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Abstract : The literature on the use of coumarin derivatives is very rich and highly significant. They have been widely
used as fluorescent probes developed for detection and estimation of various cations, anions, amines and amino acids,
biothiols, pH, chemical warfare agents, proteins, hydrogen peroxide, hydroxyl radicals and many more. Various
pharmacological activities of coumarin derivatives have made them suitable for use as anti-oxidant and anti-inflammatory
drugs. They have also exhibited anti-microbial, anti-hepatitis, anti-cancerous, anti-pyretic and analgesic activities.
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Introduction

Coumarin, a heterocyclic compound having oxygen
as hetero atom occurs in many plants, notably in high
concentration in tonka bean, woodruff, lavender, lico-
rice, strawberries, apricots, cherries, cinnamon, sweet
clover and bison grass. Coumarins comprise a group of
natural compounds originating from the shikimate path-
way and widely distributed in plants and essential oils!. It
is a member of the benzopyrone family, which are subdi-
vided into the benzo-a-pyrones and benzo-g-pyrones.
Coumarin belongs to benzo-a-pyrones while principal
members of flavonoids are benzo-g-pyrones. The basic
structure of coumarin consists of a phenyl group fused
with an oxazole ring; both rings are susceptible to
functionalization. However, functional group addition in
phenyl group has more attractive and chemically acces-
sible.

Literature survey reveals that coumarins behave as
effective anti-coagulants?, antibacterial agents3-7, antifun-
gal agents®-10, biological inhibitors!!, chemotherapeu-
tics!213 and also as bio-analytical reagents'4. Some of
the coumarin derivatives have been found to possess
antitumour activity!3-17, cytotoxicity!8-1% and antioxidant
activity?0-22, There are instances where coumarin ana-

logs have been described as inhibitors of cyclooxygenase,
a key enzyme involved in inflammation process?3. Inter-
estingly, coumarins have an inhibitory effect on DNA
gyrase and have been shown to be linked to antihuman
immunodeficiency virus (HIV) activity!. Coumarin nucleus
and related derivatives?* have exhibited antithrombotic
and vasodilatory activities?4-25, antimutagenic activity?0,
lipoxygenase and cyclooxygenase inhibition?”-28, scav-
enger of reactive oxygen species?? and anti-tumourigenic
behaviour3%-3!, Coumarins have been used in the treat-
ment of lymphedema32. Various other medicinal applica-
tions of metal complexes of coumarins33-34 have been
reported. In fact, the biological activities of some cou-
marin derivatives have been shown to be enhanced sig-
nificantly due to binding with metal ions33.36,

Recently, the fluorescent method of detection has be-
come very popular in the fields of biological, clinical
diagnosis and environmental research due to its opera-
tional simplicity, high selectivity, sensitivity, rapidity, non-
destructive methodology and direct visual perception.
Moreover, coumarin derivatives are frequently encoun-
tered as signaling units in sensors and in sophisticated
photo-physical systems®. It was reported that this arez of
application has related to the molecular electronic struc-
ture of coumarins3? accordingly the electronic structure
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of a large number of coumarin derivatives have been in-
vestigated by combination of experimental and theoreti-
cal methods38 including UV photoelectron spectra (UPS),
UV-Vis spectroscopy and semi-empirical MO calculations.
The main conclusions of these studies indicated that the
excited electronic states of coumarins, which are respon-
sible for luminescent properties have high density in the
vicinity of S!. In addition, the propensity for inter-system
crossing to T2 or T3 states further complicates analysis of
fluorescent behavior and that the positions of absorption
maxima are affected by the nature and position of sub-
stituents. Electronic releasing substituents (amino,
methoxy) in 3- or 7-position induce not only bathochromic
shifts of the longest wavelength absorption maxima, but
also enhance band intensity (in absorption and fluores-
cence). The opposite is true for substituents in 6- or 8-
position. The m-electron charge densities in the ground
and excited states were also investigated®. The consen-
sus was that in the X state there is an increase in charge
density on carbonyl oxygen with concurrent depletion of
the same at the ring oxygen. In 7-substituted derivatives
an enhancement of charge density within the benzene ring
occurred, while the carbonyl oxygen experienced no net
effect. In the first state a noticeable m-density transfer
from the carbonyl oxygen to the pyranone ring appeared.
In the second state, the m-density transfer took place from
the benzene to the pyranone ring with negligible change
at the CO group. The fluorescent properties of coumarins
would naturally suggest the use of higher solution fluo-

ence spectroscopy for studying details of the impor-
tant excited states®. Coumarins, with the structure of
benzopyrone, have many advantages including high fluo-
rescence quantum yield, large Stokes shift, excellent light
stability and less toxicity. Therefore coumarins have been
widely used in the fields of biology, medicine, perfumes,
cosmetics and fluorescent dyes. Coumarin derivatives have
been used as cation/anion sensor*?, phosgene probe*! and
possess interesting luminescent properties42. They have
also been used for monitoring the polarity and micro-
viscosity of the environment in various simple, mixed or
ionic solvents?3:44,

Coumarins are an important class of oxygen hetero-
cycles, widespread in the plant kingdom*. Possession of
their diverse pharmacological properties* has created a
lot of interest in recent times. 4-Methyl coumarin deriva-
tives have been found to possess choleretic, analgesic,
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anti-spermatogenic, anti-tubercular and diuretic proper-
ties*748. Coumarin Schiff bases are known as antioxidant
and anti-inflammatory agents, being scavengers of reac-
tive oxygen species (ROS). The o-dihydroxy substituted
coumarins have been proved to be excellent radical scav-
engers#®. Aminocoumarins like clorobiocin and novobio-
cin, due to their antibiotic properties, have clinical use
(Albamycin; Pharmacia-Upjohn) and are used for the treat-
ment of infections with multi-resistant Gram-positive bac-
teria, e.g. Staphylococcus aureus. Studies on the struc-
ture activity relationships have revealed that the presence
of substituted thiocarbonylmercaptoacetylamino deriva-
tives is the cause of their pharmacological activities. Syn-
thesis of coumarin and their derivatives have attracted
considerable attention from organic and medicinal chem-
ists for many years, as a large number of natural products
contain this heterocyclic nucleus. They are important in
many fields of everyday life. Coumarins are used as ac-
tive components in the formation of pesticides, additives
in food, cosmetics, and pharmaceuticals5°, optical bright-
eners®!, and dispersed fluorescent and laser dyes>2. They
are also used as sweetener, fixative of perfumes, enhancer
of natural oils, odour stabilizer in tobacco and an odour
masker in paints and rubber. Coumarins have been syn-
thesized by several routes including Pechmann, Perkin,
Knoevenagel, Reformatsky>> and Wittig>* reactions.
Coumarin is rapidly absorbed by the body following
administration, either orally or topically>®. In humans
and baboons, cytochrome P450 isoenzyme CYP2A6 forms
7-hydroxycoumarin (umbelliferone), via catalysis of cou-
marin®®. Coumarin, a weekly fluorescent molecule, turns

into highly fluorescent 7-hydroxycoumarin in the pres-
ence of aqueous OH radicals®’.

Three classes of coumarin derivatives, namely
aminocoumarins, hydroxycoumarins and aldehydo-
coumarins have been commonly used in the design and
syntheses of functionalized coumarins. Aminocoumarins
and hydroxycoumarins being highly fluorescent; are used
as optical brighteners and fluorescent probes8:59. 7-
Aminocoumarins have been widely used as blue laser
dyes® and fluorescence probes in many chemical and
physicochemical studies®!. Since the early seventies of
the last century, coumarins have been used as medicinal
drugs for the treatment of different diseases (e.g. edema,
cancer, infections, chronic fatigue syndrome).
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In the present review, an exhaustive study on the lit-
erature of coumarins (Fig. 1) and their derivatives has
been made in terms of their multipurpose activities, with
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Fig. 1. (a) Relative number of reports (%) on coumarin deriva-
tives during the time period from ~2004 to 2011 as (a)
fluorescent probes, (b) cation sensors and (¢} number of

research articles published each year on the application of
coumarin derivatives.

special emphasis on their applications as fluorescent sen-
sors for cations, anions, amines and arnino acids, biothiols,
pH, chemical warfare agents, proteins, hydrogen perox-
ide, hydroxyl radicals, polymerization and polymeric
micelles, enzymes, DNA and RNA.

Coumarin derivatives as fluorescent sensors

Fluorescent chemosensors are usually made up of three
components viz. receptor; fluorophore and a spacer to
link them together (Fig. 2). A typical fluorescent
chemosensors contains a receptor (the recognition site)
linked to a fluorophore (the signal source) which trans-
lates the recognition event into the fluorescence signal.
An ideal fluorescent chemosensor must meet two basic
requirements firstly, the receptor must have the strongest
affinity with the relevant target (binding-selectivity); sec-
ondly, the fluorescence signal should avoid environmen-
tal interference (signal-selectivity), such as photobleaching,
sensor molecule concentration, and stability under illu-
mination. The signal of a fluorescent chemosensor is usu-
ally measured as a change in fluorescence intensity, fluo-
rescence lifetime, or a shift of fluorescence wavelength.
Chemosensors of photoinduced electron transfer (PET)
and intermolecular charge transfer (ICT) mechanisms have
been used frequently. For a PET chemosensor, a
fluorophore is usually connected via a spacer to a recep-
tor containing a relatively high-energy non-bonding elec-
tron pair, such as nitrogen atom, which can transfer an
electron to the excited fluorophore and as a result quench
the fluorescence, giving rise to a turn off fluorescence
sensor. When the electron pair is bound by coordination
of a cation, anion, amino acid and other organic mole-
cules, the redox potential of the receptor is raised so that
the HOMO of the receptor becomes lower in energy than
that of the fluorophore. Thus, the PET process from the
receptor to the fluorophore is blocked and the fluores-
cence is switched on, giving rise to a turn on sensor.
Ratiometric measurements, i.e. the observation of changes
in the ratio of the intensity of the absorption or the emis-
sion at two wavelengths, have also been used to increase
the signal-selectivity. The ICT mechanism has been widely
used in the design of ratiometric fluorescent chemosensors.
When a fluorophore, without a spacer, is directly con-
nected to a receptor (usually an amino group) to form a
n-electron conjugation system with electron rich and elec-
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tron poor terminals, then ICT from the electron donor to
receptor would be enhanced upon excitation by light.
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Fig. 2. Chemosensors based on the binding site-signaling subunit
approach.

