This article was downloaded by: [University of Haifa Library]

On: 16 August 2012, At: 08:56

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.

= Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

High Affinity of Crowned
Bis(Spirobenzopyran) for Multi-
Valent Metal lons Based on
Doubly Armed lonic Interaction

Takashi Teranishi ® , Masaaki Yokoyama ? , Hidefumi
Sakamoto ° & Keiichi Kimura °

& Chemical Process Engineering, Faculty of
Engineering, Osaka University, Yamada-oka 2-1,
Suita, Osaka, 565-0871, Japan

b Department of Applied Chemistry, Faculty of
Systems Engineering, Wakayama University, Sakae-
dani 930, Wakayama, 640-8510, Japan

Version of record first published: 24 Sep 2006

To cite this article: Takashi Teranishi, Masaaki Yokoyama, Hidefumi Sakamoto &
Keiichi Kimura (2000): High Affinity of Crowned Bis(Spirobenzopyran) for Multi-Valent
Metal lons Based on Doubly Armed lonic Interaction, Molecular Crystals and Liquid
Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals,
344:1, 271-276

To link to this article: http://dx.doi.org/10.1080/10587250008023848

PLEASE SCROLL DOWN FOR ARTICLE



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008023848

Downloaded by [University of Haifa Library] at 08:56 16 August 2012

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 08:56 16 August 2012

Mol. Cryst. Lig. Cryst., 2000, Vol. 344, pp. 271-276 © 2000 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

High Affinity of Crowned Bis(Spirobenzopyran)
for Multi- Valent Metal Ions Based on Doubly
Armed Ionic Interaction

TAKASHI TERANISHI?, MASAAKI YOKOYAMA?,
HIDEFUMI SAKAMOTO® and KEIICHI KIMURA®

3Chemical Process Engineering, Faculty of Engmeermg, Osaka University,
Yamada-oka 2—1, Suita, Osaka 565-0871, Japan and Department of Applied
Chemistry, Faculty of Systems Engineering, Wakayama University, Sakae-dani
930, Wakayama 640-8510, Japan

Crowned bis(spirobenzopyran) 1 can bind a divalent metal ion CaZ* more powerfully than
monovalent alkali metal ions due to the doubly armed ionic interaction. The Ca2* complexa-
tion and selectivity between Ca* and K™ can be controlled by turning on and off visible
light.

Keywords: crown ether; spirobenzopyran; double ionic interaction; calcium ion complexa-
tion; ion selectivity; photocontrol

Spirobenzopyran derivatives are typical photochromic compounds that
undergo reversible isomerization to their corresponding zwitterionic
merocyanine form. We have studied on crown ether derivatives that can
switch their metal-ion complexing ability photochemically. We have al-
ready reported 1,3,3-trimethylindolino-6’-nitrobenzopyryrospiran de-
rivatives incorporating a monoazacrown ether at 8’-position, which we
call crowned spirobenzopyran. A phenolate anion in the metal ion com-
plexes of merocyanine form of crowned spirobenzopyran can interact by a
monovalent metal ion complexed with its crown ether moiety selectively.
Such a phenomenon prompted us to design crowned bis(spirobenzo-
pyran) 1, which is an 18-crown-6 derivative bearing two spirobenzo-
pyran units at the nitrogen atoms. We determined the complexing ability
of 1 with monovalent, divalent and trivalent metal ions by using‘H-
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NMR and electrospray-ionization mass spectroscopy (ESI-MS), and
found that 1 binds much more strongly multivalent ions than monovalent
ions.”” A significant peak assigned to the merocyanine form was
observed in visible absorption spectra of solution containing equimolar
amounts of 1 and a metal ion in acetonitrile under dark conditions. This
implies that isomerization from the spiropyran form into the merocyanine
form is induced by complexation of a multivalent metal ion by the crown
ether moiety, the two phenolate anions interacting the central metal ion
(Scheme 1). We have already reported that the crowned bis(spiro-
benzopyran) binds a trivalent metal jon La* more powerfully than
monovalent metal ions such as alkali metal ions.' The metal jon
complexation can be switched by visible-light irradiation. ESI-MS
under dark conditions afforded a huge peak assigned to [LaNO3-11** as
compared to that for [K-11*. Visible-light irradiation increased the peak
intensity of the La complex, while decreasing that of the K complex.

Here we report the higher affinity of crowned bis(spirobenzopyran) 1
1o a divalent metal ion Ca”* than alkali metal ions and photoinduced control
of metal ion complexation and ion selectivity between the divalent metal
ion and an alkali metal ion.  Addition of an equimolar amount of an alkali
or alkaline-carth metal salt to an acetonitrile solution of crowned
bis(spirobenzopyran) 1 allowed the solution to turn dark red. This
means that cation complexation of 1 by its crown ether moiety induced the
isomerization of its spirobenzopyran moiety to the merocyanine isomer.
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CROWNED BIS(SPIROBENZOPYRAN)

The coloration was more remarkable with Ca> than monovalent metal
ions such as K*.2* 'H-NMR spectroscopy indicated that the isomeri-
zation degree was much greater in the complexation with Ca?* than with
K*.? Also, both of the two spirobenzopyran units in a crowned bis-
(spirobenzopyran) molecule isomerize to the corresponding merocyanine
moiety in the Ca®* system, while only a spirobenzopyran unit does so in
the K* system.

