionalized caprolactone; thermo-sensitive; amphiphilic; Pluronic; emulsion/solvent evaporation technique
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Figure 1 Synthesis route of Pluronic-b-P(CL-co-BCL)
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Figure 2 The 'H NMR spectrum of copolymer A: Plu-
ronic-b-P(CL-co-BCL) (Entry 2); B: Pluronic-b6-PCL (Entry 0)
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Figure 3 The FT-IR spectrum of copolymer (Entries 0, 2, 3)
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Table 1 The structure and property of Pluronic-b-P(CL-co-BCL)F PEG-b-P(CL-co-BCL)

BCL content/wt%

CMC*¥/

Entry* Polymer” ME(x10%) M,(x10*)  PDIY Relative crystallinity’/%  Tu//C
infeed  in polymer [mgemL (X 10%)]
0 PFPCo,1 0 0 2.0 1.3 1.19 100 300.7 3.69
1 PFPBog2 10 7.28 1.8 12 121 55.7 2952 3.97
2 PFPBy,3 20 17.82 1.6 1.1 1.42 15.1 282.5 4.28
3 PFPBo4 40 3291 1.6 12 139 0 276.5 6.57
4 PEPBy,3 20 16.85 1.4 1.0 127 — 294.7 7.62

“ Entries 0~3 corresponded to Pluronic-b-P(CL-co-BCL), Entry 4 corresponded to PEG-b-P(CL-co-BCL); ? the subscript 9 k means the designed molecular weight
of hydrophobic segments are 9000; ¢ calculated based on "H NMR data; ¢ Measured by GPC; ¢ calculated based on XRD data and set the relative crystallinity of
Pluronic-b-PCL without BCL units as 100%;’ T4 was defined as the temperature of the mass loss in 10% and measured by TGA; © Measured from the onset of a rise
in the ratio of the intensity at 337 nm to intensity at 337 nm in the fluorescence excitation spectra of pyrene against logarithm of polymer concentration.

Acta Chim. Sinica 2014, 72, 609—614 © 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 611



MR

% F F R
3 o e -
T=-55.26°C [ —
|
\ |
- - T =46.46°C \}
2 ot v o
s T,=-62.34°C \ [“ S
=
w
\0\“\‘\\\‘\\‘ T =4544°C vj T,=4868°C
T=-64.80°C T /\ [ e
|
VAV
T,=4592°C \ 7,=55.02°C
. : . . . : .
-100 50 0 50 100

Temperature/ °C

Bl 4 R&WI0 DSC 4 (Entries 0, 2, 3)
Figure 4 The DSC curves of copolymer (Entries 0, 2, 3)
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Figure 5 The XRD curves of copolymer (Entries 0, 2, 3)
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Figure 6 The morphology and size distribution of a typical micelle (1
mgemL ") based on copolymer PFPBy3 (Entry 2). A: size distribution at
25 °C; a: morphology under SEM
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Figure 7 The effect of temperature on particle size of copolymer mi-
celles (1 mgemL ). A: The particle size of copolymer micelles at 25 and
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