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3-Phenylcoumarins are a family of heterocyclic molecules that are widely used in both organic and medicinal
chemistry. 3-Phenylcoumarins have been used by several research groups in the search for new chemical entities
with potential in the discovery of new therapeutic solutions for several diseases. The versatility and chemical

properties of this scaffold have been attracting the attention of researchers all over the world.

3-phenylcoumarins

| 1. Introduction

The versatility and chemical properties of 3-Phenylcoumarins have been attracting the attention of researchers all
over the world. Different molecular spots that may be modified, with different reactivities, allow for a huge number
of different derivatives with different properties. This scaffold can be considered an isostere of the isoflavone in
which the carbonyl group is translated from position 4 to position 2 on the pyran ring (Figure 1). Isoflavones are
produced almost exclusively by the members of the bean family Fabaceae (Leguminosae). It can also be
considered a coumarin-resveratrol hybrid. Resveratrol (3,5,4-trihydroxy-trans-stilbene) is a stilbenoid, a type of
natural phenol, and a phytoalexin produced by several plants (Figure 1). The stilbenoids share most of their
biosynthetic pathway with chalcones.

https://encyclopedia.pub/entry/16190 1/9



3-Phenylcoumarins as a Privileged Scaffold in Medicinal Chemistry | Encyclopedia.pub

OH
St
0o 0 N OH
HO
U

0
= P |

o "0 0

Figure 1. Coumarin, trans-resveratrol, 3-phenylcoumarin and isoflavone chemical structures.

Coumarins, the basic structure of 3-phenylcoumarins, are a group of substances of natural or synthetic origin that
are highly studied and have a great variety of pharmacological interests. In addition, a connection of 3-
phenylcoumarins can also be established (although it is more from a structural or steric point of view) with steroid
hormones, especially with estrogens, due to the aromatization of the A ring. For these reasons, 3-phenylcoumarins

(Figure 1) are considered a privileged scaffold in medicinal chemistry.

| 2. Presence of 3-Phenylcoumarins in Nature

The naturally-occurring 3-phenylcoumarins that have been published in the past decade are listed in Table 1.
Mucodianin A was isolated from the vine stems of Mucuna birdwoodiana . The 3-(4-ethynylphenyl)-4-
formylcoumarin has been isolated from a methanol extract of the red ants of ChangBai Mountain, Tetramorium sp.
[2, pPterosonin F was isolated from the heartwood of Pterocarpus soyauxii 2. Sphenostylisin A was isolated from
the root bark of Sphenostylis marginata using a bioactivity-guided isolation approach. It is worth highlighting that
this compound is a potent NF-kB (nuclear factor kappa-light-chain-enhancer of activated B cells) inhibitor,
displaying different physiological functions. This compound is also overexpressed in some cancer cells [&l. 2' 4"
Dinitro-3-phenylcoumarin was isolated from Rhizophora mucronata 2. Selaginolide A was found in Selaginella
rolandi-principis ©. Glycycoumarin and licorylcoumarin (Figure 2) are two 3-phenylcoumarins previously isolated

from Glycyrrhiza uralensis or glabra (Licorice), on which there are several studies in the past decade (&,
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Glycycoumarin
Figure 2. Chemical structures of glycycoumarin and licoarylcoumarin.

Table 1. Naturally-occurring 3-phenylcoumarins identified in the past decade.
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Tetramorium sp.
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Licoarylcoumarin
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1studiBeadR5ISsNARGISmie BARAGIRLANIS $Sitioh?AON8s MinfR kKR dBribdiRPE Me/BeKiBRHESBAL, with
an REKEPRISHtBINegicRbRIepRties and derivatives. Mol. Biol. Rep. 2021, 48, 6539-6550.

