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Abstract: Coumarinsare natural products occurring in plants, bacteriangi and are
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INTRODUCTION

Coumarins (2H-benzopyrar2one) are naturally occurring secondary metabolites from plants,
bacteria and fungi. They are also found in some essential oils such as lavendasd oil and
cinnamon bark ofl As far as distribution in plants is concerned the occurrence of coumarins is
very high in the fruit§ seeds, roots* and leaved

Coumarins have been classiflednto a) simple coumarins b) furanocoumarins c)
pyranocoumarins and d) biscoamns and are widely distributeth plant species such as
umbelliferae, rutaceae, and compositae. Numerous coumarins have been isolated since the
first example was reported in 1812Murray’ et al have written an excellent bdothat provides

a broad overview of naturally occurring coumarins.

The present review is arranged according to ag8mesis of naturally amurring coumarins b)
Classic rmthods of synthesis of coumarins c) Recent methods of synthesis d) Pharmacological
activity of coumarins.

a) Biogenesis:

In nature simple coumarins are biosynthesized by the Shikimate Pall{&elyemel) involving
chorismic acid (1), prephenic acid (2) phenylalanamel tyrosine (3). The latterofm the
corresponding cinnamiacids (4) on removabf ammonia in the presence ofhBnyalanine
ammonia lyase or Tyrosine ammonia lyase (PAL/TAL). Hydroxylation of the cinnamic acid leads
to the formation of 2coumaric aciar 2,4-dihydroxy cinnamic acid (5) which in turn undergoes
isomerisation and lactonisation to fon coumarins (6). Further introduction of second hydroxyl
group at @ position in unbelliferone gives @sculetin (7) which forms scomin (8) m
selective methylation at4gOHgroup.
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In case of furanocoumarins the main precursor is umbelliferone which undergoes
dimethylallylation at € position to form demethylsuberosin §9(Scheme2) which further
undergoes epoxidation and ring closure forming the linear furan ring as in marnE3in (

psoralen 1), bergaptol (12), bergapten (13), xanthotoxol (14), xanthotoxin (15) and
isopimpenelin (1%
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Anguar furanocoumaring angelesin (1Y can arise by a similar sequence of reactions but these
involve dimethylallylation at the alternative position i.egoftho to phenolic cOH group®

(Scheme3).
X

/@\/i

H _— O
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Pyranocoumarinsare biosynthesized Scheme4) from the same precursor as dh of
furanocoumarins i.e. dentylsuberosin, which undergoes epoxidation followed by ring closure
to form six membered pyranring (18 which releases a water nemule forming

pyranocoumarin (1P

Scheme-3
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methylenebiscoumarin @ which is biosynthesized fromtydroxycoumarin Z1) and HCHO.

The main precursor of -Aydroxycoumarin is an estesf 2-coumaric acid and H8& (20
(Schemeb).
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b) Classic Methods of Synthesis:
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The classic methods of synsis of coumarins are i) Perkieactionii) Knavenagelreaction iii)
Pechmanneactioniv) Kostaneckieaction v) Wittig eaction andvi) Reformatskyeaction

i) Perkin Reaction:

An aliphaticanhydrideis condensd with salicylaldehyde in presence of sodium acetate tarfor
coumarins® (Scheme®).

o 0
CHO )J\O J ‘ N
©iOH NaOAc - 0 e

Scheme-6

i) Knoevenagel Reaction:

Condensation of tnydroxybenzaldehydewith active methylene compounds in the presence of
ammonia or amines is known as Knoevenagel reactachéme?).

ROOC.__ _COOR

O O
|
> _—
Base OH (@] (@]

OH

Scheme-7

O-methoxybenzylidenemalonates, which are available frormethoxybenzaldehydes and
diethylmdonate were hydrolyzed to the dipotassium malonstfe Treatment of these salts
with trifluoroacetic acidtrifluoroacetic anhydride gave coumarins by demethylatikiag
closure reaction in 680% vyield. Synthesis ofdimethylamine3-ethoxycarbonyl coumarins
derivatives was obtained by this methtid

The reaction of pyridiniurAl-[ethoxycarbonylacetyllmethylide with
dialkylacetylenedicarboxylate gave(@&hoxycarbonjacetyl)indolizine (2Bwhose 3substituent
was smoothly converted to a coumarins skeléforby Knoevenagel reaction with
salicylaldehydeScheme3).
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In Knoevenagel reaction type-i@ethoxyaryl aldehydes (or ketoneseact in solid phase with

aSt RNHzYQa | OAR YR TAyO 2EARS dzy RSNJ4ywhithR O2 y R
are cyclized in high yield with cold sulphuric acid to substitutedr®oxycoumarin's (Scheme

9). Thermal decarboxylation by coppgrowder provided an easy access to numerous
coumarins.

