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General Considerations and Instrumentation

Materials

(+)-Camphoric acid (99%) and ethylene glycol were purchased from Fisher Scientific and used
without further purification. 1,3-propanediol (99.6+%), 1,4-butanediol (99%), 1,5-pentanediol
(99%), 1,6-hexanediol (99%), bis(2-hydroxyethyl) terephthalate, and para-toluenesulfonic acid
(p-TSA) monohydrate were purchased from Sigma-Aldrich and used as received. “Healthy
Foods” erythritol (100% pure) was purchased from Amazon and isosorbide (98%) was
purchased from Fisher and recrystallized from ethyl acetate. Antimony Oxide (Sb,03, 99.5%), a
catalyst for polymerization, was purchased from Acros and used as received. Deionized water
and saturated aqueous HCI solution were purchased from Fisher Scientific. NMR solvents,
including deuterated chloroform (CDCI3) and deuterated trifluoroacetic acid (TFA-d), which do
not contain tetramethylsilane (TMS), were purchased from Cambridge Isotope Laboratories. All
other chemicals, unless expressly mentioned, were utilized as received.

Characterizations

Proton and carbon nuclear magnetic resonance ('H and ">*C NMR) spectra were recorded using
an Inova 500 MHz spectrometer. Chemical shifts are reported in parts per million (ppm)
downfield relative to tetramethylsilane (TMS, 0.0 ppm) or residual proton and carbon in the
specified solvent. Coupling constants (J) are reported in Hertz (Hz). Multiplicities are reported
using the following abbreviations: s, singlet; d, doublet; t, triplet; q, quartet; quin, quintet; m,
multiplet; br, broad.

Differential scanning calorimetry (DSC) thermograms were obtained with a DSC Q1000 from TA
instruments. About 3-5 mg of each sample were massed and added to a sealed pan that
passed through a heat/cool/heat cycle at 10 °C/min. Reported data are from the second full
cycle. The temperature ranged from —50 to 200 °C, depending on the samples.

Thermogravimetric analyses (TGA) were measured under nitrogen with a TGA Q5000 from TA
Instruments. About 5-10 mg of each sample were heated at 20 °C/min from 25 to 600 °C.

Gel permeation chromatography (GPC) was performed at 40 °C using an Agilent Technologies
1260 Infinity Series liquid chromatography system with an internal differential refractive index
detector, and a PL HFIP gel column (7.5 mm i.d., 300 mm length) using a solution of 0.1%
potassium triflate (K(OTf)) in HPLC grade hexafluoroisopropanol (HFIP) as the mobile phase at
a flow rate of 0.3 mL min-1. Calibration was performed with narrow dispersity
polymethylmethacrylate (PMMA) standards.

Monomer Preparation

Synthesis of cis-1,4-anhydroerythritol (erythritan)

OH 0
HO ’\:/'\/OH —> S_Z
OH HO OH

24.4 g (200 mmol) of erythritol were added to a 250 mL round bottom flask equipped with a
magnetic stir bar. The temperature was set to 135 °C until erythritol melted. Then 1.90 g (5
mol%) of p-toluene sulfonic acid were added and the mixture was stirred for 2.5 hours. After that
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time elapsed, the mixture was cooled to 90 °C and then stirred for 1 hour. After that it was
cooled to room temperature and 3.36 g (2 mol%) of sodium bicarbonate were added along with
30 g of silica gel. 150 mL of ethyl acetate were added to the mixture and it was stirred for 1
hour. The solids were removed by filtration and washed with an additional 100 mL of ethyl
acetate. The solution was then concentrated and a light yellow oil remained. The product was
then purified by distillation a follows: a round bottom flask was fitted to a distillation apparatus
containing a fractionating column, a reflux condenser, and a collecting flask. The system was
heated to 175 °C under reduced pressure (0.5 torr) for 6 hours. After that time had elapsed,
20.0 g of cis-1,4-anhydroerythritol was collected (65% yield). "H NMR (CDCls): 3 ppm 3.66 (dd,
J =96, 5.0 Hz, 2 H), 3.85 (dd, J = 9.5, 4.9 Hz, 2 H), 4.19 (br. s., 2 H), 4.23 (br. s., 2 H). °C
NMR (CDCI3): & ppm 70.9, 72.3.

Synthesis of bis(2-hydroxyethyl) camphorate (BHEC)

o] (0]
Howowo,\,w

In a 200 mL round bottom flask, 8.00 g (40 mmol) of camphoric and 50 mL of ethylene glycol
(excess) were added. 12 mL of concentrated HCI were added and some solid particles formed.
More ethylene glycol was added until the mixture became homogeneous. The reaction was
heated at 90 °C overnight before neutralization by adding a saturated solution of NaOH in
ethylene glycol until the pH of the solution was neutral. Then ethylene glycol was evaporated on
a Schlenk line under reduced pressure at 120 °C. Acetone was added to the flask and the
formed were removed by filtration. Acetone was evaporated and a light yellow liquid was
obtained as the product (7.00 g, 61% yield). "H NMR (CDCls): 5 0.87 (s, 3 H), 1.24 (s, 3 H), 1.26
(s, 3H),1.53 (m, 1H), 1.84 (m, 1 H), 2.17 (m, 1 H), 2.54 (m, 1 H), 2.85 (t, J = 9.4 Hz, 1 H), 3.83
(m, 2 H), 4.23 (m, 2 H), 4.32 (m, 2H), 4.39 (m, 2H), 4.82, (br s., 2H). *C NMR (CDCls): 5 21.5,
21.8,22.8, 23.1,31.1, 32.5, 47.0, 53.0, 56.5, 61.4, 64.4, 66.1, 174.6, 181.2.

Polymerizations

Polymerization apparatus

The polymerizations were conducted in a round bottom flask that was connected to a rotary
evaporation bump trap affixed to a Schlenk line. With this apparatus, the by-product of
condensation and volatiles (water primarily) were removed without changing the initial
glassware configuration.

General work-up procedure for polymerizations

All polymers were melted to remove them from the flask and were characterized without further
purification. Note: Regioirregularity is introduced because of the unsymmetrical nature of
camphoric acid. This can result in additional '"H and >*C NMR peaks not prescribed by a
regioregular structure.
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Polyethylene camphorate (PEC), dual catalyst process

o) )
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Table S1, Entry 1. 2.00 g (10 mmol) of (+)-camphoric acid was added to a 50 mL round bottom
flask with a magnetic stir bar. 0.744 g (12.0 mmol) of ethylene glycol and 37 mg of zinc acetate
(Zn(OAc)2, 2 mol%) were added to the flask. The polymerization was conducted under melt
conditions (no solvent) starting at 180 °C under nitrogen for 10 hours and then 29 mg of
antimony oxide (Sb,0O3;, 1 mol%) was added. The mixture was stirred again under nitrogen for
11 hours. After that time had elapsed, the mixture was subjected to dynamic vacuum for 12
hours with a temperature gradient of 180-240 °C. A brown polymer was obtained and removed
without further purification (1.70 g, 75 % yield). 'H NMR (CDCls): 3 ppm 0.79 (s, 3 H), 1.21 (s, 3
H), 1.24 (br. s., 3 H), 1.52 (m, 1 H), 1.83 (m, 1 H), 2.17 (m, 1 H), 2.55 (m, 1 H), 2.80 (m, 1 H),
4.30 (m, 4 H). ®C NMR (CDCls): & 21.3, 21.7, 22.6, 24.5, 32.5, 52.7, 53.9, 56.2, 61.3, 62.2,
173.6, 175.3.

Polyethylene camphorate (PEC)

O O

HO 0™~}

W'

Table S1, Entry 2. 2.00 g (10 mmol) of (+)-camphoric acid were added to a 50 mL round
bottom flask with a magnetic stir bar. 0.744 g (12.0 mmol) of ethylene glycol and 76 mg (4
mol%) of p-toluene sulfonic acid (p-TSA) were added to the flask. The polymerization was
conducted under melt conditions (no solvent) starting at 180 °C under nitrogen for 17 hours and
then subjected to dynamic vacuum for 14 hours with a temperature gradient of 180-230 °C. A
light brown polymer was obtained and removed without further purification (1.90 g, 84 % yield).
'H NMR (CDCl3):  ppm 0.79 (s, 3 H), 1.20 (s, 3 H), 1.24 (s, 3 H), 1.51 (m, 1 H), 1.83 (m, 1 H),
2.17 (m, 1 H), 2.55 (m, 1 H), 2.80 (t, J = 9.5, 1 H), 4.30 (m, 4 H). *C NMR (CDCls): & ppm 21.0,
21.3,22.2,22.7,32.2,46.5, 54.2, 53.1, 61.5, 62.0, 173.3, 175.0.

