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ABSTRACT 

Seven new styryl dyes containing an aza-15-crown-5 moiety were synthe- 
sized and characterized by means of elemental analysis, m.p., UV, IR and 
‘H-NMR spectra. The colour change in the presence of metal salts was 
investigated. 

INTRODUCTION 

Chromoionophores are an important class of crown ethers; the presence 
of both chromophore and ionophore groups also results in such com- 
pounds having applicability as analytical reagents.’ It is well documented 
that in the presence of metal ions the visible absorption bands of chromo- 
ionophores are shifted as a result of the complexation process and it has 
been shown that the band shift depends on the relationship between the 
metal ion and the cavity dimensions and steric structure of the com- 
pound.2,3 

* To whom correspondence should be addressed. 

271 

Dyes and Pigments 0143-7208/93/$06.00 0 1993 Elsevier Science Publishers Ltd, England. 
Printed in Great Britain 



272 A4. Mateeva, T. Deligeorgiev, M. Mitewa, S. Simova 

Recently some styryl dyes including a 15crown-5 fragment were pre- 
pared and their structure and reversible trans-cis isomerization on visible 
light irradiation discussed. The A,, shift resulting from the addition of 
alkaline and alkaline-earth metal salts addition indicated a selective inter- 
action of the compounds with the appropriate metal ions.ti 

In this present paper the synthesis of seven new styryl dyes containing 
an aza-15crown-5 macrocycle is reported, together with some spectro- 
photometric data concerning their complex formation with alkaline and 
alkaline-earth metal ions. 

RESULTS AND DISCUSSION 

N-Phenyl-aza-15-crown-5 (1) (Scheme 1) was used as starting material 
and formylated according to the Vilsmeier procedure7 resulting in the 
formation of 4-formylbenzo-aza-I 5-crown-5 (2) (Scheme 1). 

Some of the heterocycles used were commercial products (4, lo), while 
the others were obtained by alkylation of the heterocyclic bases with 
ethyl iodide’ (7, 8), 2-bromoethanol’ (9) and dimethyl sulphate”*” (5) 
respectively. I-Ethyl-2-methyl-benz[cd] indolium iodide was synthesized 
as previously detailed. l2 

1 

Scheme 1 

2 

Scheme 2 
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Table 1 
Substituents in Dyes 49 

Dye R RI X Y 

4 CH3 H WH,) H 
5 CH, H N-CH, CN 
6 C,Hs -CH=CH- H 
7 C2H5 H S H 
8 C2H5 H -CH=CH- H 
9 C2H40H H WH3h H 

The styryl dyes (4-9) (Table 1) were obtained by condensation of 2 
with the corresponding heterocycle at reflux in acetic anhydride. Dye 10 
was prepared in tetrahydrofuran in the presence of HC104 at room tem- 
perature13 (Scheme 2). 

The compounds thus obtained were characterized by elemental analysis, 
m.p., IR and ‘H-NMR spectroscopic data. The IR spectra of the dyes in 
CHC13 show a low intensity peak at 1610 nm or a shoulder at 1600 cm-’ 
due to the stretching vibrations of the -CH=CH- group. A high 
intensity peak at 1100 cm-’ can be ascribed to the stretching vibrations of 

Table 2 
Absorption Maxima (nm), Molar Extinction Coefficients (litre/moVcm), Melting Points, 

Yields and Elemental Analysis Data for 4-10 

Dye L,, E 

(nm) 

Yield 

(%) 

M.p. 

(“C) 

Molecular 
formula 

Analysis (%) 
found (calculated) 

C H N 

4 547 43400 52 109-l 10 C,9H,,ClNzO, 

5 445 36000 63 209-2 12 C,,H,,ClN& 

6 662 80000 55 259-260 C~IHJNG 

7 528 65900 85 227-228 C27H&lN+hS 

8 528 66000 80 242-244 C28H,,ClN,Os 

9 556 80500 72 133-134 ‘GoH,,ClN,% 

10 645 48260 82 187-189 C3,H,,ClN0,- 
C,H,OH 

60.15 
(59.95) 
56.89 

(56.70) 
59.24 

(59.45) 
55.62 

(55.53) 
59.73 

(59.55) 
59.16 

(58.96) 
62.70 

(62.73) 

6.79 4.84 
(7.10) (4.73) 
5.97 9.48 

(5.60) (9.03) 
5.93 4.46 

(6.24) (4.27) 
6.05 4.80 

(6.22) (4.70) 
6.27 4.98 

(6.11) (4.51) 
6.78 4.59 

(6.65) (4.34) 
7.58 2.15 

(7.16) (1.92) 
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Fig. 1. Absorption spectra of the chromoionophore 7: free ligand and in the presence of 
metal salts in acetonitrile: 1, Mg(NO,),; 2. Ba(SCN)2; 3, KSCN; 4, Ca(NO,),; 5, NaSCN; 

6, free ligand; 7, LiNO,. 

the -C-O- group and in the spectrum of 5, a low-intensity peak at 
2200 cm-i (CN- group) was observed. 

