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S1. Experimental Section

S1.1. Materials and synthesis

Unless otherwise stated, commercially available chemicals were used without further purification. 4-
(Dimethylamino)-pyridinium-p-toluene sulfonate (DPTS) was synthesized referring to Ref. S1. All the
synthesized molecules (intermediates, monomers, and polymers) were synthesized according to Scheme
1 and referring to Refs. S1-S4. The synthetic procedures for L-configured isomers are representatively

described as below. The D-configured isomers were basically prepared by the same procedures.

L-2HB

L-2-Aminobutyric acid (2.00 g, 19.4 mmol) and 0.5 M H>SO4 aqueous solution (80 mL) were put in a
round flask, and the mixture was cooled to 0 °C in an ice bath. NaNO, (8.03 g, 116.4 mmol) dissolved
in distilled water (27 mL) was added to the flask at 0 °C. The mixture was stirred at 0 °C for 3 hours,
and subsequently was stirred at ambient temperature for 3 days. The reaction mixture was diluted with
ethyl acetate (EA), washed with water and brine. The organic phase was dried over MgSQs, and the
volatiles were removed in vacuo, to yield L-2HB without further purification. Yield: 85%. "H NMR (400

MHz, CDCls) & 4.27 (q, 1H), 2.02-1.69 (m, 2H), 1.03 (q, 3H) ppm.

D-2HB

Yield: 98%. "H NMR (400 MHz, CDCls) § 4.26 (q, 1H), 2.02-1.66 (m, 2H), 1.02 (q, 3H) ppm.

Bn-L-2HB

In a two-necked flask, L-2HB (1.60 g, 15.4 mmol), KOH (0.99 g, 17.7 mmol), and dehydrated N, V-
dimethylformamide (DMF) (40 mL) were stirred at 100 °C under argon atmosphere. After 1 hour, benzyl
bromide (2.21 mL, 18.5 mmol) was added to the flask, and the mixture was stirred at 100 °C for 24 hours.
The reaction mixture was diluted with dichloromethane (DCM), and washed with water and brine. The

organic phase was dried over MgSOs, and the volatiles were evaporated in vacuo. The residue was
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purified by column chromatography on silica gel with a mixed solvent [DCM/hexane = 4:1(v/v)] as an
eluent, to yield Bn-L-2HB. Yield: 66%. "H NMR (400 MHz, CDCl;) § 7.40-7.33 (m, 5H), 5.22 (q, 2H),

4.20 (q, 1H), 1.91-1.66 (m, 2H), 0.94 (t, 3H) ppm.

Bn-D-2HB
Yield: 63%. "H NMR (400 MHz, CDCls) § 7.46-7.32 (m, 5H), 5.22 (q, 2H), 4.20 (q, 1H), 1.91-1.65 (m,

2H), 0.94 (t, 3H) ppm.

TBDPS-LLA-Me

Methyl L-(-)-lactate (1.10 mL, 11.6 mmol), 4-dimethylaminopyridine (DMAP) (0.880 g, 7.20 mmol),
dehydrated DCM (40 mL), and triethylamine (TEA) (4.03 mL, 28.8 mmol) were added to a two-necked
flask purged with argon gas and the mixture was cooled to 0 °C in an ice bath. tert-
Butyldiphenylchlorosilane (TBDPSCI) (3.29 mL, 12.8 mmol) was added dropwise to the flask at 0 °C.
The mixture was stirred at ambient temperature for 12 hours under argon atmosphere. The reaction
mixture was diluted with DCM, and the organic phase was washed with water and brine, and dried over
MgSOs. The volatiles were removed in vacuo, and the residue was purified by column chromatography
on silica gel with a mixed solvent [DCM/hexane = 1:1 (v/v)] as an eluent, to yield TBDPS-LLA-Me.
Yield: 97%. '"H NMR (400 MHz, CDCls) § 7.69-7.66 (m, 4H), 7.44-7.35 (m, 6H), 4.29 (q, 1H), 3.56 (s,

3H), 1.37 (d, 3H), 1.10 (s, 9H) ppm.
TBDPS-DLA-Me
Yield: 98%. 'H NMR (400 MHz, CDCL3) § 7.69-7.65 (m, Ar-H, 4H), 7.44-7.35 (m, Ar-H, 6H), 4.29 (q,

J=6.8 Hz, C-H, 1H), 3.56 (s, O-CH, 3H), 1.37 (d, J=6.8 Hz, C-CHs, 3H), 1.10 (s, C-(CHs)s, 9H) ppm.