Polypropylene camphorate

0 o]
HOWO/\/\OiH

Table S1, Entry 3. 2.00 g (10 mmol) of (+)-camphoric acid were added to a 50 mL round
bottom flask with a magnetic stir bar. 0.912 g (12.0 mmol) of 1,3-propanediol and 85 mg (5
mol%) of p-toluene sulfonic acid (p-TSA) were added to the flask. The polymerization was
conducted under melt conditions (no solvent) starting at 180 °C under nitrogen for 17 hours and
then subjected to dynamic vacuum for 14 hours with a temperature gradient of 180-230 °C. A
light brown polymer was obtained and removed without further purification (1.80 g, 75 % yield).
'H NMR (CDCl3): 8 0.76 (s, 3 H), 1.19 (s, 3 H), 1.23 (m, 3 H), 1.50 (m, 1 H), 1.83 (m, 1 H), 1.99
(m, 2 H), 2.16 (m, 1 H), 2.55 (m, 1 H), 2.78 (t, J = 9.5 Hz, 1 H), 4.16 (m, 4 H). *C NMR (CDCls):
0 21.3, 21.6, 22.5, 23.0, 28.0, 32.4, 46.7, 52.8, 56.2, 60.8, 60.9, 173.8, 175.4.
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Polybutylene camphorate
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Table S1, Entry 4. 2.00 g (10 mmol) of (+)-camphoric acid were added to a 50 mL round
bottom flask with a magnetic stir bar. 1.08 g (12.0 mmol) of 1,4-butanediol and 76 mg (4 mol%)
of p-toluene sulfonic acid (p-TSA) were added to the flask. The polymerization was conducted
under melt conditions (no solvent) starting at 180 °C under nitrogen for 17 hours and then
subjected to dynamic vacuum for 14 hours with a temperature gradient of 180-230 °C. A light
brown polymer was obtained and removed without further purification (1.80 g, 71 % vyield). 'H
NMR (CDCl;): 6 0.77 (s, 3 H), 1.20 (s, 3 H), 1.24 (s, 3 H), 1.50 (m, 1 H), 1.72 (br. s., 4 H), 1.83
(m, 1 H), 2.17 (m, 1 H), 2.56 (m, 1 H), 2.78 (t, J = 9.4 Hz, 1 H), 4.11 (m, 4 H). "*C NMR (CDCl5):
021.1,21.4,22.3, 22.7, 25.20, 25.22, 32.2, 46.5, 52.5, 55.9, 63.5, 173.6, 175.3.

Polypentylene camphorate

O O
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Table S1, Entry 5. 2.00 g (10 mmol) of (+)-camphoric acid were added to a 50 mL round
bottom flask with a magnetic stir bar. 1.25 g (12.0 mmol) of 1,5-pentanediol and 76 mg (4 mol%)
of p-toluene sulfonic acid (p-TSA) were added to the flask. The polymerization was conducted
under melt conditions (no solvent) starting at 180 °C under nitrogen for 17 hours and then
subjected to dynamic vacuum for 14 hours with a temperature gradient of 180-230 °C. A light
brown polymer was obtained and removed without further purification (1.96 g, 73 % vyield). 'H
NMR (CDCls): 6 0.74 (s, 3 H), 1.17 (br. s., 3 H), 1.21 (br. s., 3 H), 1.43 (m, 2H), 1.46 (m, 1 H),
1.65 (br.s., 4 H),1.79 (m, 1 H), 2.15 (m, 1 H), 2.54 (m, 1 H), 2.75 (t, J= 9.5 Hz, 1 H), 4.05 (m, 4
H). "®*C NMR (CDCl,): 5 21.2, 21.6, 22.4, 22.6, 22.9, 28.1, 28.2, 32.4, 46.6, 52.8, 56.1, 64.1,
173.9, 175.6.

Polyhexylene camphorate

0] 0]
HoT O/\/\/\/OlH

Table S1, Entry 6. 2.00 g (10 mmol) of (+)-camphoric acid were added to a 50 mL round
bottom flask with a magnetic stir bar. 1.42 g (12.0 mmol) of 1,6-hexanediol and 76 mg (4 mol%)
of p-toluene sulfonic acid (p-TSA) were added to the flask. The polymerization was conducted
under melt conditions (no solvent) starting at 180 °C under nitrogen for 17 hours and then
subjected to dynamic vacuum for 14 hours with a temperature gradient of 180-230 °C. A light
brown polymer was obtained and removed without further purification (2.70 g, 96 % vyield). 'H
NMR (CDCl;): 6 0.78 (s, 3 H), 1.20 (s, 3 H), 1.25 (s, 3 H), 1.40 (m, 4 H), 1.50 (m, 1 H), 1.65 (m,
4 H), 1.83 (m, 1 H), 2.18 (m, 1 H), 2.56 (m, 1 H), 2.78 (t, J = 9.40 Hz, 1 H), 4.07 (m, 4 H). "°C
(CDCl3): 6 21.3, 21.7, 22.6, 23.0, 25.7, 28.5, 32.5, 46.7, 52.9, 56.2, 64.3, 173.9, 175.7.
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Polyerythritan camphorate
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Table S1, Entry 7. 2.00 g (10 mmol) of (+)-camphoric acid were added to a 50 mL round
bottom flask with a magnetic stir bar. 1.25 g (12.0 mmol) of cis-1,4-anhydroerythritol (Erythritan)
and 37 mg of zinc acetate (Zn(OAc),, 2 mol%) were added to the flask. The polymerization was
conducted under melt conditions (no solvent) starting at 180 °C under nitrogen for 10 hours and
then 29 mg of antimony oxide (Sb,03, 1 mol%) was added. The mixture was stirred again under
nitrogen for 11 hours. After that time had elapsed, the mixture was subjected to dynamic
vacuum for 12 hours with a temperature gradient of 180-240 °C. A brown polymer was obtained
and removed without further purification (1.95 g, 73 % yield). "H NMR (CDCl5): 5 0.82 (m, 3 H),
1.06 (m, 3 H), 1.21 (m, 3 H), 1.53 (m, 1 H), 1.65 (m, 1 H), 1.85 (m, 1 H), 2.17 (m, 1 H), 2.54 (m,
1 H), 2.82 (t, J = 9.3 Hz, 1 H), 3.82 (m, 2 H), 4.10 (m, 2 H), 5.17 (br. s., 2 H). ®*C NMR (CDCl5):
0 18.7,21.3,22.8,24.2, 24.6, 32.1, 33.9, 46.7, 47.2, 52.2, 53.5, 56.2, 71.6, 172.5, 174.2.

Polyisosorbide camphorate

H
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Table S1, Entry 8. 1.50 g (7.5 mmol) of (+)-camphoric acid were added to a 50 mL round
bottom flask with a magnetic stir bar. 1.31 g (9.0 mmol) of isosorbide and 57 mg (4 mol%) of p-
toluene sulfonic acid (p-TSA) were added to the flask. The polymerization was conducted under
melt conditions (no solvent) starting at 180 °C under nitrogen for 17 hours and then subjected to
dynamic vacuum for 14 hours with a temperature gradient of 180-240 °C. A light brown polymer
was obtained and removed without further purification (2.29 g, 98 % yield). '"H NMR (CDCl5): &
0.86 (m, 3H), 1.18 (m, 3 H), 1.23 (m, 3 H), 1.55 (m, 1 H), 1.84 (m, 1 H), 2.17 (m, 1 H), 2.56 (m,
1 H), 2.80 (m, 1 H), 3.78 (m, 1 H), 3.96 (m, 4 H), 4.49 (m, 1 H), 4.83 (m, 1 H), 5.15 (m, 1 H). °C
NMR (CDCl;): 6 19.3, 22.6, 25.0, 32.5, 34.4,47.0, 47.7, 52.8, 56.5, 70.6, 73.4, 74.1, 78.2, 81.0,
86.2,173.6, 175.1.

Copolymerization of bis(2-hydroxyethyl) camphorate (BHEC) and bis(2-hydroxyethyl)
terephthalate (BHET)

Synthesis of polyethylene camphorate (PEC) (Table S2, Entry 1)

0] 0]
HO\/\OWO/\/O)H

In a 50 mL round bottom flask, 1.00 g (3.47 mmol) of bis(2-hydroxyethyl) camphorate was
added to 10 mg (1 mol%) of antimony oxide and a magnetic stir bar. The mixture was stirred
from 175 to 240 °C under vacuum on a Schlenk line for 7 hours. After that time had elapsed, a
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viscous light brown polymer was obtained and removed without further purification (0.66 g, 84%
yield). "H NMR (CDCls): 5 0.80 (s, 3 H), 1.22 (s, 3 H), 1.26 (s, 3 H), 1.55 (m, 1 H), 1.85 (m, 1 H),
2.18 (m, 1 H), 2.57 (m, 1 H), 2.81 (t, J = 9.5 Hz, 1 H), 4.31 (m, 4 H). "*C NMR (CDCls): 5 21.0,
21.4,22.3,22.7,24.3, 32.2,46.5,52.4,55.9,61.9, 173.3, 175.0.

