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Development of Rotaxane-Based Water-Soluble Molecular Ratchets

Kawaji, Takatoshi
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We have examined synthesis of a water-soluble [2]rotaxane interlocked o

-cyclodextrin (a -CD) on a dumbbell component containing photoisomerizable azobenzene and stilbene
stations with the aim of development of molecular ratchets system (unidirectional translation), one
of essential function for molecular machine.
An azobenzene—CD[Z]rotaxane was synthesized, a fractional structure of the target molecule. ROESY
analyses of the [2]rotaxane in alkaline D20 solution demonstrated that the a -CD ring located on the

(E)-form station. Then, photoisomerization of the station to (2)-form by irradiation of 360 nm
light for 2 hours pushed the a -CD ring out of the station in the direction with turning the narrow
opening (6-rim) toward the station.



ATP F-ATPase
DDS
DDS
-
a-CD
[2] 1
Hydrophilic
O‘@“"@“\h@g‘ﬂﬂoo’l’_‘o’?o
1 [2]
E-Z
2 a-CD
3

QD =
Pa—
hv,
N=N

(Z)-Azobenzene (ZA)

hvs

QO 2= O

_ hvy o

(2)-Stilbene (ZS) (E)-Stilbene (ES)

@N\‘NO

(E)-Azobenzene (EA)

a-CD

a-CD

(hvs)
E (ES)
a-CD
(iv)

a-CD

(hvy)

4
2,3
Z
(i)

(hv)

(iii)

Z (ZS)
CD

J
J

-CD[2]

-CD[2]

@

a-CD

2



(1) -CD[2]
-CD[2]
-CD[2]
5 4- (¢D)
4,4°- 2
®) 6
7
5- €))
9
(10) Huisgen
7 10
13 13
E
a-CD a-CD
[2] 14
'H NMR, COSY, ROESY
a-CD 14
a-CD 14
2
ROESY
1:1 [2]
14 Huisgen
11
-CD[2] 15

\ 3(X= H):‘TSCUAQQO/KII
HO ; OX 4 (X=Ts) CH,Cl, 71/

1 J 1) KOH / H,0
COOR
MeOH /

2 HCl [32.95)
8(R=H) :‘HQSO,,

N\~
“@O” 9 (R=Me)

5 %
2 COOR

K,CO3, KI, 9
D%\AF 3 J Propargyl bromide /

K,CO3 / KI/ DMF [ 97 95
YO\—L/O\L/O@N" /—t\ q—\ [o2%]
Oy st -

o

HO

COOR

=\ 10(R =Me MeONa /
5(Y=H) Trscis e/ cryel, o 11§R Hy ) meoH
6(Y=Ts)
7(Y=n, ):| NaNs / DMF COOR
L 7 + 10 ‘
Cuso, 5H,0
J Ascorbic acid / DMF COOR

N O O O o@ N o
C AN N@o § 88
/I\>_/ COOR

12(R=Me) :‘MeONaIMeOH

13(R=
Ja CD /K,CO3/ HyO

y

J 11/ CuSO,4 5H,0 / Sodium Ascorbate / K,CO3 / H,0O

@—OWN\_/O\_/O\_/O\—/OO/_\O/_\J_\O/_\N /\>_/0Q
[e]e]e} 15 ‘ A .
5 -CDJ2]
-CD[2]
6 (16)

44 7

(19) (20)

Huisgen 10
21
21 o-CD
o)
16 1)/\0J:Zr/\/H;50AIAcOH
2) KOH / ethylene glycol
|
O
17 Q 4
=
Yo LLO\JJOh’ /‘M’\OY
19:: :;)j TsCl/ EtgN / CH,Cly
20(Y=N, ):l NaN, / DMF 10
L |
[
"ia_/o\_/o\_/o\_/o /_\ o [¢] NW_/ Q
2108-40) o o 257 -
6 -CD[2]
2 -CD[2]
CD
NMR E
-CD[2] 16 / K,CO; / D,O
360 nm
120
7, [2]Rotaxane 16 a-CD
7 ’
Dumbbell
E/Z 5:95 4:96 Z
450
nm 60 E/Z 92:8
E
100
° e [
*
~= 80 A
é
2 (]
S 60 1
&
% 40 A .‘
5 *
= 207 ® Dumbbell
[2]Rotaxane 16
0@ T
0 30 60 90 120
Time (min)
7 -CD[2]
Z -CDJ2] 16
ROESY a-CD
H5 H,,



8 a-CD

H3 H., 30290779
a-CD

E-Z a-CD

3)
CD[2]

a-CD
-CD[2]

CD[2]
4 a-CD

(2]

a-CD

97
2017/3/16-19

@
KAWAIJI, Takatoshi




