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I. Outlines
We define that “Chemo-mtelligence” is to artificially realize various biomimetic 

structures and functions based on molecular recognition, and further to materialize 

them. The creation of superior materials to organisms in function, makes it possible 

to realize energy-saving, resource-conserving, highly functional materials to show the 

separation of toxic or useful substances, their sensing, and the conversion as the 

catalysts. For this purpose, we have started our research and investigation with the 

following approaches: on the computational and theoretical chemistry to design the 

host molecules; on synthetic chemistry to construct the host molecules; on analytical 

chemistry to elucidate the relationship between structures and functions; and finally 

on the application to the materialization systematic devises.

We can classify our results into six categories: (1) theoretical approaches for 

elucidation of molecular interactions; (2) design and synthesis of host molecules;

(3) host molecules showing molecular recognition for neutral molecules; (4) 

application to the sensing materials for ionic species; (5) synthesis and function of 

supramolecules; (6) approach aiming at the materialization and application.

(1) Theoretical approaches for elucidation of molecular interactions

In order to elucidate molecular interactions, such as hydrogen bonding, CH-jt 

interactions, stacking, etc., theoretical and computational approaches have been 

undergone. The prediction and evaluation of the structures of molecular complexes 

have been theoretically investigated. For example, the theoretical analysis of 

predictive estimation on the stable structure of orthohydroxylanilide, CH-jt 

interactions between ethylene and methane, the substituent effect on the hydrogen 

bond of nucleic acid bases, and so forth, provide us a very important information on the 

design and synthesis of compounds which exhibit the precise molecular recognition.

(2) Design and synthesis of host molecules

Design and synthesis of host molecules are greatly dependent on the structures; 

shape and size, the physical and chemical properties of the target guest molecules.

-- 4 -



Therefore, the synthetic method based on molecular designs utilizing not only weak 

interactions, such as electrostatic interaction and hydrogen bond, but also suitability 

in shape and size of molecule, has been developed. Many kinds of macrocycles and 

acyclic compounds have been prepared. Here, we have reported the recent results on 

the design and synthesis of molecules containing plural hydroxyl groups. These 

molecules have both proton donor and acceptor sites.

(3) Host molecules showing molecular recognition for neutral molecules

The research on the capture and activation of neutral organic molecules has been 

extensively done. The functions of the proteins in the organism have been mimicked 

in order to prepare artificial host molecules. Integration of multiple weak 

interactions is necessary to catch neutral molecules. That is, it is very important to 

construct outstanding host molecules which exhibit multiple recognition due to weak 

interactions. The artificial construction of the chiral recognition, which is a very 

important function in the organism, have been also included for this purpose.

(4) Application to the sensing materials for ionic species

Because ionic species play very important roles in the organism, the accurate 

analyses are necessary in the researches on medical and environmental fields. 

Therefore, the invention of host molecules to capture them are very significant. It is 

one of the most important factors to design the ring size of host molecules so that they 

can recognize a specific ion as a guest molecule. Although there is a problem how we 

can effectively detect the ions when using the host molecules as sensing materials, it is 

depend on whether they show changes in electric potential and current on the 

electrodes, or whether they show changes in UV-vis light absorption or fluorescence 

when they form complexes with the ionic species. The current results on this topics 

have been shown.

(5) Synthesis and function of supramolecules

Synthesis of various kinds of supramolecules, such as dendrimers, rotaxanes,

- 5 -



catenanes, etc., have been reported. Dendrimers are a globular polymer which is 

radially expanded from a central core. It is possible to form the supramolecules by 

incorporating metal ions in the cavities, and to have the high density of the functional 

groups on the globular surfaces. Taking advantage of these features, the attention 

has rapidly been paid to the function of dendrimers as a new functional material. 

New synthetic methods of dendrimers and novel dendrimers have been reported. 

Rotaxanes are a compound like the dumbbell in which large substitution groups are 

attached to both ends so that the rod-like molecule may not come out in macrocyclic 

compounds. They attract a lot of attention as a candidate molecule for the memory 

device in the future. Catenanes compose of more than two macrocyclic compounds 

which intercross each other and connect noncovalently. They have interesting 

structures, and are expected to show new function in the future.

(6) Approach aiming at the materialization and application

The materialization of the molecules showing excellent molecular recognition 

have become important for the practical uses. The researches have been developed 

with the aim of the practical application to recognition of amino acids by using LB 

films, to the synthesis of nonlinear optical materials, to the preparation of sensing 

materials by the molecular imprinting method, and so on.

6
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Conformational energies calculated at the MP2/6-311G**//
HF/6-311G** level

0.0 kcal/mol

Torsional angle 
2-1-7-8 0.0

3.39 kcal/mol

Torsional angle 
2-1-7-8 90.0

Calculated torsional potential (kcal/mol).

The 2-1-7-8 torsional 
angle was changed*

Angle Relative energy

0 0.0
15 0.16
30 0.66
45 1.44
60 2.33
75 3.08
90 3.39

* Planarity constraint was imposed
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Conformational energies calculated at the MP2/6-311G**//
HF/6-311G** level

0.0 kcal/mol

Torsional angle 
2-1-7-8 0.0

2.37 kcal/mol

Torsional angle 
2-1-7-8 90.0

Calculated torsional potential (kcal/mol).

The 2-1-7-8 torsional 
angle was changed*

Angle Relative energy

0 0.0
15 0.26
30 0.96
45 1.77
60 2.21
75 2.31
90 2.37

* Planarity constraint was imposed

-10-



1.2 High Level ab initio Calculat ions of the Interaction Energies of C2H4-CH4 Complex 

as a Model of 01/r Interaction

ch-,tMin.mmxnix&z, C2H4-CH4 xmmm n\mnmm ab initio

sum::, w-ii

C-H IHfrk 7T ISpsi v T pjj(Dfm.t £7 i: Z/m 5 ftTv>

6. £ tz, CH/ .T ffliT.fpJfi l±5j o > 7 t / - •/ 3 > WfS/L I:. H v >

X f:w&fSifl £ 1 itz LXv >£ i: #X. 0 Hxv >4 c, 7. ti t XO CH/ a fflHfhfi 1 cKlt£># < 

tirv.^7)\CH/msWoA# Swffi/tfficot>riig.< W-ot 

V4'V, f 5 t&'iilrZ, tti> i:, CH/ ;r «tf.fltffl roi-it la oo v > r#lt

■fZ>tzs/)iz CHTttlfL{m<r)X7ilX&6 C2H4-CH4 KV tim i MWl&n ab

initio 5> mil til Tim: L/t„
Gaussian 94 To /"-/1, TfiH \ cc-pVXZ(X = D, T, Q, 5)«M

t/-v-(/)#$id mp2/6-3ig* b'-oi'-eiiiiiLL, ootsii*t'MAtmm
Uftof:, S Mol ler-Plesset T 2 Mfitoti; (MP2) ii l V3 m. WMiX

4».l tz Coupled cluster i£ (CCSIMTH X\i->tz0 (BSSE) <r>

ttiKli counterpoise ti/v fTo tz,. MP2 ti/cim-SflT basis set limit T Will Eft HI zsz 

Feller </>mTfl#LUz0 HF/6-311G” ;mT/> ffl

leuS'/v-rary-v-TMS fuit < distributed multipole HtS U ItSimLtT 

distributed multipole nfa'lCfH 'f.i'lHi! t L'Oj":f KWirStB Kim Eat# LT„ 

distributed multipole cOKt*Uf± CADPAC Vo Vv A £ lim/jOgtSOli ORIENT 7"n 

T-yA^jsE'j

PIII/F ’Tn iK 5 n & i ' HI i£it® T!i«T-fflPfl *MiE L L HWj 

Sfvrvm, 7Iild-effilPrflueifl-t^',mtJ (77>rit7-)ix5W) V HF riTli 

ftfffiV &TvTAT*6o E f-fflM OMiHM V'ffiKimzlT)iV- <7)tf # i: -S-x. £S/W

ii r < fctrc* -> To MP2 jiTwimfiii ccsom v„ m
)£-TE-70llM^ffi t>: L TM L Tffl ftfAHl] J- T § £ id##,:# /

$ < ##LTo cc-pVDZ 5 T$g|MSoH$ o L 3 tt V'ii'MFd® S Ll/t Tiili CH/

-IT



Hi h !: i .r

UtiZt £/j<Ltoto.Z,0
5otogeEtTxr.rlf* (H) to CCSD(T) &-T-m-f-fflM£*SIELtoi§£to basis set limit 

to to # 511: 113 x x to f- to#e@ e * 1: /P t (Etotal) o AEMW&f-ii -0.4 - 

0.5 kcal/mol to*oyto 5 -tocoKffito'\mW<T>'PXl.i / 9 >to C-H fe-g-to-o^x-f p 

>to C=€ 6-tol&J6-1&1 v>tov>-b(7)7)?16$$to%Oto„ HF

/jiitoilts5HM1to-to^i (Edisp) 1*x.f>n*.

Edisp id7)>^- 55^ <. frgcM'-* ? >-** k y<7>$$<bKA:$itir^-5- t-cv>* t# 

IMSSWll ItotoF/IJi:ltto^ c/jx$V>„ L^L, #«*li»?to|6]&l:Z^ 

to d i /j i: 1> if Jj l: t & 6 tox\ :. to '6? ai#i§ to * % (: U 5 ^ ^ 5- x to t' 6» #
ftUji±> 4- >to c-H felto)?xtop >d) c< te-ft-to1j-4-[B]t'toti^i;i±?l5jfc*»to toto 

fidil' i'iC'/ii1t L tot' &„ •;/. / y ><7)|M|S»!Kl*d)«6@-lcil::»#Sr^$l£fbLTv>6o

MxV.H.........

f ?

A

H

K-f-H
H:

B

Hr
h"Nh

■CiU

Y
S>

-Hr

Interaction energies of the five C2H4-CH4 dimers (kcal/mol)
Energy A B C D E
Etotal -0.49 -0.43 -0.37 -0.36 -0,47
Erep 0.61 0.54 0.28 0.28 0.51
Ees -0.24 0.20 0.08 0.06 -0.17
Edisp -0.86 -1.17 -0.73 -0.70 -0.80
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3

Distance (A)

The MP2 intermolecular interaction potentials calculated with 
several basis sets.
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Electrostatic interaction of the dimers calculated with the distributed multipoles obtained from HF/6-311G** 
wave functions of isolated molecules.



1.3 Computational Analysis of Intermolecular Forces: A New Method for Energy 

Part itioning

X Z fr-mu<DM%r: «r Lt-7- th

J. Korchowiec, )i|J5tf$ 7 ft# "fit, IA1 AAi1-£

ttlv'cl + zcomu®^ztv2frj-mnwammm

ismtz ZtifiXbZo m.mx-lll'*- (Eint) (Edef).

ifiC-tM1- (Bes), (Bp). (Bet). Xfcx***

- (Eex) i:»it hhz0 C#9«ffi<z>»EIS<z>(R8lM* x■?y

71:»#&-*• Z t <r>x-i>Zo HT« 4 oo x t y 7l:oi>TtfttfSrfrofc.

Step !: gffiliZ.: (fflEFfffl LTic\ ®SifiX» 7|- M = A" + IV 

Step 2: |A|u (rigid £) fflEffffl IX'.'Zft?- Mr = (Ar I Br)

Step 3: imL /2 (Polarized) . L/4-LffiZCPfi ElZrE?- Mp = (Ap I B”)

step 4: miLzm'tifmy-j- m = (a...b)

ZZX M Id#1 rf.fpJfi L T v > 65H--> x -r A S L Tt > & „ -*1 A, B IdfflZftffl

i. ... id^n-Fnfflsi:mtmmt-. mm

HLX^'Z,

It V Z L Z:Xti-rnnimm& x t 7 7ld@V >jd-tZi£T"-@iZilZo ZZXm-tH&i 

i self-consisted charge and configuration methods for subsystems (SCCCMS)?£tPf-

x„ xr o7‘114(imumitiiri'&im-ftmKim

•ent»i:Z4i.t-rX,. X T 7 7‘ 2 > 3 -eijty XtA M Id St H:ftZfhfRt-£ 2 oWXv X 

7- a t#x.X7 i »<T-zc>„ ::'CldfElCidtEt-atHEZZWEF-ld®fSofiEVlZi'n 

txiMMt LxmtZtiZo oil), Ef B £ ft ivt £ ®Hr £ E v'Z:«®T'd5dT- A <0 

IHifiWreiJ, Edef. Ees, Ep Ef ZuDxL^&f-idCdi^OXT 7 7%:t

nfrb®hnz0 > -> -r &.

tipbmmZo EexIdEffcOffllf.ftEiivfE- Eint t 7 > X<7)5tZeE>f#i3dl£o 

X<r>% L171.XII-r-»*iJT-ftzs*<Z) :. 5 %Wft»T-

111 £1 i < #fh"7s SAXi: ZVjl 5nZ:0
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Subsystem A Subsystem B

Step

Step

Step

convergence criterium
T

equilibrium 
in subsystems

>

Figure Schematic representation of constrained 
calculations in SCCCMS.

mm
J. Phys. Chem. A,
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J. Korchowiec and T. Uchimaru, 1998, 102, 6682.
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1.4 Ab initio Studies of Substituent Effects on the Hydrogen Bonding of Uracil 

Derivatives in A-U Base-Pair

A-V >T

uifsft-, mmm, a*,.$,5;,

tfi«*'f<7)r.fi6o*s-e&(i r-mti-11

afK^Bsuufcv-ctmtcmmzmotoj,lt)>LmLtzWkmmm* ab 

initioctzimttiTMiTi>*i>„a± :i-t-vmmoaiMt-enf>w*

Si-j<7)flSAf#l:J;^Eff^:/l:tt/)S:(ftonTv5c

tbfibiili a-ux ‘s-x *m##%**ammi:#*##

t: =t oTflf^L/Co ZZT'liJ- i >7■> )K7) 5 - v< -4- JbBSfri: #i. E, tt-S c 

@t:,ji-t=t')i: A-UX fa$bti:i±2'060**8^7)^2,„»-7->tvii2oco*XIS^ A, 

B KM'XZtirtiGF-SSflK Lt»v>tv'50 L/:i'vt, g##tw^#(0

/KS-Sfi-^ *- A-*- * -T h l*(0

R#*»#Ab6 C 1h Lr(7)fs$bfSE<7)xx § <&&HW&WI

6, o
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e~ donating

Figure. The electron transfer style in hydrogen bonds between 9-methylladenine A and Ux.

Table. Hydrogen Bond Energies of Base-pairs between 9-Methyladenine (A) and Substituted 1-Methyluracil 
Derivatives (Ux)

HF
/6-31G*

HF-MP2
/6-31G*

DFT
/6-31G*

DFT-MP2
/6-31G*

HF
/6-31G*

HF-MP2
/6-31G*

DFT
/6-31G*

DFT-MP2
/6-31G*

5-N02
5-CN
5-CF3
5-F
5-COCH3
5-C02H
5-C02Mc
5-CONH2
5-H
5-CH3
5-CCH
5-NH2

-10.31
-10.25

-9.96
-9.72
-9.46
-9.93
-9.59
-9.38
-9.43
-9.51
-9.67
-9.01

-13.55
-13.58
-13.25
-12.96
-12.70
-13.33
-12.79
-12.61
-12.59
-12.50
-12.91
-12.12

-12.48
-12.57
-12.24
-11.90
-11.59
-12.16
-11.75
-11.50
-11.63
-11.42
-11.88
-11.06

-13.25
-13.29
-13.01
-12.69
-12.43
-13.16
-12.50
-12.37
-12.34
-12.26
-12.63
-12.01

5-NMe2
quin
5-Ph
5- Pf
6- aza 
6-N02 
6-F
6-C02H
6-NH2
2-S
4-S
dft

-8.65
-9.18
-9.51

-10.02
-9.79

-10.06
-9.85
-9.56
-9.69
-8.66
-4.12
-2.40

-1 1.83
-12.39 
-12.89 
-13.48 
-13.10 
-13.46 
-13.04 
-12.86 
-12.75 
-1 1.99 

-7.83 
-4.13

-10.53
N/A
N/A
N/A

-12.17
-12.39
-12.05
-11.83
-11.83
-10.83

-6.49
-2.29

-1 1.58
N/A 
N/A 
N/A 

-12.87 
-13.21 
-12.72 
-12.62 
-12.41 
-1 1.82 
-8.12 
-4.26

DFT - B3PW91
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2.1 Structural Study of a Bi naphthyl-derived Cal ix[4] crown Possessing Heterogeneous 

Microenvironments

Tnmnkazu Tozawa & Talsuva Tachikawa,a Sumio Tokitaa and Yuji Kubo^b

aDepartment of Applied Chemistry, Faculty of Engineering, Saitama University,
255 Shimo-ohkubo, Urawa, Saitama 338-8570, Japan 
^PRESTO, Japan and Technology Corporation (JST)

As part of our ongoing program to develop highly function-accumulated molecular 
systems, use of 1,1' -binaphthyl units is of great value because of the unique properties which 
induce not only chirality in a structure but also a hydrophobic microenvironment [1]. Indeed, 
we have been strongly fascinated by synthesizing binaphthyl-derived calix[4]crowns: most 
notably, an optical read-out receptor derived from the key synthon 1 shows a drastic 
enantioselective coloration with several chiral guest amines, enabling us to detect the chirality 
by naked eye [2]. The cascade-signalling mostly emerged from the structural feature involving 
heterogeneous microenvironments.