Synthesis of poly[bis(2-hydroxyethyl) camphorate-co-bis(2-hydroxyethyl) terephthalate]
90% BHEC/10% BHET (Table S2, Entry 2)

O O 0] (@]
HO\/\OWO/\/O O\/\Oﬂ

In a 50 mL round bottom flask, 765 mg (2.64 mmol) of bis(2-hydroxyethyl) camphorate were
added to 75 mg (0.30 mmol) of bis(2-hydroxyethyl) terephthalate and 17 mg (2 mol%) of
antimony oxide with a magnetic stir bar. The mixture was stirred from 200 to 240 °C under
vacuum on a Schlenk line for 7 hours. After that time had elapsed, a viscous light brown
polymer was obtained and removed without further purification (0.42 g, 64% vyield). '"H NMR
(CDCl3): 6 0.79 (s, 3 H), 1.21 (s, 3 H), 1.25 (s, 3 H), 1.52 (m, 1 H), 1.82 (m, 1 H), 2.17 (m, 1 H),
2.56 (m, 1 H), 2.80 (t, J = 9.3 Hz, 1 H), 4.30 (br. s., 4 H), 4.45 (br. s.), 4.57 (br. s.), 4.70 (br. s.),
8.10 (s). ®C NMR (CDCls): & 20.2, 21.3, 21.6, 22.5, 22.9, 24.5, 32.4, 34.2, 46.8, 47.2, 52.7,
53.8, 56.2, 56.5, 62.2, 129.6, 161.8, 163.2, 173.5, 175.2.

Synthesis of poly[bis(2-hydroxyethyl) camphorate-co-bis(2-hydroxyethyl) terephthalate]
80% BHEC/20% BHET (Table S2, Entry 3)

O O o) O
H
Howowowow_(:}mowo)l

In a 50 mL round bottom flask, 1.13 g (3.93 mmol) of bis(2-hydroxyethyl) camphorate were
added to 250 mg (0.983 mmol) of bis(2-hydroxyethyl) terephthalate and 28 mg (2 mol%) of
antimony oxide with a magnetic stir bar. The mixture was stirred from 200 to 240 °C under
vacuum on a Schlenk line for 7 hours. After that time had elapsed, a viscous light brown
polymer was obtained and removed without further purification (0.80 g, 74% vyield). '"H NMR
(CDCl3): 6 0.88 (m, 3 H), 1.20 (m, 3 H), 1.24 (s, 3 H), 1.51 (m, 1 H), 1.82 (m, 1 H), 2.17 (m, 1 H),
2.56 (m, 1 H), 2.80 (m, 1 H), 4.30 (br. s., 4 H), 4.44 (br. s.), 4.56 (br. s.), 4.70 (br. s.), 8.09 (m).
*C NMR (CDCl5): & 19.1, 20.2, 21.3, 21.6, 22.5, 22.9, 24.5, 32.4, 34.1, 46.8, 52.7, 53.8, 56.2,
61.9, 62.2,63.0, 76.7, 77.3, 129.6, 133.7, 161.8, 162.5, 173.5, 175.2.

Synthesis of poly[bis(2-hydroxyethyl) camphorate-co-bis(2-hydroxyethyl) terephthalate]
70% BHEC/30% BHET (Table S2, Entry 4)

0 0 0 0
H
HO\/\OWO/\/O)H: :}—”—o\/\o)l

In a 50 mL round bottom flask, 1.06 g (3.67 mmol) of bis(2-hydroxyethyl) camphorate were
added to 400 mg (1.57 mmol) of bis(2-hydroxyethyl) terephthalate and 15 mg (1 mol%) of
antimony oxide with a magnetic stir bar. The mixture was stirred from 200 to 240 °C under
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vacuum on a Schlenk line for 7 hours. After that time had elapsed, a viscous light brown
polymer was obtained and removed without further purification (0.97 g, 86% vyield). '"H NMR
(CDCl3): 6 0.78 (s, 3 H), 1.20 (s, 3 H), 1.24 (s, 3 H), 1.51 (m, 1 H), 1.82 (m, 1 H), 2.17 (m, 2 H),
2.56 (m, 1 H), 2.80 (m, 1 H), 4.30 (m, 4 H), 4.44 (br. s.), 4.56 (br. s.), 4.70 (br. s.), 8.09 (m). **C
(CDCl3): 6 20.2, 21.3, 21.6, 22.5, 22.9, 24.5, 32.4, 34.1, 46.8, 52.7, 53.8, 56.2, 61.9, 62.1, 63.0,
63.2, 129.6, 133.7, 142.1, 162.5, 165.4, 175.2, 176.7.

Synthesis of poly[bis(2-hydroxyethyl) camphorate-co-bis(2-hydroxyethyl) terephthalate]
60% BHEC/40% BHET (Table S2, Entry 5)

0 0 0 0
H
Ho\/\OWO/\,Ow—(: :}—”—o\/\o)l

In a 50 mL round bottom flask, 700 mg (2.42 mmol) of bis(2-hydroxyethyl) camphorate were
added to 412 mg (1.62 mmol) of bis(2-hydroxyethyl) terephthalate and 12 mg (1 mol%) of
antimony oxide with a magnetic stir bar. The mixture was stirred from 200 to 240 °C under
vacuum on a Schlenk line for 7 hours. After that time had elapsed, a viscous light brown
polymer was obtained and removed without further purification (0.71 g, 83% vyield). '"H NMR
(CDCl3): 6 0.78 (s, 3 H), 1.20 (s, 3 H), 1.23 (s, 3 H), 1.51 (m, 1 H), 1.82 (m, 1 H), 2.17 (m, 1 H),
2.56 (m, 1 H), 2.83 (m, 1 H), 4.29 (br. s., 4 H), 4.44 (br. s.), 4.56 (br. s.), 4.70 (br. s.), 8.11 (s).
3C NMR (CDCl,): 8 19.2, 20.2, 21.3, 21.6, 22.8, 22.9, 24.5, 32.4, 34.2, 46.8, 52.7, 56.2, 61.9,
63.0,129.7, 133.7, 142.8, 143.5, 162.5, 165.4.

Synthesis of poly[bis(2-hydroxyethyl) camphorate-co-bis(2-hydroxyethyl) terephthalate]
50% BHEC/50% BHET (Table S2, Entry 6)

0 @) o) O
H
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In a 50 mL round bottom flask, 1.50 g (5.2 mmol) of bis(2-hydroxyethyl) camphorate were added
to 1.32 g (5.2 mmol) of bis(2-hydroxyethyl) terephthalate and 30 mg (2 mol%) of antimony oxide
with a magnetic stir bar. The mixture was stirred from 200 to 240 °C under vacuum on a Schlenk
line for 7 hours. After that time had elapsed, a viscous light brown polymer was obtained and
removed without further purification (2.07 g, 95% vyield). '"H NMR (CDCl;): & 0.78 (br. s., 3 H),
1.20 (br. s., 3 H), 1.23 (br. s., 3 H), 1.51 (m, 1 H), 1.82 (m, 1 H), 2.17 (m, 1 H), 2.56 (m, 1 H),
2.82 (m, 1 H), 4.29 (br. s., 4 H), 4.43 (br. s.), 4.56 (m), 4.70 (br. s.), 8.11 (br. s.). °C NMR
(CDCl3): 6 18.8, 19.8, 21.0, 21.4, 22.2, 22.6, 24.3, 32.2, 33.9, 46.6, 52.4, 53.6, 56.0, 61.7, 62.8,
129.5, 133.4, 161.6, 162.3, 165.2, 175.0.

Synthesis of poly[bis(2-hydroxyethyl) camphorate-co-bis(2-hydroxyethyl) terephthalate]
40% BHEC/60% BHET (Table S2, Entry 7)

0 0 0 0
H
Ho\/\OWO/\,Ow—(: :}—”—o\/\o)l
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In a 50 mL round bottom flask, 1.00 g (3.47 mmol) of bis(2-hydroxyethyl) camphorate was
added to 1.32 g (5.2 mmol) of bis(2-hydroxyethyl) terephthalate and 25 mg (2 mol%) of
antimony oxide with a magnetic stir bar. The mixture was stirred from 200 to 240 °C under
vacuum on a Schlenk line for 7 hours. After that time had elapsed, a viscous light brown
polymer was obtained and removed without further purification (1.60 g, 90% isolated yield). 'H
NMR (CDCl3): & 0.77 (br. s., 3 H), 1.19 (br. s., 3 H), 1.23 (br. s., 3 H), 1.49 (m, 1 H), 1.80 (m, 1
H), 2.17 (m, 1 H), 2.57 (m, 1 H), 2.82 (m, 1 H), 4.28 (br. s., 4 H), 4.43 (m), 4.55 (br. s.), 4.69 (s),
8.10 (m). °C NMR (CDCl;):  18.6, 19.9, 21.0, 21.3, 22.3, 22.6, 24.2, 32.2, 33.9, 46.6, 52.4,
53.6, 56.0, 61.7, 62.7, 129.5, 133.4, 162.4, 165.2.

