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Experimental Procedure
Synthesis of N-acryloyl leucine methyl ester (NALMe).

H-Leu-OMe hydrochloride 5.00 g (27.5 mmol) and TEA 8.4 mL (60.6 mmol) were dissolved in DCM
(200 mL) and cooled in an ice-bath. Acryloyl chloride 2.67 mL (33.0 mmol) was diluted with DCM (15
mL) and added dropwise to the amino acid solution over 90 min. After addition, the reaction solution
was stirred overnight in an ice-bath. The solution was washed repeatedly with 1.5 M MgSOQO4 aq. (100
mL x 5). The organic phase was collected and dried over anhydrous Na>SQ,. After the solution was
filtered and concentrated in vacuo, the obtained monomer was purified by column chromatography using
a silica gel column (Wakogel FC-40) with hexane/ethyl acetate (v/v = 2/1) mixed solution as the eluent.
The resultant solution was concentrated in vacuo and the obtained monomer was recrystallized from
diethyl ether.

Yield: 2.6 g (53 %).

H-NMR (DMSO-ds, TMS) (Fig. S1): 0.8-1.0 ppm (6H, -CH,CH(CH,),: side chain of Leu), 1.4-1.7 ppm
(2H, -CH,CH(CHj5),, 1H, -CH,CH(CHj5), : side chain of Leu), 3.6 ppm (3H, - COOCHj5: methyl ester), 4.3-
4.4 ppm (1H, -COCHNH-: Leu), 5.6-5.7 ppm (1H, CH,CH-: vinyl (cis)), 6.0-6.1 ppm (1H, CH,CH-: vinyl
(trans)), 6.2-6.3 ppm (1H, CH,CH-: vinyl), 8.4-8.6 ppm (1H, -CHNHCO-: amide).

Synthesis of N-acryloyl phenylalanine methyl ester (NAFMe).

H-Phe-OMe hydrochloride 5.00 g (23.2 mmol) and TEA 6.62 mL (47.5 mmol) were dissolved in DCM
(200 mL) and the mixture was stirred for 20 min. Acryloyl chloride 1.97 mL (24.3 mmol) was diluted in
DCM (15 mL) and added dropwise to the amino acid solution in an ice-bath for 90 min. The reaction
solution was stirred overnight in an ice-bath. The solution was washed repeatedly with 1.5 M MgSO.,
aq. (100 mL x 5). The organic phase was collected and dried over anhydrous Na>SO.. After filtration
and evaporation, the obtained monomer was recrystallized from a methanol system to produce pure
NAFMe as a white solid.

Yield: 2.9 g (54 %).

H-NMR (DMSO-ds, TMS) (Fig. S1): 2.8-3.1 ppm (2H, -CH,Cg¢Hs: side chain of Phe), 3.6 ppm (3H, -
COOCH;: methyl ester), 4.4-4.8 ppm (1H, -COCHNH-: Phe), 5.6-5.7 ppm (1H, CH,CH-: vinyl (cis)), 6.0-
6.1 ppm (1H, CH,CH-: vinyl (trans)), 6.2-6.4 ppm (1H, CH,CH-: vinyl), 7.1-7.4 ppm (5H, -CH,C¢Hs: side
chain of Phe), 8.5-8.7 ppm (1H, - CHNHCO-: amide).

Synthesis of N-acryloyl valine methyl ester (NAVMe).

H-Val-OMe hydrochloride 5.00 g (29.8 mmol) and TEA 8.4 mL (66.1 mmol) were dissolved in DCM
(200 mL) and cooled in an ice-bath. Acryloyl chloride 2.91 mL (36.0 mmol) was diluted in DCM (15 mL)
and added dropwise to the amino acid solution for 90 min. After addition, the reaction solution was
stirred overnight in an ice-bath. The solution was washed repeatedly with 1.5 M MgSQO4 aqg. (100 mL x
5). The organic phase was collected and dried over anhydrous Na,SOs. After the solution was filtered
and concentrated in vacuo, the obtained monomer was purified by column chromatography using a

silica gel column (Wakogel FC-40) with hexane/ethyl acetate (v/v = 2/1) mixed solution as the eluent.
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The resultant solution was concentrated in vacuo and the obtained monomer was recrystallized from
diethyl ether.

