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1st Part: 

Monomers and 
small molecules

1. {1-[3,5-bis(trifluoromethyl)phenyl]-3-cyclohexylthiourea} (TU)    

Pages [6-13]


1H NMR, COSY, 13C NMR, HSQC, ATR-FTIR, ESI-MS
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4. Five-membered bis(cylic carbonate) (Monomer A)

Pages [28-38]
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{1-[3,5-bis(trifluoromethyl)phenyl]-3-cyclohexylthiourea} (TU) Spectrum 1H-RMN, 300 MHz, CDCl3

1H-NMR (300 MHz, CDCl3, δ ppm, J Hz) δ 8.13 (Bs, 1H, Ph-NH-), 7.76 (s, 2H, H-2’, H-6’), 7.71 (s, 1H, H-4’), 6.07 (bs, 1H, -NH-cyclohexyle), 4.19 (bs, 1H, H-1), 2.07 
(dd, H-2a, H-6a, 2J2a,2b = 2J6a,6b = 12.4, J2a,3a = J6a,5a 3.3), 1.70-1.10 (m, 8H, H-2b, H-3, H-4, H-5, H-6b). 
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1H-NMR (300 MHz, CDCl3, δ ppm, J Hz) δ
8.13 (Bs, 1H, Ph-NH-), 7.76 (s, 2H, H-2’, H-
6’), 7.71 (s, 1H, H-4’), 6.07 (bs, 1H, -NH-
cyclohexyle), 4.19 (bs, 1H, H-1), 2.07 (dd, 
H-2a, H-6a, 2J2a,2b = 2J6a,6b = 12.4, J2a,3a = 
J6a,5a 3.3), 1.70-1.10 (m, 8H, H-2b, H-3, H-4, 
H-5, H-6b). 

COSY (Bidimensional 1H-1H){1-[3,5-bis(trifluoromethyl)phenyl]-3-cyclohexylthiourea} (TU)
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COSY (Bidimensional 1H-1H){1-[3,5-bis(trifluoromethyl)phenyl]-3-cyclohexylthiourea} (TU)

1H-NMR (300 MHz, CDCl3, δ ppm, J Hz) δ
8.13 (Bs, 1H, Ph-NH-), 7.76 (s, 2H, H-2’, H-
6’), 7.71 (s, 1H, H-4’), 6.07 (bs, 1H, -NH-
cyclohexyle), 4.19 (bs, 1H, H-1), 2.07 (dd, 
H-2a, H-6a, 2J2a,2b = 2J6a,6b = 12.4, J2a,3a = 
J6a,5a 3.3), 1.70-1.10 (m, 8H, H-2b, H-3, H-4, 
H-5, H-6b). 
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{1-[3,5-bis(trifluoromethyl)phenyl]-3-cyclohexylthiourea} (TU) Spectrum 13C-RMN, 75 MHz, CDCl3

13C-NMR (75 MHz, CDCl3, δ ppm) δ 179.3 (C=S), 138.9 (C-1’), 124.6 (C-2’, C-6’), 123.9 (C-3’, C-5’), 120.9 (-CF3), 119.4 (C-4’), 54.0 (C-1), 32.4 (C-2, C-6), 35.3 (C-4), 24.6 

(C-3, C-5). 
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{1-[3,5-bis(trifluoromethyl)phenyl]-3-cyclohexylthiourea} (TU) HSQC (Bidimensional 1H-13C)
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{1-[3,5-bis(trifluoromethyl)phenyl]-3-cyclohexylthiourea} (TU) HSQC (Bidimensional 1H-13C)
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{1-[3,5-bis(trifluoromethyl)phenyl]-3-cyclohexylthiourea} (TU) Spectrum ATR-FTIR
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Spectrum ESI-MS{1-[3,5-bis(trifluoromethyl)phenyl]-3-cyclohexylthiourea} (TU)
170628_4V75 06/28/17 12:08:39 4V75   PM=370   C15H16F6N2S

170628_4V75 #60-94 RT: 0.24-0.37 AV: 35 NL: 1.23E8
T: FTMS + c ESI Full ms [60.00-900.00]
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(M+H)+ = 370+1 = 371
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3-(Prop-2-yn-1-ylthio)-propane-1,2-diol (1) Spectrum 1H-RMN, 500 MHz, CDCl3

1.71.81.92.02.12.22.32.42.52.62.72.82.93.03.13.23.33.43.53.63.73.83.94.04.1 ppm
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1H-NMR (CDCl3, 500 MHz)  (ppm) 3.93-3.89 (m, 1H, H-2), 3.79-3.75 (m, 1H, H-1a) 3.62-3.57 (m, 1H, H-1b), 3.33 (dd, 1H, H-1’a, J1’a,3’ = 2.7 Hz, 2J1’a,1’b = 17.0 Hz), 
3.28 (dd, 1H, H-1’b, J1’b,3’ = 2.5 Hz), 2.91 (dd, 1H, H-3a, J3a,2 = 4.0 Hz, 2J3a,3b = 13.9 Hz), 2.78 (dd, 1H, H-3b, J3b,2 = 8.0 Hz), 2.28 (t, 1H, H-3’), 2.12, 1.65 (2 bs, 2H, OH).
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3-(Prop-2-yn-1-ylthio)-propane-1,2-diol (1) COSY (Bidimensional 1H-1H)

