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Syntheses, Cation Complexation, lsomerization and Photochemical Cation- 
binding Control of Spirobenzopyrans Carrying a Monoazacrown Moiety at the 
8- Position 
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Japan 

Spirobenzopyran derivatives carrying a monoazacrown moiety, such as 12-crown-4, 15-crown-5, 
and 18-crown-6 moieties, and their acyclic analogue, at the 8-position have been synthesized. 
Alkali metal ion complexation by the crowned spirobenzopyrans, followed by isomerization to the 
corresponding merocyanine form, and their photoisomerization, have been studied by cation extraction, 
absorption spectroscopy, and NMR spectroscopy. Binding of alkali metal ions (Li', Na' and K + )  by the 
crown moieties leads to isomerization of the crowned spirobenzopyrans even under dark conditions. 
7Li and 23Na NMR spectroscopy suggest that in the merocyanine isomer complexing an alkali metal 
ion, especially Li +, the crown-complexed metal ion interacts intramolecularly with the phenolate 
anion, thus being bound more powerfully than that in the corresponding spiropyran isomer, owing to 
an additional- binding-site effect. UV-light irradiation in tetrahydrofuran further promotes the 
isomerization to the merocyanine form, the thermal stability of which depends significantly not only 
on the ion selectivities of their crown moieties but also on the ease of the intramolecular interaction 
between the crown-complexed metal ion and the phenolate anion. Under visible-light irradiation, the 
cation-bound merocyanine form readily reverts to the spiropyran form, releasing the metal ions to 
some extent. Alternating irradiation with UV and visible light or turning-on and -off of visible light, 
therefore, causes the isomerization of crowned spirobenzopyrans even in the presence of alkali metal 
ions, in turn affording control of their cation-complexing abilities. 

Since spirobenzopyran derivatives undergo reversible isomeri- 
zation to the corresponding zwitterionic merocyanine form, 
extensive studies have been devoted to their applications to 
photochemical control of physical properties in solution. The 
examples are in photocontrol of membrane transport,'T2 
membrane  potential^,^-^ and polymer rheol~gy.' ,~ 

Incorporation of a crown ether moiety, which is able to 
complex metal ions, into the spirobenzoypyran skeleton can be 
expected to provide the parent spirobenzopyran with high 
functionalities. A few spirobenzoypran derivatives carrying 
a crown ether moiety at the 1'-position have been syn- 
t h e s i ~ e d . ~ ~ ' ~ . '  ' In organic solutions of some of these crowned 
spirobenzopyrans, cation-induced isomerization was observed, 
owing to the occurrence of some polar circumstance in the 
periphery of the spirobenzopyran skeleton by cation binding of 
the crown moiety.','" In plasticized polymeric membranes 
containing one of the crowned spirobenzopyrans, its photo- 
induced membrane potential change was found to depend on 
the kind of alkali metal ion present in a measured solution, 
probably because of the cation-binding effect on the iso- 
merization of its spirobenzopyran skeleton. ' ' 

Crowned spirobenzopyrans have also been attractive to us. 
One of our interests is in photochemical control of cation 
binding. We have, therefore, designed spirobenzopyran deriv- 
atives incorporating a monoazacrown moiety at the 8-position, 
e.g. 1, in which cation-binding enhancement can be expected 
on photoisomerization to their corresponding merocyanine 
form due to sterically-favourable cooperation of the resulting 
phenolate anion together with the crown moiety in the cation 
binding. Actually, a powerful interaction between the phenolate 
anion and crown-complexed metal ions, especially Li +, was 
found in the merocyanine isomer of 1.12 

This paper describes the details of the synthesis, alkali metal 
ion complexation and isomerization of the spirobenzopyran 

derivatives carrying monoaza- 12-crown-4, -1 5-crown-4, and 
-18-crown-6 moieties, and their acyclic analogue at the 8- 
position, 1 4 .  Photochemical control in the cation binding of 
the crowned spirobenzopyrans is also discussed. 

