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Abstract — Ethyl coumarin-3-carboxylate occupies an imporfagition in the organic synthesis and is used in
production of biologically active compounds. Thile data published over the last few years on thinoads of
synthesis and chemical properties of ethyl couma+oarboxylate are reviewed here for the first tiflee
reactions were classified as coumarin ring reastenmd ester group reactions, and some of thestomesabave
been applied successfully to the synthesis of gioldly and industrially important compounds.
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1. Introduction

Coumarins, an old class of compounds, are a faofilpaturally occurring compounds?
These compounds are involved in the actions oftgaowth hormones and growth regulators, the
control of respiration, photosynthesis, as weltlafense against infectidrlso, they have important
effects in plant biochemistry and physiology, agtas antioxidants, enzyme inhibitors and precursors
of toxic substancel Coumarins and their derivatives are used in igles of biology, medicine and
polymer science. They are also present or useeériumes and cosmetict® cigarettes>® alcoholic
beverage$ and laser dyes? In addition, coumarins have been found to be coteaewith a number
of cases of homicide and suicide in Kor€a&Coumarins were first synthesizei the Perkin reaction
in 1868, and many simple coumarins are still prepahrough this method. In the early 1900s, the
Knoevenagel reaction emerged as an important syotimethod to synthesize coumarin derivatives
with carboxyl group at the 3-positioff: ** Many other synthetic methods for coumarins havenbe
reported, including the Pechmarifi,Reformatsky'® and Wittig reactions'® '’ The review is not
exhaustive; it is intended to acquaint the readdh vinteresting group of synthetic organic
compounds. It is the objective of this review tonsoarize the synthesis and the chemical reactions of
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ethyl coumarin-3-carboxylate, which known as 3-cathoxy(coumarin) and as ethyl 2-oxd-2
chromene-3-carboxylate or ethyH2l-benzopyran-3-carboxylate in IUPAC system, tiletend of
2009 and provides useful and up-to-date data fgardc chemists.

2. Synthesis
2.1. Knoevenagel Reaction

The Knoevenagel condensation of 2-hydroxybenzaldehwith diethyl malonate was
catalyzed with different catalysts to give ethylo@rin-3-carboxylaté (Figure 1). Various catalysts
were used in this reaction, such as piperidiff@molecular sieves/piperidine catalyStivlagnesium
aluminophosphate (MAPO-5) and ion-exchanged MAP®&imina/KSF/K10 montmorillonites;**
liquid-functionalized Si@ at 100°C* L-Proline® sodium methoxid&, 1-n-butyl-3-
methylimidazolium  bromide/potassium  carborfdte, 1-butyl-3-methylimidazolium  hydroxide
([bmim]OH),?° aluminum phosphate-aluminum oxifeinc chloride® calcined Mg-Al hydrotalcité?
N,N-dimethyl(dichlorophosphoryloxymethylene)ammoniunhlazide, ** mixed oxide catalysts
obtained from calcined Mg-Al double hydroxides, Mb-+ Ln (Ln = Dy, Gd) and Li-Al

hydrotalcites”
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CO,Et o O
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1

Figure 1. Reaction ofb-salicylaldehyde with diethyl malonate

The synthesis of ethyl coumarin-3-carboxylatender microwave irradiation conditions was
also reported. The title compound was obtained ftbenreaction ob-salicylaldehyde and diethyl
malonate under microwave irradiation with 86% yi&ld

The Knoevenagel reaction af-salicylaldehyde with ethyl cyanoacetate using wodi

bicarbonate followed by hydrolysis of carbonitrdeoup with hydrochloric acid in ethanol afforded
ethyl coumarin-3-carboxylatein 87% yield >

SURRIE oo
+ >
OH CN 2HCI/EtoH o o

87% 1

Figure 2. Reaction ofo-salicylaldehyde with ethyl cyanoacetate
Also, treating salicylaldehyde with ethyl cyanoatetin the presence of sodium ethoxide or
potassium hydroxide at room temperature for 40-8avel in 35% vyield.®’

2.2. Miscellaneous Methods

Ethyl coumarin-3-carboxylate can be also obtairedugh copper(ll)-catalyzed C-C bond
forming reactions. The reaction of ketene dithidalce with salicylaldehyde was catalyzed with
copper(ll) bromide to afford (Figure 3)%®
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CHO SEt CO,Et
©[ . Etozc/ﬁ/ 1. CuBr, / MeCN, 2h, rt _ @I
OH SEt 2. NaHCO, / H,0 o o

86%

1
Figure 3. Reaction of ketene dithioacetal with salicylaldedyd

Tetrabutylammonium fluoride also catalyzes the izgtion of diethyl este to afford ethyl
coumarins-3-estek (Figure 4)*°

EtO,C.__CO,Et

Bu,N*.F/ THF, rt GE\/\[COQEt
O, ,CHj (O JN0)

