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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. 

Keyw0rd.s: salicylideneaniline; deoxycholic acid; deoxycholamide; clathrate crystal; Schiff 
base; photochromism 

INTRODUCTION 

Photochromic crystals havc bccomc thc subjcct of  vcry activc rcscarch 

bccause of their potcntial usefulness a s  data storage deviccs and othcrs. I 

The dcvelopmcnt of methodology for thc selectivc formation of 
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photochromic crystals is ii first important step for thc application of such 

a rnolccular dcvicc systcrn. A’-salicylidcncanilinc (1) and its dcrivativcs 

arc wcll-known to  exhibit photochromism in thc crystal statc without any 

sidc-rcactions.’ Occurrcncc of the photochromic phcnomcnon does not 

dcpcnd on the clcctronic cffccts nor stcric cffccts of thc substitucnts. In 

the previous papcrs, we dcscribcd that the cxistencc of reaction field o r  

room in which the photoisomcrization occurred was of basic importancc 

for thc appcarancc of thc phcnornenon.’ 

1 mns-kcto form keto-aminc form eR Host : Bilc Acid Dcrivativcs 
DCA: R =COOH 
D A A :  CONH;! 

I OH DCO: CHzOH 

Rcccntly, clcar X-ray crystal structurc of  thc photocolorcd spccics 

of h’-(3,S-di-terf-but)lsalic)lidcnc)-3-nitroanilinc was reportcd to hc 

mas-kcto form.4 From kinctic studies on  the phcnorncnon, howcvcr, 

morc than hvo photocolorcd spccics have been considcrcd;3 thus, therc 

is n o  cogent argumcnt to  cxclude kcto-aminc form with sp3-nitrogcn 

atom a s  a photo-isorncrizcd structure. In order to dcvclop a bcttcr 

undcrstanding of thc rncchanism of the photochromic proccss of Schiff 

bascs, we cxamincd thc photochromic propcrtics of inclusion crystals o f  

thrcc diffcrcnt host molcculcs with fundamental A’-salicylidcncanilinc. 
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PHOTOCHROMISM OF SALICYLIDENEANILINE [383]/59 

EXPERIMENTAL 

Materials 

N-salicylidcneanilinc( 1 ) wiis prcparcd by ordinary condcnsntion of 

salicylaldchydc and anilinc. Thc amidc (DAA) and alcohol (DCO) 

dcrivativcs of  dcoxycholic acid (DCA) werc preparcd by thc methods 

dcscribcd in the litcraturc.' Synthcsis o f  clathratc crystals was 

accomplished by mixing 1 (1.0 mmol, 200 mg) with mch bile acid 

dcrivative (4.0 mmol) in hot methanol (20  mi). Evaporation of the 

solvcnt gave the desircd complcx as palc-yellow crystals, which wcrc 

recrystallized from mcthanol. 

[1.4DCA]: Kcld 1.4 g (79%); mp 182-183 "C. 'H NMR (270 

MHz, CD$OCD,): 6 0.70 ppm (s, 3H, 18-DCA-CH,), b 0.92 ppm (s, 

3H, 19-DCA-CH3), b 1.02 ppm (d, .I=h.7 Hz, 3H, 21-DCA-CH3), b 

0.99 - 1.68 ppm (m, 18H, CH2 in DCA), h 1.73-1.95 ppm (m, 6H, CH 

in DCA), h 2.15 - 2.40 ppm (m, 7H, 33-DCA-H,), h 3.43 - 3.58 ppm 

(m, lH,  3-DCA-H), b 3.97 pprn (bs, LH, 12-DCA-H), d 6.95 - 7.01 

pprn (m, O.SH, 3',5'-Ar-H), d 7.29 - 7.35 pprn (m, 0.25H, J-Ar-H), b 

7.39 - 7.50 ppm (m, 1.25H, Ar-H), b 7.00 ppm (dd,.1=7.9 and 1.8 Hz, 

0.25H, 6'-Ar-H), b 8.90 ppm (s, 0.25H, N=CH), b 13.2 ppm (bs, 
0.25H, OH). Anal. Calcd for (C,,H,,N0)~4(C,4H4004): C, 74.10; H, 

9.79; N ,  0.79%. Found: C, 74.14; H, 9.79; N, 0.74%. 

Jl-4DAAI: Kcld 980 mg (55%); mp 191-192 "C. 'H NMR (270 

MHz, CDCI,): b 0.08 ppm (s. 3H. 18-DAA-CH,). b 0.9 1 ppm (s. 3H. 

19-DAA-CH,), h 0.98 - 1.01 ppm (d. .1=6.7 Hz, 3H. 71-DAA-CH3). h 

1.03 - 1.89 ppm (m, 74H, CH, and CH in DAA), d 2.10 - 2.34 pprn 

(m, 2H, 23-DAA-H,), b 3.61 pprn (bs, IH, 3-DAA-H), b 3.98 pprn (bs. 

lH ,  12-DAA-H), h 5.28 - 5.39 ppm (m, 2H, NHJ, b 0.95 ppm (dt. 

.1=8.2 and 1.5 Hz, 0.25H, 5'-Ar-H), h 7.03 ppm (bd, ./=8 Hz. 0.25H. 
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3'-Ar-H), b 7.26 - 7.47 ppm (m, 1.75H, Ar-H), b 8.63 ppm (s, 0.25H, 

N=CH), h 13.3 ppm (s, 0.25H, OH). Anal. Calcd for  

(C,3H,lNO)~4(C24H4,N0,): C, 74.10; H, 10.04; N ,  3.01 %. Found: C, 

74.23; H, 10.00; N, 3.97%. 