The follwing sections of this article illustrate the im-
mense variety of coumarin based fluoroionophores that
have been designed for cation, anion, amino acid and
other organic molecules, recognition. The terms, ‘turn
on’ and ‘turn off” fluorescent sensors have been employed
according to the nature of the photoinduced processes,
photoinduced electron transfer like as photoinduced charge
transfer, excimer formation or disappearance.

Coumarin derivatives as cation sensors

Fig. 3 shows coumarin derivatives as cation sensors.
The fluorescent chemosensors have served as useful tools
in sensing metal ions in various biologically important
species. Probe (1) contains an aza-thio macrocycle ring
as the chelating unit, which has great affinity for soft
metal ions, whereas (2) is a parent species without mac-
rocyclic unit. Both are highly selective toward cations of
Ag™*, Pd®*, and Ni?™* ion%2. Two coordination patterns
involving one or both carbonyl groups were proposed for
the coordination of hard metal ions (e.g. Li*, Nat, K%,
Ca?* or Mg?*) with an analogous coumarin-bearing
macrocycle.

Na*, K* and Li* sensor :

Kele et al. have synthesized cryptand-based PET sen-
sors (5) and (6) by interaction of an aza-crown with a
methylene spacer of 4-coumaryl group®3. The cavity of
these probes fitted well for K* and Na*, enabling easy
detection by fluorescence enhancement method in metha-
nol. Coumaryl PET sensors were able to detect saxitoxin
(a marine toxin produced by dinoflagellates and several
blue-green algae species) in water, selectively over so-
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dium and potassium ions; where as other metal ions had
no effect. Another fluorescent macrocyclic compound
synthesized by Blackburn et al. consisted of monoaza-12-
crown-4, attached with nitrogen to the 7-position of a
coumarin ring (7). The sensor effectively detected Li*
by showing large hypsochromic shift in acetonitrile giv-
ing rise to turn on fluorescence®* and exhibited 0.04 quan-
tum yield.

Ca’* and Mg?* sensor :

The C=N isomerization was the predominant decay
process of the excited states for compounds with an
unbridged C=N structure so that those compounds were
often nonfluorescent. In contrast, the fluorescence of its
analogues with a covalently bridged C=N structure in-
creased dramatically due to the suppression of C=N
isomerization in the excited states. Therefore the C=N
isomerization was applied in the design of chemosensors
for metal ions. The binding of metal ions by the C=N
group would stop the isomerization, and a significant fluo-
rescence enhancement has achieved.

Following this strategy, Ray et al. designed a cou-
marin derivative (8) where, interaction of the nonfluo-
rescent probe with Mg2*, stopped the C=N isomeriza-
tion resulting in strong red high-intensity 550-fold fluo-
rescence emission®5. Mg2+ was highly selective over other
alkali metals in acetonitrile solvent. The probe exhibited
high fluorescence quantum yield (0.176). Taziaux ez al.
reported that the probe (9) and (10) has shown the
rigidification of the complexing cavity of by incorpora-
tion of benzo groups greatly improved the selectivity of
detection of the alkaline-earth cations versus Lit. Addi-
tion of benzo groups to the complexing cavity also in-
creased the gap between the absorption maxima of the

Mg2* and Ca2* complexesS6.

Two coumarin salen-based sensors (11) and (12) syn-
thesized by condensation of o-phenylenediamine and (R,R)-
1,2-diaminocyclohexane with 8-formyl-7-hydroxyl-4-me-
thyl-coumarin via a nucleophilic addition elimination re-
action. Which are exhibited 36-fold and 111-fold fluores-
cence enhancements respectively toward detection of Mg2*
ion under Na™* triggered synergistic effect’. The color
of probe (11) was bright green instead of weak yellow
after the addition of Mg2+ and Na+ together, which are
easily detected by the naked eye. They have been used to
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develop AND and INHIBIT logic gates. Coumarin-based
two-photon probe (13) is developed for the detection of
free Mg2* ions in living cells and living tissues. The
probe is excited by 880 nm laser photons, emits strong
two photon excited fluorescence in response to Mg2+
ions®. Another Schiff base (14), without two-photon ac-
tivity in the wavelength range 760-860 nm, exhibited
large two photon absorption as well as emission in the
presence of Mg2+ 69 Whereas coumarin based another
chromoionophore (15) implemented in a transparent mem-
brane has used as an optical one-shot sensor for Mg2+ 70,
Moreover, coumarin-derived fluorescent molecular probes
(16) and (17) are used for highly selective detection of
Mg?* versus Ca?* by means of monitoring the absorp-
tion and fluorescence spectral change”.

A coumarin-based signaling unit was coupled directly
to amine functionality with ONO-donor set having pen-
dant ester functionality to prepared diethyl-2,2’-(3-nitro-
2-oxochroman-4-ylazanediyl)diacetate (18). This probe
showed significant turn on fluorescence upon binding to
Ca?* and Mg?* ions in acetonitrile solution’2. Other
alkali/alkaline earth/lanthanide and certain transition metal
ions have no effect. Involvements of both ICT and PET
processes were responsible for this turn on effect.

AB* sensor :

Boc deprotected pyrrolidinyl-triazolyl-bipyridine moi-
ety coupled with coumarin-3-carboxylic acid produced
an APP* sensor (19), where the cation coordinating sites
of the triazole ring together with the bipyridyl moiety
served as an ionophore’3. Fluorescence enhancement
occurred due to photoinduced electron transfer (PET) sup-
pression with high sensitivity in the presence of AP+
(1 : 1 stoichiometric complexation) binding to the
bipyridyl-triazolyl moiety. The coumarin-bipyridyl
chemosensor exhibited a high association constant with
submicromolar detection for the aluminum ion. Arduini
et al. reported a FRET based AR sensor (20), synthe-
sized by the interaction of coumarin 343 and 3,5-bis(o-
hydroxyphenyl)-1,2,4-triazole substituted with benzoic acid
via an ethylene spacer’4. This chemosensor operates with
an innovative FRET-based amplification and chelation
enhanced fluorescence (CHEF) mechanism and was able
to recognise high affinity, selectivity, nanomolar detec-
tion of AI3* ion.

JICS-2

Cr+ sensor :

Recently, our group reported, a facile synthesis of an
efficient fluorescent probe (21) for trace level selective
determination of Cr3* in acetonitrile solution”>. Probe is
exhibited strong binding affinity towards Cr3* and was
almost free from interferences of common accompanying
common alkali, alkaline earth and transition metal ions.
Speciation studies have been performed in a very lucid
and fast way. Finally, probe is used as detect trace level
Cr3* in living cells under fluorescence microscope.

Fe3* sensor :

Squarate hydroxamate-coumarin conjugate (22) is de-
signed as a CHEF-type sensor for Fe3*. Due to a PET
process, probe possesses a low fluorescence yield but
upon exposure to Fe3t, an irreversible 9-fold fluores-
cence intensity increase is observed as the result of an
oxidation/hydrolysis reaction’®. Coumarin derivative (23)
exhibited high selectivity for Fe3* and the selectivity has
not affected by the presence of representative alkali met-
als, alkali earth metals and other transition metal salts””.
Mugineic acid coumarin derivative (24) was synthesized
by click chemistry acts as a fluorescent probe for
Fe3* 78, Coumarin-based hexadentate fluorescent probes
for selective quantification of Fe3* have also been de-
signed and synthesized79. Two novel fluorescent probes,
(25) and (26) developed by Liu e al., were quenched at
380 nm to a greater extent by Fe3* compared to Mn**,
Co?*, Zn?+, Ca2*t, Mg2*, Cu?*, Na¥ and K*. These
probes are highly selective for tribasic cations and will
not suffer interference from physiological levels of diba-
sic cations such as Zn?*, Mg2* and Ca’?*. Quantum
yields of the compounds were 0.036 and 0.182 respec-
tively80,

Ni2* sensor :

Chattopadhyay et al. reported that a new coumarin
based fluorophore 7-hydroxy-4-methyl-8-(4’-methyl-
piperazin-1’-yl)methylcoumarin (27), an interesting in-
tramolecular photoinduced proton transfer (PET) phenom-
enon and chelation-enhanced fluorescence (CHEF) for
sensing Zn?* and Ni?* in water under neutral pHS!.
Solvatochromic shift in the fluorescence spectrum revealed
an increase in the dipole moment in the lowest excited
singlet state compared to that in the ground state. Fluo-
rescence intensities increased to 10-fold and 7-fold upon
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binding of this probe with Zn?* and Ni2* respectively.