1H-NMR (CDCl3, 500 MHz)  (ppm) 3.93-3.89 (m, 
1H, H-2), 3.79-3.75 (m, 1H, H-1a) 3.62-3.57 (m, 
1H, H-1b), 3.33 (dd, 1H, H-1’a, J1’a,3’ = 2.7 Hz, 
2J1’a,1’b = 17.0 Hz), 3.28 (dd, 1H, H-1’b, J1’b,3’ = 2.5 
Hz), 2.91 (dd, 1H, H-3a, J3a,2 = 4.0 Hz, 2J3a,3b = 
13.9 Hz), 2.78 (dd, 1H, H-3b, J3b,2 = 8.0 Hz), 2.28 
(t, 1H, H-3’), 2.12, 1.65 (2 bs, 2H, OH).
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3-(Prop-2-yn-1-ylthio)-propane-1,2-diol (1) Spectrum 13C-RMN, 125 MHz, CDCl3
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13C-NMR (CDCl3, 125 MHz)  (ppm) 79.7 (C-2’), 71.6 (C-3’), 70.0 (C-2), 65.3 (C-1), 35.4 (C-3), 19.7 (C-1’). 
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3-(Prop-2-yn-1-ylthio)-propane-1,2-diol (1)

13C-NMR (CDCl3, 125 MHz)  (ppm) 79.7
(C-2’), 71.6 (C-3’), 70.0 (C-2), 65.3 (C-1),
35.4 (C-3), 19.7 (C-1’).

HSQC (Bidimensional 1H-13C)

1H-NMR (CDCl3, 500 MHz)  (ppm) 3.93-
3.89 (m, 1H, H-2), 3.79-3.75 (m, 1H, H-1a) 
3.62-3.57 (m, 1H, H-1b), 3.33 (dd, 1H, H-
1’a, J1’a,3’ = 2.7 Hz, 2J1’a,1’b = 17.0 Hz), 3.28 
(dd, 1H, H-1’b, J1’b,3’ = 2.5 Hz), 2.91 (dd, 1H, 
H-3a, J3a,2 = 4.0 Hz, 2J3a,3b = 13.9 Hz), 2.78 
(dd, 1H, H-3b, J3b,2 = 8.0 Hz), 2.28 (t, 1H, H-
3’), 2.12, 1.65 (2 bs, 2H, OH).
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3-(Prop-2-yn-1-ylthio)-propane-1,2-diol (1) Spectrum ATR-FTIR

Wavenumber

[cm-1] %T

1 3365.17 80.1709

2 3279.36 75.2066

3 2918.73 90.1671

4 1626.66 94.8913

5 1406.82 83.1675

6 1232.29 84.3515

7 1066.44 63.7818

8 1024.02 57.5546

9 887.095 84.7066

10 668.214 58.7689
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3-(Prop-2-yn-1-ylthio)-propane-1,2-diol (1) Spectrum ESI-MS

170303_4V59 03/03/17 13:43:07 4V59  PM=146 C6H10O2S

170303_4V59 #54-67 RT: 0.22-0.27 AV: 14 SB: 89 1.05-1.41 NL: 1.51E8
T: FTMS + c ESI Full ms [60.00-900.00]
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(M+Na)+ = 146+23 = 169
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3-(Prop-2-yn-1-ylthio)-propane-1,2-diol (1) Spectrum ESI-HRMS

170303_4V59 03/03/17 13:43:07 4V59  PM=146 C6H10O2S

170303_4V59 #65 RT: 0.26 AV: 1 SB: 42 0.03-0.07 , 1.25-1.37 NL: 5.30E7
T: FTMS + c ESI Full ms [60.00-900.00]
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C 6 H10 O2 Na S = 169.0294

-1.4292 ppm

(M+Na)+ = 146+23 = 169
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4-[(Prop-2-yn-1-ylthio)methyl]-1,3-dioxolan-2-one (2) Spectrum 1H-RMN, 500 MHz, CDCl3

1H-NMR (CDCl3, 500 MHz)  (ppm) 5.00-4.94 

(m, 1H, H-2), 4.59 (t, 1H, H-1a, 2J1a,1b = J1a,2 = 

8.4 Hz), 4.32 (dd, 1H, H-1b, J1b,2 = 7.0 Hz), 

3.35 (d, 2H, H-4, J4,6 = 2.7 Hz), 3.12 (dd, 1H, 

H3a, J3a,2 = 4.9 Hz, 2J3a,3b = 14.5 Hz), 2.99 (dd, 

1H, H-3b, J3b,2 = 7.0 Hz ), 2.33 (t, 1H, H-6). 
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4-[(Prop-2-yn-1-ylthio)methyl]-1,3-dioxolan-2-one (2) COSY (Bidimensional 1H-1H)