Yield: 3.70 g (66 %).

H-NMR (DMSO-ds, TMS) (Fig. S1): 0.8-0.9 ppm (6H, -CH(CHj),: side chain of Val), 2.0-2.1 ppm (1H, -
-CH(CHgy), : side chain of Val), 3.6 ppm (3H, -COOCH;: methyl ester), 4.2-4.3 ppm (1H, -COCHNH-:
Val), 5.6-5.7 ppm (1H, CH,CH-: vinyl (cis)), 6.0-6.1 ppm (1H, CH,CH-: vinyl (frans)), 6.3-6.4 ppm (1H,
CH,CH-: vinyl), 8.3-8.4 ppm (1H, -CHNHCO-: amide).

Synthesis of N-acryloyl serine methyl ester (NASMe).

H-Ser-OMe hydrochloride 4.97 g (31.8 mmol) and DIPEA 11.1 mL (63.2 mmol) were dissolved in
DCM (200 mL) and cooled in an ice-bath. Acryloyl chloride 2.56 mL (31.5 mmol) was diluted in DCM
(15 mL) and added dropwise to the amino acid solution. After addition, the reaction solution was stirred
overnight in an ice-bath. The reaction mixture was washed five times with saturated NaCl aq. (100
mL). The organic layer was collected and dried over anhydrous Na>SO.. The solution was concentrated
in vacuo and then passed through a silica gel column using a mixed solution of DCM/acetone/MeOH
(v/iviv = 5/1/1) as the eluent. The resulting solution was concentrated in vacuo. Subsequently, it was
freeze-dried in water to produce pure NASMe as a white solid.

Yield: 3.66 g (67 %).

'H-NMR (DMSO-ds, TMS) (Fig. S1): 3.6-3.9 ppm (3H, -COOCHs: methyl ester; 2H, -CH-OH: side chain
of Ser), 4.3-4.5 ppm (1H, -COCHNH-: Ser), 5.1 ppm (1H, -CH2OH: side chain of Ser), 5.6-5.7 ppm (1H,
CH-CH-: vinyl (cis)), 6.1-6.2 ppm (1H, CH-CH-: vinyl (trans)), 6.3-6.4 ppm (1H, CH>.CH-: vinyl), 8.5-8.6
ppm (1H, -CHNHCO-: amide).

Synthesis of N-acryloyl lysine(Z) methyl ester (NAK(Z)Me).

H-Lys(Z)-OMe hydrochloride 3.33 g (10.1 mmol) and TEA 2.8 mL (20.0 mmol) were dissolved in
DCM (200 mL) and cooled over an ice-bath. Acryloyl chloride 0.81 mL (10.0 mmol) was diluted in DCM
(15 mL) and added dropwise to the amino acid solution. After addition, the reaction solution was stirred
overnight in an ice-bath. The reaction mixture was washed five times with saturated NaCl aq. (100 mL).
The organic layer was collected and dried over anhydrous Na>SO.. The solution was concentrated in
vacuo and then passed through a silica gel column using hexane/ethyl acetate (v/v = 2/1) mixed solution
as the eluent. The resulting solution was concentrated in vacuo. Subsequently, it was freeze-dried in
water to produce pure NAK(Z)Me as a white solid.

Yield: 2.51 g (72 %).

'H-NMR (DMSO-ds, TMS) (Fig. S1): 1.2-1.8 ppm (2H, -CHCH2CH-CH>CH>-: side chain of Lys; 2H, -
CHCH-CHpa-: side chain of Lys; 2H, -NHCH>CH-CH>-: side chain of Lys), 2.9-3.0 ppm (2H, -NHCH>CH-:
side chain of Lys), 3.6 ppm (3H, -COOCHs: methyl ester), 4.2-4.3 ppm (1H, -COCHNH-: Lys), 5.1 ppm
(2H, -OCH-C-: Z protecting group), 5.6-5.7 ppm (1H, CHzCH-: vinyl (cis)), 6.1-6.2 ppm (1H, CH-CH-:
vinyl (trans)), 6.3-6.4 ppm (1H, CH.CH-: vinyl), 7.2-7.4 ppm (5H, -CH>CesHs: phenyl of Z protecting group),
8.5-8.6 ppm (1H, -CHNHCO-: amide).
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Figure S1. 'H-NMR spectra of NAGMe (a), NAAMe (b), NASMe (c), NALMe (d), NAFMe (e), NAVMe (f), and