Cu?* sensor :

Coumarin bearing dihydrazones derivative acts as a
turn-on fluorescent probe (28) for Cu?* 82 Biscoumarin
(29) linked by a C=N double bond is highly sensitive
and selective to Cu2* and the fluorescent sensing mecha-
nism is based on C=N isomerization®3. Nonfluorescent
coumarin derivative (30) was synthesized as an efficient
turn-on fluorescent chemodosimeter for Cu?* in water.
Mechanism studies suggest that the sensor forms a com-
plex with Cu?* in a 1 : 2 metal-to-ligand ratio, and 2 50-
fold fluorescence enhancement was observed when the
complex simultaneously undergoes Cu?*-promoted hy-
drolysis®. Probe (31) was a highly effective turn-on fluo-
rescent sensor that was catalytically hydrolyzed by Cu?*
leading to a large increase in the fluorescence intensity®3.
Another sensor (32) was highly selective for Cu?* over
biologically relevant alkali metals, alkaline earth metals
and the first row transition metals80. Sensor (33) relies
on a coumarin-tagged ligand that selectively binds Cu?+
over other biometals to induce fluorescence quenching,
which is subsequently relieved upon UV irradiation to
provide the turn-on response®’. Studies on interaction of
phosphorus-supported multidentate coumarin-containing
fluorescent sensors (34) and (35) with various transition
metal ions reveal substantial fluorescence enhancement
upon interaction with Cu?* enabling a selective detection
mechanism for Cu2* 88, Due to complexation with Cu?*
isomerization of both compounds were completely hin-
dered and lone pairs on imino nitrogen were engaged to
metal ion coordination. Fluorescent biscoumarin (36)
linked by a piperazine unit shows high selectivity towards
Cu?* 89 For chemosensor (37) the mechanism of fluo-
rescence is based on ICT, which is modified by the intro-
duction of an electron-donating diethylamino group mak-
ing it chromogenic and increasing the binding affinity®0,
Rationally designed iminocoumarin fluorescent sensor (38)
displays high selectivity for Cu?* over a variety of com-
peting metal ions in aqueous solution with a significant
fluorescence increase®!. The ‘turn-on’ fluorescence origi-
nated due to hindrance of the electron transfer reaction
(PET) of the nitrogen lone pair upon complexation with
Cu?* and restricted C=N isomerization process. An-
other sensor (39) appending 2-picolylamide enables effi-
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cient tridentate complexation for Cu2+ in preference to a
variety of other common heavy and toxic metal ions 92,

Kim et al. introduced coumarin 334 and hydrazones
derivative as a highly effective turn-on fluorescent sensor
(40) with strong fluorescence enhancement in the pres-
ence of paramagnetic Cu?* ions in aqueous solutions®3.
It was catalytically hydrolyzed by Cu?™*, and the catalytic
process induced a large increase in the fluorescence in-
tensity, due to amplification of the fluorescence signal.
The detection limit was 100 nM in aqueous solution.

Sheng er al. developed a coumarin-based colorimetric
chemosensor (41), which was synthesized by coupling
coumarin aldehyde with diaminomaleonitrile to form a
Schiff base structure®®. The enhanced intramolecular
charge transfer of the probe was responsible for good
sensitivity and selectivity and naked eye detection for the
Cu?™ ion over other transition cations, alkali and alka-
line earth metal cations both in aqueous solutions and on
paper-made test kits. A fluorometric sensor of coumarin-
appended calixarene in aqueous medium was reported by
Quang et al., where two nitrogen atoms and two of four
oxygen atoms at the lower rim of calixarene of the probe
(42) formed square planar complex with Cu?* 93, Quench-
ing of fluorescence was explained either by an electron
transfer (eT) or an electronic energy transfer (ET) from
coumarin moieties in the excited state to these metal ions.

Cavitand (43) was synthesized from the tetrachloride
of tetrahydroxy cavitand with coumarin 2 and Nal in ac-
etonitrile®®. In acetonitrile-chloroform (4 : 1, v/v) excita-
tion of the coumarin fluorophore at 357 nm caused an
emission change of 200-fold for Cu?*.

Zn?* sensor :

‘ Owing to the important role of zinc, the second most
abundant transition metal in the human body, more and
more attention has been paid to development of Zn2+
specific chemosensors including coumarin-derived fluo-
rescent chemosensors for Zn?* ions. Study on the sen-
sory capabilities of two novel di(2-picolyl)amine (DPA)-
substituted coumarins (44) and (45) shows that the varia-
tion of the point of attachment of the DPA group to the
coumarin framework. The 4-substituted system (44) is a
chelation-enhanced fluorescence (CHEF)-type sensor
which shows a significant increase in fluorescence inten-
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sity upon Zn** binding, whereas the 3-substituted cou-
marin (45) is a ratiometric sensor?’. Coumarin Schiff
base (46) acts as a turn-on fluorescent chemosensor for
Zn?* jons?®. Another probe (47) exhibited large two-
photon absorption as well as emission in the same wave-
length range® in the presence of Zn2™*. In coumarin Schiff
base (48) the fluorescence quenching is dominant because
of the nitrogen lone pair orbital contribution to the exci-
tation. Upon Zn?* coordination this probe shows a sig-
nificant fluorescence enhancement due to the blocking of
the nitrogen lone pair orbital by metal coordination®®. A
series of coumarin-based fluorescent probes (49-52) for
detecting Zn?™ with high affinities show the ratiometric
fluorescent properties!®. Fluorescence emission was en-
hanced due to presence of 7-hydroxy groups at the cou-
marin moieties and 8-positions were blocked by the
dipicolile amine (DPA) derivative. Turn on properties
increased when substituents were incorporated at 6- and/
or 3-position. Another series of coumarin-derived
chemosensors (53-56) belong to the CHEF-type and have
been showed to be competent for detecting zinc pools in
cultured rat pituitary (GH3) and hepatoma (H4IIE) cell
lines'®!. Another coumarin Schiff base (57) is a highly
sensitive and selective fluorescent probe for Zn2* in tet-
rahydrofuran (THF)!92, Coumarin (58) is a fluorescent
sensor for Zn?* and exhibited lower background fluores-
cence due to intramolecular PET but upon mixing with
Zn** in aqueous ethanol, a turn-on fluorescence emis-
sion is observed!93, Recently it was reported that a
biscoumarin linked by bi-thiazole acted as a colorimetric
receptor selectively for Zn2+ 104,

Wu et al. designed a nonfluorescent coumarin deriva-
tive (§9). This probe has shown isomerization of the C=N
double bond in the excited state!93. However, the CH;CN
solution of this probe showed about a 200-fold increase
of fluorescence quantum yield upon addition of Zn*
leading to a red-shift in emission from 500 to 522 nm
(Aex = 450 nm).

(F-S)5-R configuration (where F is fluorophore, S is
CH, spacer and R is receptor unit) of the Tris-methoxy
coumarin derivative of a cryptand!% showed intramo-
lecular PET from the receptor nitrogen atoms of the
cryptand moiety to the coumarin units, thus reducing the
fluorescence quantum yield and lifetime of coumarin in

the ligand (60). Turn on fluorescence was observed in
presence of protons and Zn2* ion in dry THF medium,
while Cul! and Co'! quenched the fluorescence. PET ef-
fect due to the presence of protons induced a greater
enhancement of emission intensity. Interestingly this ligand
exhibited room temperature phosphorescence (RTP) apart
from exhibiting PET.

Cd?* sensor :

Recently, Taki et al. reported a coumarin-120 deriva-
tive as a water-soluble and ratiometric fluorescent
chemosensor (61) for Cd2* based on the 7-amino-4-me-
thyl-1,2-benzopyrone with derivative of N,N,N',N'-tetrakis
(2-pyridylmethyl)ethylenediamine (TPEN) receptor!07.
Upon addition of Cd2*, a decrease in the absorbance
band and a concomitant increase a new band at 333 nm
were observed with a distinct isosbestic point at 340 nm.
A significant hypsochromic shift of 23 nm of the absorp-
tion wavelength indicates coordination of the 7-amino
group 10 Cd?* to form the nonplanar structure. The ab-
sorption bands at 356 and 333 nm linearly decreased and
increased, respectively, up to 1 : 1 stoichiometry. The
binding of Cd?* resulted in a bathochromic shift of the
emission maximum of only 4 nm; this wavelength shift is
much less than that observed in the absorption titration.
The quantum yields of the free ligand and its Cd?* com-
plexes were 0.59 and 0.70 respectively. The probe could
be applied for the detection of trace level Cd>™ in living
mammalian cells.

Pb2t sensor :

A coumarin based fluorescent photoinduced electron
transfer cation sensor 4-[(bis(pyridin-2-ylmethyl)amino)-
methyl]-7-methoxychromen-2-one (62) was capable of
indicating the presence of Zn2*, Cd2* and Pb2™ ions by
turn on fluorescence!%®. The extinction coefficients (g)
of Zn2*, Cd2t and Pb?* complexes were found to be
9434, 9832, 11977 cm™! M~! respectively.

Another fluorescent chemosensor (63) as based on a
coumarin-crown ether conjugate exhibited a high affinity
and selectivity for Pb?* 19% Other hand, coumarin dyes
(64-66) seem to fulfill most of the criteria required for
intracellular lead indicators, as they exhibited high selec-
tivity for Pb2+ 110, on competition studies and fluores-
cence experiments show that a fullerene-coumarin dyad
was selective for Pb2+ complexation!!!.
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Ag™ sensor :

Tsukamoto et al. developed a coumarin based probe
(67) with an N’-acetylthioureido group as a novel fluo-
rescence switch for detection of Hg?+ and Ag* 112, A
hydrogen bond was formed between the N-hydrogen and
the acetyl O atom markedly increases the susceptibility of
the probe toward desulfurization by Hg?* and Ag*. Fluo-
rescent probe (67) for Hg2* and Ag* have ppb-levels
detection limits, a high selectivity over other metal ions,
a high miscibility of the DMSO stock solution in aqueous
media, a wide working pH range, and a feasible prepara-
tion.

8-Alkyl thiourido-7-ethoxy-4-methyl coumarin deriva-
tives were synthesized by Al-Kady et al.113, The probe
(68) exhibited about 5-12 fold turn-on fluorescence upon
complexation with Hg2*, Ag*, and Ag nanoparticles by
chelation enhanced fluorescence or (CHEF). Activation
energy of the Ag* complexes was twice of the Hg2*
complexes. It was quite selective for both Hg2 *and Ag*
jons, others metal ion like Fe3*, Co?*, Ni2+, Cu2t,
Zn?+, Cd?*, La3*, and Ce3* did not interfere. The
probe has induced by silver nanoparticles in the picomolar
(pM) concentration ranges.

A highly sensitive and selective fluorescent
chemosensor (69) for Ag* based on a coumarin-Se,N
chelating conjugate is developed. Due to inhibiting a PET
quenching pathway, a fluorescent enhancement of 4-fold
was observed under the binding of the Ag* with a detec-
tion limit down to the 10-8 M range!!4. Coumarin (70)
and (71) were highly silver ion selective fluorescence
ionophores!!5. By a microwave-assisted dual click reac-
tion, fluorogenic 3-azidocoumarin has rapidly introduced
onto a 3,4-dipropargylglucoor galactosyl scaffold with
restored fluorescence. Subsequent desilylation leads to
water soluble sugar-bis-triazolocoumarin conjugates which
are applicable toward selective Ag* detection in aqueous
media via fluorescence spectroscopy!!6.

