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Novel crown ether styryl dyes containing heterocyclic residues with various substituents 
were synthesized. The fluorescence and absorption spectra of the trans-isomers of crown 
ether styryl dyes and their complexes with metal cations were studied. Based on spectral data, 
the influence of the nature of a heterocyclic residue, the crown ether fragment, and the 
temperature on the fluorescence of dyes and their complexes with metal cations was 
elucidated. 
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The presence of  intense absorption bands (AB) in the 
visible region and high quantum yields of fluorescence 
(q~f) and trans-cis-photoisomerization (%-c) of trans- 
isomers of styryl dyes allows one to use them in lumines- 
cent systems for recording information, z However, the 
thermal instability of nonfluorescent cis-isomers (they 
cannot be isolated and stored in an unchanged state) is a 
significant obstacle. 

Earlier we studied conjugated reactions of photoi- 
somerization and complexation of crown-containing 
styryl dyes (CSD). 3 We found that so-called "closed" 
complexes are formed, which contain an additional 
coordination bond between an anionic group of the 
N-sulfoalkyl substituent of the heterocyclic residue of a 
styryl dye in the cis-form and the metal cation located in 
the cavity of the crown ether moiety. 4 This results in a 
strong hypsochromic shift of the long-wave AB and, 
simultaneously, a pronounced increase in the thermal 
stability of  the cis-form of the dye. The effects discovered 
allow us to consider CSD as promising elements in 
creating fluorescent photo-switching molecular devices. 

One may assume, that changing the nature of a 
heterocyclic moiety (or introduction of substituents, 
capable of  interacting with a chromophore, into this 
moiety) and a crown ether fragment would influence 
considerably the luminescent properties of the trans- 
isomers of dyes of  this type and their complexes with 
metal cations. 

* For Communication 13, see Ref. 1 . 

Therefore, we synthesized a series of styryl dyes 
(la--i) .  Heterocyclic residues for dyes l a - - i  were chosen 
among the heterocycles with gradually increasing values 
of deviations 5 which relate the spectral characteristics of 
asymmetric styryl dyes with the electron-donating 
properties (basicity) of different heterocycles constituting 
the dyes. 

The synthesis of indolenine styryl dyes l a - - i  was 
described by us previously. 6 Compound le  contains a 
crown ether fragment, and the benzene ring of dye lb 
contains two methoxy groups which reproduce, in gen- 
eral, the electron-donating influence of the crown ether 
substituent on the system of conjugated double bonds of 
the dye chromophore. However, unlike CSD le,  com- 
pound lb and the similar compound la  should not have 
a noticeable ability to form complexes with ions of alkali 
and alkaline-earth metals. 

Earlier we briefly described, without reporting the 
procedure, the synthesis of compounds le  and lh (see 
Refs. 4 and 7, respectively). Perchlorate lh was obtained 
by an exchange reaction between the iodide ion of a dye 
and HCtO 4 in MeOH. Styryl dyes l e - - i  were synthesized 
in up to 66 % yields by condensation of quaternary salts 
(2e--h)  with 4 - formylbenzo-15-crown-5  (3e) or 
4-formylphenylaza-15-crown-5 (3i) in the presence of 
pyridine or in acetic anhydride. 

Quaternary salts of heterocyclic bases 2d,e,g,h were 
obtained by heating 2-methyl-5-phenylbenzooxazole 
(4d), 2-methylbenzothiazole (4e), 2-methylquinoline 
(48), and 2-methyl-5-methoxybenzothiazole (4h), re- 
spectively, with ethyl iodide in a sealed tube (see Ref. 8). 
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Quaternization of the stericatly hindered 2-methyl- 
naphto[1,2-d]thiazole (4t) was carried out by heating 
the starting base with ethyl toluenesulfonate 9 (Scheme 1). 

The structure of compounds ld-- i  obtained was 
confirmed by 1H N M R  spectroscopy (see Experimental). 
The elemental analysis data are consistent with the 
proposed structures. According to the 1H NMR data, all 
of the styryl dyes l a - - i  obtained exist in a trans-from. 
This conclusion can be made with confidence based on 
the high coupling constant (3Jtran s = 15.4--16.0 Hz) for 
olefin protons in the compounds obtained. 