The poster presentation will focus on our recent results which we have successfully 
obtained the X-ray crystal structure for 1.

(A)
0(2) - 0(6): 5.30 

0(6) - 0(4): 4.96 

0(4)-0(2): 5.01

1
References

1. Y. Kubo, Synlett (Account), in press.
2. Y. Kubo, S. Maeda, S. Tokita, and M Kubo, Nature, 382, 522 (1996); Y. Kubo, N. 

Hirota, S. Maeda, andS. Tokita, Anal Sci., 14, 183 (1998).
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2.2 Preparation of Novel Macrocyclic Cyclophanes (exo-Hydroxycalixarene Analogues)

Akira Miyazawaa). Tsuyoshi Sawadab), Shuntaro Matakab) 
and Masashi Tashirob)

a) National Institute of Materials and Chemical Research, 1-lHigashi, Tsukubg, Ibaraki 305, Japan
b) Institute of Advanced Material Study, Kyushu University, 6-1 Kasuga-Kohen, Kasuga, Fukuoka 

816, Japan

There is considerable interest in the synthesis and properties of compounds derived from 
macrocyclic cyclophanes such as calixarenes, resorcinarenes and so on. Recently, we have found 
that tetrahydroxy[2.12.1]metacyclophanes, exo-hydroxy calixarene analogue, having large cavity in 
the molecule than calix[4]arene can he prepared from bisphenolA in 6 steps.

1) Mel, K2C03 (70%), 2) (HCHO)x, H3P04, HCI (35%), 3) NagS (38%), 4) mCPBA (95%), 
5) 450°C, 1torr (37%), 6) BBr3 (80%)

Detailed preparative sequences and X-ray structure analysis of the macrocyclic cyclophanes will be 
presented.

References
"Advances in Supramolecular Chemistry", Gokel G. W., Eds, JAI Press, London, 1983, Bohmcr V., 
Angew. Chem. Int. Ed Engl., 1995,34, 713-745., Chaser D. W.,/. Org. Chem., 1985.50,545. Sattori 
G., Tetrahedron Lett., 1995,33,769., Bohmer V. et al., J. Org. Chem., 1996.61, 549.
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2.3 Synthesis and Structures of Silacalix[n]arenes

Masaru Yoshida. Midori Goto, and Fusae Nakanishi

National Institute of Materials and Chemical Research, 
1-1 Higashi, Tsukuba, Ibaraki 305-8565, Japan

Calixarenes have received intense interest due to their selective inclusion ability 

toward many kinds of guest molecules in view of the supramolecular chemistry. 
Although there have been a large number of reports on calixarenes with carbon-bridges, 

only a few studies on the replacement of the calixarene bridge parts by heteroatoms have 

been carried out. Recently, Konig et al. have reported the first tetrasilacalix[4]arene 

derivative, but no structural data of the compound in the solid state have been given so 

far.[l] Very recently, silacalix[n]phosphaarenes have been reported and their unusual 71- 

acceptor ligand capacity has been also realized. [2] However, the unsubstituted parent 

compounds of the silacalixarenes, i.e., silicon-bridged metacyclophanes have not been 

known. Herein we report the first successful synthesis of trisilaf 1.1.1 jmetacyclophane 

(trisilacalix[3]arene, 1), obtained concomitantly with the unsubstituted tetrasila[ 1.1.1. 
1 ]metacyclophane (tetrasilacalix[41arene, 2).

1 2

The structures of these new compounds in the solid state are established by X-ray 

crystallography. As a result, it was shown that 1 and 2 adopted a saddle structure and a 

1,2-altemate structure, respectively. The conformations of these silacalixarenes were also 

analyzed by semiempirical PM3 calculations which indicated that the conformations of the 

silacalixarenes in the crystal did not represent an energy minimum. A completely C3 

symmetric cone structure of 1 and a 1,3-altemate structure of 2 were estimated as the 

most stable conformations, respectively.

References

1. B. Konig et al. Angew. Chem. Int. Ed. Engl., 1995, 34, 661.
2. N. Avarvari et al. Science, 1998, 280, 1587.
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2.4 Design and Application of Novel Molecular Cavities Based on zzrTerphenyl Units

Kei Goto.a Yoko Hino,a Bo Tan,b’t Renji Okazaki,and Gaku Yamamoto3

aDepartment of Chemistry, School of Science, Kitasato University, 1-15-1 Kitasato, 
Sagamihara, Kanagawa 228-8555, Japan

bDepartment of Chemistry, Graduate School of Science, The University of Tokyo, 7-3-1 
Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

The design of a reaction environment which can specifically regulate the reactivity of a 
functional group is a major area of current interest and importance. We have been 
investigating on the application of a bowl-type substituent 1 to the stabilization of highly 

reactive species [1]. Here we present the design of a novel m-terphenyl-based substituent 2 
(denoted as Bpq), which is expected to serve as a more inert and more effective steric 
protection group, and its application to the stabilization of sulfur-containing reactive species.

In the substituent 2, there is no alkyl group around the functionality X and the m- 
terphenyl units extend like a dendrimer to form a large molecular cleft, which prevents the 
dimerization or disproportionation of X. Sulfenyl iodides (RSI) have been well recognized 
as important intermediates in biochemistry as well as in organosulfur chemistry. However, 
they are known to undergo very facile disproportionation reaction (2RSI —> RSSR + I2). 
Oxidation of thiol 3 with an equimolar amount of I2 in the presence of triethylamine resulted 
in the quantitative formation of sulfenyl iodide 4, which was isolated by silica-gel 
chromatography as purple crystals. X-ray crystallographic analysis revealed that the S-I 
functionality of 4 is incorporated in the molecular cleft and sufficiently separated from those 
of neighboring molecules. Although the disproportionation reaction of 4 is effectively 
prevented by the Bpq group, 4 can react with some reagents such as benzyl mercaptan and 

benzylamine. The application of 2 to the stabilization of other reactive species such as 
thionitrites (RSNO) and Af-thiosulfmylanilines (RNSS) will also be discussed.

BpqSH
3

BpqSNHBn
2 = BpqX BpqSI —

4 BnNHg1

References and notes
t Present address: Department of Chemistry, Tsinghua University, China. 
t Present address: Department of Chemical and Biological Sciences, Faculty of Science, 
Japan Women's University, Japan.
1. Goto, K.; Okazaki, R. Liebigs Ann./Recueil 1997, 2393-2407 (Microreview).
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2.5 Syntheses and Functions of Macrocyclic Polyethers Having iso-Butenyl Groups
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•"'' III. (3) SWrSt^ rjfiSL/i (Scheme 4 )0
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2.6 Synthesis of Novel Macrocycles Bearing Pyrimido[5,4-d]pyriiidine Units

Kazuhiro Taguchi

National Institute of Materials and Chemical Research

1-1 Higashi, Tsukuba, Ibaraki 305-8565, Japan

Novel macrocyles were synthesized by nucleophilic substitution of active chlorines on 
a nitrogen-containing heterocyclic compound with amino groups. Tetrachloride of 
pyrimido[5,4-d]pyrimidine readily condensed with diamines below room temperature to yield 
the macrocycles bearing heterocyclic and diamine units of the ratio of 2:2 or 1:1. The 
components of the products depended on the chemical structure of diamine and the reaction 
condition. NMR data of the 2:2 type macrocyles suggested free rotation of the 
heterocyclic skeleton, incorporation of the two pyrimidopyrimidine units into a macrocyles 
induced a slight decrease of extinction coefficient and a remarkable decrease of fluorescent 
intensity.
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2.7 Synthesis of Binaphthol Derivatives Which Have a Phenolic Hydroxyl Group via 

Tandem Claisen Rearrangement
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3.1 Molecular Recognition and Chirality Sensing by Intelligent Lanthanide Complex 

Receptors

Hiroshi Tsukube

Department of Chemistry, Graduate School of Science, 

Osaka City University, Osaka 558-8585, Japan

Although a variety of artificial receptors have been developed for 

recognition of cationic or anionic guests, the number of receptors 
developed for zwitterionic substrates remains quite limited.

We describe here that a hybridization of lanthanide coordination 
chemistry and receptor chemistry provides (1) effective extraction of 

"zwitterionic" amino acids and (2) CD probing for their chirality 
determination.

+ Amino Acid

Lanthanide complexes are widely employed as shift reagents in 
NMR spectroscopy, catalysts in organic synthesis and biotechnology, and 

probes for fluorescence/MRI sensing [1]. We recently demonstrated that 
lanthanide tris(p-diketonates) 1 and related neutral complexes offered 

efficient extraction of "zwitterionic" amino acids and acted as CD probes 

capable of chirality sensing of the bound guests [2,3]. In these systems, 

the trivalent lanthanide ions were electrically neutralized by 
coordination from three diketonate ligands, but further bound -CC>2" 

group of the amino acids to form highly coordinated complexes. Since 

"zwitterionic" amino acids are hydrophilic and bifunctional guests, more 

effective receptors should have multiple binding sites highly 
complementary to -NHg+ and -CC>2~ sites of the guest.



Conjugate 2 + Amino Acid

We designed a novel type of conjugate receptor 2 for synergistic 

binding of zwitterionic amino acids in which benzo-18-crown-6 moiety 

is covalently connected with lanthanide porphyrinates. This efficiently 
extracted several amino acids from a neutral aqueous solution into a 
CH2CI2 solution via 1:1 complexation [4]. Conjugate 2 also exhibited 

chirality-specific CD bands based on synergistic binding of chiral amino 
acids. After liquid-liquid extraction experiments with L-Trptophan, L- 
Phenylalanine, L-Thienylalanine, L-Thienylglycine and L-Leucine 
guests, the resulting organic solutions gave the "reversed" S-shaped CD 
bands around the Soret band, while their D-isomers offered the S- 
shaped CD bands.

These results demonstrate that the covalent conjugation of 

lanthanide complex with artificial receptor unit provides promising 
possibilities in the development of new intelligent receptors of next 

generation [5].

References and Notes
[1] Review: H.Tsukube, S.Shinoda, Bol Soc. ChiL Quint., 1997, 42, 237.
[2] H.Tsukube, S.Shinoda, J.Uenishi, T.Kanatani, H.Itoh, M.Shiode,

T.Iwachido, O.Yonemitsu, Inorg. Chem., 1998, 37, 1585.

[3] H.Tamiaki, N.Matsumoto, H.Tsukube, Tetrahedron Lett., 1997, 38, 

4239.
[4] H.Tsukube, M.Wada, S.Shinoda, H.Tamiaki, submitted.
[5] H.Tsukube, M.Hosokubo, M.Wada, S.Shinoda, H.Tamiaki, Dalton, 

1999, 11.
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3.2 Intelligent Membranes That Use Molecular Recognition

Bradley D. Smith. Stephen J. Gardiner, Zhi-Yi Zhang, and Yvonne Vandenburg 

Department of Chemistry and Biochemistry, University of Notre Dame, 251 Nieuwland Hall,

Notre Dame, Indiana 46556-5670, USA.

Although it is well-known that many biological membrane processes use molecular 

recognition and self-assembly, there is currently little understanding of how these processes work 

at the molecular level, or how chemists can mimic them. Two types of intelligent abiotic 
membranes will be described. The first type are semi-permeable liquid membranes that contain 
rationally designed membrane transport carriers. The second are liposomal bilayer membranes 

that undergo morphological changes such as lysis, phase separation and/or fusion upon exposure 
to a chemical or physical signal.
Selective Sugar Transport Through Lipophilic Membranes

A major research goal is to develop a fructose-selective membrane that improves the 
industrial production of high fructose syrup [1]. Supported Liquid Membranes (SLMs) 
containing boronic acid 1, with and without Aliquat (primarily trimethyloctylammonium 
chloride) were evaluated for sugar permeability. In the best case a fructose/glucose selectivity 
factor of seventeen was achieved. This membrane enrichment step was then combined with the 
standard industrial enzymatic isomerization step to make a single process (Figure 1). In an effort 
to make the transport system even more favorable, the boronic acid-quaternary ammonium 
conjugate 2 was prepared and found to be an outstanding fructose transporter [2]. Under pH 
gradient conditions (basic source to acidic receiving which produces uphill transport), fructose 
fluxes were twenty times higher than those observed with a mixture of 1/Aliquat. The ortho, 
meta, and para isomers of diboronic acid 3 were compared with monoboronic acid 1 and found 
to induce slightly lower fluxes but slightly better fructose selectivities.

Figure 1. Glucose isomerization 1 2 3
and fructose enrichment as a 
single process

Development of an Artificial Virus
Another major goal is to develop an artificial virus; that is, a liposome with an ability to 

selectively bind and fuse with cells, and as a consequence deliver its internal contents. Such a 

device would be useful in drug delivery and gene therapy. The general design (Figure 2) is
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modular, and contains two important components, a targeting ligand and fusion catalyst. 

Previous workers in the field have used naturally occurring materials, however, the aim of our 

research is to invent novel abiotic targeting ligands and fusion catalysts. Boronic acids have been 

investigated as abiotic targeting ligands. Large unilamellar vesicles that are covalently coated

with boronic acids become susceptible to Ca2+-dependent fusion after they bind anionic 

saccharides [3]. Spectrometric methods were used to measure liposome aggregation (changes in 

turbidity), leakage (escape of aqueous contents) and fusion (aqueous contents mixing and lipid 
mixing). In addition, microscopy studies show that the liposomes can selectively bind 
glycosylated cells such as erythrocyte ghosts. This is perhaps the first example of liposome 
targeting to a cell using a synthetic receptor.

Figure 2. Artificial virus

Our efforts to develop abiotic fusion catalysts have focused on polycationic dendrimers. 
High generation poly(amidoamine) (PAMAM) dendrimers disrupt and fuse anionic liposomes far 
more efficiently than linear poly (lysine). Furthermore, the extent of dendrimer-mediated lipid 
mixing per surface amine increases significantly with the size of dendrimer.

Finally, a novel photoactivated phosphatidylethanolamine derivative (caged-PE) will be 
described. Irradiation of liposomes that include caged-PE results in liposome leakage and fusion 
due to conversion of the bilayer to a non-lamellar phase. Caged-PE is likely to be useful tool in 
mechanistic studies of membrane fusion.

References
1. Facilitated Transport of Small Hydrophilic Biomolecules through Artificial Membranes. 

Smith, B. D.; Gardiner, Advances in Supramolecular Chemistry Vol. 5, Gokel, G. W., Ed.; 
JAI Press: Greenwich, 1999, 157-202.

2. Selective Fructose Transport Through Supported Liquid Membranes Containing Diboronic 
Acid or Conjugated Monoboronic Acid-Quaternary Ammonium Carriers. Gardiner, S. J.; 
Smith, B. D.; Duggan, P. J.; Karpa, M. J.; Griffin, G. J. Tetrahedron, in press.

3. Anionic Saccharides Activate Liposomes Containing Phospholipids Bearing a Boronic Acid
for Ca2+-Dependent Fusion. Zhang, Z ; Smith, B. D. J. Am. Chem. Soc. 1998, 129, 7141- 
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3.3 Artificial Receptors and Chemosensors for Biomolecules

Thomas W. Bell

Department of Chemistry, University of Nevada 
Reno, Nevada 89557-0020, USA

Artificial receptors can be tailored to bind small, biologically-relevant molecules, such 

as metabolites, amino acids and nucleotides. Our host compounds arc not biomimetic; they 

are designed de novo to probe fundamental aspects of molecular recognition and to target 

applications, such as chemosensors for guest molecules of biological importance [1], Our 

approach uses fused-ring structures to control the molecular architecture of the host and 

consequently to preorganize metal-ligating atoms or hydrogen-bonding sites. This lecture 

deals specifically with our current studies of artificial receptors for creatinine, N-alkyl- 

guanidines (e.g., arginine), and the nucleoside base guanine.