Si, 4
Hs é Bu 1
2

Figure 4. Cyclization of diethyl este2 to ethyl coumarins-3-estér

(E)-Ethyl 2-bromo-3-[2-(methoxymethoxy)phenyllacrgat3 was converted into ethyl
coumarin-3-carboxylaté via two steps. Firstly by treatment with hydroaidoacid in ethanol and
secondly cyclization by Pd-catalyzed cross-coupteagtion (Figure 51

@\/\rBr 1. HCI / EtOH @\/ICOzEt
o COEt 2 cO/BusN/Pd(PPh); / MeCN o X0
k 86%
3 OMe 1
Figure 5. cyclization of acrylate to ethyl coumarins-3-estédr

Condensation of the 2,4-dihydroxybenzaldehyde witbldrum’s acid4 using catalytic
amount of ammonium acetate gives compobridat wasO-alkylated to obtain coumarir(Figure

6).41
CHO O O NH4OAc/H2O /@EICOQH
+
o0._0O

HO OH x

4
C3H7Br
NaHCO3 CO,R
Adogen 464 X 2 RER.=C.H
- TR1=sM7
or Me,SO, RO o Yo E:g' _,\}I‘CSH7
K,COs =Rqi=Ne

6
Figure 6. Reaction of 2,4-dihydroxybenzaldehyde with Meldraracid4.
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3. Chemical Properties
3.1. Ring Reactions
3.1.1. Ring Cleavage

Reaction of ethyl coumarin-3-carboxylatewith amines in a 1:4 molar ratio results in ring
cleavage, hence salicylaldehyde and ammonium Balese obtained (Figure 75.

N + RNH @[ + RNHCOCH,CO, RNHs*

OH
1 7

R = benzyl, Bu
Figure 7. Reaction of ethyl coumarin-3-carboxyldtevith amines

Malonate ester® were obtained by sodium borohydride reduction le# torresponding
coumarinsg in alcohols (Figure 8}

R1 R1
R CO,R
Rz N OO NagH ROH 2 2
— CO,E
Rs o o R3 OH 2
R4 R4
8 9

R = Me, Et; R; = H, OMe; R, = H, or R{R, = benzo; R3 = H, OH, OMe; R4 = H, OMe
Figure 8. Reduction of coumarin®

Coumarin-3-carboxamideB) was cleaved by hydrazine hydrate to yield carbodmide 11
and E)-2-(hydrazonomethyl)phendl2. Also the reaction oi1 with ethylenediamine gave diamides
13in addition to compouni2 (Figure 9).**

NH,

R. . _NH
N,H,.H,0 NH HN SN2
— AN,
X N,R 11 12
H —_—
0" o

/\/NH2 H H
10 HoN J/ 7(\”/ \©\+ 12
R = tolyl, CICgH, H,N © © R
13

R = Ph, tolyl, CICgH4, naphthyl; Ry = Me, ClI
Figure 9. Cleavage ofCoumarin-3-carboxamides with hydrazine hydrate ethgllenediamine
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Cycloaddition of diphenylnitriliminel4 to ethyl coumarin-3-carboxylatd in sodium
ethoxide, yieldes the diazo-ether derivathé(Figure 10Y*

+ )\\ _N. —_— )\\ !

0 Ph N~ "Ph

o CO2Et
CO,Et cl EtONa / EtOH
0

Ph™ "N’
1 14 15
Figure 10.Cycloaddition of diphenylnitrilimind 4 to ethyl coumarin-3-carboxylate

The reaction ol with trichloroacetic acid and nitromethane wagsigd. Thus, oxochromane
16, cyclopropand.7 and the correspondiri were obtained by reaction biwith trichloroacetic acid,
while the reaction of with nitro methane gives the diesté&(Figure 11)**’

e, ol cl_Cl
o COEt ceicoH @EICOZH C(<£COZB @%\ooza
—_— + +
0”0 0”0 0" Yo OH
16 17 18

CH,NO,
MeNO, CO,Et
- = orPOR
19

Figure 11.Reaction ofl with trichloroacetic acid and nitromethane
3.1.2. Reduction

Reduction of coumarin-3-carboxylate with boranes h&en studied. Thus, reduction of
methyl coumarin-3-carboxylate with borane, #5Me,, 9-borabicyclo[3.3.1Jnonane and bis(tert-
butylthio)ethane-diborane gives 57% dihydrocoumafiiFigure 12)*

X -COMe H] CO,Me
—
(@) 0] 0O

o}
20

Figure 12.Reduction coumarin-3-carboxylate

The selective reduction of the endocyclic doublendomf coumarins-3-carboxylates by
Hantzsch 1,4-dihydropyridine was studied. Hantzsdh4-dihydropyridine catalyzes the
chemoselective reduction of the 3,4-double boni ia give 3,4-dihydrocoumarin-3-carboxyla2é
(Figure 13)*