1H-NMR (CDCl3, 500 MHz)  (ppm) 5.00-4.94 (m, 

1H, H-2), 4.59 (t, 1H, H-1a, 2J1a,1b = J1a,2 = 8.4 Hz), 

4.32 (dd, 1H, H-1b, J1b,2 = 7.0 Hz), 3.35 (d, 2H, H-4, 

J4,6 = 2.7 Hz), 3.12 (dd, 1H, H3a, J3a,2 = 4.9 Hz, 2J3a,3b 

= 14.5 Hz), 2.99 (dd, 1H, H-3b, J3b,2 = 7.0 Hz ), 2.33 

(t, 1H, H-6). 
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4-[(Prop-2-yn-1-ylthio)methyl]-1,3-dioxolan-2-one (2) Spectrum 13C-RMN, 125 MHz, CDCl3

13C-NMR (CDCl3, 125 MHz)  (ppm) 154.4 (C=O), 79.0 (C5), 75.3 (C-2), 72.5 (C-6), 68.6 (C-1), 33.9 (C-3), 20.2 (C-4). 
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4-[(Prop-2-yn-1-ylthio)methyl]-1,3-dioxolan-2-one (2) HSQC (Bidimensional 1H-13C)

1H-NMR (CDCl3, 500 MHz)  (ppm) 5.00-4.94 (m, 

1H, H-2), 4.59 (t, 1H, H-1a, 2J1a,1b = J1a,2 = 8.4 Hz), 

4.32 (dd, 1H, H-1b, J1b,2 = 7.0 Hz), 3.35 (d, 2H, H-4, 

J4,6 = 2.7 Hz), 3.12 (dd, 1H, H3a, J3a,2 = 4.9 Hz, 2J3a,3b 

= 14.5 Hz), 2.99 (dd, 1H, H-3b, J3b,2 = 7.0 Hz ), 2.33 

(t, 1H, H-6). 

13C-NMR (CDCl3, 125 MHz)  (ppm) 154.4 (C=O), 

79.0 (C5), 75.3 (C-2), 72.5 (C-6), 68.6 (C-1), 33.9 (C-

3), 20.2 (C-4). 
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4-[(Prop-2-yn-1-ylthio)methyl]-1,3-dioxolan-2-one (2) Spectrum ATR-FTIR
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4-[(Prop-2-yn-1-ylthio)methyl]-1,3-dioxolan-2-one (2) Spectrum ESI-MS
170314_4V61 03/14/17 12:22:58 4V61   PM=172    C7H8O3S

170314_4V61 #54 RT: 0.21 AV: 1 SB: 1 3.00 NL: 1.04E8
T: FTMS + c ESI Full ms [60.00-900.00]
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(M+Na)+ = 172+23 = 195
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170314_4V61 03/14/17 12:22:58 4V61   PM=172    C7H8O3S

170314_4V61 #61 RT: 0.24 AV: 1 SB: 42 0.03-0.07 , 1.25-1.37 NL: 9.94E7
T: FTMS + c ESI Full ms [60.00-900.00]
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C 7 H8 O3 Na S = 195.0086

-1.3189 ppm

4-[(Prop-2-yn-1-ylthio)methyl]-1,3-dioxolan-2-one (2) Spectrum ESI-MS

(M+Na)+ = 172+23 = 195
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Five-membered bis(cylic carbonate) Monomer A Spectrum 1H-RMN, 500 MHz, CDCl3

1H-NMR (500 MHz, CDCl3) δ (ppm) 7.65

(s, 2H, H-6), 4.92-4.83 (m, 2H, H-2), 4.66 (t,

4H, J7,8 = 6.5 Hz, H-7), 4.53 (t, 2H, 2J1a,1b =

J1a,2 = 8.5 Hz, H-1a), 4.21 (dd, 2H, J1b,2 = 6.5

Hz, H-1b), 3.92 (d, 2H, 2J4a,4b = 14.5 Hz, H-4a),

3.89 (d, 2H, H-4b), 3.21 (t, 4H, H-8), 2.95 (dd,

2H, J3a,2 = 5.0 Hz, 2J3a,3b = 14.0 Hz, H-3a), 2.87

(dd, 2H, J3b,2 = 6.5 Hz, H-3b).
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3.03.13.23.33.43.53.63.73.83.94.04.14.24.34.44.54.64.74.84.95.0 ppm
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Five-membered bis(cylic carbonate) Monomer A Spectrum 1H-RMN, 500 MHz, CDCl3

1H-NMR (500 MHz, CDCl3) δ (ppm) 7.65 (s, 2H,

H-6), 4.92-4.83 (m, 2H, H-2), 4.66 (t, 4H, J7,8 = 6.5

Hz, H-7), 4.53 (t, 2H, 2J1a,1b = J1a,2 = 8.5 Hz, H-1a),

4.21 (dd, 2H, J1b,2 = 6.5 Hz, H-1b), 3.92 (d, 2H, 2J4a,4b

= 14.5 Hz, H-4a), 3.89 (d, 2H, H-4b), 3.21 (t, 4H, H-

8), 2.95 (dd, 2H, J3a,2 = 5.0 Hz, 2J3a,3b = 14.0 Hz, H-

3a), 2.87 (dd, 2H, J3b,2 = 6.5 Hz, H-3b).