TBDPS-LLA
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TBDPS-LLA-Me (4.92 g, 14.4 mmol) and tetrahydrofuran (THF) (80 mL) were added to a round flask,
and the mixture was cooled to 0 °C in an ice bath. Then, LiOH*H,O (2.42 g, 57.6 mmol) dissolved in
distilled water (50 mL) was added to the flask at 0 °C, and the mixture was stirred at ambient temperature
for 5 hours. The reaction mixture was diluted with distilled water and neutralized with 1M hydrochloric
acid. The resulting organic phase was diluted with diethyl ether, washed with water and brine, and dried
over MgSQOs. The volatiles were removed in vacuo, to yield TBDPS-LLA without further purification.
Yield: 75%. '"H NMR (400 MHz, CDCls) § 7.68-7.63 (m, 4H), 7.48-7.37 (m, 6H), 4.32 (q, 1H), 1.32 (d,

3H), 1.11 (s, 9H) ppm.

TBDPS-DLA
Yield: 82%. 'H NMR (400 MHz, CDCls) § 7.67-7.61 (m, 4H), 7.49-7.38 (m, 6H), 4.33 (q, 1H), 1.30 (d,

3H), 1.11 (s, 9H) ppm.

TBDPS-LLA-L-2HB-Bn

TBDPS-LLA (4.28 g, 13.0 mmol), Bn-L-2HB (2.52 g, 13.0 mmol), DPTS (0.76 g, 2.6 mmol), and
dehydrated DCM (40 mL) were added to a two necked flask, and the mixture was cooled to 0°C in an
ice bath. Then, N,N'-diisopropylcarbodiimide (DIC) (3.06 mL, 19.5 mmol) was added to the flask at 0°C,
and the mixture was stirred at ambient temperature for 24 hours. The reaction mixture was filtrated to
remove the precipitated urethane, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel with a mixed solvent [DCM/hexane = 1:1(v/v), which was gradually
changed to 2/3]] as an eluent, to yield TBDPS-LLA-L-2HB-Bn. Yield: 56%. '"H NMR (400 MHz, CDCls)
8 7.68-7.65 (m, 4H), 7.45-7.29 (m, 11H), 5.13 (q, 2H), 4.87 (t, 1H), 4.34 (q, 1H), 1.74 (m, 2H), 1.37 (d,

3H), 1.09 (s, 9H), 0.80 (t, 3H) ppm.

TBDPS-DLA-D-2HB-Bn
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Yield: 60%. "H NMR (400 MHz, CDCL;) & 7.69-7.65 (m, 4H), 7.45-7.29 (m, 11H), 5.13 (q, 2H), 4.87 (t,

1H), 4.34 (q, 1H), 1.74 (m, 2H), 1.37 (d, 3H), 1.09 (s, 9H), 0.81 (t, 3H) ppm.

LLA-L-2HB-Bn

TBDPS-LLA-L-2HB-Bn (3.40 g, 6.74 mmol), dehydrated THF (50 mL) and acetic acid (0.69 mL, 12.1
mmol) was added to a two-necked flask that was purged with an argon gas, and cooled to 0° C in an ice
bath. Tetrabutylammonium fluoride (1 M in THF) (TBAF) (10.1 mL, 10.1 mmol) was added dropwise
to the flask, and the mixture was stirred at ambient temperature for 6 hours. The reaction mixture was
diluted with diethyl ether, washed with water and brine, and dried over MgSQOs. After the volatiles were
removed in vacuo, the residue was purified by column chromatography on silica gel with a mixed solvent
[EA/hexane = 1/6 (v/v), which was gradually changed to 1/1] as an eluent, to yield LLA-L-2HB-Bn.
Yield: 87%. "H NMR (400 MHz, CDCls) § 7.39-7.32 (m, 5H), 5.17 (q, 2H), 5.09 (t, 1H), 4.36 (q, 1H),

1.92 (m, 2H), 1.44 (d, 3H), 0.97 (t, 3H) ppm.

