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Experimental Section

Materials.

Tetrahydrofuran (THF) and toluene were purified by purging with dry nitrogen, followed by passing through columns of activated
alumina. y-Butyrolactone (yBL ) were obtained from Aladdin Reagent Co. Benzyl alcohol (BnOH) and L-lactide (L-LA) were
purchased from TCI Chemical Co. yBL and BnOH were stirred with CaH, for 24 hours, then distilled under reduced pressure and
stored over activated 4 A molecular sieves in a glovebox. The cyclic trimeric phosphazene base (CTPB) was synthesized according
to the procedure reported before.! All commercially obtained reagents were used as received without further purification unless
otherwise noted.

Instruments.

Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker DMX-500 FT-NMR spectrometer at 500 MHz for *H NMR
and 125.7 MHz for 3C NMR. Chemical shifts were reported in & (ppm) and the residual deuterated solvent peak was used as
reference. Matrix-assisted laser desorption/ionization time-of-flight mass spectroscopy (MALDI-TOF MS) analyses were
conducted on a Bruker BIFLEX IIl MS spectrometer equipped with a 337 nm nitrogen laser. The sample was dissolved in THF and
mixed with a-cyano-4-hydroxy cinnmaic acid/THF solution prior to dry. Size exclusion chromatography (SEC) spectra were
performed on a Agilent HPLC system equipped with a model 1260 Hip degasser, a model 1260 Iso pump and a model 1260
differential refractometer detector. Three Mz-Gel SD,,s (103 A, 10% A, and 105A) columns were connected in series. THF was used
as mobile phase at a flow rate of 1.0 mL/min at 40 °C. The molecular weight and polydispersity were calculated using
polystyrene standards with narrow molecular weight distribution as references. The sample concentration used for SEC analysis
was about 10 mg/mL. Differential scanning calorimetry (DSC) measurements were performed on a TA instrument DSC 25.
Temperature was calibrated with an indium standard. Measurements were performed under N, atmosphere with a flow rate of
50 mL/min. Each sample with a mass of 5-10 mg was used for the measurement. The typical procedures for the measurements
of PyBL-b-PLLA samples were as follows: in the first heating scan, samples were heated from -85 °C to 190 °C at a heating rate of
10 °C/min and kept at 190 °C for 2 min to eliminate any thermal history. In the second heating scan, samples were cooled to -85
°C at 10 °C/min and then equilibrium at -85 °C for 2 min, and subsequently reheated to 190 °C at 10°C/min. The PyBL and PLLA
homopolymer samples were measured at similar procedures except that the temperature range was from -85 °C to 100 °C for
PyBL and from 0 °C to 200 °C for PLLA, respectively. Thermogravimetric analysis (TGA) measurements were preformed on a TA
Q50 thermogravimetric analyzer. The samples were heated from 40 °C to 600 °C at a heating rate of 10 °C/min under N,
atmosphere with a flow rate of 50 mL/min.

Table S1. Results of ROP of L-LA catalyzed by CTPB 2

run L-LA/C/I Time (min) C (L-LA) (%) ® M, (kg/mol) PDI ©
1 300/1/3 180 71.8 11.2 1.20
2 300/2/3 180 98.0 17.6 1.55
3 450/2/3 10 80.5 11.8 1.35
4 450/2/3 180 91.8 19.3 1.31

a Reaction conditions: CTPB was used as catalyst, BnOH (0.15mmol) was used as initiator. [L-LA] = 1 M in THF, reaction temperature was 25 °C.® Monomer conversions
were determined by 'H NMR spectra. ¢ Number-average molecular weight and polydispersity (PDI) were determined by SEC in THF at 40 °C relative to polystyrene
standards.


