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Chemical Bonding

Atoms => bonding => Molecules => self-assembly => Complexes

Covalent Noncovalent
Strong & Rigid Weak but Flexible
Normally irreversible Reversible
Distance-dependent
C-C
366 kJ/mol onic bonds
0.15 nm Hydrophobic effects

Hydrogen bonds

Van-der-Waals
Dipole-dipole....etc.
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Self-assembly Protocols
Bio vs Artificial
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Assembly pathway for T4 bacteriophage
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Noncovalent Bonding in Natural & Synthetic Molecules




Noncovalent Assemblies

Motion

""“\)L (Rotor-Transmitter-Rotor)

Nanocapsules @é\"‘e’m Molecular Machines

Metallo-DNA
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Programming

Multi-dimensional Array
Symmetric/Asymmetric Array
Dynamic Array




Molecular-scale Programming for Metals
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Base pairs
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DNA duplex with
tailored size & sequence
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A Discrete Self-Assembled Metal Array
in Artificial DNA

k- Metal -coordinated base pair

s d(5-GHHHHHC-3')  d(5'-GHHHHC-3')
i d(3-CHHHHHG-5) d(3'-CHHHHG-5')

HO
0N A
- —%—7/ T ™  4(5-GHHHC-3) d(5-GHHC-3) d(5-GHC-3)
HO d(3-CHHHG-5') d(3-CHHG-5') d(3-CHG-5')
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Absorbance
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Pentanuclear Cu2+* Complex

with Duplex d(5’>-GHHHHHC-3’);
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[DNA duplex] = 2.0 uM in 10 mM HEPES (pH 7.0). 50 mM NaCl. 25 °C



Spin-Spin Interactions
on Cu2+ Ions Aligned in Artificial DNAs

X-Band EPR Spectra FT pulsed EPR/ESTN Spectra
(Electron Spin Transient Nutation)
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[DNA duplexes] = 100 uM with n eq. CuSO,4 in 10 mM HEPES (pH 7.0), 50 mM NaCl, at 1.5 K.



CD Spectra of Cu?*,-d(5’-GH,C-3’);
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[DNA duplex] = 8.0 uM in 10 mM HEPES (pH 7.0). 50 mM NaCl. /= 1 cm. 25 °C



Discrete Metal Arrays in Artificial DNA

Science, 299, 1212 (2003)




Programmable Heterogeneous Metal Arrays




Heterogeneous Metal Array




Clever and Carell
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Programmable Metal Arrays in Artificial DNAs
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Metal-assembled Molecular Capsules

- Moleculra recognition
Chemical transformation
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sandwich

g Q template

hgand :

Dynamic equlibrium
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J. Am. Chem. Soc. 2002, 124, 14510.



Dynamic Nano-Capsule
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Dynamic Nano-Capsule

GcAgsls Agel4

Angew. Chem. Int. Ed. 2005, 44,2727.




Crystal Structure



Crystal Structure of AgsLs Capsule

Crystal Data (C+ F12N15026S4):
=3810.18, co riess .20 x0.12x0.07 mm?3

orthorhomblc Pcen

1641411“%2 2 21)_0013730(2)

wR(Fo?) 0.482, GOF = 1.091




One more example
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Hgels cage

[HgeLs-(OTf)g]é+

[Hgels"(OTH)s]™

500

[Hgsle(OTH)gJ3+
[Hgsl+(OTH)7]*
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[HgeLe(OTH)e]*
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Crystal Structure of Hgels

Crystal Data
Cubic, Space Group: F432
a=b=c=48.0818(13) A
V=111158(5) A3, Z=4
R = 0.0901, wA(F,?) = 0.2868
GOF =0.968




Selective Exchange




Selective Exchange




Emission Spectra
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Wavelength / nm

(excitation: 284 nm, CH3CN, 293 K, [L] = 10 uM)
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Coordination Molecular Capsules
Ten Kinds of Metal lons

Mn|Fe|Co| Ni |Cu|zn
Qo ' |~u["h|Pd| /o [Cd
SO O\ [Pt ~uHg

N

-

M2+

Disk-Shaped Ligand (L) ¥
Mels
VIP paper & cover picture Octahedron-shaped
Angew. Chem. Int. Ed. 45,6488 (2006) Nanocapsules




M-M =1.8 nm
V = 2700 A3



Motion



Molecular Ball Bearing
Thrust Ball Bearings

Highlighted in Nature, 2004, 427, 597

J.Am. Chem. Soc., 2002, 124, 14510
Angew. Chem. Int. Ed., 2003, 42, 5182
J.Am. Chem. Soc., 2004, 126, 1214.
Angew. Chem. Int. Ed., 2004,43,3814.




Molecuwlar Ball Bearing
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1H NMR (500 MHz, CDsOD, 293 K)
L+ L'+15eq.Ag"
C

J A

L’'+15eq.Ag* a b

M

L+ 1.5 eq. Ag*

e d
A
7'.8 7f6

1

ppm




[AgsL-L3+ ®

s [AgsL-L’-(CH3SO3)]* [AgsL-L’-(CHsSOs)z]*

theoretical theoretical
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Full Rotation










Rotor-Transmitter-Rotor
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| data:

la: C122H72AgeN240
GRS Tioer

ic, P1

=21.21 Alb = 21.3055(8) A

Rotor-Transmitter-R ! p-79.310(3)
coaxially stacked P - V=673,

A
Z= 2R~ 4345, wh = 0.3908
l GOF = 1.055




Rate of Ligand Exchange
k2os = 250,000 81  koos = 4,500 81  kogs = 2,500 s

) K. ?‘ 3
e 38 St Sumus
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Ags1-3 Age-22:32 AgeHgs-22-32
AG# 295 = 54.4 kJ mol- AGF 20s=64.8 kd mol' AGH 295 = 66.3 kJ mol




Motion

Molecular Machines

(Rotor-Transmitter-Rotor)
J. Am. Chem. Soc. 2004, 2006

Nanocapsules

J. Am. Chem. Soc.
2002, 2006, 2007

Angew. Chem. 2005, 2006 Metallo-DNA Angew. Chem. 2003, 2004
J. Org. Chem. 1999 Submitted for publication
J. Am. Chem. Soc. 2002, 2003
Science 2003

Nature Nanotech. 2006



news and views
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Molecular merry-go-round e s

w'

wmeature?yﬁ ICHBNECSE
Angewandte =~ Zﬁ? ke Tk | R —

A e T T O B o - -

R e aitn ]

2006-45/39

Pd O

International Edition Chemie IR dih

SERSNE

e

.
-
-
.
- . .
PENER— 0 wnem .
. .o »
. - " aee ' " .
’ -ORER AR » .
o " -
. .
rowt o
> e »
. . eteas
v -
- . 5 Sel
— » — -
ar
. e ead
» » -

?
i
4
i
SRR 2T

§ WILEY'VCH