DLA-D-2HB-Bn
Yield: 73%. 'H NMR (400 MHz, CDCL3) & 7.40-7.31 (m, SH), 5.18 (q, 2H), 5.09 (t, 1H), 4.36 (q, 1H),

1.92 (m, 2H), 1.44 (d, 3H), 0.97 (t, 3H) ppm.

LLA-L-2HB

LLA-L-2HB-Bn (1.59 g, 5.97 mmol) and Pd/C (79.5 mg, Swt%) were put in a two-necked flask, which
was purged with hydrogen gas. Dried EA (30 mL) was added to the flask, and the mixture was stirred at
room temperature for 24 hours under hydrogen atmosphere. The reaction mixture was filtered with
Celite®, and the solvent was removed in vacuo, to yield LLA-L-2HB. Yield: 94%. '"H NMR (400 MHz,

CDCl5) 8 5.09 (q, 1H), 4.39 (g, 1H), 2.01-1.90 (m, 2H), 1.50 (d, 3H), 1.04 (t, 3H) ppm.

DLA-D-2HB
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Yield: 97%. 'H NMR (400 MHz, CDCls) & 5.09 (q, 1H), 4.39 (q, 1H), 2.01-1.91 (m, 2H), 1.50 (d, 2H),

1.04 (t, 3H) ppm.

Poly(LLA-alt-L-2HB)

LLA-L-2HB (400 mg, 2.27 mmol), DPTS (131.6 mg, 0.45 mmol), and dehydrated DCM were put in a
two-necked flask, which was purged with argon gas, and the mixture was cooled to 0 °C in an ice bath.
Then, DIC (0.51 mL, 3.41 mmol) was added dropwise into the mixture at 0 °C and the mixture was
stirred at ambient temperature for 24 hours. The reaction mixture was filtrated to insoluble urethane, and
the volatiles were remove in vacuo. The residue was purified by extraction with methanol, to yield
Poly(LLA-alt-L-2HB). Yield: 34%. '"H NMR (400 MHz, CDCl3) § 5.21 (q, 1H), 5.07 (q, 1H), 2.03-1.92
(m, 2H), 1.58 (d, 3H), 1.03 (t, 3H) ppm. *C NMR (100 MHz, CDCl;) § 169.8, 168.9, 73.6, 68.2, 24.3,

16.7, 9.2 ppm.

Poly(DLA-alt-D-2HB)
Yield: 20%. '"H NMR (400 MHz, CDCl;) § 5.21 (q, 1H), 5.04 (q, 1H), 2.04-1.92 (m, 2H), 1.58 (d, 3H),
1.03 (t, 3H) ppm. *C NMR (100 MHz, CDCl;) § 169.8, 168.9, 73.6, 68.9, 24.3, 16.7, 9.2 ppm.

3,16.7,9.2 ppm.

S1.2. Sample preparation

The purified polymers were dried under reduced pressure for at least six days before sample preparation.
The crystallization of neat (unblended) and blended polymers was carried out by the following two
methods: solvent evaporation (casting) and precipitation. Equimolar binary polymer blend was prepared
by the procedure stated in the previous papers.> >’ Briefly, each solution of the two enantiomeric
polymers was prepared separately to have a polymer concentration of 1 g dL™! and then admixed at 1:1
(w:w) ratio under vigorous stirring for preparation of blend samples. Dichloromethane (guaranteed

grade, Nacalai Tesque Inc.) was used as the solvent. The mixed solution was cast onto a petri-dish,
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followed by solvent evaporation at 25°C for approximately one day. The obtained polymer blend was
further dried under reduced pressure for at least six days. The precipitated samples were prepared by
dissolving solvent-evaporated samples at a concentration of 2 g dL' (10 mg/0.5 mL) in

dichloromethane and reprecipitation with stirred methanol (5 mL) as the nonsolvent.5*%’