Hg?* sensor :

Recently, our group reported, a Hg?* sensitive turn-
on fluorescent sensor (72) by blending vanillin with cou-
marin!!7, Quantum yield of the probe and its mercury
complexes were 0.162 and 0.372 respectively and detec-
tion limit of the sensor was 1.25 X 107 M in aqueous
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methanol solution. Mercuration assisted restricted rota-
tion of the vanillin moiety and inhibited photoinduced
electron transfer from the O, N-donor sites to the cou-
marin unit are responsible for the enhancement of fluo-
rescence upon mercuration of sensor. It was used for
imaging the accumulation of Hg?* ions in Candida
albicans cells.

Voutsadaki was developed a water soluble, fluores-
cent ion probe (73) with high selectivity for Hg2* ions
was designed and synthesized via a short and high yield
synthetic procedure. This sensor showed a twenty nine
fold fluorescent enhancement on binding to Hg?* 18,
Quantum yield of the free and Hg2* complexes were
0.015 and 0.43 respectively. Here Hg?* ion coordinate
with the sulfur atom with elements of the macrocycle
system. This spatial arrangement prevents the Hg?* ion
from coordinating with the aminocoumarin nitrogen, there-
fore depleting the PCT effect and initiating the PET pro-
cess. This fluorescent probe behaves as a potential tool
for the detection and quantification of mercury in envi-
ronmental and biological samples.

The recognition mechanisms of these chemosensors
mainly involve photoinduced electron transfer (PET), in-
tramolecular charge transfer (ICT), fluorescence resonance
energy transfer (FRET), coordination, and desulfuriza-
tion. For instance, the fluorescence detection of (74) upon
Hg2* addition is promoted by a Hg2* induced desulfur-
ization of the thiourea moiety, leading to a decrease in an
ICT character of the excited-state coumarin moiety!!%.
Coumarin-thiazolobenzo-crown ether based chemosensor
(75) has been developed for Hg2+ ions that utilizes the
strong coordination of Hg?* ions on the crown oxygen
and thiazole nitrogen. The complexation of Hg?* dis-
rupts the ICT from the oxygen donor to the coumarin
fluorophore resulting in blue-shift in absorption and
quenching of the fluorescence!2?. The fluorescent
ratiometric Hg?* ion sensor (76), based on a coumarin
platform coupled with a tetraamide receptor, can specifi-
cally detect Hg2* ions through the ICT mechanism!2!.
Fluorescein-coumarin chemodosimeter (77) for signaling
Hg2* jons are designed based on FRET arising from the
interaction between a pair of fluorophores!22, Rhodamine-
coumarin conjugate (78) was developed as a probe for
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Hg?* ions. The fluorescence response to Hg?™ ions is
attributed to the 1 : 1 complex formation between probe
(79) and Hg2* 123, Lee et al. developed another fluores-
cent coumarinylalkyne probe (80) for the selective detec-
tion of Hg2+ ion in water. Chemosensor (81) based on
the coumarin thiosemicarbazide displays a selective fluo-
rescence enhancement for Hg2+, which is attributed to
the transformation of thiosemicarbazide unit to 1,3,4-
oxadiazoles via Hg?*-induced desulfurization reaction in
aqueous media!24. Coumarinyldithiane (82) and
thiocoumarin (83) selectively sense Hg2* also due to the
Hg2*-induced desulfurization reaction!2, Another two
Hg2*- selective chromogenic and fluorogenic
chemodosimeter (84) based on thiocoumarins!2® and

: Multipurpose applications of coumarin derivatives with special emphasis on the fluorescent probes

iminocoumarin-based!?” Hg?* ion probe (85) was re-
ported. Probe (86) belongs to the turn-on class of sen-
sors, functioning via a PET process!28.

Coumarin derivatives as anion sensors (Fig. 4)
Pyrophosphate and citrate anion sensor :

A single reference on the pyrophosphate and citrate
sensitive sensors of coumarin was reported by Mizukami
et al. where the Cd2* complex of the receptor (87), de-
tected the anions in aqueous neutral solutions (pH 7.4)129.
Cd%* was coordinated by the four nitrogen atoms of cyclen
and the aromatic amino group of coumarin. When anions
were added to solutions of Cd-complexes, the aromatic
amino group of coumarin was displaced causing changes
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in its fluorescence spectrum. Pyrophosphate and citrate
anions were detected with high sensitivity, while fluoride
and perchlorate had no significant response. Four nucleo-
tide monophosphates, AMP, GMP, CMP, and UMP, were
added to solutions of Cd-complexes. GMP caused fluo-
rescence quenching due to PET effect, whereas the other
nucleotides caused red shift of the fluorescence band. On
the basis of the fact that addition of cyclic AMP scarcely
changed the fluorescence spectrum of Cd-complexes. This

phosphodiesterase catalyzes the conversion of cyclic AMP
to AMP. The activity of phosphodiesterase cleaved cy-
clic nucleotide and monitored in real-time.

CI- sensor :

Miyaji ez al. introduced a CI- and Na* sensitive sen-

sor, where the strapped calix[4]pyrrole (88) was attached
with the coumarin moiety!30. In the presence of an ex-

cess of NaPFg, the cation (Na*) interacted with the lone
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pair of the oxygen atoms present in the coumarin moiety
causing an enhancement of fluorescence intensity in dry
acetonitrile. It inhibited the PET quenching process and
served to increase the fluorescence intensity in accord
with the switching model. Fluorescence intensity was
controlled by the dual “input parameters” of cation and
anion; the added cation (Na*) “switches on” the signal,
generating a high intensity state, whereas the anion (CI")
“switches off” the signal, producing a low intensity state.

CN- sensor

Lee et al. designed Co?*-salen based fluorescent sen-
sor (89) which recognized CN™ by turn on fluorescence!3!.
This probe displayed fluorescence enhancement upon the
addition of cyanide owing to the interruption of photoin-
duced electron transfer from the coumarin fluorophore to
the Co?™* ion. Addition of cyanide anions caused an al-
teration in HOMO and LUMO energy levels leading to a
significant change in the fluorescence intensity of the com-
plex by blocking the photoinduced electron transfer path-
way. Micromolar dissociation constants were estimated.

Coumarin-spiropyran conjugate (90) is a highly sensi-
tive chemosensor for CN~ and shows a CN- selective
fluorescence enhancement under UV irradiation!32. An
indole conjugated coumarin (91) for KCN chemodosimeter
displays considerable dual changes in both absorption
(blue-shift) and emission (turn-on) bands exclusively for
KCN. The fluorescence enhancement of the cyanide-com-
plex is mainly due to blocking of the ICT process'33.
Doubly activated coumarin (92) acts as a colorimetric
and fluorescent chemodosimeter for cyanide has been done
by Kim et al.134. A simple aldehyde-functionalized cou-
marin (93) has been utilized as a doubly activated Michael
acceptor for cyanide!35. Coumarin-based fluorescent
chemodosimeter (94) with a salicylaldehyde functionality
as a binding site has shown selectivity for cyanide anions
over other anions in water at biological pH'36.

F~ sensor :

Lee et al. designed a new F~ selective fluorescence
chemosensor, i.e. calix[4]triazacrown-5 (95) which was
prepared by the interaction of two pyrene amide groups
and one coumarin amine gr_oup137. This sensor excited at
343 nm, displayed the exciplex fluorescence at 425 nm.
The probe displayed fluorescence enhancement due to H-
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bonding between the azacrown unit and the two pyrene
amide groups. Complexation of F~ with the probe
quenched the fluorescence causing a decrease in exciplex
emission at 425 nm as a-result of PET effect and confor-
mational change. The coumarin amine group together with
an azacrown unit was responsible for behaving as a selec-
tive F~ sensor. Two coumarin signaling units and two
amido groups interacted to form a novel PCT (photoin-
duced charge transfer) chemosensor calix[4]arene-based
anion sensor (96), which was applied for selective detec-
tion of F- ion!3%. Fluorescence emission of this probe
was due to H-bonding followed by deprotonation of NH-
amide groups. Interference from other anions (e.g. Cr,
Br-, I, HSO,~, CH;CO,", HyPOy") is almost negligible.
So, it was considered as a potential fluorescent
chemosensor for F~.

Recognition and detection of fluoride, the smallest
anion with unique chemical properties of growing inter-
est. Coumarin derivative (97) has been developed as a
fluorescent probe for detection of F~ ion in water and
bioimaging in A549 human lung carcinoma cellslég. A
simple, highly selective, and sensitive fluoride
chemosensor (98) based on the specific affinity of fluo-
ride anion to silicon in organic and aqueous media!“0.
Coumarin-derived chemosensor (99) showed an obvious
color change from yellow to blue upon addition of F~ ion
with a large red shift of 145 nm in acetonitrile!4!. Cou-
marin-based hydrazone (100) showed as an ICT probe
for fluoride ion in aqueous medium!42. Coumarin-based
system (101) has been developed as a novel turn-on fluo-
rescent and colorimetric sensor for fluoride anions!43.

NO,™ sensor :

Trace level analysis of nitrites was discussed by
Diallo!44, where nitrite ions were diazotized in acidic
medium forming a heteroaromatic primary amine of 4-
methyl-7-aminocoumarin (Coumarin 120) (102). The dia-
zonium salt was stable at room temperature and was se-
lectively isolated in the aqueous layer by extraction with
excess of unreacted Coumarin 120 with ethyl acetate.
When the probe was excited at 380 nm and 100 °C,
hydrolysis of the diazonium salt yielded a fluorescent prod-
uct, 4-methyl-7-hydroxycoumarin (4-methylumbelliferone)
at 380 nm. By these procedure levels of nitrites in water
samples as low as 10 pg L~! has easily quantified.
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Peroxyoxalate sensor :

Shamsipur et al. group reported bis-(2,4,6-
trichlorophenyl)-oxalate-hydrogen peroxide system in the
presence of 7-amino-4-trifluoromethylcoumarin (103) has
shown quenching effect'43. From Stern-Volmer plot kQ
of the probe was 1.07 x 1073 M~! in the quencher con-
centration range of 1.52 x 104 - 1.36 x 1073 M. There
was investigated the linear correlation between the decay
rate constant of the resulting chemiluminescence and the
quencher concentration.