mailto:zbli@qust.edu.cn
http://www.labbase.net/Brand/BrandItems-6057.html
http://www.baidu.com/baidu.php?url=UjmK000mMLCP9h7vgwavdR5T2rebfgU3Jxqn8lG1OPVDwm1VH0divOOEAJuiK1rnfRjrIZEYzdIMsj7TAJCxhMWBD446ZiPeNvGQli9UTTG4-0AEn5bllxOEdIWWHNbjzy2jzD1GSYT6zpQ8fjGchBYzpNrdAb4vy4qJ1_92EufgpPRT6f.7Y_KhWoutZFKeprVMvGWuhq85ZKou9HZKReiME6CpXyPvap7Q7erQKdsRP5QGHTOKGmhHoHPn1wl32AM-CFhY_IJIZ0lplEo6CpXy7YNKnNKB6MCCRgkIEgKfYt_QrMAzONDkReiM-k_lbJN9h9mlUrMumC.U1Yk0ZDqfykhmfKY5y7_uhD0pyYqnWcd0ATqmhNsT100Iybqmh7GuZR0TA-b5Hcd0APGujYznjc0UgfqPj0vn7tknjDLg1csPWFxnH0krNt1PW0k0AVG5H00TMfqP1b30ANGujYkPjn3g1cknj6dg1DLnj0kg1csrHc30AFG5HcsP0KVm1YzrHbsn1bLrjT3g1msn1ndPWf3P-tLrHD1PjDdrNtsg100TgKGujYs0Z7Wpyfqn0KzuLw9u1Ys0AqvUjYknjn1PadbX-tknjfLPidbX-tknjTsnidbX-tknjTdnadbX-tknjTvnzdbX-tknjT4riYdg1Dsrj0kQywlg1DknjDYQHFxnHDsn1cVnHuxnHDknHDVnNtknHDkPaYkg1DknHnvQywlg1DknH64Qywlg1DknWcLQywlg1DkPjn4QHFxnHDYP1cVuZGxnHDdPWfVuZGxnHDdP1cVnNtknHR3nBYkg1DkPWT3QHPxnHDLPHbVuZGxnHcsnWmVP7tknW04PadbX-tknWDvradbX-tknWDLniYzg1DznBYdg1DznW6YQywlg1Dzn1DYQH7xnHc1nHbVuZGxnHc1nWDVuZGxnHc1nWcVuZGxnHcYPW0VnNtknWfvnidbX-tknWf4PidbX-tknWm1PidbX-tknWmdPadbX-tknWmvnzYkg1DzPW6vQywlg1DzP1bYQHFxnHc3n1nVuZGxnHc3PHcVuZGxnHc4nWcVnNtknWbYPadbX-tkn10kPBYkg1D1njckQywlg1D1njmdQywlg1csPYsVuZGxnW0LH76VuZGxrHb4QHb0mycqn7ts0ANzu1Ys0ZKs5H00UMus5H08nj0snj0snj00Ugws5H00uAwETjYs0ZFJ5H00uANv5gKW0AuY5H00TA6qn0KET1Ys0AFL5HDs0A4Y5H00TLCq0ZwdT1YLnj6dnHDznH0kPjT1PW03nWRz0ZF-TgfqnHf4P1RLPHnkPHmzPsK1pyfqrHnLujb1PHcsnj0YuHbYmsKWTvYqn17anWRLPWbvwjn3fYmzfsK9m1Yk0ZK85H00TydY5H00Tyd15H00XMfqn0KVmdqhThqV5HKxn7tsg1Kxn0Kbmy4dmhNxTAk9Uh-bT1Ysg1Kxn7tsg100TA7Ygvu_myTqn0KbIA-b5H00ugwGujYVnfK9TLKWm1Ys0ZNspy4Wm1Ys0Z7VuWYkP6KhmLNY5H00uMGC5H00uh7Y5H00XMK_Ignqn0K9uAu_myTqnfK_uhnqn0KWThnqPjR1rH0&us=0.0.0.0.0.0.0&us=0.0.0.0.0.0.10&ck=7677.4.1497575321815.0.0.206.177.0&shh=www.baidu.com&sht=baidu

Table S2. Monomer conversion and molecular weight of PyBL-b-PLLA as a function of time. 2

run Time (min) C (yBL) (%) ® C (L-LA) (%) ® M, (kg/mol) PDI ¢
1 5 52.0 97.6 18.0 1.72
2 10 52.8 97.3 20.5 1.62
3 30 54.6 96.9 18.7 1.64
4 120 54.0 97.5 19.1 1.68
5 180 54.5 97.5 17.9 1.70

2 Reaction conditions: [L-LA]/[yBL]/[C]/[I] = 300/300/2/3, CTPB = 0.1mmol was used as catalyst. The polymerization was conducted at [yBL] = 6 M in toluene for 2.5 h
followed by addition of L-LA/THF solution (1 M) with temperature at -50 °C. The system temperature was then elevated to 25 °C. ® Monomer conversions were
determined by 'H NMR spectra. ¢ Number-average molecular weight and polydispersity (PDI) were determined by SEC in THF at 40 °C relative to polystyrene standards.

Table S3. Results of sequential ROP of yBL with &-CL or §-VL. ?

Temp?® Time?® C (yBL)* C (M) M, ¢
M/yBL/C/I M PDId
n NVBLC/ (°c) (min) (%) (%) (kg/mol)
1 300/300/1/3 e-CL 25 10 35.5 17.5 6.5 2.35
2 300/300/1/3 3-VL 25 10 28.7 50.8 9.5 1.68

a Reaction conditions: CTPB was used as catalyst, BnOH (0.15mmol) was used as initiator. The polymerization was conducted at [yBL] = 6 M in toluene for 2.5 h
followed by addition of €-CL/THF or 8-VL/THF solution (1M) with temperature at -50 °C. ® Temperature and time of the ROP of second monomer. ¢ Determined by H
NMR spectra. ¢ Determined by SEC in THF at 40 °C relative to polystyrene standards.