Visible-light irradiation led to the isomerization of the merocyanine
moiety back to its corresponding spirobenzopyran form. Tuming off
the visible light caused the thermal coloration reaction based on the iso-
merization to the merocyanine form. The coloration reaction rates for
various metal ions were measured spectrophotometrically by following
the absorbance for the merocyanine isomer.” The rate constant of
thermal coloration is much higher for Ca** than for alkali metal ions.
Also, the thermal coloration rate for the other divalent metal ions, Mg”*,
Sr**, and Ba’* are considerably lower than for Ca’*. This may show
that the size fit of the metal ions into the crown ether moiety also con-
tributes to the high rate constants of thermal coloration. Probably, the
fast thermal coloration is reflected in the high stability of metal ion
complexes of 1. Thus, the absorption spectroscopy under dark
conditions, NMR spectroscopy, and the thermal coloration rate
measurements suggests that crowned bis(spirobenzopyran) 1 forms
much more stable complexes with Ca?* than the other alkaline-earth metal
ions and alkali metal ions. Thus, the high coloration rate and therefore
the high complex stability for crowned bis(spirobenzopyran) 1 — Ca**
system can be attributed to a combination of the relatively high Ca®*
affinity of its crown ether moiety itseif and the counterbalance of the
positive charges of Ca** with two negative charges of 1 merocyanine
form. The complex formation in turn causes efficient intramolecular
interaction of the metal ion with two phenolate anions of the merocyanine
moiety, probably, one above and the other below the crown ether ring, as
demonstrated in the scheme 1.
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Fig. 1. ESI-MS for acetonitrile solution containing 1 and mixture of Ca™* and alkali
metal ions (Li*, Na*, K*) under dark conditions.
{11: 1 X 10° M; {metal nitrate]: | X 10° M each.

ESI-MS for an acetonitrile solution containing a mixture of Ca’* and
alkali metal ions confirms the high stability of the 1-Ca** complex (Fig.
1). The mass spectrum shows an intense peak for Ca®* complex
([1+Ca)**) and only tiny peaks for the alkali metal complexes ([1+M]"),
although the system contains an equal amount of metal ions.

Visible-light irradiation on an acetonitrile solution containing an equal
amount of crowned bis(spirobenzopyran) 1 and Ca®* caused isomeriza-
tion of the merocyanine form of 1 back to the spirobenzopyran form.
Turning off the light again allowed the spiropyran to merocyanine
forms. That is to say, the crowned bis(spirobenzopran) is photoiso-
merized between the spiropyran and merocyanine forms even in the pres-
ence of Ca**. Since the photoisomerization of crowned bis(spiro-
benzopyran) 1 can proceed almost reversibly, photochemical control of
Ca* complexation is expected to be feasible with 1. ESI-MS for an
acetonitrile solution containing 1 and Ca’* was measured under dark
conditions and after visible-light irradiation (Fig. 2). There is a
significant peak for 1-Ca’* complex under dark conditions, which shows
that 1 binds Ca®* powerfully.  The photoirradiation decreased dramati-
cally the peak intensity for the Ca’* complex, thus resulting in metal ion
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Fig. 2. Photoinduced change in ESI-MS for acetonitrile solution containing 1 and
Ca*. a: under dark conditions; b:after visible-light (>400 nm) irradiation for 20 min.
[1]: 1 X 10° M; [Ca(NO,),]: 1 X 10° M .

release from the complex. This verifies the photochemical control of
Ca’* complexation by 1.

The spiropyran and merocyanine isomers of 1 are very different in the
metal-ion comeplexation and selectivity. The spiropyran isomer prefers
monovalent metal ions like K* to divalent metal ions because the
spirobenzopyran moiety hardly participates in the metal ion binding.
The ion selectivity of the spiropyran isomer is essentially based on that
for the parent crown ether, diaza-18-crown-6. On the other hand, the
merocyanine isomer of 1 binds divalent metal ions like Ca®* more
strongly than monovalent ions due to the powerful interaction with its
two phenolate anions. Photoinduced selectivity switching between
divalent and monovalent metal ions was thus realized with crowned
bis(spiro-benzopyran) 1 (Scheme 2) . The photoinduced change of ESI-
MS for a solution of Ca™*, K*, and 1 is indicative of the ion selectivity
switching between Ca™ and K*. Photoirradiation decreased the peak
intensity for the 1-Ca’ complex, while increasing that for 1-K*
complex.
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Fig. 3. Photoinduced change in ESI-MS for acetonitrile solution containing 1, Ca®
andK". a:underdarkconditions;b:aftervisible-light (>400 nm)irradiationfor20 min.
[11: 1 X 10° M; [Ca(NO,): 1 X 10° M ; [KNO,J: 1 X 10* M.
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