The wavelengths of the maxima of the long-wave AB 
(Xa) of dyes l a - - i  in EtOH at room temperature are 
given in Table 1 (hereinafter, all data are attributed to 
the trans-isomers of the dyes, unless stated otherwise). 
When NaC104 (0.01)14) is added, the absorption spec- 
trum of crown ethers l c - - h  is shifted towards the short- 
wave region (10--14 nm at 293 K). The corresponding 
shifts of the AB of crown ether li and dyes la  and lb, 
which do not contain a crown ether moiety, are less by 
an order of magnitude. The shifts of the AB for com- 
pounds l c - -h  are virtually unchanged, whereas those of 
li, la,  and lh increase with increasing concentration of 

NaC104 from 0.01 to 0.1 mol L -1. This fact indicates 
that the observed shift of the AB for l c - -h  results from 
the formation of complexes with Na + ( l e N a + - - l h N a  +) 
rather than from the salt effect. The shift of the absorp- 
tion spectrum of li, la,  and lh in the presence of 
NaC104 may be due to the salt effect. The similar salt 
effect was observed for 3-aminofluorenone in MeCN 
(see Ref. 10). The opposite directions of the shift of the 
AB for la  and lb in the presence of NaCIO 4 indicate 
that, in the case of lb and li, formation of weak 
complexes lbNa  + and l iNa  + is also possible. 

Styryl dyes l a - - i  have weak fluorescence in EtOH at 
293 K. The fluorescence intensity increases significantly 
when the temperature is decreased. The corrected fluo- 
rescence spectra of dyes l a - - i  in EtOH at 173 K are 
given in Fig. i, and the wavelengths of the maxima in 
the fluorescence spectra (Xf) are presented in Table I. 
An increase in the electron-donating ability of a 
heterocyclic residue of a dye results in shift of the AB 
and fluorescence spectrum to the long-wave region within 
the ld- -g ,h  series and in an increase in (Of within the 
lc,e,f ,h series. Introduction of the indolenine moiety, 
which is the most  e lectron-accept ing among the 
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Fig. 1. Corrected fluorescence spectra of the CSD in EtOH at 
173 K ( la--f ,h , i )  and at 77 K (lg). The areas under the 
fluorescence spectra of  la--e,e ,f ,h, i  are proportional to cpf. The 
spectrum of l a  is increased 5 times. 

h e t e r o c y c l i c  r e s i d u e s  s t ud i ed ,  causes ,  c o n t r a r y  to  
expec ta t ions ,  t he  greates t  l ong-wave  shift o f  the  AB and 
f luorescence  o f  the  dye. This  m a y  result  f rom the  fact  
tha t  the  f i v e - m e m b e r e d  indo len ine  ring, un l ike  the  o the r  
he t e rocyc l i c  res idues  o f  the  dyes unde r  study, is n o n -  
a romat ic .  T h e  s t ruc ture  o f  the  styryl subst i tuent  also has 
a s ignif icant  ef fec t  on  the  spectral  character is t ics  o f  the  
dyes. T h e  i n t roduc t ion  o f  a c rown  e ther  f ragment  (cf  l b  
and l e )  or  an  increase  in its e l e c t ron -dona t i ng  abil i ty 
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Fig. 2. Absorption spectra at 293 K (1, 1') and fluorescence 
spectra at 173 K (2, 2") of dye l e  in EtOH. NaC104 
concentration: 0 (1, 2) and 0.01 mol L -1 (1 ' ,  2 ') .  