29



Five-membered bis(cylic carbonate) Monomer A COSY (Bidimensional 1H-1H)

1H-NMR (500 MHz, CDCl3) δ (ppm) 7.65

(s, 2H, H-6), 4.92-4.83 (m, 2H, H-2), 4.66 (t,

4H, J7,8 = 6.5 Hz, H-7), 4.53 (t, 2H, 2J1a,1b = J1a,2

= 8.5 Hz, H-1a), 4.21 (dd, 2H, J1b,2 = 6.5 Hz, H-

1b), 3.92 (d, 2H, 2J4a,4b = 14.5 Hz, H-4a), 3.89

(d, 2H, H-4b), 3.21 (t, 4H, H-8), 2.95 (dd, 2H,

J3a,2 = 5.0 Hz, 2J3a,3b = 14.0 Hz, H-3a), 2.87 (dd,

2H, J3b,2 = 6.5 Hz, H-3b).
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Five-membered bis(cylic carbonate) Monomer A COSY (Bidimensional 1H-1H)

1H-NMR (500 MHz, CDCl3) δ (ppm) 7.65

(s, 2H, H-6), 4.92-4.83 (m, 2H, H-2), 4.66 (t,

4H, J7,8 = 6.5 Hz, H-7), 4.53 (t, 2H, 2J1a,1b = J1a,2

= 8.5 Hz, H-1a), 4.21 (dd, 2H, J1b,2 = 6.5 Hz, H-

1b), 3.92 (d, 2H, 2J4a,4b = 14.5 Hz, H-4a), 3.89

(d, 2H, H-4b), 3.21 (t, 4H, H-8), 2.95 (dd, 2H,

J3a,2 = 5.0 Hz, 2J3a,3b = 14.0 Hz, H-3a), 2.87 (dd,

2H, J3b,2 = 6.5 Hz, H-3b).
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Five-membered bis(cylic carbonate) Monomer A COSY (Bidimensional 1H-1H)

1H-NMR (500 MHz, CDCl3) δ (ppm) 7.65

(s, 2H, H-6), 4.92-4.83 (m, 2H, H-2), 4.66 (t,

4H, J7,8 = 6.5 Hz, H-7), 4.53 (t, 2H, 2J1a,1b = J1a,2

= 8.5 Hz, H-1a), 4.21 (dd, 2H, J1b,2 = 6.5 Hz, H-

1b), 3.92 (d, 2H, 2J4a,4b = 14.5 Hz, H-4a), 3.89

(d, 2H, H-4b), 3.21 (t, 4H, H-8), 2.95 (dd, 2H,

J3a,2 = 5.0 Hz, 2J3a,3b = 14.0 Hz, H-3a), 2.87 (dd,

2H, J3b,2 = 6.5 Hz, H-3b).
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30405060708090100110120130140150 ppm
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Five-membered bis(cylic carbonate) Monomer A Spectrum 13C-RMN, 125 MHz, CDCl3

13C-NMR (125 MHz, CDCl3) δ (ppm) 154.6 (C=O), 144.9 (C-5), 123.1 (C-6), 75.5 (C-2), 68.6 (C-1), 48.7 (C-7), 37.9 (C-8), 34.1 (C-3), 26.7 (C-4). 
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Five-membered bis(cylic carbonate) Monomer A HSQC (Bidimensional 1H-13C)

1H-NMR (500 MHz, CDCl3) δ (ppm) 7.65 (s, 2H, H-6), 4.92-

4.83 (m, 2H, H-2), 4.66 (t, 4H, J7,8 = 6.5 Hz, H-7), 4.53 (t, 2H,
2J1a,1b = J1a,2 = 8.5 Hz, H-1a), 4.21 (dd, 2H, J1b,2 = 6.5 Hz, H-

1b), 3.92 (d, 2H, 2J4a,4b = 14.5 Hz, H-4a), 3.89 (d, 2H, H-4b),

3.21 (t, 4H, H-8), 2.95 (dd, 2H, J3a,2 = 5.0 Hz, 2J3a,3b = 14.0 Hz,

H-3a), 2.87 (dd, 2H, J3b,2 = 6.5 Hz, H-3b).

13C-NMR (125 MHz, CDCl3) δ (ppm) 154.6 (C=O), 144.9 (C-5),

123.1 (C-6), 75.5 (C-2), 68.6 (C-1), 48.7 (C-7), 37.9 (C-8), 34.1

(C-3), 26.7 (C-4).
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Five-membered bis(cylic carbonate) Monomer A HSQC (Bidimensional 1H-13C)

1H-NMR (500 MHz, CDCl3) δ (ppm) 7.65 (s, 2H, H-6), 4.92-

4.83 (m, 2H, H-2), 4.66 (t, 4H, J7,8 = 6.5 Hz, H-7), 4.53 (t, 2H,
2J1a,1b = J1a,2 = 8.5 Hz, H-1a), 4.21 (dd, 2H, J1b,2 = 6.5 Hz, H-

1b), 3.92 (d, 2H, 2J4a,4b = 14.5 Hz, H-4a), 3.89 (d, 2H, H-4b),

3.21 (t, 4H, H-8), 2.95 (dd, 2H, J3a,2 = 5.0 Hz, 2J3a,3b = 14.0 Hz,

H-3a), 2.87 (dd, 2H, J3b,2 = 6.5 Hz, H-3b).