S1.3. Physical measurements and observation

The weight- and number-average molecular weights (M., and M,, respectively) of the polymers were
evaluated in chloroform at 40°C using a Tosoh (Tokyo, Japan) gel permeation chromatography (GPC)
system with two TSK gel columns (GMHx:) and polystyrene standards. Therefore, the M., and M,
values are given relative to polystyrene.>® The "H and '*C NMR spectra were measured in deuterated
chloroform (50 mg mL") by a Bruker BioSpin (Kanagawa, Japan) AVANCE III 400 using
tetramethylsilane as the internal standard.5'*'! The specific optical rotation ([ a]**sse) of the polymers
was measured in chloroform at a concentration of 1 g dL"' and 25°C using a JASCO P-2100 polarimeter
at a wave length of 589 nm.5¢

The glass transition, cold crystallization, and melting temperatures (7, Tcc, and Tn, respectively)
and the enthalpies of cold crystallization and melting (A4H.. and AHy, respectively) were determined
with a Shimadzu (Kyoto, Japan) DSC-60 differential scanning calorimeter under a nitrogen gas flow at
a rate of 50 mL min™.%° The samples (ca. 3 mg) were heated from 0 to 250°C at a rate of 10°C min™).
¢ Wide angle X-ray diffraction (WAXD) measurements were carried out at 25°C using a RINT-2500
(Rigaku Co., Tokyo, Japan) equipped with a Cu-K,, source [wave length (A) = 1.5418 A].5 In a 26
range of 5-30°, the crystalline diffraction peak areas of respective crystalline species relative to the
total area between a diffraction profile and a baseline were used to estimate the X. values.>® Fourier
transform infrared (FTIR) spectra were obtained using a JASCO (Tokyo, Japan) FT/IR-4200 by the

KBr (For Infrared Spectrophotometry, Wako Pure Chemical Industries, Ltd., Osaka, Japan) method.®’
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S2.'H NMR spectra of P(LLA-alt-L-2HB), P(DLA-alt-D-2HB), P(L-2HB), P(LLA-co-L-2HB),

and PLLA (Figure S1)
(a) P(LLA-alt-L-2HB) and P(DLA-alt-D-2HB) (b) P(L-2HB), P(LLA-co-L-2HB), and PLLA c
a
Q a c
i NN
©'b n OH N d
o M

c
o/
P(LLA-alt-L-2HB) c b e d
a M A M‘»\__J

P(LLA-co-L-2HB)

b
M ; M J
P(DLA-alt-D-2HB) PLLA
5.2 5.1 5.0 2.0 1.5 1.0 5.2 5.1 5.0 2.0 15 1.0
ppm ppm

Figure S1. "H NMR spectra of (a) P(LLA-alt-L-2HB), P(DLA-alt-D-2HB), (b) P(L-2HB), P(LLA-
co-L-2HB) (56/44) random copolymer, and PLLA in CDCls. The spectra in Figure S2(b) were

reproduced from ref. S9 with permission from Elsevier.
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S3. *C NMR spectra of P(LLA-alt-L-2HB) and P(DLA-alt-D-2HB) (Figure S2)

T T T T T T T T T T T T T

:
(a) Carbonyl carbons (b) Methine carbons
L-2HB LLA
L-2HB LLA
P(LLA-alt-L-2HB) P(LLA-alt-L-2HB)
D-2HB DLA
D-2HB DLA
P(DLA-alt-D-2HB) P(DLA-alt-D-2HB)

175 174 173 172 171 170 169 168 167 166 165 76 75 74 73 72 71 70 69 68 67 66
ppm ppm

(c) Methylene carbons (d) Methyl carbons

L-2HB
LLA
L-2HB
P(LLA-alt-L-2HB) P(LLA-alt-L-2HB) D-2HB
DLA
D-2HB
P(DLA-alt-D-2HB) P(DLA-alt-D-2HB)
30 29 28 27 26 25 24 23 22 21 20 18 17 16 15 14 13 12 11 10 9 8
ppm ppm

Figure S2. *C NMR spectra of (a) carbonyl, (b) methine, (c) methylene, (d) methyl carbons of

P(LLA-alt-L-2HB) and P(DLA-alt-D-2HB) in CDCls.
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S4. *C NMR spectra of P(L-2HB), P(LLA-co-L-2HB), and PLLA (Figure S3)