4: R=-CH2-N 
I 

1: n = l  
2: n = 2  

Results and Discussion 
Syntizesis of Crowned SpirobenzopJ?rans.-The syntheses of 

spirobenzopyran derivatives incorporating a monoazacrown 
moiety at the 8-position were based on the condensation of 1,3,3- 
trimethyl-2-methyleneindoline and a 5-nitrosalicylaldehyde 
possessing a monoazacrown moiety as shown in Scheme I .  The 
crowned nitrosalicylaldehydes were obtained by chloromethyl- 
ation of 5-nitro~alicylaldehyde,'~ followed by reaction with a 
monoazacrown ether in the presence of triethylamine. The 
condensation reaction to give crowned spirobenzopyrans was 
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Fig. 1 Cation extraction by crowned spirobenzopyrans 1-3 and comparison with their corresponding model compounds, N-benzyl-monoazacrown 
ethers. Under dark conditions, ( a )  for monoaza-12-crown-4 systems; 1 (0); 7 (a), (b) for monoaza-15-crown-5 systems; 2 (O), 8 (a), ( c )  for monoaza- 
18-crown-6 systems; 3 (0); 9 (0). 

performed in refluxing ethanol. Spirobenzopyrans of 12-crown- 
4 and 15-crown-5, 1 and 2, were off-white crystals, which were 
readily purified by recrystallization. On the other hand, the 
spirobenzopyran of 18-crown-6 (3) and acyclic analogue 4 were 
purified by repeated reversed-phase liquid chromatography to 
afford analytically pure products as dark-brown viscous liquids. 

Cation E.utraction Followed by Isomerization.-For estimat- 
ing cation-complexing abilities of the resulting crowned spiro- 
benzopyrans, 1-4, cation extraction was carried out from 
an aqueous alkali metal picrate solution with a crowned 
spirobenzopyran in 172-dichloroethane solution under dark 
conditions.'6 As model compounds of the crowned spiroben- 
zopyrans 1 4 ,  their corresponding N-benzyl-monoazacrown 
ethers and acyclic analogue 7-10 were also employed for 
comparison in the cation extraction. The results are sum- 
marized in Fig. 1, where values of percent extraction are given 
as a measure of cation-complexing ability. The percent ex- 
tractions for the systems containing 4 and its model compound 
10 could not be determined due to significant loss of these 
compounds to the aqueous phase. The cation extractabilities for 
1-3 reflect the cation-complexing abilities of their parent crown 
ethers, i . ~ .  monoaza- 12-crown-4, - 15-crown-5, and - 18-crown-6, 
respectively, the order of percent extractions being Li' > Na+ 
> Kt for 1, Na' > Li+ > K +  for 2, and K +  > Na' > Li+ 

for 3. Thus, the cation-complexing abilities and extractabilities 
of crowned spirobenzopyrans originate essentially from those 
for their corresponding crown moieties. Li ' affinity is, however, 
enhanced in all of the crowned spirobenzopyrans compared 
with their corresponding N-benzyl monoazacrown ethers. 

Drastic absorption-spectral changes were observed in the 
organic phase after the cation extraction by the crowned 

spirobenzopyrans (Fig. 2). In the absorption spectra for the 
extraction systems of crowned spirobenzopyrans, a significant 
peak between 500 and 600 nm, which can be assigned to their 
corresponding merocyanine isomers (crowned merocyanines), 
was found, indicating that their isomerization is induced by the 
cation extraction, i.e. the cation complexation. Thus, cation 
complexation by the crown moiety makes the spirobenzopyran 
molecule more polar, promoting the formation of the corre- 
sponding zwitterionic merocyanine isomer. The order for 
absorbance of the merocyanine-based peak, which show the 
degree of isomerization of the crowned spirobenzopyrans, 
corresponds to that for cation extractability in the 1 system, 
but i t  does not necessarily do so in the 2 and 3 systems. The 
influence of the cation on the isomerization induced by cation 
extraction implies that alkali metal ions with relatively high 
charge densities, especially Li +, enhance the cation-induced 
isomerization of crowned spirobenzopyrans. Specifically, in the 
cation extraction system of 3, the complexation of Li+ or Na' 
promotes its isomerization to the corresponding merocyanine 
form more strongly than does complexation of K+ ,  despite the 
much higher extractability of the monoaza-l8-crown-6 deriv- 
ative for K +  than for Na+ and Lit. 

