Supporting Information

to

Complex Polymer Topologies Built from Tailored

Multifunctional Cyclic Polymers.

Md. D. Hossain, Zhongfan Jia and Michael J. Monteiro*

1. Australian Institute for Bioengineering and Nanotechnology, The University of Queensland,

Brisbane QLD 4072, Australia

*author to whom correspondence should be sent:

e-mail: m.monteiro@uq.edu.au




Table of Contents

O 0 9 N B W N =

[\ (SR SR S R S R S S S L e e e e e e e
N N L WD R, O 0 0NN RN = O

Characterization Of TNITHATOTS ......ee.uuetrtieiiiietie ettt ettt ettt e st e e et eeteeesnneeeseee e 3
Characterization of =S(OH)-PSTY25-BI (7)..cccuuiiiiiiiiiieeee et e 11
Characterization of =(OH)-PSTY25-N3 (8) .cecuviiiieiiiieieiiiii ettt et e e e 13
Characterization 0f C-PSTY 25-OH (9).....ueiiiiiiiiieiiie ettt et e e earee e e 15
Characterization of C-PSTY 25-Br (10) .....ooiiiiiiiiiiiieeeiiee ettt ettt e 16
Characterization 0f C-PSTY 25-N3 (11) cuuviiiiiiiiiieeieie ettt ee e vee e s erre e e e eenaeeeees 18
Characterization 0f C-PSTY25-= (13) .ueiviiiiiiiiiiiiie et ebvre e 20
Characterization of TIPS-=(HO)-PSTY 25-Br (14)......ccccoiiiiiiiiieeeiiiee ettt 22
Characterization of TIPS-=(HO)-PSTY 25-N3 (15) ..eeeeeeiiiiiieiiiee et eerte e eireeeeeiree e 24
Characterization of TIPS-=(HO-PSTY25)2-Br (16)......cccooiiiiiiiiiiiiieiieeee e 25
Characterization of TIPS-=(OH-PSTY25)2-N3 (17, Crude) ....cccovvveieeiciiiieieiiee e 26
Characterization of =(OH-PSTY25)2-N3 (18)..cceeviiiieiiieieeiiiee et 27
Characterization of C-PSTY=(OH) (19)...uvuiiiiiiiiiiiieiee et 28
Characterization of C-PSTY 50-B1 (20)....c.euviiiiiiiiiieiiee ettt e 29
Characterization Of C-PSTY=(IN3)2 (21) cuuuutriiiiiiiiiiiiiii ettt ee e e eeetr e e e e e e 31
Characterization Of C-PSTY=(5)4 (23) ccuuvrriiiiiieiieiee et et ar e e e 32
Characterization of TIPS-=(OH-PSTY25)3-Br (24)......cooiiiiiiiiiiieeeeie e 33
Characterization of TIPS-=(OH-PSTY25)3-N3 (25)..utteiiieiiiiiiiiieeeeee et e eeeirre e e e 34
Characterization of =S(OH-PSTY25)3-N3 (26)...cccciiiiiiiiiieeiciiiiieee et ee e e eeevirae e e e e 35
Characterization of C-PSTY75-(OH)3 (27) wevveeiiiiieiieiiiee ettt ee e e 36
Characterization of C-PSTY75-B13 (28)....uuvviiiiiiiiiiiiee e e 37
Characterization 0f C-PSTY 75-(N3)3 (29)..euviiieiiiiie ettt e e earee e 39
Characterization 0f C-PSTY75-(5)6 (30)...uuuuteiiiiiiiiiiiiiie ettt eeevirar e e e 40
Characterization of Spiro (C-PSTY )3 (1) c.ueeiieiiiiie et 41
Characterization 0f G1 (C-PSTY)5 (32) .iiicuiiiiiiiiiie ettt e e eeree e are e e s eanee e e 42
Characterization 0f G1 (C-PSTY )4 (33) uuuuiiiiiiiiiiiiiiiie ettt e e et ar e e e e e 43
Characterization 0f G1 (C-PSTY)7(34) ..uuutiiiiiiiiiiiiieiiie ettt eetirar e e e 44



1 Characterization of initiators

Scheme S1: Synthesis of alkyne (hydroxyl) functional initiator (1)

HOXZ: i HO~><: \ X o

Reactants and conditions: i) Acetone, p-TsOH, RT,16h; ii) THF, NaH, propargyl bromide, -78 °C,

16 h; iii) DOWEX, Methanol, R.T. 16 h; iv) THF, 2-bromoisobutyryl bromide, 0 °C - RT, 16 h.

