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MATERIALS AND SYNTHESIS

Materials
The monomer o-phthalaldehyde (99%) was used as obtained from TCI Chemicals.  Tetrahydrofuran (THF) (anhydrous, ≥99.9%), tert-butanol (anhydrous, ≥99.5%), Phosphazene P2-t-Bu solution (≈2.0 M in THF), Propargyl Alcohol (99%), 1,4-Butanediol (ReagentPlus®, 99%), 5-Amino-1-pentanol (95%), Dimethyl sulfoxide (anhydrous, ≥99.9%), Phenyl chloroformate (99%), 4-aminobenzyl alcohol (98%), 4-aminophenyl propargyl ether (95%), Dibutyltin dilaurate (95%), 4,4’-Methylenebis(phenyl isocyanate) (MDI) (98%), tert-butyldimethylsilyl chloride (TBSCl) (reagent grade, 97%),  N,N-Dimethylformamide (anhydrous, 99.8%), Poly(ethylene glycol) methacrylate (average Mn 360), Oxalyl chloride (ReagentPlus®, 99%), 2-(Dodecylthiocarbonothioylthio)propionic acid (97%), Sodium azide (ReagentPlus®, ≥99.5%),  3-Chloro-1-propanol (98%), Triethylamine (≥99.5%), Trifluoroacetic acid (≥99.5%), and Hydrochloric acid (HCL, ACS reagent, 37%) were used as obtained from Sigma Aldrich.  Pyridine (Certified ACS, Suitable for Karl Fischer Reagent ≥99%), Sodium Bicarbonate (Certified ACS, ≥99%), Ammonium Chloride (Certified ACS, ≥99.5%), THF (Optima™, ≥99.9%), Ethyl Acetate (Certified ACS, ≥99.5%), Dichloromethane (Extra dry, 99.9%), Ethanol (200 proof), and Hexane (Certified ACS, ≥98.5%) was used as obtained from Fisher Scientific.

Synthetic procedures
[image: ]
Scheme S1 Synthetic procedure for producing phenyl carbamate-containing monomers.

Synthesis of (Hydroxypentyl)phenylcarbamate (1)
 5-amino pentanol (1.0 g, 9.69 mmol) was suspended in a 15 mL mixture of THF: sat. NaHCO3: water (ratio 2:2:1) and Phenylchloroformate (1.04 mL, 8.29 mmol) was added dropwise over 5 minutes.  The reaction was monitored to completion by TLC (Ethyl Acetate: Hexane 1:1). Ethyl acetate was then added and the organic phase washed twice with saturated NH4Cl solution.  The solvents were removed by rotary evaporation and the crude product purified by column chromatography on silica gel (Ethyl acetate: Hexane 35:65) to provide the monomer as a pale-yellow oil. 1H NMR (400 MHz, DMSO-d6) δ(ppm) 10.24 (1H, s), 7.74 (t, J = 5.7 Hz, 1H), 7.37 (t, J = 7.7 Hz, 2H), 7.33 – 7.13 (m, 2H), 7.10 (d, J = 8.0 Hz, 2H), 6.78 (d, J = 7.7 Hz, 1H), 4.42 (t, J = 5.1 Hz, 1H), 3.47 – 3.39 (m, 3H), 3.07 (q, J = 6.6 Hz, 2H), 1.47 (dp, J = 13.2, 6.8 Hz, 4H), 1.34 (tt, J = 9.7, 5.6 Hz, 2H).
Synthesis of Benzyl-4-(hydroxymethyl)phenylcarbamate (2)
4-aminobenzyl alcohol (1.0 g, 8.13 mmol) was suspended in a 15 mL mixture of THF: sat. NaHCO3: water (ratio 2:2:1) and Phenylchloroformate (1.04 mL, 8.29 mmol) was added dropwise over 5 minutes.  The reaction was monitored to completion by TLC (Ethyl Acetate: Hexane 1:1). Ethyl acetate was then added and the organic phase washed twice with saturated NH4Cl solution.  The solvents were removed by rotary evaporation and the crude product purified by column chromatography on silica gel (Ethyl acetate: Hexane 35:65) to provide the monomer as a pale yellow solid. 1H NMR (400 MHz, DMSO-d6): δ(ppm) 10.20 (1H, s), 7.45 (4H, m), 7.19 (5H, m), 5.07 (1H, t, J = 5.6 Hz), 4.43 (2H, d, J = 5.6 Hz). 


