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Synthesis of new proton-dissociable chromogenic azocrown ethers bearing phenol and two azo

Abstract:
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gIoups as paris o1 um\,lut,_yuc fias peln Geveiopea. Laior reactions of the modified crown ethers with metal

cations are described. High selectivity of lithium complex formation was found by spectrophotometry.
© 1998 Elsevier Science Ltd. All rights reserved.

Chromoionophores discovered by J.P. Dix and F. Vigtle® present valuable dye reagents changing
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in general could be used for determination of metal cations by spectrophotometric methods. However, a

problem exists with regard to the spectral behavior of anionic forms of chromophores in homogeneous,

water-containing solvents. Similarly to many conventional metallochromic reagents, electronic spectra of

anionic chromophores,

typically phenolate derivatives, are not sensitive to the difference between the metal

species in coordination as the shifts (10-30 nm) are small. In addition, spectral separations between the

hydrated "free" anions

and the "coordinated" anions are usually very small when "coordination” with alkali

metal ions is concerned. These situations make spectrophotometric study of anionic chromoionophores

difficult in essentially aqueous media.>
The inconvenience related to troublesome spectroscopic properties of the so far described

S W

s could be overcome by inserting the chromophores directly into the macrocyclic moiety

cations forming complexes
macrocycle, including one of the nitrogen atoms of each azo group.
spectral differences between the anion and its cation complex. The predicted participation of -N=N-
chromophore in cation capture inside the crown ether cavity should increase stability of the formed complex

This,

and selectivity of the chromoionophore towards cations of different size.
Synthesis of the desired compounds 1

aminophenoxy)-3-oxapentane or bis(o—aminophenoxy)-3,6-dioxaoctane:5’6

in turn, should cause large

3 was achieved as shown in the scheme. Bis(o-
were diazotized and the bis-

diazonium salts coupled with phenols. The phenols were p-substituted to force coupling in the required

0-pos ition. Cou pl

affords moderate

ing of b

bis(diaz

=N

onium) salt under high dilution conditions using different salts as templates
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interesting reaction of 1 is .
with lithium salts. A
solution of the compound

sorbance
~
N
e

in dioxane is brownish.

Upon adding even small

amounts of lithium acetate [/ \\ e —— 2
' Va TN

the color turned to pink. . Vi \ Pt "

Ab

determination of lithium ~o N

better conditions were 0.0 ] S =

found in alkaline water- 400 600

dioxane solutions. Under
o Wavelength [nm]

these conditions many

metal cations do not Figure 1. Absorption spectra of azocrown ether 1 - metal salt systems in dioxane -water (1:1
interfere because of v/v) a
insolubility of their (2) spectrum in

hydroxides.

"

2.5x107 M; pH adjusted to about 12 with tetraethylammonium hydroxide) showed no absorption maximum

—
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'-pronouncea isosbestic point (A = 463 nm) for the system CO‘ntdlmng lithium suggests two aosoromg
species under equilibrium. The number of absorbing species was also checked by the factor anaiysis;? the
presence of only two species was confirmed. The complex has 1:1 stoichiometry. The association constant
for this complex K;; is 880 ML, This value was obtained in good agreement by factor analysis and by
calculations using Benesi-Hildebrand method.”

For stability constants of lithium complexes with azocrown ethers and determination of lithium with

the use of different chromogenic crown ethers see. 1

Both sodium and potassium chlorides form complexes with compound 1, however their stability
constants are lower. A new band A,, = 549 nm appears for systems containing sodium or potassium

chloride (Figure 1). Again a well-pronounced isosbestic point (A = 481 nm) for sodium system suggests
two absorbing species under equilibrium. Calculations per-ermed. using both mentioned methods gives
Ky, = 326 MD).

The potassium complex (K = 82 ML calculated by Benesi-Hildebrand method) is even weaker
In this case the isosbestic point is less pronounced. The complexes of stoichiometry different from 1:1

Complex formation was also observed using "H NMR spectroscopy. One of the triplets (at 4.50 ppm)
characteristic for polyether chain of the free ligand is replaced by multiplet for Lil complex in acetone.
Similarly, the pattern of aromatic protons are more complicated for complex. It could be concluded, that
lithium ion is coordinated by all oxygen atoms and by one nitrogen atom of azo groups. Participation of azo
group in lithium complex formation with dibenzo-13-azocrown-5 ether was demonstrated by X-ray
analysis. !
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Syntheses: A suspension of 1,5-bis(2-aminophenoxy)-3-oxapentane>-% in water was cooled, acidified
with conc. hydrochloric acid and diazotized with sodium nitrite. Solution of the above bisdiazonium
salt and an alkaline solution of p-cresol were gradually added to large volume of ice-cooled 2%
solution of strontium nitrate (template) in water. The reaction mixture was left to stand for 3 hours
in an ice bath and for 0.5 hour more at room temperature. The solid product was collected,
dissolved in methylene chloride and purified by column chromatography using a mixture of
methylene chloride : acetic acid (8 : 1) as an eluent. The dark brown fraction was collected and the
solvent was evaporated. The residue was purified once again in the same way. After crystallization

from toluene the macrocyclic compound 1 was obtained with 27% vield, m.p. 178-179°C; MS: for
Cs5-:HsN,O, caled. m.w. 418 46; m/z = 418. 1H NMR CDCl, (§onm): 2.49 (s. 3H): 4 01 (¢
CyqH5yN4Oy caled. mow. 418 NMIR, CDCL (e ppm): 2.49 (s, 3H); 4.01 (t, 4H;
J=5.13 Hz); 4.50 (t, 4H, J=4.16 Hz); 7.03-7.11 (m, 4H); 7.37-7.46 (m, 2H); 7.79-7.84 (m, 4H)
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Magnesium nitrate was used as a template. Yield 10%; m.p. 164-166°. MS: for C,gH,gN,O,
calculated m.w. 460.54; m/z = 460. 'H NMR, CDCl, (6 ppm): 1.47 (s, 9H); 4.03 (t, 4H, J=5.12
Hz); 4.53 (t, 4H, J=5.17 Hz); 7.06-7.13 (m, 4H); 7.40-7.44 (m, 2H); 7.85 (dd, 2H, J;=7.86 Hz,
J,=8.05 Hz); 8.02 (s, 2H).

Compound 3 was obtained from p-cresol and bis-diazonium salt (n=2) in the presence of strontium
nitrate as a template. Yield 20%; m.p. 149-150°. MS: for C,sH,cN,4O5 calculated m.w. 462.51;
m/z = 462. 'H NMR, CDCl, (6 ppm): 2.46 (s, 3H); 3.93 (s, 4H); 4.0 (t, 4H, ]=4.07 Hz); 4.32
(t, 4H, J=3.95 Hz); 7.05-7.12 (m, 4H); 7.37-7.46 (m, 2H); 7.77-7.84 (m, 4H).
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