Table 1. Spectral characteristics of  trans-la--i and 
trans- le--iNa + in EtOH 

Corn- T )~a A)va Lf A~.f <)~f> <A)~f> of tpf 
pound / K  / n m  

la  173 387 a 534 557 57 0.012 
l a + N a  + 173 390 a 2.6 536 2.0 554 2.4 53 0.011 
lb 173 447 a 545 571 52 0.102 c 
l b+Na  + 173 447 a 0.6 541 3.9 5 6 9 - 2 . 0  49 0.107 
le  290 451 562 595 63 0.0024 c 
l e n a  + 290 434 -17  562 0.3 599 3.6 76 0.0020 
le  173 - -  557 595 , 70 0.299 
l eNa  + 1 7 3 -  5 5 2 - 4 . 4  5 9 3 - 2 . 3  69 0.218 
le  77 433 543 576 51 - -  
l eNa  + 77 4 3 2 - 1 . 4  5 4 1 - 1 . 7  576 0.1 5 4 -  
l e  77 447 a - -  --  
l eNa  + 77 443a-3.4 --  
ld 173 420 a 504 --  
ldNa + 173 410 a - 1 0  4 9 9 - 4 . 9  --  
l e  173 432 a 519 537 42 0.375 
l eNa  + 173 417 a -15  5 1 5 - 3 . 7  574 37 89 0.227 
I f  293 442 555 576 5 2 -  
l fNa + 293 428 - 1 4  537 -17  557 20 5 3 -  
I f  173 --  541 570 55 0.554 
l fNa + 173 --  5 4 0 - 1 . 3  611 41 88 0.183 
I f  77 --  521 557 55 - -  
l fNa + 7 7 -  522 1.3 578 18 6 2 -  
I f  77 441 a - -  --  
l tNa  + 77 442 a 1.1 --  
lg 77 436 a 502 520 
lgNa + 77 416 a -22  --  
lg  77 429 502 520 40 
lgNa  + 77 412 -17  579 77 571 51 6 3 -  
lh 173 443 a 531 555 49 0.535 
lhNa  + 173 428 a - 1 4  537 6.1 599 44 84 0.167 
l i  173 531 ~ 615 638 51 0.644 
l iNa  + 173 529a-1.4 616 0.69 639-0 .98  52 0.486 

Note. All ~ values are given in nm; A)~a, f = Lae~nP lex -- )~ali,} and. 
* At 293 K. ** Fluorescence excitation spectrum, registration 
wavelengths were 542 (le)  and 500 (10 nm. *** ~0f = 0.0015 
for lb and q~f= 0.002 for l e  in H20 at T =  295 K (see 
Ref. 3). 

(cf. l g  and l i )  results in a l ong -wave  shift  o f  the  
absorpt ion  and f luorescence  spectra,  as wel l  as in a 
s ignif icant  increase in qa r. 

W h e n  N a C 1 0  4 (0.01 M) is added,  the  m a x i m u m  of  
the  f luorescence  spec t rum of  l b - - l e  and I f  is shi f ted  by 
1- -4  n m  to the  shor t -wave  region,  and the  f l uo re scence  
m a x i m u m  of  l a , h , i  is shifted by 1--6  n m  to  t h e  long-  
wave region (Fig. 2, Table  t) .  The  f luo re scence  spect ra  
o f  l e , f , h  are strongly widened  in the  p re sence  o f  N a  + 
ions. Widen ing  is charac te r ized  by an increase  in t he  
dispers ion o f  the  f luorescence  spec t rum,  ~2f. Th is  m a y  
result  f rom the  exis tence,  in the  presence  o f  N a  + ions,  
o f  several  f luorescent  forms,  wh ich  leads to  a s t rong 
(40 nm)  increase in the  average f luorescence  w a v e l e n g t h  
<~.f> o f  le , f ,h .  The  f luorescence  exc i ta t ion  spect ra  o f  I f  
and its comp lex  with  N a  + ion  in solid glassy so lu t ions  in 
E t O H  at 77 K (Fig. 3) do not  depend  on  r eco rd ing  
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Fig. 3. Absorption spectra (1, 1") and fluorescence excitation 
(2, 2") and emission (3, 3') spectra of dye lfin EtOH at 77 K. 
NaC104 concentration: 0 (1, 2, and 3) and 0.01 tool L -1 
(1', 2", and 3'). Wavelength of fluorescence registration was 
500 nm (2, 2"); wavelength of fluorescence excitation was 
420 nm (3, 3). 

