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ABSTRACT: A series of isotactic, semicrystalline vinyl ether copolymers (up to 94% meso diads) were synthesized using a
chiral BINOL-based phosphoric acid in combination with a titanium Lewis acid. This stereoselective cationic polymeriza-
tion enabled the systematic tuning of both glass-transition (T,) and melting temperature (Ty) in copolymers derived from
alkyl vinyl ethers (i.e., ethyl, butyl, isobutyl). Additionally, a vinyl ether comonomer bearing an acyl-protected alcohol was
utilized as a platform for post-functionalization. Copolymers containing the masked alcohols were shown to undergo fac-
ile deprotection and subsequent coupling with a desired acid chloride. Collectively, these results highlight the diverse
material properties and expanded chemical space accessible through stereoselective cationic polymerization mediated by

a chiral anion.

Vinyl ethers represent an abundant and underutilized
chemical feedstock for the production of high-value pol-
ymers. The range of commercially available vinyl ether
monomers enables the preparation of materials that offer
a diverse array of functionality. The rich history of meth-
odology development for cationic polymerization has
resulted in multiple complementary approaches for the
homo- and copolymerization of vinyl ethers.”® Poly(vinyl
ether)s (PVEs), however, typically display low glass transi-
tion temperatures (Ty < -20 °C) and are amorphous vis-
coelastic fluids at room temperature.” Thus, the majority
of these polymers exhibit nearly identical thermomechan-
ical properties at common operating temperatures that
are independent of side chain identity.®

One frequently utilized strategy for tuning material
properties is copolymerization, whereby two or more con-
stituent monomers are combined into a single copolymer
in order to achieve the synergistic combination of proper-
ties represented by the individual homopolymers.® Previ-
ous approaches towards modulating the physical proper-
ties of PVEs through copolymerization have focused on
influencing either the thermomechanical or interfacial
properties through the incorporation of a functional
comonomer (Figure 1). For example, the incorporation of
octadecyl vinyl ether (ODVE) into PVE copolymers has
been investigated to impart semicrystalline properties
into atactic materials driven by crystallization of the
ODVE side chains. When copolymerized with isobutyl
vinyl ether (iBVE), this approach yielded materials with
tunable melting temperatures up to a maximum Ty, of 43
°C.® Copolymerization of ODVE with the water soluble
monomer methoxy ethyl vinyl ether (MOVE) resulted in
materials which form hydrogels crosslinked by semicrys-
talline ODVE-rich phases."™ Similarly, Kennemur and
coworkers recently copolymerized iBVE with a rigid, iso-

sorbide-derived vinyl ether monomer in order to modu-
late the T, of the resulting PVE copolymers over a 25 °C
range." Aoshima and coworkers sought to influence the
relative hydrophobicity of PVEs by copolymerizing a tert-
butyldimethylsilyl (TBDMS)-protected hydroxyethyl vinyl
ether comonomer with iBVE."> Upon deprotection to re-
veal an alcohol-functional comonomer, the relative incor-
poration of hydrophilic comonomer enabled rational tun-
ing of the aqueous lower critical solution temperature
(LCST). These examples, and others,* highlight the
challenge of preparing PVE copolymers that simultane-
ously exhibit high-value functionality and desirable ther-
momechanical properties.
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Figure 1. Stereoselective cationic polymerization using 1
enables the preparation of polar, semicrystalline thermo-
plastics with tunable thermal properties.

Despite the previous approaches towards the produc-
tion of functional atactic PVE copolymers, the amorphous
nature of these materials inherently limits the diversity of
their thermomechanical properties. In contrast, polyole-
fins represent a high-volume and versatile class of semi-
crystalline thermoplastics. The incorporation of polar
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= mole fraction of nBVE in the monomer feed. ® mole fraction of nBVE in copoly-
mer determined by 'H NMR integration. ° M, indicates the number average mo-
lecular weight of the polymer. Dispersity was calculated according to B = M, /M,
where M is the weight average molecular weight. “Tg and T obtained from a
second heating scan (10 °C/min) after the thermal history was removed

