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研究成果の概要（和文）：(1) Boc-Ala-Aib-OMeの末端にハロアリレンおよびエチニルアリレンを有する化合物
を合成し，その重合を検討した。N末端のフェニル基のパラ位に置換基をもつモノマーは強いCDシグナルを示し
たが，メタ位に置換基をもつものは示さなかった対応するポリマーはモノマーと同様の傾向を示し，置換基の位
置がモノマー，ポリマーのコンホメーション，二次構造に大きな影響を及ぼすことが確認された。
(2) 両末端にヨード基またはエチニル基をもつ，新規テレケリック光学活性らせん共役高分子の合成と，様々な
ジエチニルまたはジブロモアレーンとの反応ならびに各種蛍光発光性置換基の末端への導入に成功した。

研究成果の概要（英文）：(1)A novel polymer consisting of helical peptide and phenyleneethynylene 
moiety was synthesized by the self Sonogashira coupling polymerization of a telechelic helical 
peptide. The peptide with modified terminal groups exhibited Cotton effects higher than those of the
 precursor, presumably due to the participation of the terminal amide groups into the intramolecular
 hydrogen bonding strands as well as increase of rigidity due to the formation of conjugated 
phenyleneethynylene moieties, resulting in the stabilization of the helical structure. 
(2)Telechelic helical poly(phenyleneethynylene)s bearing end iodo and ethynyl groups were 
successfully synthesized by the Sonogashira coupling reaction of the prepolymer with N-Boc-3,
5-diiodo-4-hydroxy-D-phenylglycine hexylamide and p-diethynylbenzene, respectively. The formed 
polymer was treated by Sonogashira coupling polymerization with 1,6-diethynylpyrene and 4,
4-diethynylbiphenyl to obtain the corresponding polymers. 

研究分野：　高分子合成

キーワード： テレケリックポリマー　らせん共役高分子　末端構造制御　蛍光発光　ペプチド　水素結合　薗頭-萩原
カップリング　コンホメーション制御
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Scheme 1. Synthesis and polymerization of 
telechelic helical peptides 1 and 2 
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Figure 1. CD and UV–vis spectra of 1 (blue line) 
and poly(1) (red line) measured in MeOH (c = 0.01 
mM) at 20 °C. 
�
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Figure 2. Possible conformer of 1 optimized by 
M06-2X/6-31G* (C, H, N, O)-LANL2DZ (I), 
SCRF-IEFPCM method (solvent: MeOH). 
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Figure 3. Fluorescence microscopy images of 
poly(1). 

�

Figure 4. AFM images of poly(1) on mica cast 
from THF solution (1 mg/1 mL), topographic 
image (1.0×1.0 µm) (left), phase image (1.0 × 1.0 
µm) (right).   
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Figure 5. Structure of model compound 1’.  
�

�

�

�

�

�

�

�

�

�

N
H O

H
N

O

O
Boc

8
N
H O

H
N

O

OAr1

O

N
H O

H
N

O

OHAr1

O1) NaOH aq
    MeOH or THF
    50 ºC, 3 h

N
H O

H
N

O

N
H

Ar1

O

1, 2

EDC•HCl, DMAP
CH2Cl22) 1M HCl

Ar2

Ar2-NH2

1) HCl/dioxane

2) Ar1-COOH, EDC•HCl
    Et3N, DMAP
    CH2Cl2

Pd(PPh3)2Cl2 = 5 mol%
PPh3 = 10 mol%
CuI = 5 or 15 mol%

THF/Et3N = 3/2
80 ºC, 15 h or 24 h

1: Ar1= I Ar2=

2: Ar1=
Br

Ar2=
,

, Ar3=

Ar3=

8

8

8
N
H O

H
N

O

N
H

Ar3

O

Ar3

8
n

poly(1), poly(2)

200 500300

-60

0

0

0.4

-40

400

-20

0.6

0.8

80

60

40

20

-80

CD

UV-vis

 
 

 (M
-1

 c
m

-1
)

Wavelength (nm)

10
-5

(M
  c

m
  )

-1
-1

0.2

BocHN

HN

O

HN

O

O
O

Table 1. Fluorescence quantum yields 
F of poly(1) and 1’ 

 Conc.a) 
(mM) 

F b) (%) 

poly(1) 1’ 
0.10 32 56 
0.05 37 56 
0.01 46 56 

a) In MeOH. b) Absolute value 
determined using an integration sphere, 
excited at 313 nm. 

50 μm 

 

50 μm 
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Table 2. Yields and SEC data of polymers 3–5d 

Polymer Yield (%) Mna) Đ a) 

3 – 15,800 1.7 

4 82 37,500 2.7 

5 89 36,900 5.6 

4a 94 49,500 9.0 

4b 97 44,000 6.5 

5c 100 33,900 6.8 

5d 93 33,400 5.6 

a) Estimated by SEC eluted with DMF, polystyrene 

calibration.  

 
4ǈ4aǈ4:a = 1:1#Ł¶ŉ# CD�/% UV-

vis IfBUs6 CHCl3 ~�łÚ��(Figure 
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Scheme 2. Synthesis of polymers 4 and 5, followed by Sonogashira–Hagihara coupling polymerization 
with diethynyl/diiodoarylenes a–d to obtain polymers 4a–5d.  

6

7

OH

H
N

N
H

O
O

O

n

I
OH

I

H
N

N
H

O
O

O

C6H13

C6H13

OH

H
N

N
H

O
O

O

n

C6H13

I

I

N
H

H
N

O
O

O

C6H13

OH

OH

H
N

N
H

O
O

O

n

C6H13

H
H

4

3

5

catalysts: PdCl2(PPh3)2, CuI, PPh3, 
DMF/Et3N = 3/2, 80 ºC, 24 h

a b

Ar

Ar =

a, b

Br Ar Br
c, d

c d

OH

H
N

N
H

O
O

O

n

C6H13

N
H

H
N

O
O

O

C6H13

OH

4a, 4b

Ar

OH

H
N

N
H

O
O

O

n

C6H13

5c, 5d

Ar

m

m



 4 

$ǈ4 �$ŗ!2Ś�Ŋü6Ţ���
šƖ
�3ǈ�#���0- 4a#�Ʊ"$ aŔģ#
ƨ�
á��3��2�Ÿ
032� 

�

Figure 6. CD and UV-vis spectra of polymers 4, 
4a, 1,6-diethynylpyrene (a), and a 1:1 mixture of 4 
and a measured in CHCl3 (c = 0.04 mM) at 20 °C. 

�

�
Figure 7. Photoluminescence spectra of 4 (λexc = 
346 nm), 4a (λexc = 346 nm), 1,6-diethynylpyrene 
(a, λexc = 380 nm), and a 1:1 mixture of 4 and a (λexc 
= 346 nm) measured in CHCl3 (c = 0.04 mM). 
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