Coumarin-based fluorescent probes (104-107) with sali-
cylaldehyde functionality as recognition unit have been
developed for selective detection of bisulfite anions in
water!46. Another highly selective and sensitive turn-on
Schiff base fluorogenic probe (108) used for detection of
HSO," ions in aqueous solution!4’, Coumarin-based hy-
drazone (109) acts as an ICT probe for detection of ac-
etate, benzoate, and dihydrogenphosphate”g. Another
coumarin-based hydrazone (110) has been utilized as both
a colorimetric and ratiometric chemosensor for acetate
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and a selective fluorescence turn-on probe for iodide!4°.
A colorimetric and fluorescence anion sensor (111) ex-
hibited as signal unit with the urea group as binding site
and the coumarin moiety. This sensor displayed signifi-
cant fluorescence enhancement response to anions such
as acetate, because of complex formation'3?. Coumarin-
derived fluorescent chemosensors have also been used
for detection of pyrophosphate!3!, H,PO,” and
PhPO;H~ 152 and multiple anions including pyrophosphate,
citrate, ATP and ADP!33. A new Zn2+-2,2' : ¢',2"-
terpyridine complex, derivatized with a coumarin moi-
ety, acts as a fluorescent chemosensor for different bio-
logically important phosphates like PPi, AMP and ADP
in mixed aqueous medial>*. A strapped calix[4]pyrrole-
coumarin conjugate has been developed as a fluorogenic
anions (CI~, Br~ and AcO~) receptor modulated by cation
and anion binding!33.

HSO [ sensor :

Acetonitrile-water 1 : 1 v/v solutions of coumarin-

ro ououo m

103

O ON NO;

Fig. 4. Coumarin derivatives as anion sensors.
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based receptor (112) showed a weak fluorescence band at
485 nm due to the existence of a PET process involving
the lone electron pair of the imine nitrogen and the photo-
excited coumarin fluorophore!6. Addition of the HSO,~
anion to acetonitrile-water 1 : 1 v/v solutions of this probe
induced a 13-fold emission enhancement at the same wave
length that was assigned to a suppression of the PET by
the formation of hydrogen bonding interactions between
the anion and the phenolic hydroxyl and the imine nitro-
gen of the receptor. This emission enhancement was selec-
tive and the addition of F~, CI7, Br~, I", AcO", H,PO,",
NO;™ and OH™ anions induced no changes in the emis-
sion profile.

I" sensor :

A fluorescence turn-on probe, (113) for I~ based on
the redox reaction between the cupric cation and I~ was
reported!7. The authors reported that this probe resulted
in a large red-shift, from 463 to 585 nm, in the UV-Vis
spectrum while the fluorescence emission was strongly
quenched. Addition of increasing quantities of I~ to the
probe ensemble resulted in the rupture of the complex
and the solution immediately turned yellow. The system
exhibited also a drastic fluorescent enhancement at 551
nm in the presence of I". The selectivity of the probe to I-
was evaluated by studying the effect of other anions such
as F~, 047, 80,7, CO3%", HCO;5~, HPO,2, BF,~, ClO5™
or NO3~. Although Br~ and CI elicit a small fluores-
cence-enhanced response, they did not interfere with fluo-
rescence detection of ™.

Coumarin derived fluorescent chemosensors for amines,
amino acids or other organic compounds (Fig. 5)

Homocysteine and cysteine sensor :

Kim er al. designed a chemosensor (114) which had
shown a selective response to homocysteine and cysteine
over other amino acids via a ring formation of thiazinane
or thiazolidine!5®. This selectivity could be easily ob-
served in a naked eye using a fluorescence microscope.
The fluorescent intensity was completely quenched through
photo-induced electron transfer when homocysteine and
cysteine were added. The probe showed high sensitivity
even at sub-millimolar concentrations.

Cystein sensor :
Jung et al. designed a new coumarin-based
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chemodosimeter (115) which effectively recognized thi-
ols by a Michael type reaction!5%. This probe showed
turn on fluorescence for cysteine in preference over other
biological materials including homocysteine and glu-
tathione. Another sensitive and selective reversible fluo-
rescence probe (116) of coumarin-derived complex, Hg,L,
was developed by Wu er al., which was applied for de-
tection of mercapto biomolecules in aqueous solution!60,
A fluorescence OFF-ON circle could be repeated at least
10 times by the alterative addition of cysteine and Hg?*
to the solution of Hg,L,, indicating its use as a conver-
tible and reversible probe for the detection of cysteine.
Other competitive amino acids without a thiol group did
not interfere, implying that Hg,L, was selectively deter-
mining mercapto biomolecules. Confocal fluorescence
imaging in the SYSS cells revealed that L/Hg,L, was
applied to monitor the intracellular self-detoxification
process to avoid toxic intracellular uptake.

Probe (117) consists of a N, N-diethylaminocoumarin
fluorophore linked, through an o, B-unsaturated ketone,
to a pyridine ring!®!. The iow emission of this probe was
explained by the formation of a non-emissive ICT state
due to electron-donor N, N-diethylaminocoumarin to the
electron-acceptor pyridine moiety. However, addition of
Cys induced the appearance of a strong emission at 496
nm (211-fold of enhancement). This was assigned to a
1,4-addition reaction between the thiol moiety of the Cys
and the o, B-unsaturated ketone. As a consequence of this
reaction the intramolecular charge transfer was interrupted
and the fluorescence of the coumarin restored. Nearly the
same results, namely enhancement in the emission inten-
sity at 496 nm, were obtained with homocysteine (180-
fold) and with glutathione (35-fold) whereas no notice-
able changes were found in the presence of other amino
acids, metal ions, reactive oxygen species, reducing agents,
nucleosidés or glucose.

Coumarin-derived fluorescent chemosensors for other
amino acids :

Feuster et al. reported butyl-substituted coumarin al-
dehyde (118) has an excellent chemosensor for detection
of amines and unprotected amino acids in aqueous condi-
tions by formation of highly fluorescent iminium ions!62.
Boronic acid-containing coumarin aldehyde (119) binds
to primary catecholamines with good affinity and acts as
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an effective colorimetric sensor for dopamine and nore-
pinephrine with excellent selectivity over epinephrine,
amino acids, and glucose. In the fluorescence manifold,
this sensor responds differentially to catechol amines over
simple amines, giving a fluorescence decrease in response
to catechol-containing compounds and a fluorescence in-
crease with other amines'93. Coumarin-based fluorescent
functional monomers containing carboxylic acid function-
ality, (120) and (121) have been synthesized, which al-
low for the preparation of fluorescent imprinted polymer
sensors for chiral amines!®*. Coumarin aldehyde (66) has
utilized as not only a doubly activated Michael acceptor
for cyanide but also a highly selective and sensitive fluo-
rescence turn-on probe for proline!%3. Coumarin-azacrown
ether conjugate (122) has been developed as a fluorescent
probe for identifying melamine!%®. Thiocoumarin (123)
has efficiently desulfurized to its corresponding coumarin
by the reaction with mCPBA, and results in a pronounced
fluorescence turn-on type signaling. The conversion also
provides a significant change in absorption behavior which
allows a ratiometric analysis, providing a convient detec-
tion method for mCPBA in aqueous environment'®7. Poly-
mers containing 4,8-dimethylcoumarin have been devel-
oped for detection of 2,4-dinitrotoluene (DNT) and 2,4,6-
trinitrotoluene (TNT). The fluorescence quenching of these
copolymers in solution has attributed to the collisional
quenching. The response of these polymeric sensors is
promising and can easily detect DNT and TNT at few
parts per billion levels!®®. A novel kind of luminescent
vesicular chemosensors for the recognition of biologi-
cally important ions and molecules such as imidazoles
has been developed by the self-assembly of lipids,
amphiphilic binding sites, and fluorescent coumarin re-
porter dyes that are sensitive to their environment!'6%.
Two hybrid compounds (124) and (125), linked via an
ester-bond between the 7-hydroxyl residue of an
umbelliferone and a carboxylic acid residue of two
nitroxide radicals, act as fluorescence and spin-label
probes. The ESR intensities of these probes were propor-
tionally reduced after the addition of ascorbic acid so-
dium salt, and their fluorescence intensities are increased

maximally by eight- and nine-fold, respectively!70.

Acetone sensor

Sharma et al. reported a novel sensor 3-methyl-7-hy-

droxyl coumarin (126), which could be applied for the
detection of acetone in vapour or solution!”!. Stern-
Volmer constant was found to be 46.3 M. The lifetime
of the dye was reported as 3.5 ns. The reversible dy-
namic quenching was occurred due to Sy«S, (or other
higher transitions).

NO/HNO sensor :

A selective and specific turn-on fluorescent probe for
nitroxyl (HNO) was prepared by Zhou er al., which in-
cluded a coumarin chromophore and a tripodal
dipicolylamine receptor attached by a triazole bridge'’2.
When Cu?* was added to compound (127) in aqueous
solution, a dramatic fluorescence quenching was observed
(23.6-fold) due to the photoinduced electron transfer (PET)
from the coumarin fluorophore to the chelated Cu?* at
499 nm. Under physiological conditions, upon the addi-
tion of Angeli’s salt Na,N,O3, chelated Cu?* coumarin
was reduced and the Cu*t coumarin complex was formed.
which induced a 17.2-fold increase in the fluorescence
intensity compared to the blank [HNO]. The probe was
applied to bioimaging in human malignant melanoma A375
cells.

Alkaline phosphatase sensors :

A single step condensation reaction of 3-nitro-4-chloro
coumarin and 2,2’-dipicolylamine (DPA) led to a cou-
marin derivative (128). A bathochromic shift was ob-
served at 31 nm and 28 nm for turn-on luminescence
response for Zn?* and Cd2* respectively in aqueous
medium of pH 7.4!173. The fluorescence intensity of the
complex in the presence of Zn?* and Cd?* remained
unchanged in the presence of other metal ions, like Pb2+,
Hg?*t, Ni2+, Co3*, Cr3+, Fe?*, Fe?* and Cu?* in an
aqueous buffer medium which indicate that a negligible
binding of any of these metal ions to the DPA-based re-
ceptor in an aqueous environment. In the presence of
Cd2+ and Zn?*, both turn-on and turn-off assays for the
enzymatic activity of alkaline phosphatase was observed
under physiological condition.