Figure 2. Reaction scheme depicting the stereoselective
copolymerization of iBVE and nBVE using 1 and summary of
copolymerization experiments.
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Figure 3. A) '"H NMR (CDCl;) spectra of poly(iBVE) (top),
poly(iBVE-co-nBVE) (middle), and poly(nBVE) (bottom)
highlighting the distinct resonances observed for iBVE (red
sphere) and nBVE (blue sphere) repeat units. B) Observed
differences in 3C NMR (CDCl;) resonances in an isotactic
poly(iBVE-co-nBVE) made using 1 and an atactic poly(iBVE-
co-nBVE) made using trifluoromethanesulfonic acid.

groups into polyolefins through copolymerization has
been a long-standing challenge. Attempts to incorporate
Lewis basic functionality into polyolefins using early-
transition metal complexes lead to catalyst poisoning and
invariably limits the degree of comonomer incorporation
accessible through coordination-insertion mechanisms.
Although late transition metal catalysts have been devel-
oped to combat this limitation,*7 the requisite activity,
structural control, or stereocontrol for translation has not
been demonstrated to date. The copolymerization of vinyl
monomers to achieve semicrystalline thermoplastics with
tunable thermomechanical and interfacial properties,
therefore, remains an outstanding challenge.?®

Recently, we reported a general method for the stere-
oselective cationic polymerization of vinyl ethers to
achieve polar, semicrystalline thermoplastics that demon-
strated adhesion properties over an order of magnitude
greater than polyolefins.* This method utilizes a BINOL-
based phosphoric acid in combination with a titanium
Lewis acid (1) to achieve isotactic PVEs with high degrees
of stereoselectivity (up to 93% meso diads). The identity
of the alkyl side-chain functionality had a distinct impact
on the thermal properties of the obtained polymers. Iso-
tactic PVEs bearing linear alkyl substituents (e.g., ethyl,
propyl, butyl) exhibited Tis that ranged from 65 to 76 °C,
while those with branched side chains (e.g., isopropyl,
isobutyl) featured Tps that ranged from 138 to 152 °C. We
envisioned leveraging this disparity of thermal properties
between linear and branched vinyl ether substituents to
prepare semicrystalline thermoplastics with tunable
thermomechanical and interfacial properties. Herein, we
present a systematic evaluation of stereoselective vinyl
ether copolymerization using catalyst 1. We demonstrate
the generality of this catalyst through the stereoselective
statistical copolymerization of alkyl vinyl ether mono-
mers. The introduction of comonomers does not influ-
ence the stereoselectivity of catalyst 1 and enables the
realization of semicrystalline thermoplastics derived from
polar vinyl monomers with tunable thermal properties.
Furthermore, the functional group tolerance of 1 is ex-
ploited to access polar thermoplastics with rationally de-
signed functionality.

Considering the disparate thermal properties exhibited
by isotactic PVEs bearing linear and branched alkyl sub-
stituents, we chose to first explore the copolymerization
of butyl vinyl ether (nBVE) with iBVE (Figure 2). Addition
of a pre-chilled solution of 1 to a mixture of nBVE and
iBVE at -78 °C resulted in efficient copolymerization that
produced high molecular weight materials (M, > 70 kg
mol™). In order to tune the ultimate incorporation of
nBVE in the resulting copolymers, reactions were per-
formed using a variety of molar feed ratios of nBVE (f,)
relative to iBVE. As shown in Figure 3A, distinct 'H NMR
resonances were observed for iBVE (8 3.25 - 2.05 ppm,
CDCl;) and nBVE (8 1.40 - 1.30 ppm, CDCl;) repeat units,
which were integrated relative to each other in order to
determine the mole fraction of nBVE (Fg,). Analysis of the
5C NMR enabled the determination of stereoselectivity by
comparing the integration of the region corresponding to



the racemo diads (8 42.0 - 41.0 ppm, CDCL,) to the region
corresponding to the meso diads (8§ 40.4 - 39.2 ppm,
CDCl;) (Figure 3B). Catalyst 1 resulted in poly(iBVE-co-
nBVE) with high degrees of isotacticity (91-94% meso
diads) for all copolymer compositions studies, demon-
strating the generality of 1 for simultaneous stereoselec-
tive polymerization of multiple alkyl vinyl ethers.

