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The extraction equilibrium of alkali metal salts between water 
and benzene with an azobenzene-bridged azacrown ether(I) is affected 
by photo(uv)-irradiation. This indicates that the binding ability of 
(I) can be controlled by photo-induced cis-trans isomerism of the 
azobenzene moiety. 

Considerable interest has recently centered around the function of crown 

ether family as an ion-transport carrier. 1) Kobuke et al. 2) have found that 

the best carrier for the ion-transport is a ligand that gives the moderately 

stable rather than the very stable complex. In fact, Kirch and Lehn3) reported 

that an optimum stability of the cryptate complex is log KS = 5 (in methanol) 

for efficient transport. The results clearly offer a dilemma occurring in the 

transport system: that is, the very stable complex which may enhance the ion 

concentration in the transport medium cannot release metal cation efficiently 

from the complex, resulting in the low overall transport efficiency. Some of 

the natural ionophores skillfully break the dilemma. For example, monensin 

utilizes a conformation change between the cyclic and the non-cyclic form, 

attaining a markedly different binding ability between the ion-complexation site 

and the ion-release site 3) . This suggests that, if the binding ability of 

crown ether easily changes in response to reaction conditions, it would function 

as an efficient ion-transport carrier. 

One of the most expeditious sources to control the binding ability would 

be light. Azobenzene derivatives undergo a photo-induced, reversible cis-trans 

isomerism. It occurred to us that the binding ability of crown ether which 

includes the azobenzene unit within the molecule may be controlled by light. 

We thus synthesized an azacrown ether with an azobenzene bridge (I) and 

estimated the influence of photo-irradiation on the binding ability. 
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Compound (I) was prepared from l,lO-diaza-4,7,13,16-tetraoxa-18-crown-6 

and 3,3’-bis(chlorocarbonyl)azobenzene according to the high-dilution method. 

The product recrystallized from benzene gave satisfactory elemental analysis 

and spectral properties consistent with the assigned structure. 5) Photo- 

isomerization of the trans-azobenzene form (abbreviated by trans-(I)) to the 

cis-azobenzene form (abbreviated by cis-(I)) was performed by photo-irradiation 

using a high-pressure Hg-lamp. 6, The absorption band of trans-(I) (Amax 324 nm 

in benzene) decreased rapidly with photo-irradiation time and reached an 

equilibrium intensity within 1 min. From the absorption intensity of 324 nm, 

the cis-(I)/trans-(I) at the equilibrium was estimated to be 60/40.7) The 

recovery of trans-(I) in the dark was considerably slow, but the spectrum of 

trans-(I) was regenerated quantitatively. The first-order rate constants (hr 
-1‘ 

) 

estimated by following the increase in the absorption band at 324 nm were: 

0.056 at 40°C, 0.150 at 50°C, and 0.347 at 60°C. The activation energy 

calculated from these rate constants was 19 kcal/mol. 

The binding ability of (I) was estimated by preliminary solvent extraction 

of alkali metal salts of methyl orange from water to benzene. 8) It took about 

10 min to finish the work-up of the solvent extraction. 9) Since the isomeriza- 

tion of cis-(I) to trans-(I) in the dark is slow enough, the change in the cis- 

(I)/trans-(I) during the work-up time could be neglected. The result of the 

solvent extraction at 30°C is summarized in Table 1. 
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Table 1. Extraction of alkali metal salts of methyl orange 

with azobenzene-bridge azacrown ether (I) 

(1) Alkali metal salt extracted(%) 

Li+ Na+ K+ cs+ 

trans- (I) 1.1 14.8 15.8 (cO.1) 

photo-irradiated (I) (4.1) 13.5 27.2 (e0.1) 
cis- (I)a) 12.6 34.8 - 

a) Calculated by the equation ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (I)- 

‘a40 EXtrans-(I) )/0.60, where Ex denotes the percentage extracted 

by each azobenzene-bridged azacrown ether (I). 

It is seen from Table 1 that (1) the extractability of (I) is in the order, 

K+ > Na+ > Li+ > Cs+, (2) large alkali metal ion such as Cs+ is hardly 

extracted, and (3) for small alkali metal ions(Li+ and Na+) trans-(I) exhibits 

the greater binding ability than cis-(I), whereas cis-(I) becomes the better 

ligand for relatively large K+ ion. The CPK model building suggests that the 

size of the azacrown ether moiety of cis-(I) is more expanded than trans-(I) 

due to the steric distortion of the azobenzene bridge. The conjecture well 

accounts for the fact that trans-(I) favors relatively small alkali metal ions 

such as Li 
+ 

and Na 
+ 

, whereas relatively large K+ binds to cis-(I) in preference 

to trans- (I). 

As a sumarry of the foregoing results, one can conclude that the binding 

ability of (I) can be controlled by light in principle. To our knowledge, this 

is the first example that the binding ability of crown ether family is signifi- 

cantly affected by light. Table 1 suggests that, when (I) is employed as an 

ion-transport carrier, the transport velocity of Li+ and Na+ can be accelerated 

by photo-irradiation of the ion-release site and that of K+ by photo-irradia- 

tion of the ion-complexation site. The application is currently under way in 

this laboratory. 

The authors thank Professor T. Kunitake and Professor M. Takagi for 

helpful discussions. 
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