C'iltion-induced Isomerization in u One-phase Systetn.- 
Cation complexation-induced isomerization of the crowned 
spirobenzopyrans also occurred when an alkali metal ion was 
dissolved directly in an organic solution of a crowned spiro- 
benzopyran under dark conditions. Fig. 3 depicts visible spectra 
for acetonitrile solutions containing equimolar amounts of a 
crowned spirobenzopyran and an alkali metal perchlorate. In 
the one-phase systems, the 'Li' effect' on the isomerization of 
crowned spirobenzopyrans was also remarkable, although the 
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Fig. 3 Cation-induced isomerization of crowned spirobenzopyran in 
one-phase. Under dark conditions, [crowned spirobenzopyran] and 
[MCIO,]: 4 x 10 mol dm-3 in acetonitrile, (LI) 1 system; ( h )  2 system; 
( c )  3 system; ( t i )  4 system. 

cation-binding selectivities of the crown moieties themselves, of 
course, contribute to the isomerization. Particularly in the 1 and 
2 systems, Li' addition caused a pronounced absorption peak 
due to their corresponding merocyanine isomers (1: i.,,, = 514 
nm, E = 38 500 dm3 mol-' cm-I; 2: j,,,, = 533 nm, E = 37 000 
dm3 mol-' cm-' in 0.019 mol dm-3 LiCIO, acetonitrile 
solution). Even in the acyclic analogue (4) system, Li' addition 
promoted the isomerization to its merocyanine form to some 
extent, while Na' and K +  hardly showed any effect regarding 
the isomerization. In the systems of spirobenzopyran deriv- 
atives containing a piperidinomethyl group and no substituent 
at the 8-positioq 5 and 6, however, no significant isomerization 
could be detected spectrophotometrically on the addition of an 
equimolar amount of alkali metal salt under dark conditions. 

'Li NMR spectroscopy under dark conditions explains the 
Li+-enhancement effect on the isomerization of crowned 
spirobenzopyrans to their merocyanine form (Fig. 4). An 
LiC10, acetonitrile solution exhibited a peak based on 
acetonitrile-solvated Li+ in the 'Li N M R  spectrum (a). 
Addition of N-benzyl-monoaza- 12-crown-4 (7) to the LiClO, 

12 8 4 0 -4 -8 - i 2  - i 6  
6 

Fig. 4 'Li NMR spectra for LiCIO, acetonitrile solutions in the 
presence of crowned spirohenzopyrans I 3, acyclic analogue 4, and N -  
benzyl-monoaza- 12-crown-4 7. Under dark conditions, [LiCIO,]: 
2 x rnol 
d m 3  7; (c) 1.6 x mol dm-3 1; ( d )  1.6 x rnol dm-3; ( e )  o n  
visible-light irradiation, 1.6 x lo-' mol dm-3 1. 

mol dm-3, ( a )  without crown compound; (6) 2 x 10 

solution caused a continuous shift of the peak to higher 
frequencies due to Li+ complexation by the crown ether (h). 
When the spirobenzopyran of 12-crown-4 ( I )  was added instead, 
another peak, which never shifts continuously, was observed at 
a further higher frequency (0.59 ppm with reference to  the Li+ 
peak for LiC10,-D,O), besides the peak assigned to  crown- 
complexed Li+ (c). Increasing the amount of 1 intensified the 
peak at 0.59 ppm while decreasing the lower-frequency peak, 
which almost disappeared on addition of an equimolar amount 
of crowned spirobenzopyran to the LiClO, acetonitrile solu- 
tion. The appearance of the high-frequency peak at 0.59 ppm 
indicates that a powerful additional interaction with Li + 

complexed by a crown moiety arises on Li+ binding of the 
crowned spirobenzopyran, followed by isomerization to its 
merocyanine form. In a 1 : 1 mixture of N-benzyl-monoaza- 12- 
crown-4 and a spirobenzopyran carrying no crown moiety like 
a pyridinomethyl derivative 5 or an unsubstituted derivative 
6, such a high-frequency peak as seen in the crowned 
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Fig. 6 Photoisomerization of crowned spirobenzopyran 1 in THF in 
the presence of Li'. [l] and [LiCIO,]: 2 x le4 mol dm-3, solid line: 
under dark conditions; broken line: UV-light irradiation; chain h e :  
visible-light irradiation. 
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Fig. 5 23Na NMR spectra for NaCIO, acetonitrile solutions in the 
presence of crowned spirobenzopyrans 1-3 and acyclic analogue 4. 
Under dark conditions, [NaClO,]: 2 x rnol dm-3, (a) without 
crown compound; (h) 2 x mol dm-3 2; ( d )  
on visible-light irradiation, 2 x lo-' rnol dm-3 2. 

