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ABSTRACT 

New /Gsuhstitutedazotrimethine cyanine dyes were prepared by condensation 
of phenyl glycosals with arylamines followed by reaction of the products with 
2-methyl quaternary salts. The spectra data were recorded and the pH 
sensitivity of selected dyes was also determined. 

1 INTRODUCTION 

A property typical of tri-methine derivatives is their photochemical 
instability. Conformational changes, occuring after excitation along the 
polymethine chain, were found to precede the degradation process.’ These 
structural fluctuations also account for the relatively low fluorescence yield 
observed for many cyanine dyes. By making the molecular structure more 
rigid, improved fluorescence yields and photostability may be obtained.2 

We describe here the synthesis of some new p- and y-substituted 
azotrimethine cyanines (3a-3i,5) with a view to assessing their photo- 
sensitization properties. The acid-base characteristics of the cyanine 3a 
were also investigated with respect to the potential application of these dyes 
as photosensitizers. 

2 RESULTS AND DISCUSSION 

New P-substituted aryl azotrimethine cyanine dyes (3a-3i) were obtained by 
the reaction of phenylglyoxal derivatives (la-le) with aromatic amines in 
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the presence of piperidine to give the corresponding intermediate com- 
pounds (2a-2h). The IR spectra of these showed characteristic bands at 
1600cm-i (vcZN) and 1670cm-’ (vcZo). Further reaction of equimolar 
amounts of (2a-2h) with 2-methyl quaternary ammonium salts in presence 
of ethanol and piperidine afforded the appropriately substituted aryl 
azotrimethine cyanines (3a-3i). This reaction depends on the nature of the 
substituents X and Y within the aryl moiety residues, being more facile with 
electron-donating substituent, e.g. as X = p-OCH, or o-OH and Y = o-OH, 
p-CH, or I.‘-OCH, (Scheme 1). 

The structure of compounds 3a-3i were confirmed by elemental analysis, 
IR and ‘H-NMR spectral data (Table 2). The compounds were partially 
soluble in non-polar solvents, in which they gave orange or violet solutions 
with a green or intense blue fluorescence depending upon the solvent used. 
They were also readily soluble in polar solvents, exhibiting violet solutions 
with an intense green fluorescence. Ethanolic solutions were violet in 
alkaline medium, the colour being discharged on acidification in a reversible 
colour change. 

The reaction of equimolar amounts of le with 2-methyl-l-ethylquino- 
linium-2-yl salt followed by the reaction of the product 43 in presence 
of piperidine gave the corresponding y-[4-chlorophenyll-azotrimethine 
cyanine dye 5. 

The absorption maxima of the 2[4-chlorophenyllpyridinium (quino- 
linium)-2-yl salts of azotrimethine cyanines (3a-3i) in 95% ethanol depended 
on the nature of the heterocyclic quaternary ammonium residue A. Thus, 
compound 3d (A = C,H,) showed a red shift with more intensive absorption 
compared with compound 3e (A = H) (Table 2). 

On the other hand, changes in the nature of the aryl substituents (X) 
had no significant effect on the absorption bands. However, the A,,,,, of 
3a-3i were shifted bathochromically or hypsochromically depending on the 
nature of the aryl substituent Y attached to the nitrogen atom of the 
azopolymethine chain. Thus, compound 3a (X = p-Cl, Y = H, A = C,H,- 
2-yl salt) had jLmaX at 555nm (E,,, 15 920). Where Y was an electron- 
donor group (e.g. p-OCH, or o-OH in compounds 3b and 3d respectively) 
a slight bathochromic shift (2 nm) occurs. This may be attributed 
to the partial mixing of the lone pair orbitals of the oxygen atom with 

the n-system of azopolymethine group, leading to a modified set of energy 
levels and a shift of the band to longer wavelength. In the case of compound 
3d (Y = o-OH), the lowering of intensity is probably due to intramolecular 
hydrogen bonding between the o-OH and the azopolymethine groups. On 
the other hand, where Y is an electron-withdrawing group (e.g. p-NO,, 
compound 3c) a blue shift of 7nm occurs (Table 2). 

Comparison of absorption spectra of the aryl B-substituted azotrimethine 
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Fig. 1. 

0 

cyanine incorporating the quaternary quinolinium nucleus (3b) with its 
y-analogue (5) shows that changing the 4-chlorophenyi residue from the 
p- to the :-position results in a large bathochromic shift of 28nm, this 
being due to the mesomeric effect of the aryl substituents attached to 
chromophoric N--C group. 

The absorption spectra of 3a in aqueous universal buffers showed that the 
compound underwent batho~hromi~ and hypsochromi~ shifts in alkaline 
and acidic media respectively. The bathochromic shift in alkali is mainly due 
to the relatively increased negative charge density of the azopolymethine 
group. The band is hypsochromically shifted in acidic media as a result of 
protonation of the azopolymethine group, and consequent desorption of CT 
interaction in the protonated form. As the pH of the medium increases the 
azopolymethine group becomes deprotonated and mesomeric interaction 
with the rest of the molecules increases with consequent enhancement of the 
CT interaction in the free base (Fig. 1). Plotting the absorbance at i,,, 
against pH, an S-shaped curve is obtained, and from the intersection of the 
curve with a horizontal line midway between the left and right segments4 a 
pkl, value of 4.5 for compound 3a was calculated. 