Synthesis of poly[bis(2-hydroxyethyl) camphorate-co-bis(2-hydroxyethyl) terephthalate]
30% BHEC/70% BHET (Table S2, Entry 8)

0 0 0 0
H
Ho\/\OWO/\,Ow—(: :}—”—o\/\o)l

In a 50 mL round bottom flask, 750 mg (2.60 mmol) of bis(2-hydroxyethyl) camphorate were
added to 1.54 g (6.06 mmol) of bis(2-hydroxyethyl) terephthalate and 25 mg (2 mol%) of
antimony oxide with a magnetic stir bar. The mixture was stirred from 200 to 240 °C under
vacuum on a Schlenk line for 7 hours. After that time had elapsed, a viscous light brown
polymer was obtained and removed without further purification (1.70 g, 97% isolated yield). 'H
NMR (CDCl3): & 0.77 (br. s., 3 H), 1.19 (br. s., 3 H), 1.22 (br. s., 3 H), 1.50 (m, 1 H), 1.82 (m, 1
H), 2.17 (m, 1 H), 2.53 (m, 1 H), 2.80 (m, 1 H), 4.28 (m, 4 H), 4.42 (m), 4.55 (m), 4.69 (br. s.),
8.10 (m). "®C NMR (CDCl; and TFA-d): 5 22.3, 23.6, 25.4, 33.4, 48.7, 49.2, 54.2, 57.8, 64.2,
65.0, 70.3, 131.2, 134.6, 168.7.

Synthesis of poly[bis(2-hydroxyethyl) camphorate-co-bis(2-hydroxyethyl) terephthalate]
20% BHEC/80% BHET (Table S2, Entry 9)

0 0 0 0
H
HO\/\OWO/\/O)H: :}—”—o\/\o)l

In a 50 mL round bottom flask, 750 mg (2.60 mmol) of bis(2-hydroxyethyl) camphorate were
added to 2.65 g (10.43 mmol) of bis(2-hydroxyethyl) terephthalate and 38 mg (1 mol%) of
antimony oxide with a magnetic stir bar. The mixture was stirred from 200 to 240 °C under
vacuum on a Schlenk line for 7 hours. After that time had elapsed, a viscous light brown
polymer was obtained and removed without further purification (2.59 g, 99% isolated yield). 'H
NMR (CDClzand TFA-d): 6 0.77 (br. s., 3 H), 1.19 (s, 3 H), 1.22 (s, 3 H), 1.51 (m, 1 H), 1.81 (m,
1H),2.17 (m, 1 H), 2.55 (m, 1 H), 2.82 (m, 1 H), 4.28 (m, 4 H), 4.51 (m), 4.55 (m), 4.69 (br. s.),
8.10 (m). "°C (CDCl; and TFA-d): 5 22.5, 23.7, 26.8, 31.2, 34.8, 66.5, 67.2, 71.7, 132.6, 132.7,
136.0, 170.2.
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Synthesis of poly[bis(2-hydroxyethyl) camphorate-co-bis(2-hydroxyethyl) terephthalate]
10% BHEC/90% BHET (Table S2, Entry 10)

0 0 0 0
H
Ho\/\OWO/\,Ow—(: :}—”—o\/\o)l

In a 50 mL round bottom flask, 400 mg (1.39 mmol) of bis(2-hydroxyethyl) camphorate were
added to 3.17 g (12.48 mmol) of bis(2-hydroxyethyl) terephthalate and 40 mg (1 mol%) of
antimony oxide with a magnetic stir bar. The mixture was stirred from 200 to 240 °C under
vacuum on a Schlenk line for 7 hours. After that time had elapsed, a viscous light brown
polymer was obtained and removed without further purification (2.83 g, 99% vyield). '"H NMR
(CDCl; and TFA-d): 6 0.81 (s), 1.19 (s), 1.23 (s), 1.58 (m), 1.89 (m), 2.17 (m), 2.54 (m), 2.94
(m), 4.12 (s), 4.54 — 4.80 (m, 4 H), 8.13 (m, 4 H). °C NMR (CDCl; and TFA-d): & 13.4, 43.9,
46.8, 51.9, 66.5, 67.2, 71.7, 132.6, 132.7, 136.0, 170.2.

Synthesis of poly[bis(2-hydroxyethyl) terephthalate] (PET) (Table S2, Entry 11)

HO 7 0
\/\O‘I_u_@_LLO\/\O‘I,H

In a 50 mL round bottom flask, 2.00 g (7.87 mmol) of bis(2-hydroxyethyl) terephthalate, 23 mg
(1 mol%) of antimony oxide, and a magnetic stir bar were combined. The mixture was stirred
from 200 to 240 °C under vacuum on a Schlenk line for 7 hours. After that time had elapsed, a
viscous light brown polymer was obtained and removed without further purification (1.73 g, 99%
yield). '"H NMR (CDCl; and TFA-d): 8 4.83 (s, 4 H), 8.17 (m, 4 H). *C NMR (CDCl; and TFA-d):
0 65.2, 131.3, 134.6, 169.3.
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Summary of Polymerization Data

Table S1  Polymerization and characterization of polyalkylene camphorates from linear diols (entries 1-6) and camphorate polyesters derived from
erythritan (Entry 7) and isosorbide (Entry 8)°

Entry Polymer from camphoric acid + diol Catalyst Yield (%) M," (Da) M.’ (Da) D’ T, (°C) ¢ (°C)

(o] o

1 o WO ~°}y Zn(OAc), + 56,0, 75 18,700 75,700 40 51 331
o o

2 HOWO ~Oly pTSA 84 20,200 60,800 30 44 368
(0] o

3 HOWO ~of pTSA 75 7,700 22,800 30 38 326
(o] o

4 HOWO A~y p-TSA 7 7,300 19,600 27 25 322
(o] o

5 HOWO/\MO{H p-TSA 73 8,300 24,500 29 1 352

6 Ho P 0NN pTsA 96 8,000 35,800 44 -16 353

(o] (o] 0
7 W Zn(OAC), +5b,0; 73 9,000 25,000 2.8 100 304
HOT & 0
. o}
0 0 o/ o}
8 H p-TSA 98 6,900 42,000 6.1 125 355
HOT > o™ Ry

“Polymerization conducted at 180 °C under nitrogen for 16 hours, followed by a temperature ramp over 12 hours to 230 °C under dynamic vacuum. ® Gel
permeation chromatography (GPC) in hexafluoroisopropanol (HFIP) at 40 °C vs polymethylmethacrylate standards. © Determined by DSC. a Temperature
at which 5% mass loss was observed, determined by thermogravimetric analysis (TGA).

Table S2 Copolymerization of bis(hydroxyethyl) camphorate (BHEC, from camphoric acid) and bis(hydroxyethyl) terephthalate (BHET, from
terephthalic acid) *

[e] (e] o o Sb,05 (e] (0] (¢] (¢]
H
\/\W/\/ oot o g \/\Wwﬁu{ ool

BHEC BHET Ho O
Entry BHEC % Feed BHEC‘%? , Yield M, (Da) M.¢ (Da) D¢ ng C) 1.9 (0) 1.2 0)
Incorporation (%)
1 100 100.0 84 23,800 54,400 23 41 n.o. 343
2 90 82.9 64 13,300 34,100 2.6 42 n.o. 335
3 80 65.8 74 14,600 42,700 2.9 50 n.o. 344
4 70 52.7 86 17,300 56,600 33 46 n.o. 344
5 60 34.0 83 19,500 54,600 2.8 52 n.o. 342
6 50 31.6 95 21,300 59,200 2.7 54 n.o. 345
7 40 22.2 90 14,800 38,300 2.6 54 n.o. 351
8 30 19.8 97 13,700 33,100 2.4 59 180 352
9 20 12.3 99 16,800 42,200 2.5 64 193 348
10 10 7.6 99 22,300 55,900 2.5 66 209 361
11 0 0.0 99 19,800 55,100 2.8 71 229 371

“Polymerization conducted from 190 to 230 °C under dynamic vacuum with antimony oxide as a catalyst (Sb,03, 1-2 mol%). ® BHEC and BHET %
incorporation determined by 'H NMR by integrating the 1-methyl group of the camphoric acid ring (0.77 ppm) versus the aromatic protons
(near 8.1 ppm). © Gel Permeation Chromatography (GPC) in hexafluoroisopropanol (HFIP) at 40 °C vs polymethylmethacrylate standards.
“Determined by DSC; n.o. = not observed. ° Temperature at which 5% mass loss was observed under nitrogen, determined by TGA.
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Table S3 Summary of GPC results for polyalkylene camphorates with longer diols (n = 3,4,5) made via the dual
catalyst technique °