NAK(Z)Me (g) in DMSO-ds at 25 °C (Internal standard: TMS).
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Figure S2. 'H-NMR spectra of A1s-b-Gs-b-A1s (a), A15-b-Ss-b-A1s (b), A1s-b-Ls-b-A1s (C), A1s-b-Fs-b-Aqs (d),
A15-b-Vs-b-Ais (€), A1s-b-K(Z)s-b-A1s (f) and Ass (e) in DMSO-ds at 25 °C (Internal standard: TMS).
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Figure S3. Schematic illustration of the one-pot synthesis of sequence-controlled amino acid-derived block

copolymers via ultra-rapid RAFT polymerization.
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Figure S4. SEC charts for consecutive steps during the synthesis of A1s-b-Ss-b-A1s (a), A1s-b-Ls-b-A1s (b),

A1s-b-Fs-b-A1s (C), A15-b-Vs-b-A1s (d), and A1s-b-K(Z)s-b-A1s (e). Eluent: THF, temperature: 40 °C.
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Figure S5. MALDI TOF MS spectra for consecutive steps during the synthesis of A1s-b-Ss-b-A1s (a),
A1s-b-Ls-b-A1s (b), A1s-b-Fs-b-A1s (C), A1s-b-Vs-b-A1s (d), and A1s-b-K(Z)s-b-A1s (e). Matrix: DHBA.
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Figure S6. Deprotection of Z groups of Aso-co-K(Z)s by treating with 5 % HBr/CHzCOOH. (a) MALDI-TOF MS
spectra (matrix: DHBA) and (b) "H-NMR spectra (in DMSO-ds at 25 °C) of Azo-co-K(Z)s (blue) and Aso-co-Ks
(red).
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Table S1. Feed composition for preparation of A,-b-G:b-A,s

Step 1 2 S
Monomer NAAMe NAGMe NAAMe
DPeeq 15 S 15
Mmonomer (MQ) / (Mmol)* 157.7 /1.00 42.9/0.30 133.5/0.85
mcta(mg) / (mmol) 16.9/0.066 - =
Minitiator (MQ) / (MmMol) 4.3/0.013 4.3/0.013 4.3/0.013
Vper step (ML) 1.0 1.0 1.0
% H.O 25.0 25.0 25.0
Viota (ML) 1.0 1.9 2.8

* After the end of each step, 100 uL of the solution was sampled by using a syringe to further measuremenst of SEC and
MALDI TOF MS. The amount of CTA removed from the system was taken into account for the calculations of the next step.

Table S2. Feed composition for preparation of A,-b-Szb-A,;.

Step 1 2 3
Monomer NAAMe NASMe NAAMe
DPeeq 15 5 15
M monomer (M) / (MmMol)* 157.7 /1.00 52.0/0.30 133.5/0.85
Mcra(mg) / (mmol) 16.9 /0.066 = -
Minitator (MQ) / (MmMol) 4.3/0.013 4.3/0.013 4.3/0.013
Voer step (ML) 1.0 1.0 1.0
% H>O 25.0 25.0 25.0
Viotal (ML) 1.0 1.9 2.8

* After the end of each step, 100 L of the solution was sampled by using a syringe to further measuremenst of SEC and
MALDI TOF MS. The amount of CTA removed from the system was taken into account for the calculations of the next step.

Table S3. Feed composition for preparation of A,+b-L-b-As

Step 1 2 3
Monomer NAAMe NALMe NAAMe
DPeed 15 5 15
Mmonomer (MQ) / (MmMoI)* 157.7 /1.00 59.8/0.30 133.5/0.85
mMcra(mg) / (mmol) 16.9 /0.066 = -
Minitator (MQ) / (MmMol) 4.3/0.013 4.3/0.013 4.3/0.013
Vper step (ML) 1.0 1.0 1.0
% H.O 25.0 25.0 25.0
Viotal (ML) 1.0 1.9 2.8

* After the end of each step, 100 uL of the solution was sampled by using a syringe to further measuremenst of SEC and
MALDI TOF MS. The amount of CTA removed from the system was taken into account for the calculations of the next step.
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Table S4. Feed composition for preparation of A, zb-F;-b-A,;.