~OR> -
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R{I Meldrum's acid | H N
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1 Catalyst o~ o
R; = Hor Me 0. 0O
R, = H or Me x Cu
24 R
1

d\l
RT

Sch -9

cheme = o o

In another Knoevenagel type reaction a solid phase synthesis was carried out in which ethyl
malonae bound to Wang resifi and orthohydroxyarylaldehydes were used asirting
materials Schemel0).
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iil) Pechmann Reaction:
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Scheme-11

The synthesis and structural characterization of coumarins derivatives of some macrocyclic
ethers ha been reported. They were obtained froml,2,3trihydroxy and 1,2,4
trihydroxyphenol by reactiowith ketoesters’.

Using a similar methodology an improved synthesis of esculetird{Byfroxycoumarin) and-3
hydroxy6, 7-dimethoxy coumarins has been describ&d

An efficient synthesis of -@minocoumarin was performed via the Pechmann reaction by
microwave irradiation ofthe reactants on solid support (graphite/monovillonite K10)
(Schemel?). In this convenient new methodology the strong thermal effect due to graphite
microwave interaction is associated with the acidic catalyst role of thé*clay

R
R + =
“N on R OCHs Micro Wave RN o o

|
R1 |

Scheme-12
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iv) KostaneckRobinson Reaction:

The formation of coumarins usually 3 andéubstituted coumarins by this reaction occurred by
acylation of orthehydroxy aryl ketones with aliphatic idcanhydrides followed by cydhtion
(Schemel3)®.

O

R O R Ry
Sl QW S,
OH R2CH2C02Na o (@) (@]
R

Scheme-13

V) Wittig Reaction:

In the Wittig reaction the alkene formation occurs from carbonyl compounds and
phosphoniumylides, mceeding primarily through betaineand /or oxophosphenate
intermediate. This type of olefination of orthohydroxy carbonyl aromatic compounds, followed
by further lactonisation is a well known methddr the preparation of coumarimerivatives
(Schemeld).

RT > RT > -
Z o Et,NPh, Reflux ZNoH o

Scheme-14

The coumaringsolated from Artemesiacarvifolia Wall was aproved synthetically to be 78
dimethoxycoumarin. 34limethoxy and 3,@limethoxy salicylaldehydes gave the
corresponding coumarins in goodeids by the method using phosptame reagent and NN
dimethylanilineunder reflu¥(Schemels).
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Coumarinderivativces havingagetyl and #hydroxy group have been prepared by the reaction
of 4,6bis(acetyl)resorcinol and alkoxycabonylalkylidene (triphenyl) phosphéfane

vi) ReformatskyReaction:

Ly GKA&a NBIFIOGAz2zYy O2yRSyalidAz2y 2F | fRSKe&@RSa
KIf 2Sad S NBhydibdyestérsh iS tkidwnias Reformatsky reactiddchemel6). In
appropriate reaction conditions, lactonisation could occur with the fdioraof coumaring®.

R R
OZnBr ® OH
@[COR Br\)J\O/\ @f</ H;0 ©\)</
> _—
OH Zn OH OH

Scheme-16 di
(@) O

Esculetiderivatives, avinyt6,7-dimethoxycoumarin and bromo-6,7-dimethoxycoumarin on
Heck coupling reaction afford&yryl coumaring' (Schemel7).

c) Recent Methods of Synthesis
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lodocyclization of &thoxy-1-(2-alkoxyphenyl2-yn-1-ols with I, in DCE or DCM furnishes 3
iodo-4-substituted coumarins(Schemel8).