mol dm-3 1; (c) 2 x 

spirobenzopyran 1 system was not observed, even under 
conditions where isomerization of 5 or 6 to their corresponding 
merocyanine form was extensively promoted by UV-light 
irradiation. The 'Li NMR results, therefore, suggest strongly 
that in the Li + -complexation-induced isomerization of crowned 
spirobenzopyran 1, the crown-complexed Li + interacts intra- 
molecularly with its phenolate anion, as demonstrated in 
Scheme 2. Conceivably, this intramolecular interaction is 
stabilized by the six-membered chelate formation by the crown- 
ring nitrogen and phenolate oxygen atoms with Li'. It is thus 
considered that the intramolecular interaction between the 
crown-complexed Li + and phenolate anion in the merocyanine 
isomer enhances the cation-induced isomerization of crowned 
spirobenzopyran. A similar tendency was found in the 7Li 
NMR spectra of the spirobenzopyran of 15-crown-5, 2, the 
intramolecular interaction between a complexed Li+ and a 
phenolate ion also taking place in its merocyanine isomer 
complex. No peak due to the phenolate interacting with Li+, 
however, was observed in the NMR spectra of the spirobenzo- 
pyrans of 18-crown-6,3, and acyclic analogue 4. This means that 
the merocyanine isomers of 3 and 4 are not able to undergo a 
powerful intramolecular interaction with Li'. Thus, the 
powerful intramolecular interaction seems to occur only in the 

merocyanine isomers of crowned spirobenzopyrans of which 
the crown ring fits Li+ well. 

23Na NMR spectroscopy also shows that a powerful intra- 
molecular interaction between a crown-complexed Na + and a 
phenolate anion happens only in the merocyanine isomer of the 
spirobenzopyran of 15-crown-5, 2 (Fig. 5). The interaction, 
however, appears to be weaker than that for the l-Li+ systems, 
as anticipated from the general finding that lower charge- 
density metal cations are less subject to perturbation by anions. 
There seems to be only a slight intramolecular interaction 
between a crown-complexed Na+ and a phenolate anion in the 
spirobenzopyrans of 12-crown-4 and 18-crown-6, 1 and 3. 
Also, no high-frequency peak, which would support the 
intramolecular interaction of the crown-complexed Na+ and 
phenolate anion, was found in the 23Na NMR spectrum of the 
system for acyclic analogue 4. 

Photoisornerization in the Presence of Metal Ions.-Crowned 
spirobenzopyrans are photochemically isomerized to their 
corresponding crowned merocyanines in the presence as well as 
absence of metal ions. As described above, in the presence of 
Li +, even under dark conditions, crowned spirobenzopyran 1 
isomerizes partly to the corresponding crowned merocyanine. 
Particularly in acetonitrile, the isomerization to the mero- 
cyanine form proceeded to a great extent with a [Li']/ 
[crowned spirobenzopyran] ratio of 1. UV-light irradiation, 
therefore, hardly caused any further isomerization from the 
spiropyran to merocyanine form under such Li + concen- 
trations. Visible-light irradiation, however, gave rise to the 
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Fig. 7 First-order plots for thermal decolouration of crowned 
spirobenzopyran 2 in the absence and presence of alkali metal ions. [2]: 
5 x 10 mol dm-3 in THF, after 1 min 
UV-light irradiation. Without metal ion (a): Lit (0); Na’ (U); K +  
(A ). 

mol dm-3, [MCIO,]: 2 x 10 

Table 1 First-order rate constants for thermal decolouration in 
crowned spirobenzopyrans 1-3 and their acyclic analogue 4 in the 
presence and absence of alkali metal ions 

Rate c0nstant/l0-~ s-’ 

