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Abstract

The optical properties of two new iminocoumarin dyes, bearing a cyano group at the 3-position and an N-diethylamino group at
the 7-position, were studied by UV—vis absorption and fluorescence spectroscopy in a large number of solvents. Dye 1 bears a free
imino group, while dye 2 is substituted by an ethoxycarbonyl group on the imino function. The properties of these dyes were
compared with those of 3-cyano-7-diethylaminocoumarin (3). The study shows that the three compounds display close spectro-
scopic behaviour in a large range of solvents, but the iminocoumarins exhibit much better fluorescence efficiency than the cou-
marin in polar and moderately protic solvents. This shows that iminocoumarin derivatives can advantageously replace coumarins
in this type of solvents, and confirms that substitution on the imino group is a convenient way to obtain good fluorescent probes
designed for various purposes. To cite this article: H. Turki et al., C. R. Chimie 9 (2006).
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1. Introduction 3]. Among them are the most currently used laser dyes
for the blue-green region. They also provide enzyme

substrates for fluorimetric titrations in biomedical ana-

Compounds derived from the coumarin (1,2-benzo-
pyrone) ring system constitute one of the main families
of organic fluorescent materials, and they are of consid-
erable importance for laboratory and industrial use [1-
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lysis, and are at the basis of numerous fluorescent
probes and advanced photophysical systems. At a wider
scale, coumarin derivatives are intensively used for the
colouring or fluorescent whitening of textiles and other
materials. In contrast, the neighbouring series of imino-
coumarins [4-10] has surprisingly received very little
attention until now. However, iminocoumarins are ver-
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satile compounds, which can be easily modified by sub-
stitution on the imino group. This allows various
groups, such as fatty chains, to be introduced on the
fluorescent moiety, and gives access to a new genera-
tion of fluorescent compounds, designed for specific
purposes. An interesting example is the design of a
Ca”" indicator, in which an iminocoumarin group both
acts as a signalling unit and bears a lipophilic chain that
bestows on the sensor strong affinity for cell mem-
branes [11,12]. By comparison, introducing an alkyl
chain in a coumarin is a tedious work.

The easy preparation of iminocoumarin derivatives
makes them very attractive, but it is also important to
know whether their spectroscopic properties can com-
pete with those of coumarins, which often are intensely
coloured, brilliant dyes, with high molar extinction
coefficients and high quantum yields. To our knowl-
edge, very few optical studies deal with iminocoumar-
ins. For instance, Karasev et al. [6] have reported that 2-
benzimidazolyl-iminocoumarin was less fluorescent
than its coumarin analogue (the fluorescence quantum
yield being, respectively, 0.03 and 0.19 in acetonitrile),
and that this is also the case when the compounds are
substituted by a diethylamino group at the 7-position.
Consequently, these authors have concluded that no
efficient luminophores are encountered to date among
7-diethylamino-iminocoumarins [13]. However, it
seems possible to us that the behaviour observed is
linked to the presence of the benzimidazolyl fragment,
because immobilization of the latter by subsequent re-
action leads to highly fluorescent dyes [13,14]. In our
team, we recently reported the synthesis of 10 new imi-
nocoumarins that bear a cyano group as an electron-
withdrawing moiety at the 3-position [15]. A prelimin-
ary spectroscopic study was carried out in dichloro-
methane [16]. It revealed that among all the compounds
considered, those bearing a strong electron-donor
group, that is a diethylamino group, at the 7-position
displayed superior fluorescence properties. These com-
pounds are dye 1 that bears a free imino group, and dye
2 that is the corresponding N-ethoxycarbonyl derivative
(Fig. 1). The aim of the present paper is to report their
spectroscopic and photophysical properties studied in
several different solvents, and to make a comparison

CHaCHa~p o0 X X =N(CO)OCHsCHs  (2)

|
CHzCHa X=0 (3)

Fig. 1. Chemical structure of the iminocoumarin (1 and 2) and
coumarin (3) derivatives.

with the behaviour of the corresponding coumarin deri-
vative, 3. To do so, the three dyes were studied by UV—
vis absorption spectroscopy and by steady-state fluores-
cence spectroscopy, and the data were processed using
classical solvatochromic scales.