Next, we sought to investigate the relationship between
fsu and Fg, through kinetic analysis. Although values of Fg,
did not scale proportionally to fs,, increasing f3, resulted
in increased Fg, which enabled the preparation of copol-
ymers with pre-determined Fg, values. In order to gain a
deeper understanding of the reaction, a series of copoly-
merizations where f3, = 0.50 were quenched at various
time points to evaluate reaction kinetics. As shown in
Figure 4, iBVE was consumed at a slower rate (kobs = 4.4 x
10 s7) relative to the consumption of nBVE (kops = 7.8 x
10 s™) throughout the copolymerization. Previous explo-
rations of vinyl ether copolymerization, in particular
those initiated by trifluoromethanesulfonic acid or boron
trifluoride diethyl etherate, observed the opposite reactiv-
ity trend, whereby the more sterically hindered comono-
mer was consistently incorporated at a faster rate.>*3' The
catalyst-controlled stereoselectivity exhibited in polymer-
izations mediated by 1 suggests a close interaction be-
tween the chiral anion and the propagating chain end,
which we hypothesize to be interrupted by sterically de-
manding side chains. The relatively slow rate of iBVE con-
sumption observed during copolymerization with nBVE is
thus likely related to an adverse steric interaction be-
tween iBVE and 1. Comonomer consumption plateaus at a
combined monomer conversion of ~65% after 30 min
(Figure Si14) which, combined with the aforementioned
rates, is consistent with the observed Fg, values.
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Figure 4. Plot of -In[VE] versus time of the copolymerization
of iBVE and nBVE. Conversions of iBVE (m) and nBVE (e)
monitored independently by 'H NMR (CDCL). VE = vinyl
ether. [iBVE], = 0.19 M. [nBVE], = 0.19 M.

Each of the obtained poly(iBVE-co-nBVE) samples were
semicrystalline thermoplastics at room temperature. As
shown in Figure s, differential scanning calorimetry
(DSC) analysis at a scan rate of 10 °C/min with data taken
from the second heating cycle revealed the copolymers
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Figure 5. A) Plot of Ty, obtained by DSC as a function of
molar incorporation of nBVE (Fgy). Solid lines highlight ob-
served trends. B) Plot of Ty obtained by DSC as a function of
Fpu. Dashed line indicates T, values predicted using the Fox
equation.

exhibited T, and Ty, values that span the range between
those of poly(iBVE) (Ty = -20 °C, Tm = 138 °C) and
poly(nBVE) (T; = -53 °C, Tn = 65 °C). The T, values ob-
served by DSC scale with Fg, as predicted by the Fox
equation3*3 (Figure 5B), and remain well-below room
temperature. The apparent Ty, values decrease linearly
with increasing Fp, as expected, but reach an inflection
point at approximately Fp, = 0.7. At higher incorporations
of nBVE (i.e., Fg, > 0.7) a slight increase in Ty, is observed,
which we hypothesize is due to a switch in the composi-
tion of the major crystallites from iBVE repeat units to
nBVE repeat units. Regardless, the observed trends afford
the ability to rationally tune both T, and Ty by selecting
the appropriate fg, and highlight the general utility of vi-
nyl ether copolymerizations facilitated by 1.

In an effort to explore the substrate scope of this meth-
odology, we next performed a series of copolymerizations
using ethyl vinyl ether (EVE) as a comonomer with iBVE.
Similar to the iBVE/nBVE comonomer pair, utilizing a
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Figure 6. A) Reaction scheme depicting deprotection of copolymer 2 and post-functionalization of 3 to generate 4. B) Overlay of
GPC traces before and after each step depicted in A. C) Photodiode array (PDA) trace at 13.9 min retention time (RT) confirming

the structure of 4.

variety of EVE molar feed ratios (fg) resulted in isotactic
copolymers (91-93% meso diads) with tunable degrees of
EVE incorporation (Fg) (Table S1). The obtained Fg values
were again consistently higher than fi, likely due to a
similar kinetic phenomenon to that described above. The
T, values exhibited by poly(iBVE-co-EVE) decreased as
expected with increasing Fg, but appeared to plateau at T,
= -37 °C when Fg: = 0.4. Similarly, the observed Tr, values
decreased linearly with increasing Fgand ranged from 138
°C to 50 °C. C. No T, was reliably observed in the second
heating cycle by DSC when Fg; = 0.3, although these mate-
rials crystallized slowly at room temperature and exhibit-
ed obvious first-order transitions in the first heating cycle.