Metal ion 1 2 3 4 

None 23 23 19 33 
Li ’ 2.2 0.8 9.9 18 
Nat  8.8 1.4 3.3 25 
K +  25 9.4 9.6 25 

“Thermal decolouration at 40 “C in THF after 1 min UV-light 
irradiation, [crowned spirobenzopyran]: 4 x 1 0-5 mol dm-3, [MCIO,]: 
2 x mol dm-3. 

immediate disappearance of the merocyanine-based absorption 
peak, indicating that isomerization back to the spiropyran 
form occurs. In THF, on the other hand, UV-light irradiation 
enhanced the isomerization to the macrocyanine form, while 
visible-light irradiation promoted the isomerization to the 
spiropyran form (Fig. 6). Once the UV and visible lights were 
turned off, the isomerization equilibrium reverted gradually to 
the initial one under dark conditions. 

In order to elucidate the thermal stability of the crowned 
merocyanines in the presence and absence of alkali metal ions, 
their thermal decolouration, i.e. isomerization from the mero- 
cyanine to spiropyran form, was followed after UV-light 
irradiation. Since the thermal decolouration was too slow to 
follow in acetonitrile, the decolouration rates were measured in 
THF at 40 “C. First-order plots of thermal decolouration for 
the crowned spirobenzopyran 2 system are depicted in Fig. 7, 
showing linearity in the initial stages of the thermal de- 
colouration. The first-order thermal-decolouration rate con- 
stants are summarized in Table 1. The small rate constants 
indicate high thermal stabilities of the crowned merocyanines, 
which in turn reflect the stabilities for crowned merocyanine- 
metal ion complexes and, in some cases, for the intramolecular 
phenolate-interacting complexes. The ion selectivities almost 
correspond to those of the cation-induced isomerization in 
acetonitrile as seen in Fig. 3. Thus it is again confirmed that the 
thermal stability of crowned merocyanines is governed not 
only by the cation-complexing abilities of the crown moieties 
themselves but also by the strength of the intramolecular 
interaction between the crown-complexed metal ion and the 
phenolate anion. 

Photochemical Control of Cation Binding.-As illustrated in 
Fig. 6, crowned spirobenzopyrans 1-3 can be reversibly 
isomerized to the corresponding crowned merocyanines by 
photoirradiation, even in the presence of alkali metal ions. 
Attempts were made to follow the photoisomerization of 
crowned spirobenzopyrans in the presence of Li + by 7Li NMR 
spectroscopy. A 7Li NMR spectrum of an acetonitrile solution 
of 1 (16 mmol dm-3) and LiClO, (20 mmol dm-3) exhibited a 
strong peak at the high frequency (at 0.59 ppm) and a tiny 
peak at a low frequency under dark conditions [(c) in Fig. 41. 
Visi ble-light irradiation increased the high-frequency peak 
while decreasing the low-frequency peak with some high- 
frequency shift of the latter peak [(e) in Fig. 41. After the visible- 
light irradiation was ceased, the spectrum reverted to the initial 
one under dark conditions, gradually at room temperature and 
immediately on heating at 60 “C. This reversible NMR-spectral 
change indicates clearly that the cation-binding equilibrium 
of crowned spirobenzopyran as shown in Scheme 2 can be 
controlled photochemically. That is to say, under dark 
conditions (or on UV-light irradiation), the intramolecular 
interaction with a phenolate anion in the crowned merocyanine 
promotes Li + binding due to an additional-binding-site 
effect, which resembles the ‘lariat ether effect’ and ‘chelate 
effect’. In contrast, visible-light irradiation induces the 
isomerization to the spiropyran form and thereby attenuates 
the additional-binding-site effect, thus diminishing the Li + 

binding ability. As a result, photochemical control of cation 
binding is realized in the crowned spirobenzopyran-Li + system. 
Similar, reversible 23Na NMR-spectral change induced by 
photo-irradiation was observed in the 2-Na + system [(c) and 
( d )  in Fig. 51. 

In conclusion, the photochemical control of cation binding 
by the crowned spirobenzopyrans is quite an intriguing 
phenomenon and may be useful for photocontrol of cation 
membrane transport and ion conduction in polymer films. 