2. Experimental

2.1. Materials

Spectrometric and analytical grade solvents from
Prolabo and SDS were used without further purification
for spectrophotometric measurements. Absolute ethanol
and dimethylsulphoxide were from freshly opened bot-
tles and contained less than 0.1% and 0.01% water,
respectively, as specified by the manufacturer. Ultra-
pure water with a resistivity of 16 MQ cm was pro-
duced using a Milli-Q apparatus (Millipore). Dyes 1-3
were synthesized as previously described [15]. Dye 1
resulted from the condensation of o-hydroxybenzalde-
hyde with an equimolecular amount of malononitrile in
the presence of piperidine as the catalyst, and was re-
crystallised in ethanol. Dye 2 was obtained by reacting
1 with ethyl chloroformate, and was recrystallised in
methanol. Dye 3 was prepared by hydrolysis of 1 in a
mixture of acetic acid and ethanol (30:70 v/v). After
heating during 1 h, the reaction mixture was left to cool
down, yielding crystals of 3.

2.2. Preparation of the solutions

The three dyes were readily soluble in organic sol-
vents. In water, dye 1 dissolved slowly. In contrast,
dyes 2 and 3 required previous dissolution in a tiny
amount of diethyl ether before being placed into water.
The aqueous solution was then bubbled with nitrogen
and gently heated under stirring to remove traces of
ether. It was checked on compound 1 that the same
absorption and fluorescence spectra were obtained
whether ether was used to dissolve the dye or not. All
solutions were filtered on paper filter before spectro-
scopic measurements.

2.3. Apparatus

The measurements were conducted at 25 °C in a tem-
perature-controlled cell holder. UV—vis absorption spectra
were recorded on a Hewlett-Packard 8452A diode array
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spectrophotometer. The experimental error was estimated
to be 2 nm on the band maximum. Steady-state fluores-
cence work was performed on a Photon Technology
International (PTI) Quanta Master 1 spectrofluorometer.
All fluorescence spectra were corrected. The fluorescence
quantum yields (@) were determined using the classical
formula: @, = (4, x Fy x n> x D)/(Ay x Fy x ng”) where
A is the absorbance at the excitation wavelength, F is
the area under the fluorescence curve, and # is the refrac-
tive index. Subscripts s and x refer to the standard and to
the sample of unknown quantum yield, respectively. Cou-
marin 6 in ethanol (@ = 0.78) was taken as the standard
[17]. The dipole moments were calculated using the Ac-
celrys software (AMPAC/MOPAC program, version
2001) on a Silicon Graphics Indigo 2 R10000 station.
The program Origin 6.0 (Microcal ™ Software) was used
for multiple regression analyses.

3. Results and discussion

3.1. UV—visible absorption spectra

The three dyes were prepared as previously described
[15], and their absorption spectrum was recorded in 18
different organic solvents, in which they were readily so-
luble. The dye concentration was between 2 x 10> and
3 x 107> M. Whatever was the solvent used, the absorp-
tion spectrum exhibited an intense band at long wave-
lengths. This band can be attributed to charge transfer
(CT) that occurs between the electron donor group, i.e.
the diethylamino group, and the electron-withdrawing
pole, constituted by the carbonyl or imino group, and
by the cyano group that reinforces the electron-attracting
strength on this side of the molecule. As an example, the
spectra recorded in toluene and dimethylsulphoxide are
given in Fig. 2. Let us recall that the molar extinction
coefficient €, previously measured in dichloromethane at
the maximum of the CT band, was found to be 41 200,
39 400 and 46 600 M 'em™" for 1, 2 and 3, respectively.

