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Abstract

suitable for various analytical uses.

Keywords

Solvent and substitution effects on the UV/Vis spectroscopic and fluorescence behaviour of seven synthesized 3-substituted
4-hydroxycoumarin derivatives were tested. The tested compounds were dissolved in ethyl acetate, acetonitrile, and dimethyl
sulfoxide. Absorption and emission spectra were recorded in the range of 200-800 nm. All tested 4-hydroxycoumarin deriv-
atives showed good absorption in a wide range of 200-550 nm, depending on the properties of the substituents on the ben-
zene ring of the cinnamoyl moiety and the type of solvent. In comparison to the unsubstituted analogue, compounds with an
electron-donating group exhibited bathochromically shifted UV/Vis absorption and emission spectra. The highest fluorescence
quantum yield was observed for compounds with dimethylamino and acetamido groups as substituents at the benzene ring.
Considering that both substitution and solvent affect the absorption and emission spectra of the tested compounds, it can be
concluded that judiciously selecting these parameters can improve their absorption and fluorescence properties, making them

Coumarin derivatives, spectral properties, fluorescence, substitution

1 Introduction

Many natural and synthetic coumarins and hydroxycouma-
rins are biologically active compounds with various chemi-
cal, biological, and pharmacological effects.’'° In addition
to pharmacological and biological effects, coumarin deriv-
atives are often used as fluorescent probes, laser dyes, flu-
orescent markers, etc., because they have a wide range of
polarity, pH, viscosity, and other sensitivities."'® Coumarin
derivatives fluorescence is relatively photostable, and their
excitation and emission maxima are suitable to use for
measurements in cellular components, tissues, and biolog-
ical fluids."”” The importance of coumarin compounds as
fluorescent agents is derived from their stability and rela-
tively easy synthesis.'®

Many coumarin derivatives show a characteristic fluores-
cence in basic and neutral solutions and in concentrated
sulphuric acid, especially in the UV region. This property is
particularly pronounced in 7-hydroxycoumarin derivatives,
and is associated with a change in its polarisation in alkaline
solution and in sulphuric acid.™ The fluorescence intensity
is significantly influenced by the position of substitution as
well as the properties of the substituent itself. The double
bond on the pyrone ring absorbs light with a wavelength
greater than 300 nm, so it can be concluded that complete
aromatisation and delocalisation of the double bond at the
3,4-position of the lactone ring do not occur.?’ Three ma-
jor tautomeric forms of 3-substituted-4-hydroxy coumarin
can be formed.?" The occurrence of tautomerism for 4-, 5-,
and 7-hydroxycoumarins was also observed.?*** The intro-
duction of electron acceptor groups in position 3 on the
coumarin ring (carbonyl, cyano group) leads to the transfer

* Corresponding author: Assoc. Prof. Ervina Beci¢
Email: ervina.becic@ffsa.unsa.ba

of electrons in the pyrone ring, which causes fluorescence
even in neutral solutions. If these groups are in position 4,
no fluorescence occurs.?* The oxygen atom at the 3-car-
bonyl group acts as a hydrogen bond acceptor and donat-
ing group and at the 7-position enhances the fluorescence
emission.?>? Murata et al., examined coumarin derivatives
with both donating groups at the 6- and 7-positions and an
electron-withdrawing group at the 3-position, which de-
velop intense fluorescence.?” Previous investigations of the
fluorescent properties of coumarin derivatives showed that
the position of the absorption and emission spectra de-
pend on the position and type of substituents introduced,
and the intensity of the emission depends on the pH.?® The
introduction of donating groups at the 6- and 7-positions
along with a withdrawing group at the 3-position, leads to
the development of intense fluorescence.?”

In this study, 4-hydroxycoumarin derivatives, (1-7), con-
taining a chalcone moiety with electron-withdrawing or
electron-donating substituents were spectroscopically in-
vestigated.

