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(Z-4b Figure 3. Performance of the photoswitchable piperidine 4¢ in its two
switching states as general base catalyst for the Henry reaction of §

I with 6 to give 7:  (E}-4¢, @ (Z)-4¢ in the photostationary state with

| residual (£)-4¢, A extrapolation to 100% [2)-4c with a correction for

) the thermal (Z)-dc - (E)-4c back reaction. Reaction conditions: cata-

lyst (10 mol %}, 4-nitrobenzaldehyde (0.40m, 1 equiv), nitroethane

(12 equiv), [DTHF, 25°C. 1a



1. Introduction

Catenane Rotaxane Crown Ether
Wasserman, E. JACS, 1960, 82, 4433 Harrison, S. et al, JACS, 1967, 89, 5723 Pederson, C. J. et al, JACS, 1967, 89, 7017
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2. Rotaxane Based Molecular Switch

2-1. pH Controlled Molecular Elevator

Fig. 2-1-1 Schematic Representation of Switchable Rotaxane
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# X-Ray crystallographic analysis of single crystals obtained from a
solution containing equimolar quantities of DB24C8 and DBA PFg
revealed the formation in the solid state of the expected 1:1
complex, possessing a pseudorotaxane geometry.

# It means they prefer strong ['N-H -O] hydrogenbonding and weak
t[C —H--O] interaction, amplified by some stablizing [r-7] stacking
orces.

Schemne 2-1-1 Synthesis of Molecular Elevators

Credi, A.; Stoddart, J. F. et al. Science, 2004, 303, 1845
Stoddart, J. F.; Credi, A. et al. JACS, 2006, 128, 1489

Fig. 2-1-2 HRMS Spectrometry
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# The extended aromatic units confer stronger electrondonating power compared with the simple benzo units?

([5H3][PFelg vs. [8H3][PFglo)
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Fig. 2-1-3 "H NMR Study
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(c) [6H3][PFglg (in CD4CN), (d) the tris-crown ether 2 (in CDCly), and () the tris-crown ether 7 (in CDCl5).
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1H NMR spectra (500 MHz, 298 K) recorded on (a) [5Ha][PFglg (in CD3CN), (b) [8H3][PFgls (in CDACN), 7

Table 2-1-1 Switching Process Using Different Bases
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# The negative shift of the potential for the reductions of the BIPY
units with respect to the rig component is larger for 8%* than it is for
5%* Such a larger shift, which indicates that the BIPY?" units
experience stronger electron donor-acceptor interactions in the former
elevator(dioxynaphthalene) than in the latter(dioxybenzene).

# Because molecular models show that the distance traveled by the
platform is about 0.7 nm, they speculate that the elevators could
potentially generate a maximum force of around 200 pN in the base
stroke. Such force is more than 1 order of magnitude larger than the
forces developed by natural linear motors like myosin and kinesin.




2-2. Molecular Muscle
> Chelation Controlled Molecular Muscle "
Sauvage, J. et al. ACIE, 2000, 39, 3284 @ O
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Fig. 2-2-1 Skeletal Muscle Fig. 2-2-2 Geometry control by Chelation
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> Redox Controlled Molecular Muscle Ho, C.; Stoddart, J. . et al. JACS, 2005, 127, 9745
Fig. 2-2-2 Red. and Ox. State of Molecular Muscle
# The redox-active terathiafluvalene  Fig. 2-2-4 UV-vis Spectrometry
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# Silicon cantilever array coated on # Aqueous Fe(ClO 3 and ascorbic acid
its topside with a 20 nm thin layer of solutions were sequentially and alternatively
gold was coated with the muscle introduced into the fluid cell under constant @
molecules. flow (250-300 uL/min).



3. Rotary Molecular Motor

3-1. Enantioselective Recognition
> Metal Bisporphyrine Double Deckers
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> Allosteric Systems for Amplification of Guest Affinity and Selectivity

Shinkai, S. et al. Acc. Chem. Res. 2001, 34, 494
Fig. 3-1-2 Negative Allosteric Systems
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> Highly Enantioselective Recognition

Takeuchi, M.; Shinkai, S. et al. JACS, 2006, 728, 16008

Fig. 3-1-4 Schematic Hliustration of DDPy7-R Fig. 3-1-5 CD Spectroscopic Titrations at 310 nm

# chirally twisted
Ten pyridine pair

DDPy7-R

# DDPy7-R exhibits extremely hight
enantioselectivity toward RR-CHDA even under
the conditions of -20% ee.

# The information of an error molecule is
filtered off by the control of nonlinear responses.
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> Allosteric Potassium(l) lon Binding

Scheme 3-1-2 Synthesis of Crown Ether Double Decker
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ions, however, can fit within mdividual crown cavities in- Fig. 4 Concentration profile of cation complexed double
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3-2. Molecular Gear

> Thiazolyl Disk-Shaped Ligand Shionoya, M. et al. JACS, 2004, 126, 1214

Hiraoka, S.; Shionoya, M. et al. JACS, 2008, 130, 9089
Scheme 3-2-1 Synthesis of Hexa(thiazolyl) Ligand 2

Frg 3-2-1 Heterotopfc Sandwich-Shaped Complex
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# Experimental and theoretical ESI-TOF mass spectrum showed the complex of Agz1-2. neix axis !
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# The complex rotates temperature-dependently. g :
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> Correlated motion of two rotor molecules

AGhgg = 58.8 kJ/mol

Transmission of helicity

helix
inversicn
.