For compound 1, the shape of the CT band varied
strongly with the solvent (Fig. 2). In low-polarity sol-
vents, it showed a peak at short wavelengths, followed
by a shoulder at long wavelengths. In contrast, in
strongly polar solvents, the maximum was situated at
long wavelengths. For compounds 2 and 3, whatever
the solvent, the CT band showed a shoulder at short wa-
velengths and a peak at long wavelengths. In some cases,
for example for 2 in toluene, the shoulder was quite
strong and formed a second maximum. In strongly polar
solvents, the CT band of all compounds was unresolved.
All spectral characteristics are gathered in Table 1.
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Fig. 2. Normalized UV-vis absorption and emission spectrum
(Aex = Aabs™™) of dyes 1-3 (around 2.4 x 10> M for absorption and
1.2x 107 for emission) dissolved in toluene (plain line) and
dimethylsulphoxide (squares).

3.2. Fluorescence spectra

For all fluorescence measurements, the dye concen-
tration was around 1.2 x 10°® M and absorbance at the
excitation wavelength was below 0.05. In our previous
work where the dyes were studied in dichloromethane,
we showed that the shape of the emission spectrum did
not depend on excitation wavelength, which indicates
that only one species is fluorescent in solution [16]. In
the present work, we chose to record the emission spec-
tra by exciting at the absorption maximum. The emis-
sion characteristics are collected in Table 1.

The emission spectra of the three dyes were unre-
solved and unsymmetrical, with a tail extending to long
wavelengths (Fig. 2). Only in the less polar solvents
could a shoulder be distinguished at the right side of
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Table 1

Maximum UV-vis absorption (4,ps) and emission (Ler,) wavelengths. When two values are given, the value in italics corresponds to a shoulder or to
a peak of minor intensity, and the underlined value is the one that was used in the calculation. Taft and Kamlet z*, o and f parameters (from Ref.

[18]). “: The solvent parameters were taken identical to those of 1-butanol

Solvent 1 2 3 * o g
/labs )“em /labs }~em /lahs /lem

p-Xylene 402, 416 444, 463 410, 430 466 404, 418 441, 458 0.43 0.00 -

Butyl acetate 404, 416 456 418, 430 486 418 457 0.46 0.00 -

Ethyl propionate 404, 416 454 414, 429 482 417 456 0.47 0.00 0.42
1-Butanol 424 466 437 504 424 468 0.47 0.79 0.88
2-Butanol ¢ 422 464 436 499 424 466 - - -

2-Propanol 422 465 436 501 424 467 0.48 0.76 0.95
1-Propanol 425 467 438 504 425 470 0.52 0.78 -

Toluene 404, 416 445, 466 412, 432 469, 484 402, 418 444, 460 0.54 0.00 0.11
Ethanol 424 468 438 505 424 472 0.54 0.83 0.77
Dioxane 402, 416 448, 465 412, 430 475 416 450 0.55 0.00 0.37
Ethyl acetate 404, 416 454, 468 416, 430 482 418 458 0.55 0.00 0.45
Tetrahydrofuran 406, 418 436, 473 416, 432 487 418 460 0.58 0.00 0.55
Benzene 406, 416 446, 466 414, 432 470 406, 422 445 0.59 0.00 0.10
Methanol 424 469 440 508 426 474 0.60 0.93 0.62
Acetonitrile 418 465 436 497 424 475 0.75 0.19 0.31
Pyridine 421 464 426, 442 496 429 470 0.87 0.00 0.64
Dimethylformamide 422 470 440 502 426 478 0.88 0.00 0.69
Dimethylsulphoxide 424 473 442 506 430 480 1.00 0.00 0.76

the peak. The shape of the emission spectrum was quite
similar for the three dyes. It must be noted that the
emission spectrum was the mirror image of the absorp-
tion spectrum for compound 3 in all solvents investi-
gated, but this was only true for 1 and 2 in polar sol-
vents. Curiously, in low-polarity solvents, the emission
spectrum did not reflect the absorption spectrum, and
this was particularly noticeable for compound 1.

