This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 08:55

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

Photochromism of Guest N-
Salicylideneaniline in the
Rooms of Host Bile Acid
Derivatives

Toshio Kawato 2 , Kiichi Amimoto 2 , Hiroshi Maeda 2
, Hiroyuki Koyama # & Hajime Kanatomi ?

& Department of Molecular Chemistry, Graduate
School of Sciences, Kyushu University, Ropponmatsu,
Chuo-ku, Fukuoka, 810-8560, Japan

Version of record first published: 24 Sep 2006

To cite this article: Toshio Kawato, Kiichi Amimoto, Hiroshi Maeda, Hiroyuki Koyama
& Hajime Kanatomi (2000): Photochromism of Guest N-Salicylideneaniline in the
Rooms of Host Bile Acid Derivatives, Molecular Crystals and Liquid Crystals Science
and Technology. Section A. Molecular Crystals and Liquid Crystals, 345:1, 57-62

To link to this article: http://dx.doi.org/10.1080/10587250008023895

PLEASE SCROLL DOWN FOR ARTICLE

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

and-conditions



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008023895
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 08:55 16 August 2012

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.




Downloaded by [University of Haifa Library] at 08:55 16 August 2012

Mol. Cryst. and Lig. Cryst., 2000, Vol. 345, pp. 57-62 © 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

Photochromism of Guest N-Salicylideneaniline in
the Rooms of Host Bile Acid Derivatives

TOSHIO KAWATO, KIICHI AMIMOTO, HIROSHI MAEDA,
HIROYUKI KOYAMA and HAJIME KANATOMI

Department of Molecular Chemistry, Graduate School of Sciences,
Kyushu University, Ropponmatsu, Chuo-ku, Fukuoka 810-8560, Japan

Definite clathrate crystals of deoxycholic acid and its amide and alcohol derivatives as host
molecules with N-salicylideneaniline as a guest molecule were prepared to investigate their
photochromic properties. The photocoloration study was done by irradiating the crystal pow-
der with 365 nm light; the thermal fading reaction of the photocolored species was followed
by reflectance spectrophotometry at 303 K. From the sharp difference in the first-order rate
constants of the thermal bleaching of the photochromes, it was found that the thermal unimo-
lecular motion of photo-colored species was strongly influenced by the neighboring environ-
ments in the crystal state.

Keywords: salicylideneaniline; deoxycholic acid; deoxycholamide; clathrate crystal; Schiff
base; photochromism

INTRODUCTION

Photochromic crystals have become the subject of very active rescarch
because of their potential usefulness as data storage devices and others. !

The development of methodology for the selective formation of
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photochromic crystals is a first important step for the application of such
a molecular device system. N -salicylideneaniline (1) and its desivatives
arc well-known to exhibit photochromism in the crystal statc without any
side-reactions.” Occurrence of the photochromic phenomenon does not
depend on the clectronic effects nor steric effects of the substituents. In
the previous papers, we described that the existence of reaction field or
room in which the photoisomerization occurred was of basic importance

for the appcarance of the phcn()mcnun.3
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Recently, clear X-ray crystal structure of the photocolored specics
of N-(3,5-di-rert-butylsalicylidenc)-3-nitroaniline was reported to be
trans-keto form.* From kinetic studics on the phenomenon, however,
morc than two photocolored specics have been considered;” thus, therc
is no cogent argument to cxclude keto-aminc form with sp>-nitrogen
atom as a photo-isomerized structure. In order to develop a better
understanding of the mechanism of the photochromic process of Schitf
basces, we examined the photochromic propertics of inclusion crystals of

three different host molecules with fundamental N -salicylidencaniline.
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EXPERIMENTAL

Materials

N-salicylideneaniline(1) was prepared by ordinary condensation of
salicylaldehyde and aniline. The amide (DAA) and alcohol (DCO)
derivatives of deoxycholic acid (DCA) were preparcd by thc mcthods
described in the literaturc.®  Synthesis of clathratc crystals was
accomplished by mixing 1 (1.0 mmol, 200 mg) with cach bilc acid
derivative (4.0 mmol) in hot methano! (20 ml). Evaporation of the
solvent gave the desired complex as pale-yellow crystals, which were
recrystallized from methanol.

[1-4DCA]: Yicld 1.4 g (79%); mp 182-183 °C. 'H NMR (270
MHz, CD,COCD;): 8 0.70 ppm (s, 3H, 18-DCA-CHj;), 8 0.92 ppm (s,
3H, 19-DCA-CH,), o 1.02 ppm (d, J=6.7 Hz, 3H, 21-DCA-CHj,), ®
0.99 - 1.68 ppm (m, 18H, CH, in DCA), 8 1.73-1.95 ppm (m, 6H, CH
in DCA), 8 2.15 - 2.40 ppm (m, 2H, 23-DCA-H,), 9 3.43 - 3.58 ppm
(m, 1H, 3-DCA-H), ® 3.97 ppm (bs, LH, 12-DCA-H),  6.95 - 7.01
ppm (m, 0.5H, 3',5'-Ar-H), » 7.29 - 7.35 ppm (m, 0.25H, 4-Ar-H), o
7.39 - 7.50 ppm (m, 1.25H, Ar-H), 8 7.60 ppm (dd, /=7.9 and 1.8 Hz,
0.25H, 6'-Ar-H), & 8.90 ppm (s, 0.25H, N=CH), 8 13.2 ppm (bs,
0.25H, OH). Anal. Caled for (C;3H,,NO)-4(C,4H40y): C, 74.16; H,
9.79; N, 0.79%. Found: C, 74.14; H, 9.79; N, 0.74%.