©\/\/\EGO2Et @ EtOH, 1h, reflux @\/ICO2Et
+ >
0 Yo N 95% 0o
H
1

21
Figure 13. Selective reduction of the endocyclic double bohdommarin-3-carboxylate
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6H,7H-3-Diethylamino[1]benzopyrano[3dfl]benzopyran-6,7-dione 23 and (@d,7H-
[1]benzopyrano[3,4][1]benzopyran-6,7-dione)[2,3,4-i,j]12,3,4,6,7,8-ladydroquinolizine 24, were
prepared in 74 and 86% Yyield, respectively, by emsdtion (140°C, 1.5 h) df (2 equiv.) with 3-
(N,N-dialkylamino)phenol®2 (where alkyl = Et or triethylene chains) closinggs to the 2- and 4-
positions of the arene ring (1 equiv.). Exckésgts obviously as oxidant (ethyl 3,4-dihydrocoumar
3-carboxylate21 was found in the reaction mixture) and hence tloelycts contain the double bond
[3,4c] in place of the expected single bond (Figure®14).

o o CO,Et
Ryw. Ry S
CO,Et N o 0 o o
N 2 R, R, R,
* — U, —
o Yo oH R
1 22

R, Ry
23
(@] (@]
A CO,Et
= LI X
O '
(@) (@]
N
R, R4 21
24

a. R1=Et, R2=H; b. R1R2= CH2CH2CH3
Figure 14.Reaction of coumarin-3-carboxylatewith 3-(N,N-dialkylamino)phenol22

3.1.3. Rearrangement

Reduction of 1 with sodium borohydride and then aminolyzing theodoacts with
triethylenetetramine, without isolation of interneé, leads to dioxotetramine ligan@5

(Figure 15)% %2

OH (0) H
N CO0E o NaBH, N
. > 0 NH
0 o) 2. triethylenetetramine
HN /
\/N

1

H
25

Figure 15.Formation of dioxotetramine ligarith

The treatment ofl with 2.4 equiv of dimethylsulfoxonium methylide DMF or DMSO at room
temperature gave tricyclic product, ethyl 3-hydroxglopentap]benzofuran-2-carboxylat26 in 64%,
instead of the desired oxobentjayclopropafi]pyrancarboxylat@7 (Figure 16)>
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H CO,Et
<
i O oy OH
@(\ICOZEt dimethylsulfoxonium methylide 26
o~ ~o H
1 -CO,Et
75» o O
27

Figure 16.Formation of ethyl 3-hydroxycyclopentdibenzofuran-2-carboxylat26

Activating groups for the ring expansion of coumaby diazoethane was studied. When
coumarins-3-estek reacted with diazoethane, 4-alkylated prodi&ivas isolated (Figure 175.

Me
CO,Et MeCHN -
@I e CO,Et
oo SRS

28
Figure 17.Reaction of coumarins-3-estewith diazoethane

Rearrangement of ethyl coumarin-3-carboxythtgith 3-methylbutanoic anhydrid29 in the
presence of triethylamine gave ethyl 2-(3,3-dimethgxochroman-4-yl)acetat80 in a good yield
(Figure 18)>*

B MeIMe _
o o
Ve Me o Me CO,Et
0
- CO2Et u Et;N Me Me
. O — 3 CO,Et _ Me
0 o) 80%
Meﬁo o~ o o0
1 Me 30
29 - -

Figure 18.Formation of ethyl 2-(3,3-dimethyl-2-oxochroman-jagetate30

Esters of coumarin-3-carboxylic aci@& were heated with carboxylic anhydrid@2 in the
presence of triethylamine or sodium acetate to §®ewhich rearranged in the presence ob@c
Et:N to give34 (Figure 19)°

Ry
- COR EtsN or AcONa COR Ac,0- Et3
+ (R1CHQCO)ZO
0" o

31 32

R = Me, Et, Me,CH, Me;C, Ph; Ry = H, Me, Et, Ph, CH:CH;
Figure 19.Reaction of coumarin-3-carboxylates with carboxgliydrides
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3.1.4. Cycloaddition Reactions
3.1.4.1. Stereoselective Cyclopropanation

The cycloaddition of ethyl diazoacetate Xogave the tetrahydro cyclopropa [c] chromene
derivative 35 (Figure 20). Ethyl diazoacetate was added to tded8uble bond ofl regio- and
stereoselectively giving the endo-form of the aditcycloadduct, which, being unstable, is then
transformed mainly to the above mentioned compdtind.