We previously developed a chromogenic reagent (1) for creatinine (2), a blood 

metabolite used clinically to monitor kidney function [2]. Creatinine is extracted from water 

into chlorocarbon solutions of receptor 1, forming colored complex 3. Binding of creatinine 

by three hydrogen bonds causes a proton to be transferred from the OH group of 1, apparently 

to its terminal nitrogen atom, as seen in the X-ray structure of the crystalline complex (3). The 

results of a theoretical study suggested that creatinine is protonated in solutions of the complex

[3], but recent spectroscopic results indicate that the structure of 3 is the same in solution and 

in the solid state.

Artificial receptors for amino acids and nucleotides are of particular interest as novel 

spectroscopic probes and as therapeutic agents. For such purposes, the hosts must have 

significant solubility in water and must form stable complexes with guests in aqueous media.
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Therefore, we have redesigned the syntheses of our receptors, omitting «-butyl substituents 

to produce less lipophilic complexes, such as 4 and 5. The dipotassium salt of the dicarboxylic 

acid in complex 4 has high aqueous solubility (ca. 0.3 M). Its crystalline 1:2 complex with 

the N-ethylguanidinium cation contains one guest bound in the host cavity, as shown in 4, and 

the second cation is hydrogen-bonded externally to one carboxylatc group. It forms stable 

complexes with N-alkylguanidinium salts in water and binds the dipeptide diarginine 

selectively with respect to dilysine.

The artificial receptor in complex 5 is similar to a previously reported, guanosine 

receptor healing an n-butyl sidechain [4], The host in 5 also incorporates an aryl substituent 

bearing a polar functional group. Several receptors of this type have been synthesized and 

found to form strong complexes with triacylated guanosines. The stability constants of these 

complexes are not influenced significantly by the polar group on tile aryl substituent, which 

adopts a conformation that is almost perpendicular to the terminal pyridine ring.

References
[1] T. W. Bell and Z. Hou. In Chemosensors of Ion and Molecule Recognition, J. P. 

Desvergne and A. Czamik (Eds.), Kluwer, Dordrecht (1997); pp 121-132.
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3. b Synthesis of I) inuclear Ruthenium Complexes with Tertiary Polyamine Ligands and 

the Formation of Ru-N2-Ru Bridge in Solution 
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in MeOH, 50"C, 6days

Scheme 1 Synthesis of trans- [Ru2CI4LJ2t

1 N L, Ztiiz TiCl3 £ flux, "t—SUE

N, YKto'.'XmjLift'ztztZb* 2801*ftiS PRJBW*3fcft, Z<vmL2

C -I dEiRl ± Ru (II) -N-Ru (II) dfS-g- U ME-i" £ I:

#x. -biiZio

z<nz t imM.'t&tziblzm'iZ'*? h /KOflBEflEtftWttK-^V'TiKZc,, SS> - 

attentive o-, a-. p-m*ti**i<r)tm<r> IN HC1 #%t: TiCl, fcttlx. 

h h%MtsLL. 280m
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t^:byj>o/jc CW:#
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3.6 Artificial Receptors with Multi-recognition Sites Containing 2,6 

Diaminopyridine Moieties

2.6-vT i / ® > Mv. £ W"t & ^ SSStt A I > -t AA - co £■)$

• ft) mmMfa. imm.£

tsEft*x bitm*rx i-»n btn

tiiftl-t l> 3 >^tSrlSw L® :wyx h uyA^WSA^'SHt-t-Z. v;bt»

/:rnx-r>j-'mmiR&itm-zt-* ht

v-4; ^Hol«*li*St6frSrspJffl Lt$ -Yxh*JRt)&A, #.:m, #U 1* >tt

rz (Fig. D zmg-tztzibiz, 2,6--/7t

/ tf V >>#%&. X)#f &#!%#?-?. -r corliiSi i: --h V cl - t ;v SIS* -B i > !± i' v » > jc

t_L, Ji5rtn£L, A O ES A ^ ff fffi > $IJ# A1 r o A C> A1" A „

2*12 Complex

Fig. 1 Conformational Change of the Host via Binding with the First Guest
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Scheme 1

/—\ /—\ /—\ a’ ^ c /—\ /—\ /—<

C12H25° 0 0 OTs C^H^O O O SH
2 4

d /—\ /—\ r
—► C-12^25^ O O

5
-- ► C12H25O O O ^ - Q|_j

K/xX

9- h /—\ /—\ z
^12^25^ O O

s^X/Usn'C(^nh2 1

H 7

a Reagents and conditions: (a) thiourea, EtOH/H20, reflux, 20 h; (b) KOH, H20, 
reflux, 24 h; (c) H2SO4 (74% from 2): (d) ethyl 4-bromobutylate, NaH, THF, r.t., 5 h 
(84%); (e) NaOH, EtOH/^O; (f) HCI (89% from 3; (g) (COCIfe, CH2CI2/DMF, 
50°C, 4 h; (h) 2,6-diaminopyridine, Et3N, THF, r.t., 3 h (83% from 3: (i) glutary I 
chloride, Et3N, THF, r.t., 19 h (76%);

Scheme 2a

ci

HN'*0'NH,

HN^ryNH2

£

H

O

"o: )

m '2

c, d
2

2

^Reagents and conditions: (a) 2,6-diaminopyridine, Et3N, THF, -20°C, 
12 h (43%); (b) 4-bromobutyryl chloride, K2C03, THF, r.t., 3 h (42%); 
(c) NaBH4, EtOH, r.t., 10 min; (d) E r.t., 10.5 h (30% from 2)
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*7 M, 2.W-&®
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u 2.k*s^-e«yx f
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M ‘'CifeoTl:,, 27 1 3 7111 : 2 »3 >7* ■■; 7 Xfgil, rod 2,6-y7->JV 

7 17 7'J y>wa&(: 1 3 iwmirz,zItfinfrvtzo

j_7jj_7dl : 1 $6j6S* K 1 S*<7) Na-e#W3 k, 17 11 dfgHM^f 0.97
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L/iT*> mm%K Na’7)sE 0 ii4 H6/7AUJ_7±±7 5 ti/7 7 7t5?
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Table 1. Binding Strength of 1 Determined by 1H NMR (500 MHz) 
Titration in CDCI3

Guest

Ka(M1)
(a = [1-guest] / [free 1])

without Na+ with Na+

11 1400 ± 1003 n.d.d

a = 0.97b a = 5.8°

12 1600 + 100s n.d.d

a = 1.0b a =0.69°

a) [1] = 1.25x1 O'3 M . b) [1] = [11] = 1.25x1 O'3 M. 
c) [1] = [H] (or [12]) = [14] = 1.25x1 O'3 M . d) Not determined because 
accurate binding constants of a ternary complexes including Na+ could 
not be obtained .

° Cl2h25

11

,0

o

12

C12H25

F3<H-BNa*

F3C '4

12 14

h3+n'(^
n

N+H3 2Pic

n = 6, 8, 10, 12
15

r'cT',

17
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3.7 Synthesis and Molecular Recognition Ability of a New Class of Water-Soluble 

Pyrenophanes

ia; Nagawa, Yoshinobu3; Uzawa, Hirotakab; Hiratani, Kazuhisa3

^National Institute for Advanced Interdisciplinary Research, 1-1-4 Higashi, Tsukuba, Ibaraki 

305-8562, Japan, ^National Institute of Materials and Chemical Research, 1-1 Higashi,

Tsukuba, Ibaraki 305-8565, Japan.

It has been already found that tandem, or double, Claisen rearrangement provides a 
new, simple way to prepare crwonophanes which have several phenolic hydroxy groups.1 In 
this presentation, synthetic methods for crownophanes containing an axyally assymetric 
binaphthol using the rarrangement will be described to demonstrate the versatility of this 
approach. Macrocyclic poly ethers, precursors of target molecules, were synthesized by 
reaction of phenol derivatives containing an isobutenyl group, with oligoethyleneglycol 
derivatives which were obtained from an enantiomerically pure binaphthol by reaction with 
ethylenglycol derivatives. The thermal Claisen rearrangement of them quantitatively afforded 

crownophanes 1 and 2 containing two aromatic phenol groups per a molecule. Molecular 

recognition of the resulting macrocycles for neutral species as well as chiral amino alcohols has 
been investigated by variable temperature NMR and NMR titration methods.

n=1:1

n=2: 2

Some noteworthy results were obtained: (1) these macrocycles 1 and 2 form 

complexes with butylurea at low temperature; (2) the shorter macrocycle 1 relatively has a high 

affinity for the (R)-phenylglycinol. We will discuss these reseults from the viewpoint of 
stereo chemistry.

l)Hiratani, K.; Kasuga, K.; Goto, M.; Uzawa, H. J. Am. Chem. Soc. 1997, 119, 12677.
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3.8 Molecular Recognition Ability of Ferrocene-Modified Artificial Ditopic 

Nucleobasereceptors for Dinucleotide Derivatives

Masayoshi Takase and Masahiko Inouye 
Department of Applied Materials Science, Osaka Prefecture University 

Sakai, Osaka 599-8531, Japan

There has been enormous interest in the design of synthetic molecules that 
recognize and bind to oligonucleotides in a sequence-specific manner. Our initial goal in 
this field is to develop specific receptors for each of oligonucleotides. With this in mind, 
we designed and synthesized ferrocene-modified artificial ditopic receptors for thymine- 
thymine dinucleotide.

The design of the artificial ditopic nucleobase receptor 1 is based on the triple 
hydrogen bond complementarity between 2,6-diamidopyridine and the thymine imide. 
Ferrocene was used as a spacer because of its “pivot” character. The receptor has two 
2,6-diamidopyridine moieties for a hydrogen-bonding site, which were tethered to two 
cyclopentadienyl (Cp) rings of ferrocene severally with ethynediyl or oxymethylene spacers. 
The advantages of ferrocene skeleton are as follows: (1) the inter ring spacing of ferrocene 
is 3.3A near the native nucleobase spacing (3.5A) and (2) the change in the conformation 
upon recognition of dinucleotides is restricted to the rotation of two Cp rings.

hi ii ii >n ii i^ii
iViiiimii^ ""

Me
-==<*....^_N>-^^<4e^-OTBDMS

)Vi

BDMS
la X= -C=C- 
lb X= —CH20—*

Ka = 124000 M"1 (la)

The interaction between the receptor la (or lb) and dinucleotide 2 was 
investigated by *H NMR in CDC13. The NH protons on both la (or lb) and 2 were 

shifted downfield. The 1:1 stoichiometry was confirmed by the continuous variations 

plots and also corroborated on the basis of FAB mass experiments. Association constant 

for the complex la»2 in CHC13 was to be determined to 124000 M*1 (AG298 = -29.0 kJ/mol) 

by UV titration. This value is remarkably high compared to those for previously reported 

dinucleotide receptors. In the poster session, we will report the details of this research.
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3.9 Synthesis of Chiral Crownophanes via Tandem Claisen Rearrangement

9 > -T'U i>7f -t: > IzitiVxE' 4 flf V 4 4 7 JVESifb 4 W1~ & >79777 ><0&«

• fclHWM ■ IWNE •

ffiTf-. + V zs^vyf') 3 - ;vsf$5:^*>*#-3*8iwk

Cfft, 14E4 77 7 ; 77 >7)#/U:#%gTlTV'6o >79777>li. ##4## 

fttVKi. Miff 7 7 >7 xt-toc 1 4*7 •/ 7 XT l- > 2 4 hRTttrta jS*ott-g

L/y#.Rv##?)%m*w#e%ae cn$-eu. 8:70777 y 77 x^iR-gstiTv
•4c Ml If. 7 xd7>fl$SrW+^ ItwIMV T-T)V|±, SOTSSv IflS'lttoKH k 7) 

#fWy&72#gxfrro6 2 c i/o * 9 ?ot7f T®<65r*i3*#o» V /
7 XT U >T •) fflatll J: 14 7 sSE7?4 SfiTi >X 1 , Lil'LKtfb, 7 fib 

0777/7 xofnsii, 40%#4#ig(:Z V , •$69ic4V'xAEiEt:-*5„

n=1 ; 3 
n=2 ; 4

- )j\ flRCt 1, 1-4X (TV 04X7 770 Xff/IIWKT (t: Ko^yTOt) 

t 7 7 -T -tf > tzifi E>Uk 4 + 4 x t 4 &ffl L 4 „ + 4 To 1 < 7 > -rJ, 7

7 T 4:>Efifxi,D-C*5 =T COEllli, »7i y - 7 7 7 y 7 t >

###ogi&::TaoT. USSR, WoAoggR&R ^|i|<o«f%li, c<0Wffl»Si6 

o;Ft*l't4EH)j1"o<, ii:j; 0 7-b 

7 7 7 7 r > 3, 4 Ogf&t'E-OTT fEESb4#7)*4o
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3, 4 li, Utm t- (R) - (+) -1,1 - - H'-2,2 - -17 h-;v$r

fii%@f:l-UL TiffS (Scheme Do if> TOP

Tf*# 5 n/j l-^nnt'J 3"J--D D > 7"') a - A > hii,D 5*. ov'T\ h V 7 cr.-tvc *

77 f 74%#CD 0 ii:S7'D^lt5tl/cRc -J-wrn^ftsn/c-lt^k 3^7nn-2- 

2 nu 2 -D)D i-7"n^x> CD 0 .x-7-11 ft gdi/c tf X47 h - JO 4 f4 fc- DMF 8$! dc *£ 

ft-D h V CAA^bDNFi'Siflrx i»o < 0 75 °C FT# F$ft,

4c dd*jva h*(-S D Sit, -E-o^dd.-fa a#14

/KTftitL, te*«ftv7'4'>7ACD i)<®B5n/c. i§#B*flF fl=Kx*-«y*no* 

h- A (10:901 El4i§E 4 IfiV'/cA 0 * Y11 ii -/A 7 n? h 7 7 7 7 -1; D 0 , 

itMirV&Z 3, 4 0 A-f-& 1, 2 T^EFMtfi: LTS 4i4 (1:

yield 31%, Rf=0.63; 2: yield 43%, Rf=0.09)„

KsCOg/DMF
110”C

PPh3, Br2 

CH2CI2

Scheme 1. f A ^ 7 4: ^7^/77
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A’teriso °t\ 4#im, ft-fttii, 2i‘0«j,>fA>7
Y-L->te1v:lxi.L.'i:J: '<) II 3, 4 ;iy » no
*11 A (t():90'il4M«*«iv>Z."/ o * yn-* 7i 3 nv 5 7 3 7 7 -I:z OISKSFitF 

i.3: Rf =0.26, 4: Rf =0.033

6/ppm §/ppm

Figure 1. 4?>7-A47** 4f >6tiS£igu^CD ‘H NMR X^.7 F ;i/

5<7)H4--B X V * / 7 7 /COM'M hroffliili, Ztibcn ‘HNMR x^x F >nzl

9 STeS* (Figure 1)= S;X nn *jPAit'CO 300M ‘H NMR X'X3 F jl/Ujb't>T 4 V 7"y 

-;l-*« sp3 3*V>7°D h >i:$-f < 4.85 ppm Ol4-Xli, Z 0±& ^#(0#g#2 1:

> yu -j F-e*^<7)Ui*LT, iiJlEft3 1 Tli AB * jot- v HOtlSfc/TlTvSc 

TLFUj, Z 0/JxS4-n1jI<ff 1 OBI]®:***NMR X 4 A X 3 - IV k7 * F >SfSogt>

|u|3 * k r v & 3 k £•*»§ l.'C VS0 x 7 4 k' < tr

— X (i, J; 0,HifgJ#4-6.75 ppmt:#tLTV'6y»l:)4LT,

k 0 k $ 4 Tli k 0 #m#& 7.08 ppm CWiTt'S, 7tui, 7W-;H47k

..#%!:, *$*56-0*1)$^'

ki-ifrZ, IXJllT, ^(7)*E*C)7‘D F > i4-XI±1MSJ§^->7 FT£„ I-jT, k 0 

4<7)*®*I4X ffii-ttoi:5*>'/KSS^cosrsTfg^#jS^]R0Tv^ck^'

II^Uo

-55-



B*<OSJt-e<07 7 7 7 ? ><7) 7 > r a 7 v 1"-e'>Cfv&E4:,<7) ‘HNMR x^ 7 h 7t)s

Figure 2i:^S#m«Sc 7 7 Y -e'>$j;GJxlE'li* < l) X'b&tf 100 °CU4jWC<> 

'fe L ict; i]s/7i-/)'Z>o LYi'L, 4.73, 4.79, i: 5.21 ppm kf — X £l [6]

7 7 Y Yi >KitL>, 120°C "C 15 B#W^i7i±, (i 

IfuiltoU 2 l"l 7 v Y -t' > Kit41i t ZKtitittK^ b tit.:c 7(OKlt«ft7j'r'09KtIWIi 

JlYiYifKt'KAYjo

5 4 3
6/ ppm 5/ ppm

Figure 2. 7 7 K 7 7 7 > 1(£), 2(6)Kfct:t 5 7 7 Y -t?>6tiLKtS©fi®,
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3.10 Syntheses and Functions of Novel Marrocyclic Molecules Containing Phenolic 

Hydroxyl Groups
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3.11 Structure and Properties of Crownophanes Having Phenolic Hydroxyl Groups 
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4.1 Intelligent Crown Ether Probes for Use in Aqueous Media

Takashi Havashita. Akiyo Yamauchi, Shinichiro Taniguchi, and Norio Teramae

Department of Chemistry, Graduate School of Science, Tohoku University, Aoba-ku, Sendai
980-8578, Japan

A simple strategy to achieve alkali metal ion recognition in water is to incorporate 

ionophores into hydrophobic regions to shield the binding site from water. The micelle, 
vesicle and cyclodextrin (CyD) provide a hydrophobic circumstance which solubilizes the 
lipophilic crown ether probes in water and enhances the ionophore-metal interaction. To utilize 
these assemblies as a sensing device, however, a new concept for the design of crown ether 
probes is required. The hydrophilicity lipophilicity balance (HLB) of the probes would affect 
the positioning of the binding site in the micellar and vesicle phases. The surface charge of the 
micelle and vesicle would be an additional factor to influence the ion selectivity and sensitivity. 
In this paper, we focus on a strategy for 
the design of intelligent crown ether
probes in micelle, vesicle, and CyDs to

sensing in aqueous media.
achieve highly selective alkali metal ion

The photometric response of 1 
for alkali metal cations is evaluated in 
aqueous micellar solution.1 The spectral 
characteristics of chromoionophore lb 
in 10.0 mM micellar solution of (a) 
CTAB, (b) Triton X-100, and (c) 
TMADS (TMAVdodecy Is ulfate) are 
shown in Fig. 1. Increasing the pH 
promotes proton dissociation of the 

phenolic chromophore and absorption

a) at 408 ntn^p b) at 405 nm
e

c) at 406 nm

based on the dissociated species (L) < 0.5

appear at 405-408 nm. In both CTAB 

and Triton X-100, no significant 

differences in the pKt values is noted. 