‘H-NMR spectra were compatible with the assigned structures. Signals 
at 3.60-3.80 ppm indicated that at least three groups of non-equivalent 
protons in the crown moiety were present. The vinyl protons appeared 
downfield (7.20-8.60 ppm) as doublets and the vicinal coupling constant 
(15-155 Hz) indicated that only Iran+isomers were obtained. 

Electronic absorption spectral data in ethanol are shown in Table 2 
and in order to obtain information about the complexation properties of 
the dyes their electronic spectra were also recorded in the presence of 
some alkaline and alkaline-earth metal salts. For this purpose, aceto- 
nitrile solutions of the metal salts were added to the corresponding dye 
solutions in acetonitrile to give a metal ligand ratio >lOO: 1. The data 
thus obtained (Figs 1 and 2) showed that all the dyes exhibited hypso- 
chromic shifts in the presence of the metal ions, the shifts also being 
combined with hypochromic effects. It was apparent that compounds 4, 
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Fig. 2. Absorption spectra of the chromoionophore 8: free ligand and in the presence of 
metal salts in acetonitrile: 1, Ba(SCN),; 2, NaSCN; 3, KSCN; 4, LiNO,, 5, free ligand. 

6, 9, 10 were only slightly influenced by the cations used, A,, shifts 
of only 5-10 nm in the presence of Na+, K+ and Ba2+ being observed; 
the A,, shifts of 5 in the presence of Na+ and K+ (10 nm) and of Ba2+ 
(20 nm) were slightly larger. It should be noted that, in all cases, the Ba2+ 
interaction with the dyes studied was accompanied by a significant 
change in the band shape (Figs 1 and 2). 

The largest A,,, shift was observed as a result of Naf, Ca2’ and Mg2+ 
interaction with dyes 7 and 8 (30 nm). These compounds also reacted 
with Lif with a shift of 10 nm (Figs 1 and 2). 

The relationship between the cavity dimensions and ionic radii in 
crown ether-metal ions complexation is well documented for aza-15- 
crown-5, the best fit being observed for Na+.14 For that reason it might 
be assumed, that, in the cases studied, non-specific interaction proceeded, 
e.g. metal binding to the heterocyclic moiety and not to the aza-crown 
ether fragment. The same conclusion has been made concerning 
complexes formed as extraction species between compound (7) and Hg2+, 
Pd2’, etc.15 
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EXPERIMENTAL 

General 

Melting points were determined on a Kofler apparatus and are un- 
corrected. ‘H-NMR spectra were recorded on a Bruker WM 250 MHz 
instrument in CDC& and DMSO-d6 with TMS as internal reference. The 
absorption spectra were recorded on a Carl Zeiss Jena Specord M40 
spectrophotometer (2 X IO-’ mol/litre in ethanol) and IR spectra on a 
Specord 7 1. 

Preparation of 4-formilbenzo-aza-15crown-5 (2) 

N-phenyl-(aza-15-crown-5) (1 g, 3.4 mmol) was dissolved in 3 ml (2.9 g, 
40 mmol) DMF. After cooling to -lO”C, 0.521 g (0.31 ml, 3.4 mmol) 
POCl, was added dropwise. The mixture was stirred for 10 min at 
- lO”C, then for 1 h at room temperature, finally for 4 h at 100°C. The 
reaction mixture was cooled, poured onto ice and the pH adjusted to 
7 with 40% NaOH. The solid product thus obtained was purified by 
dissolving in ethyl acetate and precipitating with petroleum ether: yield 
70%, m.p. 85-86°C (lit. m.p. 8687°C).7 

Preparation of 10 

Guajazulene (0.290 g, 1.5 mmol) and (2) (0.500 g, 1.5 mmol) were 
dissolved in THF. A few drops of HClO, were added and the mixture 
was stirred at room temperature for 3 h. The precipitate was filtered, 
washed with dry ether and air-dried. 

General procedure for styryl dyes 4-9 

Compound 2 (0.500 g, 1.5 mmol) and the appropriate heterocycle (1,5 
mmol) were refluxed for 30 min in 10 ml acetic anhydride. The reaction 
mixture was then cooled and the precipitate was filtered and dried. In 
cases where a precipitate did not occur, the reaction mixture was diluted 
with 10-20 ml ether, and the resultant solid collected and dried. The 
compounds were purified by recrystallization from ethanol, and con- 
verted to the perchlorate salts by adding an equimolar quantity of 
NaClO, to a hot solution of the compound. 
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‘H-NMR spectra (TMS int., S (ppm)) 

4 (CDCl&-1.77 (s, 3H, -C(CHQ), 3.63-3.81 (m, 20H, -CH,O CH,, 
-N-CH,), 4.05 (s, 3H, -N-CH,-), 7.23, 8.03 (d, d, H, H, 
-CH=CH-, J = 15.5 Hz), 7.38-7.54 (m, 4H, Ar). 