s COEt

CO,Et 0]
X 2 )J\/ N* N- S|02 / CGHG COQEt
+ /\O ~
o 0

1 35
Figure 20.Cycloaddition of ethyl diazoacetate to coumarinaBsoxylate

The high stereoselective cyclopropanatiortiea of 3-acylcoumarins with-bromo ketones
at room temperature has been reported. Ethyl confBerarboxylatel reacted with phenacyl
bromide in the presence of a base to give the pyofmane derivativ86 in moderate yield (Figure
21)'57, 58

(@)
Ph
CO,Et Q 3 S
@fi 2 . ph)J\/Br NaOH/THF/MeCN,2h> SNI=CO,Et
(@] (@] 0} o)
1 36

Figure 21.Reaction of coumarin-3-carboxylate with phenacyhides

Cyclopropanation of ethyl coumarin-3-carboxylatégwromine-containing zinc enolates has
been reported. Thus zinc enola83sderived from 1-aryl-2,2-dibromoalkanon®8 reacted withl to
give 1-alkyl-1-aroyl-2-oxo-1a,7b-dihydrocyclopropmihromene-la-carboxylic acid#0 as a single
geometric isomer (Figure 22

@\/icoﬁ R  OZnBr
. _
o o f’ \

Br Ar
1 38

R= Me, Ar = 4-Br-CgHy Ar= 4-F-CgHy; R = Et, Ar = 4-F-CgHy
Figure 22.Reaction of coumarin-3-carboxylate with 1l-aryl-2ijpromoalkanone87
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Zinc enolate42 obtained from 2,2-dibromo-1-indanon&l reacted with1l giving the
corresponding derivative of 2,1'-dioxo-spiro(ladibydrocyclopropafjchromen-1,2'-indarnd4 in the
form of a single geometric isomefigure 23).%°

(0]
e
Br
T (>
lZn
OZnBr .
- COEt 0
O [0 — |
O 0] O ZnBr
42 o0

1 43 44
Figure 23.Reaction of coumarin-3-carboxylate with 2,2-dibrefrcndanone

3.1.4.2. [2+2] Cycloaddition

The photo [2+2] cycloaddition of styred&to 1 gave a mixture of equal two stereoisomtgs
and47 respectively (Figure 24).

Ph pn H
CO,Et hv / CaHg /24h N
N VI LgHlg s |R R
o 0 EtO,C 5 EtO,C
47

|
o)
1 45 46

Figure 24.[2+2] cycloaddition of styrene to coumarin-3-carplaxe

2a,8b-Dihydro-Bi-benzop]cyclobutaf]pyran-3-one 49 was obtained by photo [2+2]
cycloaddition ofl to phenylacetylend8 (Figure 25f>

CO,Et
N 2 hv
+ Ph—CZ=CH ————>
O 0 benzene,

rt
73%

1
48 49
Figure 25.[2+2]cycloaddition of coumarin-3-carboxylate to placetylene

3.1.4.3. [3+2] Cycloaddition

Regiochemistry of the cycloaddition of diphenylifiitnine to coumarin-3-ester has been
reported. The cycloaddition reaction of diphenylhihine 50 to 1 gave regioisomeric pyrazole
derivative52 not the benzopyranopyrazole derivatt® due to the electron-withdrawing properties
of ester reversed the regiochemistrty of the readtFigure 26>
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Ph” "N "Ph
50
l CeHo/EtsN
© o | Ph
Ph\N/N Ph—C=N-N-Ph _N
\ Ph N CO,Et I N-pp
+
COEt f @I — CO,Et
o 0 (0] ) @ e) (@) (@)
1 Ph—C=N-N—Ph
53 52

Figure 26.[3+2] cycloaddition reaction of diphenylnitrilimirte coumarin-3-carboxylate

3.1.4.4. [4+2] Cycloaddition

Diels-Alder reaction of 2-[(trialkylsilyl)oxy]pyryum cations of B-1-benzopyran-2-one
derivatives was reported. Thug, reacted with diene derivativé3 in the presence ofert-
butyldimethyl[(trifluoromethylthio)trioxidanyl]silae to give tetrahydrobenzj¢hromen-6-one
derivative54 (Figure 27).%

Me t
/\Si\,BU-
" e
. CO2Et Ph  CH, Me 1.CF3S0,SiMe,Bu-t/ CH,Cl, ‘ Ph
QO UL JeocH
0~ 0 Bu-f 2. 2,6-Lutidine 0 Yo
53%
1 53 54

Figure 27.Diels-Alder reaction with diene derivatiés

A Diels-Alder reaction of 3-substituted coumarinswater and under high-pressure condition
was considered as an uncatalyzed route to tetrafgfdhbenzof]chromen-6-ones. Thus, Diels-Alder
reactions of coumarins-3-estémwith 1,3-dimethyl-1,3-butadien®g5 carried out in dichloromethane
and under 9 kbar pressure to afford tetrahydieb&nzof]chromen-6-one derivative6 in excellent
yield (Scheme 29¥° Also, hafnium chloride-THF complex is an efficiamatalyst for the Diels-Alder
cycloaddition ofl and 1,3-butadien&7 under solvent-free conditions furnishing the cepanding
cycloadduct8 (Figure 28)%°
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Me Me
Me