wavelength, which indicates that either the fluorescent 
forms of l fNa + have practically similar absorption spec- 
tra, or these forms appear as a result of relaxation in an 
excited state. In the case of le, we do not observe 
widening of the fluorescence spectrum due to the complex 
formation. Therefore, the changes in )~f and <)~f> in the 
presence of NaC104 are equal in sign and close in the 
absolute value. The complex of dye lg with Na + has 
double-band fluorescence. The fluorescence excitation 
spectra of these two bands at 77 K are different, which 
probably results from the existence of a mixture of 
conformers in the ground state. Compound ld is unstable 
in EtOH and decotorizes rather quickly (1 h), which 
prevented us from determining the q0f of the dye. 

The addition of NaC10 4 to solutions of most of the 
dyes results in fluorescence quenching (see Table 1). 
Compounds la  and lb are the only exceptions. The 
decrease in r can not be explained by a change in %-c 
since comptexation of CSD, as a rule, does not lead to a 
significant increase in %-c and, hence, to a decrease in 
q0f (see Ref. 11). The formation of a coordination bond 
between Na + and the oxygen atom at the para-position 
relative to the central double bond results in a decrease 
in its conjugation with the n-system of the molecule. It 
is known 12 that the introduction of a methoxy group 
into a chromophore conjugation chain usually leads to 
an increase in q~f. Therefore, one might expect that 
complex formation with Na + ion would have the opposite 

effect, i.e., a decrease in (pf; this is just what we observe 
in the experiment. Within the framework of this 
assumption, one may explain the absence of noticeable 
changes in q0f for la and lb, which do not form 
complexes. 

The fluorescence spectrum of le in EtOH at room 
temperature is a wide structureless band, whose maxi- 
mum practically does not change in the presence of 0.01 
M NaC104. On the other hand, the absorption spectrum 
of le in the presence of 0.01 M NaC10 4 is significantly 
shifted toward the short-wave region (Table 1). A similar 
phenomenon was recently 13 observed for crown ether 
complexes based on merocyanine dye DCM (5), whose 
structure involves a styryl group, with Li + and Ca 2+ 
ions. The authors of this work proposed that the total 
elimination of metal ion from the complex occurs in 
excited state: 

5M n+ 

5 

+ M n+ 

The small shift of the fluorescence spectrum of dye 
le upon complex formation in comparison with the 
similar shift of the absorption spectrum could be due to 
a change in coordination of the metal ion and the 
position of the ion in the macroheterocycle. When 
passing to the first excited state of dye le, the electron 
density at the oxygen atom, which is involved in the 
structure of the chromophore and is located in the para- 
position relative to the central double bond, is decreased, 
weakening the bond between the metal ion and the 
oxygen atom. This results in a change of the equilibrium 
position of the metal ion in the macroheterocycle. Since 
the energy of the donor-acceptor interaction is quickly 
decreased with increasing distance between the donor 
and the acceptor, even a small increase in the distance 
leads to a significant weakening of the bond between the 
metal and the oxygen atom, an increase in the degree of 
conjugation of its unshared electrons with the rest of the 
chromophore, and a decrease in the transition energy. 
As a result, the metal ion in the excited state in a 
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complex with l e  is bonded  mainly  with four oxygen 
atoms from the five in the  15-crown-5 fragment: 