3 EXPERIMENTAL 

3.1 General 

All melting points are uncorrected. IR spectra were determined on a 
Perkin-Elmer Infrared 127B spectrophotometer. The visible spectra were 
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recorded on a Shimadzu UV 240 UV-Vis recording spectrophotometer and 
‘H-NMR spectra on an EM-390 90 MHz NMR spectrometer. A modified 
buffer series, derived from that of Britton, was prepared for use in the 
electronic spectra. An accurate volume of the stock solution was added to 
5 ml of the buffer solution and then made up to 10 ml. The pH of this solution 
was checked before spectral measurements were made. 

The p-[4-chlorobenzoyll-quinolinium-2-yl salt dimethine cyanine deriva- 
tive (4) was prepared by a method similar to that described in Ref. 3. 

3.2 Synthesis of /?-substituted azotrimethine cyanine dyes (3a-3i) 

3.2.1 Synthesis of the intermediate compounds (2a-2h) 
Equimolar amounts (0.01 mol) of the phenyl glycosal derivatives (la-le) and 
the approximate arylamine were dissolved in absolute ethanol (20ml) 
containing piperidine (3-5 drops). The reaction mixture was refluxed for 4 h, 
filtered hot, concentrated and acidified with acetic acid. On standing, the 
products 2a-2h precipitated. These were filtered, washed with ether and 
recrystallized from absolute ethanol to give yellow-brown crystals, Relevant 
data are shown in Table 1. IR 1600cm-’ (v& and 1670cm-’ (~c=~) for 
compound 2c and 3450 cm- i (vOH) for 2d. 

TABLE 1 
Characterization of Intermediate Compounds Za-2h 

Com- M.p. Yield Molecular Colour of Analysis (%) 
pound (“C) W) formula products 

no. (mol. wt) Calcd/(Found) 

c H N 

2a 167 60 

2h 200 58 

2c 138 55 

2d 100 70 

2e 105 52 

2f 92 63 

2g 95 68 

2h 120 45 

ClqH,,,NOCl 
(243.5) 

C,,H,ZNOKI 
(273.5) 

C,,H,N,OKl 
(288.5) 

Cr.H,,NO&l 
(259.5) 

C,dH, ,NO, 
(225) 

C,,H,,NO, 
(239) 

C,,H,,NO, 
(255) 

C,,H,,N,O, 
(270) 

Yellow 

Orange 

Orange 

Orange-brown 

Pale yellow 

Yellow 

Orange 

Pale brown 

69.0 4.1 5.75 
(68.5) (43) (5.7) 
65.8 4.4 5.1 

(65.4) (4.2) (5.1) 
58.2 9.7 

(58.5) (Z, (9.8) 
64.7 3.85 5.4 

(64.9) (3.7) (5.4) 
74.7 4.9 6.2 

(74.95) (5.0) (6.3) 
75.3 5.4 5.7 

(75.1) (5.7) (5.8) 
70.6 51 5.5 

(70.7) (5.5) (5.5) 
62.2 3.7 10.4 

(62.8) (3.45) (10.5) 
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3.2.2 Synthesis of the cyanines 3a-3i) 
Equimolar ratios (0.01 mol) of compounds 2a-2h and the appropriate 
methyl quaternary salts (a-picoline and quinaldine ethiodide) were dis- 
solved in 30ml ethanol to which piperidine (3-5 drops) was added. The 
reaction mixture was refluxed for 6-8 h until a constant colour was ob- 
tained, and then it was filtered hot, concentrated, cooled and then acidified 
with acetic acid. The precipitated products were filtered and recrystallized 
from absolute ethanol to give 3a-3i. Characterization data are given in 
Table 2. IR showed no C=O band at 1670cm-‘, but characteristic bands 
were present at 290&2850cm-’ (ethiodide of heterocyclic residue). The 
‘H-NMR (CDCl,) of 3d (X = p-Cl, Y = o-OH, A = C,H,-2-yl salt) showed 
6 7.2-6.4 ppm (m, 15H, arom. + heter. + CH=C), 6 7.6 ppm (d, 1 H, OH), 6 
3.2 ppm (q, 2H, CH,), 6 1.5 ppm (t, 3H, CH,) and 6 6.5 ppm (s, lH, CH=N). 

3.2.3 Synthesis of y [4-chlorophenyllazotrimethine cyanine (5) 
Equimolar amounts (O-01 mol) of compound 43 and p-anisidine were 
refluxed in ethanol (30 ml) and piperidine (3-5 drops) for 6 h. The reaction 
mixture was filtered hot, cooled, and the precipitated product collected, 
washed with water and recrystallized from absolute ethanol to give violet 
crystals of 5, m.p. 90°C (yield 30%). 

C,,H,,N,OClI requires: C, 58.4; H, 4.3; N, 5.05. 
Found: C, 58.45; H, 4.3; N, 5.0%. 

A,,, (ethanol): 550 and 585nm. 
IR 1600cm-’ (vc_o), 1580cm- ’ (vC_,J and 2990-29OOcm- ’ (ethiodide of 
quinolinium salt). 
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