Step 1 2 3
Monomer NAAMe NAFMe NAAMe
DPieeq 15 5 15
M monomer (M) / (Mmol)* 157.7 /1.00 69.7 /0.30 133.5/0.85
Mcra(mg) / (mmol) 16.9/0.066 - s
Minitiator (MQ) / (MmMol) 4.3/0.013 4.3/0.013 4.3/0.013
Vper step (ML) 1.0 1.0 1.0
% H.O 25.0 25.0 25.0
Viota (ML) 1.0 1.9 2.8

* After the end of each step, 100 uL of the solution was sampled by using a syringe to further measuremenst of SEC and
MALDI TOF MS. The amount of CTA removed from the system was taken into account for the calculations of the next step.

Table S5. Feed composition for preparation of A,+b-Vs-b-A;.

Step 1 2 &
Monomer NAAMe NAVMe NAAMe
DPreeq 18 5 15
M monomer (MQ) / (MmMol)* 157.7 /1.00 55.3/0.30 133.5/0.85
mecra(mg) / (mmol) 16.9/0.066 - =
Minisator (MQ) / (Mmol) 4.3/0.013 4.3/0.013 4.3/0.013
Voer step (ML) 1.0 1.0 1.0
% H>O 25.0 25.0 25.0
Viota (ML) 1.0 1.9 2.8

* After the end of each step, 100 L of the solution was sampled by using a syringe to further measuremenst of SEC and
MALDI TOF MS. The amount of CTA removed from the system was taken into account for the calculations of the next step.

Table S6. Feed composition for preparation of A,,-b-K(Z):b-A, 5.

Step 1 2 3
Monomer NAAMe NAK(Z)Me NAAMe
DPieeq 15 5 15
Mmonomer (MQ) / (Mmol)* 157.7 /1.00 104.2/0.30 133.5/0.85
mecra(mg) / (mmol) 16.9/0.066 = =
Minitiator (MQ) / (MmMol) 4.3/0.013 4.3/0.013 4.3/0.013
Vper step (ML) 1.0 1.0 1.0
% H,O 20.0 20.0 20.0
Viotar (ML) 1.0 1.9 2.8

* After the end of each step, 100 uL of the solution was sampled by using a syringe to further measuremenst of SEC and
MALDI TOF MS. The amount of CTA removed from the system was taken into account for the calculations of the next step.
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Table S7. Feed composition for preparation of A;;-co-Xs(X = A, G, S, L).

Sample

A35

Ase-co-Gs

Aso-CO-Ss

DReed (PNAAMe)
DReed (PNAXMe)

30

30

Myaame (Mg) / (Mmol) 314.2/2.00 268.8/1.71 268.8/1.71
Myaxme (MQ) / (Mmol) 40.9/0.29 50.2/0.29

mcra(mg) / (mmol) 14.5/0.057 14.5/0.057 14.5/0.057
Minitiator (M) / (MMol) 3.7/ 0.011 3.7/0.011 3.7/0.011

Viotal (ML) 2.0 2.0 2.0

% H.O 25.0 25.0 25.0

Table S8. Feed composition for preparation of A,-co-X, (X = F, V, K(2)).

Sample Aso-co-Fs Aso-co-Vs Aso-co-K(2)s
DRecq (PnAAME) 30 30 30
DPecd (PnaXMe) 5 5) 5
Mnaave (M) / (Mmol) 268.8/1.71 268.8/1.71 268.8 /1.71
Mnaxme (MQ) / (Mmol) 66.5/0.29 52.8/0.29 99.3/0.29
Mcra(mMg) / (mmol) 14.5/0.057 14.5/0.057 14.5/0.057
Minitiator (MQ) / (MMol) 3.7/0.011 3.7/0.011 3.7 /0.011
Viotal (ML) 2.0 2.0 2.0
% H.O 25.0 25.0 20.0
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