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Abstract: A photochromic crown ether with two anthracene nuclei is
synthesized and the metal ion dependence of its photo and thermal

reactions is studied.

A wide variety of macrocyclic polyethers bearing aromatic nuclei have been

reported to complex with metal ions as well as ammonium salts.z)

However, most
of them are photochemically inactive host molecules. A photochromic crown ether
in which a macrocyclic polyether is bonded to a photochromic molecule and the
cavity of the polyether moiety is changeable in photochromic or reversible
process, is of interest for the following reasons: 1) the complexation with
metal ions of different sizes is photo-controlled, 2) the reversible process is
usable for selective metal ion transportation. 1In this regard a few host

molecules, to our knowledge, have been reported.a)

This paper is concerned with
the synthesis of and the alkali metal ion complexation of a photochromic crown

ether where two anthracene moieties are closely linked each other in a crown
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The preparation of 1,2-bis(10-hydroxy-9-anthryl)ethane 2, which was
extremely air-sensitive in solution, was carried out by reductive dimerization

of 10-methyleneanthrone 1.4)

Co-cyclization of diol 2 with tetraethylene
glycol ditosylate under a nitrogen atmophere gave a 3.8% yield of macrocyclic
polyether A (A: greenish yellow columns from alcohol, mp 170—171°C).5) When
nitrogen exchange in the reaction vessel was incomplete and sodium hydride was
used as a base, undesired cyclic polyether 3 was obtained in an 18% yield in

place of compound A (3: colorless columns from diethyl ether, mp 217—218°C).5)

) CH, —> HO<O)CH2). {O)-0H —> A
3 o | ©

On irradiation of compound A in benzene-dg,
the 'H NMR spectra showed the appearance of new
signals containing a sharp singlet (2.68 ppm)
assigned to cyclobutane protons while the
signals assigned to compound A were completely
missing. This indicates the formation of a
3) When
heated the colorless solution thus obtained at

photoisomer, 15~crown-5 derivative P.

40-50°C in the dark, the original signals of A

were restored with the same intensity as before
irradiation. Such a quantitative interconversion
between compounds A and P was also confirmed by
rise and fall of the long wavelength band (340-440 nm) associated with the

anthracene chromophore in the electronic spectra.
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The complexation of compounds A and P was examined next. When a metal ion
coexists in the above-stated reversible process (equation 1), another photo-
chromic process (eq. 2) may be possible through two complexation equilibria
(eq. 3 and 4). 1In order to examine the effect of metal ion on photochromic
process eq.(l), half-lives of compound A in the photo-reaction and of compound
P in the thermal reaction were measured with and without metal ions, using the
time dependence of absorbance at 385 nm of the anthracene chromophore in the
electronic spectra. The results are summarized in the Table.

Table Half-lives of compounds A and Pa)

Thermal reactionb) Photo—reactionc)
u+d) mt/p t1/2 (min) w+d) M*t/A t1/2 (min)
ion free _ 9.6 ion free —_— 12
Lit 1.6 11 Lit 1000 12
890 2100
Nat 1.6 26 Nat 1000 12
Kt 1.6 12

a) solvent: dry THF. b) at 30°C. c¢) at 4°C; the thermal reaction
does not proceed at this temperature. d) as perchlorate.
e) solvent: 1% agq. THF.

As shown in the Table, the half-life of the dark reaction is prolonged in
the presence of metal ion compared to that of ion-free case, and the ion
dependence of half-life 1s in the order: Na'SK*> Lit. The longest half-life
for Na' is understood by lowering of the concentration of compound P due to the
formation of stable P-Na‘t complex, considering that the parent crown ether of P,
15~crown-5, forms the most stable complex with Na' compared to those with other

alkali metal ions.6)

Furthermore, the half-life of the dark reaction increases
with an increase of ion concentration as seen in the case of lithium perchlo-
rate. This fact suggests the rate constant, k_1, of the dark reaction in

eg. (1) to be larger than k., of the corresponding reaction in eq. (2), providing
that the complexation of compound P attains equilibrium rapidly as same as in
that of parent 15-crown-5. In other words, the dark reaction proceeds, also in
the presence of metal ions, through the photochromic process of eq.(l), but not
eq. (2).

On the other hand, the photo-reaction shows no dependence on metal ions in
contrast to the dark reaction. The Table shows that all the photo-reactions
have the same half-life even in the presence of large excess of metal perchlo-
rate. This may be attributed to much larger energy of the photo-transition than
the stabilization energy due to the ion complexation.
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Further studies on the title compound as well as the corresponding compounds
with different crown rings are under way.
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