3.3. Analysis of the absorption and emission data

When examining Table 1, it appears that for the
three dyes the absorption and emission spectra were
shifted to the red with increasing solvent polarity. This
effect called positive solvatochromism can be analysed
by using polarity scales. Among many available polar-
ity scales, the Taft and Kamlet scale offers the distinct
advantage of separately assessing the influence of both
the polarity and hydrogen-bonding capacity of the med-
ium [18,19]. It uses the empirical parameters 7*, o, and
£, which, respectively, measure the solvent dipolarity/
polarizability, hydrogen-bond donor acidity, and hydro-
gen-bond acceptor basicity. The Taft and Kamlet equa-
tion relates these parameters to the absorption or emis-
sion data, expressed in wavenumber (v). It can be
written as:

v=w+sa +aa+bp (1)

where s, a and b are the coefficients for the 7*, a and
parameters, respectively. These coefficients can be con-

sidered as a measure of solvatochromism. It can be
noted that for dyes 2 and 3, abstraction can be made
of the § parameter, since these two compounds contain
no hydrogen-bond donor groups, and Eq. (1) thus re-
duces to:

v=w+st*x+aa 2

The spectroscopic data must be processed according
to these equations. It is usual practice to take the band
maximum, as long as the same spectral bands are con-
sidered [20]. However, the absorption spectrum of com-
pound 1 varied strongly in shape from one solvent to
another, and considering the absorption maximum lead
to a shift that did not correspond to the actual shift of
the whole spectrum. Consequently, in this case, we
decided to consider the long-wavelength shoulder of
the absorption spectrum, instead of the most intense
peak, for the aprotic solvents of low polarity. In this
way, the set of data obtained gave an accurate account
of the spectrum shift. In all other cases, the band max-
imum was normally taken into account. Coefficients s,
a and b were thus determined by multiple regression
analysis of the absorption and emission data, for the
three compounds. The results are gathered in Table 2.
Satisfactory correlation coefficients were obtained in
every case.

According to this analysis, the absorption spectrum
of the three dyes closely depends on solvent polarity/
polarizability and acidity, which both induced a red
shift. The spectrum of compound 1 was also shifted to



1256 H. Turki et al. / C. R. Chimie 9 (2006) 1252—1259

Table 2
Linear correlations obtained by plotting v versus 7*, a and f according to the Taft and Kamlet equation (» = correlation coefficient)
Compound Absorption Emission
10 vo 107 107 10°p r 10 vo 107 107a 10°p r
(em™") (em ") (em ") (em ") (em ") (em ") (em™) (em ")
1 2.45 —0.68 -0.34 —0.24 098 234 -1.73 —0.58 -0.71 0.96
2.39 -1.30 -0.45 - 0.97 222 -2.36 -1.34 - 0.90
3 2.46 -1.31 —0.43 - 0.94 236 —2.80 -1.05 - 0.89

the red with increasing solvent basicity. From a general
point of view, the three compounds were more sensitive
to variations of polarity/polarizability than to variations
of the other parameters. Interestingly, very close results
were obtained in absorption for dyes 2 and 3, while dye
1 was slightly less sensitive to changes of its environ-
ment.

The three compounds were more sensitive to the sol-
vent nature in emission than in absorption. Compounds
2 and 3 now exhibited a slightly different behaviour,
dye 3 being the most sensitive to solvent polarity, and
dye 2 the most sensitive to solvent acidity.

3.4. Estimation of the excited-state dipole moments

In the first part of this work, we focused on the spe-
cific interactions that take place between the fluoro-
phores and the solvent molecules. We shall now use a
second approach, which assumes the fluorophore to be
a point dipole held in the centre of a spherical cavity, in
a homogeneous and continuous dielectric medium, and
which considers the collective influence of the entire set
of surrounding solvent molecules on the fluorophore.