In contrast, a selective coloration of 

chromoionophore lb is observed for 

TMADS solution. This result 

demonstrates that a highly selective

Fig. 1. UV-spectra of lb as a function of pH in aqueous 
(a) CTAB. (b) Triton X-100, and (c) TMADS solution. 
Salts concentration: 0.10 M of (O) TMAC1, (□) LiCI, 
(O) NaCl, and (X) KC1.
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colorimetry of metal cations is feasible through 

the proper combination of anionic micelle or 

vesicle systems with molecular designed 
lipophilic chromoionophores.2

By introducing pyrenecarboxamide unit 
into DB16C5 skeleton, a fluorescent response 
for Na+ binding is expected. It is found that 

proton dissociation of the carboxamido moiety 
in fluoroionophore 2 is promoted by Na+ 
binding, which results in an efficient ratiometric 

emission due to internal charge transfer (ICT) 

from the donor carboxamido anion to the pyrene 

acceptor. No fluorescent response is induced 
by the presence of Li+, K+, or Cs\ Thus 
fluoroionophore 2 exhibited a dual emission 
response with high Na+ selectivity in 4:1 1,4- 
dioxane water (v/v). The fluorescence 
property of 2 in micellar and vesicle solutions 
will be discussed.

Although the benzo15 crown-5 
(B15C5) fluoroionophore 3 can be classified as 
a photoinduced electron transfer (PET) sensor, 
it also shows dual fluorescence originating from 
monomer and intramolecular exciplex formation. A moderate Na+ selectivity is obtained for 3 
based on a 1:1 complex formation ability of the B15C5 moiety in a non-aqueous solution. In 
contrast, 3 is found to work as a novel ion probe in the presence of y-CyD, and it achieves high 

sensitivity and selectivity for K+ even in the presence of Na\3
Figure 2 shows the dependence of the intensity ratio at 470 nm to that at 377 nm 

(Fa10/F311) on the ionic radius. It is easily recognized that high selectivity for K+ is obtained by 
the 3/y-CyD complex. The result reveals that 3 forms a 2:1 complex with high selectivity for 
K+ in the presence of y-CyD, and it exhibits both monomer and dimer emission in water. 

Similarly, 4/^CyD complex shows a specific induced circular dichroism (ICD) in the presence 

of K+ in water. Thus the use of CyD with ionophores can be applied to various lipophilic 

chromo- and fluoroionophores to develop further superior sensing functions which differ from 

their originally intended functions. 1

1) T Kuboyama et al., Chem. Lett., 1998,373. 2) T. Hayashita et al.,/. Inclusion Phenom. Mol. 

Recog. Chem., 32,251 (1998). 3) A. Yamauchi et al.,/. Am. Chem. Soc., in press (1999).

rO>
LjXA

4b

r"*6- 2. Dependence of F^-jq/F^jj on the ionic radius 
of (O) alkali and (#) alkaline-earth metal ions. [3] 
5* 10~7 M (99% water-1 % MeCN (v/v)). [fCyD] = 
5.0 mM. (MCI] = [MC12] = 0.10 M.
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4.2 Design and Energetics of Novel Anion Hosts

Michael Berger, Anna Cattani, Elena Nicoletti and Franz P. Schmidtchen

Inst it ut fur Organische Chemie und Biochemie, Technische Universitat M tine hen 
D-85747 Garching, Germany, Fax ++49-89-289-13345

The ultimate criterion in molecular recognition is generally believed to be the ratio of associa

tion constants of competing guest species binding to the same host compound. Improvement of 

this thermodynamic selectivity has been sought by prudent design of artificial receptors using 

the variation ofKass with structure as a guideline. However, this approach is flawed because of 

unavoidable enthalpy-entropy compensation effects which may well ruin and devaluate even 

experimentally sound results aimed at uncovering the underlying factors in host-guest relation

ships.

The host-guest complexation of anions can take advantage from strong and far reaching Cou

lomb interactions with positively charged anchor groups if the screening of these substructures 

by the counter anions can be avoided [1]. A promising approach towards this goal is the fixed 

spatial segregation of cationic and anionic receptor subsites. Zwitterionic but overall electro

neutral hosts that realize this principle and in addition are functional even in organic solvents in 

spite of their high partial ionic charges have now been constructed following the inclusion-type 

and open-chain design concept, respectively. Adapting an earlier hydrophilic host design [2] 

the encapsulation hosts 1, 2 and 3 have been synthesized and their anion binding capacity has 

been studied in solution and in the gas phase.

The alternative lay-out was followed in the preparation of the flexible guanidinium host 4 and 5 

which were supplemented by the conformationally restricted ring-closed version 6. In order to 

gain a deeper understanding of the energetics governing host-guest complexation in this series
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avoiding enthalpy-entropy compensation effects we employed isothermal titration calorimetry 

(ITC). The disection of the free energies of complexation AGass (calculated from the associati

on constants Kass) into its component enthalpy and entropy parts revealed the dominant role of 

solvation in the binding process even in cases where common expectation would predict strong 

enthalpic interactions like in the binding of sulfate dianion by doubly positively charged guani- 

dinium hosts [3].

This was also apparent from the investigation of squarate binding by open-chain hosts of in

crementally varied flexibility. Van't Hoff analyses of the NMR-derived association constants of 

an ensemble of 4 ditopic hosts equipped with mannitol-based spacer units 7 revealed the domi

nant role of entropy in host-guest interactions in DMSO solvent. Host preparations and some 

conclusions emerging from the calorimetric measurements of their anion binding will be 

presented in the lecture.

»2<f 
o

.QX.ewv'y OX
H H

H Ho o

7

[1] Berger, M., Schmidtchen, F.P. Chem. Rev. 1997, 97, 1609-1646;

[2] Worm, K., Schmidtchen, F.P. Angew.Chem.Int.Ed.Engl. 1995, 34, 65;

[3] Berger, M. SchmidtchenJF.P. Angew.Chem.Int.Ed.Engl. 1998,37, 2694.
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4.3 Intermolecular and Ion-Molecular Interactions Evaluated through Mass 

Spentrometric Analysis of Clusters in Solution

Akihiro Wakisaka

National Institute for Resources and Environment 
Onogawa , Tsukuba, Ibaraki 305-8569, Japan

In the field of ion/molecular recognition and molecular self-assembling studies, it 

should be important to evaluate intermolecular and ion-molecular interactions in consideration 
with the role of solvent molecules in solutions. As one of the experimental approach to have 

the information on solute-solvent and sol vent-sol vent interactions, mass spectrometric 
analysis of clusters isolated from liquid droplets were carried out The electrostatic, 
hydrogen-bonding, dipole-dipole, hydrophobic interaction etc. can be evaluated by the mass 
spectra of clusters.

As a typical example, a mass spectrum of clusters isolated from a solution containing 
18-crown-6, NaCl, KC1, CsCl and methanol is shown in Fig. 1. The K+ is observed as a 
complex with the 18-crown-6; on the other hand, Na+ and Cs+ are remarkably existing as 
solvated ions. This result is in good agreement with the equilibrium constant in the solution.

The relation of the microscopic structure in solution with the physicochemical properties 
in solution will be discussed on the basis of this mass spectrometry.

Crown + K+

in methanol

Na+(CH^OH)n : n=0,1.2.3,4.5,6

Crown + Cs

Crown + Na

M/Z
Fig. 1 Mass spectrum of clusters isolated from a solution containing 18-crown-6, NaCl, 
KC1, CsCl and methanol. The concentration for each substrate in methanol is the same as 1 x 
IQ"4 mol/1



4.4 Benzo-15-crown-5-f1uoroionophore/eye 1odextrin Complex with Remarkably High 

Potassium Ion Sensitivity and Selectivity in Water

Akivo Yamauchi. Takashi Hayashita, Seiichi Nishizawa, Masatoshi Watanabe

and Norio Teramae

Department of Chemistry, Graduate School of Science, Tohoku University, 
Aoba-ku, Sendai 980-8578, Japan

Potassium is a major cationic constituent of living cells, and as a means to visualize the 
concentration profile of K+ in living cells, the fluoroionophores for K+ are desired.

We report the benzo-15-crown-5 (B15C5) fluoroionophore bearing a pyrenyl moiety 1 
which forms a 2:1 complex with K+ in the presence of y-cyclodextrin (y-CyD) in water.

Figure 1 shows fluorescence spectra of 1 (5.0 x 10~7 M) in water. In the absence of y- 
CyD, no obvious fluorescence was observed (a). By contrast, significant fluorescence 
assigned to the pyrene monomer emission appears in the presence of 5.0 mM y-CyD, where 
the solution contains 0.10 M tetramethylammonium chloride (TMAC1) (b). This appearance of 
fluorescence indicates that 1 forms an inclusion complex with y-CyD. The 1/y-CyD complex 
does not show any obvious spectral change by adding 0.10 M NaCl instead of TMAC1 (c). 
However, the broad featureless band with an emission maximum at 470 nm is strongly 
intensified by addition of 0.10 M K+ (d).

The selectivity for K + over Na+ suggests that 1 
forms a 2:1 complex with K*. In addition, in the 
presence of K+, the absorption spectrum of the 1/y-CyD 

complex shows characteristic features which are 

attributed to ground-state interactions between two 

pyrenyl moieties. Thus the structureless broad band 
observed at 470 nm in Figure 1(d) can be assigned to 

the emission of pyrene dimer which was produced by 
incorporating two fluoroionophores in a y-CyD.

From the dependence of the intensity ratio at 470 nm 

to that at 377 nm (/470//377) on the concentration of K+, 

the association constant of 2:1 complex is obtained as 
(3.8 ± 1.3) x 109 M~2. The remarkably high 

association constant for K+ apparently suggests that the 

formation of 2:1 complex between 1 and K + is 

promoted in the presence of y-CyD.

N rv\r€C 3

u

Wavelength / nm

Figure 1. Fluorescence spectra of 1 
([11 = 5.0X10-7 M (99% water-1 % 
MeCN (v/v))) with added species.
(a) 0 mM y-CyD.
(b) 5.0 mM yCyD and 0.10 M TMACI.
(c) 5.0 mM yCyD and 0.10 M NaCl.
(d) 5.0 mM yCyD and 0.10 M KCI.
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4. f- The New Chemosensors for Alkal ine Earth Metal Ions Based on Non-Cyc 1 ic Crown Ether 

with "On-Off" Fluorescence Signal of 9-Anthryl Aromatic Amide through Controlling 

a New Class of TICT Relaxation

Tatsuya Morozumi. Takahisa Anada and Hiroshi Nakamura*

Division of Material Science, Graduate School of Environmental Earth Science, 

Hokkaido University, Sapporo 060-0810, Japan

Introduction

We, recently, examined the new chemosensors 1-3 with on-off fluorescent signal through 

controlling the twisted intramolecular charge transfer (TICT). In this report, we showed the 

results of dependence of chainlengh upon binding constants (log K) for alkaline earth metal 

ions and fluorescence quantum yields (<Z>) .

Results and Discussion

Figure 1 shows the fluorescence spectra of 3 as a function of concentration of Ca2+ 

perchlorate in acetonitrile at 25 °C. Fluorescence emission of anthryl moiety in free 3 was 

almost quenched. On the other hand, fluorescence intensity was increased with 

accompanying with addition of Ca2+. The successive increase of monomer-like emission 

with addition of metal ions was finally caused by the inhibition of TICT relaxation of this 

fluorophores. To compare the effects on complexation with fluorescence intensity, the <f> s 

were determined. The fluorescence intensity of 3»Ca2+ was enhanced 42 folds compared 

with that of free 3. Their complexation behavior will be also discussed based on the results 

of'H NMR spectroscopy in acetonitrile.

400 500 600

wave length( nm )

Fig.l fluorescence spectra of 3 and its Ca2+ complex

-79



4.6 Positive and Negative Allostery in Ion Binding with a Pseudocryptand 
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Synthesis of Podand 1

THF

//

O O OH
'3

5 83 %
NaH, THF,r.t

(3.0 eq.)
---------v 1

64 %

Table 1 Binding Constants between the Hosts and Alkali Metal Ions

Host
Ka (M-1)*

K+ Rb+ Cs+

1 323 197 93

1 •Fe(ll) 105 302 2075

Ka,1«Fe(ll)/^a,1 0.33 1.5 22

^determined by 1H NMR spectroscopy 313 K, CD3CN

x h 1 (iMeOH^TFeUI)

7 517 nm (e=7500, MeOH) y><7)IE/\@#:#Fe(II) #

'H mR<0 1 :
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Table 2 Single Ion Transpot of Alkali Metal Ions

Cone, of Metal Ion in the Receiving Phase (10"4 M)

Host K+ Rb+ Cs+

1 7.3±0.7 4.1±0.1 2.6±0.3

1 *Fe(ll) 1.1 ±0.2 8.3±0.1 13.4±2.1

(0.15)b (2.0)b (5.2)b

none 0 0 0

a) determined by flame spectroscopy after 216 h.
t>) [M+1.Fe(ll)] / [M+1 ] (M = K, Rb, Cs)
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A

aq.l source phase ( dist. FfeO ) 4ml:
[ MCIO4 ] = 5.0x1 O'2 M 

aq.2 receiving phase ( dist. FfcO ) 40ml 
org. phase (CH2C1CH2C1)
50ml : [ Host ] = 2.0 xlff4M

aq. 2 aq. 1 aq. 2

___igg
org.

>2 it

1) a) Nabeshima, T. ; Inaba, T. ; Furukawa, N. Tetrahedron Lett. 1987, 28, 6211-6214. 

b) Nabeshima, T.; Inaba, T. ; Furukawa, N. ; Hosoya, T.; Yano, Y. Inorg. Chem. 1993,



4. 7 Sal icylate Derived Metal-Assisted Crown Ether for Efficient and Select ive Binding 

of Metal Ions

Yoshiaki Kobuke8,1*, Hirohiko Watababecand Naoto Kosugi*

Graduate School of Materials Science, Nara Institute of Science and Technology8 and 

CREST*, Takayama 8916-5, Ikoma, Nara 630-0101, Japan, and 
Department of Materials Science, Faculty of Engineering, Shizuoka University0

A linear prehost having two salicylic acids at both terminals of an oligoether chain 1 
was organized by complex formation with uranyl ion in the presence of alkali and alkaline 
earth metal hydroxides into a uranyl-assisted crown ring 2. The reaction was found to 
proceed smoothly in the presence of appropriate metal ions such as Si2* which may fit well as 
a template to the formation of crown ether cavity.