Me 
M e .  ~ I M e  

1 cNa + L,....,/ 
M e  

M e .  A I Me 

Me 

The absence of  agreement  between the shifts of  the 
absorption and fluorescence maxima may result from the 
influence of  the metal  ion on the S toke ' s  shift of  a 
fluorescence spectrum (AXs=)~f-  )~a)- The S toke ' s  shift is 
high (>100 nm for 1 in E tOH at 173 K and 157 nm for 
5 in MeCN)  13, which indicates a significant change of  
the equilibrium structure, a molecule  not  bonded to the 
metal  ion, or its environment  upon excitation. Therefore, 
since A~ a and A~.f are small in comparison with AXs, and 
AL a - ATLf = A)t. s -- A)~ +, where A)~ + is related to the 
complex with the metal  ion, even a weak influence of  the 
metal ion on A)~ s should lead to substantial differences in 
ALf and A~ a. In  any case, it is difficult to agree with the 
viewpoint of  the authors t2 who observed the similar 
spectral effects upon complex formation of  5 and pro-  
posed that rupture of  all coordinat ion bonds of  the metal  
with the ligand and el iminat ion of  the metal  cation from 
the complex with the macrocycl ic  ligand occur. The 
difference between the fluorescence excitation spectra of 
the system in the presence and in the absence of  the salt 
may serve as evidence for a change in the type of  
coordination of  the  metal  ion in the macro heterocycle in 
exc i t ed  s ta te .  H o w e v e r ,  a very  low in t ens i ty  of  
fluorescence of  dye l e  at 293 K does not  allow us to 
measure  the  f luorescence  exci ta t ion  spectra  with a 
sufficient accuracy. To check the possibility of  elimination 
of a metal  cat ion from a complex with CSD, we studied 
the absorption, fluorescence emission, and fluorescence 
excitation spectra of  dyes l e , f  in solid glassy EtOH at 
77 K. U n d e r  these  condi t ions ,  the  f luorescence of  
compounds l e , f  is rather effective, which permit ted us to 
measure the fluorescence excitation and emission spectra 
wi th  a su f f i c i en t ly  h igh  spec t r a l  r e so lu t ion .  The  
photodissociat ion of  complexes l e N a  + and l f N a  + in a 
solid solution becomes impossible, which should result in 
close values of  shifts of  the absorption, fluorescence 
emission, and fluorescence excitation spectra. Under  
these condit ions the spectra significantly change their  
shape in the presence of  N a  + ions (see Fig. 3), which 

indicates the formation of  complexes of  C S D  with the 
N a  + ion. However, the small spectral shift for compounds  
l e , f  in the presence of  N a  + ions (see Table 1) does not  
allow us to make a final conclusion about the possibility 
of  photodissociation of  the complexes of  CSD with metal  
ions. This problem requires additional studies. 

Thus, we synthesized novel crown ether  styryl dyes 
containing heterocycl ic  residues with different substitu- 
ents. The data obtained reveal the regularit ies of  the 
influence of  the nature of  the heterocycl ic  residue, 
substituents in this residue, and the tempera ture  of  the 
medium on the fluorescence of  ionophores  of  the styryl 
series. This creates a basis for the di rected control  of 
their  f luorescent  parameters  and thei r  capabi l i ty  of  
complex formation by a synthetic method.  

Experimental 

MeCN was distilled over KMnO 4 and twice over P205 to 
eliminate admixtures and water. EtOH was purified by boiling 
with 2,4-dinitrophenylhydrazine and cone. HC1 for 8 h fol- 
lowed by fractional distillation. Absorption spectra were meas- 
ured on a Shimadzu UV-3100 spectrophotomete; fuorescence 
spectra were recorded on a Alumin-2M spectrofluorimeter. 
Electron fluorescence spectra were corrected for the spectral 
dependence of the sensitivity of the spectrofluorimeter record- 
ing system. The quantum yield of fluorescence ~f was deter- 
mined by comparison of the areas under the corrected fluores- 
cence spectrum of the dye under study with that of quinine 
sulfate in 1 N H2SO 4 (cpf = 0.546) 15 using the SPECTR 
program on a PC-AT computer. The measnrements were 
carried out at 296--77 K. Solutions of dyes were prepared in 
darkness to prevent trans-cis-photoisomerizadon and were kept 
for 1 h to complete complex formation with NaC104. The 
completeness of the reaction was monitored with the absorption 
spectra. 