2 Experimental
2.1 Material and methods

The compounds investigated in this study were synthe-
sized according to the procedure described by Zavrsnik
et al.?® using chemicals of analytical grade. Briefly, the
first step was the acylation of 4-hydroxycoumarin with
acetic acid and phosphorous oxychloride. By reaction
with 3-acetyl-4-hydroxycoumarin, and with appropriate
aromatic aldehydes with pyridine and piperidine as cat-
alysts, seven 4-hydroxycoumarin derivatives were pre-
pared with a phenyl-prop-2-enoyl moiety at position 3.
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Scheme 1 — Synthesis of 4-hydroxycoumarin derivatives (1-7)

Table 7 — Chemical names of synthesized compounds
No Chemical name R, R, R,
1. 3-cinnamoyl-4-hydroxy-2H-chromen-2-one H H H
2. 3-(3-chloro-cinnamoyl)-4-hydroxy-2H-chromen-2-one H Cl H
3. 3-(4-acetamido-cinnamoyl)-4-hydroxy-2H-chromen-2-one H H NHCOCH,
4. 3-(2-methoxy-cinnamoyl)-4-hydroxy-2H-chromen-2-one OCH;, H H
5. 3-(4-dimethylamino-cinnamoyl)-4-hydroxy-2H-chromen-2-one H H N(CH,),
6. 3-(4-hydroxy-cinnamoyl)-4-hydroxy-2H-chromen-2-one H H OH
7. 3-(2-nitro-cinnamoyl)-4-hydroxy-2H-chromen-2-one NO, H H

The synthesis procedure is shown in Scheme 1. All the
tested compounds, except compound 5, were obtained as
yellow crystals. Compound 5 was obtained as a red crystal.
Analytical data of synthesized compounds (IR and NMR)
were presented in our previous paper.*°

Chemical names of synthesized compounds are presented
in Table 1.

After optimisation of measurement methods, the tested
compounds were dissolved in ethyl acetate (ETAC), ace-
tonitrile (ACN), and dimethyl sulfoxide (DMSO), with their
concentrations in the 107® M range for UV/Vis and 107 M
for fluorescence measurements. The UV/Vis absorption
spectra were recorded on a Shimadzu 1601 UV/Vis spec-
trophotometer in the range of 200-800 nm, using a 1 cm
quartz cuvette. Fluorescence was measured on a Shimad-
zu RF-5301PC spectrofluorophotometer with Panorama
fluorescence 1.1 software in a T cm cuvette in the right-an-
gle arrangement. Excitation and emission slits were both
5 nm. Fluorescence spectra were taken at excitation into
the maximum of the longest wavelength absorption band
of each tested compound. The temperature of the samples
was controlled using a circulating water bath during the
absorption and fluorescence spectra measurements; there-
fore, the ambient temperature was used.

Molar extinction coefficients (¢) were determined by linear
least squares fitting of Beer’s Law plots of absorbance ver-

sus concentration. Fluorescence quantum yields (D) were
determined using the Eq. (1).

D, = AF 2 D)/ (AFnd (1)

where A is the absorbance at the excitation wavelength, F
is the area under the fluorescence curve, and n is the re-
fraction index. Subscripts s and x refer to the standard and
sample of unknown quantum yield, respectively.*'

The relative fluorescence quantum vyield was determined
using quinine sulphate in 0.1 M (® = 0.58) as a standard
for compounds 1, 2, 3, 4, 6, and 7. The standard for com-
pound 5 was Rhodamine B in water (@ = 31).°"

3 Results and discussion

3.1 Influence of the substituent and solvent properties
on UV/Vis absorption

Numerous studies of the spectroscopic properties of a
large number of substituted coumarin derivatives have
shown two absorption maxima. One from the coumarin
ring around 250-280 nm, and other at a longer wave-
length originating from the substituent.>? Considering the
type of substituents on cinnamoyl moiety, the tested com-
pounds were divided into two groups: compounds with
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withdrawing substituents, such as chlorine and nitro group
at the benzene ring, and compounds with electron-donat-
ing substituents acetamido, metoxy, dimethylamino, and
hidroxy. In order to measure the effects of substituent and
solvent, changes in the absorption properties of these com-
pounds were observed in comparison to compound 1, the
benzene ring of which was not substituted. The absorption
spectra of compound 1 in ACN and DMSO, showed two
bands with maxima between 260 and 280 nm and 350
and 370 nm, while in ETAC, compound 1 had only one
maximum at about 370 nm (Fig. 1).
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Fig. T — Absorption spectra of compound 1 in ETAC (1), ACN
(2), and DMSO (3)

It was expected that the maximum at longer wavelength
depended on the substitution on the benzene ring of the
cinnamoyl moiety; therefore, the focus was on the changes
in the position of the maximum at longer wavelength.