ISQUERE - Gi-aminseRenygeumain (ks Wi Whg RoBPeedAig, drug-bpnfreeseiane dvBiyakioh sihgitor,
the JifErAMeR SeaIRRIBeMEMhaRsiaeioRs s hatiTHea SN Ba8 HReRdTIRYRd s AtR@RemRiaPe to pick

inhigpru S@enanis oMt Srs RBFKPICirbs ARPAT IS AR BAS Bidelssding STIEIMOsHiNgersstinguagpround
(compayng 4, with a biphenylmethyl residue) with a Ki of 3.7 yM (19 Separating the amine from the benzene ring

https://encyclopedia.pub/entry/16190 4/9



3-Phenylcoumarins as a Privileged Scaffold in Medicinal Chemistry | Encyclopedia.pub

1at. peaidicad® ovitte ; Katleeyiolirhdri B dyod, heylelos gaumigsp@dBto Saro mtEréting Allaiery, to.Bbtain more
activég weirpdorlinhewheh SH. ; Loaneaik oa adky Aamodlni . & . O, 5-piGarhiri) (A-egtydanhine 3ragment, several
conpremyls ot nsiidieke samadi/ proyéedit pdr axytBec oelavanntatgan-imactktes theideayK -cah deCdptor (01R),
BAQEdaikd Chid atieeenaiabbbemad etasigseicgeaseias oodamiextaphitgdeinsaitl daveablarismal
nerunaeshsregni b i) e of ¢l figr@atipo addsr el estsiee dfigidigtiephiligidracelelias tidb € drpeuRddiith the
saniicdubdeaitizf BB, pbifipd 20 —438ba 7-aminoalkoxy chain, formed a series of products presenting multitarget
U VRSN A kR o e o e R g S A
Co RISy SR BB, WIE E L Op (e p 8 iy ficant inhibtor of Apaz sel-
aggregation activity, being also a promising neuroprotective agent 2. A series of compounds with 7-aminoalkoxy-
19 phafeaiidieghadesentifosiapNisbosR@rmai, M. (RiVeRHy Ket FHOKROW, elRoutseifeidchiiying
convptiRd, 7V adNadrimbst MAERHIcdmpWladayhild: & Gypthesis anghEvahatomal GaERIRHNodelling
stufRES VRSP IHAY RHRD sid T MBARY B ATRNE DL YiSoroXEHN afcP MR Z&heo ARartfidmiftt She catalytic
R LAk, R 20 A ARE RSO T ARIATIAGEES! AgefipayforeRing, DPIwbhisgBras, ¢8)
self agRIRARL MBS ERTR S HrArAOMBMiRASIHS BB ARIRF BdAL BV PIRSHAMAKBR'R cells from
hydsoaRIXREARIS B hPak g gRIRAE & (R B8P IHRRSIRIRN Lavity Bitd igs Wiiu e &3 -pBa o s igs hes gse

been used as a building block for a novel series of coumarin-lipoic acid conjugates, resulting in compound 8, the
2r%bs %\6 éﬁ?RCﬁE’ iﬁ?%%?t%‘r?%ihéo‘win%rg)é%bh |hﬁgﬁc§p)9 g#()el(:lt c|>En' %Fépa%tgi)l%g%ti;owggg Qn \rlglggl_lu Eirnﬁ‘oQ'éoPnﬁ‘éﬁ’é‘ri: as
weff aPHE Bty Oue! S8R BRI e SR A ANl g SR Ry g RIRR NS, B3GR I iduced
cyt&é%@itg%@sln gr%(s)tirggl’té‘r)r?cfg'qg' the comparison between two compounds prepared in a study on
227 aen satise Rse Nagar &iauidstitRedi@yaricRumashekC onpSardsifeard . 1W/ijittathe svbsteaTiisTin Jyosaine
posKiorRramith sthil| Girtitrelveiferasststddteipath 8%i6), bilolowic affev aiieaticliffarst e lectiar dotkirgs and
selettidip f.0dingveodinerienadesa serdtdy28stribe dhdHitRE O fAshlf-R02C; d1OB42-84Bre126RB. however, they do

offer important differences in selectivity against human MAQO-A and MAO-B which are worthy of further study 26!,
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Antioxidant activity of 4-hydroxycoumarin derivatives. Bioorg. Med. Chem. 2011, 19, 6233-6238.

24. Matos, M.J.; Pérez-Cruz, F.; Vazquez-Rodriguez, S.; Uriarte, E.; Santana, L.; Borges, F.; Olea-
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relationships and functional activity in tumour cells. Nolan. Biochem. Pharmacol. 2010, 80, 977—
981.