55 ‘ M
hydroquinone, CH,Cl,
> H COt
15 h, 70 °C, 9 kbar o Yo

90%

56

@f\ICO2Et_ . Ve
oo j/
1 - -
57 O CO,Et
o Yo

HfCly-2THF

\

58
Figure 28.Diels-Alder reaction with 1,3-dimethyl-1,3-butadeb5 and 1,3-butadieng’

3.1.5. Alkylation
3.1.5.1. With Organometallic Reagents
3.1.5.1.1. Grignard Reagents
Reaction of ethyl coumarin-3-carboxylatewith tert-butylmagnesium chloride gave ethyl 4-
tert-butyl-3,4-dihydrocoumarin-3-carboxylab®, 4-+tert-butyl-3-pivaloyl-3,4-dihydrocoumario, and

diethyl 2,2"-dioxo-4,4"-bichroman-3,3"-dicarboxg#tl (Figure 29)>’
o)

94
0 0 CO,Et
e mom oS oy
—_— + +
o 0 0 Yo 0o o Yo
1 59 60 61

Figure 29.Reaction of ethyl coumarin-3-carboxylate wighnt-butylmagnesium chloride

Grignard addition of alkylmagnesium halides1 in the presence of CuBr followed by
hydrolysis, decarboxylation and dehydrogenationtl® resulting dihydrocoumarins afforded 4-
alkylcoumarinss2 (Figure 30)%®

1. RMgBr/CuBr R

(@) (@] 3. -C02 (9] 0]
4. -H,

1 62

R = Me, Et, CH,Ph
Figure 30.Grignard addition of alkylmagnesium halides to éttoumarin-3-carboxylate
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The reaction of 2-methylphenylmagnesium bromidéneithyl coumarin-3-carboxylate has
been reported to gives4 in 25% vyield via the formation 063 Further addition of 2-
methylphenylmagnesium bromide@8 gave65 which eliminate the elements of EtOMgBr to gb@
1,4-Addition of RMgBr to66 gives67 which on hydrolysis give§8 in a reverse aldol condensation.
Hydrolysis 0f63 gives68 (Figure 31)%

R O

hydrolysis R
hydrolysis
(0]

T R  OMgBr
N

R™ "0

~ "R
68
R R O R OMgBr
N CO,Et RMgBr mcozEt hydrolysis COzEt 67
_— | _—
1:5, 48 h
o~ o O~ "OMgBr o "0 RMgBr
Et,O 63
1 25% 64
R  OMgBr R 0O
RMgBr OEt | - EtOMgBr R
| R — |
1:5, 48 h O~ "OMgBr
Et,0 O~ "OMgBr 9
65 66

R = 2-tolyl
Figure 31.Reaction of 2-methylphenylmagnesium bromide witlyletoumarin-3-carboxylate

3.1.5.1.2. Organolithium
Conjugate addition ofZ)-2-ethoxyvinyl anion tax,-unsaturated lactones is best affected via
Noyori-type organocopper reagents. The copper reage lithium @-2-
ethoxyethenylbis(tributylphosphine)cuprai@ was prepared in situ froois-1-bromo-2-ethoxyethene

69, tert-butyllithium, copper iodide (Cul), and tributylpshine. Addition of this reagent to coumarin-
3-esterl gave vinyl ethe?1in 89% yield (Figure 32°

l t-BuLi/ Et,0, -78°C

N CE B0 cul/Bugp
+ Li _—
oo Et,0, -78°C

70

1

71
Figure 32.Reaction otis-1-bromo-2-ethoxyethene with ethyl coumarin-3-casiate
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3.1.5.1.3. Zinc Enolates

Zinc enolates73 derived from 1-aryl-2-bromo-2-phenylethano@ react with alkyl
coumarin-3-carboxylate3l to give alkyl 4-(2-aryl-2-oxo-1-phenylethyl)-counta3-carboxylates5
as a single diastereomer (Figure 33).