Having demonstrated that the stereoselective copoly-
merization of nBVE or EVE with iBVE resulted in semi-
crystalline thermoplastic materials with modular T, and
T values, we next explored the diversity of functionality
that can be incorporated into PVE copolymers. We pre-
pared a copolymer using acyl-protected ethylene glycol
vinyl ether (AcVE) as a comonomer with iBVE (2, Figure
6). Using a molar feed ratio (fic) of 0.05 we achieved a
high molecular weight (M, = 41 kg mol”) copolymer with
a 6.5% incorporation of AcVE (Fac = 0.065) and 90% meso
diads. At this degree of incorporation, the material re-
mained a high-melting thermoplastic with a T, of -26 °C
and a Ty of 124 °C. Deprotection of the acyl functional
group in 2 using NaOH efficiently yielded copolymer 3
which features repeat units containing free hydroxyl
groups. As shown in Figure 6B, the gel permeation chro-
matography (GPC) traces for 2 and 3 closely overlap indi-
cating the reaction proceeds without appreciable byprod-
uct formation. Subsequent coupling with 1-pyrenebutyryl
chloride yielded pyrene-appended copolymer 4, as evi-
denced by 'H and 3C NMR as well as GPC in conjunction
with a photodiode array (PDA) detector (Figure 6C). This
material exhibited a slightly-increased T of -16 °C relative

to 2 and remained a high-melting thermoplastic with a T,
of 126 °C, but was now fluorescent under UV irradiation.

In summary, we have leveraged the stereoselective cati-
onic polymerization facilitated by catalyst 1 to prepare a
series of isotactic vinyl ether-based copolymers. Through
judicious choice of comonomer pairs, both the Ty, and T,
of the resulting materials can be rationally tuned by mod-
ulating the relative incorporation of each comonomer.
Furthermore, vinyl ethers which contain masked hydroxyl
functionality were shown to be competent comonomers
for further diversification and were utilized to append a
fluorescent pyrene-derived functional group. The ability
to copolymerize heteroatom-containing comonomers as
well as perform multiple post-functionalization reactions
without sacrificing the desirable thermal properties of the
homopolymers represents a practical approach towards
polar, high-performance thermoplastics and will lead to
isotactic PVEs with a multitude of functionality.
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1. Materials and Methods

1.1 General Considerations

The compounds (R)-3,3’-bis(3,5-bis(trifluoromethyl)phenyl)-1,1°-binaphthyl phosphate,’
tetrachlorobis(tetrahydrofuran)titanium(IV) (TiCls(THF)2),? and 1-pyrenebutyryl chloride® were
prepared according to literature procedures. Vinyl ether monomers were dried over CaHz and
distilled under vacuum prior to storage in a Na-filled glovebox for further use. All other reagents
and solvents were purchased from commercial sources and used without further purification.
Unless otherwise noted, solvents were dried and degassed using a Pure Process Technology
solvent purification system and then subsequently stored over molecular sieves (3A). All syntheses
were performed under inert atmosphere (N2 or Ar) using flame-dried or oven-dried glassware
unless specified otherwise. NMR spectra were recorded using a Bruker DRX 400 MHz, Bruker
AVANCE III 500 MHz, or Bruker AVANCE III 600 MHz CryoProbe spectrometer. Chemical
shifts o (ppm) are referenced to tetramethylsilane (TMS) using the residual solvent as an internal
standard ("H and '*C). For 'H NMR: CDCl3, 7.26 ppm. For 3C NMR: CDCls, 77.16 ppm.
Coupling constants (J) are expressed in hertz (Hz).

