


 

260 15 
6 

 
 

 
Nα–

 ( , 2016, 52, 333-341) 

 
 

 

Nα –

Nα  
Nα–

Nα, Nε –
L–

L– L–

Nα–

 (J. Polym. Sci. 

Part A: Polym. Chem., 2012 , 

50, 2527-2532)
Nα–

Nα–
60 °C 12

1H NMR Nα–
ABA

(HFIP) 
HFIP

 (β
 ( 1) (7

)

α

“soft segment” 

“hard segment” 

β-sheet formation 

N

O
N
H

O

N

O
N
H

NH

O
H

H

N

O

H
N

O

N

O

H
N

O

HN H

H

H

H

NH

OH
N

O

N

OH
N

O

N

H

H
O

HN

N
HO

N

O

N
HO

N

H
N

O

H

H
N

O

N
H m

O
N
Hn n

Self-assembly

1. 
 

CHCl3 r.t. for 1 h

N
H

O
N
Hm

O
H
N

H

O
H
N

H
n n

RR

OCN
NCO

N
H

O
N
Hm

O

R

H
N

O

R

H
N

n n O

H
N

H
N

6

(1.0 eq. for amine)

soft segment hard segment

O

R = CH2CH2SCH3

2.  



β

α

 ( 2)

 
Nα–

, (5-20 )
 

( : 4.7 – 9.8 MPa, : 200 – 
500%)

 

(
)

–

–

, 
N-

 (1) 
 

( 3)

 (2) 

–  (3) 
4-

N-  (4)  
(5)  (
4)

( -
)

L–
2 

2 
Nα–, Nε–

 (6) 

, Nα–

7 (Mn 3,000 20,000 Mw/Mn ~ 
1.3)
( 5) , 

(1 , 2 , 

NH
HO

O
O O

Ph

DMAc, 60 oC

n-BuNH2 H
N

N
H

O

H
n-Bu

m

nn

DMF

AIBN (radical source) R
N
H

O H
N

H

S

R

75 oC, 24 h

R-SH

n

m

- PhOH
- CO2

1 2 3

3.  

H
N

S

O

n

Free Radical addition

AIBN, 70 °C for 24 h

H
N

S

O

n

m

Thiol-ene Click

UV light (λ = 365 nm), 24h

SH

O

O

O

O SH

H
N

S

O

n

S

S

S

NH

O

HN

n

NH

S

O

HO

O O

Ph

4

5

4.  

NH
HO

O

HN

OO

Ph

O

O
Ph

PhOH

H
N

O

N
H

R

n

HN

O

O
Ph

R-NH2 (initiator)

“Post-polymerization modification"

H
N

O

N
H

R

n

HN

O

H
N
R'

CO2

R'-NH2

PhOH

"urea formation"

acetic acid

reactive site

6 7

8

5. Nα, Nε – L–

 



)
(8)

( )
 

 
6  

 
“

” , , 
,  (2019) 

 
“Synthesis of Functional Polypeptide by Phosgene-free Method” Takeshi Endo, 
Shuhei Yamada, Journal of Synthetic Organic Chemistry, Japan, 76, 615–621 (2018) 

 
“Synthesis of poly(Nε-phenoxycarbonyl-L-lysine) by polycondensation of activated 
urethane derivative and its application for selective modification of side chain with 
amines” Huseyin Akbulut, Shota Ando, Shuhei Yamada, Takeshi Endo, J. Polym. Sci. 

Part A: Polym. Chem., 56, 2522–2530 (2018)  
 

“
” , , 

, 39, 102–110 (2018)  
 

 “Convenient synthetic approach to poly(N–Methyl L–alanine) through 
polycondensation of activated urethane derivative of N–methyl L–alanine” Yusuke 
Shiraki, Shuhei Yamada, Takeshi Endo, J. Polym. Sci. Part A: Polym. Chem., 55, 
1674–1679 (2017) 
 

 “Phosgene-Free Synthesis of Poly(L-cysteine) Containing Styrene Moiety as a 
Reactive Function” Huseyin Akbulut, Shuhei Yamada, Takeshi Endo, Macromol. 

Chem. and Phys., 218, 1700078–1700078 (2017) 
 

14  
 

“Nα, Nε – L–
” , , Akbulut Huseyin, ,  

68  (2018) 
 

 “Nα, Nε – L– ” 
, , Akbulut Huseyin, , 67  (2018) 

 
“Nε–

” , , Akbulut Huseyin, , 67
 (2018) 

 
 “

” , ,  67
 (2017) 

 
“Controlled synthesis of oligoalanine-incorporated multi-block copolymer by 
phosgene-free system” , ,  , 66  (2017) 

 

“Phosgene-free synthesis of poly(L-cysteine) containing styrene moiety as reactive function” 

Huseyin Akbulut, Shuhei Yamada, and Takeshi Endo, Advanced Polymers via Macromolecular 

Engineering ( ) 2017 
 

“Controlled synthesis of polypeptide by phosgene-free system” Shuhei Yamada, 
Huseyin Akbulut, and Takeshi Endo, Advanced Polymers via Macromolecular 
Engineering ( ) 2017 

 



 “ β ”  
, , , ,  66  (2016) 

 
“Synthesis of Cysteine-Substituted Poly(styrene) Zwitterionic Polymer” Huseyin 
Akbulut, Shuhei Yamada, Takeshi Endo, 65  (2016) 

 
“N– ” , 

, , 65  (2016) 
 

“ - ” 
, , , 65  (2016) 

 
“Synthesis of Cysteine-Substituted Poly(styrene) Zwitterionic Polymer” Huseyin Akbulut, Shuhei 

Yamada, Takeshi Endo, 65  (2016) 
 
“N– ” , 

, , 65  (2016) 
 

 “ β−

” , , , 65
 (2016) 

 
 