(1.4DCOI: Kcld 700 mg (40%); mp 143-144 "C. 'H NMR (270 

MHz, CDCI,): b 0.69 pprn (s, 3H, 18-DCO-CH,), b 0.91 ppm (s, 3H, 

19-DCO-CH,), b 0.99 ppm (d, .1=6.7 Hz, 3H, 21-DCO-CH3), h 1.03 - 

1.85 ppm (m, 26H, CH,and CH in DCO), h 3.00 - 3.65 ppm (m, 3H, 

3- and 24-DCO-H), b 4.0 ppm (rn, 1H, 12-DCO-H), b 6.95 ppm (dt, 

.1=8.2 and 1.5 Hz, 0.25H, Y-Ar-H), b 7.03 ppm (bd, .1=8 Hz, 0.75H, 

3'-Ar-H), h 7.26 - 7.47 ppm (m,  1.75H, Ar-H), b 8.63 ppm (s, 0.35H, 

N=CH), b 13.3 ppm (bs, 0.25H, OH). Anal. Calcd for 

(C13H,lNO)-4(C,H4,0,): C, 76.13; H, 10.50; N,  0.83%. Found: C, 

76.49; H, 10.54; N ,  0.82%. 

Crystal data 

Single crystals of inclusion compounds for X-ray analysis wcrc obtained 

by slow cvaporation of solvcnt from a 4:1 mixture of wch bilc acid 

dcnvative and 1 in cthanol. All mcasurements wcrc madc on a Rigaku 

AFC7R diffractometer with graphite monochromated Mo-Ku radiation 

(h=0.71069 A) and a rotating anode gcncrator. 

I1.4DCAJ: Palc-ycllow ncedlcs 0.20 x 0.15 x 0.30 mm; 

Orthorhombic, spacc group C,3H,,NO~4C24H400,, FW = 1767.55. 

E , 2 , 2 ,  (#19), U= 13.287(4), h=26.886(4), ~=7.023(4) I .=Z509(.1) 

A3, Z=1, D,,,=1.17 g.cm-'. p(Mo-Ku)=0.77 cm-'. 

[ I  .4DAA]: Palc-ycllow needles 0.10 x 0.10 x 0.10 mm; 

C13HIIN0.4C24H41N03r FW = 1763.61. Orthorhombic, spacc group 

E12,2 ,  (#19), u=13.073(5), h=27.157(4), c=7.094(4) ti, 1.=2518(.1) 

A', Z =1, Da,,=l.1O p(Mo-Ktx)=0.75 cm". 
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PHOTOCHROMISM OF SALICYLIDENEANILINE [385]/61 

Kinetic measurement. 

Thermal fading reaction of the photochromc, which went on in two stcps 

(rate constmts: k,  and k? ), was folloarcd by rcflcctancc 

spectrophotomctry at 303 K by mcasunng the optical dcnsity (-4J :it 487 

nm for [1*4(DCA)], 507 nm for [1*4(DAA)], and 484 nm for 

[ 1*4(DC0)], at which a maximal decrcasc occurred in the dark. Thc final 

optical density (,4=) was taken aftcr 10 half-lives. Thc cxperimcntal 

optical density vs. time ( t )  data wcrc treated with the standard integrdtcd 

exprcssion, kt = ln{(,-lo - '-1 =) / (-4, - .4  =)}, for a first-order process using 

linear least-squarcs analysis.3 

RESULTS AND DISCUSSION 

Yiclded clathrate compounds showed reasonablc H NMR spectra and 

corrcct elemental analyscs consistent with thc definite complcxcs 

(host/gucst molar ratio = 4). Mclting points of thc clathrate crystals wcrc 

sharp; they are much highcr than that of purc 1 crystals (5  1-52 "C). Thc 

fact that the size of unit cclls of [ 1 - 4(DCA)] and [ 1 - 4(DAA)J was similar 

to that of [(N,N-dimethyl-4-aminoazobenzcnc)- 4(DCA)] (Orthorhombic; 

space group P2,2,2,  (#19); a=13.76, h=25.6H, c=7.16 and thc 

inspection of the reportcd structurc' of rclated clathratc compounds of 

DAA and DCO suggcstcd the similarity of the structurc of thc obtaincd 

clathratc crystals in this study. 

AU thesc clathratc crystals cxhibitcd photochromism by irradiating 

thc crystal poadcr  with 365 nm light. Ratc constants ( k )  of the thcrmal 

fading of thc photochromcs wcrc measured to bc distinct in thc different 

clathratc cnvironments: k i  = 1.4 x s-' and kz= 9.3 x s" for 

[1*4(DCA)], ki =1.0 x s.' and k2=4.K x lVb s-' for [1-4(DAA)], 
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and ki = 1.0 x 

respectively. 

s- ’  and kz = 7.2 x lO-‘ s-’ for [1*4(DCO)j, 

Thcse results dcmonstratc that thc photochromic proccss of Schiff 

bases is delicate and a small change of ncighboring molecular 

environment infiucnces strongly thc photochromic propcrties in thc 

crystal statc. 
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