Experimental 
Chemicals.-Unless otherwise specified, all reagents were the 

best grade and were employed as received. 3’,3’-Dimethyl-6- 
ni tro-8-piperidinomethyl-spiro[2H- 1 -benzopyran-2,2’-indo- 
line] or piperidinomethyl spirobenzopyran (5 )  was prepared 
according to the literature.’ 3’,3’-Dimethyl-6-nitrospiro[2H- 
1 -benzopyran-2,2’-indoline] (6) was purchased from Tokyo 
Kasei. The syntheses of N-benzyl-monoazacrown ethers 7-9 and 
their corresponding acyclic analogue 10 and their debenzylation 
were achieved in a similar way to a reported procedure. * THF, 
ethanol and acetonitrile were distilled over LiAIH4, magnesium 
ethoxide and P205. CH,C12 was purified by distillation. Water 
was deionized. 

Apparatus.-Melting points were determined on a YANACO 
MP melting point apparatus and were uncorrected. ‘H NMR 
spectra were recorded as CDCl, solutions on a JEOL JNM-PS- 
100 spectrometer. 7Li and 23Na NMR spectra were taken as 
acetonitrile solutions on a JEOL JNM-GSX-400 at the 
Instrumental Analysis Center of Osaka University. J values are 
in Hz. Mass spectra were obtained on a JEOL JMS-DX303 
instrument at the centre. UV and,visible spectra were measured 
with a JASCO 660 spectrophotometer. Preparative reversed- 
phase liquid chromatography was performed on a JASCO 880- 
type liquid chromatograph, a Waters R-401 differential 
refractometer, and a 20 mm x 250 mm column packed with 
15 prn octadecylsilanized silica (ODs). UV (30WOO nm) and 
visible ( > 490 nm) light for the photoisomerization was 
obtained by passing light from a 500 W xenon lamp (USHIO 
500D-0) through Toshiba UV-D36 and V-Y50 colour filters, re- 
spectively. 



618 J. CHEM. SOC. PERKIN TRANS. 2 1992 

S.iwtlirJis. GenrruI Procedure .for Prepmution of' Crowned 
Spir.oh~.nrop?.riin.~.--To a dry THF solution ( 5  cm3) of a 
monoazacrown ether (2.9 mmol) and triethylamine (5.9 mmol) 
was added a dry T H F  solution (10 cm3) of 3-chloromethyl-5- 
nitrosalicylaldehyde (2.9 mmol) dropwise while stirring on an 
ice bath The stirring was continued overnight at room 
temperature and then for 3 h under reflux. After filtration of 
triethylaniine hydrochloride, evaporation of the T H F  afforded 
crude 3-formyl-2-hydroxy-5-nitrobenzyl monoazacrown ether, 
which was generally used for the silhequent reaction without 
further purification. (The solid products can be recrystallized 
from ethanol.) 

A dry ethanol solution (15 cm,) of 1,3,3-trimethyl-2-methyl- 
eneindoline (3 mmol) and 3-formyl-2-hydroxy-5-nitrobenzyl 
monoazacrown ether (3 mmol) was heated under reflux for 8 h. 
After the reaction, the ethanol was evaporated off to yield a 
crude product of corresponding crowned spiro benzopyran, 
which was purified by appropriate liquid chromatography 
and/or recrystallization. 

1 ',3',3'- T1-inzrt/i?,I-6-nit1-(1-8-[ lo-( 1,4,7-trioxu- 10-aracyclo- 
eIodec:,*l >nzt~t/7?~1]spiro[2 13- 1 - ~ e i z ~ o p ~ . r u ~ l - 2 , 2 ~ - i n d ~ l i n ~ ~ ~  [( Moizo- 
eizli- 12-~ro~ i~n-4 )~~Irvz i~ t l i~~ l  spirobenzopq*run)] 1. The reaction of 
I ,3,3-trimethy1-2-met hyleneindoline with 3-forniyl-2-hydroxy- 
5-nitrobenzyl monoaza-12-crown-4 afforded compound 1. 
Purification by column chromatography (neutral alumina, 
CHCI,), followed by recrystallization from ethanol yielded an 
off-white crystal (23"~):  m.p. 134 C; &, 1.22 (6 13, d, J 8, CCH,), 
2.5-3.0 (7 H, m, NCH, and NCH,CH,O), 3.4-3.9 (14 H, m, 
OCH, and PhCH,), 5.85 (1 14, d, J 10, CH,=CHPh), 6.54 (1 H, 
d, J 8, CH,=CHPh), 6.8-7.3 (4 H, m, aromatic H of indoline), 
7.8 ( I  13, d, J 4, 5-13 of benzopyran), 8.55 (1 14, d, J 4, 7-H of 
benzopyran); ni/z (":) relative intensity) 510 (M', 27), 335 (100). 
(Calc. for C28H35N306:  C, 66.00; H, 6.92; N, 8.25. Found: C, 
65.7; €3, 6.9; N, 8.1O~). 