13C-NMR (125 MHz, CDCl3) δ (ppm) 154.6 (C=O), 144.9 (C-5),

123.1 (C-6), 75.5 (C-2), 68.6 (C-1), 48.7 (C-7), 37.9 (C-8), 34.1

(C-3), 26.7 (C-4).
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Five-membered bis(cylic carbonate) Monomer A HSQC (Bidimensional 1H-13C)

1H-NMR (500 MHz, CDCl3) δ (ppm) 7.65 (s, 2H, H-6), 4.92-

4.83 (m, 2H, H-2), 4.66 (t, 4H, J7,8 = 6.5 Hz, H-7), 4.53 (t, 2H,
2J1a,1b = J1a,2 = 8.5 Hz, H-1a), 4.21 (dd, 2H, J1b,2 = 6.5 Hz, H-

1b), 3.92 (d, 2H, 2J4a,4b = 14.5 Hz, H-4a), 3.89 (d, 2H, H-4b),

3.21 (t, 4H, H-8), 2.95 (dd, 2H, J3a,2 = 5.0 Hz, 2J3a,3b = 14.0 Hz,

H-3a), 2.87 (dd, 2H, J3b,2 = 6.5 Hz, H-3b).

13C-NMR (125 MHz, CDCl3) δ (ppm) 154.6 (C=O), 144.9 (C-5),

123.1 (C-6), 75.5 (C-2), 68.6 (C-1), 48.7 (C-7), 37.9 (C-8), 34.1

(C-3), 26.7 (C-4).
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PHU MA-DETA (black) and Monomer A (green) Spectra ATR-FTIR

37



Five-membered bis(cylic carbonate) Monomer A Spectrum ESI-HRMS

210219_V2003 02/19/21 14:14:44 V2003      PM=548      C18H24N6O6S4

210219_V2003 #100 RT: 0.49 AV: 1 SB: 1 3.00 NL: 9.51E6
T: FTMS + c ESI Full ms [60.00-900.00]
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C 18 H24 O6 N6 Na S 4 = 571.0532

-0.2578 ppm

571 = 548 + 23

Mw = 548
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Five-membered bis(cylic carbonate) Monomer E Spectrum 1H-RMN, 300 MHz, CDCl3

1H-NMR (300 MHz, CDCl3) δ (ppm) 4.99-4.85 (m, 

2H, H-2, H-2’), 4.61 (t, 2H, J1a,2 = 8.6 Hz, H-1a, H-

1’a), 4.20-4.09 (m, 2H, H-1b, H-1’b), 3.85-3.70 (m, 

2H, H-7), 3.50 (bs, 1H, O-H), 2.99-2.88 (m, 1H, H-

5), 2.88-2.63 (m, 6H, H-4, H-4’ and H-6), 2.22-2.06 

(m, 2H, H-3a, H-3’a), 2.05-1.90 (m, 2H, H-3b, H-

3’b). 
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Five-membered bis(cylic carbonate) Monomer E COSY (Bidimensional 1H-1H)

1H-NMR (300 MHz, CDCl3) δ (ppm) 4.99-4.85 

(m, 2H, H-2, H-2’), 4.61 (t, 2H, J1a,2 = 8.6 Hz, H-

1a, H-1’a), 4.20-4.09 (m, 2H, H-1b, H-1’b), 

3.85-3.70 (m, 2H, H-7), 3.50 (bs, 1H, O-H), 

2.99-2.88 (m, 1H, H-5), 2.88-2.63 (m, 6H, H-4, 

H-4’ and H-6), 2.22-2.06 (m, 2H, H-3a, H-3’a), 

2.05-1.90 (m, 2H, H-3b, H-3’b). 
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Five-membered bis(cylic carbonate) Monomer E Spectrum 13C-RMN, 75 MHz, CDCl3

13C-NMR (75 MHz, CDCl3) δ (ppm) 154.7 (C=O), 75.4 

(C-2, C-2’), 69.2 (C-1, C-1’), 63.4 (C-7), 49.0 (C-5), 34.5 

(C-3, C-3’), 28.1 and 26.4 (C-4, C-4’ and C-6).
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HSQC (Bidimensional 1H-13C)Five-membered bis(cylic carbonate) Monomer E

1H-NMR (300 MHz, CDCl3) δ (ppm) 4.99-4.85 

(m, 2H, H-2, H-2’), 4.61 (t, 2H, J1a,2 = 8.6 Hz, H-

1a, H-1’a), 4.20-4.09 (m, 2H, H-1b, H-1’b), 

3.85-3.70 (m, 2H, H-7), 3.50 (bs, 1H, O-H), 

2.99-2.88 (m, 1H, H-5), 2.88-2.63 (m, 6H, H-4, 

H-4’ and H-6), 2.22-2.06 (m, 2H, H-3a, H-3’a), 

2.05-1.90 (m, 2H, H-3b, H-3’b). 