IH NMR spectra were obtained on a Bruker WM-400SY 
spectrometer using DMSO-d 6 as a solvent and SiMe 4 as an 
internal standard. The purity of compounds was controlled by 
HPLC chromatography on a Milikhrom chromatograph 
(2x64 mm column, Separon C18, 5 rtm, detection at 230 nm). 
The dyes were analyzed using a MeCN--H20 (85 : 15) mixture 
as the eluent. The dyes give one peak with retention volume 
140--160 gL. 

2- [2-(2,3,5,6,8,9,11,12-Octahydro-l,4,7,10,13-benzopen- 
taoxacyclopentadecin-16-yl) ethenyl]-5-phenyl-(3-ethyibenz- 
oxazolium perehlorate (ld). 4-Formylbenzo-15-crown-5 (3c) 
(0.8 g, 2.75 retool) was added to a solution of 2-methyl- 
5-phenyl-3-ethylbenzoxazolium iodide (4d) (0.9 g, 2.45 mmol) 
in acetic anhydride (30 mL), and the mixture was refluxed for 
4 h. The reaction mixture was evaporated in vacuo; the residue 
was dissolved in MeOH. Then a solution of 57 % HC104 
(1 mL, 7.5 retool) was added, and the mixture was cooled. 
The precipitate formed was filtered and recrystallized from 
MeOH to give 0.23 g (15 %) of ld, m.p. 164--166 ~ 
1H NMR, 5:1 .57 (t, 3 H, Me, JMeci-i2 = 7.3 Hz); 3.64 
(br. s, 8 H, 4 CH20); 3.83 (m, 4 H ,  2 CH20); 4.21 (m, 
4 H, 2 CH20); 4.79 (q, 2 H, CH2N, ]CH-Me = 7.3 Hz); 
7.15 (d, 1 H, HC(5 ' ) ,  Jc(5')c(6') = 8.4 ~iz); 7.47 (m, 
1 H, Ph); 7.56 (m, 2 H, Ph); 7.64 (d, 1 H, c~-CH, 3J t = 
15.7 Hz); 7.67 (d, 1 H, HC(6') ,  Jc(6")c(5") = 8.4 Hz); 7.77 
(s, 1 H, HC(2")); 7.82 (d, 2 H, Ph); 8.01 (d, 1 H, HC(6), 
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Jc(6)c(7) = 8.7 Hz); 8.09 (d, 1 H, HC(7), Jc(7)c(6) = 8.7 Hz); 
8.34 (d, 1 H, [3-CH, 3J t = 15.7 Hz); 8.37 (s, 1 H, HC(4)). 
Found (%): C, 59.98; H, 5.51; N, 2.18. C31H34C1NOz0. 
Calculated (%): C, 60.44; H, 5.56; N, 2.27. 

2- [2-(2,3,5,6,8,9,11,12-Octahydro- 1,4,7, I0,13-henzopen- 
taoxacyclopentadecin- 16-yl)ethenyl]-3-ethylbenzothiazoliam 
perchlorate (le). 2-Methyl-3-ethylbenzothiazolium iodide 2e 
(0.15 g, 0.5 mmol), 4-formylbenzo-15-crown-5 3c (0.16 g, 
0.55 retool), abs. EtOH (4 mL), and pyridine (0.02 mL, 
0.24 mmol) were mixed in a flask equipped with reflux con- 
denser. The reaction mixture was refluxed for 9 h, then 57 % 
HC104 (0.2 mL, 1.5 mmol) was added and the mixture was 
cooled. The precipitate formed was filtered and two times 
recrystallized from MeOH to give 0.18 g (66 %) of le, m.p. 
192--194 ~ (cf Ref. 4: m.p. 192--195 ~ Found (%): 
C, 52.18; H, 5.13; N, 2.31. C25H30C1NOgS. H20. Calculated 
(%): C, 52.31; H, 5.62; N, 2.44. 