Mj, M2 = 2Na+, 2K+, Mg2*, Ca2*, Sr2*, Ba2*, V02z+

The uranyl-assisted crown thus formed entrapped M,8* very strongly in the host cavity 
having two minus charges provided by four negative from two salicylate and two positive 
from uranyl. Competitive binding elucidated that the relative stability constant with Si2* was 
100 times larger than that of [2.2.1 jcryptand-Si2* complex.

Relative stability constants with various metal ions (M/*) were estimated by NMR 
titration method. The equilibrium constants relative to Sr2* complex (k) decreased in the 
following order: UO22*(30), Sr^l), Ca2*(l/5), Na*(l/14), Ba2*(l/15), K*(l/30), Mg2*( 1/900). 

This order suggests the importance of charge interaction of central metal cations and anionic 

crown ring as well as hole-size effect in the host-guest complexation.

Treatment of linear prehost having three oxygen atoms between two salicylates afforded 

similarly metal-assisted crown ethers, of which stability constant shifted to favor the binding 
of smaller metal ions, such as Li* and Mg2*.

References
1. Y. Kobuke, Y. Sumida, M. Hayashi et al., Angew. Chem. Int. Ed. Eng., 30, 1496 (1991).
2. Y. Kobuke and Y. Satoh, J. Am. Chem. Soc., 114, 789 (1992).
3. Y. Kobuke, K. Kokubo, and M. Munakata, J. Am. Chem. Soc., 117, 12751 (1995).

-84



4.8 Synthesis of Oxovanadium Complexes of Hydroxyazine-Type Heterocycles and Their 

Insulin-Mimetic Activities

Akira Katoh and Kazutoshi Taguchi

Department of Industrial Chemistry, Faculty of Engineering, Seikei University 
3-3-1, Kitamachi, Musashino-shi, Tokyo 180-8633, Japan

At the present time, patients with diabetes are estimated to be more than a billion in the 
world. Diabetes mellitus is generally classified into IDDM (Insulin-Dependent Diabetes 
Mellitus) and NIDDM(Non Insulin-Dependent Diabetes Mellitus). Patients with IDDM are 
only treated by a hypodemic injection of insulin. Much effort has benn devoted to design and 
synthesize orally active compounds, because insulin is a polypeptide and easily decomposed by 
oral administration. Recently, oxovanadium complexes have received much attention because 
of their oral and insulin-mimetic activities [1]. As a part of our research of heterocycles for 
application to chemotherapeutic agents[2], we describe here synthesis of oxovanadium 
complexes of hydroxyazine-type heterocycles and their insulin-mimetic activities.

(VH

Tjl'Ty/le
R

3-Hydroxy-
y-pyridone

OH

Y
R

3- Hydroxy- 
a-pyridone

1-Hydroxy-2(1H)-
pyrimidinone

R

Me/S<ly'X)
OH

1-Hydroxy-2(1 H)- 
pyrazinone

Four types of hydroxyazine-type heterocycles as bidentate ligands were synthesized in good 
yields. Qxovanadium(IV) and (V) complexes were also prepared by treatment of the bidentate 
ligands with VO(acac)2 or V0S04. Characterization of these oxovanadium complexes was 
earned out by means of 1H-, 13C-, 51V-NMR, IR, UV-Vis, FAB-MS and ESR spectroscopies, 
and CV and combustion analyses. The insulin-mimetic activity of a oxovanadium(V) complex 
(1) was evaluated by in vitro expenments, in which the inhibition of release of free fatty acid 
(FFA) from isolated rat adipocytes treated with epinephrin was estimated, by comparing the 
activity of V0S04as a standard.
The complex did not show msulin- 
mimetic activity, but it (IC^: 0.3 
mM) showed higher activity than 
V0S04 (IC50: 0.53 mM) in the 
presence of lmg/lml of glucose.
Measurement of the acyivity of 
other oxovanadium complexes is 
in progress.
[References]
1. H. Sakurai,”Vanadium in the Environment. Vol. 2”, John Wiley & Sons, Inc., 297(1998).
2. A. Katoh and J. Ohkanda, Reviews on Heteroatom Chern., 18, 87-118(1998).
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4.9 Metal Ion Binding Ability of p-f-But y1ca1ix[4]arene Having Circular NH—0=C 

Intramolecular Hydrogen-Bonding

Eisaku Nomura. Masafumi Takagaki, and Hisaji Taniguchi

Industrial Technology Center of Wakayama Prefecture 

60 Ogura, Wakayama 649-6261, Japan

Calixarenes have been extensively 
studied for last two decades.1 Carbonyl- 
containing calixarenes, which include calixarene 
esters or amides, have flexible hydrophilic 
pseudocavities, and their carbonyl groups 
converge on complexed cations.1 There are 
few papers, however, that discuss the effects of 
the substituents forming intramolecular 
hydrogen-bonding on ion binding properties. We 
prepared calix[4]arenes bearing amino acid 
moieties by reactions of carboxyl-protected 
amino acids with the acid chlorides of O- 
carboxymethyl-calix[4]arenes. The binding ability toward metal ions was 
estimated by solvent extraction. These calixarenes showed selective 
extraction capability toward Na+ and Ag+ ions, which increased in the 
order: 1 a < 1 b <1 d <1 c. The complexing ability was also affected by the 
nature of the solvents and large in polar solvent such as ethyl acetate. lH 
NMR studies showed that the complexation of lc with Na+ ion induces a 
change of the orientation of the amide groups from a network-like pattern 
with circular N- H- - - 0=C intramolecular hydrogen-bonding of lc to a 
pattern in which 
carbonyl groups 
converge on the Na+ t- 
ion. This change 
was also supported 
by a measurement 
of CD spectra.

References
1. Gutsche, C. D.,
Calixarenes Revisited, Monographs in Supramolecular Chemistry; Stoddat, J. F. 
Ed. the Royal Society of Chemistry: Cambridge, 1998.

O-CHo-CO-NH-1 R

a: 1R=CH2COOBn 
b: 1R=CH(CH3)COOBn 
c: 1R=CH(CH(CH^2)COOBn 
d: 1R=CH(CH2C6H5)COOBn



4.10 Novel Magnesium Probe Molecules (Chromoionophores) Based on Coumarin 

Derivatives

HIDEAKIHISAMOTO K SAWA ARAKI1, NAOYA KAWASAKI1, MASAKI 
KOSUGI1, AND KOJI SUZUKI1 2, department of Applied Chemistry, Keio 

University, 3-14-1 Hiyoshi, Kohoku-ku, Yokohama 223-8522, Japan.
2Kanagawa Academy of Science and Technology (KAST), 3-2-1 Sakado, 

Takatsu-ku, Kawasaki 213-0012, Japan.

Magnesium is one of the essential ions in biological samples. Concerning the 
calcium ion, commercially available fluorescence probe molecules such as Fura-2 
or Indo-1 have been well known. However, probing the magnesium ion is 
generally difficult due to the strong hydration of the magnesium ion. Therefore, 
magnesium ion probe molecules have not been developed so far.

In this work, we designed and synthesized several kinds of novel magnesium ion 
probe molecules (chromoionophores) based on coumarin derivatives (see Fig.l). 
All the chromoionophores possess p-diketone moieties which play an important 
role in highly selective complexation of the magnesium cation. The p-diketone 
moieties were introduced as the amide-type form or ester-type form. In addition, 
the bis-type chromoionophores having two coumarin moieties in one molecule 
were also synthesized. Magnesium ion binding properties such as the 
stoichiometries and the binding constants between the synthesized 
chromoionophores and the magnesium ion were evaluated with the Job’s plot and 
Benessi-Hildebrand plot based on fluorescence measurements. The structural ion 
selectivities and complexation properties of the systematically synthesized 
coumarin derivatives will be discussed in detail.

On the other hand, we found that the coumarin derivative possessing a carboxylic 
group (coumarin 343) is water-soluble and responds to the magnesium ion in a 10 
0% water medium. In this case, fluorescence intensities increased upon addition of 
magnesium ions in the concentration range from 10"4 to 10-1 M. This 
chromoionophore can be used as a probing molecule for magnesium ions in 
biological applications.

600

Flg.1 Chemical structures of coumarin derivatives Flg.2 Emission spectra of KMQ3 to various 
concentrations of
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4.11 Water Content Sensing in Organic Solvents Using Acridyl Based Fluorescent Dyes

Daniel Citterio. Katsuya Minamihashi, Hideaki Hisamoto, Tomonori Ishigaki and Koji Suzuki

Department of Applied Chemistry, Keio University 
3-14-1 Hiyoshi, Kohoku-ku, Yokohama, Kanagawa 223-8522, Japan 

Kanagawa Academy of Science and Technology (KAST), 3-2-1 Sakado, Takatsu-ku,
Kawasaki 213-0012, Japan

The charge transfer (CT) fluorescence emission spectra of the dye 4-(9-acridyl)-N,N- 
dimethylaniline are known to show large solvatochromic shifts depending on the solvent 
polarity [1]. We are currently investigating the possible application of this dye and structurally 
related compounds for sensing the water content in organic solvents by simple fluorescence 
spectroscopy. The fluorescence emission intensity is highly dependent on the concentration of 
water present in the solvent, whereas the absorption spectra are hardly influenced by the 
presence of water. The fluorescence emission signal (536 nm; excitation at 398 nm) of the dye 
in THF solution for example, is most sensitive to the residual water up to 1% (v/v). The signal 
intensity is reduced to 30% as compared to the water free solvent. At the same time, a 
bathochromic band shift due to the increasing polarity of the solvent mixture is observed.

A structural modification of the dye aiming at the covalent immobilization to a 
polymeric membrane support is studied in order to develop a membrane-type optical sensor.

140 -

120 -
0.25% H 20

100 -

80 —

60 -

40 -

20 -

550 600
wavelength [nm]

Fig. 1: Fluorescence emission spectra of 4-(9-acridyl)-N,N-dimethylaniline in THF containing 
different amounts of water (exc. 398 nm; dye concentration 4.0 x 10"5 M).

[1] J. Herbich, A. Kapturkiewicz, J. Am. Chem. Soc. 120, 1014-1029, 1998.
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4.12 Design and Synthesis of a Highly Select ive Ammonium lonophore and Its Appl icat. ion 

to an Ion-Sensing Component for an Ammonium Ion Sensor

K. Suzuki,12' D. Siswanta,1 T. Otsuka,1 T. Amano,1 T. Ikeda,1 H. Hisamoto,1 Ryoko Yoshihara,3 

and S. Ohba.3

Department of Applied Chemistry1 and Department of Chemistry,3Keio University, 3-14-1 
Hiyoshi, Kohoku-ku, Yokohama, Japan 223-8522, and Kanagawa Academy of Science (KAST),2 

KSP West-614, 3-2-1 Sakado, Kawasaki 213-0012 Japan.

A novel ammonium ionophore which exhibits superior NH/ -selectivity compared 

with that of a natural antibiotic nonactin was successfully designed and synthesized based on 
a 19-membered crown compound (TD19C6) having three decalino-subunits in the macrocyclic 
system as shown in Fig. 1. This bulky decaiino-subunit is effective for (i) increasing the 
structural rigidity of the cyclic compound, (ii) introducing the "block-wall effect" which 
prevents forming a complex with a large ion, and (iii) increasing the lipophilicity of the 
ionophore molecule.v In the ammonium ionophore design, the first factor contributes to 
increasing the NH/ -selectivity relative to smaller ions such as Na+ or even the closest size, 
1C, and the second factor increases the NH4+ -selectivity over larger ions such as Rb+ and Cs+. 
The X-ray structural analysis proved that TD19C6 forms a size-fit complex with NH4+ in its 
crown ring cavity. As an application of this ionophore, an ion-sensor (ion-selective electrode) 
was prepared, which exhibited NH4+ to K+ and Na+ selectivity of 10 and 3000 times, respectively. 
As shown in Fig. 2, this electrode showed a better performance compared to the electrode

based on nonactin which is the only ammonium ionophore for practical use at present.

Fig.l Chemical structure of TD19C6.

1TD19C6I | nonactin

• NH*— NH4*—

>1 K — K----
.

Na —
cn -3 o Na —

-4 Ca —
-5 Ca2"—

Fig.2 Potentiometoric selectivity coefficients of 
the electrodes based on TD19C6 and nonaction.

References:
1. K. Suzuki, H. Yamada, K. Sato, K. Watanabe, H. Hisamoto, Y. Tobe, K. Kobiro, Anal. Chem., 65, 3404 
(1993). 2. K. Suzuki, K. Sato, H. Hisamoto, D. Siswanta, K. Hayashi, N. Kasahara, K. Watanabe, N. 
Yamamoto, 11 Sasakura, Anal. Chem., 68 (1), 208 (1996).
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5.I Molecular Networks

M. Wais. Hosseini

Universite Louis Pasteur, Institut Le Bel, Laboratoire de Chimie de Coordination Organique, 

4, rue Blaise Pascal, F-67000 Strasbourg, France

The construction of large size molecules (10-6-10"3 m scale) with predicted and 

programmed structure can hardly be envisaged through stepwise classical synthesis using 
covalent linkages. However, using non-covalent interactions, the preparation of such higher- 
order materials may be attained through iterative process based on self-assembly of 
individual tectons.
Design of linear assemblies based on van der Waals interactions: A rigid and compact 
direceptor possessing two divergent cavities (linear koiland , from Greek koilos : hollow), 
and a linear connector, possessing two extremities capable each to be included within the 
cavities of the direceptor, may be assembled by an iterative process in the solid state through 
non-covalent van der Waals interactions leading thus to a linear molecular array (koilate).

Design of linear assemblies based on both electrostatic and H-bonds: The control of 
assembling processes in the solid state leading to organic crystals still remains a challenge for 

chemists. The driving force for the assembling processes engaging two complementary 
tectons may be directional hydrogen bonding combined with less directional electrostatic

interactions.

■-H-i

FQ-I 0-

O-Q

O -0

i-PI-i- D- O -D- D- O
e-H-F-D-O-D-e-Q-l-D-O
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Design of linear and helical assemblies based on coordination bonds: Coordination 
polymers, which may be regarded as metallo-organic networks, are topics of current interest. 

One may control the overall topology of coordination polymers by the coordination 

preferences of the linking metal as well as by the topology of the bridging ligand.
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5,2 Hierarchical Self-Assembly of High -Axial Ratio Microstructures: From Simple 

Bolaamphiphiles to Microtubes, Ribbons, and Ropes

Toshimi Shimizu

Department of Organic Materials, National Institute of Materials and Chemical Research 
1-1 Higashi, Tsukuba, Ibaraki 305-8565, Japan 

e-mail: tshmz@ccmail nimc.go.jp

1. Introduction

Biomaterials are highly organized organic and inorganic composites. In their 

hierarchical structures, diverse high-axial ratio microstructures (HARM), such as collagen 

fibers, actin fibers, and bacterium flagella, can be found These biological structures are 

stabilized by extended hydrogen-bond networks A large number of reports have been 

described on the construction of molecular complexes and assemblies via the formation of 

hydrogen bonds However, most of works are concerned with the complex formation in 

aprotic organic solvents or the control of hydrogen-bond motif in organogels, liquid crystals, 

and solids Little has been known about the formation of well-defined supramolecular 

architectures with 102 * * *-106-nm size in bulk water [1], We have so far investigated self

assembling properties and morphologies of newly designed amphiphiles. In this 

contribution, our current topics concerning the formation of HARM including 

supramolecular microtubes, chiral fibers, and double-helical ropes will be discussed.

2. Strategy for HARM Formation

In order to furnish both ends of rod-like molecules with multiple hydrogen bonds, we

designed bola-form amphiphiles (bolaamphiphiles) with sugar-, peptide-, or nucleobase-

head group as a hydrophilic moiety separated by a long-chain hydrophobic spacer The

hydrophilic and hydrophobic moieties are connected via amide linkage that can form linear 

hydrogen-bond chain (Fig 1) Thus, more than ten hydrogen-bond-forming functionalities 

were incorporated in the molecules The stability of the hydrogen-bond networks increases
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with increasing the energy and the number of hydrogen bonds. Bola-form lipids exist in 

archaebacterial plasma membranes. Monolayer lipid membranes formed from the bola- 

lipids can give a thin and unsymmetrical vesicle membrane, and resist membrane fusion 

Consequently, the bolaamphiphiles contribute to increase the membrane stability itself

Hydrogen-Bond Formation Self-Assembled HARM

Figure 1. Schematic illustration of a self-assembled high-axial ratio microstructures 
with well-defined morphology, stabilized by multiple hydrogen bonds.