[bookmark: _GoBack][image: ]
Scheme S2 Synthetic procedure for 3, 4, the AB type monomer control, 5, and polyacetal-block-polyurethane copolymer 6

Synthesis of Poly(phthalaldehyde) (3)
 This synthesis followed a procedure from Peterson.5 A 100 mL round-bottom flask was charged with a stir bar and o-phthalaldehyde (3.0 g, 22 mmol) and sealed with a rubber septum.  The flask was filled with Ar and evacuated by vacuum for three cycles.  Dry THF (37 mL) was then added to the flask via syringe.  The flask was then put through three cycles of freeze-pump-thaw to degas the contents, and backfilled with Ar.  Propargyl Alcohol (4.5 μL, 7.8x10-4 mmol) was added to the flask via syringe, and the flask was put into an acetone/dry ice bath.  Once cooled to -78 °C, the P2-t-Bu phosphazene base (45 μL, 0.09 mmol) was added to the flask via syringe to start the polymerization.  The reaction was allowed to stir vigorously at -78 °C for two hours.  Once two hours passed, pyridine (0.9 mL, 11 mmol) and t-butyldimethylsilyl chloride (1.1 mL, 5.9 mmol) were sequentially added to the flask.  The reaction was allowed to stir for another two hours as the acetone/dry ice bath expired and the reaction returned to room temperature.  The contents of the flask were precipitated using an excess of cold methanol (200 mL) and filtered using a Büchner funnel.  The obtained white solid was dried under vacuum at room temperature for 2 hours. 1H NMR (600 MHz, Chloroform-d) δ(ppm) 7.49 (s, 5H), 7.42 (s, 30H), 7.01 (s, 2H), 6.72 (s, 3H), 6.59 (s, 3H), 1.28 (s, 2H), 0.87 (s, 2H).
Synthesis of Poly(benzyl-4-hydroxymethylphenyl carbamate) (4,PPC1)
 Monomer 2 (600 mg, 2.48 mmol) and Dibutyltin dilaurate (DBTL) (0.18 mmol) was dissolved in dry DMF (1.5 mL), heated to 110 °C under Ar atmosphere, and stirred for 30 minutes.  Tert-butanol (0.9 mL) was dissolved in dry DMF (1 mL), added to the reaction, and left to stir for an additional 60 minutes.  After cooling to room temperature, the polymer was precipitated in methanol as a yellow solid, filtered, and dried under vacuum for 12 hours. 1H NMR (400 MHz, DMSO-d6) δ(ppm) 10.19 (s, 1H), 9.80 (s, 8H), 7.48 (d, J = 8.3 Hz, 19H), 7.44 (s, 1H), 7.44 – 7.26 (m, 19H), 7.30 – 7.12 (m, 6H), 6.76 (t, J = 7.9 Hz, 1H), 6.50 (s, 1H), 5.12 (t, J = 5.7 Hz, 1H), 5.06 (s, 17H), 4.43 (dd, J = 12.6, 5.7 Hz, 3H), 2.55 (s, 2H), 1.24 (s, 1H).
Synthesis of Poly(hydroxypentylphenyl carbamate) (5,PPC2)
 Monomer 1 (300 mg) and Dibutyltin dilaurate (DBTL) (0.18 mmol) was dissolved in dry DMF (1.5 mL), heated to 110 °C under Ar atmosphere, and stirred for 30 minutes.  Tert-butanol (0.9 mL) was dissolved in dry DMF (1 mL), added to the reaction, and left to stir for an additional 60 minutes.  After cooling to room temperature, the polymer was precipitated in hexane as a yellow solid, filtered, and dried under vacuum for 12 hours. 1H NMR (400 MHz, DMSO-d6) δ(ppm) 7.71 (t, J = 5.7 Hz, 1H), 7.38 (t, J = 7.7 Hz, 2H), 7.32 – 7.12 (m, 2H), 7.10 (d, J = 8.0 Hz, 2H), 6.75 (d, J = 7.9 Hz, 1H), 4.51 (t, J = 5.2 Hz, 1H), 3.47 – 3.39 (m, 3H), 3.07 (q, J = 6.6 Hz, 2H), 1.47 (dp, J = 13.2, 6.8 Hz, 4H), 1.34 (tt, J = 9.7, 5.6 Hz, 2H).