Br
Ph Ar
o}
72
lZn 0 o
Ph Ar Ph Ar
~COR [ Ph, OZnBr COR - COR
©\/I + — — ZnBr | ———
oo H Ar o~ o o~ o
74
31 73 75

R= Me, Et, Ar= 4-Me-C6H4’ 4-C|-C6H4’ 4-Br-C6H4

Figure 33.Formation of alkyl 4-(2-aryl-2-oxo-1-phenylethylpamarin-3-carboxylatess

Also, zinc enolate’7 derived from 2-bromo-1-indanoné reacted with ethyl coumarin-3-
carboxylate 1 to give ethyl 2-oxo-4-(1-oxo-2-indanyl)chroman-&goxylate 78 as a single

diastereomer (Figure 34).
Br. o)

76

- O
OZnBr 0

QUL | e OO
+
o Yo O - Zn(OH)Br

o "0

1 77 78

Figure 34.Formation of ethyl 2-0x0-4-(1-0x0-2-indanyl)chromaitarboxylate’8

3.1.5.2. Miscellaneous Reagents

Allylation-assisted addition of nitromethane ethyl coumarin-3-carboxylates has been
reported. Thus, the addition of nitromethane&1ausing 1,8-diazabicyclo[5.4.0Jlundec-7-ene as basic
catalyst proceeds in the presence of allyl brortidgive benzopyrang9 (Figure 35)"
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NO,
CO,R
xCO2R  MeNO;, —
_—
00 Nop, o0
1 79

R = Me, Et, CMG3Y CH2CGH4N02_4Y Ph
Figure 35.Reaction of allyl bromide and nitromethane with mawin-3-carboxylates

The addition of some enamino esters to 3-substitateimarins has been reported. Thus,
reacted with enamino este88 to give coumarin81-83in good yields (Figure 365.

CO,Et
o X0 NH,

1 80

R=Mel R=NH2l lR=OEt

NH
EtO,C
NH - NH; 2 OEt
CO,Et 2Y N7 NH, CO,Et
CO,Et CO,Et
0~ o
O e} (0] (e}
81
82

83
Figure 36.Addition of some enamino esters to 3-substitutath@rins

In the same sense, Ivanov et al. reported theiaddif methyl 3-amino-3-ethoxyacrylag
to 1 to give 67%rans-adduct85 (Figure 37)"*

y Cl/Cone
HN)\OEt
CO,Et OEt CO,Et
XX 2 2
@fI . N)\/Cone .
0 Yo 2 o0 Yo
1 84 85

Figure 37.Addition of methyl 3-amino-3-ethoxyacrylate to ccamm-3-carboxylates
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3.1.6. Bromination

Treatment o086 with bromine in acetic acid gave the brominatethgound87, that wasO-
alkylated to furnish compourB (Figure 38)*

0 0 0
MOH Bry / AcOH Ny~ COEt Me;SO4 Xy OEt
—» —>
HO 0”0 HO 0”0 K:CO3  MeO 0”0
Br Br
87 88

86
Figure 38.Bromination of coumarin-3-carboxylates

3.2. Ester Group Reaction
3.2.1. Hydrolysis

Hydrolysis of ethyl coumarin-3-carboxylate with sodium hydroxide gave coumarin-3-

carboxylic acidB9 (Figure 39)"
0 o]
—>
o O 0o "0
1 89

Figure 39.Hydrolysis of ethyl coumarin-3-carboxylate

3.2.2. Reaction With Amines

Amidation of ethyl coumarin-3-carboxylate with primary amines90 gave coumarin-3-
carboxamide®1 (Figure 40Y> "® 7’

0}
CO,Et
NSy Nr7 NH
+ RNH, — » |
o O o~ o R
90
1 91
R = Bu, PhCH,, 4-MeOCgH,4
Figure 40. Amidation of ethyl coumarin-3-carboxylate

Nitration of ethyl coumarin-3-carboxylategave the corresponding nitro derivatB2which
was converted into amid@3 on treatment with benzylamine, which then reacteth phosphorus
pentasulfide to giv&l-benzyl-6-nitrocoumarin-3-carbothioamiéiéd (Figure 41)®
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(0]
0 — 5 H
(0] 0 (6] 0 (0] (6]
1 92 93
S
P,Ss O,N A~
= oy
(0] O
94

Figure 41.Nitration of ethyl coumarin-3-carboxylate

N-Substituted coumarin-3-carboxamides with antinicb and insecticidal activities have
been prepared. Thus, coumarin carboxam@@asere prepared frorh with amine95 (Figure 42)"°

o)
- CO2Et N N,(CHz)nR
+ NHy(CH)nR — » N
o0 o o X0
92

1 95

n=2, R= OH; n=2, R= CI; n=2; R = NMe,
Figure 42.Formation of coumarincarboxamid@s

Additionally, condensation ofl with p-aminoacetophenone gave the corresponding
intermediated7 which reacted with a number of aromatic aldehydegeld the chalcone analo§8
(Figure 43)%

Me
+ H —_—
o "0 o)
1 (0] Me 97
Ar
=
(0] (@)
A N
H
O O

Ar = Ph, 4-CICgH, 3-O,NHgH,4 2-MeOCgH, 2,4-(MeO),CgHj
Figure 43.Formation of chalcone analog8
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VariousN-bromoaryl coumarin-3-carboxamid€® were prepared by amidation a&fwith
bromoarylamines. Some acridinyl derivatives, &Qf, were prepared (Figure 44%).
o}