3. Hierarchical Self-Assembly of HARM

The D-glucose-, oligoglydne-, and thymine-appended bolaamphiphiles self-assembled 

in aqueous media to form well-defined helical fibers [2], vesicle-encapsulated microtubes 

[3,4], and double-helical ropes [5], respectively. The formation strongly depends on the 

length and even or odd carbon numbers of the spacer alky lene chains. Possible hierarchical 

self-assembling models for the HARMs are proposed on the basis of infrared spectroscopy, 

X-ray structural analyses, and atomic force and transmission electron microscopy [6-8]
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5.3 Supramolecular Chemistry with a View towards Materials Science, Biology and 

Medicine

Steven L. Regen

Department of Chemistry and Zettlemoyer Center for Surface Studies 

Lehigh University, Bethlehem, Pennsylvania, 18015 (USA)

In this lecture, I will present some of our most recent work in the supramolecular 

area, which relate to (i) the fabrication of novel membranes for gas separations 

(perforated monolayers), (ii) the two-dimensional structure of fluid bilayers (nearest- 

neighbor recognition) and (iii) the design of novel drug delivery vehicles (molecular 

umbrellas). The aim of each of these projects, and the specific approaches that we are 

currently pursuing, follow:

Perforated Monolayers. Membrane filtration methods represent the most energy 

efficient means that are currently available for chemical separation, concentration and 

purification. In an effort to create novel membrane materials tor gas separations, we are 
currently fabricating composites based on ultrathin porous surfactant assemblies 

(perforated monolayers), using calix[6]arcnes such as 1 as primary building blocks and 

poly[ 1 -(trimethylsily 1)-1 -propyne] (PTMSP) as support material [1].
R

hon^c"nh2

1, R = />Cieh33

PTMSP

Nearest-Neighbor Recognition. Despite a wealth of information that currently 

exists concerning the composition and structure of biological membranes, their two- 

dimensional organization (i.e., the time-averaged lateral arrangement of the lipids and 

protein components) remains poorly defined. We are exploiting a technique that we have 

devised for gaining insight into molecular structure—supramolecular structure 

relationships, which is chemical in nature. In essence, "nearest-neighbor recognition"



(NNR) reflects the thermodynamic preference for one phospholipid to become a 

covalently attached nearest neighbor of an identical phospholipid in a bilayer membrane. 

A unique feature of the NNR method is that it can provide insight into lipid mixing that is 

not possible to obtain by other existing methods [2].

AA + BB AA + AB + BB ^......w AB
homodimers equilibrium dimer mixture heterodimer

Molecular Umbrellas. We have recently introduced a new class of surfactants

termed, "molecular umbrellas", that has been designed to enhance the permeability of

polar molecules across lipid bilayers. Our ultimate goal is to exploit such compounds as

drug carriers for the delivery of hydrophilic agents (e g., petides, antisense

oligonucleotides and DNA) into cells. In essence, a molecular umbrella consists of two

or more facial amphiphiles (i.e., rigid units having a hydrophobic and a hydrophilic face)

that are coupled to a central scaffold. Our working hypothesis has been that an umbrella

should facilitate transport of an attached agent by shielding its hydrophilicity from the

hydrophobic core of a membrane. Studies that have been carried out to date have shown

that molecular umbrellas exhibit "molecular amphomorphism"; i.e., the ability to adopt a

shielded or exposed conformation when immersed in hydrophobic and hydrophilic

environments, respectively [3].
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">.4 Dendrimers: Supramolecular Synthesis, Host-Guest and Switching Properties

F. VqkiIc, R. Hesse, S. Gestermann, C. KauiTmann, F. Osswald, O. Safarowsky

Kekule-lnstitut fur Organische Chemie und Biochemie der Universitat Bonn,

Gerhard Domagk-Str. 1, D-53121 Bonn, Gennany

Dendrimers (cascade molecules) are highly branched, nanometre sized and regularly built molecules 

that have now been known for twenty years (la]. While efforts in the early stage of their investigation 

were directed towards the development of higher generation structures and new dendritic 

architectures, the design of functional dendrimers is emphasized today. Since the development of the 

repetitive divergent synthesis strategy [lb,2], convergent approaches have been developed [3].

In a supramolecular synthesis (cf. 1) three 

dendritic bipyridinium based pieces 

were self-organized around a 

ruthenium centre to build up a 

supramolecular dendrimer [4]. The 

photochemical properties of these 

dendritic bipyridine ruthenium 

complexes are positively influenced by 

the shielding effect of the dendritic 

surrounding.

Another concept for the preparation of dendritic molecules is the combination of convergent 

and divergent dendrimer-synthesis. Every branch of different generations of 

poly(propylenimine)-dendrimers was selectively bifunctionalized to yield grafted dendrimers 

of type 2 [5], Even convergently synthesized dendrons were linked to an oligosulfonamide 

dendrimer backbone to produce structurally perfect "mixed-type" dendrimers of higher 

generations. The first photoswitchable dendrimer had been reported long ago by us containing 

six peripheral azobenzene units with reversible switching behaviour [6].

The youngest azobenzene dendrimer is of generation five and contains even 64 azobenzene 

groups (cf. 3) [7J.
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Moreover we synthesized dendritic thiols based on the 

Frechet-typt (cf. 4) [8]. These dendrons are connected to 

metal and cluster surfaces at the moment in order to study 

the cluster sizes and structures as well as the organic layers 

formed [9].
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5.5 Artificial Ion Channels -Mimics of Biological Signal Transduction

Yoshiaki Kobuke

Graduate School of Materials Science, Nara Institute of Science and Technology and CREST 

Takayama 8916-5, Ikoma, Nara 630-0101, Japan

Introduction
Ion channel is an important molecular device to conduct large ionic fluxes across the 

membrane. There have been proposed several strategies to mimic such the biologically 
important function by synthetic or semi-synthetic molecules. We have been interested in 
constructing such the molecular pore by using completely artificial molecules and reported 
that supramolecular assembly of amphiphilic artificial lipid molecules could afford stable 
single channel currents [1]. Following important characteristics of ion channels have already 
been realized by our suceeding approaches [2]:

1. Constant Conductivities and Its Regulation
2. Ion Selectivities such as Cation/Anion and K/Na, K/Rb and others
3. Flux Control by Membrane Potential and Photo Irradiation

These results will be reviewed briefly in the talk. In this abstract, recent developments 
of transmembrane channels are summarized.

Results and Discussion
In order to obtain membrane-penetrating channel, two cholic acid 7, 12-dimethyl ether 

derivatives were connected via bisurethane linkage at the 3-hydroxyl position. The compound 
1 gave single ion channel currents across bilayer lipid membrane exhibiting a very stable 

open state. The conductivities observed varied mostly in the range 5-20 pS.

The result suggests that supramolecular channel is constructed from relatively limited 

numbers of the component. The channel was cation selective as other most artificial ion 

channels [2], K/7C1 selectivity being as large as 10 (Fig. 1A). Furthermore, this channel 

discriminated K+ from Na+ by a factor of 3.5 (Fig. IB). Very interestingly, no lithium 

currents were observed for repeated trials by applying various potentials across the membrane 

separating 500mMKCl/500 mM LiCl solutions. Furthermore, anion selectivities B1>C1 was
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observed. These selectivity data of favorable permeability towards larger ions seem to be 

compatible with the idea that the channel pore is composed of alignment of ether oxygen 

atoms, which may afford only weak electric field. Fig. 2 shows a schematic illustration of 

supramolecular transmembrane ion channel.
B 1.5

-200

Voltage (mV)

-150 -100 -50 0 50 100 150 200

Fig. 1 Current-Voltage Plots for Evaluation of Ion Selectivities 
A) 500mMKCl/100mM KC1, B) 500mM KCl/500mM NaCl

Fig. 2 Schematic Illustration of Transmembrane Channel Structure 
from Bisurethane-Linked Bis(cholic acid dimethylether) 1

When the terminal ionic group was changed from carboxylate to quaternary ammonium 

grouping, more stable single ion channel currents have been observed. The effect on ion 

selectivities will also be discussed in the talk along with comparison with selectivities obtained 

by other artificial ion channels from peptide sources.
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5.6 Effect of Functional Groups in Synthesis of [2]Rotaxanes

Abdelhak BELAISSAOUI. Satoru SHIMADA and Nobuyuki TAMAOKI

National Institute of Materials and Chemical Research 
1-1 Higashi, Tsukuba, Ibaraki 305-8565,Japan

The realization of polymers, based upon mechanically interlocked components, which are expected to 
exhibit interesting physical proprieties, depends upon the ability to design and synthesize starting 
materials for self-assembly reactions, which will lead to the formation of rotaxanes and catenanes with 
functional groups.
In order to synthesize poly-[2]-rotaxanes, we brought particular interest to design some mono- or di
functional [2]-rotaxanes on the basis of Stoddart's model.
Previously, the monofunctional [2]-rotaxane 1^1} was prepared in 5.4% yield, following Stoddart 
strategy based on ji-electron-deficient and ji-electron-rich aromatic units interaction for the self- 
assembly of rotaxanes. The relatively low yield was attributed to the steric hindrance caused by ester 
group. The bifunctional [2]-rotaxane 2(1), in which Fmoc-protected amino and methoxy carbonyl 
groups are substituted on axle and ring parts of rotaxane respectively, was obtained in 8.9%. The 
relatively higher yield of this protected bifunctional rotaxane, comparing to 1 was attributed to the 
participation of the second phenyl ring on axle part as a donor to the charge transfer complex between 
the ring and axle parts.

The synthesis of the rotaxane 3 was achieved in 22% yield, by using procedure similar to that 
employed previously. The higher yield comparing to 1, can be explained only by the low steric 
hindrance of oxygen atom of acetate group in the case of 3, comparing to the carbonyl group of 
rotaxane ester 1.
The template directed synthesis of N-Fmoc protected di-aminoacid [2]-rotaxane 4 was carried out 
under ultra-high pressure. The target compound was detected by FAB MS in very low yield, which 
was attributed to the high steric hindrance caused by polyether N-Fmoc protected aminoacid 
incorporated in the macrocyclic component.

^--°x.̂C-CHa-NHfwO
22% 3 trace
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5.7 Induced Circular Dichroism in Peptide[2]rotaxnes

Masumi Asakawa*, David A. Leigh**, Toshimi Shimizu*, Songwei Zhang**

* National Institute of Materials and Chemical Research 
1-1 Higashi, Tsukuba, Ibaraki 305-8565, Japan 

** University of Warwick 
Coventry, CV4 7VL, UK

It is now well established that chiral molecules can reversibly induce optical activity 
(induced circular dichroism, ICD) in the absorption bands of achiral partners through host- 
guest complexation. Here we report the first example of a single molecular species where 
ICD can be selectively switched ‘on’ and ‘off’ through controlling intercomponent 
interactions. Peptide[2]rotaxanes consisting of an achiral benzylic amide macrocycle 
mechanically locked onto a chiral glycyl-L-methionine dipeptide (GlyMet) thread were shown 
to possess strong (10-20k theta) ICD only in nonpolar solvents (e.g. CHC13) where the 
intramolecular hydrogen bonding between thread and macrocycle is maintained. In polar 
solvents (e.g. MeOH, MeCN), where the intercomponent hydrogen bonding is switched off, 
the elliptical polarisation of the molecules falls close to zero.
The chiral dipeptide (GlyMet) were incorporated into suitable threads. Equimolar quantities 
of isophthaloyl dichloride and p-xylene diamine were slowly added to a solution of the 
dipeptide thread in anhydrous CHC13 (Scheme 1). After five equivalents had been added, the 
thread was no longer consumed. The reaction mixtures were separated by flash 
chromatography and identified in order of elution as GlyMet[2]rotaxane (17% yield), the 
thread GlyMet, and [2]catenane. Circular dichroism measurements of the rotaxane were 
performed in solution (CHC13, MeCN, and MeOH) at 25°C. GlyMet[2]rotaxane was shown to 
possess strong ICD only in nonpolar solvents such as CHC13 (Fig 1) where the intramolecular 
hydrogen bonding between thread and macrocycle is maintained. In polar solvents (e.g. 
MeOH, MeCN), where the intercomponent hydrogen bonding is switched off, the elliptical 
polarization of the molecules falls close to zero (Fig 1).

Scheme 1. Formation of GlyMet[2]rotaxane
Fig 1 CD spectra for the 
GlyMet[2]rotaxane in MeOH (a), 
MeCN (b), and CHC13 (c) at 25°C
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5.8 Programmed Assembly-Controlled Disassembly as a Strategy in Synthesis

A. Murphy. D. A. Leigh*

Centre for Supramolecular and Macromolecular Chemistry, Department of Chemistry,
University of Warwick, Coventry, CV4 7VL.

One of the most dramatic applications of supramolecular chemistry is in the synthesis 
of difficult (or otherwise impossible) to obtain molecules. We recently described1 the 
serendipitous discovery of a [2]catenane formed whilst attempting to prepare 1, a 
macrocycle designed to bind to C02, from p-xylylene diamine and isophthaloyl 
dichloride. Unfortunately (!), the catenane is the only product isolable from this 
reaction, with the insoluble macrocycle lost in an intractable mixture of precipitated 
oligomers and polymers. Here we describe how the programmed five molecule 
assembly of a [2]rotaxane followed by the controlled disassembly of its components 
(Figure 1) allows the facile synthesis and chromatography free isolation of 
analytically pure 1.

Figure 1 Synthesis of the tetraamido macrocycle 1

O. P

The macrocycle acts as a sensitive molecular receptor for C02 over CO (Figure 2) - 
the first example of a rationally designed chemical sensor which functions at the solid- 
gas interface.

Figure 2 Response to C02 and (inset) CO of a macrocycle coated piezoelectric crystal
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5.9 Intralayer Hydrogen-Bond-Directed Nano-Fiber Formation from Valylvaline 

Bolaamphiphiles

Kogiso. Takeshi Hanada, Kiyoshi Yase and Toshimi Shimizu 
National Institute of Materials and Chemical Research 

1-1 Higashi, Tsukuba, Ibaraki 305-8565, Japan.

Carboxylic amphiphiles form a variety of self-assemblies in water, and their formation 

behavior particularly depends upon the protonation state of the end carboxyl groups. Here we 

describe proton-triggered nano-fiber formation from dicarboxylic valylvaline bolaamphiphiles, 

which is dominated by intralayer carboxyl and amide hydrogen-bond networks.[l]

Sodium salts of bolaamphiphiles were slowly acidified by vapor diffusion of 1 -5 % of 

acetic acid to give a crystalline solid from 1 and hydrogels from 2 and 3. Energy filtering 

transmission electron microscopy (EF-TEM) of the hydrogel revealed that a number of 

fibrous assemblies with widths of ca. 15nm and lengths of several micrometers produced the 

gel. FT-IR spectra of the dried nano-fibers indicate that the amide groups form a parallel (3- 

sheet-like hydrogen-bond network. Curve-fitting analysis of FT-IR COOH bands indicate 

that these bands are comprised of three independent bands near 1710, 1725, and 1745cm-1, 

which are assigned to the C=0 stretching vibration of the cyclic dimer, laterally hydrogen- 

bonded, and non-hydrogen bonded COOH groups, respectively. However, their area ratios 

of each band are different. Intralayer laterally hydrogen bonds are dominant in nano-fibers 

of 2 and 3, while interlayer cyclic dimer in the crystalline solid of 1. These results indicate 

that intralayer carboxyl interactions are of great importance in the supramolecular nano-scale 

fiber formation from 2 and 3.

1: /?= 6, 2: n=$, 3: n= 10

[1] Kogiso, M., Hanada, T., Yase, K., Shimizu, T. Chew. Commun., 1998, 1791-1792.
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5. 10 Spontaneous Homo- and Hetero-Assembly of 2-Glucosamide- and Phenylboronic

Acid-Based Bo1aamphiphi1es

Ikuo Nakazawa,* Takeshi Hanada,** Kiyoshi Yase,** Mitsutoshi Masuda,** 
Michihiko Asai** and Toshimi Shimizu**

*Joint Research Center for Precision Polymerization 
**National Institute of Materials and Chemical Research 

1-1 Higashi, Tsukuba, Ibaraki 305-8565, JAPAN

We have reported the fiber formation from synthetic 1-glucosamide bolaamphiphiles, 

which depends on their alkylene spacer length}!]. In this study, we have newly 

synthesized 2-glucosamide bolaamphiphiles (GIcN-n-GIcN) by changing the junction of 

spacer from the C-1 to the C-2 position on the glucopyranose ring.

The GIcN-n-GIcNs were efficiently synthesized in one step starting from 2-glucosamine 

hydrochloride and corresponding 1, n-alkanedicarboxylic acid dichloride in NaOH aqueous 

solution at -15X3(45-75% yield). Their self-(homo)-assembly were carried out in 50%- 

aqueous methanol. The energy filtering transmission electron microscopy (EF-TEM) 

shows that the even-numbered GlcN-n-GlcNs produced helically twisted fibers, whereas 

odd-numbered non-helical ribbons or sheets.