Synthesis of Poly(phthalaldehyde)-b-poly(benzyl-4-hydroxymethyl phenylcarbamate) (6)
 A 100 mL round-bottom flask was charged with a stir bar, 4 (150 mg, 0.62 mmol) and o-phthalaldehyde (1.0 g, 7.33 mmol) and sealed with a rubber septum.  The flask was filled with Ar and evacuated by vacuum for five cycles, stirring vigorously between the last two cycles.  Dry THF (11 mL) was then added to the flask via syringe.  The flask was then put through three cycles of freeze-pump-thaw to degas the contents, and backfilled with Ar. The flask was put into an acetone/dry ice bath.  Once cooled to -78 °C, the P2-t-Bu phosphazene base (45 μL, 0.09 mmol) in 1mL of Dry THF was added to the flask via syringe to start the polymerization.  The reaction was allowed to stir vigorously at -78 °C for two hours.  Once two hours passed, pyridine (0.9 mL, 11 mmol) and t-butyldimethylsilyl chloride (1.1 mL, 5.9 mmol, dissolved in 1mL of Dry THF) were sequentially added to the flask.  The reaction was allowed to stir for another two hours as the acetone/dry ice bath expired and the reaction returned to room temperature.  The contents of the flask were precipitated using an excess of cold methanol (200 mL) and filtered using a Büchner funnel.  The obtained white solid was dried under vacuum at room temperature for 2 hours. 1H NMR (400 MHz, DMSO-d6) δ 9.80 (s, 5H), 7.46 (t, J = 9.8 Hz, 19H), 7.34 (d, J = 8.2 Hz, 11H), 6.91 (s, 1H), 6.65 (s, 2H), 5.06 (s, 10H), 4.13 (q, J = 5.3 Hz, 11H), 3.26 (d, J = 6.7 Hz, 1H), 3.17 (d, J = 5.1 Hz, 28H), 2.55 (s, 9H).
Film preparation of 4(PPC1)
 A concentrated sample of the polymer 4 (200 mg in 0.2 mL DMSO) was applied to a glass substrate using a doctor blade set to 55 microns.  The film was dried in vacuo using a temperature gradient (40 °C to 80 °C over 6 hours, and allowed to dry at 80 °C overnight).  The dried polymer film was then cut into equal segments weighing approximately 20 mg.  These segments were placed into an aqueous solution containing 40% HCl and 20% ethanol. Initial and final weights of the film segments were recorded.

RESULTS (DATA AND TABLES)

Table S1 Properties of synthesized polyurethanes
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Figure S1   Film depolymerization of PPC17.5k in an acidic solution.
Table S2 GPC Data of pH-induced Depolymerization
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1H NMR Spectra of Synthesized and Depolymerized Compounds:
[image: ]

Figure S2: 1H NMR of Monomer 1
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Figure S3: 1H NMR of Monomer 2
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Figure S4: 1H NMR of Polymer 3
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Figure S5: 1H NMR of Polymer 4
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Figure S6: 1H NMR of Polymer 6
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Figure S7: 1H NMR of Polymer 6 after 20 min of heating @ 80 C
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Figure S8: 1H NMR of Polymer 6 after 40 min of  heating @ 80 C
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Figure S9: 1H NMR of Polymer 6 after 60 min of heating @ 80 
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