T T T T T T T T T T T T T T T
(a) Carbonyl carbons L-2HB (b) Methine carbons
L-2HB
P(L-2HB) P(L-2HB)
LLA
L-2HB
LLA L-2HB /}\
P(LLA-co-L-2HB) LLA P(LLA-co-L-2HB) - LLA
PLLA PLLA
175 174 173 172 171 170 169 168 167 166 165 76 75 74 73 72 71 70 69 68 67
ppm ppm
(c) Methylene carbons (d) Methyl carbons L-2HB
L-2HB
P(L-2HB) P(L-2HB)
L-2HB LLA L-2HB
P(LLA-co-L-2HB) P(LLA-co-L-2HB)
LLA
PLLA PLLA
30 29 28 27 26 25 24 23 22 21 20 18 17 16 15 14 13 12 1 10 9
ppm ppm

Figure S3. °C NMR spectra of (a) carbonyl, (b) methine, (c) methylene, (d) methyl carbons of P(L-

2HB), P(LLA-co-L-2HB) (56/44) random copolymer, and PLLA in CDCIs. The spectra in Figure

S4(a) were reproduced from ref. S9 with permission from Elsevier.
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S5. WAXD profile of N,N'-diisopropylurea (DIU) (Figure S4)

Intensity (arbitrary unit)

Figure S4. WAXD profile of N, N'-diisopropylurea (DIU).
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S6. Interplanar distance and crystalline diffraction angle values of samples (Table S1)

Table S1. Interplanar distance (d) and crystalline diffraction angle (26) values of samples.

SC Crystallization ® d(A)[20 (°)] Refs.
9°= 20 = 12° 16°= 20 = 21° 19°= 20= 24°
P(LLA-ait-L-2HB)/P(DLA-alt-D-2HB) SC® SE 772[11.46]  4.47[19.88] 3.90 [22.83]  Present
Pr 7.89[11.21]  4.54[19.57] 3.93 [22.63] study
P(LLA-co-L-2HB)/P(DLA-co-D-2HB) SC MC (T.=160°C)  7.85[11.28]  4.52[19.63] 4.42[20.10]  3.92[22.71] S12
SE 7.69 [11.51]  4.45[19.95] 3.88 [22.95]
P(LLA-co-L-2HB)/P(D-2HB-co-D-2H3MB) SC?  MC (T.=70°C)  8.35[10.59]  4.81[18.45] 4.64[19.12]  4.17[21.32] S6
SE 825[10.72]  4.71[18.83] 4.14[21.46]
Pr 8.31[10.65]  4.77[18.61] 4.14[21.46]
P(LLA-co-L-2H3MB)/P(DLA-co-D-2H3MB) SC? MC (T.=120°C)  8.43[10.50]  4.86[18.25] 4.68[18.95]  4.21[21.11] S13
MC (T.=80°C)  839[10.55]  4.86[18.27] 4.66[19.06]  4.21[21.10]
SE 8.27[10.70]  4.79[18.51] 4.64[19.11]  4.17[21.31]
PLLA/PDLA SC MC (T.=130°C)  7.42[11.93]  4.29[20.72] 3.71 [23.99] S14
P(L-2HB)/P(D-2HB) SC MC (T.=130°C)  8.28[10.68]  4.78 [18.56] 4.60[19.29]  4.14[21.46] S15
P(L-2H3MB)/P(D-2H3MB) SC © MC (T.=130°C)  9.16[9.66] 5.28[16.79] 5.01[17.72]  4.57[19.44] S16

Y MC, SE, and Pr indicate that the samples were prepared by melt-crystallization at shown T, solvent-evaporation, and

precipitation, respectively.

b The 26 values as peak-top angles were estimated using the intersection of two contacting lines of higher and lower angle

sides for each peak.
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S7. Crystallinity and thermal properties of samples (Table S2)

Table S2. Crystallinity and thermal properties of samples.