- R

O (0}
0" "0 _NHz
1 N HN
100

R =4-BrCgHy, 4,2-, 4,3, or 2,4-BrMeCgHj; 4,2- or 2,4-BrCIC¢H; 4-bromo-,
and 4,7-dibromonaphthyl

Figure 44.Formation ofN-bromoaryl coumarin-3-carboxamid@8 and101

Coumarin-3-carboxanilidesl02 and 103 reported as bactericidal and fungicidal actigitievere
prepared by amidation dfwith anilines (Figure 45¥

é NH,
R
o 1
4— _ H R
0" "0 o "0
1 102

R1 = H, Me, COzEt, CH2C02H, CONHCHchZH, CONHCsH4Me-4, CONHCH2C02Me
Figure 45.Reaction of ethyl coumarin-3-carboxylate with ares ang-phenylene diamine
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Amidation of1 and sulfa drug&03 gave amide 04 (Figure 46>

NH,

O::

)

/NHR

1

R = H, o-, m-, and p-tolyl, CH,Ph, C(NH,):NH
Figure 46.Reaction of coumarin-3-carboxylate with sulfa dr.§8

N,N-bis[2-0x0-H-1-benzopyran]-3-carboxamide derivative36 have been synthesized by
the reaction ofl with diamines105 in different yields ranging from 11% to 30%. Somwikthe
synthesized compounds show good selective inhipitmtivity against the monoamine oxidase
(MAO-A) isoform (Figure 47}*

Xy CO2EL Na, EtOH
+ H2N_X_NH2
0

o)
1 105 106

X=-(CHjy)n-;n=2,4,6
Figure 47.Reaction of coumarin-3-carboxylate with diamii€s
Coumarin-3-carboxylic aci@9 was treated with thionylchloride to give the keyermediate

107. At last,107 reacted with correspondidrsubstituted piperazind,08 and the target compounds
109were obtained, that have acetylcholinesteras@iiainy activity (Figure 48¥°

) e EtOH reflux reflux

89 107
HN  N-R 0
/ |
1 N
08 T::j
K»CO3 reflux o X0 N.r

109

R= alkyl, aryl, aroyl
Figure 48.Reaction of coumarin-3-carboxylate whksubstituted piperaziné08
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Conjugate reduction ot with Pd/C-NEf to N-ethyl coumarin-3-carboxamid&l0 in 44%
yield was reported (Figure 49).

e} (0]
PhMe Et
0”0 140°C, 16h o "0
1 110

Figure 49.Formation ofN-ethyl coumarin-3-carboxamidelO

3.2.3. Formation of Carbohydrazides

Coumarin incorporated Schiff bases of 1,3,4-oxadex bearing coumarin have
anticonvulsant activities. Thu&,was reacted with hydrazine hydrate in ethanolite goumarin-3-
carbohydrazide11 3-(5-amino-1,3,4-oxadiazol-2-yl)coumariri2 was prepared by reaction of the
hydrazide111 with cyanogens bromide. 3-[5-@&}-Arylmethyleneamineamino)]-1,3,4-oxadiazol-2-
yllcoumarin113was prepared by reaction of 3-(5-amino-1,3,4-cxaali2-yl)coumarin 112 with 3-
nitrobenzaldehyde in glacial acetic acid and 1gkane (Figure 509

0
CO,Et
X 2 EtOH N N NHz2  CNBr o_ NH,
+ NHoNH,.H,O — H EE— \ 4 \ll/
SIS o Yo o N-N
1 111 ©
112
ArCHO
\ O\(N\ Ar
ACOH / 1,4-dioxane S 'N
0 N~
o)
113

Ar = 3-N0206H4
Figure 50.Reaction of coumarin-3-carboxylate with hydraziydrate

Thiosemicarbazide derivatives of coumaritis, as potential anticonvulsant and analgesic
agents, were synthesized by reaction of carbohitkazll with aryl isothiocyanatesl14
(Figure 51)%®

R
X N2 1oy N
H + —>» 0 N., A
N s
o 0O H
R O O

111 114 115

R =H, Br, Cl, Me
Figure 51.Formation of thiosemicarbazide derivatives of corinsl15
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Imran et al. have reported the synthesis of 1-arylamethyl-3-(coumarin-3-yl
carbohydrazino) isatinkl7 as potential anticonvulsants. Thus, the condesrsafithe carbohydrazide

111 with isatin followed by reaction with formaldehyded different aromatic amines resulted in the
formation of117 (Figure 52.f°

0]
X N’ CHZO ArNH,
H O —>»
o "0 (o) o Mannlch reaction

ArHN
117

Figure 52.Formation of 1-arylaminomethyl-3-(coumarin-3-yl-bahydrazino) isating17

2-(Coumarin-3-yl)-5-aryl-1,3,4-oxadiazolesl18 were synthesized by reacting the
carbohydrazidd 11 with various aromatic acids in presence of phosghoxychloride (Figure 53F.