Comparing the absorption maxima of compound 1 and
compound 2 with electron-withdrawing substituent chlo-
rine, the difference in absorption maxima in all solvents
was = 3 nm. Substitution with nitro group caused a
hypsochromic shift of the absorption maximum in ETAC
(AA = 9 nm), while in DMSO, the absorption maximum
was shifted bathochromically (AA = 8 nm). In ACN there
were no changes in the position of the absorption max-
ima. Due to the presence of electron-donating substitu-
ents, longer absorptions were shifted bathochromically
in all solvents in comparison with compound 1. This shift
was largest for compound 5, with AA = 123 nm in ETAC,
AL =144 nm in ACN, and AA = 167 nm in DMSO (Fig. 2).

3.2 Fluorescence properties

Studies on the fluorescence properties of synthesized de-
rivatives showed changes in fluorescence properties.**
It is also known that the substitution of a coumarin moi-
ety with a benzene ring in the 3-position enhances the
emission yield.** For fluorescence spectroscopy of tested
compounds, the excitation spectra were similar to the ab-
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Fig. 2 — Absorption spectra of compound 5 in ETAC (1), ACN
(2), and DMSO (3)

sorption spectra, and emission occurred at the maximum
absorption. Our results showed that the fluorescence of
the tested compounds depended on the solvent properties
and the substituents on the benzene ring. Table 2 summa-
rizes the spectral data based on absorption and emission
for the parent compound 1 and all the tested compounds.
It can be seen that compound 1 exhibited zero fluores-
cence in all solvents.

Compounds with chlorine and nitro groups had no fluo-
rescence in ETAC and DMSO, as could be expected, since
they are known as fluorescence quenchers.*® In the pres-
ence of nitro group, the absence of fluorescence can be
explained by the S; — S, internal conversion as a result of
the strong influence of nitro group as the electron-with-
drawing group.®'

However, in ACN, the compound with the nitro group
showed fluorescence, which can be explained by the in-
fluence of solvents.

In polar solvents, the n — w* transition shifts towards high-
er energies and 1 — m* towards lower energies, which
can result in the appearance of or increase in the inten-
sity of emission.>’ The appearance of fluorescence could
be caused by donor-acceptor crossings between the com-
pound and the triple bond in ACN.

Electron-donating substituents, such as acetamido (com-
pound 3), methoxy (compound 4), dimethylamino (com-
pound 5), and hydroxy (compound 6) lead to the appear-
ance of fluorescence in all solvents. The presence of free
electrons on the electron-donor substituents should not
affect the 1 — =* transition, which is responsible for the
emissions of the tested compounds. However, based on
the results, it is possible to conclude that the emission was
caused by interaction with aromatic ring m-electrons. This
intramolecular charge transfer requires that the substitu-
ent be planar in relation to the aromatic ring. If they are
not planar, the number of conjugations is reduced, which
causes a reduction in emission intensity.*>** Departure
from coplanarity with the aromatic ring is also pronounced
with alkoxy groups. Alkoxy groups exhibit significant de-
viation from planarity with the aromatic ring, which was
the case with compound 4 with a methoxy group.’’
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Fig. 3 - Emission spectra of compounds (1-7) in ACN

The results obtained for compound 4, which had a meth-
oxy group as a substituent, showed that compound 4 had
a lower fluorescence quantum yield than compounds 5
and 6, which were substituted with dimethylamino and
hydroxy groups, respectively (Table 2).

In ACN, the fluorescence of all tested compounds was ob-
served, which could be explained by donor-acceptor tran-
sitions between compounds and the triple bond in ACN
(Fig. 3).

As seen from Fig. 4, compound 5 with a dimethylamino
group in ETAC and compound 3 with an acetamido group
in ACN had the highest fluorescence quantum yield. The

Table 2 — Summary of the UV/Vis and fluorescence spectral data
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Fig. 4 —Emission spectra of compound 5 in ETAC and com-
pound 3 in ACN

fluorescence quantum yield of compound 5 was three
times higher in ETAC than in ACN (Table 2).