13C-NMR (75 MHz, CDCl3) δ (ppm) 154.7 (C=O), 

75.4 (C-2, C-2’), 69.2 (C-1, C-1’), 63.4 (C-7), 

49.0 (C-5), 34.5 (C-3, C-3’), 28.1 and 26.4 (C-4, 

C-4’ and C-6).
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Five-membered bis(cylic carbonate) Monomer E Spectrum ATR-FTIR
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230322_EGM1 03/22/23 13:47:49 EG-M1   PM=352   C13H20O7S2

230322_EGM1 #34-66 RT: 0.17-0.34 AV: 33 SB: 242 1.39-2.67 NL: 1.18E8
T: FTMS + c ESI Full ms [60.00-900.00]
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Five-membered bis(cylic carbonate) Monomer E Spectrum ESI-MS

Chemical Formula: C13H20O7S2

Exact Mass: 352,0650

(M + Na)+ = 352 + 23 = 375
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230328_EGM1 03/28/23 12:58:10 EG-M1   PM=352   C13H20O7S2   

230328_EGM1 #72-94 RT: 0.28-0.37 AV: 23 NL: 1.07E8
T: FTMS + c ESI Full ms [60.00-900.00]

373.0 373.5 374.0 374.5 375.0 375.5 376.0 376.5 377.0 377.5 378.0 378.5 379.0 379.5

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

375.0537

C 13 H20 O7 Na S 2 = 375.0543

-1.4137 ppm

Five-membered bis(cylic carbonate) Monomer E Spectrum ESI-HRMS

Chemical Formula: C13H20O7S2

Exact Mass: 352,0650

(M + Na)+ = 352 + 23 = 375
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2nd Part:

Polyhydroxy-
urethanes (PHU)

1. PHU A-DETA [monomer A + diethylenetriamine (DETA)] Pages [47-72]


1H NMR, COSY, HSQC, ATR-FTIR, GPC (samples P2, P4-P20)

2. PHU E-DETA [monomer E + diethylenetriamine (DETA)] Pages [73-81]


1H NMR, 13C NMR, ATR-FTIR, GPC (samples P1-P5)

3. PHU E-HMDA [monomer E + hexamethylenediamine (HMDA)] Pages [82-90]


1H NMR, 13C NMR, ATR-FTIR, GPC (samples P1-P5)
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PHU A-DETA 
Monomer A + 
diethylenetriamine
(DETA)]
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3.03.54.04.55.05.56.06.57.07.58.0 ppm

6

7
3, 12

2

10

8, 11
4

9            1

NH

1H-NMR (500 MHz, CD3OD) δ (ppm) 7.94 (s, 2H, H-6), 7.34-7,11 (m, 2H, N-H urethane), 4.92 (bs, 1H, H-2), 4.68 (t, 4H, J7,8 = 6.5 Hz, H-7),
4.07, 4.02 (2 bs, 4H, H-10), 3.86 (bs, 4H, H-4), 3.77-3.31 (m, 2H, H-9, H-1), 3.24 (bs, 8H, H-8, H-11), 2.85-2.50 (m, 8H, H-3, H-12).

Spectrum 1H-RMN, 500 MHz, CD3OD

48

PHU A-DETA



1H-NMR (500 MHz, CD3OD) δ (ppm) 7.94 (s, 2H, H-6), 7.34-
7,11 (m, 2H, N-H urethane), 4.92 (bs, 1H, H-2), 4.68 (t, 4H,
J7,8 = 6.5 Hz, H-7), 4.07, 4.02 (2 bs, 4H, H-10), 3.86 (bs, 4H,
H-4), 3.77-3.31 (m, 2H, H-9, H-1), 3.24 (bs, 8H, H-8, H-11),
2.85-2.50 (m, 8H, H-3, H-12).

COSY (Bidimensional 1H-1H)
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PHU A-DETA



1H-NMR (500 MHz, CD3OD) δ (ppm) 7.94 (s, 2H, H-6), 7.34-
7,11 (m, 2H, N-H urethane), 4.92 (bs, 1H, H-2), 4.68 (t, 4H,
J7,8 = 6.5 Hz, H-7), 4.07, 4.02 (2 bs, 4H, H-10), 3.86 (bs, 4H,
H-4), 3.77-3.31 (m, 2H, H-9, H-1), 3.24 (bs, 8H, H-8, H-11),
2.85-2.50 (m, 8H, H-3, H-12).

13C-NMR (125 MHz, CD3OD) δ (ppm) 159.1 (C=O), 143.7 (C-
5), 125.0 (C-6), 75.6 (C-2), 70.5 (C-9), 68.5 (C-10), 63.6 (C-1),
50.1 (C-7), 41.5 (C-8), 39.0 (C-11), 36.1 (C-12) 33.1 (C-3),
27.4 (C-4).