Scheme S2: Synthesis of protected alkyne (hydroxyl) functional initiator (6)
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Reactants and conditions: (i) EtMgBr, THF, reflux at 76 °C, (ii) PBr3, yrldme, ether 0 ~ 25 °C (iii)

NaH/ THF, -78 °C ~ 25 °C (iv) DOWEX resin in MeOH at 40 °C (v) TEA in THF at 0 °C ~ RT for 24

h.



Scheme S3: Synthesis of monofunctional alkyne cyclics (9-13).
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Conditions: (i) Polymerization: Styrene, CuBr, PMDETA, CuBr,/PMDETA in bulk at 80 °C. (ii)
Azidation: NaN3 in DMF at 25 °C, (iii) Cyclization: CuBr, PMDETA in toluene by feed at 25 °C,
(iv) Bromination: 2-BPB, TEA in THF; 0 °C- RT, (v) Click: CuBr, PMDETA in toluene at 25 °C.

(vi) Deprotection: TBAF in THF at 25 °C.



Scheme S4: Synthesis of mutltifunctional cyclics (19-23).
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Conditions: (i) Polymerization: Styrene, CuBr, PMDETA, CuBr,/PMDETA in bulk at 80 °C. (ii)
Azidation: NaN3 in DMF at 25 °C, (iii) Cyclization: CuBr, PMDETA in toluene by feed at 25 °C,
(iv) Bromination: 2-BPB, TEA in THF; 0 °C- RT, (v) Click: CuBr, PMDETA in toluene at 25 °C.

(vi) Deprotection: TBAF in THF at 25 °C.



Scheme S5: Synthesis of mutltifunctional cyclics (27-30).
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Conditions: (i) 'Click': CuBr, PMDETA in toluene at 25 °C, (ii) Azidation: NaN3 in DMF at 25

°C, (iii) Deprotection: TBAF in THF at 25 °C, (iv) Cyclization: CuBr, PMDETA in toluene by

feed at 25 °C, (v) Bromination: 2-BPB, TEA in THF; 0 °C- RT.
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Figure S1: (a) "H NMR and (b) ?C NMR spectra of (2) recorded in CDCl; at 298K (500 MHz).
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Figure S2: (a) "H NMR and (b) ?C NMR spectra of (3) recorded in CDCl; at 298K (500 MHz).
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Figure S3: (a) '"H NMR and (b) ?C NMR spectra of (4) recorded in CDCl; at 298K (500 MHz), *

acetone peak.
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Figure S$4: (a) 'H NMR and (b) ?C NMR spectra of (5) recorded in CDCl; at 298K (500 MHz).
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Figure S6: 2D COSY NMR spectrum of (6) recorded in CDCl; at 298K (500 MHz).
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Figure S7: 2D HSQC NMR spectrum of (6) recorded in CDCl; at 298K (500 MHz).
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Figure S8: 2D HMBC NMR spectrum of (6) recorded in CDCl; at 298K (500 MHz).
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2 Characterization of =(OH)-PSTY,:-Br (7)
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Figure S9: SEC-RI trace of =(OH)-PSTY,s-Br (7) based on PSTY calibration curve.
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Figure $10. 'H 1D DOSY NMR spectrum of =(OH)-PSTYs-Br (7) recorded in CDCl; at 298K

81.07

(500 MHz).
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Figure S11: The full and expanded MALDI-ToF mass spectra of =(HO)-PSTY5-Br (7) acquired in

reflectron mode with Ag salt as cationizing agent and DCTB matrix.
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3 Characterization of =(OH)-PSTY,5-N3 (8)
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Figure S12: SEC RI trace of =(OH)-PSTY5-N3 (8) based on PSTY calibration curve.
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Figure S13: 'H 1D DOSY NMR spectrum of =(OH)-PSTY,5-N3 (8) recorded in CDCl; at 298K

(500 MHz).
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Figure S14: The full and expanded MALDI-ToF mass spectra of =(HO)-PSTY »5-Nj3 (8) acquired in

reflectron mode with Ag salt as cationizing agent and DCTB matrix.
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4 Characterization of c-PSTY,s-OH (9)
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Figure S15: The full and expanded MALDI-ToF mass spectra of c-PSTY,5-OH (9, purified by

preparative SEC) acquired in reflectron mode with Ag salt as cationizing agent and DCTB matrix.
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5 Characterization of c-PSTY,s-Br (10)
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Figure S16: SEC RI trace of c-PSTYs-Br (10) based on PSTY calibration curve.
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Figure S17: 'H 1D DOSY NMR spectrum of ¢-PSTY,s-Br (10) recorded in CDCl; at 298K (500