Ethyl acetate (ETAC) Acetonitrile (ACN) Dimethyl sulfoxide (DMSO)
‘B_ b d f b d f d f
£ A/ log & A/ SS_/1 Ore A/ log & A/ SS_/1 Dre Mb/ log & At/ SS_/1 @re
gl nm nm cm nm cm nm nm cm
358.0 353.0
5 | 4. - - - 485. 01 - - -
1. 369.5 33 235.0 4.59 485.0 | 7314.40 0.015 286.0 4.53
365.5 B | 356.0 352.0
2. 5605 435 -- 2460 452 486.0 1 7513.75 0.016 2810 433 -- - -
. . . . « 1 397.0 514.0 330.0
3. 2515 417 ) 5733.66 | 0.40 249.0 4.67 | 527.0 11327.7 | 0.05
388.0 483.0 385.5 501.0 352.0
4. 260.0 4.46 B 5069.26 0.23 252.0 4.46 ) 5980.60 | 0.22 285.0 4.22 1 513.0 8915.92 | 0.03
492.5 571.0 0.41 500.0 590.0 521.0
5. 315.5 | 4.59 -- 2812.07 323.0 4.65 536.0 | 3050.85 0.16 | 387.0 | 4.75 | 582.0 12011.72 0.09
260.0 - 262.0 - 356.0
403.0 385.0 483 359.0
6. 5500 465 483.0 410996 027 /7o 427 "7 527009 0.26 S0 465 5180 8550.14 0.02
360.5 361.0
71 966.5 4.63 - -- -- 1 359.0 |4.57| 489 | 7405.26 0.015 285.0 4.23 -- -- --

* not soluble; -- no fluorescence;  Structure of the compounds according to Fig. 1; ® Maximum of the longest absorption band; ©Log of decadic extinc-
tion coefficient (dm? mol™" cm™); ¢ Maximum of the emission band; ©Relative quantum yield to quinine sulphate (@ = 0.58) for compounds 1, 2, 3, 4,
6, and 7 and compound 5 to Rhodamine B in water (@ = 31); f Stokes shift (cm™).
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4 Conclusion

The present study indicates that the UV/Vis and fluores-
cence properties of synthesized derivatives (1-7) are de-
pendent on the properties of the substituents attached to
the cinnamoyl and solvent properties.

As shown in the present paper, by judiciously choosing
the substituent on the phenyl ring of cinnamoyl moiety of
4-hydroxycoumarin derivatives, it is possible to obtain a
sufficient bathochromic shift of the UV/Vis band and fluo-
rescence transition to render these compounds useful for
analytical applications.

List of abbreviations

ACN

— acetonitrile

DMSO - dimethyl sulfoxide

ETAC - ethyl-acetate
IR — infrared
NMR - nuclear magnetic resonance

UV/Vis — ultraviolet/visible
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SAZETAK

Utjecaj supstituenta i otapala na spektralna svojstva 3-supstituiranih
derivata 4-hidroksikumarina
Ervina Becié,” Mirza Dedi¢, Belma Imamovi¢, Selma Spirtovié-Halilovi¢i Elma Omeragic

Istrazivan je ucinak otapala i supstitucije na apsorpciju i emisiju zracenja novosintetiziranih 3-sup-
stituiranih derivata 4-hidroksikumarina (1-7). Ispitivani spojevi otopljeni su u etil-acetatu, acetoni-
trilu i dimetil-sulfoksidu. Apsorpcijski i emisijski spektri snimljeni u podrucju od 200 do 800 nm.
Ispitani derivati 4-hidroksikumarina pokazali su dobru apsorpciju u sirokom rasponu od 200 do
550 nm, ovisno o vezanim supstituentima na benzenovom prstenu cinamoilnog dijela molekule i
vrsti otapala. U usporedbi s nesupstituiranim analogom, spojevi elektron- donirajucim supstituen-
tima pokazali su batokromno pomaknute apsorpcijske i emisijske spektre. Najveci kvantni prinos
fluorescencije zabiljezen je za derivate s dimetilamino i acetamidnom skupinom. S obzirom na to
da i supstituent i otapalo utjecu na apsorpcijska i emisijska svojstva ispitivanih spojeva, moze se
zakljuciti da se njihovim odabirom mogu poboljsati apsorpcijska i fluorescencijska svojstva, sto ih
moze uciniti prikladnima za razlicite analiticke primjene.
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