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1. Characterization.

Nuclear magnetic resonance (NMR) spectra were recorded with JEOL ECS-400 (400
MHz; JEOL Ltd., Japan) at room temperature and reported in ppm (8). 'H NMR spectra
referenced to the tetramethylsilane (0.00 ppm). 3C NMR spectra referenced to the
tetramethylsilane (0.00 ppm), CDCIz (77.16 ppm), (CD3)SO (39.52 ppm).Gel
permeation chromatography (GPC) was performed on Viscotek TDA302 (Malvern
Panalytical Ltd., United Kingdom) equipped with two linearly connected polystyrene
(PSt) mixed gel columns (Tosoh corporation, TSKgel GMHHR-H) at 40 °C using RI
detectors. THF. The GPC was calibrated with PMMA standard. Adhesive strength was
evaluated by centrifugal force using LUMiFrac® produced by LUM. Centrifugal force
was applied at 5 N s™! and the adhesive force was calculated from the force at which the
adhesive site was dislodged. Viscosity was measured by applying a shear rate to a target

sample using a rotating rheometer fitted with a concentric cylinder with a conical tip.

2. Preparation of copolymers.
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Triethyl silyl chloride (26.2 mL, 155 mmol) was added slowly to a mixture 1 (11.0 g,

Synthesis of 1.

35.2 mmol) and imidazole (11.5 g, 169 mmol) in dehydrated DMF (60 mL) under an ice
bath, and the resulting solution was stirred at this temperature for 1 h. After more stirring
at room temperature for 17.5 h, the resulting mixture was quenched with saturated

aqueous NaHCOs solution, and was extracted with ethyl acetate/hexane (3:1 v/v). The



combined organic layers were washed with saturated aqueous NaCl solution, dried over
MgSOs, filtered, and concentrated under reduced pressure to give the crude mixture.
Purification by silica gel chromatography (hexane/ethyl acetate = 98/2) afforded the title
compound (18.2 g, 67%). 'H NMR (CDCls, 400 MHz): & = 7.18 (s, 2H), 6.13(s, 1H),
5.59(s, 1H), 4.34(m, 1H), 4.32 (m, 4H) , 1.95(s, 3H), 1.04-0.89(t, 36H), 0.85-0.71(q, 18H),
0.65-0.57(q, 6H) ; 1*C NMR (CDCls, 100 MHz): & = 167.1, 166.2, 148.1, 143.9, 136.2,

125.8,121.8, 114.8, 68.4, 65.9, 65.7, 1834, 6.8, 6.6, 5.3, 5.1, 4.9.

Synthesis of the random copolymer Polyla.
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2-Cyano-2-propyl Dodecyl Trithiocarbonate (33 pL, 0.092 mmol), EHMA (3.80 mL,
12.9 mmol), 1’ (1.0 g, 1.30 mmol), and AIBN (15.2 mg, 0.093 mmol) were heated at
60 °C for 12 h. Dichloroethane (6.0 mL) and AIBN (7.6 mg, 0.047 mmol) were added to
the reaction mixture, and stirred at 60 °C for 24 h. A small portion of the reaction mixture
was taken, and the conversion of the monomers (EHMA:>99% and 1°:>99%), Mn (5.1 x
10%), and D (1.2) were determined by using 'H NMR or GPC, respectively.
Tetrabutylammonium fluoride solution in THF (1.0 M, 1.6 mL) and acetic acid (xx mL,
xx mmol) were added to the reaction mixture, and stirred for 1 h at room temperature for

deprotection of triethyl silyl group. The resulting mixture was was poured into vigorously



stirred methanol (1000 mL). The product collected by suction filtration was dried under

reduced pressure at 60 °C for 15 h to give polyla (3.6 g, 94%).

Synthesis of the block copolymer poly1b.
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2-Cyano-2-propyl dodecyl trithiocarbonate (33 pL, 0.092 mmol), EHMA (1.0 mL, 4.5
mmol), and AIBN (15.2 mg, 0.093 mmol) were heated at 60 °C for 12 h. A small portion
of the reaction mixture was taken, and the conversion of EHMA (94%), M (1.1 x 10%),
and D (1.1) were determined by using 'H NMR or GPC, respectively. The crude mixture
of the first block was used to the next step without further purification.