Entry Polymers Catalysts M, " (Da) M, (Da) D°

(o] (o]
9y Zn(0AC),
1 HOT 0™~"o] Sb,05 4,200 13,600 32
o e o Zn(0AC),
2 HOT 3 0NN |H Sb,0, 4,600 16,700 3.6

" Zn(0OAC),
3 HOT 0/\/\/\01 Sb,0; 2,800 7,200 2.6

“Polymerizations conducted at 180 °C under nitrogen for 16 hours, followed by a temperature ramp over 12
hours to 230 °C under dynamic vacuum. Catalysts: Zn(OAC), (2 mol%) and Sb,0; (1 mol%, added after first
stage) for each entry. ® Gel Permeation Chromatography (GPC) in hexafluoroisopropanol (HFIP) at 40 °C vs
polymethylmethacrylate standards.
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Gel Permeation Chromatography (GPC) Chromatograms

Molecular Weight Averages
Peak Mp | Mn | Mw | Mz | Mz+1 | Mv | PD |
Peak 1 33423| 18734) 75686| 2505587] 43207013 1178641] 4.04)

Peak information

Start (mins) End (mins)
Baseline region 1 6.36 7.95
Baseline region 2 32.68 34.77
Peak 1 10.77 21.54
Peak | Trace | Peak Max RT (mins) | Peak Area (mV.s) |  Peak Height (mV,
Peak 1 IRi | 17.68] 5571986.311| 24698.660
Chromatogram
on 118
2000 .\.\ Detector
2 15 vl- R:
Y
ot
£ 1w e
£ e =
£ 12000 \ o %
3 e E
g asee S
(v
200 et
s
o/ S
(]
200 : : i .
. 5 " 5 » = » = - = = = -

Run Lengu1: 60.02 mins || Tiene (neinbes)
Figure S1. GPC chromatogram for polyethylene camphorate (Table S1, Entry 1)

Molecular Weight Averag
Peak Mp | Mn | Mw i Mz | Mz+1 | Mv | PD |
Peak 1 34549 20182] 60835] 141591 238487] 128204 3.014|
Peak infor
Start (mins) [ End (mins)
Baseline region 1 2.89 5.71
Baseline region 2 31.52 34.99
|T°eak 1 13.52 21.33
Peak Trace | Peak Max RT (mins) | Peak Area (mV.s) | Peak Height (mV)
Peak 1 RI [ 17.89] 8914449.939] 41052.600
Chromatogram
onz 113
40000 R Detector
. vi- R
o 1es -
T e 1ot
= xem ]
i \ w3
S mam §
g 15000 - a2 =
10,000
(™
N
. _/.‘./ U — S e
i
. s » 15 » = » = - s = = -
i e

Figure S2. GPC chromatogram for polyethylene camphorate [dual catalyst] (Table S1, Entry 2)
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Molecular Weight Averages
Peak Mp | Mn | Mw Mz | Mz+1 | Mv | PD |
Peak 1 15303 7672] 22836 45614 58942 42202| 2.977|

Peak information

Start (mins) End (mins)
Baseline region 1 2.53 4.84
Baseline region 2 39.54 42.94
|T’eak 1 15.62 2284
Peak Trace | Peak Max RT (mins) | Peak Area (mV.s) Peak Height (mV)
Peak 1 RI | 18.91] 9565854.948| 51966.887
Chromatogram

™
Detector
= 15 V- R
aamn
T xom ot
‘s &
-
o o %
S e =
= mem 5
I 3
S
§ o
AN 008
Lot
500
hessssssaned]
o
. ™
. s » - = » 5 -
[Run Lengu: 60 mns

Figure S3. GPC chromatogram for polypropylene camphorate (Table S1, Entry 3)

Molecular Weight Averages
Peak Mp Mn Mw | Mz | Mz+1 Mv PD
Peak 1 15966 7276 19591] 36942 61369 34049 2.693
Peak inf
Start (mins) [ End (mins)
Baseline region 1 7.01 9.83
Baseline region 2 40.78 44 61
|
Peak 1 14.75[ 22.56
Peak Trace [ Peak Max RT (mins) Peak Area (mV.s) | Peak Height (mV)
[Peak 1 RI I 18.86 3800695.504| 22274507
Chromatogram
oz 1w
— 1 — [™
na. \4
am .
00
F 1 ot
= M E
i 1280 w ¥
= maee L §
s a®
a Gee
400 1ol
200
. 1 \/
\ - "]
. 5 » 5 » = » = - s = = -
T )

Figure S4. GPC chromatogram for polybutylene camphorate (Table S1, Entry 4)
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Molecular W a 9
Peak Mp Mn Mw Mz Mz+1 Mv PD
Peak 1 337533 394744/ 549997 895012 1417430 828174 1.393
Peak 2 19625 8322 24481 43854/ 62744 41102 2.942
Peak infor
Start (mins) | End (mins) _I
Baseline region 1 361 5.78)
Baseline region 2 39.19 43.02
Peak 1 12.07| 14.75
Peak 2 15.62 22.70
Peak Trace Peak Max RT (mins) Peak Area (mV.s) Peak Height (mV)
Peak 1 RI 14.02 132513.496| 1220.053
|
Peak 2 lﬁ 18.60 5805399.642| 32114.002
Chromatogram
oz 1
\' (L]
Py Datcftov
= s Al
E
e
Fam -
amam i
= ;
14000 s
P H
12,808
’ -
asee
e
Lo =t
N 2 - -
2.0 1 |
. 3 » = = = = = - - - = -
Time!

Figljré’é-s. GPC chromatogram for polypentylene camphorate (Table S1, Entry 5)

Molecular Weight Averages
Peak Mp___ [ Wn T ww | Mz | Mze1 | WMv___ | PD
Peak 1 18300 8039] 35839 127228) 312759] 107375 4458
Peak infor
Start (mins) End (mins)
Baseline region 1 2.82 564
Baseline region 2 41.21 45.04
Peak 1 12.87| 22.85
Peak |_ Trace | Peak MaxRT (mins) | Peak Area(mV.s) [  Peak Height(mV) |
[Peak 1 RI | 18.69] 12027287.363 50340.880|
Chromatogram
o 1x2
J— q —_— [
el k\.\ Detector
500 - ©- R
00
Py ) -
.E;“ E
£ mee 3
E 0,000 %
T Zme §
! e T 2=
S 15000
1000 L]
500
. / 1
| 18
[ ] 5 » 5 » = = = » s = s -
i Gt

Figure S6. GPC chromatogram for polyhexylene camphorate (Table S1, Entry 6)
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Molecular Weight Averages
| Peak Mp | Mn | Mw | Mz | Mz+1 | Mv | PD |
[Peak 1 11281| 8956| 24980 61234 100475| 55561 | 2.79]
Peak information

Start (mins) End (mins) |
Baseline region 1 10.63 10.96]
Baseline region 2 24.37 25.32
Peak 1 11.07 16.78|
| Peak | Trace | Peak Max RT (mins) |  Peak Area (mV.s) |  Peak Height(mV) |
|Peak 1 [RI 14.49| 872567.737| 4674.660|
Chromatogram

ON2-174

Datecter Respones (mv)

12

13 14 15

Tame (mawstes)

17 18

Figure S7. GPC chromatogram for polyerythritan camphorate (Table S1, Entry 7)

Molecul A a
Peak Mp Mn Mw [ Mz Mz+1 | Mv PD |
Peak 1 0 0] 0] 0 0] 1294691009 0
Peak 2 12820 6895 41985 284184 792958 225902 6.089
Peak infor
Start (mins) End (mins)
Baseline region 1 2.46 4.89
Baseline region 2 29.36 29.90
|
Peak 1 10.82 12.40]
Peak 2 12.90 22.90
Peak l_ Trace Peak Max RT (mins) Peak Area (mV.s) Peak Height (mV)
Peak 1 RI 11.47 94872.818 1590.176
[Peak 2 RI 19.27 5906724.619| 25914.309|
Chromatogram
om-1
I - I
‘\ Detector
200 e 9= R:
- les
-
E
3 meee )
S 10 3
£ zow 3
g e i
g asee e
a asee
L0
208
L]
2,00

Run Lengty: 30.02 mins_|

2 4

Figure S8. GPC chromatogram for polyisosorbide camphorate (Table S1, Entry 8)
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Molecular Weight Averages

Peak Mp [ Mn | Mw [ Mz [ Mz+1 | Mv PD
Peak 1 43026 23774 54425 95970 152313 89186 2.269