Table S4. TGA results of PyBL, PLLA and PyBL,-b-PLLA,. ?

sample Ty, 5% (°C) Ty, max (°C)

PyBL 240 288, 349
PLLA 337 370

PYBLsy-b-PLLAs 284 252,384
PYBLys-b-PLLA 331 369
PyBLsy-b-PLLA,, 330 368
PyBLss-b-PLLAs, 326 368

2 PyBL,-b-PLLA,,where x = [yBL]/[BnOH] * C (yBL), y = [L-LA]/[BnOH] * C (L-LA). Samples were obtained from conditions as followed: PyBL, Table 1, run 7; PLLA, Table S1,
run 2; PyBLsg-b-PLLA,g, Table 1, run 10; PyBLgs-b-PLLAo, Table 1, run 11; PyBLsg-b-PLLA;7, Table 1, run 12; PyBLs3-b-PLLAg,, Table 1, run 9.

Table S5. DSC results of PyBL,-b-PLLA,. ?

Sample First heating scan Cooling scan Second heating scan
T (°C) f;;“; Toa (°C) ﬁ';g) T(C)  AH(/g)  Te(O) Twm(°0) ?;;1 Toa (°C) ?;;‘)
PyBLso-b-PLLAg 43.6 23.1 153.8 6.9 N.A. N.A. -26.5 53.7 11.3 152.5 15.4
PyBLys-b-PLLAg 441 114 164.4 38.1 87.7 26.4 -38.4 56.4 1.0 163.3 37.8
PyBLsg-b-PLLA;; 45.4 1.5 165.5 48.3 89.1 31.1 -37.9 N.A. N.A. 165.8 51.6
PyBLss-b-PLLAy, 60.2 3.6 166.4 47.5 93.1 34.3 -44.2 N.A. N.A. 165.8 49.5

2 PyBL,-b-PLLA,, where x = [yBL]/[BnOH] * C (yBL), y = [L-LA]/[BnOH] * C (L-LA). Samples were obtained from conditions as followed: PyBLso-b-PLLA,, Table 1, run 10;
PyBLgs-b-PLLA4g, Table 1, run 11; PyBLsg-b-PLLA7;, Table 1, run 12; PyBLs3-b-PLLAg;, Table 1, run 9.
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Figure S1. MALDI-TOF spectrum of PyBL polymerized at [yBL]/[CTPB]/[BnOH] = 300/1/3 at -50°C for 2.5 h (Table 1, run 1). Distribution A is assigned as cyclic PyBL structure whereas
distribution B is assigned as linear PyBL structure terminated with BnO/H. @indicate cyclic PyBL+Na*, Mindicate linear BnO-PyBL-H+Na*, * indicate cyclic PyBL+K*, ¥ indicate linear

BnO-PyBL-H+K*.
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Figure S2. Stacked 'H NMR spectra of the reaction mixtures of copolymerization of yBL with L-LA (top) and PyBL homopolymer (bottom). Deuterated chloroform was used as
solvent. (Reaction conditions: [L-LA]/[yBL]/[Cat.]/[I] = 300/300/1/3, CTPB was used as catalyst, BnOH (0.15mmol) was used as initiator. [yBL] = [L-LA] = 1 M in THF were first mixed,
then added into the mixture of CTPB and BnOH. The polymerization was conducted under N, at -50 °C for 3h. *indicates ethyl acetate. The polymerization conducted at 25 °C gave

similar *H NMR spectrum).
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Figure S3. SEC traces of PyBL (Table 1, run 16) and PyBL-b-PLLA (Table 1, run 17) obtained at [Cat.]/[I] = 3/3.
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Figure S4. SEC traces of the aliquots withdrawn from the reaction mixtures at different time intervals (Table S2, run 1 to run 5).
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Figure S5. 13C NMR spectrum of PyBL-co-PCL (Table S3, run 1). Deuterated chloroform was used as solvent.
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Figure S6. 1*C NMR spectrum of PyBL-co-PVL (Table S3, run 2). Deuterated chloroform was used as solvent.
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Figure S7. Representative *H NMR spectrum of PyBL. Deuterated chloroform was used as solvent.
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Figure S8. Representative *H NMR spectrum of PLLA. Deuterated chloroform was used as solvent.
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Figure S9. Representative 'H NMR spectrum of PyBL-b-PLLA. Deuterated chloroform was used as solvent.
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Figure S10. Representative *C NMR spectrum of PyBL. Deuterated chloroform was used as solvent.
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Figure S11. Representative 3C NMR spectrum of PLLA. Deuterated chloroform was used as solvent.
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Figure S12. MALDI-TOF spectrum of PyBL-b-PLLA (Table 1, run 15). One possible structure for peak 3666 is BnO-PyBL,;-b-PLLA;,-H + Na*.
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Figure S13. Representative (a) TGA and (b) DTG curves of PyBL,-b-PLLA,. The samples used were the same with Table S4.
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Figure S14. DSC curves (black lines: first heating scans; red lines: cooling scans; blue lines: second heating scans) of (a) PyBL (Table 1, run 7), (b) PLLA (Table S1, run 2), (c) PyBLsy-b-
PLLA, (Table 1, run 10), (d) PyBLas-b-PLLA4g (Tablel, run 11), (e) PyBLso-b-PLLA;; (Table 1, run 12) and (f) PyBLss-b-PLLAg; (Table 1, run 9).
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