27. Scott, K.A.; Barnes, J.; Whitehead, R.C.; Stratford, 1.J.; Nolan, K.A. Inhibitors of NQO1.:
Identification of compounds more potent than dicoumarol without associated off-target effects.
Biochem. Pharmacol. 2011, 81, 355-363.
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https://encyclopedia.pub/entry/16190 6/9



3-Phenylcoumarins as a Privileged Scaffold in Medicinal Chemistry | Encyclopedia.pub

ABnxgngeaichieg, ¥r; drerinflarhmBrariy, ddtiviied), dvt ;dBhatiiSobG@hand .aiierigadt. pdepegtidd, ; Keargps@f, 3-
pheglyzlown@etfsCailibrating, Bipartke Visdasibgtfieadarsifuelitocicbad rig. dnAeheClnemeSacitRnl 3, df3he
scafidd]1-h8d 8en prepared. Compound 27 proved to be the most interesting pharmacological profile, with an

Afop L2 ]tﬁorn”'ﬁ' ﬁb y ﬁa.&%%za'@mt‘iéﬁh%hm W“&'ra*}?”ﬁ ARG (SRt 7o‘?’t%§lce)r1[é_]2e'approach to kinetic

studies of hydrocarbon autoxiggjions and their inhibitigq by radical-trapping Antigxidagts. Chem.

Dual functional small molecule fluorescent pmbes for image-guided egigagen receptor-specific
targeting coupled p@&nt antiproliferative potencyfbr breast cancer therapy. Bfoorg. Med. Chem.
2017, 25, 3531-3539. OMe

43. Ali, M.; Dondaine, L.; Adolle, A.; ., ard, P.; Denat, F.; Bettaieb, A.; Le
Gendre, P.; Laurens, V.; et al. ' 8 ghosphonium Behave Lil;e a Gold(l)

PhosphinngompIe ? :@ mart”/ robe Answer. J. I\/Led. Chem. 2015 58, [45[L-4528.
o =
44. Zhang, Y.; X Xu L.; Qian, X. Rapid and senﬁ tive flugre ent robes for monoamine

oxidases B to Agat Iow ci)gncentratlons Tetrahedron Lettﬂ20 33 6881— 6884

45. Zhang, H.; Liu, X.; Gong, Y.; Yu, T.; Zhao, Y. Synthesi characterization of SFX-based
coumarin derivatives for OLEDs. Dye. Pigm. 2021, 18 8969. 27

MeO
46. Galeta, J.; Dzijak, O.J.; Dracinsky, M.; Vrabel, M. A Systematic Study of Coumarin—Tetrazine
Figui@ht-Bir RiehesufesrBioprihrgenalidiuorescence Imaging. Chem. Eur. J. 2020, 26, 9945-9953.

4§'£r8ki]c'fz(it'icp)%ng’ V.Y.T.; Tng, L.M.; Ang, W.H. Pre-Assembled Coumarin-Rhodamine Scaffold for
“Ratiometric Sensing of Nitric Oxide and Hypochlorite. Chem. Eur. J. 2018, 24, 1870-1876.

4% 08, DMy, derivatives Al otinydrexis BeayRaNaEnst (RMRAHPECBRtdiaNEEC a8 M et BUR igher
ANRHGAN SRRAFNG R RYSF PKFRUTR Be MAEF YK IR SBPRETNCIR SGHERIE HWm dbigHent 184IC3i84.2.2-
dipBepyl-1-picrylhydrazyl (DPPH) and 2,2'-azinobis-3-ethylbenzothiazoline-6-sulfonic  acid (ABTS). These