EHMA (2.8 mL, 12.8 mmol), 1’ (1.0 g, 1.30 mmol), AIBN (7.6 mg, 0.047 mmol) and
dichloroethane (1.1 mL) were added to the crude mixture, and the resulting solution was
heated at 60 °C for 45 h. A small portion of the reaction mixture was taken, and the
conversion of the monomers (EHMA:99% and 1°:97%), Mn (4.3 x 10%), and D (1.2) were
determined by using 'H NMR or GPC, respectively. Dichloroethane (10 mL),
tetrabutylammonium fluoride solution in THF (1.0 M, 8.0 mL, 7.8 mmol) and acetic acid
(0.30 mL, 5.2 mmol) were added to the reaction mixture, and stirred for 1 h at room
temperature. The resulting mixture was poured into vigorously stirred methanol (1000

mL). The product collected by suction filtration was dried under reduced pressure at 60 °C



for 15 h to give polylb (3.7 g, 97%).

Synthesis of the block copolymer polylec.
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2-Cyano-2-propyl dodecyl trithiocarbonate (33 pL, 0.092 mmol), EHMA (2.0 mL, 9.1

mmol), and AIBN (15.2 mg, 0.093 mmol) were heated at 60 °C for 12 h. A small portion
of the reaction mixture was taken, and the conversion of EHMA (97%), Mx (1.7 x 10%),
and D (1.2) were determined by using 'H NMR or GPC, respectively. The crude mixture
of the first block was used to the next step without further purification.

EHMA (1.8 mL, 8.2 mmol), 1’ (1.0 g, 1.30 mmol), AIBN (7.6 mg, 0.047 mmol) and
dichloroethane (2 mL) were added to the crude mixture, and the resulting solution was
heated at 60 °C for 24 h. A small portion of the reaction mixture was taken, and the
conversion of the monomers (EHMA:>99% and 1°:>99%), M (4.3 x 10%), and D (1.1)
were determined by using '"H NMR or GPC, respectively. Dichloroethane (10 mL),
tetrabutylammonium fluoride solution in THF (1.0 M, 8.0 mL, 7.8 mmol) and acetic acid
(0.30 mL, 5.2 mmol) were added to the reaction mixture, and stirred for 1 h at room
temperature. The resulting mixture was poured into vigorously stirred methanol (1000
mL). The product collected by suction filtration was dried under reduced pressure at 60 °C

for 15 h to give polylc (3.4 g, 89%).



Synthesis of the block copolymer polyld.
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2-Cyano-2-propyl dodecyl trithiocarbonate (33 pL, 0.092 mmol), EHMA (3.0 mL, 13.7
mmol), and AIBN (15.2 mg, 0.093 mmol) were heated at 60 °C for 12 h. A small portion
of the reaction mixture was taken, and the conversion of EHMA (99%), M (2.2 x 10%),
and D (1.2) were determined by using 'H NMR or GPC, respectively. The crude mixture
of the first block was used to the next step without further purification.

EHMA (0.8 mL, 3.6 mmol), 1’ (1.0 g, 1.30 mmol), AIBN (7.6 mg, 0.047 mmol) and
dichloroethane (2.5 mL) were added to the crude mixture, and the resulting solution was
heated at 60 °C for 24 h. A small portion of the reaction mixture was taken, and the
conversion of the monomers (EHMA:>99% and 1°:>99%), Mx (5.0 x 10%), and D (1.1)
were determined by using '"H NMR or GPC, respectively. Dichloroethane (10 mL),
tetrabutylammonium fluoride solution in THF (1.0 M, 8.0 mL, 7.8 mmol) and acetic acid
(0.30 mL, 5.2 mmol) were added to the reaction mixture, and stirred for 1 h at room
temperature. The resulting mixture was poured into vigorously stirred methanol (1000
mL). The product collected by suction filtration was dried under reduced pressure at 60 °C

for 15 h to give polyld (3.4 g, 89%).



Synthesis of the block copolymer polyle.
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2-Cyano-2-propyl dodecyl trithiocarbonate (33 pL, 0.092 mmol), 1’ (1.0 g, 1.30 mmol),

and AIBN (15.2 mg, 0.093 mmol) were heated at 60 °C for 12 h. A small portion of the
reaction mixture was taken, and the conversion of 1° (99%), Mu (1.1 x 10%), and D (1.1)
were determined by using '"H NMR or GPC, respectively. The crude mixture of the first
block was used to the next step without further purification.
EHMA (3.80 mL, 12.9 mmol), AIBN (7.6 mg, 0.047 mmol) and dichloroethane (0.9 mL)
were added to the crude mixture, and the resulting solution was heated at 60 °C for 69

h. A small portion of the reaction mixture was taken, and the conversion of EHMA
(99%), My (4.1 x 10%), and D (1.2) were determined by using 'H NMR or GPC,
respectively. Dichloroethane (10 mL), tetrabutylammonium fluoride solution in THF (1.0
M, 8.0 mL, 7.8 mmol) and acetic acid (0.30 mL, 5.2 mmol) were added to the reaction
mixture, and stirred for 1 h at room temperature. The resulting mixture was poured into
vigorously stirred methanol (1000 mL). The product collected by suction filtration was

dried under reduced pressure at 60 °C for 15 h to give polyle (3.3 g, 86%).