[1-4DAA]: Yicld 980 mg (35%); mp 191-192 °C. 'H NMR (270
MHz, CDCl,): d 0.68 ppm (s. 3H. 18-DAA-CH,), d 0.91 ppm (s, 3H.
19-DAA-CH,), » 0.98 - 1.01 ppm (d. /=6.7 Hz, 3H, 21-DAA-CH,), »
1.03 - 1.89 ppm (m, 24H, CH, and CH in DAA), » 2.10 - 2.34 ppm
(m, 2H, 23-DAA-H,), 3 3.61 ppm (bs, 1H, 3-DAA-H), 8 3.98 ppm (bs,
1H, 12-DAA-H), & 5.28 - 5.39 ppm (m, 2H, NH,), ® 6.95 ppm (dt,
J=8.2 and 1.5 Hz, .25H, 5'-Ar-H), 8 7.03 ppm (bd, J=8 Hz. 0.25H,
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3'-Ar-H), 8 7.26 - 7.47 ppm (m, 1.75H, Ar-H), 8 8.63 ppm (s, 0.25H,
N=CH), & 133 ppm (s, 0.25H, OH). Anal. Calcd for
(C3H;NO)-4(CpsHy ) NO3): C, 74.10; H, 10.04; N, 3.91%. Found: C,
74.23; H, 10.00; N, 3.97%.

[1-4DCOJ: Yicld 700 mg (40%); mp 143-144 °C. 'H NMR (270
MHz, CDCL,):  0.69 ppm (s, 3H, 18-DCO-CH,), o 0.91 ppm (s, 3H,
19-DCO-CHy), » (01.99 ppm (d, J=6.7 Hz, 3H, 21-DCO-CHj,), » 1.03 -
1.85 ppm (m, 26H, CH,and CH in DCO), 8 3.60 - 3.65 ppm (m, 3H,
3- and 24-DCO-H), ¢ 4.0 ppm (m, 1H, 12-DCO-H), & 6.95 ppm (dt,
J=8.2 and 1.5 Hz, 0.25H, 5'-Ar-H), d 7.03 ppm (bd, J=8 Hz, 0.25H,
3'-Ar-H), 8 7.26 - 7.47 ppm (m, 1.75H, Ar-H), 8 8.63 ppm (s, 0.25H,
N=CH), o 133 ppm (bs,. 0.25H, OH). Anal. Caled for
(C3H | NO) 4(CpHy05): C, 76.13; H, 10.50; N, 0.83%. Found: C,
76.49; H, 10.54; N, (.82%.

Crystal data

Single crystals of inclusion compounds for X-ray analysis were obtained
by slow cvaporation of solvent from a 4:1 mixture of cach bile acid
derivative and 1 in cthanol. All measurements were made on a Rigaku
AFCTR diffractometer with graphite monochromated Mo-Ka radiation
(2=0.71069 A) and a rotating anodc gencrator.

[1-4DCA]: Palc-ycllow needles 0.20 x 0.15 x 030 mm;
C;H, NO-4C,H,,0,, FW = 1767.55. Orthorhombic, spacc group
P2,2,2, (#19), a=13.287(4), b=26.886(4), c=7.023(4) A, 1'=2509(.1)
A3, z=1, Dye=1.17 grem™, (Mo-Ka)=0.77 em,

[1-4DAA]: Palc-ycllow needles 0.10 x 0.10 x 0.10 mm;
C3H,,NO-4C,,H,NO;, FW = 1763.61. Orthorhombic, spacc group
P2.2.2, (#19), a=13.073(3), b=27.157(4), c=7.094(4) A, 1'=2518(.1)
A} Z =1, Dgpe=1.16 g-cm™, u(Mo-Ka)=0.75 cm™!.
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Kinetic measurement.

Thermal fading reaction of the photochrome, which went on in two steps
(ratc constants: &k, and &, ), was followed by reflectance
spectrophotometry at 303 K by mcasuring the optical density (4,) at 482
nm for [1:4(DCA)], 507 nm for [1-4DAA)], and 484 nm for
[1-4(DCO)], at which a maximal decrcasc occurred in the dark. The final
optical density (4.) was taken after 10 half-lives. The cxperimental
optical density vs. time (f) data were treated with the standard integrated
expression, kt = In{(4, - A,)/(d,-4,)}, for afirst-order process using

linear least-squarcs analysis.

RESULTS AND DISCUSSION

Yiclded clathrate compounds showed reasonable 'H NMR spectra and
correct clemental analyses consistent with the definite complexes
(host/gucst molar ratio = 4). Mclting points of the clathrate crystals werc
sharp; they are much higher than that of purc 1 crystals (51-52 °C). The
fact that the size of unit cells of [1-4(DCA)] and [1- 4DAA)] was similar
to that of [(N,N-dimethyl-4-aminoazobenzenc)- 4(DCA)| (Orthorhombic;
space group P2,2,2, (#19); a=13.76, b=25.68, ¢=7.16 A)® and the
inspection of the reported structure’ of related clathratc compounds of
DAA and DCO suggested the similarity of the structure of the obtained
clathrate crystals in this study.

All these clathrate crystals cxhibited photochromism by irradiating
the crystal powder with 365 nm light. Ratc constants (k) of the thermal
fading of thc photochromes were measured to be distinct in the different
clathrate environments: k1= 1.4 x 107 57! and k2= 9.3 x 107 §°! for

[1-4DCA)], k1=1.0x 10* 57! and k2=4.8 x 10 s"! for [1- 4DAA)],
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and k1= 1.0 x 10% s} and k2= 7.2 x 10 ¢! for [1-4DCO)],

respectively.

These results demonstrate that the photochromic process of Schiff

bases is delicate and a small change of ncighboring molecular

covironment influences strongly the photochromic properties in the

crystal state.
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