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Experimental Section

Materials. Isobutyl vinyl ether (IBVE; TCI; >99.0%) was washed with 10% aqueous sodium hydroxide
solution and then with water, dried overnight over potassium hydroxide, and distilled twice over calcium
hydride. 2,3-Dihydrofuran (DHF; TCI; >98.0%) and 3,4-dihydro-2H-pyran (DHP; TCI; >97.0%) were
distilled twice over calcium hydride. 1,4-Dioxane (Nacalai Tesque; >99.5%), and tetrahydrofuran (THF;
Nacalai Tesque; >99.5%) were distilled over calcium hydride and then lithium aluminum hydride. Ethyl
2-methyl-1-propenyl ether (EMPE) was prepared from isobutyraldehyde diethyl acetal (TCIL, >96.0%)
according to a previous report>! and then distilled twice over calcium hydride. 1,1-Diphenylethylene (DPE;
TCIL; >98.0%) was distilled twice over calcium hydride under reduced pressure. o-Phthalaldehyde (OPA;
TCI; >99.0%) was recrystallized twice from n-hexane before use. Ethanesulfonic acid (EtSOsH;
Sigma-Aldrich; 95%) was used as received. 1-(Isobutoxy)ethyl chloride (IBVE-HCI) was prepared from
addition reaction of IBVE with HCI. For GaCls, a stock solution in n-hexane was prepared from commercial
anhydrous GaCls (Sigma-Aldrich, 99.999%). SnCls (Sigma-Aldrich, 1.0 M solution in heptane) and TiCls
(Sigma-Aldrich, 1.0 M solution in toluene) were used as received. Toluene (Wako) and dichloromethane
(Wako) were dried by passage through solvent purification columns (Glass Contour). Diethyl malonate
(Nacalai Tesque; >99.0%) and sodium hydride (NaH; Nacalai Tesque; 60% dispersion in paraffin) were used
as received.

Polymerization procedures. Polymerization was conducted under dry nitrogen atmosphere in a glass tube
equipped with a three-way stopcock. Toluene, 1,4-dioxane, and monomers were first added into the tube
using different dry syringes. To this solution, cooled at 0 °C in advance, a prechilled 40 mM EtSO;H solution
(0.3 mL) in toluene was added using a dry syringe. The tube was then placed into a cooling bath set at —78 °C,
2 min after the EtSOs;H addition. The reaction was started by the addition of a prechilled Lewis acid solution
(0.3 mL). The reaction mixture was terminated with methanol containing a small amount of aqueous sodium
hydroxide or ammonia solution, or the solution of sodium diethylmalonate prepared according to a previous

report.5? The quenched reaction mixture was diluted with dichloromethane and then washed with water. The

solvents and other volatiles were evaporated under reduced pressure. The residual OPA monomer was

removed by reprecipitation into methanol. The monomer conversion was determined by a gravimetric

method and '"H NMR analysis.

Acid hydrolysis of product copolymers. The purified copolymer (30 mg) was dissolved in
1,2-dimethoxyethane (DME; 3.4 mL) and then the hydrolysis reaction was started by the addition of an
aqueous HCI-DME solution (1.0 M, 3.4 mL) at 30 °C. After predetermined reaction time, the reaction was
quenched with aqueous sodium hydroxide (1.0 M, 3.4 mL). The quenched reaction mixture was diluted with
dichloromethane and then washed with distilled water 5 times to remove the resulting salt. The volatiles were
evaporated under reduced pressure to yield hydrolysis products.

Characterization. The molecular weight distribution (MWD) of the polymers was measured by gel
permiation chromatography (GPC) in chloroform at 40 °C with polystyrene columns [TSKgel GMHpr-M X
2; flow rate = 1.0 mL/min] connected to a Tosoh DP-8020 pump, a CO-8020 column oven, a UV-8020
ultraviolet detector, and an RI-8020 refractive-index detector. The number-average molecular weight (M,)
and polydispersity ratio [weight-average molecular weight/number-average molecular weight (M/M,)] were
calculated from the chromatographs with respect to 16 polystyrene standards (Tosoh; M, = 577—1.09 x 106,
My/M, < 1.1). NMR spectra of the products were recorded using a JEOL JNM-ECA 500 spectrometer
(500.16 MHz for 'H and 125.77 MHz for *C). ESI-MS data were recorded on LTQ Orbitrap XL (Thermo
Scientific).
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Figure S1. MWD curves of the products before and after IBVE addition ([IBVE]o = [IBVE]addea = 0.40 M,
[OPA]o = 0.40 M, [EtSOs;H]o = 4.0 mM, [GaCls]o = 4.0 mM, [1,4-dioxane]o = 0.50 M in toluene at —78 °C).
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Figure S2. 3C NMR spectrum of poly(IBVE-co-OPA) (M, = 9.1 x 10°, M/M, = 1.49) recorded in CDCl; at
30 °C. * TMS, grease, CHCIs, residual monomer.

f T T T T
200 180 160 140 120

HO COOEt

0=
COOEt

calcd 317.0996
obsd 317.0996

*

Lld ol

T T T T T T ‘ T T 1

325 350

m/z
Figure S3. ESI-MS spectrum of the hydrolysis product of poly(IBVE-co-OPA) quenched by sodium
diethylmalonate solution. * contamination.
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Figure S4. Copolymer compositions in the copolymerization of IBVE and OPA ([IBVE]o + [OPA]o = 1.20 M,
[EtSO3H]o/[GaCls]o = 4.0/4.0 mM, [1,4-dioxane]o = 0.50 M in toluene at —78 °C). Solid line: drawn using the
r values obtained by the Kelen—Tiidds method; dashed-line: azeotropic line. See Table S1 for the
polymerization data.