1.2 Macromolecular Characterization

Gel permeation chromatography (GPC) was performed on a Waters 2695 separations module
liquid chromatograph equipped with either four Waters Styragel HR columns (WAT044225,
WAT044231, WAT044237, and WAT054460) arranged in series or two Agilent Resipore columns
(PL1113-6300) maintained at 35 °C, and a Waters 2414 refractive index detector at room
temperature. Tetrahydrofuran was used as the mobile phase at a flow rate of 1.0 mL/min.
Molecular weight and dispersity data are reported relative to polystyrene standards.

Melting-transition temperature (7m) and glass-transition temperature (7%) of precipitated and
dried polymer samples were measured using differential scanning calorimetry (DSC) on a TA
Instruments Discovery DSC. Unless specifically noted otherwise, values for 7m and 7y were
obtained from a second heating scan after the thermal history was removed. All heating and cooling
rates were 10 °C/min. Decomposition onset temperatures (74) of precipitated and dried polymer
samples were measured by thermal gravimetric analysis (TGA) on a TA Instruments Q5000
Thermogravimetric Analyzer. Polymer samples were heated from ambient temperatures to 600 °C
at a heating rate of 10 °C/min. Values of 74 (temperature at 5% weight loss) were obtained from
wt % vs. temperature (°C) plots.

1.3 Syntheses and Characterization Data

Ar
Ar=  CF
OO O. ,/0 3
P
o~ "OH
CO
Ar (5 mM)
N P TiCI,(THF), (1 mM), 4:1 hexane:toluene, -78 °C L’z, L'?,
i > X ¥
OiBu OR [monomer], = 0.38 M 0iBu OR n

General copolymerization procedure

Copolymerizations were performed in septum-capped reaction vials prepared in a N»-filled
glovebox. An oven-dried 8 mL septum-capped vial equipped with a stir bar was charged with
isobutyl vinyl ether (iBVE), comonomer, and hexane. In this vial: the total monomer concentration
was kept constant at 0.38 M and the total solution volume was kept constant at 1.62 mL. A separate

2



8 mL septum-capped vial equipped with a stir bar was charged with 0.26 mL of a 0.05 M stock
solution of (R)-3,3’-bis(3,5-bis(trifluoromethyl)phenyl)-1,1’-binaphthyl phosphate in MePh
(0.013 mmol) and 0.26 mL of a 0.01 M stock solution of TiCls(THF)2 in MePh (0.0026 mmol).
Both vials were removed from the glove box and cooled to -78 °C in a dry ice/acetone bath. After
stirring at -78 °C for 15 min, the entire MePh solution was transferred via syringe to the vial
containing monomer solution. The reaction was stirred at -78 °C for 2 h, after which time 1.0 mL
of EtsN/MeOH solution (5% v/v) was added to quench the polymerization. Upon warming to room
temperature, the mixture was washed with 1N HCl and all volatiles removed in vacuo. The crude
polymer was dissolved in 1-2 mL CH2Cl2 and filtered through a plug of SiO2 (4-5 cm) in a glass
pipette eluting with additional CH2Clz. The resulting purified polymer was dried under vacuum
for at least 12 h to a constant weight.

Ar

Ar=  CF
OO o.° °
PR
OH
O 0 CF,
Ar (5 mM)
\ + \ TiCl,(THF), (1 mM), 4:1 hexane:toluene, -78 °C '26 I";
u . "- y n
OiBu O\L [IBVE +AcVE], = 0.38 M OiBu O

OAc 2 \L

OAc
Copolymerization of iBVE with acyl-protected ethylene glycol vinyl ether (AcVE)

An oven-dried 20 mL septum-capped vial equipped with a stir bar was charged with iBVE
(0.29 mL, 2.10 mmol), AcVE (15 mg, 0.11 mmol), and hexane (4.22 mL). A separate 8 mL
septum-capped vial equipped with a stir bar was charged with 0.6 mL of a 0.05 M stock solution
of (R)-3,3’-bis(3,5-bis(trifluoromethyl)phenyl)-1,1’-binaphthyl phosphate in MePh (0.03 mmol)
and 0.6 mL of a 0.01 M stock solution of TiCls(THF)2 in MePh (0.006 mmol). Both vials were
removed from the glove box and cooled to -78 °C in a dry ice/acetone bath. After stirring at -78
°C for 15 min, the entire MePh solution was transferred via syringe to the vial containing
monomer solution. The reaction was stirred at -78 °C for 4 h, after which time 3.0 mL of
EtsN/MeOH solution (5% v/v) was added to quench the polymerization. Upon warming to room
temperature, the mixture was washed with 1N HCl and all volatiles removed in vacuo. The crude
polymer was dissolved in 1-2 mL CH2Cl: and filtered through a short (5-6 cm) column
(diameter = 16 mm) of SiO:2 eluting with additional CH2Clz. The resulting purified polymer was
dried under vacuum for at least 12 h to a constant weight. Yield: 46%.