2-[2-(2,3,5,6,8,9,11,12-Oetahydro- 1,4,7,10,13-benzopenta- 
oxacyclopentaflecin- 16-yl)ethenyl]-3-ethylnaphtho[ 1,2-d]- 
thiazolinium perehlorate (If) was obtained similarly to le from 
2-methyl-3-ethylnaphtho[l,2-d]thiazolium tosylate 2f and 
compound 3e in 40 % yield. M.p. 199--202 ~ 1H NMR, 8: 
1.75 (t, 3 H, Me, JMeCH2 = 7.2 HZ); 3.64 (br. s, 8 H, 
4 CH20); 3.83 (m, 4 H, 2 CH20); 4.21 (m, 4 H, 2 CH20); 
5.34 (q, 2 H, CH2N, JCH2Me =7.2 Hz); 7.13 (d, 1 H, HC(5'), 
Jc(5")c(6') = 8.5 Hz); 7.63 (dd, 1 H, HC(6'), Jc(6")c(5') = 
8.5 Hz, Jc(6")c(2') = 2.0 Hz); 7.71 (d, 1 H, HC(2') ,  
Jc(2')c(6") = 2.0 Hz); 7.86 (m, 1 H, HC(6), JC(6)c~5) = 
7.1 Hz, Jc(6)c(7) = 8.1 HE); 7.89 (d, 1 H, a-CH, Jt 
15.6 Hz); 7.94 (m, 1 H, HC(5), Jc(~)c(4) =8.9 Hz, Jc(5)c(6) = 
7.1 Hz); 8.11 (d, 1 H, 13-CH, JJt = 15.6 Hz); 8.30 (d, 
1 H, HC(8), Jc(8)c(9) = 8.9 Hz); 8.32 (d, 1 H, HC(7), 
Jc(7)c(6) = 8.1 Hz); 8.39 (d, 1 H, HC(9), Jc(9)c(8) = 8.9 Hz); 
8.74 (d, 1 H, HC(4), Jc(4)c(5) =8.9 Hz). Found (%): C, 54.21; 
H, 5.58; N, 2.30. C29H32C1NOgS'2H20. Calculated (%): 
C, 54.25; H, 5.65; N, 2.18. 

2- [2- (2,3,5,6,8,9,11,12-Oetahydro- 1,4,7,10,13-benzo- 
pentaoxaeyelopentadeein- 16-yl)ethenyl]- 1-ethylquinolinium per- 
chlorate (lg) was obtained similarly to le from 1-ethyl- 
2-methylquinolinium iodide 2g and compound 3c in 47 % 
yield. M.p. 205--208 ~ IH NMR, 6:1.59 (t, 3 H, Me, 
JMeCH2 = 7.3 Hz); 3.64 (br.s, 8 H, 4 CH20); 3.83 (m, 4 H, 
2 CH20); 4~ (m, 4 H, 2 CH20); 5.16 (q, 2 H, CH2N, 
JCH2Me = 7.3 Hz); 7.12 (d, 1 H, HC(5"), Jc(5")c(6") = 
8.4 Hz);  7.55 (dd, 1 H, HC(6') ,  Jc(6')c(5') = 8.4 Hz, 
Jc(6")c(z') = 2.1 Hz); 7.61 (d, 1 H, HC(2'), Jc(2")c(6") = 
2.1 Hz); 7.67 (d, 1 H, ct-CH, ~Jt = 16.0 Hz); 7.93 (m, 
1 H, HC(6), Jc(6)c(5) = 8.2 Hz, Jc(6)c(7) = 7.0 Hz); 8.17 
(m, 1 H, HC(7), Jc(7)c(8) = 9.0 Hz, JC(7)C(6) = 7.0 Hz); 
8.20 (d, 1 H, [3-CH, Jt = 16.0 Hz); 8.34 (d, 1 H, HC(5), 
Jc(5)c(6) = 8.2 Hz); 8.54 (2d, 2 H, HC(3) and HC(8), 
Jc(3)c(4) = Jc(8)c(7) = 9.0 Hz); 9.00 (d, 1 H, HC(4), 
Jc(4)c(3) = 9.0 Hz). Found (%): C, 57.25; H, 6.04; N, 2.46. 
C27H32C1NO9.H20. Calculated (%): C, 57.09; H, 6.03; 
N, 2.47. 