It can be noted that the gap between the absorption
and the fluorescence spectrum of our dyes increases in
solvents of increasing polarity. Marked positive solva-
tochromism like the one encountered here generally in-
dicates that the dipole moment of the molecule in-
creases when passing from the ground state to the
excited state. The enhancement of intramolecular
charge transfer that occurs upon excitation induces re-
orientation of the solvent cage around the excited mo-
lecule. The change in dipole moment can be calculated
by relating the Stokes shifts (Vaps — Vem) to the solvent
orientational polarizability f{D,n), owing to Kawski’s
equation (Eq. (3)) that is currently used for ellipsoidal
fluorophores [21]:

Vabs — Vem = (2/h ¢ ap®) (1, — ,ug)Qf(D, n) + const

In this equation, / is Planck’s constant, ¢ is the speed
of light and a, is Onsager’s cavity radius. The solvent

orientational polarizability f{D,n) is calculated from Eq.

(4):
f(D.n) =[(D=1)/(D+2) — (n* = 1)/ (n” +2)]

4
[(2n% +1)/(n® +2)] @

where D and n are the relative permittivity (also called
dielectric constant) and the refractive index, respec-
tively. Practically, the Stokes shift is plotted versus
AD,n), and the slope of the plot m gives access to the
excited state dipole moment according to Eq. (5), pro-
vided that the ground state dipole moment (x,) and the
cavity radius (ag) are known.

m=2 (u, —,ug)g/h cap® Q)
One can thus calculate (u. —ug) from Eq. (6):

tte — g = 0.010 (m ag*)'"’? (6)

where ay is expressed in A, m in cm ™, and x in D [22].

The Stokes shifts were thus calculated for our three
compounds in the various solvents, and are collected in
Table 3.

The ground state dipole moment i, of the three dyes
was obtained by semi-empirical quantum chemical cal-
culations, using the AM1 program, after the geometry
of the molecules was fully optimised (Table 4). The
dipole moment values range between 6.50 and
7.65 D, and are in agreement with those experimentally
determined for other coumarins, as reported in the bib-
liography [27-29]. The Onsager cavity radius a, was
also calculated from the energy minimized structures
obtained with the AMI1 calculations. It is defined as
the radius of a spherical cavity surrounding the mole-
cule, but it is usually equated to the molecular van der
Waals radius. The maximum distance where charge se-
paration can occur across the molecule must be consid-
ered, rather than the actual molecular axis of the mole-
cule [30]. For the three dyes, this distance lies between
the average coordinates of the nitrogen atom of the
diethylamino group on one side of the molecule, and
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Table 3

Stokes shift (Vabs — Vem) and solvent orientational polarizability
parameter f{D,n), calculated from D and n values given in references
[23] (a), [24] and [25] (b), and [26] (c)

Stokes shift (cm™")

Solvent 1 2 3 AD,n)
p-Xylene 1414 1797 1248 0.007 ¢
Butyl acetate 2108 2680 2042 0.412 ¢
Ethyl propionate 2012 2563 2051 0.464 °
1-Butanol 2126 3042 2218 0.750 ¢
2-Butanol 2145 2896 2126 0.741 ©
2-Propanol 2191 2976 2172 0.778 ¢
1-Propanol 2116 2990 2253 0.780 ¢
Toluene 1566 1826 1401 0.029 ©
Ethanol 2217 3029 2398 0.813 ¢
Dioxane 1717 2356 1816 0.042 ©
Ethyl acetate 2012 2509 2089 0.489 ©
Tetrahydrofuran 1994 2614 2184 0.549 ©
Benzene 1616 1872 1225 0.004 ©
Methanol 2263 3042 2377 0.855 ¢
Acetonitrile 2418 2816 2532 0.859 ¢
Pyridine 2201 2463 2033 0.649 ©
Dimethylformamide 2420 2807 2554 0.836 ¢
Dimethylsulphoxide 2443 2862 2422 0.840 ¢
Table 4

Ground state dipole moment x, obtained with AM1 calculation for
dyes 1-3; Slope m issued from the correlation of Stokes shift with
solvent orientational polarizability; Correlation coefficient r; Differ-
ence . — i, and calculated excited state dipole moment z,

He — Hg (D) He (D)

Compound  p, (D) m (em™ r

1 7.00 870 0942 282 9.82
2 6.50 1320 0948  3.47 9.97
3 7.65 1162 0930 3.25 10.90

the nitrogen atom of the cyano group on the other side.
It was estimated to 9.0 A. The cavity radius a, was
taken as half of this distance, that is 4.5 A.