fac = 0.05; Fac = 0.065. '"H NMR (400 MHz, CDCls): § 4.16 (t), 3.62 (br.), 3.56 (br.), 3.47 (br.),
3.25 (br.), 3.16 (br.), 2.07 (s), 1.82 (br.), 1.78 (septet), 1.53 (br.), 0.88 (d). >C NMR (125 MHz):
§171.1,75.9, 73.9, 41.6, 39.7, 39.4, 29.1, 19.8. GPC: Ma =41 kDa; D = 1.9. DSC: Ty = -26 °C,
T =124 °C.

: Oy
lzt’W NaOH (EtOH), THF, 45 °C 'Zg X Yin

OiBu O > OiBu O
I 3 \L
OAc OH

Hydrolysis of copolymer 2




An oven-dried 8 mL septum-capped vial equipped with a stir bar was charged with
copolymer 2 (0.215 g, 0.136 mmol AcVE repeat units) and dry THF (2.5 mL). NaOH (55 mg,
1.38 mmol), dissolved in EtOH (0.30 mL), injected into vial containing copolymer solution and
mixture heated to 45 °C. After 16 hours, mixture cooled to RT and directly poured into ice-cold
H20. Pale yellow precipitate collected by filtration and subsequently triturated with excess
MeOH by vigorously stirring for 30 min. The resulting material was dissolved in THF (1-2 mL)
and precipitated into ice cold H20 a second time. The pure, white copolymer was collected by
filtration and dried under vacuum for at least 12 h to a constant weight. Yield: 140 mg (77%).

'H NMR (400 MHz, CDCL3): § 3.66 (br.), 3.47 (br.), 3.15 (br.), 1.82 (br.), 1.77 (septet), 1.53
(br.), 0.88 (d). GPC: Ma =37 kDa; D =2.1. DSC: Tg = -16 °C, T = 131 °C.

0iBu O > QiBu O o
: L « L @
OH 0

Functionalization of copolymer 3 with 1-pyrenebutyryl chloride

An oven-dried 8 mL septum-capped vial equipped with a stir bar was charged with
copolymer 3 (0.040 g, 0.026 mmol hydroxyl repeat units) and dry CH2Cl2 (5.0 mL).
Triethylamine (18 pL, 0.130 mmol) added, followed by a solution of 1-pyrenebutyryl chloride
(0.040 g, 0.130 mmol) in dry CH2CI2 (1.0 mL). Mixture stirred at room temperature (RT) for 3
hours, at which point it was directly poured into ice-cold MeOH. Pale yellow precipitate
collected by filtration, dissolved in THF (1 mL), precipitated into ice cold MeOH a second time.
The pure, pale yellow copolymer was collected by filtration and dried under vacuum for at least
12 h to a constant weight. Yield: 33 mg (70%). Note: GPC analysis with photodiode array (PDA)
detection (344 nm) confirms the presence of pyrene in copolymer 4.

%, ‘5, 1-pyrenebutyryl chloride, TEA, EWE i
X Yin CH,Cl,, RT . Yin _O

'H NMR (400 MHz, CDCl3): & 8.30 (br.), 8.16 (br.), 8.10 (br.), 8.02 (br.), 7.87 (br.), 4.21 (br.),
3.57 (br.), 3.48 (br.), 3.20 (br.), 3.15 (br.), 2.51 (br.), 2.18 (br.), 1.83 (br.), 1.77 (septet), 1.53
(br.), 0.88 (d). 3C NMR (125 MHz): § 173.37, 131.4, 130.9, 130.0, 128.7, 127.5, 127.3, 126.7,
125.8, 125.1, 124.9, 123.4, 75.8, 73.8, 41.4, 39.6, 39.3, 28.9, 19.7. GPC: Ma = 47 kDa; D = 2.3.
DSC: Te = -16 °C, Tm= 126 °C.



