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Photochromism of Diarylethene Diammonium 
Derivative in the Cyclodextrin Cavity 

MOTOKI YAMADA. MICHINORI TAKESHITA and MASAHIRO IRIE 

Department of Chemistry and Biochemistry, Graduate School of Engineering, 
Kyushu University and CREST Japan Science and Technology Corporation, 

Hakozaki 6-10-1, Higashi-ku, Fukuoka 812-8581, Japan 

The effect on the quantum yield for the cyclization reaction and the circular dichroism (CD) 
spectral change by the addition of P-cyclodextrin (P-CDX) to an aqueous solution of 
2,2'-dimethyl-3,3'-(perfluorocyclopentene- 1,2-diyl)bis-(benzo[b]thiophene-6-ammo- 
nium)iodide (la) were studied. The quantum yield for the cyclization reaction was increased 
because of the increase of the ratio of the photoactive anti-parallel conformation. The CD 
spectral change upon irradiation with 313 nm light was also studied. The induced CD spec- 
trum of an aqueous mixture of 1 and P-CDx changed from negative to positive by 3 13 nm 
light irradiation and the CD spectral change was photoreversible. 

Keywords: photochromism; diarylethene; cyclodextrin; quantum yield; circular dichroism 
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PHOTOCHROMISM OF DIARYLETHENE DIAMMONIUM [433]/109 

General 
'H-NMR spectra wme recoFded on a Varian Gemini 200 qxdmmta (200 
MHZ). Tetmmhylsilane wasLJSed man internal standard  absorption^ in 
solution wme me8sLppd with a Hitachi U-3410 abmrption spectraphotometa: 
-an was canied out ming a USHIO USH-IOOOD high-pmxm 
mercury lamp, USHIO 500-W xeryln lamp. Moxmclmmic light was obtained by 
passing the light through a m e r .  circular dichmiisn spectra w m  
meaanad with a Wihrn I3unkoJ-7.20. 

. .  

To a rrhmolic solution of 1 , 2 - b k $ 2 - & y l ~ ~ ~ ~  
3yl )pedhmy-  (300 mg, 0.54 mmol), 290 mg of NiCl2W2O (1 2 
m o l )  and 170 mg ofNaBH, (4.4 mmol) was d i d a t  5 C and the mixture was 

Hydrochloric acid (12 N) WBS added to the solution and the solvent was 

240 mgof l(78 %). 

stirred 1 hr. The solvent WBS m d a n d h e b  wasextmted withcHCl,. 

in-. Theleskhr:wa~Fecrystallizedfirrm cHCl3cH,oHto give 

Figm 2 ~ w s t h e b ~ o n ~  charge of l(2.0 x 10' mol dmJ) in an 
aqueous solution upon inadiation with 3 13 nm light. The initial colorless solution 
turned green, and1lewbrptionmaximaaPpearedat400 nmand 650 m 'Ihe 
p e n  color is ibe to the formation of the c l d i i n g  fom "he gem solution 
totally restored the initial specmm upon idiation with visible light longa than 
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1 io/r4341 MOTOKI YAMADA rt ul. 

480 run, The extidcmcdEcient (E) of thec ld i ing  farm lb in th aqueous 
m l u h  at the absorptian mahum of 650 nm was 4760. The qUrnmnn yield for 
the cycbtion reaction upon inadietion with 313 nm light was 0.30. 'Ihe 
conversiOn of 1 upon inadiationwith 313 nm light WBS 33%. 

0.4 

5 

4 
g 0.2 

0 

W avelengWnm 

lo5 mol dmJ) upon inadiapionwith 313 nm light. 
FiguIe2. Abmption spectral change of 1 in aqueous sohdion ([I] = 2.0 x 

CIbr 
As described before, the quantum yielcls for the cycIiAon reaction vmt 
dependent on the d o  of the p h o t o i i e  @el confoamation and the 
phdoacbve mti-pcaallel confiim "he quantum yielh for the Cycliadion 
reaction of la ([la] = 2.0 x ~ c P  mol &xi3, 20 "c in the akm+mma of 
CDX wre 0.30 end 0.42, nqectiwly. "he quantum yield for the cychition 
reaction of la in the pestwe of 200 times excess is about 1.4 times larga 
thanthatof laintheqwawmlurim 