0 N-N
| D—Ar
XX N’NH2 POCI3 X o>\
H + ArCOH ——>»
o "o O "0
111 118
POCI;
or Ac,0O
CO,Et o i H Al
X 2 X . r
L™ Ay Ty
o” "0
119 o0
1 120

Ar = Ph, 2-C|CGH4' 4'C|CGH4, 3-()2NCGH4y 4-02NCGH4' 3!5'(02N)ZCGH3, 4-ACNHCGH4Y 3-pyridyl, 4-pyridyl, 2-
HOC6H4' 3-ACOCGH4

Figure 53.Formation of 2-(coumarin-3-yl)-5-aryl-1,3,4-oxadides118

The alternative synthesis of a series dfl,3;4-oxadiazolyl)coumarind18 have been
described by treatment &fwith several aryl carbohydrazid@49 afforded the correspondindracyl
coumarin-3-carboxhydrazides which undergo cycliratin presence of phosphorus oxychloride or
acetic anhydride (Figure 53).

Coumarin-3-carbohydrazitl#l reacted with different aldehydes and ketoh2tto form the
Schiff based22 which on cyclization by refluxing in excess acetithydride for 1 h resulted in 3-(4-
acetyl-3H-aryl-4,5-dihydro-1,3,4-oxadiazol-2-yl)coumarir23 and these compounds were less
neurotoxic as compared with the standared drugytben(Figure 54¥"
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Ox_ Ry
]
XX
121 Ac,0
= O — = o —_—
R1
HN. HN‘N—
NH, N
122 | L
111 _ R
R1 = H, CH3

Figure 54.Reaction of coumarin-3-carbohydrazide with différaldehydes and ketones

Amidation of 1 with the hydrazinel24 gave the corresponding acetamiti#s which was

converted td.26 by reaction with benzaldehyde after hydrolysig(ffe 55)*

HN-AC

OSO

CO,Et 1. hydrolysis
/
—_—
0" @L
NH
125

1

d @
126

Figure 55. Amidation of coumarin-3-carboxylate with the hydreezl24

The reaction ofl with the N,N'-diisopropylidenel27 and N,N'-diacetyl derivativesl28 of
malonic acid dihydrazide under the conditions af Michael reaction lead to the formation Nf
isopropylidenel 29 andN'-acetyl130 derivatives of coumarin-3-carbohydrazide (Figue®
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N~ TAc
ﬁH
07 NH
HN_ _Me
0y
> H
o Yo oo
1 Me 129
o N=
NH Me
NH Me
o0 N= o
128 Me N N/N%r""e
> H
Me

130
Figure 56.formation ofN'-isopropylidenel29andN'-acetyl130

3.3. Reaction With Acetylacetone

Ethyl coumarin-3-carboxylate reacted with pentane-2,4-dione in the presenceodfum
ethoxide to form 10-acetyl-7,9-dihydroxydébenzof]chromen-6-oné.31in 67% yield (Scheme 58).
% Bakeer has reported, the same reaction in sodibaxigle to affordl31as main product in addition
to ethyl 4-(2,4-dioxopentan-3-yl)coumarin-3-carblatg 132 as a side product (Figure 57).

o 0

Ac O Me Me

- CO2Et o o 1) NaOEt/EtOH or  HO - CO2Et

+ MeMMe o o °

oo 2)NaOMe, 3h, 170°C oo

OH O
1

131 132
67% 12%

Figure 57.Reaction of coumarin-3-carboxylate with pentanedighe
3.4. Miscellaneous Reactions

2-Mercapto-4-hydroxypyrimidine[3}eoumarinsl33 was prepared by the condensation of
3-(ethoxycarbonyl)coumarirl with thiourea. Alkylation of133 with alkyl halides yielded the
corresponding 2-alkylthio compour®4 (Figure 58)°°

_R
SH )S\
N)*N N| =N
CO,Et s |
D X, [ on _RX [ o
+  H,N" "NH
(0) o) 2 2
0~ o o~ "o
1 133 134

R = Me, Et, PhCH, EtO,CCH,
Figure 58.Formation of 2-mercapto-4-hydroxypyrimidine[3¥eoumarinsl33
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Ethyl coumarin-3-carboxylatel reacted with cyanoaceteohydrazide in the preserfce o
piperidine to give dihydrocoumarit85 which converted into pyrazolopyridofi86 (Figure 59)»°

~NH,
HIN HN~N
CN \
) 0]
CO,Et H NH
Ny 2 N. EtOH CO,Et
+ NCTYUNH, ——— — o
o0 Yo 0 Piperidine
reflux (OEN©) o~ Yo
1 135 136

Figure 59.Reaction of coumarin-3-carboxylate with cyanoadeyeoazide
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