77.20

MHz).
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Figure S18: The full and expanded MALDI-ToF mass spectra of c-PSTY,s-Br (10) acquired in

reflectron mode with Ag salt as cationizing agent and DCTB matrix.
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6 Characterization of c-PSTY,s-N; (11)
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Figure S19: SEC RI trace of c-PSTY5-N3 (11) based on PSTY calibration curve.
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Figure S20: '"H 1D DOSY NMR spectrum of ¢-PSTY;5-N3 (11) recorded in CDCl; at 298K (500

79.59

MHz).
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Figure S21: The full and expanded MALDI-ToF mass spectra of ¢c-PSTY-Nj3 (11) acquired in

reflectron mode with Ag salt as cationizing agent and DCTB matrix.
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7 Characterization of c-PSTY,:—= (13)
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Figure S22: SEC RI trace of c-PSTY,s-= (13, purified by preparative SEC) based on PSTY

calibration curve.
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Figure S23. 'H 1D DOSY NMR spectrum of ¢-PSTY,5-= (13, purified by preparative SEC)

recorded in CDCl; at 298K (500 MHz).
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Figure S24: The full and expanded MALDI-ToF mass spectra of c-PSTY,s-= (13, purified by

preparative SEC) acquired in reflectron mode with Ag salt as cationizing agent and DCTB matrix.
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8 Characterization of TIPS-=(HO)-PSTY,s-Br (14)
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Figure S25: SEC Rl trace of TIPS-=(HO)-PSTY,s-Br (14) based on PSTY calibration curve.
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Figure S26: 'H 1D DOSY NMR spectrum of TIPS-=(HO)-PSTYs-Br (14) recorded in CDCl; at

T T
5.5 5.

69.53

298K (500 MHz).
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Figure S27: The full and expanded MALDI-ToF mass spectra of TIPS-=(HO)-PSTY,s-Br (14)

acquired in reflectron mode with Ag salt as cationizing agent and DCTB matrix.
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9 Characterization of TIPS-=(HO)-PSTY,s-N; (15)
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Figure S28: The full and expanded MALDI-ToF mass spectra of TIPS-=(HO)-PSTY;5-N3 (15)

acquired in reflectron mode with Ag salt as cationizing agent and DCTB matrix.
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10 Characterization of TIPS-=(HO-PSTY>5),-Br (16)
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Figure S29: The full and expanded MALDI-ToF mass spectra of TIPS-=(HO-PSTYs),-Br (16,

crude) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.

25



11 Characterization of TIPS-=(OH-PSTY>5),-N; (17, crude)
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Figure S30: SEC RI trace of TIPS-=(OH-PSTY35),-N;3 (17, crude) based on PSTY calibration

curve.
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Figure S31: The full and expanded MALDI-ToF mass spectra of TIPS-=(HO-PSTY25),-N3 (17,

crude) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.
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12 Characterization of =(OH-PSTY,:),-N; (18)
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Figure S32: SEC RI traces of (a) TIPS-=(OH-PSTY5),-N3 (17), (b) =(OH-PSTY>s5),-N; (18,
crude), (c) =(OH-PSTY5),-N3 (18, purified by preparative SEC) based on PSTY calibration curve,

and (d) LND simulation of =(OH-PSTY>5),-N3 (18, purified by preparative SEC).
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Figure S33: The full and expanded MALDI-ToF mass spectra of =(HO-PSTY>s5),-N3 (18, purified

by preparative SEC) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.
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13 Characterization of c-PSTY-(OH), (19)
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Figure S34: The full and expanded MALDI-ToF mass spectra of c-PSTY-(OH), (19, purified by

preparative SEC) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.
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14 Characterization of c-PSTY;,-Br, (20)
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Figure S35: SEC Rl trace of c-PSTY59-Br, (20) based on PSTY calibration curve.
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Figure S36: 'H 1D DOSY NMR spectrum of c-PSTY 50-Br; (20) recorded in CDCls at 298K (500

159.09
20.61

MHz).
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Figure S37: The full and expanded MALDI-ToF mass spectra of c-PSTY 5o-Br; (20) acquired in

linear mode with Ag salt as cationizing agent and DCTB matrix.
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15 Characterization of c-PSTY-(N3), (21)
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Figure S38: 'H 1D DOSY NMR spectrum of c-PSTY-(N3), (21) recorded in CDCIlj at 298K (500

MHz).
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Figure S39: The full and expanded MALDI-ToF mass spectra of c-PSTY 59-(N3), (21) acquired in

linear mode with Ag salt as cationizing agent and DCTB matrix.
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16 Characterization of c-PSTY-(=), (23)
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Figure S40: 'H 1D DOSY NMR spectrum of c-PSTY-(5)s (23, purified by preparative SEC)