The Stokes shift values were plotted versus f{D,n) as
shown in Fig. 3. Straight lines were obtained, one run-
ning roughly parallel to other. Interestingly, alcohols fit
reasonably to the same correlations established for
aprotic solvents, confirming that specific solute—solvent
hydrogen bonding plays a minor role in the observed
spectral shifts. It can also be noted that in dioxane, the
Stokes shift value is quite high for compounds 2 and 3,
and the corresponding point does not fit the line well.
The anomalous behaviour of dioxane has long been re-
cognized and attributed to the presence of three spatial
conformations of widely different dipole moments [20].
The slope of the plots was then calculated, with satis-
factory correlation coefficients (Table 4), and the
change of dipole moment of the fluorophores upon ex-
citation was finally obtained using Eq. (6).
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Fig. 3. Plot of the Stokes shift (Vaps — Vem) Versus solvent orientational
polarizability parameter (D, n) for dyes 1-3.

It appeared that the dipole moment of all three com-
pounds under study was higher in the first excited state
than in the ground state, as generally reported for cou-
marins studied by the same method [27,28,31-33]. The
difference u. —pu, was close to that determined for 7-
amino-4-trifluoromethyl-coumarin ~ (Coumarin  151)
[33] and only slightly higher than that of 7-diethylami-
no-4-methyl-coumarin [27]. It is interesting to note here
that the excited state dipole moment was higher for
coumarin 3 than for the iminocoumarin derivatives 1
and 2, due to the presence of the strongly electronega-
tive oxygen atom on the electron-withdrawing group.

3.5. Fluorescence quantum yields

The fluorescence quantum yield of compounds 1-3
was measured in four different organic solvents, in ad-
dition to that already measured in dichloromethane [16]
(Table 5). Moreover, since the dyes are designed for
use in biological medium, their behaviour in water



1258 H. Turki et al. / C. R. Chimie 9 (2006) 1252—1259

Table 5

Fluorescence quantum yield of compounds 1, 2 and 3 in different
solvents. Excitation at the maximum absorption wavelength. The error
on the quantum yield values is estimated to be 5%. “: From Ref. [16]

1 2 3
Toluene 0.48 0.85 0.87
Dichloromethane * 0.84 0.85 0.82
Ethyl acetate 0.78 0.79 0.59
Dimethylsulphoxide 0.34 0.18 0.078
Ethanol 0.33 0.17 0.034
Water — 0.031 0.012

was also investigated. Aqueous solutions were prepared
as described in the experimental section. Among the
three dyes, compound 1 seemed to be the most easily
soluble in water. However, the absorption spectrum was
wide at long wavelengths, and its shape varied with
subsequent dilution, with a shift of the absorption max-
imum. It was noted that the excitation spectrum de-
pended on emission wavelength, and conversely, the
emission spectrum varied with excitation wavelength.
This indicates a heterogeneous medium, probably made
of a mixture of dissolved dye and microparticles,
although solutions were carefully filtered. It can be
noted that exactly the same results were obtained when
dye 1 was dissolved in diethyl ether before being incor-
porated into water (see experimental part). Besides,
compound 1 was progressively hydrolysed in water
(pH = 6) as evidenced by thin layer chromatography.
In these conditions, measuring the quantum yield was
meaningless. No reliable determination of the absorp-
tion and emission maxima was possible either, and this
is the reason why these data were not used above in the
solvatochromic approach. Such difficulties were not en-
countered for dyes 2 (s =452 nm and A.,, = 518 nm
in water) and 3 (Laps =435 nm and A., =480 nm),
whose quantum yields could be accurately measured.
It is obvious that the three dyes behaved differently,
as long as the quantum yield was considered. Let us
first consider non-protic solvents. In a low-polarity sol-
vent, such as toluene, dye 1 exhibited a moderate quan-
tum yield, which increased in solvents of medium po-
larity, and then decreased again in polar solvents, while
remaining at an interesting value. In contrast, the quan-
tum yield of dye 2 was high in solvents of low and
moderate polarity, then decreased in polar solvents.
Compound 3 followed the same trend, but its quantum
yield decreased more abruptly with increasing solvent
polarity. If considering now protic solvents, the fluor-
escence efficiency of 1 and 2 was moderately decreased
in ethanol (with respect to DMSO) while that of 3 was
significantly decreased. For instance, in ethanol, the
quantum yield of 3 was only one fifth of that of 2,