1 ',3 ',3',- 71-ir~zet / i~~1-6-ni tr~-S-~ 13-( 1,4,7,1O-tetrao.w- 13-nza- 
c ~ ~ ~ i o p t ~ r z  tudec>>I )17ii'th!.l]spiro[I213- 1 -bt.iizop?~rcl.n-2,2'-i~idoli?ie~ 
[( hlonocrza- 1 5-( ,1 .oir . t i -5)?i l?ri~~~Ji?, l  spirobeniopymn)] 2. Com- 
pound 2 was prepared by the reaction of 1,3,3-trimethyl-2- 
methyleneindoline with 3-formyl-2-hydroxy-5-nitrobenzyl 
monoaza-15-crown-5. Purification by column chromatography 
(neutral alumina, CHCI,), followed by recrystallization from 
ethanol yielded an off-white crystal (22%): m.p. 119-120 "C; 6, 
1.22 (6 H, d. J 8, CCH,), 2.5-3.0 (7 H, m, NCH, and 
NCH,CH,O), 3.4-3.9 (18 H, m, OCH, and PhCH,), 5.85 (1 H, 

H, m, aromatic H of indoline), 7.8 (1  H, d, J 4, 5-€4 of 
benzopyran), 8.55 (1  H, d, J 4, 7-H of benzopyran); m/= (?: 
relative intensity) 553 ( M + ,  86), 335 (100) Calc. for 
C3,H39N30h: C. 65.08; H. 7.10 N, 7.59. Found: C, 64.9; H, 7.1; 

1 ',3',3'- 1 'r.irnrtl??.l-6-nit} 0-8-[ 16-( 1,4,7,10,13-pentiiosa- 16-azci- 
c ~ ~ c I o o c t c i r I e ~ ~ ~ ~ l ) n ~ e t ~ i ~ l ] s p i r o ~ 2  W- 1 -he12=0p4'ran-2,2'-indoline] 
[( Monoaza- 1 8-(.r.ol.2.ti-6).1.Iiet~zq,l spirnhenzop~~run)] 3. Com- 
pound 3, prepared from 1,3,3-trimethyl-2-methyleneindoline 
and 3-formyl-2-hydroxy-5-nitrobenzyl monoaza- 18-crown-6 as 
described in the general procedure, was purified by preparative 
reversed-phase liquid chroniatography [ODs, MeOH-H,O 
(90: lo)] to yield a dark-brown viscous liquid (297;): dH 1.22 (6 
H, d, J 8 ,  CCH,), 2.5-3.0 (7 H, m, NCH, and NCH,CH,O), 3.4- 
3.9 (22 11, m, OCH, and PhCH,), 5.85 ( I  H, d, J 10, 
CH,=CHPhj, 6.54 ( I  H, d, J 8, CH,=CHPh), 6.8-7.3 (4 H, m, 
aromatic H of indoline), 7.8 (1 H, d, J 4, 5-H of benzopyran), 
8.55 ( 1  H, d, J 4, 7-H of benzopyran); m/z (76 relative intensity) 
598 (M', 48), 335 (100) (Calc. for C,,H,,N,O,: C, 64.30; H, 
7.25: N, 7.03. Found: C ,  63.9; H, 7.1; N, 6.9%). 