12.13
166.65
20 82

recorded in CDCl; at 298K (500 MHz).
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Figure S41: The full and expanded MALDI-ToF mass spectra of c-PSTY 5o-(=)4 (23, purified by

preparative SEC) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.
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17 Characterization of TIPS-=(OH-PSTY,5);-Br (24)
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Figure S42: The full and expanded MALDI-ToF mass spectra of TIPS-=(OH-PSTY5);-Br (24)

acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.
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18 Characterization of TIPS-=(OH-PSTYs)3-N3 (25)
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Figure S43: The full and expanded MALDI-ToF mass spectra of TIPS-=(OH-PSTY>5)3-N3 (25)

acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.
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19 Characterization of =(OH-PSTY;s):-N; (26)
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Figure S44: SEC RI traces of (a) TIPS-=(OH-PSTY35);-N3 (25), (b) =(OH-PSTY5);-N3 (26,
crude), (¢) =(OH-PSTY>5)3-N3 (26, purified by preparative SEC) based on PSTY calibration curve

and (d) LND simulation of =(OH-PSTY>s5)3-N3 (26, purified by preparative SEC).
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Figure S45: The full and expanded MALDI-ToF mass spectra of =(OH-PSTY»5)3-N3 (26, purified

by preparative SEC) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.
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20 Characterization of c-PSTYs-(OH); (27)
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Figure S46: The full and expanded MALDI-ToF mass spectra of c-PSTY75-(OH); (27, purified by

preparative SEC) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.
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21 Characterization of c-PSTY5s-Br; (28)
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Figure S47: SEC RI trace of ¢c-PSTY75-Br; (28) based on PSTY calibration curve.
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Figure S48: '"H 1D DOSY NMR spectrum of c-PSTY75-Brs (28) recorded in CDCl; at 298K (500

13.56
235.53
28.47

MHz).
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Figure S49: The full and expanded MALDI-ToF mass spectra of c-PSTY7s5-Br; (28) acquired in

linear mode with Ag salt as cationizing agent and DCTB matrix.
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22 Characterization of c-PSTY5-(N;); (29)
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Figure S50: 'H 1D DOSY NMR spectrum of ¢-PSTY75-(N3); (29) recorded in CDCl; at 298K (500

12.00

230.65
29.28

MHz).
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Figure S51: The full and expanded MALDI-ToF mass spectra of ¢c-PSTY75-(N3); (29) acquired in

linear mode with Ag salt as cationizing agent and DCTB matrix.
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23 Characterization of c-PSTY5-(5)6 (30)
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Figure $52: 'H 1D DOSY NMR spectrum of ¢c-PSTY5-(=)s (30, purified by preparative SEC)

recorded in CDCl; at 298K (500 MHz).
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Figure S53: The full and expanded MALDI-ToF mass spectra of c-PSTY 75-(=)s (30, purified by
preparative SEC) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.
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24 Characterization of spiro (c-PSTY); (31)
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Figure S54: 'H 1D DOSY NMR spectrum of spiro (c-PSTY); (31, purified by preparative SEC)

recorded in CDCl; at 298K (500 MHz).
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Figure S55: The full and expanded MALDI-ToF mass spectra of spiro (c-PSTY); (31, purified by

preparative SEC) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.
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25 Characterization of G1 (c-PSTY)s (32)
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Figure S$56: 'H 1D DOSY NMR spectrum of G1 (c-PSTY)s (32, purified by preparative SEC)

466.21

recorded in CDClj; at 298K (500 MHz), * acetone peak.
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Figure S57: The full and expanded MALDI-ToF mass spectra of G1 (c-PSTY)s (32, purified by

preparative SEC) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.
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26 Characterization of G1 (c-PSTY), (33)
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Figure S58: 'H 1D DOSY NMR spectrum of G1 (c-PSTY)s (33, purified by preparative SEC)

recorded in CDCl; at 298K (500 MHz).
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Figure S59: The full and expanded MALDI-ToF mass spectra of G1 (¢c-PSTY), (33, purified by

preparative SEC) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.
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27 Characterization of G1 (c-PSTY), (34)
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Figure S60: 'H 1D DOSY NMR spectrum of G1 (c-PSTY); (34, purified by preparative SEC)
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recorded in CDClj at 298K (500 MHz).
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Figure S61: The full and expanded MALDI-ToF mass spectra of G1 (c-PSTY); (34, purified by

preparative SEC) acquired in linear mode with Ag salt as cationizing agent and DCTB matrix.
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