HSQC (Bidimensional 1H-13C)
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PHU A-DETA



1H-NMR (500 MHz, CD3OD) δ (ppm) 7.94 (s, 2H, H-6), 7.34-
7,11 (m, 2H, N-H urethane), 4.92 (bs, 1H, H-2), 4.68 (t, 4H,
J7,8 = 6.5 Hz, H-7), 4.07, 4.02 (2 bs, 4H, H-10), 3.86 (bs, 4H,
H-4), 3.77-3.31 (m, 2H, H-9, H-1), 3.24 (bs, 8H, H-8, H-11),
2.85-2.50 (m, 8H, H-3, H-12).

13C-NMR (125 MHz, CD3OD) δ (ppm) 159.1 (C=O), 143.7 (C-
5), 125.0 (C-6), 75.6 (C-2), 70.5 (C-9), 68.5 (C-10), 63.6 (C-1),
50.1 (C-7), 41.5 (C-8), 39.0 (C-11), 36.1 (C-12) 33.1 (C-3),
27.4 (C-4).

HSQC (Bidimensional 1H-13C)
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PHU A-DETA



1H-NMR (500 MHz, CD3OD) δ (ppm) 7.94 (s, 2H, H-6), 7.34-
7,11 (m, 2H, N-H urethane), 4.92 (bs, 1H, H-2), 4.68 (t, 4H,
J7,8 = 6.5 Hz, H-7), 4.07, 4.02 (2 bs, 4H, H-10), 3.86 (bs, 4H,
H-4), 3.77-3.31 (m, 2H, H-9, H-1), 3.24 (bs, 8H, H-8, H-11),
2.85-2.50 (m, 8H, H-3, H-12).

13C-NMR (125 MHz, CD3OD) δ (ppm) 159.1 (C=O), 143.7 (C-
5), 125.0 (C-6), 75.6 (C-2), 70.5 (C-9), 68.5 (C-10), 63.6 (C-1),
50.1 (C-7), 41.5 (C-8), 39.0 (C-11), 36.1 (C-12) 33.1 (C-3),
27.4 (C-4).

HSQC (Bidimensional 1H-13C)
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1H-NMR (500 MHz, CD3OD) δ (ppm) 7.94 (s, 2H, H-6), 7.34-
7,11 (m, 2H, N-H urethane), 4.92 (bs, 1H, H-2), 4.68 (t, 4H,
J7,8 = 6.5 Hz, H-7), 4.07, 4.02 (2 bs, 4H, H-10), 3.86 (bs, 4H,
H-4), 3.77-3.31 (m, 2H, H-9, H-1), 3.24 (bs, 8H, H-8, H-11),
2.85-2.50 (m, 8H, H-3, H-12).

13C-NMR (125 MHz, CD3OD) δ (ppm) 159.1 (C=O), 143.7 (C-
5), 125.0 (C-6), 75.6 (C-2), 70.5 (C-9), 68.5 (C-10), 63.6 (C-1),
50.1 (C-7), 41.5 (C-8), 39.0 (C-11), 36.1 (C-12) 33.1 (C-3),
27.4 (C-4).

HSQC (Bidimensional 1H-13C)

53

PHU A-DETA



PHU A-DETA (black) and Monomer A (green) Spectra ATR-FTIR
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PHU A-DETA GPC ADETA-P2

Injection Peak Mn Mw Mp Mz Ɖ

1 1 2787 3726 1889 4953 1.337

1 2 943 961 996 980 1.019

2 1 2565 3337 1984 4542 1.301

2 2 975 985 990 996 1.01

(*) Mn = number average molecular weight; Mw = weight average molecular weight; Mp = peak maximum molecular weight; Mz = Z average molecular weight

1

2

system peak

Toluene

55

TFE, 50°C, [Monomer]: 165 mM; No catalyst



PHU A-DETA GPC ADETA-P4

1

2

system peak

Toluene

Injection Peak Mn Mw Mp Mz Ɖ
1 1 2576 3254 1975 4232 1.26
1 2 979 992 990 1006 1.01
2 1 2636 3382 1984 1014 1.28
2 2 987 1000 990 1014 1.01

(*) Mn = number average molecular weight; Mw = weight average molecular weight; Mp = peak maximum molecular weight; Mz = Z average molecular weight 56

DMSO, 50°C, [Monomer]: 165 mM; No catalyst



PHU A-DETA GPC ADETA-P5

57

TFE, TU, 25°C, [Monomer]: 165 mM



PHU A-DETA GPC ADETA-P6
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TFE, TU, 50°C, [Monomer]: 165 mM



PHU A-DETA GPC ADETA-P7
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DMSO, TU, 25°C, [Monomer]: 165 mM



PHU A-DETA GPC ADETA-P8
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DMSO, TU, 50°C, [Monomer]: 165 mM



PHU A-DETA GPC ADETA-P9
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TFE, DBU, 25°C, [Monomer]: 165 mM



PHU A-DETA GPC ADETA-P10
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TFE, DBU, 50°C, [Monomer]: 165 mM