The methyl @ of the parallel and anti-parallel c~nformatioae of 
l a  appeared separately at 25 "c and the ratio ofthe parallel and the 
anti-parallel aonformatons was 43 : 57 in D,O aolution. This value 
shows that only 57 % of la is phatoactive. Upon addition of 40 equiv. 
ofP.CDx to the solution, the ratio ofthe parallel and the anti-parallel 
c~nfiuplations wae changed to 36 : 64. Although the d t i o n  
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PHOTOCHROMISM OF DIARYLETHENE DIAMMONIUM [435]/111 

constant was 80 d that the big of ratio of the 
conformations a d d  not be expected under thie condition 
considerable increase of the ratio of the anti-parallel conformation 
waaobserved 

Figure 3a showsthe CD spechd change ofan aqueous soiutimof la by the 
addition of pcDx ([la] = 1.0 x 104 mold~~i’, [BCDX] = G2.0 x ml drti3, 
20 “c. upon increase the com!eltmo ’ n of pCDx, the negative cotton effeas 
iqpemed at 206 nm and 280 nm and their intemik weae increased as the 
comtrationof imessed ?hesenegative Coaon effectr idicatedthat 
la was d u d d  in the pcDx cavity and the transition mmmt of la  at these 
mlexghare  almostpapendiculrptotheCDx axis. Thearsociationconstant 
hr~ty~was&embed as 540m0r’dd. 
Figure 3b shows the CD spectral change of a mixtm of 1 (1.0 x 10‘ mol dmJ ) 
and fWDx (2.0 x I@ mol dm’) in an qmus solution upm h.ladiation with 3 13 

peaks at 242 nm and 438 nm appeand “k htensks ofthese peaks inreased 
with i d i d o n  time. Upcm inadirdion with visible light long= than 480 nm, the 

c h g e  wais pbxwdble.  

~ l i ~ ’ I h e C D s p e c t r e l ~ d e a p a s e a t 2 0 6 ~ d 2 8 0 ~ a n d t h e n a V  

CD s p e a r u m d t h e  initialoneofthecpHingformandthe CD spectral 

0 - 
‘& 

3 - -2 

3 4  

-6 

~ [pcDxyx 200 10 I o4 ml dm-3 $ 4 

4 
200 300 400 500 200 300 400 Hx) 

Wlvelalgrmnm WnelalglMUn 

FiguR 3. CD spectral chenge (25 “c) of (a) 1 (1.0 x 104 mol dm‘) in w trpeous 
sohmon upon &iditilmof BCDX, @) mixtureof l ( l . 0  x lo‘mol hJ) and pmx 
(2.0 x I@ ml dm’) in m aqueous sohmon. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
8:

54
 1

6 
A

ug
us

t 2
01

2 



112/[436] MOTOKI YAMADA et rrl. 

7his WAC WBS p t l y  supparted by CREST (Core Reszmh for Evolution 
Siese wd Technology) of J a p  tkimce and Technology Corporation (JST) 
and a Grant-in-Aid for lhmqpmt of Young !kk&s (No. 11740390) tian 
t h e M i n i s h y o f ~ s c i e t r e w d ~ J a p e n  

References 
[ I ]  For a review, see: H. Diirr and H. Bouas-Laurent, Photochromism. Molecules and Sys- 

tems, Elsevier, Amsterdam (1990). 
121 For example, see: (a) M. Irie, Photoreacrive Materials for Ultrahigh-Density Opticul 

Memory, Elsevier, Amsterdam (1994); (b) M. lrie and K. Uchida, Bull. Chem. Soc. Jpn. 
71,985 (1998). 

[3] M. Irk, 0. Miyatake, K. Uchida, and T. Eriguchi, J.  Am. Chem. Soc. 116,9894 (1994). 
[4] M. Irk, K. Sakemura, M .  Okinaka, and K. Uchida, J .  Org. Chem. 60, 8305 (1995). 
[51 M. Takeshita, N .  Kato, S.  Kawauchi, T. Imase, J. Watanabe, and M. Irie, J .  Org. Chem. 

63,9306 ( I  998). 
161 for a review, see: M. L. Bender, M. Komiyama. Cyclodextrin Chemistry, Springer-Ver- 

lag, Heidelberg ( I  978). 
[7] S. Kobatake, M. Yamada, T. Yamada, and M. I rk ,  J .  Am. Chem. Soc. 121,8450 (1999). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
8:

54
 1

6 
A

ug
us

t 2
01

2 