2. Supplementary Text
2.1 Copolymerization of ethyl vinyl ether (EVE) with iBVE

Table S1. Summary of copolymerization experiments with iBVE and EVE using 1.

fei® Fe®  Ma(kg mol')c  Pc m(%)  T4(°C)° Tm (°C)¢
0.05 0.09 58 1.7 93 -26 132
0.10 0.13 58 1.9 93 -25 132
0.15 0.22 62 1.9 93 -29 107
0.20 0.34 83 20 92 -32 66
0.30 0.38 101 24 93 -33 50¢
0.40 0.52 41 1.7 93 -37 39¢
0.50 0.62 90 2.7 92 -37 40¢
0.65 0.74 66 2.0 91 -37 not observed
0.8 0.83 51 1.8 93 -38 41¢
0.9 0.91 82 2.6 92 -39 42¢

*mole fraction of EVE in the monomer feed. ® mole fraction of EVE in copolymer determined by 1H NMR integration.
¢ M, indicates the number average molecular weight of the polymer. Dispersity was calculated according to B = M,,/M,
where M, is the weight average molecular weight. ¢ T, and T, obtained from a second heating scan (10 °C/min) after
the thermal history was removed. ¢ T, values obtained from first heating scan (10 °C/min) after annealing at room
temperature for several days.



2.2 Pseudo-First Order Kinetic Analyses
The cationic polymerization of vinyl ethers, including iBVE, nBVE, EVE, and AcVE,
facilitated by catalyst 1 may be represented as:

M+C——P

Under the assumption that there are negligible side-reactions taking place, any of the above listed
monomers (M) will always be present in a large excess over the catalyst (C). As such, pseudo-
first-order kinetics are valid for rate calculations. In this scenario, the following rate law applies:

d[P] _ _
g = kIMIICTo = k[M]

The integrated form of the rate equation is represented as:
In[M] = In[M], — kt

This equation indicates that plotting inverse In[M] versus 7 (s) should give a linear plot where & is
equal to the slope of the line. Figure 4 in the main text illustrates this relationship.

During the copolymerization of iBVE and nBVE, significant overlap occurs in the 'H NMR
spectrum that hinders the ability to monitor the relative consumption of each monomer
independently. Peak deconvolution of the vinyl region (6 6.40-6.48 ppm, CDCl3) using OriginPro
8% in the presence of an internal standard (i.e., 1,4-dimethoxybenzene), however, enables the
accurate determination of individual monomer concentration at various time points (Table S1). A
representative example can be seen in Figure S13.

Table S2. Summary of peak deconvolution data obtained from a copolymerization of nBVE with
iBVE with fsu = 0.50 that was quenched at 20 min (¢ = 1200 s). Peak denominations correspond to
those seen in Figure S13.