ﬂ]etlﬁg\%eosf?‘cl)%(]) ﬁ&pglq%&r:% Sgg&eﬁe%fen?ry%s K (75% )’Qé%@% linoleic acid co-oxidation enzymically induced by
lipoxygenase [23. From a series of hydroxylated 3-phenylcoumarin derivatives [2423]  8-hydroxy-3-(4'-

hydroxyphenyl)coumarin (29, Figure 14) has been the most interesting molecule, showing an oxygen radical
absorbance capacity fluorescein (ORAC-FL) of 13.5, capacity of scavenging hydroxyl radicals of 100%, capacity of
scavenging DPPH radicals of 65.9% and capacity of scavenging superoxide radicals of 71.5%, as well as being a
potential candidate for preventing or minimizing the free radicals’ overproduction in oxidative-stress related
diseases 24, Simple 3-phenylcoumarins (in many cases associated with other cycles) have been identified as
inhibitors of the function of nicotinamide adenine dinucleotide phosphate (NADPH) and quinone reductase (NQO1),
with multiple cellular functions as detoxifying enzymes, as well as chaperone proteins. These compounds proved to
be even more potent and less toxic than dicoumarol, and more efficient for inhibiting the toxicity of

chemotherapeutic drug EO9 2811271 4-Hydroxy-6,7-dimethyl-3-phenylcoumarin (30, Figure 14) stands out with an
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ICg, Of 660 NM in the presence of bovine serum albumin (BSA) 4. Finally, QSAR predictive models for antioxidant

activity of new coumarin derivatives have also been described as an interesting tool in drug discovery [28],
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Figure 5. 3-Phenylcoumarins in oxidation.

3.4. Cardiovascular Diseases

A series of 6-halo-3-hydroxyphenylcoumarins has been evaluated for their vasorelaxation activity in intact rat aorta
rings pre-contracted with phenylephrine, as well as for their inhibitory effects on platelet aggregation induced by
thrombin in washed human platelets (Figure 6). These compounds proved to relax the vascular smooth muscle in
a concentration-dependent manner. Compound 31 presents an ICsy of 36.6 UM against a concretion induced by
phenylephrine. Some of the compounds showed a platelet antiaggregatory activity that was up to 30 times higher
than that shown by trans-resveratrol, used as control, i.e., compound 32 (ICsq = 6.41 pM) 22, The niacin receptor 1
(GPR109a) is a receptor that inhibits lipolytic and atherogenic activity and induces vasodilatation. A series of
coumarin-dihydroquinazolinone conjugates has been evaluated for its agonist potential, displaying, in
compound 33, robust agonist action to GPR109a with an ECgy < 11 nM. Further, the efficacy of the active
compound has been corroborated by in vivo assays, showing the animals reduced body weight in a diet-induced

obese mice model. Compound 33 proved to reduce leptin in blood plasma and total serum cholesterol 2,

o U

o "0 ODOH

Figure 6. 3-Phenylcoumarins in cardiovascular diseases.
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| 4. Other Interests: Fluorescent Probes

The 3-phenylcoumarins are a privileged scaffold not only for their interesting and varied specific pharmacological
activities, but also for other physicochemical properties and, in particular, for their potential as fluorescence probes.
Due to the interesting and large number of studies that exist on this in recent years, they deserve an independent
review. In the current overview, very succinct examples have been selected which are considered the most
significant. Fluorescent biosensors have been developed to enable imaging and monitoring of a variety of
metabolites and cellular events. This can be done by direct visualization and analysis; however, 3-phenylcoumarins
also offer enormous possibilities in biorthogonal fluorogenic reactions, which allow not only the visualization of a
fixed situation but also, in many cases, to follow the transformations throughout complex metabolic processes 31
(32 These compounds can be useful as fluorescent biosensors for the detection of hydroxyl radicals, and therefore
can be potentially applied in the diagnosis of oxidative stress in the human body 23, metal cations such as Fe3* 24
or anions such as carbonate 2. 3-Phenylcoumarins can be used to analyze and study different biochemical
compounds such as flavin B8E7 or anatomical/physiological states, such as the state of neuronal myelination 28],
histamine released by mast cells 22, access to mitochondria 49 and others, which can be identified very directly
with some metabolic problem, which in turn can be linked to a disease or disorder. On occasion, this may allow or
facilitate the study of new pharmacological agents in oxidation/reduction processes 1, but also in more specific
processes such as estrogen receptors and breast cancer 22, bioinorganic anticancer compounds 43, MAOs [24],
etc. For these functions, they can also be associated with other groups or molecules, as there are examples with

fluorenes or xanthenes 43, tetrazines 48, rhodamine 42 or with different polymers 48],
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