R
OH
RS L 1.3 €q. I N
N =——OFt - R=r
R'—r DCE or DCM o0 X0
Z > OR" RT 0.2-12 hrs
R =H, Ph, Me
R" = Me (DCE), MOM (DCM)
Scheme-18

Palladium catalyzed oxidative cyclocarbonylatodr2-vinylphenol in low pressure of air, CO or
in 1,4benzoquinone (as oxidant) formstbstituted coumarinS(Schemel9).

R' R
N 0.1 eq Pd(OAc), , MeCN, 110 C, 20hrs_ R_:Cf\l
N~ OH 0.1 eq phenanthroline , CO/air (1:1, 3atm) Z oO” 0
R' = Me, Ph, H
Scheme-19
Salicyaldehydes when reacted with aethylacetylenedicarboxylate or

dimethylacetylenedicarboxylate inPPh/DMF at 50°C

form Garbalkoxy8-
formylcoumarirf’(Scheme20).
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Scheme-20

The use of TCT andmkethyl morpholine enables an efficient and general protocol for a rapid
synthesis of d@acylcoumarins. A series of substitutptienylacetic acids have been successfully
reacted with 2hydroxybenzaldehyde to afford -@rylcoumarins in good to excellent yiefdls
(Scheme21l).

OH O X o__0O
X 1eq TCT, 1.5 eq NMM N
R@i F o A N A

DMF, RT, 10 min, eflux 30-90 n;n
Z>CHo Ar

Added after Ar = electron rich

10 min
Scheme-21

Palladium catalyzed oxidative Heck coupling reaction of coumaringatiabronic acids allow

a direct synthesis of-drylcoumarins in good yields. The raction also showed tolerance towards
functional groups such as hydro, methoxy, ditheylamino, nitro and chloro gfo¢®sheme

22).

Ar NO,
X 0.1 eq Pd(OAc),, 0.15 eq ligand XN
Rm + (HO)B-Ar - R{ 2 WA
= o X0 3eq O, balloon, DMF, 80 C, 24 hrs o~ o —N N=
Scheme-22 Ligand

Arylpropionic acid methylesters having a M@wbtected hydroxyl group at the ortho position
underwent hydrarylation withvarious aryl boronic acida methanol at ambient temperate
in the presence of a catalytic amount of copper acetate, resulting infdnmation of 4
arylcoumarins in high yields after the acidic worRUgBcheme23).

OMOM i) 2-10 mole % CuOAc, MeOH o__0O
X 28 C, 16 hrs 2
R+ + (HO),B-Ar ’ » R~ P
“ 3eq ii) MeOH/ 6M agq. HCI (5:4)
AN Reflux 3 hrs

COOMe Ar

R =H, OH, OMe
Scheme-23
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The basic ionic liquid-tutyl-3-methylimidazolinium hydroxide [bmim]OH efficiently catalyzed
the Knoevenagel condensation of various adifih and aromatic akehydes and ketones with
active methylene at room temperature without requirement of any organic solfe(Bcheme
24).Aroylketenedithioacetals react with substituted salicylaldehydes in the presence of
piperidinein THF at 80°C to forma&oylcoumarifi* (Scheme25).

C[CHO <EWG 0.2 EQ [bmim]OH CEIEWG
R-L + —> Ry~
! = COOEt RT, 15-25 min = o o

OH
EWG = COMe, COOEt

Scheme-24

O O

R CHO . ﬁAr 0.1 eq piperidine R R\Qf\rj\m
THF, 180 C, 12-15 hrs oo

OH MeS SMe

3-aroyl coumarin
Scheme-25

The employment of hydrophobic ionic liquids dramatically enhanced the activity of metal
triflates in FriedelCrafts alkenylationof aromatic compounds with various alkyl and aryl
substituted alkynes. This is a very good method of formisghstituted coumarin® (Scheme

26).
5 e 0.1 eq Hf(OTf), N P
T methylcyclohexane / SbFg (6:1) 85 C, 9 hrs CEZ
R’ R
Scheme-26 Y =0, NH

Salicylaldehyde when reacted with reactive methyleeenpounds like diethylmalonate
and ethylacetoaetate in presenece of l@aminoethane, acetic acid, [bmim]BFfat room
temperature afford 3substituted coumaring(Scheme27).