Indole acetic acid sensor :

Jiao et al. synthesized a fluorescence carrier, 4-
allyloxy-7-aminocoumarin (AAC) (129) which had ter-
minal double bonds for preparing an optical chemical
sensor!74, The AAC based sensor was applied for indole-
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Fig. 5. Coumarin derived fluorescent probes for amines, amino acids and other organic compounds.

3-acetic acid (IAA) assay by fluorescence quenching. The
AAC sensor showed a linear response toward IAA in the
concentration range of 1.0 x 10 t0 1.0 x 103 mol L"!
with a detection limit of 9.0 X 10~7 mol L-! at pH 7.0.

Penicillin G acylase (PGA) sensor :

A novel class of water-soluble far-red emitting phe-
nol-based NIR fluorophores were prepared by coupling a
polysulfonated (benzo) indolium unit to the 3-formyl (or
the 3-cinnamyl) derivative of umbelliferone!”>. The probe
(130) showed negative solvatochromism and excited-state
intramolecular charge transfer (ICT) between the pheno-
late group (donor) and the indolium moiety (acceptor)
due to hydrogen-bonding interaction between the solvent
and the dye molecule. This hemicyanine-coumarin hy-
brid probe displayed high apparent Stokes shift (ranging
from 60 to 140 nm) and fluorescence emission maxima
between 620 and 720 nm in physiological conditions. The
sensor has applied for the detection of Penicillin G acy-
lase (PGA).

Thiol sensor

Study on fluorescent and colorimetric probes for de-
tection of thiols has received much attention and many
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coumarin-derived fluorescent chemosensors for detection
of thiols have been reported. Generally detection of thi-
ols by optical probes is based on two features of thiols;
one is nucleophilicity which is strong and other is high
binding affinity toward metal ions. Accordingly, most of
the fluorescent probes for thiols are in fact
chemodosimeters, which involve specific reactions be-
tween probes and thiols, such as Michael addition, cy-
clization with aldehyde (or ketone), cleavage of disulfide
by thiols, ‘metal complexes-displace coordination,
demetalization from Cu-complex, thiolysis of dinitrophenyl
ether, and Staudinger ligation. Fig. 6 showed thiol sensor
of coumarin derivatives. A highly selective and sensitive
ratiometric probe (131) for thiols was synthesized by
tetrakis(4-hydroxyphenyl)porphyrin and coumarin scaf-
fold!7®. This probe has low detection limit, simple visual
inspection and a large fluorescence dynamic range. A
very weak emission showed at 465 nm in aqueous (TRIS,
pH 7.4) sol of chemodosimeter (132) containing a cou-
marin fluorophore and a maleimide group!”’. This weak
fluorescence was ascribed to a photo-electron transfer
process from the double bond of the maleimide moiety to
the coumarin fluorophore. In addition of glutathione and
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Fig. 6. Structures of coumarin derived chemosensors for detection of thiols.

Cys induced a dramatic turn-on fluorescent response (470-
fold emission enhancement with glutathione) due to a
Michael addition reaction between the thiol groups and
the cis double bond in the maleimide subunit that resuits
in an inhibition of the PET process. This glutathione re-

ductase enzyme has used for selective thiol-containing
amino acids.

Probe (133) has a ratiometric fluorescent probe for
specific detection of Cys over Hcy and GSH based on the
drastic distinction in the kinetic profiles!’8. Nonfluorescent
coumarin-malonitrile conjugate (134) which has trans-
formed into a strongly fluorescent molecule through the
Michael addition and thus exhibited a highly selective
fluorescence response toward biothiols including Cys, Hcy
and GSH with micromolar sensitivity!7?. Similarly, non-
fluorescent (135) displays a highly selective fluorescence
enhancement with thiols and which has been successfully
applied to thiols determination in intracellular, in human
urine and blood samples!80, Probe (136) which has been
developed as a water-soluble, fast-response, highly sensi-
tive and selective fluorescence thiol quantification
probe!8!. Compound (137)!82 and (138)!# with a hydro-
gen bond act as highly selective ratiometric fluorescence
turn-on probes for GSH. Structure (139) which has been
judiciously designed and synthesized as a new type of
selective benzenethiol fluorescent probe based on the
thiolysis of dinitrophenyl ether'®%. Jung et al. reported
that coumarin-based chemodosimeter (140) effectively and
selectively recognizes thiols based on a Michael type reac-

tion, showing a preference for Cys over other biological
materials including Hcy and GSH!85. Iminocoumarin-Cu?*+
ensemble-based chemodosimeter (141) sensitively senses
thiols followed by hydrolysis to give a marked fluores-
cence enhancement over other amino acids based on
demetalization from Cu-comp.lexl%. Nonfluorescent cou-
marin phosphine dye (142) which reacts with S-
nitrosothiols (RSNOs) to create a fluorescent coumarin
derivative and thus has used as a tool in the detection of
RSNOs. The reaction mechanism is similar to the well-
known Staudinger ligati0n187. 7-Mercapto-4-methyl-
coumarin (143) is a reporter of thiol binding to the CdSe
quantum dot surface!88. A simple coumarin derivative
(144) which is the first fluorescence turn-on probe for
thioureas by the double functional group transformation
strategy. The probe has shown high sensitivity and selec-
tivity for thioureas over other structurally and chemically
related species including urea and thiophenol'%°. Another
simple probe (94) for not only cyanide anions but also
Hcy and Cys in water has reported by Lee et al.'0. A
new coumarin which contain zinc complex has been de-
veloped as a colorimetric turn-on and fluorescence turn-
off sensor which shown high selectivity for hydrogen
sulfide in the presence of additional thiols like Cys or
GSH'!?1.

pH and viscosity sensors

Fig. 7 showed the structures of coumarin derived fluo-
rescent chemosensors for sensing pH. Wagner192 reported
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Fig. 7. Structures of coumarin derived fluorescent pH sensors.

the chemical structures of some commonly-used pairs of
specifically-designed viscosity-dependent coumarin fluo-
rescent probes (145) (R = OH or CO,CHj) and dipolar
coumarin fluorescent probes C6 (146). The fluorescence
of these probes was strongly dependent on the polarity,
hydrogen bonding ability, pH and microviscosity or rota-
tional hindrance of their local environments. 7-
Aminocoumarins have been showed highest fluorescence
intensity in non-polar media, whereas 7-alkoxy has been
showed highest fluorescence intensity in polar media. This
opposing polarity dependence implied that a specific cou-
marin probe could be chosen to show a desired fluores-
cence change e.g. “switch on” (increased fluorescence)
and “switch off” (decreased fluorescence) behavior upon
inclusion in a specific cavity or region of a heterogeneous
system viz two photophysical non-radiative decay path-
ways, i.e. TICT and ISC. Sensor (146) was applied as
pH-sensitive probe with vastly different fluorescence
emission properties in its neutral and protonated forms.
Saleh et al. utilized a coumarin derivative (147) as pH
sensor'93 while Haidekker et al. utilized another cou-
marin derivative (148) as fluorescent molecular rotors or
fluorescent viscosity sensors!94.

Several iminocoumarin (149) derivatives (150-152)
have been synthesized as a new type of fluorescent pH
indicator. The indicators possess moderate to high bright-
ness, excellent photostability and compatibility with light-
emitting diodes. The indicators has covalently immobi-
lized on the surface of amino-modified polymer microbeads
which in turn are incorporated into a hydrogel matrix to
afford novel pH-sensitive materials. When a mixture of
two different microbeads is used, the membranes are ca-
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pable of optical pH sensing over a very wide range com-
parable to the dynamic range of the glass electrode (pH
1-11)!195. Another fluorescence probe (153) which con-
tained piperazine and imidazole moieties has been deve-
loped as a fluorophore for hydrogen ions sensing. The
fluorescence enhancement of the sensor with an increase
in hydrogen ions concentration was based on the hinder-
ing of PET from the piperazinyl amine and the imida-
zolyl amine to the coumarin fluorophore by protonation.
The sensor (153) has a novel molecular structure design
of fluorophore-spacer-receptor (1)-receptor (2) format and
therefore has proposed to sense two range of pH from
2.5 to 5.5 and from 10 to 12 instead of sensing one pH
range'90. By applying rational molecular design, two
molecular functions, the transport by vesicular monoam-
ine transporter (VMAT) and ratiometric optical pH sens-
ing, have been integrated to develop ratiometric pH-re-
sponsive fluorescent false neurotansmitter (FFN)
probes'97. A FRET sensor with a donor and an acceptor
attached to each end of pH-sensitive polysulfoamides ex-
hibited an instantaneous conformation change from coil
to globule at a specific pH, which results in the rastic on-
and-off FRET efficiency. To detect a specific pH region,
sulfadimethoxine and sulfamethizole are selected among
various sulfonamides since their pKa values are in the
physiological pH. For tuning the emission color arising
from FRET, 7-hydroxy-4-bromomethylcoumarin and
Coumarin 343 are used as a FRET donor and an accep-
tor, respectively, for a blue-to-green FRET sensor!98.