5- M e t h o x y -  2- [2-  ( 2 , 3 , 5 , 6 , 8 , 9 , 1 1 , 1 2 - o c t a h y d r o -  
1,4,7,10,13-benzopentaoxacyclopentadecin- 16-yl)ethenyl]-3- 
ethylbenzothiazolium perchlorate (lh) was obtained similarly 
to le from 2-methyl-5-methoxy-3-ethylbenzothiasolinium 
iodide 2h and compound 3c in 45 % yield. M.p. 215--217 ~ 
1H NMR, 8 :1 .48  (t, 3 H, Me, JMeCH2 = 7.2 Hz); 3.63 
(br. s, 8 H, 4 CH20); 3.82 (m, 4 H, 2 CH20); 3.98 (s, 3 H, 
OMe); 4.20 (m, 4 H, 2 CH20); 4.96 (q, 2 H, CH2N, 
JCH2Me = 7.2 Hz); 7.11 (d, 1 H, HC(5"), Jc(5")c(6") = 
8.4 Hz); 7.39 (d, 1 H, HC(6), Jc(6)c(7) = 8.9 Hz); 7.61 (d, 

1 H, HC(6"), Jc(6")c(5') = 8.4 Hz); 7.66 (s, 1 H, HC(2")); 
7.72 (s, 1 H, HC(4)); 7.79 (d, i H, a-CH, 3J t = 15.6 Hz); 
8.07 (d, 1 H, 13-CH, 3J t = 15.6 Hz); 8.27 (d, 1 H, HC(7), 
Jc(7)c(6) = 8.9 Hz). Found (%): C, 51.52; H, 5.58; N, 2.30. 
C26H32CINO10S'H20. Calculated (%): C, 51.70; H, 5.67; 
N, 2.32. 

2- {2-  [4 - ( 4 , 7 , 1 0 , 1 3 -  Tet raoxa - 1 - a z a c y c l o p e n t a -  
decyl)phenyl]ethenyl}-l-ethylquinolinium iodide (l i)  was 
obtained similarly to le from 1-ethyl-2-methylquinolinium 
iodide 2g and 4-formylphenylaza-15-crown-5 3i in 43 % yield. 
M.p. 215--218 ~ 1H NMR, 6:1.56 (t, 3 H, Me, JMecrt2 = 
7.2 Hz); 3.52 (br. s, 4 H, 2 CH20); 3~ (m, 8 H, 4 CH20); 
3.68 (m, 4 H, 2 CH20); 3.71 (m, 4 H, 2 CH20); 5.03 (q, 
2 H, CH2N, JCH2Me = 7.2 Hz); 6.84 (2d, 2 H, HC(3') and 
HC(5')~ Jc(3")c(2') = Jc(5')c(6") = 9.0 Hz); 7.44 (d, 1 H, 
a-CH, Jt = 15.4 Hz); 7.83 (2d, 2 H, HC(2") and HC(6'), 
Jc(2")c(3") = Jc(6')c(5') = 9.0 Hz); 7.84 (m, 1 H, HC(6), 
Jc(6)c(5) = 7.9 Hz, Jc(6)c(7) = 7.0 Hz); 8.09 (m, 1 H, HC(7), 
Jc(7)c(8) = 9.0 Hz, Jc(7)c(6) = 7.0 Hz); 8.24 (d, 1 H, HC(5), 
Jc(5)c(6) 7.9 Hz); 8.26 (d, 1 H, 13-CH, 3jr = 15.4 Hz); 
8.41 (d, l H, HC(8), Jr = 9.0 Hz); 8.50 (d, 1 H, 
HC(3), JC(3)C(4)  = 9.2 Hz); 8.78 (d, 1 H, HC(4), Jr = 
9.2 Hz). Found (%): C, 54.48; H, 6.22; N, 4.19. 
C29H37IN204.2H20. Calculated (%): C, 54.38; H, 6.45; 
N, 4.37. 
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