Table S1. The data for the determination of monomer reactivity ratio.
Entry IBVE conc. OPA conc. Time Total conv. My x103¢ My/M,© IBVE in

M] M] (%) ° copolymer ¢
1 0.81 0.40 10 min 15 5.8 1.70 0.65
2 0.60 0.60 10 min 12 3.2 1.14 0.57
3 0.40 0.80 10 min 6 3.2 1.73 0.54
4 0.30 0.90 10 min 10 14 2.22 0.49

@ [EtSO3H]p = 4.0 mM, [GaCl;]o= 4.0 mM, [1,4-dioxane]o = 0.50 M in toluene at —78 °C. ® By gravimetry. ¢ By GPC
(polystyrene calibration). ¢ By '"H NMR.
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Scheme S1. Cationic alternating copolymerization of IBVE and BzAs.
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Figure S5. "H NMR spectrum of the hydrolysis products of poly(IBVE-co-OPA) (a sample prepared under
the same conditions to those for Figure 1B). * TMS, grease, water, acetone, methanol, CHCl;.

Note for Figure S5: A main compound in the hydrolysis product most likely has a structure shown in Figure
S5, which was suggested by the comparison with the compounds reported in reference S3. However, the
mechanism of the generation of this compound is unclear.

Reference
S3. P. Bunse, E. U. Wuerthwein and B. Wuensch, Eur. J. Org. Chem., 2018, 1806.

Table S2. The number of each sequence per chain®

Myx 100 My, ~OPAcomentinipyup \BUE  IBVE-OPA OPA-IBVE ~ OPA—OPA
copolymer (%)
13.0 1.23 49 14 45 46 12

“ The data of the same sample in Fig. 2A.
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Figure S6. 'H NMR spectrum of the acid alcoholysis product of poly(IBVE-co-OPA) (0.5 M HCI in
MeOH/CH,Cl, (1/1 v/v) solution for 24 h at r.t., 0.5 wt%.). * TMS, water, CHCl;. "References S4 and S5.
Number written in green; integral ratio.



References

S4. J. H. Stephen, P. Andrew and M. Rodolfo, Org. Lett., 2008, 10, 2813.
S5. H. Sakurai, K. Sasaki, J. Hayashi and A. Hosomi, J. Org. Chem., 1984, 49, 2808.

(A) = (B) — (C)
Time C :0 Time < :O Time
Conv. M, x 10~ Conv. M, x10%  cony. M, x 10
DHE (M/M)  opp (/M) o (MJ/M,)
OPA OPA P OPA
9.0 71
20 min 5.4 4h (2.06) 24 h (1.79)
93% (2.12) 62% 48%
. Z 0.22 , 0.48
. N (1.21) "% (1.29)
105 10° 10° MW(PSt) 105 10° 10° 3x102 MW(PSt) 105 10* 10° 3x102 MW(PSt)
II [ T I] T l] Il [ T
14 16 18 20 EV/ml 14 16 18 20 EV/ml 14 16 18 20 EV/mL

Figure S7. MWD curves of the products obtained by the cationic copolymerization of OPA with (A) DHF,
(B) DHP, and (C) DPE. See Table 1 for the polymerization conditions.
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Figure S8. 'H NMR spectrum of poly(DHF-co-OPA) (M, = 5.4 x 103, My/M, = 2.12); recorded in CDCl; at

30 °C. * TMS, grease, water, acetone, CHCl;.
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Figure S9. 'H NMR spectrum of (A) poly(DHP-co-OPA) (M, = 9.0 x 103, M /M, = 2.06) and (B) its
hydrolysis product; recorded in CDCI; at 30 °C. * TMS, grease, water, acetone, CHCl;.

Note for Figure S9: The hydrolysis product had a much lower MW than the original copolymer, which
indicates that the hydrolysis reaction successfully proceeded. However, the 'H NMR spectrum had negligible
peaks assigned to formyl protons at 10—11 ppm. In addition, peaks remained at 4.5-5.5 ppm. We are
currently examining the structure of the hydrolysis product.

62

56
HO O 63 62
63 61

o_

57 60

.

1 10 9 8 7 6 5 4 3 2 1 0
8 (ppm)

Figure S10. '"H NMR spectrum of the acid hydrolysis product of poly(EMPE-co-OPA); recorded in CDCl; at
30 °C. * TMS, grease, water, CHCl;.

Note for Figure S10: Approximately 50% of the hydrolysis products consist of a compound above, which
was suggested by the comparison with the compounds reported in references S3 and S4. However, the
structure of another 50% of the hydrolysis products are unclear.
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Figure S11. 'H NMR spectrum of poly(DPE-co-OPA) (M, = 7.1 x 10°, M/M, = 1.75); recorded in CDCl; at
30 °C. * TMS, grease, water, acetone, methanol.