Coumarin derived fluorescent chemosensors for H,0,,
0,, hydroxyl radicals or chemical warfare agents

Structures of coumarin derived fluorescent chemo-
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Fig. 8. Structures of coumarin derived fluorescent sensors for H,0,, O,, hydroxyl radicals or chemical warfare agents.

sensors for hydrogen peroxide, oxygen, hydroxyl radi-
cals or chemical warfare agents are shown in Fig. 8.
Water-soluble umbelliferone-based fluorescent probe (154)
showed very large increase (up to 100-fold) in fluores-
cent intensity upon reaction with hydrogen peroxide, and
good selectivity over other reactive oxygen species!'??.
Other water-soluble fluorescent hydrogen peroxide probe
(155) based on a ‘click’ modified coumarin fluorophore
shows significant intensity increases (up to five-fold) in
near-green fluorescence upon reaction with H,0,, and
good selectivity over other reactive oxygen species?%0.
More recently a simple and highly sensitive fluorometric
method was proposed for the determination of H,0, in
milk samples. By this method, nonfluorescent coumarin
was oxidized to highly fluorescent 7-hydroxycoumarin
by hydroxyl radicals generated in a Fenton reaction, and
the oxidation product had strong fluorescence with a
maximum intensity at 456 nm and has used as a fluores-
cent probe for H,0,20!. Thiazo-coumarin ligand directly
cyclometallated pe2+ complex (156) for luminescent 0O,
sensing was reported by Wu ez al.292. First ratiometric
fluorescent probe for the detection of intracellular hy-
droxyl radicals developed by a hybrid coumarin-cyanine
platform (157)293. The ratiometric fluorescence signal
between 7-hydroxy coumarin 3-carboxylic acid and neu-
tral red dyes was developed for detection of hydroxyl
radical based on coumarin-neutral red (CONER)
nanoprobe. Biocompatible poly lactide-co-glycolide
nanoparticles containing encapsulated neutral red were
produced using a coumarin 3-carboxylic acid conjugated
poly(sodium N-undecylenyl-Ne-lysinate) as moiety reac-
tive to hydroxyl radicals. The response of the CONER
nanoprobe was dependent on various parameters such as
reaction time and nanoparticle concentration. The probe
was selective for hydroxyl radicals as compared with other
reactive oxygen species including 0,*-, H,0,, !0, and
OCI- 204, Recent rise in international concern over crimi-
nal terorist attacks using chemical warfare agents has

brought about the need for reliable and affordable detec-
tion methods of toxic gases. Fluorogenic chemosensors
for the specific detection of nerve agents was reported
Royo et al. 205 A coumarin oximate (158) has been de-
veloped for detection of chemical warfare simulants based
on the PET mechanism that gives an “off-on” fluorescent
response with a half-time of approximately 50 ms upon
phosphorylation of reactive oximate functionality2%.
Coumarin-derived hydroxy oxime (159) serves as a nerve
agent sensor based on the reaction of B-hydroxy oxime
with organophosphorus agent mimics207.

Coumarin derived fluorescent sensors for TiO,, mono-
layer, polymerization or polymeric micelles

Structures of coumarin-derived fluorescent chemo-
sensors for detection of TiO,, monolayer, or photopoly-
merization are shown in Fig. 9. A novel acac-coumarin
chromophore linker (160) for robust sensitization of TiO,
has been developed to find molecular chromophores with
suitable properties for solar energy conversion. This probe
improved sensitization to solar light and provides robust
attachment to TiO, even in aqueous conditions?%8. A new
amphiphilic coumarin dye, 7-aminocoumarin-4-acetic acid
octadecylamide (161) has utilized as an efficient fluores-
cent probe for monolayer studies between air-water inter-
faces209. The performance of amidocoumarins (162-164)
investigated by fluorescence probe technology for moni-
toring of cationic photopolymerization of monomers. 7-
Diethylamino-4-methylcoumarin (162) has used for moni-
toring cationic photopolymerization of monomers using
the fluorescence intensity ratio as an indicator of the po-
lymerization process. The replacement of diethylamino
group in (162) with benzamido or acetamido groups elimi-
nates the effect of the probe protonation on kinetics of
cationic photopolymerization. 7-Benzamido-4-methyl-
coumarin (163) and 7-acetamido-4-methylcoumarin (164)
has used as fluorescent probes for monitoring progress of
cationic polymerization of vinyl ethers under stationary
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Fig. 9. Structures of coumarin-derived fluorescent sensors for detection of TiO,, monolayer, or photopolymerization.

measurement conditicns, using normalized fluorescence
intensity as an indicator of the polymerization progress210,
Coumarin 153 has been used as a fluorescent probe mol-
ecule to monitor the possible micellization of several
amphiphilic block copolymers?!!.

Coumarin derived fluorescent sensors for enzymes

Structures of coumarin-derived fluorescent
chemosensors for enzymes are shown in Fig. 10.
Hemicyanine-coumarin hybrid (165) represents a new class
of far-red emitting fluorogenic dyes whose fluorescence
has unveiled through an enzyme-initiated domino reac-
tion and thus acts as a fluorogenic probe for penicillin G
acylase?!2. Similarly novel selfimmolative spacer systems
(166) and (167) have been developed and are utilized as
ﬂuorogemc probes for sensing penicillin amidase?!3. A

library of 6-arylcoumarins has been developed as candi-

date fluorescent sensors (168), whose quantum yield has
similar to that of ethyl 7-diethylaminocoumarin-3-carboxy-
late. The transformation of the methoxy group (169) to a

hydroxyl group (170) induces a change of fluorescence
intensity, which suggests that (169) may be useful as a
fluorescent sensor for dealkylating enzymes such as gly-
cosidase. Probe (171) used as a fluorescent sensor for
nitric oxide?!4. It shows 50% decrease of the fluores-
cence intensity at pH 8.0 compared with that at pH 6.0
and this decrease has derived from the deprotonation of
the triazole ring. Histone deacetylases are intimately in-
volved in epigenetic regulation and, thus, are one of the
key therapeutic targets for cancer. Coumarin
suberoylanilide hydroxamic acid (172) was a fluorescent
probe for determining binding affinities and off-rates of
histone deacetylase inhibitors2!3. A quinonemethide re-
arrangement reaction as the off-on optical switch has de-
signed of the first long-wavelength latent fluorogenic sub-
strate (173). It has a sensitive fluorimetric indicator for
analyte determination in salicylate hydroxylase-coupled
dehydrogenase assay2!6, Another switch-on long-wave-
length latent fluorogenic substrate (174) is reported as a
fluorescent probe for nitroreductase?!”.
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Fig. 10. Structures of coumarin-derived fluorescent chemosensors for enzymes
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Coumarin derived fluorescent chemosensors for proteins,
DNA, RNA and other uses

Structures of coumarin-derived fluorescent
chemosensors for DNA, RNA, nitroxyl and proteins are
shown in Fig. 11. A novel coumarin C-riboside (175) has
designed and synthesized based on the well-known
photoprobe Coumarin 102 and has been used to probe
ultrafast dynamics of duplex DNA using time-resolved
Stokes shift methods2!8. Coumarin-triazole (176) reacts
with CuCl, to form a chelated Cu-complex which shows
highly selective turn-on type fluorogenic behavior upon
addition of Angeli’s salt (Na,N,03) and has used for de-
tection of nitroxyl in living cells2!. An acceptor used a
simple coumarin derivative 7-diethylaminocoumarin-3-
carboxylic acid (177) to construct a useful and effective
FRET system for detection of RNA-small molecule
binding?20.
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These sensors demonstrate that binding-induced modula-
tion of spectral overlap has a powerful strategy for the
rational design of FRET-based chemosensors 226.

Properties and applications of coumarin derivatives
(Fig. 12)

Photophysical properties

The studies of photophysical properties were carried
out by Ranjith et al.?27 by incorporating electron donat-
ing or withdrawing substituents at different positions of
the coumarin scaffold (180-182). An electron-donating
substituent at position 3 of the coumarin ring increased
the fluorescence while an electron withdrawing group
decreased the fluorescence. An electron-donating acetoxy
group at position 7 and a methyl group at position 4
significantly enhanced the quantum efficiency of coumarin
derivatives.
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Fig. 11. Structures of coumarin derived fluorescent sensors for DNA, RNA, nitroxyl and proteins.

Coumarin dye bearing an indolenine substituent (178)
displays high emission and bright fluorescence and offers
promise as a fluorescent chemosensor for protein detec-
tion221, Coumarin-containing trifunctional probe (179),
assembled using a cleavable linker, has useful for effi-
cient enrichment and detection of glycoproteins222. Cou-
marin 6 has been used as a fluorescent probe to monitor
protein aggregation and can distinguish between both
amorphors and fibrillar aggregate5223. An aromatic sub-
stitution reaction-triggered fluorescence probe has devel-
oped using a new fluorogenic compound derivatized from
7-aminocoumarin for oligonucleotides detection?24, Cou-
marin C343 has been conjugated to silica nanoparticles
and entrapped in a sol-gel matrix to produce a nanosensor
capable of monitoring lipid peroxidation??>. Coumarin-
containing dual-emission chemosensors for nucleoside
polyphosphates have been developed based on a new
mechanism involving binding-induced recovery of FRET.

JICS-4

Surface plasmon resonance properties

Lacy et al. reported that the surface plasmon reso-
nance inhibition assay and liquid chromatographic proto-
cols were commonly used for the detection of warfarin 3-
(c-acetonylbenzyl)-4-hydroxycoumarin (183) in human
plasma228. Probe (183) can accurately and quantitatively
detect subpicogram quantities for food quality and envi-
ronmental studies.

Antioxidants and free radical scavengers

There are several instances where coumarins have
worked as effective antioxidants and free radical scaven-
gers. Zhang er al. discussed the scavenging effect of 7-
hydroxy-3-methyl-8-nitro coumarin (184) on Mn2*, Ni2*,
Zn?*, Co?*, Cu?* and Cd?* 22°. Kancheva et al. reported
that chain-breaking antioxidants and free radicals scaven-
gers activity of o-dihydroxycoumarins (185) were much
higher than that of the m-dihydroxycoumarins (186).
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However, substitution at C-3 position did not significantly
change the antioxidant and antiradical capacities of the
studied 7,8-dihydroxycoumarins (187) and 7,8-diacetoxy-
4-methylcoumarins (188)230,

Coumarin derivatives (189 and 190), synthesized by
Morabito et al. showed good antioxidant properties due
to their lower mean scavenger concentration (SC50) or
mean inhibitory concentration (IC50) and a conference
limit of 95%23L.