pen t cide q 7 1  )me t lid ) I ]  sp ir o [ 2 H - 1 - bunzop~*ran-2,2'- indo line] 
(Monoii~ci te tr i io .~~iprnt~i(Ie~?~l~neth~~l  .~pirohenzop?~rccII) 4. Com- 

d, J 10, CH,=CHPh), 6.54 ( I  H, d, J 8 ,  CH,=CHPh), 6.8-7.3 (4 

N. 7.5""). 

1 , 3 I ,  3 ' - Tr inie t 1 1 ~  I- 6-n it YO - 8 - [ 8 - ( 2,5,11,14- t et yaoza- 8 - a x -  

pound 4, prepared from 1,3,3-trimethyl-2-methyleneindoline 
and 8-(3-formyl-2-hydroxy-5-nitrobenzyl)-2,5, I 1,14-tetraoxa-8- 
azapentadecane as described in the general procedure, was 
purified by preparative reversed-phase liquid chromatography 
[ODs, MeOI-I-H,O (90: lo)] to yield a dark-brohn viscous 
liquid (3204)): a,, 1.22 (6 H, d, J 8, CCH,), 2.5-3.0 (7 14, m, NCH, 
and NCH,CH,O), 3.4-3.9 (20 H, m, OCH, and PhCH,), 5.85 ( 1  
H , d , J  10, CH,=CHPh), 6.54( 1 H,d,  J 8 ,  CH,=CHPh), 6.8 7.3 (4 
13, m, aromaticH of indoline), 7.8 (1 14, d, J4,5-H of benzopyran), 
8.55 (1 14, d, J 4, 7-H of benzopyran); nzjr relative intensity) 
556 (M', 29), 335 (100) (Calc. for C301i41N306: C ,  64.85; 13, 
7.44; N, 7.56. Found: C, 64.4; H, 7.3; N, 7.4":)). 

Cation Exfraction.-Equal volumes (3 cm3) of 2.1 x 10-' 
mol dmP3 crowned spirobenzopyran solution ( 1,2-dichloro- 
ethane) and an aqueous solution containing a mixture of 0.1 
mol d d  alkali metal hydroxide and 7.5 x 
picric acid were introduced into a stoppered vial and shaken 
by a reciprocating shaker under dark conditions for 15 min." 
After phase separation, the organic and aqueous phases were 
subjected to absorption-spectral measurements. The percent 
extraction was calculated as ( A ,  - A ) / A , ,  where A ,  and A 
denote absorbances of picrate ion (355 nm) for the aqueous 
phase before and after the extraction, respectively. 

mol dm 

Cation-induced Isornerizution in Orie Pliase.-An organic 
solution containing 4 x mol dm-3 crowned spirobenzo- 
pyran and 4 x lo-' mol dm-3 alkali metal perchlorate was 
allowed to stand for 24 h under dark conditions and its 
absorption spectrum was then taken. Molar absorptivities for 
the merocyanine peaks were determined on their complete 
isonierization induced by addition of a large excess of Li+ or 
N P +  salt, which was confirmed by 'H NMR observation that 
a doublet peak at 6 1.2, due to 3'-CH, protons of the 
spiropyran isomers, almost completely disappeared with the 
appearance of a new singlet peak at 6 1.8. Photoisomerization 
in the one-phase system was carried out by photoirradiation 
for 1 min. 

Tl~crniul Decolouratioii Rate.-A 4 x lo-' mol dm-, 
crowned spirobenzopyran solution (THF) with and without 
2 x lo-, mol dm-3 alkali metal perchlorate was irradiated by 
UV light for 1 min. Immediately after the photoirradiation, the 
absorbance at  530 nm, due to the merocyanine isomer, was 
continuously monitored at 40 "C. The first-order rate 
constants of thermal decolouration were determined from the 
slope of log [ ( A t  - A K ) / ( A O  - A,)] cs. time ( I ) ,  where A , ,  
A , ,  and A ,  are the absorbance at t, at t = 0, and at t = 
infinity, respectively. 

'Li und N M R  Spectroscopy.-The sample was a 
mixture of 2 x lo-, mol dm-3 LiCIO, (or NaCl0,) and an 
appropriate concentration of crowned spirobenzopyran dis- 
solved in CD,CN-CH,CN (30/70). The external standard was a 
20 mmol dmP3 LiClO, (or NaClO,) solution (D,O). Photo- 
irradiation was conducted for ca. 20 min. 
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