Peak information

Start (mins) _l End (mins)
Baseline region 1 1.66 6.94
Baseline region 2 38.61 43.09
|T=eak1 13.16] 21.18|
Peak Trace | Peak Max RT (mins) |  Peak Area (mV.s) |  Peak Height (mV)
Peak 1 RI | 17.52| 6922030.894| 36419.349
Chromatogram
o 126
-t % -
35,000
= .
.00 15 v - RI
e
22808
2000
£ 2000 e
! z.00 -
£ mese \ 1o %
= 16808 s
12.000 [ 2
! 10,000
a0
G000 [
2008 >
. e . e
2000 i i i
. 5 » = » = » = - = = = ]
Run Lengry: 80.02 mins Tieme (uites)

Figure S9. GPC chromatogram for polyBHEC (Table S2, Entry 1)

Molecular Weight Averages
[ Peak Mp | Mn | Mw | Mz [ Mz+1 | Mv | PD |
[Peak 1 27845 13291] 34087 57652 81274 54303 2.565|

Peak information

Start (mins) End (mins)
Baseline region 1 1.37 3.13
Baseline region 2 28.13 29.79
Peak 1 14.70 22.08
| Peak | Trace | Peak Max RT (mins) |  Peak Area (mV.s) |  Peak Height(mV) |
|Peak 1 |RI | 18.30] 10117318.130] 56556.364|
Chromatogram
128,00 o6
118,880 Detector
180,80 15 v - R
;0
g LY [T
s mam E
s =
o asm Lo %
- -
= snem 5
g LY S
! ;e
= et
nes
. o8
[ ] 2 »
Run Lengty: 30 mns

Figure $S10. GPC chromatogram for poly(BHEC/BHET) with 90% BHEC (Table S2, Entry 2)
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Molecular Weight Averag
[ Peak Mp Mn Mw Mz [ Mz+1 | Mv PD |
[Peak 1 30227] 14578 42709 99183 240605 87116 2.93|
Peak infor
Start (mins) End (mins)
Baseline region 1 1.01 2.75)
Baseline region 2 39.76 43.52
I'Beak 1 12.65] 21.98
Peak Trace | Peak Max RT (mins) [  Peak Area (mV.s) |  Peak Height(mV) |
Peak 1 RI | 18.02] 4895734.712| 25004.820]
Chromatogram
om-169
;000 \ L
v .
e - RI
20,000 LS e z
2.0
i Y ) [
2 £
5 mew =
£ 1eane X
T 12000 s
1000 1
X e
LY
4L08 Lol
200 M
[} < —--—L i ~7
200 1 t=8
[] 5 » » = » = - s = = -
Run Lengur: 60.02 mins Tieme (mimies’)

Figure S11. GPC chromatogram for poly(BHEC/BHET) with 80% BHEC (Table S2, Entry 3)

Molecular Weight Averages
[ Peak Mp | Mn | Mw | Mz | Mz+1 [ Mv | PD |
[Peak 1 34876| 17297] 56613] 146491 377238 126820] 3.273]

Peak information

Start (mins) | End (mins)
Baseline region 1 2.67] 7.16
Baseline region 2 42.08| 54.51
Peak 1 12.3€| 21.98|
[ Peak Trace | Peak Max RT (mins) |  Peak Area (mV.s) |  Peak Height(mV) |
|Peak 1 RI | 17.82| 7595873.842| 36140.531|
Chromatogram
2176
;008 p 106
‘“" K\( Detector
.00 . V- R
20,000
000
i 20008 ot
g 2o s
S = =
S e leo %
= 1000 g
I o
12,008 12 =
£ 1nam
e
P et
2,008
- D - SR - -
200 |
[} 5 » » = » = - = = = -
Run Lengt: 60,02 mins Ve (msimnies)

Figure S12. GPC chromatogram for poly(BHEC/BHET) with 70% BHEC (Table S2, Entry 4)
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Molecular Weight Averages
Peak Mp Mn Mw | Mz | Mz+1 | Mv | PD
Peak 1 43319 19537] 54576| 100190] 161121] 92795| 2.793
Peak infor
Start (mins) End (mins)
Baseline region 1 3.04 6.65
Baseline region 2 38.03] 49.16
Peak 1 13.23 21.98)|
Peak Trace | Peak Max RT (mins) | Peak Area (mV.s) Peak Height (mV) |
Peak 1 RI | 17.50| 3557078.626 17832.677|
Chromatogram
O 175
16
1000 kY
o .
15,000 V- R
15008 Les
14,008
< 108
E e 1ot
= 1L00 ]
£ e )
2 sem 10 ¥
= a8 —-
a 7.000 §‘
-
! o e e
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200 tet
Lass
.
L0008 lod
. 5 » - = = = -

Run Lengur: 80.02 mins

Figure S$13. GPC chromatogram for poly(BHEC/BHET) with 60% BHEC (Table S2, Entry 5)

aht A

)
[ Peak Mp Mn Mw Mz [ Mz+1 [ Mv | PD |
|Peak 1 44206( 21356 59178 115033| 205251] 105161 2.771)
Peak information
Start (mins) End (mins) _I
Baseline region 1 2.24 5.78
Baseline region 2 41.35] 52.92
Peak 1 12.87) 21.83|
Peak | Trace | Peak Max RT (mins) |  Peak Area (mV.s) Peak Height (mV)]
[Peak 1 IRI 17.47) 5897785.799 29334.630
Chromatogram
w2178
nem N leé
20,808 \ Detector
= -
2000
—~ 2,000
Emom Lot
g 1w 5
T 12,00 S
a 10,000 2 S
g s
L
4000 lel
*
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Figure S14. GPC chromatogram for poly(BHEC/BHET) with 50% BHEC (Table S2, Entry 6)
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Molecular Weight Averages
Peak Mp | Mn | Mw Mz [ Mz+1 [ Mv PD
Peak 1 30300] 14830 38318 67857 103649 63264| 2.584
Peak infor
Start (mins) End (mins)
Baseline region 1 427 8.10
Baseline region 2 39.19 47.14
Peak 1 13.59| 22.05|
Peak Trace | Peak Max RT (mins) [  Peak Area (mV.s) |  Peak Height (mV)
Peak 1 RI | 18.02] 8337394.187| 45599.149
Chromatogram
o155
‘ Lok
00 Detector
L o
2000 15 v - R
5
£ [
£ mom 5
E -
§== o ¥
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Figure S$15. GPC chromatogram for poly(BHEC/BHET) with 40% BHEC (Table S2, Entry 7)

Molecular Weight Averages
[ Peak Mp | Mn | Mw [ Mz [ Mz+1 | Mv | PD
[Peak 1 25090] 13713 33142| 59650] 93066] 55415| 2477

Peak information

Start (mins) End (mins)
Baseline region 1 3.69 7.09
Baseline region 2 36.94] 48.22
Peak 1 13.6€| 21.91
Peak Trace | Peak Max RT (mins) | Peak Area (mV.s) |  Peak Height(mV) |
Peak 1 RI 18.27| 12231059.784| 69204.853|
Chromatogram
o156
r (™
- \
= \
- 15 v/ - Rl
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Figure $16. GPC chromatogram for poly(BHEC/BHET) with 30% BHEC (Table S2, Entry 8)
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Molecular Weight Averages
[ Peak Mp | Mn | Mw | Mz | Mz+1 | Mv PD
[Peak 1 33423 16838] 42191 73445 110317] 68629 2.506,
Peak infor
Start (mins) End (mins)
Baseline region 1 4.70] 9.18
Baseline region 2 42.44 50.68|
Peak 1 13.74 21.98
Peak Trace | Peak Max RT (mins) |  Peak Area(mV.s) |  Peak Height (mV)
Peak 1 RI | 17.88| 8484466.411| 46280.031
Chromatogram
o157
\ [ -
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Figure S$17. GPC chromatogram for poly(BHEC/BHET) with 20% BHEC (Table S2, Entry 9)

Molecular Weight Averages
Peak Mp | Mn Mw | Mz [ Mz+1 | Mv | PD
Peak 1 41776] 22298 55952| 101992| 168149 94243 2.509]
Peak information
Start (mins) | End (mins) |
Baseline region 1 2.24 5.64
Baseline region 2 36.65 42.66
|
Peak 1 13.09] 21.83|
Peak Trace | Peak Max RT (mins) | Peak Area (mV.s) | Peak Height (mV) |
Peak 1 RI | 17.56] 0689316.564] 50632.024]
Chromatogram
o158
\ Lo
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Figure $18. GPC chromatogram for poly(BHEC/BHET) with 10% BHEC (Table S2, Entry 10)
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Molecular Weight Averages

Peak Mp Mn | Mw Mz [ Mz+1 Mv | PD |
Peak 1 44531 19765] 55145) 100546 174037 92724 2.79)
Peak information

Start (mins) | End (mins)
Baseline region 1 2.71] 6.47
Baseline region 2 28.79| 29.86
Peak 1 13,3€| 22.08]
Peak | Trace | Peak Max RT (mins) |  Peak Area(mV.s) |  Peak Height(mV) |