GIcN-n-GIcN (n=10, 11, 12, 13, 14, 16, and 18) PB-n-PB (n=2, 3, 4, 6, and 8)

We have also investigated self-(hetero)-assembly with boronic acid -based bolaamphiphiles 

(PB-n-PB). Self-(hetero)-assemblies were formed between GIcN-n-GIcN and PB-n-PB 

(1:1 mol. ratio) in aqueous methanol solutions (0.2 M sodium hydrogen carbonate, 50% 

methanol). The 1 : 1 mixtures produced gel-like assemblies with similar morphologies. 

EF-TEM observation revealed the formation of nanoscale fibers with a super helical structure, 

which were absent in the homo-assemblies.
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5.11 Polymerization of Bo Inform Butadiyne 1-Glucosamide in Self Assembled

Nanoscale-Fiber Morphology

Mitsutoshi Masuda. Takeshi Hanada, Kiyoshi Yase, and Toshimi Shimizu
National institute of Materials and Chemical Research

1-1 Higashi, Tsukuba, Ibaraki 305-8565, Japan, E-mail: mmasuda@nimc.go.jp

Molecular self-assembly is a key methodology for the constructing stable materials with 
dimensions of 1-102 nm. A variety of polymerizable groups has been introduced to self

assembling molecules, in order to stabilize the self-assemblies [1], However, there are few 

reports on the construction of polymerized nano-fibers [2]. In this study, we describe the 
nanoscale fiber (nano-fiber) formation from polymerizable 1-glucos amide bolaamphiphiles and 
their partial polymerization leading to oligodiacetylene-containg fibers [3].

We have recently demonstrated the supramolecular fiber formation from 1-glucosamide 
bolaamphiphiles [4]. A series of diacetylenic sugar-based bolaamphiphiles, in which tetra- 
acetylated 1-D-glucosylamine- (1), 1 -o-galactosylamine- (2), is linked via fi-N-glycosidic bond 
to 5, 7-dodecadiynedioic acid at each end, has been synthesized. The bolaamphiphile 1 formed 
an organo gel with ethyl acetate/n-hexane. The transmission electron microscopic (TEM) 
observation showed that the gel is composed of nano-fibers with minimum width of 3 nm. 
This fiber width is in good accord with the extended molecular length of 1 with an 2&-trans 
conformation of the alkylene spacer. The fibers obtained from 1 changed the color from 
colorless to violet or red on exposure to 254 nm-light or y-ray. Gel permeation 
chromatography of the UV-irradiated fibers revealed polymerized entity with Mw = 3.3 x 
104-1.6 x 103. No remarkable changes in the morphology of the fibers were found on 
exposure to 254 nm-light under observation with TEM. On the other hand, the octa-acetylated 

derivative 2 formed no gel, but amorphous solids in ethyl acetate/n-hexane.

These findings suggest that the self-assembled fibers formed from 1 have high 
molecular order for the diacetylenic group to polymerize within the fibers. Furthermore, we 
first demonstrated the direct observation of single poly diacetylene chain by TEM.

1 2
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5. 12 Transmission Electron Microscopy in Supranvolecuiar Assembles
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Takashi Arimura, Seiji Ide. Hideki Sugihara, and Shigeo Murata 

National Institute of Materials and Chemical Research,

Tsukuba 305-8565, Japan

The Synthesis and characterization of a new supramolecular assembly I, wherein 

photoinduced electron transfer through non-covalenet interactions may be probed, is 

reported. It is based on supramolecular contacts between the phenolic hydroxyl groups of 

a calix[4]arene substituted Zn( 11) metalloporphyrin photodonor and the carbonyl groups 

of a benzoquinone acceptor. Ensemble Lis formed with a Ka of 130 M1 in CH2C12 as 

judged by fluorescence spectroscopic analysis. The results of preliminary photophysical 

characterization within hydrogen bonds in ensembleJ will be also presented.

5.13 Design and Photophysical Properties of a New Porphyrin Model System

1 R= H, NOz
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5.15 Designing Fluorescent Receptor - Direct Tuning of Emitting Process by Guest 

Associat ion

Koji Araki

Institute of Industrial Science, University of Tokyo 
7-22-1, Roppongi, Minato-ku, Tokyo 106-8558, Japan

There are two essential processes to display function as a fluorescent 
receptor; recognition and signaling. The largest problem in designing such
receptors is how efficiently convert the recognition input' to the fluorescence
output'. We have designed fluorescent receptors using directly tunable emitting 
process of the host. As the electronic state of the receptor is directly controled, 
sufficient fluorescent response could be expected.

One of the ways is to use protonation, which greatly affects the electronic 
state of heterocyclic compounds. We reported that a fluorescent derivative of 2,2- 
bipyridine caused protonation at the ring nitrogen by association with 
phosphodiester, which induced change of the fluorescence from initial blue to 
green sensitively. However, converting hydrogen bonding formation to the 
fluorescence increase is difficult, since it affects little to the electronic state of the 
aromatics and often enhances non-radiative deactivation of the excited state.

Receptor 1, quinoline-7-phenylcarboxamide, exhibits an emission due to 
the intramolecular charge transfer (ICT) from the phenyl unit to the quinoline 
unit. As the guest formed multiple hydrogen bonds at quinoline nitrogen and 7- 
amide hydrogen, enhancement of the ICT emission was observed (K = 
6.7x 102 M1; in dichloromethane). On the other hand, hydrogen bonding at 
quinoline nitrogen and 2-amide hydrogen induced no change of the ICT emission. 
The results indicated that fixation of 7-amide bond connecting the two aromatic 
units was essential to enhance the ICT process. Increase of the emission is led by 
the guest forming this mode of hydrogen bonds.
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6.1 Light-Induced Structural Changes of Langmuir-Blodgett Films of Azobenzene

Mutsuyoshi Matsumoto

National Institute of Materials and Chemical Research 
1-1 Higashi, Tsukuba, Ibaraki 305-8565, Japan

Photoisomerization of a chromophore is related to the biological activities of living 
creatures and has been investigated extensively in Langmuir-Blodgett (LB) films. The 
important aspect of photoisomerization is that molecular conformation also changes with the 
absorption spectrum. The conformational change caused by photoisomerization of 
azobenzene has been utilized to functionalize LB films. Photoisomerization has been used 
to control the electrical conductivity of the LB films of multi-functional molecules, and the 
alignment of liquid crystals lying on the monolayer of azobenzene. In this presentation, I 
will focus on two topics related to photoisomerization in LB films.

(1) Reversible light-induced morphological change in LB films
The concept of free volume has been widely accepted to explain the 

photoisomerization in LB films: cis-to-trans photoisomerization proceeds in LB films, 
whereas trans-to-cis photoisomerization is prohibited unless there is enough free volume 
available since the latter process is accompanied by an increase in cross-sectional area of the 
molecule. The basic assumption is that photoisomerization should not change the two- 
dimensional structures significantly. As a counter example, I will present a case where the 
morphology of the LB films changes reversibly by the alternate illumination [1].

CjjHit —— N= N—— CKCH2)3S03'Na>

AZ"Na+
-- CM? — CH CH CHj--

CH2 CH?

L at

PDA/Vcr

On a pure water subphase, AZ'Na+ did not show any onset pressure at area per 
molecule as small as 0.05 nm2 since AZNa+ is soluble in water. On the other hand, on an 
aqueous subphase containing PDAA'Cl , the surface pressure of AZ'Na+ increased from area 
per molecule around 0.53 nm2. This suggests the formation of a polyion complex of AZ and 
PDAA+ at the air-water interface. Hereafter, AZ complexed with PDAA+ will be referred to 
as AZVPDAAF The AZ/PDAA monolayer was easily transferred onto solid substrates. 
Photoisomerization proceeded almost reversibly in the LB films of AZ7PDAA+.

The morphological change of a single-layer LB film of AZ7PDAA* accompanied by 
the photoisomerization was investigated using AFM. Before illumination, the LB film 
surface was rather smooth with a surface undulation of less than 1 nm. When the film was 
illuminated with UV light, the morphology changed drastically. A number of hills protruded 
from the surface: the diameter of the base was ca. 100 nm and the height ca. 5 nm. These 
hills almost disappeared on illumination with VIS light. This change in surface morphology
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was observed reversibly by the alternate film illumination with UV and VIS light.
The morphological change observed in the LB films allows us to propose a model of 

the structural change induced by photoisomerization The reversibility of the morphological 
changes suggests the presence of ordered structure after illumination with both UV and VIS 
light We propose a model as described below. The trans-to-cis photoisomerization gives 
rise to an increase in cross-sectional area of azobenzene. When this area increase exceeds 
the molecular area of azobenzene in the LB films, the two-dimensional film structures should 
be modified The most probable modification mechanism would include the release of stress 
in the film by giving curvature to the film. The reversibility of the light-induced effect 
suggests that the polyion has an important role in these phenomena since the electrostatic 
interaction between the polyion and the azobenzene will prevent the azobenzene molecules 
from forming thermally stable three-dimensional structures which will not return to the 
monolayer structures.

(2) Light-induced self-organization in LB films
The conformation change of azobenzene on photoisomerization can also be used as a 

trigger to induce self-organization of mixed LB films
In the mixed LB films of CY and APT, CY existed as monomer, dimer and J- 

aggregate in terms of electronic interaction of the chromophore. When the LB films were 
illuminated alternately with UV and visible light, APT photoisomerized reversibly, followed 
by the development of J-band of CY until it came to a saturated state. AFM observations 
revealed that the J-aggregate formation was accompanied by transformation of the two- 
dimensional film structure into a three-dimensional one with a number of cone-shaped 
structures protruding from the surface [2],

Similar results were obtained for the mixed LB films of APT and other dyes [3, 4] 
CY-Se existed as monomer and dimer before illumination in the mixed LB films of CY-Se 
and APT When the films were illuminated alternately with UV and visible light, reversible 
photoisomerization of APT was observed However, the absorption bands due to CY-Se did 
not change during the illumination and the J-band grew slowly when the films were stored in 
the dark after the illumination. AFM observations revealed that a drastic morphological 
change also occurred with the J-aggregation of CY-Se.

OMO- O?l0O ao«

CH,
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This study indicates that the J-aggregation of cyanine molecules is induced by the 
photoisomerization of azobenzene coexisting in the same LB films. Considering that these 
dyes tend to form J-aggregate at high concentrations, these processes can be categorized as 
self-organization. Drastic morphological changes accompanied with the J-aggregation mean 
that the two-dimensional LB film structures exert substantial modification by the 
photoisomerization. In this sense, careful investigation should be necessary when dealing 
with photoisomerization in LB films. 1

1. M. Matsumoto et al, J Am. Chem. Soc., 120, 1479(1998).
2. M. Matsumoto et al., J. Phys. Chem. B, 101, 702(1997).
3. H. Tachibana et al., Thin Solid Films, 327-329, 813(1998).
4. S. Terrettaz et al., Langmuir, 14, 7511(1998).
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6.2 Photochemical Metal-Ion Manupi1at ion by Photochromic Crown Compounds

Keiichi Kimura

Department of Allied Chemistry, Faculty of Systems Engineering, 

Wakayama University, Sakae-dani 930, Wakayama 640-8510, Japan

Organic photochromism accompanying drastic structural changes is attractive for 
photochemical control of physical properties in solution and solid. Crown ethers, which form 
complexes with various cations, are useful tools for chemical ion manipulation. The combination 
of photochromic compounds with crown ether derivatives can be thus applied to photochemical 
ion manipulation. Specifically, photochromic moieties undergoing photoionization, that is, 
photochromism between electrically neutral and ionic forms, when incorporated into a crown 
ether moiety, afford dramatic changes in metal ion complexing abilities. We describe our 

recent works concerning the design of photochromic crown ethers, their behaviors in the 
photochemical control of cation-binding ability, and their applications to photoinduced ionic- 
conductivity switching systems.

One of the photoinduced switching system of metal-ion complexation is based on 
molecular control of cation binding by photochromic crown ethers. Crowned 
spirobenzopyran 1 isomerizes to its corresponding zwitterionic merocyanine form by U V light 
irradiation even in the presence of a metal salt and vice versa by visible-light irradiation [ 1 ]. In

the merocyanine - metal (monovalent cations such as Li+) complex, the metal ion in its crown 
ring can be trapped more strongly than in the spiropyran complex due to the effective 
intramolecular interaction between the phenolate anion and the metal ion. This molecular 

cation-binding control system of crowned spirobenzopyran was successfully applied to 
photoresponsive ion-conducting systems that consist of a polymer support, a plasticizer, 
crowned spirobenzopyran, and an alkali metal salt [2]. Crown ether derivatives possessing 

two spirobenzopyran moieties, crowned bis(spirobenzopyran) 2, can undergo photocontrolled 

complexation of multivalent metal ions, especially La3+ and Ca2+, due to the powerful interaction 

of the ion with the two phenolate anions of the merocyanine-containing sidearms [3]. The 
crowned bis(spirobenzopyran) also realizes photochemical selectivity switching between 

mutivalent and monovalent metal ions (e.g.,La3+ and K+) [4].
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In a Malachite Green leuconitrile carrying a crown ether moiety 3, the photochromism of 
its Malachite Green moiety between the electrically neutral and ionic (quinoid cation) forms can 
affect cation complexation of its crown ether moiety [5]. The photoionization of crowned 
Malachite Green leuconitrile 3 to its corresponding cation releases a metal ion complexed by its 
crown ether moiety due to the intramolecular electrostatic repulsion between the organic and 
inorganic cations. The following heating of the solution under dark conditions promotes 
cation binding by the crown ether moiety owing to the disappearance of the inter-cationic 
interaction. Malachite Green derivative incorporating a bis(monoazacrown ether) skeleton, 4, 
can realize more efficient photochemical control of cation complexation than 3 does, due to the 
existence of a nitrogen atom in the crown ring and the bis (crown ether) effect on cation 
complexation [6].

N(CH3)2
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6.3 A Novel Series of Ruthenium Polypyridine Complexes, Application in Nano- 

Crvstal1ine Ti02-Based Solar Cells

Bobak Gholamkhass, Kazuhide Koike, Nobuaki Negishi, Hisao Hori and Koji Takeuchi 

National Institute for Resources and Environment 

16-3 Onogawa, Tsukuba 305, Japan

Introduction: A new series of Ru polypyridine complexes based on dipyridophenazine monocarboxylic acid (dppzc 

in Fig. 1) was synthesized and their electrochemical and spectroscopic properties were reported. The ligand dppzc 

and its metallic complexes are closely related to the currently investigated dppz (dipyridophenazine) complexes 

which are used as molecular light switches for DNA and the study of fast electron transfer process.Taking advantage 

of enhanced surface adsoption feature of these metal complexes as a result of hydrogen-bonding interaction between 

-COOH group of dppzc and oxygen atoms of heterogenous nanocrystalline Ti02 surface, we explore new pathways 

for developing charge transfer sensitizers for nanocrystalline TiOz injection solar cells.

Experimental Section: One and two bridging-ligand contained Ru complexes, [Ru(bpy>2(dppzc)f+ and 

[Ru(bpyXdppzc):]^ woe obtained by reaction of dppzc with r 

precoordinated bi- and mono-leptic complex of Ru and bpy, 

respectively, in a varity of suitable solvents. All the complexes 

have been obtained as PF6 salts and purified by chromatography 

or recrystallization. They have been characterized by elemental 

analysis, ESI-MS spectrometry and ID and 2D proton NMR

spectroscopy. Fig 1. Structure of [Ru (bpy) 2(dppzc)f*

Result and discussion: These compounds display a strong MLCT band at 440 nm attributed to the overlap of 

M,l->bpy(jt*) and Mu->dppzc(7t*). All the complexes exhibit photoluminescence at 600-620 nm upon excitation 

into their MLCT band. However, luminescence occurs only when the phenazine nitrogens/carboxylic protons are 

protected from hydrogen donating/accepting molecules. The addition of water to the Ru complex dissolved in 

nonaqueous solvents leads to nonlinear Stem-Volmer plots, suggesting that static quenching contributes to the 

process. By fitting the data to Perrin sphere of quenching model, the radius of the sphere of water quenching was 

found to be 5.0 to 6.0 A depending on the host solvent. Luminescence intensity and lifetime are quenched in a 

parallel manner in acidic media, and the Stem-Volmer plots are linear in this case. These evidences point to 

hydrogen bonding and/or excited-state proton transfer to the phenazine nitrogens as the mechanism of excited-state 

deactivation in these complexes. A value of 5.8±0.2 was obtained for pKa of [Ru(bpyMdppzc)]2+ in H20/MeCN. 