Substituted hydroxycoumarins and 7- or 8-
hydroxybenzo[flcoumarins were prepared by the treat-
ment of phenols and naphthalenediols, respectively, with
malic acid and H,SO,4 under microwave irradiation.
Symeonidis ef al. suggested that hydroxybenzocoumarins
(191) having the phenolic hydroxyl group (6-, 7- or 8-)
showed antioxidant activity but the effect on the activity
was independent of the position of the hydroxyl group.
Benzo derivative compound (192) has more potent than
any of the cyclohexyl derivatives and shows higher anti-
oxidant activity among various hydroxybenzocoumarins
being synthesized?32.

Hamdi er al. reported that different substituted 3,3’-
arylidenebis-4-hydroxycoumarins and tetrakis-4-
hydroxycoumarin derivative (193) were synthesized by
4-hydroxycoumarin and aromatic aldehydes containing
different groups in ortho, meta or para positions and
condensing them in boiling ethanol or acetic acid. Dicou-
marins (193) also showed antioxidant activities due to the
presence of intermolecular hydrogen bonds capable of
uncoupling and inhibiting mitochondrial oxidative phos-
phorylation?33.

Anti-Candida activity

The most active Cu?™* complexes (194, 195 and 196)
of Schiff base ligands with electron withdrawing substitu-
ents such as -Cl, -Br, or -1, at the R, and R; positions of
the salicylaldehyde moiety had greater anti-Candida ac-
tivity (lower MIC50 uM value) than ligands with elec-
tron-donating substituents. Complexes (194, 195 and 196)
exhibited anti-Candida activity comparable to that of the
commercially available antifungal drugs, ketoconazole and
Amphotericin B234,

Antitumor activity
The series of novel 3-arylcoumarins of (197, 198 and
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199) acetoxylated and hydroxylated 3-arylcoumarins, ex-
hibited anti-tumor, anti-cancer and cytotoxic activities in
vitro®3s. Particularly, compound (197) (i.e. acetoxylated
derivative of 3-arylcoumarins) showed the most potent
activity with an IC50 value of 5.18 mol/L against KB cell
lines. 8-(Benzylidinyl)amino-3-bromo-7-methoxy-4-methyl
coumarin (200) was another coumarin based molecule
that showed remarkable antitumor activity236.

Anti-inflammatory activity

A novel series of coumarin-based carbamates (201)
were synthesized, which exhibited potent inhibitory ac-
tivity of TNF-o. (Tumor necrosis factor). It has a
proinflammatory cytokine secreted by a variety of cells,
including monocytes and macrophages, in response to
many inflammatory stimuli or external cellular stress.
Cheng et al. observed that halogen substitution at C-6
position of the coumarin ring had the most influence on
TNF-o. (Tumor necrosis factor) inhibitory activity?37.
Khan et al. reported that an array of angularly fused
polycyclic heterocycles with coumarin, benzofuran and
pyridine rings by N-C-C3 annealation, were synthesized
from 4-bromomethylcoumarins and salicylonitrile. These
derivatives have wider applicability to create new fused
heterocyclic systems for their anti-inflammatory activity.
Among the compounds tested, probe (202) showed sig-
nificant inhibition of inflammation at various doses, and
it has been summarized that in this angularly fused sys-
tem substitutions of electron donating groups are prefer-
ential for inflammatory inhibitions238.

Ortho-substituent effect

According to Chen ef al., newly synthesized arylamino-
substituted coumarins showed enhanced blue and bright
fluorescence both in solutions and in solid films23°, The
probe (203) exhibited pure blue electroluminescence with
2.7% of external quantum efficiency due to ortho-sub-
stituent effect.

Anti-cancer activity

7-Diethylaminocoumarin compounds were synthesized
by Lee er al. and the cytotoxicities were tested against
human umbilical vein endothelial cell (HUVEC) and some
cancer cells. The introduction of benzothiazolyl and analo-
gous groups at 3-position of the probe (204) improved



Guha ez al. : Multipurpose applications of coumarin derivatives with special emphasis on the fluorescent probes

the overall inhibition activity and introducing a cyano
group at the fourth position afforded the selectivity to-
wards HUVEC?40,

Analgesic and anti-pyretic activity

Rangappa et al. reported that a certain series of 4-[4-
(6-phenyl-pyrimidin-4-yl)-phenoxy methyl]-chromen-2-
ones (205 and 206) showed in vivo analgesic and anti-
pyretic activities?#!. The compounds exhibited significant
analgesic activity comparable to standard drugs like
Analgin and significant anti-pyretic activities comparable
to standard drugs like aspirin. Thus it was concluded that
among the tested compounds, those containing -NH, func-
tional group at 2-position of pyrimidine ring increased
their analgesic and anti-pyretic activities.

Anti-Helicobacter pylori activity

N-Substituted-2-0x0-2H-1-benzopyran-3-carboxamides
(coumarin-3-carboxamides) were used as anti-Helicobacter
pylori agents. Chimenti synthesized coumarin based com-
pounds (207) showed no activity against different species
of Gram-positive and Gram-negative bacteria of clinical
relevance and against various strains of pathogenic
fungi®*2. Among these compounds those with a 4-acyl-
phenyl group have shown the best performance against
H. pylori metronidazole resistant strains in the 0.25-1
pug/ml MIC range.

Anti-bacterial activity

Kong et al. observed that 7-hydroxy-5-O-methyl-8-
(3-methyl-2-butylene)-4-phenyl-9, 10-dihydro-benzopyran-
2-one (cajanuslactone) (208) possessed good antibacterial
activity against Staphylococcus aureus, and the minimum
inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) were 0.031 and 0.125 mg/ml re-
spectively?43. It was a potential anti-bacterial agent against
Gram-positive microorganisms.

According to Bagihalli et al., Co?*, Ni?* and Cu?*
complexes of 3-substituted-4-amino-5-mercapto-1,2,4-
triazole (209) and 8-formyl-7-hydroxy-4-methylcoumarin
showed antibacterial properties with microorganisms like
Escherichia coli, Staphylococcus aureus, Streptococcus
pyogenes, Pseudomonas aeruginosa and Salmonella
1yphi**. They showed antifungal activities with Aspergillus

niger, Aspergillus flavus and Cladosporium in DMF and
DMSO by MIC method.

Cu?*, Co?* and Ni2* complexes of (1E)-1-(1-(2-0xo-
2H-chromen-3-yl)ethylidene) thiosemicarbazide (OCET)
(210) and (1E)-1-(1-(6-bromo-2-o0xo-2H-chromen-3-yl)-
ethylidene) thiosemicarbazide (BOCET) (211) were
screened for their antibacterial activity against bacterial
species, E. coli, P. aeruginosa as Gram-negative, B.
subtilis and S. aureus and were found to be Gram-posi-
tive. Coumarin-3-yl thiosemicarbazone derivatives behave
as a bidentate ligand through both thione sulphur and
azomethine nitrogen with 1 : 2 (metal : ligand) stoichio-

metry243,

Antileucemic activity

Kotali e al. synthesized 7-hydroxy-8-acetylcoumarin
benzoylhydrazone (212) which showed antileucemic ac-
tivity. The probe (212) has interesting producing survival
time of drug-treated animals (T) versus corn-oil control
animals (C) rates of 147% and 138% when the single and
intermitted (days 1, 4, 7) treatment schedules, respec-
tively, were used?*0,

Antiviral activity and antihypertensive activity

Pandey et al. prepared coumarin derivative (213) which
showed antiviral activity and antihypertensive activity247.

Anticoagulant activity

8-Acetyl-7-hydroxy-4-methyl coumarin (214)
azomethine derivatives of Cu2*, Ni2* complexes showed
anticoagulant activity248,

Cytotoxic activity

Kostova et al. reported that La3* with bis-coumarins
of 3,3’-benzylidene-bis(4-hydroxy-2H-1-benzopyran-2-
one) (215) and bis(4-hydroxy-2-oxo-2H-chromen-3-yl)-
(1H-pyrazol-3-yl)-methane (216) showed cytotoxic-effects
using human tumor cell lines24°.

Antifungal and DNA cleavage activity

La3*, Th** and VO** complexes of 8-formyl-7-hy-
droxy-4-methylcoumarin (217) and o-phenylenediamine/
ethylenediamine (218) showed antibacterial properties with
Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa and Salmonella typhi and antifungal activities
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Fig. 12. Structures of various coumarin derivatives used as pharmaceutical compounds.

with Aspergillus niger, Aspergillus flavus and Cladospo-
rium by minimum inhibitory concentration method in DMF
and DMSO solution?30,

Fluorescent whitening agent or optical brightener

Ballard and Betowski reported that 7-(2H-naphtho[1,2-
dtriazol-2-yl)-3-phenylcoumarin (FB 236) (219) could be
used as fluorescent whitening agent or optical
brightener?3!.
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Cell analysis

Abrams et al. reported 3-carboxy-6-chloro-7-
hydroxycoumarin (220) which was highly fluorescent,
water-soluble violet-excitable dye for cell analysis. It had
a high quantum yield (0.98), and human leucocyte-spe-
cific monoclonal antibodies (CD3, CD4, and CD45) con-
jugated with this dye which could be measured by flow
cytometry assays232,
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Conclusion

This review describes different derivatives of coumarin
which are synthesized by various researchers. Coumarin
derived fluorescent chemosensors have been extensively
applied in a variety of fields. There has been tremendous
interest in detecting coumarin probes due to its multipur-
pose importance. These sensors are effective for detec-
tion of many species like metal ions, anions, amines and
amino acids, biothiols, pH, chemical warfare agents, pro-
teins, hydrogen peroxide, hydroxyl radicals, polymeriza-
tion and polymeric micelles, enzymes, DNA and RNA,
oxygen, titania. Moreover, coumarin derivatives have
served as good chemosensors of anions including cya-
nide, fluoride, pyrophosphate, acetate, benzoate, and di-
hydrogen phosphate as well as vartous metal ions com-
prised of Hg?+, Cu?*, Zn?*, Ni2*, Ca*, Pb2+, Mg?+,
Fe3*, AB*, Cr3*, and Ag™. Continuous efforts have
been devoted for their application in environmental chem-
istry, analytical cnemustry, and bio-medical science as
anti-oxidant, anti-inflammatory, anti-microbial activity,
anti-hepatitis, anti-cancerous, anti-pyretic, analgesic ac-
tivity.
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