Monomer Peak Area Total Area

9.96E-5
1.10E-4
1.12E-4
1.10E-4

iBVE 4.26E-4

AW N -

7.58E-5
7.98E-5
8.10E-5
7.14E-5

nBVE 3.00E-4

w N O O




3. Figures
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Figure S1. Representative 'H NMR spectrum of isotactic poly(iBVE-co-nBVE). In this example,
Fgu=0.54 (CDCl3).
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Figure S2. Representative '°C NMR spectrum of isotactic poly(iBVE-co-nBVE) with relative
integrations amounting to 94% meso diads. In this example, FBu = 0.54 (CDCL).
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Figure S3. Expanded '*C NMR spectrum of a representative sample of isotactic poly(iBVE-co-
nBVE) showing relative integrations amounting to 94% meso diads. In this example, Fsu = 0.54
(CDCl3).
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Figure S4. Representative GPC RI trace of isotactic poly(iBVE-co-nBVE). In this example, Fpu
=0.54.
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Figure S5. Representative TGA curve for isotactic poly(iBVE-co-nBVE). In this example, Fsu =
0.54.
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Figure S6. Representative DSC curves for isotactic poly(iBVE-co-nBVE). In this example, Fpu =
0.54.
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Figure S7. Representative 'H NMR spectrum of isotactic poly(iBVE-co-EVE). In this example,
Fee=0.52 (CDCD).
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Figure S8. Representative '3C NMR spectrum of isotactic poly(iBVE-co-EVE) with relative
integrations amounting to 93% meso diads. In this example, Ft = 0.52 (CDCI).
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Figure S9. Expanded '*C NMR spectrum of a representative sample of isotactic poly(iBVE-co-
EVE) showing relative integrations amounting to 93% meso diads. In this example, Fet = 0.52
(CDCl3).
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Figure S10. Representative GPC RI trace of isotactic poly(iBVE-co-EVE). In this example, Fr: =
0.09.
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Figure S11. Representative TGA curve for isotactic poly(iBVE-co-EVE). In this example, FEt =
0.52.
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Figure S12. Representative DSC curves for isotactic poly(iBVE-co-EVE). In this example, Fg: =
0.09.
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Figure S13. Representative example of peak deconvolution using OriginPro 8 to determine the
relative consumption of individual vinyl ether monomers. The aryl resonance of the 1,4-
dimethoxybenzene internal standard can be seen at 6 6.8 ppm, while the overlapped vinyl
resonances for iBVE and nBVE are between 6 6.40 — 6.48 ppm (expanded in inset). This example
represents a copolymerization of nBVE with iBVE with fgu = 0.50 that was quenched at 20 min (¢

= 1200 s). Fitted peaks (green) and peak sum (red) are shown overlaid on the original spectrum
(black).
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Figure S14. Plot of % conversion versus time of the copolymerization (fsu = 0.50) of iBVE and
nBVE. Conversions of iBVE (m) and nBVE () monitored independently by 'H NMR (CDCl3).
[iBVE]o=0.19 M. [nBVE]o=0.19 M

20



N9Y BBTRNGSYN SERRE8RRNSTRAAR 88
+ &+ L B el B e I e o B e I R e B B B B R e i e I S o
R e e

3.00 <

9 8 7 6

[

(9%
N
—

& (ppm)
Figure S15. Representative 'H NMR spectrum of isotactic poly(iBVE-co-AcVE). In this example,

Fac = 0.07 (CDCl).
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Figure S16. Representative '*C NMR spectrum of isotactic poly(iBVE-co-AcVE) with relative
integrations amounting to 90% meso diads. In this example, Fac = 0.02 (CDCL).
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Figure S17. Expanded '*C NMR spectrum of a representative sample of isotactic poly(iBVE-co-

AcVE) showing relative integrations amounting to 90% meso diads. In this example, Fac = 0.02
(CDCl3).
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Figure S18. Representative GPC RI trace of isotactic poly(iBVE-co-AcVE). In this example, Fac
=0.07.
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Figure S19. Representative DSC curves for isotactic poly(iBVE-co-AcVE). In this example, Fac
=0.07.
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Figure S20. Representative '"H NMR spectrum of isotactic copolymer 3 (CDCl3).
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Figure S21. Representative GPC RI trace of isotactic copolymer 3.
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Figure S22. Representative DSC curves for isotactic copolymer 3.
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Figure S23. Representative '"H NMR spectrum of isotactic copolymer 4 (CDCl3).
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Figure S24. Representative '>*C NMR spectrum of isotactic copolymer 4 with relative integrations

amounting to 90% meso diads (CDCls).
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Figure S25. Expanded *C NMR spectrum of a representative sample of isotactic copolymer 4
showing relative integrations amounting to 90% meso diads (CDCI3).

31



Normalized RI signal

10 11 12 13 14 15 16 17 18
Retention Time (min)

Figure S26. Representative GPC RI trace of isotactic copolymer 4.
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Figure S27. Representative GPC PDA trace at 344 nm of isotactic copolymer 4, confirming the
presence of pyrene-derived repeat units.
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Figure S28. Representative DSC curves for isotactic copolymer 4.
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