Comparing this to pKa of structuraly close-related organic acids, it becomes clear that there is a weak interaction 

between the metal center and the carboxylic end through frilly conjugated dppzc. Results of reduction potential 

measurements and transient absorption spectroscopy revealed that, in the excited states of these compounds, the 

promoted electron is located on the bridging ligand, more likely on phenazine subunit, where in the case that the 

metal complex is adsorbed on nanocrystalline T1O2 surfaces, can be directed to the conduction band of Ti02.
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6.4 Towards High Efficient and Selective Photochemical Carbon Dioxide Reduction by 

Rhenium Polvpyridine Catalysts

Hisao Hori.* Kazuhide Koike, Osamu Ishitani and Koji Takeuchi

National Institute for Resources and Environment 
16-3 Onogawa, Tsukuba 305-8569, Ibaraki, Japan

The photocatalytic C02 reduction is a field of great current interest because it provides a 

promising approach using the abundant C02 as a chemical feedstock. Rhenium polypyridine 

complexes have received a great deal of attention since Lehn and coworkers reported the selective 

reduction of C02 to CO using ClRe(bpy)(CO)3 in the presence of an electron donor such as 

triethanolamine.1 However, few reports have focused on other rhenium catalysts and the 

reduction mechanisms are little understood, except that the C02 reduction is initiated by electron 

transfer from amine. One problem in elucidation of the mechanisms is the instability of the key 

intermediates; the one-electron-reduced complexes. In the present work, to monitor the reaction 

steps after generation of the one-electron-reduced complexes, we introduced several strongly- 

rt-accepting phosphorus ligands and succeeded in stabilizing these intermediates. The one- 

electron reduced complexes reacted with C02 in the dark and the faster the rate of this process, the 

greater the ability to form CO.2 Finally we obtained the quantum yield of 0.38 by use of 

[Re(bpy)(CO)3P(OEt)3r.3 This is the highest value reported for a homogeneous C02

photoreduction system to date. We also found that in the case of some rhenium complexes with 

bulky ligands, photoinduced chain ligand substitution by solvent molecules occurs prior to C02 

reduction.4 5 Such mechanisms will be also discussed.

hv
[Re(bpy)(CO)3P(OR)3]t--------

co2

[Re(bpy 0(CO)3PR3f

Oco — 0.38 
as maximum

CO

amine dark

(rate limiting step)
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6.5 Preparation of a Cyc1ophane-Bonded Stationary Phase and Its Application to 

Separation of Naphthalene Derivatives
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Toshio SHINBO and Toshiyuki KANAMORI 
National Institute of Materials and Chemical Research, 1-1 Higashi, Tsukuba, Ibaraki 305- 
8565,Japan

Current attention has been paid to the application of highly-selective organic host 
compounds to chromatography. Most extensively studied host compounds are cyclodextrins, 
naturally-occurring host compounds having hydrophobic cavities. A number of cyclodextrin- 
bonded stationary phases have been prepared, and used 
successfully for separation of a wide variety of organic compounds.
Cyclophanes are another group of promising host compounds 
bearing hydrophobic cavities. In contrast to cyclodextrins, they 
are fully synthetic host compounds, and therefore able to be 
designed as required for given guest molecules. Although there 
have been synthesized many excellent cyclophanes, few reports 
have been published on their application to chromatographic 
stationary phases.

We report here new cyclophane-bonded stationary phases for 
HPLC. Cyclophane-bonded stationary phases were prepared by 
binding cyclophanes, named CP44 and 66 (Fig. 1), covalently to 
silica gel, and the retention
behaviour of water-insoluble 2- Table 1. Comparison of the retention between aromatics and the
or 3-ring aromatic compounds corresponding alicyclics
on the stationary phase was 
examined.

Aromatic compounds were 
retained on the stationary phases 
(CP44- and CP66-SP) more 
strongly than the corresponding 
alicyclic compounds, as was 
expected by the complex- 
forming ability of the 
cyclophane (Table 1). The 
stationary phases also showed 
isomer-selective separation for 
monomethyl- and dimethyl- 
naphthalenes. It should be 
noted that the elution order for 
CP44 is completely reversed to 
that for CP66 (Table 2).
Moreover, some dimethyl- 
naphthalene isomers which can 
not be separated on ordinary 
reversed-phase stationary 
phases were separated finely on 
this stationary phase. The 
separation mechanism is 
discussed on the basis of the 
structure of the cyclophane- 
involved complex.

Compound CP44-SP*1’ CP66-SP*2) ods-sp*3)
k' a k' a k’ a

dicyclohexyl 2.25 0.97 1.10 0.89 14.71 12.71
phenylcyclohexane 1.58 0.68 0.82 0.67 2.86 2.47
biphenyl 2.31 1.00 1.23 1.00 1.16 1.00
irons -decahydronaphthalene 1.21 0.88 0.88 0.60 7.39 7.91
as -decahydronaphthalene 1.33 0.96 0.87 0.60 6.92 7.42
naphthalene 1.38 1.00 1.46 1.00 0.93 1.00
cyclohexane 0.73 1.26 - — 2.18 3.97
benzene 0.58 1.00 - - 0.55 1.00

25,*l) acetonitrile : water = 60 : 40, *2) acetonitrile : water = 75 
*3) acetonitrile : water = 85 : 15 
Temperature; 25
ODS-SP: octadecylsilylated silica gel stationary phase

Table 2. The retention (k') and the retention ratio (a) of some aromatic 
compounds on CP44-SP, CP66-SP. ODS-SP and Phenyl-SP

aromatics CP44-SP CP66-SP ODS-SP
k' U. k' k' 5

naphthalene 1.46 1.00 1.64 1.00 4.21 1.00
1 -methy lnaphthal ene 1.37 0.94 2.25 1.37 6.27 1.49
2-methylnaphthalene 1.74 1.19 1.67 1.02 6.61 1.57
1,5-dimethylnaphthalene 1.51 1.03 2.78 1.70 9.51 2.26
2,6-dimethy lnaphthal ene 2.10 1.44 1.92 1.17 10.71 2.54
anthracene 4.40 3.01 3.75 2.29 10.25 2.43 '
phenanthrene 3.18 2.18 4.82 2.94 9.14 2.17

Temperature; 20
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6.6 Molecular Recognition of Amino Acids to a Monolayer of Poly(L-alanine) Grafted 

Polyallvlamine at Air-Water Interface

Masahiro Higuchi and Takatoshi Kinoshita*

National Institute of Materials and Chemical Research 

1-1 Higashi, Tsukuba, Ibaraki 305-8565, Japan 

* Department of Materials Science and Engineering, Nagoya Institute of Technology 

Gokiso-cho, Showa-ku, Nagoya 466-8555, Japan

An amphiphilic polymer (PAAgPAla) composed of polyallylamine containing 37 
mol% hydrophilic poly(L-alanine) grafted chains whose molecular weight was 1105 in the 

side chains was prepared. Monolayers of PAAgPAla were formed at air-water interface. 

pH induced structural changes of the monolayer were investigated by ji-A isotherm 

measurement, FT-IR spectroscopy, fluorescence measurement, and AFM observation. The 

grafted poly(L-alanine) chains of PAAgPAla monolayer showed pH-dependence 

conformational transition (a-helix and random coiH* a-helix, p-sheet, and random coil -> 

a-helix and p-sheet). The monolayer included micellar structure at low pH region. On the 
other hand, at neutral and alkaline pH regions, the monolayer formed a uniform morphology 

at the air-water interface.

We investigated recognition of aqueous D- 

and L-alanine onto the monolayers at 

various pH condition by ji-A isotherm 

measurement. The n-A isotherm of the 

monolayer at pH 3.0 was expanded by 0.1 

mM D- and L-alanine relative to that on 

amino acid free water. In contrast the ji-A 

isotherm behavior of the monolayer at pH 

10.0 was little affected by 0.1 mM D- 

alanine relative to that on amino acid free 

water, but the isotherm showed expansion 

on 0.1 mM L-alanine (Fig. 1). Thus, the 

selective recognition of amino acids onto 

the monolayer of PAAgPAla is specific to 

the monolayer morphology.

pH 10.0

----- control
O.lmMIAla 
O.lmM DAla

Fig. 1 ji-A isotherm of PAAgPAla monolayer 
at 21.0±0.5°C on 0.1 M NaCl aqueous 
solution at pH 10.0.
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6. 7 Polymerizat ion of Amphiphi 1 ic Diacetylenes in Polyion Complex Langmuir-Blodgett 

Films

Yasushi Yamanaka1. Hiroaki Tachibana1 2, Hideki Sakai1, 

Masahiko Abe1, and Mutsuyoshi Matsumoto1

faculty of Science and Technology, Science University of Tokyo 

2641 Yamazaki, Noda, Chiba 278-8510, Japan 
2Naitonal Institute of Materials and Chemical Research 

1-1-1 Higashi, Tsukuba, 305-8565, Japan

Langmuir-Blodgett (LB) technique represents an useful method to fabricate well-ordered 
orientations of functional molecules. The LB manipulation of polyion complexes has been a recent 
topic of interest in this field. The advantage of this method is that the orientation of amphiphilic 

molecules can be controlled by changing water-soluble polymers in the subphase. The 

photochromic reaction[l] and the surface morphology[2] have been controlled in the LB films 

fabricated using the polyion complex method.

Diacetylenes are known to polymerize in the solid state on irradiation of UV light or y-ray. 
Polymerization behavior of many amphiphilic diacetylenes has been investigated in Langmuir- 

Blodgett (LB) films. The two spectroscopically distinct forms, A(blue) and B(red) forms, have 

been observed in the LB films of the amphiphilic diacetylenes on irradiation of UV light. However, 
the correlation between the two forms and molecular orientation of the amphiphilic diacetylenes 

has yet to be clarified.

In this paper, a series of amphiphilic diacetylenes with different alkyl chain lengths, DA(m-n) 

(m+n-20) were sysnthsized. First, we investigated the complex formation between the amphiphilic 

diacetylenes and various water-soluble polymers at the air-water interface. Second, the effect of the 

alkyl chain length on the polymerization behavior of DA(m-n) was investigated in the polyion 

complex LB films. We have revealed the relationship between the two forms and the molecular 

orientation obtained from analysis of FT IR spectroscopy. Finally, the morphological changes 

accompanied with the polymerization were examined by in situ atomic force microscopy (AFM).

CH3(CH2)m.i-C=C—C=C-(CH2)n~COOH

1. H. Tachibana et al., Thin Solid Films, 284, 73(1996).

2. M.Matsumoto et al., J Am.Chem.Soc., 120, 1479(1998).
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6.8 Photo-active Artificial Receptors Prepared by Molecular Imprinting

Toshifumi Takeuchi. Miho Higashi and Jun Matsui

Laboratory of Synthetic Biochemistry, Faculty of Information Sciences, Hiroshima City 
University, 3-4-1 Ozuka-higashi, Asaminami, Hiroshima 731-3194, Japan

Molecular imprinting has been known as a useful strategy for constructing a tailor- 
made in polymer matrices (ref 1). We have recently reported on the use of porphyrin 
compounds as a functional monomer, i.e., a component of the binding sites (ref 2). 
Molecularly imprinted polymers prepared using porphyrins exhibited not only a template- 
directed binding nature but also a subsequent signaling based upon UV-visible absorbance 
spectra. In this study, methacrylic acid was used as a supplemental functional monomer for 
constructing binding sites for more precise molecular recognition ability. Also, a 
fluorescence spectrophotometer was engaged as a tool to read out the molecular recognition 
phenomena in the imprinted polymers.

Cinchonidine (1) was used as a template species for preparing molecularly imprinted 
polymers, because it bears two nitrogen atoms which are expected to interact with the center 
metal of the porphyrin-based monomer (2) and the acidic functional monomer methacrylic 
acid (3) Polymers were prepared using (2) and/or (3) as the functional monomer(s), and 
were evaluated by liquid chromatography. All the imprinted polymers exhibited longer 

retention, compared with corresponding blank polymers prepared without the template 
species. Among the imprinted polymers, the polymer prepared using the both functional 
monomers showed the longest retention. Diastereoselectivity over an antipode cinchonine 

was also observed, suggesting that (1) was successfully imprinted in these imprinted 

polymers.
Polymer particles were thoroughly washed and incubated with (1) dissolved in 

dichloromethane. The polymer suspensions were examined by fluorescent 
spectrophotometer. It appeared that the fluorescent property of the polymers was 

influenced by the cinchonidine concentration. The results suggest that the porphyrin-based 

imprinted polymers can be applied for specific sensing utilizing fluorescence signaling.

References
1. T. Takeuchi, J. Matsui, Acta Polymer. 1996, 47, 471-480.
2. J. Matsui, Y. Tachibana, T. Takeuchi, Anal. Commun. 1998, 35, 225-227.
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6.9 Synthesis of Polymer Particles with Specific Recognition Sites for Glucose 

Oxidase by the Molecular Imprinting Technique

Kazuko Hirayama,* Martin Burow, Yoshitomi Morikawa, and Norihiko Minoura*

Department of Organic Materials, National Institute of Materials and Chemical Research, Higashi, 
Tsukuba, Ibaraki 305-8565

The method of molecular imprinting is a useful technique for preparing host compounds for 
molecular recognition. We are interested in protein-recognizable host polymers similar to antibodies in 
nature. We have reported previously that acrylic acid-acrylamide copolymer particles, in a thin layer 
around silica beads, exhibited specific binding characteristics for the protein glucose oxidase (GOD, 
EC 1.1.3.4).

In this paper, we report the use of acrylamide (AAm) and negatively-charged acrylic acid (AAc) or 
positively-charged MA-dimethylaminopropylacrylamide (DMAPAAm) to prepare the polymer 
particles. These monomers were used because proteins are amphoteric polyelectrolytes. Different 
combinations of these monomers were compared to find which preparation of the polymer particles 
gave the most specific recognition sites for GOD.

The amount of GOD adsorbed onto the GOD-imprinted polymer particles was calculated by 
subtracting the GOD activity of the supernatant from that of the standard solution. Amounts of GOD 
adsorbed onto the GOD-imprinted particles depended upon the monomer (AAc or DMAPAAm) 
compositions in the preparation of the polymer particles. On the other hand, adsorption amounts of 
G6PD onto the GOD-imprinted particles did not depend on the monomer compositions, and against 
expectation, almost all G6PD was adsorbed onto the particles. This suggested that some non-specific 
binding of GOD and G6PD to the GOD-imprinted particles also occurred. The experimental conditions 
used for this competitive rebinding test were very severe because G6PD, which has a lower molecular 
weight than GOD, can disturb the adsorption of GOD onto the GOD-imprinted sites (cavities).

In order to elucidate the effect of the specific binding of GOD to the GOD-imprinted sites 
(cavities), the competitive adsorption of both GOD and G6PD mixtures onto human serum albumin 
(HSA)-imprinted reference polymer particles was measured. The HSA-imprinted particles were 
synthesized using the same method and the same monomer compositions as for the GOD-imprinted 
particles. By subtracting the amount of GOD adsorbed onto the HSA-imprinted reference particles 
from that adsorbed onto the GOD-imprinted particles, the amount of GOD specifically bound was 
calculated. The amount specifically bound was highest in the GOD-imprinted particles prepared with 
about 0.050 mL of AAc monomer at pH 4.2, while no GOD was found to be specifically bound to 
particles prepared at pH 2.8. The result of particles prepared at pH 4.2 clearly showed the effects of 
imprinting. A weak ionic interaction between GOD and the particles is necessary for GOD to 
specifically bind with the GOD-imprinted sites. In particles prepared at pH 2.8, such ionic interactions 
cannot be expected because the carboxyl groups of the particles are not dissociated at that pH. The 
particles showing the highest amount of specific binding had a zeta-potential (£ -potential) of about 
-5 mV at pH 4.2. All the particles prepared at pH 2.8 had a £ -potential of nearly zero at pH 2.8, 
though the particles contained AAc. The GOD itself had a £ -potential of about +10 mV and +20 mV 
in phosphate buffer solutions of pH 4.2 and 2.8, respectively. We noticed that at pH 4.2, the absolute 
value of the £ -potential of the particle is very close to that of GOD, but the sign is opposite.

In conclusion, both a weak electrostatic interaction and a matching shape between the template 
molecule and the imprinted polymer particle are expected to enhance the recognition effect. In the 
molecular design of imprinted polymers, we suggest that a match between the surface potential (£ - 
potential) of the template molecule and that of its imprinted polymer is important. These results are 
applicable to synthesizing imprinted polymers for other proteins.
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