[Peak 1 IRI 17.63| 7109421.929] 35459.524|
Chromatogram
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Figure S19. GPC chromatogram for polyBHET (Table S2, Entry 11)
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Figure S20. GPC chromatogram for polypropylene camphorate [dual catalyst]

(Table S3, Entry 1)
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Figure S21. GPC chromatogram for polybutylene camphorate [dual catalyst]
(Table S3, Entry 2)
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Figure S22. GPC chromatogram for polypentylene camphorate [dual catalyst]
(Table S3, Entry 3)
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Differential Scanning Calorimetry (DSC) Thermograms
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Figure S23. DSC thermogram for polyethylene camphorate (Table S1, Entry 1)
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Figure S24. DSC thermogram for polyethylene camphorate [dual catalyst] (Table S1, Entry 2)
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Figure S25. DSC thermogram for polypropylene camphorate (Table S1, Entry 3)
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Figure S26. DSC thermogram for polybutylene camphorate (Table S1, Entry 4)
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Figure S27. DSC thermogram for polypentylene camphorate (Table S1, Entry 5)
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Figure S28. DSC thermogram for polyhexylene camphorate (Table S1, Entry 6)
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Figure S29. DSC thermogram for polyerythritan camphorate (Table S1, Entry 7)
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Figure S30. DSC thermogram for polyisosorbide camphorate (Table S1, Entry 8)
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Figure S31. DSC thermogram for polyBHEC/BHET (Table S2, Entry 1)
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Figure S32. DSC thermogram for poly(BHEC/BHET) with 90% BHEC (Table S2, Entry 2)
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Figure S33. DSC thermogram for poly(BHEC/BHET) with 80% BHEC (Table S2, Entry 3)
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Figure S34. DSC thermogram for poly(BHEC/BHET) with 70% BHEC (Table S2, Entry 4)
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Figure S$35. DSC thermogram for poly(BHEC/BHET) with 60% BHEC (Table S2, Entry 5)
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Figure S$36. DSC thermogram for poly(BHEC/BHET) with 50% BHEC (Table S2, Entry 6)
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Figure S37. DSC thermogram for poly(BHEC/BHET) with 40% BHEC (Table S2, Entry 7)
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Figure S38. DSC thermogram for poly(BHEC/BHET) with 30% BHEC (Table S2, Entry 8)
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Figure S$39. DSC thermogram for poly(BHEC/BHET) with 20% BHEC (Table S2, Entry 9)
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Figure S40. DSC thermogram for poly(BHEC/BHET) with 10% BHEC (Table S2, Entry 10)
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Figure S41. DSC thermogram for polyBHET (Table S2, Entry 11)
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Thermogravimetric Analysis (TGA) Thermograms
120

100
] 331.09°C 95.00%

80+

60

382.49°C 50.00%

Weight (%)

40

20+

v - ' : ' . ! T ' - : . . . . r : v :
0 100 200 300 400 500
Temperature (°C) Universal V4.5A TA Instruments

Figure S42. TGA thermogram for polyethylene camphorate (Table S1, Entry 1)
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Figure S43. TGA thermogram for polyethylene camphorate [dual catalyst] (Table S1, Entry 2)
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Figure S44. TGA thermogram for polypropylene camphorate (Table S1, Entry 3)
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Figure S45. TGA thermogram for polybutylene camphorate (Table S1, Entry 4)
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Figure S46. TGA thermogram for polypentylene camphorate (Table S1, Entry 5)
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Figure S47. TGA thermogram for polyhexylene camphorate (Table S1, Entry 6)
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Figure S48. TGA thermogram for polyerythritan camphorate (Table S1, Entry 7)
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Figure S49. TGA thermogram for polyisosorbide camphorate (Table S1, Entry 8)
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Figure S50. TGA thermogram for polyBHEC (Table S2, Entry 1)
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Figure S51. TGA thermogram for poly(BHEC/BHET) with 90% BHEC (Table S2, Entry 2)

S38



120

100

80

60

401.93°C 50.00%

Weight (%)

40+

20+

T T v T T T v T T T T T v T T T - T T T v T T
0 100 200 300 400 500 600
Temperature (°C) Universal V4.5A TA Instruments

Figure S$52. TGA thermogram for poly(BHEC/BHET) with 80% BHEC (Table S2, Entry 3)
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Figure S$53. TGA thermogram for poly(BHEC/BHET) with 70% BHEC (Table S2, Entry 4)
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Figure S54. TGA thermogram for poly(BHEC/BHET) with 60% BHEC (Table S2, Entry 5)
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Figure S$55. TGA thermogram for poly(BHEC/BHET) with 50% BHEC (Table S2, Entry 6)
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Figure S$56. TGA thermogram for poly(BHEC/BHET) with 40% BHEC (Table S2, Entry 7)
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Figure S57. TGA thermogram for poly(BHEC/BHET) with 30% BHEC (Table S2, Entry 8)
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Figure S58. TGA thermogram for poly(BHEC/BHET) with 20% BHEC (Table S2, Entry 9)
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Figure S$59. TGA thermogram for poly(BHEC/BHET) with 10% BHEC (Table S2, Entry 10)
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Figure S60. TGA thermogram polyBHET (Table S2, Entry 11)
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Figure S61. '"H NMR of erythritan monomer
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Figure $62. "H NMR of bis(2-hydroxyethyl) camphorate (BHEC) monomer

S44



Polymers:

(ON2-116-Proton-COCI3 - vierticalScaleFactor = 1

-120

1.00 ;
.95

o

.90 ;

.c| .OI .°| o

S @ @

o 3 &
079

o
~
o

3.

o
@
=]

o

8 4

.a 1
~1.24

o
o
o

Normalized Intensity
o| o
5 2
o S
—4.30

S
'y
S

o
w
=

ol o
w)
=1

NN
h o

9.0 85 8.0 75 7.0 6.5 6.0 55 5.

35 30 25 20 15 10 05 0

- cnemical Snt (ppr:)'o
Figure S63. '"H NMR of polyethylene camphorate (Table S1, Entry 1)
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Figure S64. '"H NMR of polyethylene camphorate [dual catalyst] (Table S1, Entry 2)
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Figure S67. '"H NMR of polypentylene camphorate (Table S1, Entry 5)
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Figure S68. '"H NMR of polyhexylene camphorate (Table S1, Entry 6)
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Figure S69. '"H NMR of polyerythritan camphorate (Table S1, Entry 7)
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Figure S70. '"H NMR of polyisosorbide camphorate (Table S1, Entry 8)
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Figure S71. 'H NMR of polyBHEC (Table S2, Entry 1)
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Figure S72. 'H NMR of poly(BHEC/BHET) with 90% BHEC (Table S2, Entry 2)
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Figure S73. "H NMR of poly(BHEC/BHET) with 80% BHEC (Table S2, Entry 3)
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Figure S74. 'H NMR of poly(BHEC/BHET) with 70% BHEC Table (S2, Entry 4)
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Figure S75. 'H NMR of poly(BHEC/BHET) with 60% BHEC (Table S2, Entry 5)

vana

ON2-178-Proton-CDCI3-Fing}gpficalScaleFactor = 1 2
<
1.0 -
@
09
083 CHLOROFORM-d
0.7 ~
z 3 v
€06 -
£ A o8
° ®© o
g05 g
R
£
Ry
03
02 [
] |
1 [
01 [
- U
|
0
3.99 1.80 1.30 0.76 095 069 086 1.14 138
[ [ o | S e B ¥ [
R NI e e A S S A A
9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 30 25 20 15 1.0 05
Chemical Shift (ppm)

Figure S76. 'H NMR of poly(BHEC/BHET) with 50% BHEC (Table S2, Entry 6)
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Figure S77. 'H NMR of poly(BHEC/BHET) with 40% BHEC (Table S2, Entry 7)
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Figure S78. 'H NMR of poly(BHEC/BHET) with 30% BHEC (Table S2, Entry 8)
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3C NMR Data
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Figure S84. >°C NMR of polyethylene camphorate (Table S1, Entry 1)
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Figure S86. >°C NMR of polypropylene camphorate (Table S1, Entry 3)
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Figure S87. >°C NMR of polybutylene camphorate (Table S1, Entry 4)
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Figure S88. >°C NMR of polypentylene camphorate (Table S1, Entry 5)
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Figure S$89. >°C NMR of polyhexylene camphorate (Table S1, Entry 6)
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Figure $92. >C NMR for polyBHEC (Table S2, Entry 1)
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Figure S97. "*C NMR for poly(BHEC/BHET) with 50% BHEC (Table S2, Entry 6)
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Figure S98. "*C NMR for poly(BHEC/BHET) with 40% BHEC (Table S2, Entry 7)
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Figure S99. "*C NMR for poly(BHEC/BHET) with 30% BHEC (Table S2, Entry 8)
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Analysis of Copolymer Composition for Polyethylene (Camphorate/Terephthalate)

For the copolymers of Table S2, the BHEC incorporation percentage was determined by 'H
NMR by integrating the 1-methyl group of the camphoric acid ring (near 0.77 ppm) versus the
aromatic protons of the terephthalate ring (near 8.1 ppm). The integration values, taken from the
spectra in Figures S71-S81, are given below in Table S4.