Synthesis of poly2.'?



. e o

f—%
OH AIBN(3moI%) Oy _NHR OO
60 °C, 12 h g

poly2
2 (0.7 g, 3.2 mmol), EHMA (3.5 mL, 15.4 mmol), AIBN (80.4 mg, 0.49 mmol) and DMF
(1.9 mL) were heated at 60 °C for 12 h. The reaction mixture was dissolved to
chloroform/acetone (1vol.%/1vol.%, 110 mL) and the resulting mixture was poured into
vigorously stirred methanol (2000 mL). The product collected by suction filtration was
dried under reduced pressure at 80 °C for 15 h to give poly2 (2.7 g). GPC and '"H NMR

measurements could not be performed due to the low solubility of the resulting polymer.

Synthesis of poly3.
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2-Cyano-2-propyl Dodecyl Trithiocarbonate (33 pL, 0.092 mmol), EHMA (4.20 mL,
18.6 mmol), and AIBN (15.2 mg, 0.093 mmol) were heated at 60 °C for 93.593.5 h. A
small portion of the reaction mixture was taken, and the conversion of EHMA (93%), Mn
(3.1 x 10%), and P (1.2) were determined by using 'H NMR or GPC, respectively. The
resulting mixture was poured into vigorously stirred methanol (1000 mL). The product
collected by suction filtration was dried under reduced pressure at 60 °C for 15 h to give

poly3 (3.5 g, 93%).
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Scheme S1. General synthesis method of a forced gradient copolymer.

3. Preparation of a test specimen for adhesion test (Figure S1).

A copolymer was dissolved in chloroform or THF to concentration of 125 g L', and the
75 uL of resulting solution was spread over an aluminum stamp (Adhesive area = 78.5
mm?). A solvent on a stamp was vapored at room temperature and a resulting stamp was
attached to weight (18.3 g). A test stamp was overlapped with center of an aluminum plate
(20 mm x 20 mm x 2 mm), and it was cured at 80 or120 °C for 1 h. The resulting test

specimen was allowed to cool for 1 h and used to a tensile strength test.



Weight

(18.3 g)
Attach a weigh

1) Dropcast of
a polymer solution

L

2) Evaporation
of a solvent

Polymer

Aluminum butt

Test stamp
(19.4 g)

Aluminum plate
(20 mm x 20 mm x 2 mm )

L

1) Coated area of test stan{) was placed on
center of the aluminum plate.

2) Curing at 80 or 120 °C for 1 h. .
Test specimen

Figure S1. Preparation of a test specimen.



Figure S2. (A) Photograph of LUMiFrac® (LUM GmbH, Germany). (B) Photograph of

the measuring chamber.
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Figure S3. Photograph of the fracture surfaces of adhesion tests of (a) Polyla, (b)Polylb,

(c)Polyle, (d)Polyld, (e)Polyle and (f)Poly3.



(a) Polylb (b) Polylc

Polyib Precursor Polylc Precursor
M,=43 % 104 M, =1.1 x 10* M, =4.3 x 104 M, =17 x 104
B=12 D=11 p=11 p=12

1 r
16 17 18 13 14 15 16 17 18

elution time (min) elution time (min)

(c) Polyld (d) Polyle

Poly1d Precursor Polyle Precursor
M, =50 x 10 M, =22 x 10* M, =41 x 104 M,=1.1 > 10*
b=11 / D=12 b=12 D=11

1T
13 14 15 16 17 18 13

elution time (min) elution time (min)

Figure S4. GPC profiles of (a) polylb, (b) polyle, (c) polyld and (d) polyle.
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Figure S5. '"H NMR spectrum of 1’ in CDCls.
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Figure S6. °C NMR spectrum of 1 in CDCls.
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Figure S7. '"H NMR spectrum of polyla in acetone.




Figure S8. '"H NMR spectrum of polylb in acetone.
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Figure S9. '"H NMR spectrum of polyl¢ in acetone.




Figure S10. "H NMR spectrum of polyld in acetone.
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Figure S11. '"H NMR spectrum of polyle in acetone.
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Figure S12. '"H NMR spectrum of poly3 in CDCl:.
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