and one tenth of that of 1. It is possible that in this
solvent, like in DMSO, water traces induced a slight
decrease of the quantum yield. In water, the quantum
yield of 2 and 3 was reduced again with respect to
ethanol, and that of 2 was now quite low.

The quenching action of polar non-protic solvents on
the luminescence of dipolar solutes has been frequently
reported in the bibliography. Different mechanisms
have been proposed to explain this phenomenon, and
the following is possibly the most generally evoked. It
is considered that since solvation by polar solvents low-
ers the energy of the polar excited state, it reduces the
gap between the excited state and the ground state, and
thus favours radiationless deactivation pathways [20].
This mechanism could explain why the fluorescence
of the three dyes decreases in strongly polar solvents.
It is possible that compound 3 is more sensitive to this
mechanism than the two other compounds. The invol-
vement of a twisted internal charge transfer process,
leading to a non-fluorescent excited state, can also be
considered, as reported for some 7-alkylamino-substi-
tuted coumarins [34]. Such a mechanism would be fa-
voured by the presence of a strong electron-withdraw-
ing group, which could explain the difference observed
between iminocoumarins and coumarin.

The quenching action of protic solvents such as al-
cohols and water is generally explained by the forma-
tion of hydrogen bonds and protonation in the excited
state. This process can be explained by the fact that the
excited molecule is more polar than the ground state
molecule, and is thus more able to interact with a pro-
ton of the solvent.

Protonated iminocoumarins are known to be fluores-
cent, but they are generally formed in acidic medium
and give rise to a shift of the emission spectrum [10].
No abnormal behaviour was observed here on the emis-
sion spectrum, and processing the emission data with
the polarity scales indicates that only weak specific ef-
fects occur in the excited state in organic solvents. Con-
sequently, it seems that protonation of the excited state
is not efficient for iminocoumarin derivatives in our
experimental conditions.

In contrast, the formation of hydrogen bonds is very
likely, since the analysis of the spectroscopic data with
the Taft and Kamlet scale indicates that specific effects
take place with protic solvents. This mechanism could
take place in the three compounds. It is understandable
that it occurs more easily in the coumarin series, where
the functional group bears a strongly electronegative
oxygen atom.
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4. Conclusions

This study allowed us to have a deeper insight into
the solvatochromic behaviour of our compounds.
Kawski’s approach showed that the variation of the di-
pole moment upon excitation was roughly comparable
in the three compounds, which indicates that changing
the nature of the electron-withdrawing group did not
affect the general behaviour of the molecules upon ex-
citation. The approach that uses the n* scale underlined
strong similarities in the solvatochromic behaviour of
compounds 2 and 3, while compound 1 appeared to
be less sensitive to a change in the solvent nature. Fi-
nally, the study of the quantum yields revealed that the
three dyes actually act differently from a photophysical
viewpoint. It appeared that coumarin 3 can advanta-
geously be replaced by iminocoumarin 2, especially
when the polarity and proticity of the medium in-
creases. Owing to the convenient synthesis of this type
of compounds, many different molecules could be ob-
tained for use as fluorescent probes for precise applica-
tions.
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