5 (DMSO-d,)-3.64-3.80 (m, 20H, -CH,OCH,-, -N-XX,), 4.08 
(s, 6H, -N-CH--,), 6.72, 8.16 (d, d, 2H, 2H, Ar, J = 9.2 Hz), 
7.53-7.70 (m, 4H, Ar), 8.29 (s, lH, =CH-. 

6 (CDCM-1.59 (t, 3H, --CH,CH,-), 4.84 (q, 2H, XaZCH3-), 
361-3.75 (m, 20H, -CH,-OCH,, -N-CH,), 6.66, 8.23 (d, 
d, 2H, 2H, Ar), 7.57-7.84 (m, 3H, Ar), 7.61, 8.62 (d, d, H, H, 
-CH=CH-, J = 15 Hz), 8.23-9.06 (m, 3H, Ar). 

‘7 (CDCl&-1.57 (t, 3H, -CH,CH,), 3-63-3.77 (m, 20H, -CH,OCH,, 
-N-G&-), 5.06 (q, 2H, -BZXH3), 6.65, 8.02 (d, d, H, H, Ar, 
J = 9 Hz), 7.55-8-O ( m, 4H, Ar), 7.76, 7.88 (d, d, H, H, -CH=CH-, 
J= 15 Hz). 

8 (CDCl&-164 (t, 3H, --CHQ&-), 3.63-3.81 (m, 20H, -CH,OCH,-, 
-N-CHZ-), 4.87 (q, 2H, -m&H,), 6.78-7.80 (d, d, 2H, 2H, Ar, 
J = 9 Hz), 7.55-8.0 (m, 4H, Ar), 7.48, 7.79 (d, d, H, H, -CH=CH-, 
J = 15 Hz). 

9 (CDCl&--1.76 (s, 6H, -C(CH&--), 3XG3.84 (m, 2OH, -CH,OCH,-, 
-N-C&-), 4.82, 4.68 (t, t, -G&-aZOH), 6.86, 7.89 (d, d, 2H, 
2H, Ar), 7.27, 8.08 (d, d, H, H, -CH=CH-, J = 15.2 HZ), 7.37-7.47 
(m, 4H, Ar). 

10 (CDCl&-1.46 (d, 6H, (CH,),CH), 2.6 (s, 6H, -CH,), 3.32 (m, lH, 
(CH,),CH), 3.63-3.89 ( m, -CH,OCH,-), 7-02, 7.94 (d, d, 2H, 2H, Ar, 
J = 9 Hz), 8.04, 8.12 (d, d, 2H, 2H, Ar) 8.34 (s, =CH-). 

Ir spectra (v (cm-‘)) 

4 (CHCl&lllO, 1600, 1600 (sh); 5 (nujol)--1110, 1580, 1610, 2200; 6 
(CHCl,)-1110, 1580, 1610; 7 (CHCl,)--1120, 1580, 1610; 8 (CHCl,)- 
1120, 1580, 1610; 9 (CHCl,)-1100, 1580, 1600; 10 (CHCl,)-1100, 1600, 
1600 (sh). 

REFERENCES 

1. Lohr, H-G. & Vogtle, F, Act. Chem. Res., 18 (1985) 65. 
2. Vogtle, F., Pure & Appl. Chem., 52 (1980) 2405. 
3. Dix, J. P. & Vogtle, F., Chem. Ber., 114 (1981) 638. 
4. Gromov, S. P., Fomina, M. V., Ushakov, E. N., Lednev, I. K. & Alfimov, 

M. V., Dokl. Akad. Nauk SSSR, 314 (1990) 1135. 



278 M. Mateeva, T. Deligeorgiev, M. Mitewa, S. Simova 

5. Gromov, S. P., Fedorova, 0. A., Alfimov, M. V., Tkachev, V. V. & 
Atovmian, L. P., Dokl. Akad. Nauk SSSR, 5 (1991) 319. 

6. Alfimov, M. V., Gromov, S. P. & Lednev, I. K., Chem. Phys. Lett., 185 
(1991) 455. 

7. Dix, J. P. & Vogtle, F., Chem. Ber., 113 (1980) 457. 
8. Barni, E., Savarino, P. & Pelizzeti, E., Noun. J. Chem., 7 (1983) 711. 
9. Higeta, S., Sudzuki, I. & Shiojima, I., Japanese Patent 62 280 263 (1987); 

Chem. Abstr., 108 (1988) 169192~. 
10. Ilchenko, A., Gerasimenko, A. A., Rudenko, V. N. & Baevskaja, V. I., Ukr. 

Khim. Zh., 49 (1985) 3297. 
Il. Ozegovski, W. & Krebs, D., J. Prakt, Chem., 29 (1985) 18. 
12. Michailenko, F., Vasilenko, N., Kachkovski, A. & Rozhinski Y., Zh. Org. 

Khim., 18 (1982) 435. 
13. Kirkby, E. C. & Reid, D. H., J. Chem. Sot. (1960) 494. 
14. Dix, J. P. & Vogtle, F., Angew. Chem., 90 (1978) 893. 
15. Mateeva, N., Arpadjan, S., Deligeorgiev, T. & Mitewa, M., The Analyst, 

117 (1992) 1599. 