Table S4 Incorporation fraction of bis(hydroxyethyl) camphorate (BHEC, from camphoric acid) and
bis(hydroxyethyl) terephthalate (BHET, from terephthalic acid) for polyethylene (camphorate/terephthalate)
copolymers as described in Table S2.

(e] [e] (o] (0] Sb,03 [¢] [e] (9] (0]
H
e e o e Ve

BHEC BHET Ho ~~-OH
BHEC methyl BHET Ar-H BHEC % BHET %
BHEC % Feed . . : . . X BHEC % for rguec=0.47
Entry integration integration Incorporation Incorporation
(*H NMR) (*H NMR) (*H NMR) (*H NMR) Torer =226
1 100 2.95 0.00 100.0 0.0 100.0
2 90 2.99 0.82 82.9 17.1 80.8
3 80 3.00 2.08 65.8 34.2 64.9
4 70 3.22 3.85 52.7 473 51.7
5 60 2.95 7.65 34.0 66.0 40.6
6 50 1.38 3.99 316 68.4 31.1
7 40 0.86 4.01 222 77.8 23.1
8 30 0.75 4.04 19.8 80.2 16.1
9 20 0.42 3.99 12.3 87.7 10.0
10 10 0.24 3.91 7.6 92.4 4.7
11 0 0.00 4.00 0.0 100.0 0.0

Since the methyl group bears 3 hydrogens and the aromatic phenylene component bears 4
hydrogens, the molar percent of BHEC in the copolymer is calculated according to

BHEC % Incorporation = [(BHEC integration) / 3]

[(BHEC integration) / 3] + [(BHET integration) / 4]
The reactivity ratios reported in Figure S103 below were calculated with an excel spreadsheet
(Table S5) according to the copolymer molar composition equation, usually applied to chain-
growth copolymerization, but mathematically applicable to step-growth copolymerization as well:

Fc= refe? + fofr

refe® + 2fcfr + iy

where

rc = rsuec = the reactivity ratio of bis(hydroxyethyl) camphorate, BHEC
rr = rsuet = the reactivity ratio of bis(hydroxyethyl) terephthalate, BHET

fc = the feed fraction of bis(hydroxyethyl) camphorate, BHEC
fr = the feed fraction of bis(hydroxyethyl) terephthalate, BHET

Fc= 1 - F¢ =the composition fraction of bis(hydroxyethyl) camphorate, BHEC
Fr = the composition fraction of bis(hydroxyethyl) terephthalate, BHET
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Note in this copolymerization,

rc = rsnec = Kec / ket and
rr = rener = Kt / ktc

But, the chain end for BHEC and BHET are nearly identical, with both ending in
C(O)OCH,CH,0OH. So the following approximation applies:

I'c = I'BHEC ~ kC / kT and
rr = raner ~ kr / ke

where k¢ is the reaction rate constant of any chain end with BHEC
and kt is the reaction rate constant of any chain end with BHET.

This suggests that rc and rr should bear a reciprocal relationship, which is essentially true:

rc = 047 rmr=2.26
1/0.47 =212 1/2.26 = 0.44

(@] (@]
HO\/\OWO/\/OH . BHET )
BHEC Ho’\/o‘u_< )‘”‘O\/\OH

¢
100 0 0 (0] )
90 HO\/\OWO/\/OWO\/\OH)

»

80 BHEC incorporation

70 measured by '"H NMR |

60 1
0 calculated for

5 favec = 0.47

40 I’BHET = 226 /

30
20
10

0

BHEC incorporation fraction (%)

0O 10 20 30 40 50 60 70 80 90 100
bis(hydroxyethyl) camphorate (BHEC) feed fraction (%)

Figure S103. BHEC incorporation fraction (%) as a function of the BHEC feed fraction (%) as

determined experimentally (squares, by H NMR) and calculated with rgyec = 0.47 and rgyer =
2.26 (circles). RMS error = 2.67.
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Table S5 Excel spreadsheet showing calculations for the determination of reactivity ratios ranec, rsreT,

and the RMS (root mean square) error.

BHEC r1 0.47
BHET r2 2.26
NMR
BHEC BHEC f1 f2 F1calc F1*100 diff square
feed incorp.

100 100.00 1 0 1.000 100.0 0.000000 0.000000
90 82.94 0.9 0.1 0.808 80.8 2174197 4727134
80 65.79 0.8 0.2 0.649 64.9 0.909059 0.826388
70 52.72 0.7 0.3 0.517 51.7 1.062679 1.129288
60 33.96 0.6 0.4 0.406 40.6 -6.596201 43.509861
50 31.56 0.5 0.5 0.311 31.1 0.428387 0.183515
40 22.24 0.4 0.6 0.231 231  -0.829923 0.688773
30 19.84 0.3 0.7 0.161 16.1 3.742346 14.005151
20 12.31 0.2 0.8 0.100 10.0 2.277095 5.185162
10 7.57 0.1 0.9 0.047 4.7 2.859575 8.177168

0 0.00 0 1 0.000 0.0 0.000000 0.000000
AVE 7.130221713
RMS error 2.6702475
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Degradation Studies

Figure S105. On Day 1, this polyethylene camphorate has not undergone significant gelation
or degradation.
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Figure S106. After 14 days, the polyethylene camphorate (at bottom) shows obvious signs of

swelling (gelation), having assumed a spherical shape.

Table S6 Molecular weight data for the aqueous degradation study of polyethylene camphorate (from Table S1, Entry 2)°
Entry Polymer Initial M, (Da) After 14 days
M, (Da) M,, (Da) pH = 1 buffer pH = 2 buffer deionized water
(o] [¢]
1 Ho WO ~O}, 20,200 60,800 <600
(o] [¢]
2 Ho WO ~O}, 20,200 60,800 <600
(o] [¢]
[¢)
3 o WO ~O}, 20,200 60,800

<600

“ Gel permeation chromatography (GPC) in hexafluoroisopropanol (HFIP) at 40 °C vs polymethylmethacrylate standards.
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GPC data for the degradation studies

Molecular Weight Averages
Peak Mp Mn Mw Mz Mz+1 Mv PD
Peak 1 0 0 0 0 0 32780 0

Peak information

Start (mins) End (mins)
Baseline region 1 4.91 10.18
Baseline region 2 29.68 30.00
Peak 1 15.46 26.91
Peak Trace Peak Max RT (mins) Peak Area (mV.s) Peak Height (mV)
Peak 1 RI 22.79 11217559.518 40848.608
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Figure $107. GPC chromatogram for polyethylene camphorate in aqueous pH = 1 buffer after
14 days. The peak max (22.79 minutes) appears after the lowest molecular weight PMMA
standard (22.4 minutes, 600 Da).
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Molecular Weight Averages

Peak Mp Mn Mw Mz Mz+1 Mv PD
Peak 1 0 0 0 0 0 40152 0
Peak information
Start (mins) End (mins)
Baseline region 1 247 6.80
Baseline region 2 29.60 29.97
Peak 1 14.69 27.17
Peak Trace Peak Max RT (mins) Peak Area (mV.s) Peak Height (mV ‘
Peak 1 RI 22,69 8769469.371 31070.980
Chromatogram
5000 loé
38,800 Detector
me0 LS V- R:
20,000
T 1seee ot
g e E
8 See 1 ¥
2 e g
-S000 S
18,000
Lol
~20.000
1 Lol
. 2 4 [} . w12 w » N » ®»® =

[nm Lenguy: 30 mns ]

.
Tieme (usiuntes)

Figure $108. GPC chromatogram for polyethylene camphorate in aqueous pH = 2 buffer after
14 days. The peak max (22.69 minutes) appears after the lowest molecular weight PMMA
standard (22.4 minutes, 600 Da).
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Molecular Weight Averages
Peak Mp Mn Mw Mz Mz+1 Mv PD
Peak 1 267341 240218 260528 283755 308491 280139 1.085)
Peak 2 0 0 0 0 0 32006 0
Peak information
Start (mins) End (mins)
Baseline region 1 6.07 8.23
Baseline region 2 29.43 29.72
Peak 1 13.73 15.34
Peak 2 15.78] 27.35
Peak Trace Peak Max RT (mins) Peak Area (mV.s) Peak Height (mV)
Peak 1 RI 14.43 74359.822 1026.219
Peak 2 RI 23.07 9328555.287 35433.566
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Figure $S109. GPC chromatogram for polyethylene camphorate in deionized water after 14
days. The peak max (23.07 minutes) appears after the lowest molecular weight PMMA
standard (22.4 minutes, 600 Da).
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