Sarmpl p . X T Tm® AHm®
ample reparation %) °C) °C) Jeh
P(LLA-alt-L-2HB) Purification 0 21.6
Solvent-evaporation 0 17.6
Precipitation 0 40.4
P(DA-alt-D-2HB) Purification 0 20.9
Solvent-evaporation 0 19.7
Precipitation 0 15.5,29.4
P(LLA-alt-L-2HB)/P(DLA-alt-D-2HB) blend  Solvent-evaporation 66.7 36.3 187.9 65.4
Precipitation 60.8 33.7 187.5 55.8

) Crystallinity estimated by WAXD.

Y Ty, Tm, and AH,, are glass transition and melting temperatures and melting enthalpy, respectively.
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S8. FTIR spectroscopy (Figure S5 and Table S3)

The FTIR spectra of solvent-evaporated neat P(LLA-alt-L-2HB), P(DLA-alt-D-2HB), and P(LLA-alt-

L-2HB)/P(DLA-alt-D-2HB) blend are shown in Figure S5, along with assignments of LA and 2HB

units reported in the literatures for PLLAS'"2° and a book chapter for FTIR (SCH,).5*' The assignments

were for both LA and 2HB units, except for SCH» for 2HB units. The solvent evaporated samples were
chosen for the measurements because the solvent-evaporated P(LLA-a/t-L-2HB)/P(DLA-alt-D-2HB)
blend had higher X, value than that of precipitated one. The peak frequencies of the FTIR spectra are
tabulated in Table S3. As seen in Table S3, all peak frequencies of P(LLA-al/t-L-2HB)/P(DLA-alt-D-
2HB) blend were different from those of neat P(LLA-a/t-L-2HB) and P(DLA-a/t-D-2HB). Since the
P(LLA-alt-L-2HB)/P(DLA-alt-D-2HB) blends can form SC crystalline phase but the neat P(LLA-al/t-
L-2HB) and P(DLA-a/t-D-2HB) were amorphous, such large frequency changes of FTIR spectra can
be ascribed to the stronger interaction between P(LLA-alt-L-2HB) and P(DLA-a/t-D-2HB) than that

between P(LLA-alt-L-2HB) or P(DLA-a/t-D-2HB) chains, resulting in SC formation.

8,CH, (2HB units)

8,,CH,

— — — — | 8CH +vCOC

- - — = —|8CH,

Absorbance

I

I

I

I

I

I

|
1900 1800 1700 1600 1500 1400 1300 1200 1100 1000
Wavenumber (cm™)

Figure S5. FTIR spectra of solvent-evaporated unblended P(LLA-alt-L-2HB), P(DLA-alt-D-2HB), and
P(LLA-alt-L-2HB)/P(DLA-alt-D-2HB) blend and peak assignments.
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The frequency change of vC=0 peak is frequently utilized to monitor SC crystallization. The
frequency change of vC=0 peak of P(LLA-alt-L-2HB)/P(DLA-alt-D-2HB) blend (1761 to 1759 cm™)
by SC crystallization was smaller than those of PLLA/PDLA blends (1754 to 1749 cm™ or 1756 to 1751
em )31 byt larger than that of P(LLA-alt-GA)/P(DLA-alt-GA) blend (1760 to 1760 cm™, no
change).’” These frequency changes cannot be simply compared, since in the case of P(LLA-alt-L-
2HB) and P(DLA-alt-D-2HB), frequency changes were those between stereocomplexed blends and
amorphous L- or D-configured neat polymers, whereas in the cases of PLLA and PDLA and of P(LLA-
alt-GA) and P(DLA-alt-GA), L- or D-configured, frequency changes were those between

stereocomplexed blends and homo-crystallized L- or D-configured neat polymers.

Table S3. The peak frequencies of FTIR spectra of samples.

Assignments FTIR Frequencies (cm™)

P(LLA-alt-1L-2HB)  P(DLA-q/t-D-2HB)  Average ¥ Blend
vC=0 1761 1760 1761 1759
o0CH + vCOC 1262 1261 1262 1263
1asCOC 1211 1209 1210 1215
1asCOC 1184 1183 1184 1181
pasCH3 1126 1126 1126 1131
wCOC 1091 1092 1192 1089
v C-CH3 1044 1044 1044 1040

3 The averages of the peak frequencies of P(LLA-alt-L-2HB) and P(DLA-al+-D-2HB).
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