PHU A-DETA GPC ADETA-P11

63

DMSO, DBU, 25°C; [Monomer]: 165 mM



PHU A-DETA GPC ADETA-P12

64

DMSO, DBU, 50°C ; [Monomer]: 165 mM



PHU A-DETA GPC ADETA-P13

65

TFE, TU, 25°C, [Monomer]: 1.8 M



PHU A-DETA GPC ADETA-P14

66

TFE, TU, 50°C, [Monomer]: 1.8 M



PHU A-DETA GPC ADETA-P15

67

DMSO, TU, 25°C, [Monomer]: 1.8 M



PHU A-DETA GPC ADETA-P16

68

DMSO, TU, 50°C, [Monomer]: 1.8 M



PHU A-DETA GPC ADETA-P17

69

TFE, DBU, 25°C, [Monomer]: 1.8 M



PHU A-DETA GPC ADETA-P18

70

TFE, DBU, 50°C, [Monomer]: 1.8 M



PHU A-DETA GPC ADETA-P19

71

DMSO, DBU, 25°C, [Monomer]: 1.8 M



PHU A-DETA GPC ADETA-P20

72

DMSO, DBU, 50°C, [Monomer]: 1.8 M



PHU E-DETA 
Monomer E + 
diethylenetriamine
(DETA)

73



PHU E-DETA Spectrum 1H-RMN, 500 MHz, DMSO-d6

1H-NMR (500 MHz, DMSO-d6) δ (ppm) 7.07, 7.03 (2 bs, 2H, N-H), 4.99-4.81 (m, 3H, OH), 4.70 (bs, 1H, H-2), 3.99-3.83 (m, 2H, H-9), 3.76 (bs, 1H, H-8), 3.71-3.64 
(m, 2H, H-7), 3.62-3.50 (m, H-1), 3.14-3.04 (m, 4H, H-10), 2.94-2.81 (m, 1H, H-5), 2.80-2.68 (m, 2H, H-6), 2.67-2.58 (m, 8H, H-4, H-4’, H-11), 2.01-1.54 (m, 4H, 
H-3, H-3’). 
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PHU E-DETA Spectrum 13C-RMN, 125 MHz, DMSO-d6

13C-NMR (125 MHz, DMSO-d6) δ
(ppm) 156.8 (C=O), 73.7 (C-2), 68.2
(C-9), 67.7 (C-8), 63.2 (C-7), 62.7 (C-
1), 48.9 (C-11), 48.1 (C-5), 40.9 (C-
10), 34.4, 34.2, 31.9, 31.5 (C-3, C-3’,
C-6), 28.6, 27.1, 26.9 (C-4, C-4’).
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PHU E-DETA Spectra ATR-FTIR

76



PHU E-DETA GPC EDETA-P1

77

DMSO, TU, 50°C, [Monomer]: 1.8 M



PHU E-DETA GPC EDETA-P2

78

DMSO, DBU, 50°C, [Monomer]: 1.8 M



PHU E-DETA GPC EDETA-P3

79

EtOH, TU, 25°C, [Monomer]: 1.8 M



PHU E-DETA GPC EDETA-P4

80

EtOH, TU, 50°C, [Monomer]: 1.8 M



PHU E-DETA GPC EDETA-P5

81

EtOH, DBU, 50°C, [Monomer]: 1.8 M



PHU E-HMDA 
Monomer E + 
hexamethylenediamine
(HMDA)

82



PHU E-HMDA Spectrum 1H-RMN, 500 MHz, DMSO-d6

1H-NMR (500 MHz, DMSO-d6) δ (ppm) 7.11, 7.06 (2 bs, 2H, N-H), 4.97-4.79 (m, 2H, OH), 4.68 (bs, 1H, H-2), 3.97-3.81 (m, 2H, H-9), 3.73 (bs, 1H, H-8), 3.70-3.61 (m, 
2H, H-7), 3.60-3.51 (m, 2H, H-1), 3.07-2.96 (m, 4H, H-10), 2.95-2.80 (m, 1H, H-5), 2.79-2.66 (m, 2H, H-6), 2.46-2.58 (m, 4H, H-4, H-4’), 1.95-1.52 (m, 4H, H-3, H-3’), 
1.43 (bs, 4H, H-11), 1.29 (bs, 4H, H-12).
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PHU E-HMDA Spectrum 13C-RMN, 125 MHz, DMSO-d6

13C-NMR (125 MHz, DMSO-d6) δ
(ppm) 156.7 (C=O), 73.6 (C-2),
68.1 (C-9), 67.7 (C-8), 63.2 (C-7),
62.7 (C-1), 48.2 (C-5), 40.8 (C-10),
34.5, 31.9 (C-3, C-3’), 34.3 (C-6),
29,7 (C-11), 28.5, 26.7 (C-4, C-4’),
26.3 (C-12).
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PHU E-HMDA Spectra ATR-FTIR

85



PHU E-HMDA GPC EHMDA-P1

86

DMSO, DBU, 25°C, [Monomer]: 1.8 M



GPC EHMDA-P2PHU E-HMDA

87

DMSO, DBU, 50°C, [Monomer]: 1.8 M



GPC EHMDA-P3PHU E-HMDA

88

DMSO, TU, 50°C, [Monomer]: 1.8 M



GPC EHMDA-P4PHU E-HMDA

89

EtOH, TU, 50°C, [Monomer]: 1.8 M



GPC EHMDA-P5PHU E-HMDA

90

EtOH, DBU, 50°C, [Monomer]: 1.8 M
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