. St
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Top view

[Ag, 1,2,
Scheme 3-2-2 Preparation of [Age1, 2,]°" and its Structure

2 —_—

1 —-
AgOTf

MeOH, 40 C
1:2:Ag"=2:2:9

X-ray structure of [Age1, 2,]%*

* g 8
¥

# Two outer and inner disk-shaped ligands
stacked on top of each other with the aid of
nine Ag* ions.

# All the ligand ring planes are not
perpendicular to the centralbenzene ring
planes. (They form a helical structure.)
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Fig. 3-2-3 Helix Inversion
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# This means the helix inversions of both rotor

and transmitter take place at the same frequency.

Fig. 3-2-4 "H-NMR Study
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(A) Partial VT 'H NMR spectra of [Agg1,2 )" complex (500 MHz, CD,OD, 3.7 mM).
(B) Simulated spectra of Ha, Hb, He, and Hd protons for various exchange rates.
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3-3. Molecular Ratchet
> Toward Unidirectional Rotation

Fig. 3-3-1 Image of Unidirection

Fig. 3-3-2 Chiral Gears

Kelly, T. R. et al. JACS, 1994, 116, 3657

Nature, 1999, 401, 150

{
(CH2)nOH
. ‘ 2 a,R=H ) )
Figure 1. A simple ratchet: b, R= Me 6, n =3 (as a mixture of atropisomers)
a) toothed wheel, b) pawl, 7, n=2 (as a mixiure of atropisomers)
¢) spring.
Fig. 3-3-3 Calculated Rotarional Energy Scheme 3-3-1
2% -‘{
B Itiptyeyl-
_201 ™ heticane 1 Hal
E - 6-Derived o= )
E _._;‘gl‘:i"r ! (CH3)40H (CHa)sOH
% 15 1 urcthane
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s A ; Eh,ﬁ:o é!(:‘,IEC=D
Z E i 1] . ElgN
5 NaBH(QEl, | 100% 100 %
] 5 ] Y

L B e B

20 40

60
Dihedral Angle

0 80

Figure 4. Caleulated™ (AMI) relative energies for rotation around
the iriptyeene/helicene bond in 1 (@), the urethane derived from 6 (#),
and the wrethane derved from 7 (Hl). See text or discussion

rotate
over Eyq

JACS, 2000, 722, 6935 etc

# '"H-NMR peak-broadening
of triptycene indicates slow
rotation at 160 C.(2b)

# The triptycene of 6 rotate
even at the room temp.
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> Other Examples of Unidirectional Rotation
1) Leigh, D. A. et al. Science, 2004, 306, 1532 ——~ Chemical and Photo-chemical Reaction.

2) Koumura, N.; Zijistra, R. W. J.; van Delden,

Challenge 1) repetitive 360 rotation

ii) light as the source of energy

iii) unidirectionally rotation

3-3-4 Photochemical Thermal Isomerization

step 1

> 280 nm

stable (3R 3R)-(P,Ptrans-18 T, unstable (3R 3'R)-(M,M)-cis-18
diaxial methyl groups { y  diequatorial methyl groups
| |
thermal \ 7 i therrnal_ "
helix inversion elix inversio
step 4 RN L P step 2
> 280 nm
step 3

instable (3R, 3'R)-(M,M)-trans-18
diequatorial methyl groups

stable (3R, 3'R)-(P,P)-cis-18
diaxial methyl groups

shu
with

FIGURE I9. Cucular diclaosm
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R. A, Feringa, B. L. et al. Nature, 1999, 401, 152

# Photochemical conversion of an alkene from the
7 trans to the cis isomer is very fast.
It is an energetically uphill process.

< 300 ps

# The r.d.s. of cycle(Fig.3-3-4) is step 4.
tyg(@l‘t) = 78 min

# The helix inversion(step4) was facilitated because
of the reduced steric hindrance.

o
50

tyo(@rt) = 5.74 ms

# This study allowed the propeller to rotate

unidirectionally up to 80 rotations per second at 20 C.

(for ATPase : 160 rotations per second) 93



> Molecular Imformation Ratchet
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Figure 3 | Operation of a molecular information ratchet. a, Change in the
E:Z ratio (E-1 (%), the amount of the ‘open gate’ form of the sample, shown
by purple diamonds} and the dba:mba ratio (dba-occupancy (%), shown by
dark bluc squares) that occurs during irradiation of 1 at 350 nm in CDLOD,
298 K: I, pristine £-1; 11, after 25 min (PSS), no added benzil; I11, after a
further 20 min (PSS) with 1 equiv. benzil; IV, after a further 40 min with -
equiv. benzil plus a further 15 min (PSS) with 10 equiv. benzil. A small
amount of photodegradation {<22%) occurs over the course of the
experiment, and the error in the final £:Z and dba:mba ratios is +2%.

b, Expansion showing the small increase {2-5%, see Supplementary
Information) in dba compartment occupancy that occurs during the first
five minutes of irradiation in the absence of benzil. ¢, 'Fl NMR speetral
window (H, . ¢, H, and Ly, 600 MIiz, CD;0D, 298 K} in which the changes
in both the £:Z and dba:zmba ratios can be seen during the photochemistry
experiment.
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