EWG
+ > | _
OH <COOEt [bmim]BF,, RT O (@]
EWG = COMe, COOEt

H,oN
CHO Ewg 02eq 2 \/\NHZ' 2 AcOH - R NN

Scheme-27
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An easy method for the synthesis dfiscoumarins through a one pot reaction of 4
hydroxycoumarins and aryl aldehydes under very mild reaction conditions asingliQas
catalyst in aqueous medium is descriBedrhe products were obtained in short reaction times
with excellent yield underaflux.

An efficient and simple catalyftee one pot synthesis of biscoumarins by condensing 4
hydroxycoumarin with aromatic aldehydes in water under ultrasound irradiations at ambient
temperature with excellent yield of the desired prodtmscoumarin irshorter reaction time is
described® (Scheme28).

uItra sound

- (j/CHO
e
= amb|ent temp.

Scheme-28

Reaction of aldehydes andhydroxycoumarin in the presence of catalytic amount of silica
supported Preyssler nanoparticles led to synthesis of biscoumarins in excetlietst yi

d) Pharmacological activity of Coumarins:

Coumarins have diverse pharmacological activitiegble ) anti inflammatory (Coumarin 1,
Esculetin 3, 17), antibacterial (Ammoresinol 4, 15, Novobiocin 19, Coumermycin 2a)Banti
antimycobacterial @struthin 5), antihypertensive (Imperatorin 10), antihyperglycemic
(Umbelliferone 2), vitiligo treatment (Psoralen 7, Methoxsalen 9) skin pigmentation (Bergapten
8), blood anticoagulant activity (Warfarin 11, Dicoumarol 12, 13) and anticancer activity
(Chatreusin 21, Osthole 6, 14, 16, 18).

Table 1
Sr. Structure Activity
No.
1 0_0O Antiinflammatory*®
Ly

coumarin

2. HO 0.0 Antihyperglycemic
\@j agent?®

umbelliferone
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HO Z

Anti inflammatory*’

esculetin
4. Antibacteriaf*
ammoresinol
5. HO 0.0 Antimycobacteriaf’
\K\/\K\@ij
osthrutin
6. | Anticancef®
OO
osthole
7. 0Og O o) Vitiligo Treatment*
D
psoralen
8. O 0 0 SkinPigmentatiof{®
S Y,
OCH;
bergapten
9. OCH, Vitiligo Treatment®
(@] o e}
S Y4
methoxsalen
10. Antihypertensivé’
%
o
o O e}
S Y
imperatorin
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12.

dicoumarol

od"o

or

OH o

4-hydroxy-3-(1-(4-nitrophenyl)-3-
oxobutyl)-2H-chromen-2-one
14. COOH

2-(3-(2-((4-methyl-2-oxo-2H-chromen-7-yl)oxy)acetamido)
-4-ox0-2-phenylthiazolidin-5-yl)acetic acid
15. 0. _©

(E)-N'-(1-(furan-2-yl)ethylidene)-2-oxo-
2H-chromene-3-carbohydrazide

Bloodanticoagulant®

Bloodanticoagulant®

Anticoagulant activit}

Anticancer activity’

Antimicrobial activity*

Available Online at www.ijprbs.com



16. 0.0 Antileukemicactivity™

HO Z pn
\N/go

(2)-N-(1-(6-hydroxy-2-oxo-2H-
chromen-4-yl)ethylidene)benzamide

17. Anti inflammatory
Activity’®
3-(3-methyl-1H-pyrazol-5-yl)-3,4-dihydropyrano[3,2-
c]chromene-2,5-dione
18. Cytotoxic*
3,3'-benzylidene-bis(4-hydroxy-2H-1-benzopyran-2-one)
19. N0 on Antibacteriaf®
o) o) 0._0
s o
O \@IHJ\G\/\)\
OH oH
Novobiocin

20. _/7 Antibacteriat®
N O on

o) .0 0._0 )

~o" (0] ¥ NJ\E\g’/(O o

OH H \ o

HO o

NH HN OHO 7 T

wQ

Coumermycin A1 o—

21. Anticancer’
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