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Conversion of 3-Carbethoxy-4-methyl Coumarin Derivatives into
Several New Annelated Coumarin Derivatives

BAKEER Hadeer Mohammed *

Department of Chemistry  Faculty of Science at El-Fayoum Cairo University El-Fayoum Egypt

The reaction of ethyl esters of 4-methyl-2-oxo0-2H-1-benzo

naphtho pyran-3-carboxylic acids 1 with aromatic aldehy-
des in the presence of piperidine yielded 4-styryl-3-carboxami-
dopiperidyl coumarin derivatives 4. The reaction of hydrazine
hydrate with 1 gave acetophenone hydrozone derivatives 5 and
acetophenone azine derivatives 6. The reaction of 1 with prima-
ry amines afforded compounds 7—9. And the treatment of 1la
with Grignard reagents afforded 3-aroyl-4-methyl coumarin
derivatives 10.
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Introduction

Coumarin and its annelated derivatives are reported to
possess significant antibacterial ! coronary dilatory® and
hybothermal® # activities. Therefore it became of interest
to synthesize new derivatives of these compounds with ex-
pected biological activities. The use of the readily obtain-
able 3-ethoxycarbonyl coumarin derivatives seemed to be a
logic and easy route for the synthesis.

The condensation of @ [-unsaturated ester containing
a methyl group at f3-position with aromatic aldehydes and
ketones leads directly to the corresponding 2 4-dienoic
acids .>7 It was previously reported® ° that the methyl group
at the 3-position of @ [-unsaturated ester could react with
aromatic aldehydes and ketones. Ivanov et al.>!! found
that the ethyl ester of 4-methyl-2-ox0-2H-1-benzopyran-3-
carboxylic acid 1a upon heating at about 170 °C in the
presence of sodium amide in hexamethyl phosphoric tri-
amide HMPT
and ketones but also with aldehydes and ketones containing
a-hydrogen atoms such as acetaldehyde cyclohexanone or
acetophenone. ' In all cases however instead of the ex-

reacted not only with aromatic aldehydes

pected lactone-acids 2 the corresponding 6'-substituted-
2 2'-dioxo-5" 6'-dihydro-2H 2'H-pyrano 3 4-c¢ -1-ben-
zopyrans 3 have been obtained.

1215 we found

In continuation of our research program
that the same condensation could be carried out with the
ethyl ester of 4-methyl coumarin derivatives 1a and 1b as

well when heating at 160 “C with aromatic aldehydes p-
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anisaldehyde N N-dimethyl-p-aminobenzaldehyde and
p-nitrobenzaldehyde in the presence of small amount of
piperidine to give the corresponding 4-substituted styryl-3-
carboxamidopiperidyl coumarin derivatives 4a—d4f re-
spectively Scheme 1 . The structures of compounds 4a—
4f were confirmed by their correct analytical data and
spectral data. When compound 1a was heated in an oil-
bath of 160 °C with piperidine for 2 h the 3-carboxami-
and in the
case of p-methoxy-benzaldehyde in the presence of piperi-

dopiperidyl-4-methyl-coumarin was isolated

dine compound 4a was yielded.

It has been reported that the reaction of coumarins
with hydrazine affects the fission of the heterocyclic
ring. "> In the present investigation the study of reaction
behaviour of 4-methyl-3-carbethoxy coumarin derivatives
la and 1b with hydrazine hydrate was extended. Thus
compound 1a reacted with hydrazine hydrate to give 2-hy-
droxy acetophenone hydrazone  5a 2-hydroxyace-
tophenone azine 6a and malonic acid hydrazide. On the
other hand compound 1b reacted with hydrazine hydrate
to give both 1-hydroxy-2-acetyl naphthalene hydrazone

6a and 1-hydroxy-2-acetyl naphthalene azine 6b
Scheme 1 . The structures of 5 and 6 were confirmed by
their spectral data.

The reaction of la with benzyl amine in boiling
ethanol afforded 4-methyl-3- N-benzyl carboxamidocou-
marin 7a as a main product and the other was identified
as 4-benzylamino-4-methyl-3-carbethoxy-3 4-dihydro-cou-
marin 8 as aminor product while the reaction of 1b
gave only 4-methyl-3- N-benzyl carboxamido-benzo-7 8-
coumarin 7b The addition of amino group to the
olefinic double in 1b failed due to the higher stability of
heterocyclic ring increased in compound 1b. Similarly
anthranilic acid underwent 1 4-nucleophilic addition on
coumarin 1a to give N- 4-methyl-3-carbethoxy-3 4-dihy-
drocoumarin-4-yl anthranilic acid 9 .

The Grignard addition of 1a was also examined in the
present work . Thus!>!7  the reaction of 1a with Grignard
reagents such as p-tolyl- phenyl-magnesium bromide
and benzyl magnesium chloride afforded the correspond-

ing 3-aroyl-4-methyl coumarin 10a—10c¢  respectively.
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Experimental Condensation of 1 with aromatic aldehydes formation of

Melting points were measured by a Gallen Kamp melt-
ing point apparatus and uncorrected. IR spectra were
recorded on a Pye-Unicam SP 1200 spectrophotometer us-
ing KBr wafer technique. "H NMR spectra were measured
on a Varian EM 390 instrument operating at 90 MHz in
CDCl; or DMSO-dg with TMS as internal standard. Ele-
mental analyses were carried out at the Microanalytical
units at Cairo and Ain Shams Universities. The purity of
the synthesized compounds was checked by TLC.

4 -substituted styryl-3-carboxamidopiperidyl coumarin and
benzocoumarin 4a—4f

A mixture of 1a or 1Ib  0.01 mol  appropriate aro-
matic aldehydes 0.01 mol and piperidine 3 mlL was
heated in an oil-bath at 160 °C for 20 h. The mixture was
cooled and acidified with dilute hydrochloric acid 20 mL
2% . The solid product precipitated was filtered off
washed several times with water dried and then recrystal-
lized from the appropriate solvent to get 4a—d4f.
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4a Yield 40% pale yellow crystals m.p.
127—129 C from light petroleum ether 60—80 °C . 'H
NMR CDCl; & 7.9—7.0 m 8H ArH 6.15 d
J=11.2 Hz 2H olefinic trans protions 3.8 s 3H
OCH; 2.6—1.9 m 10H piperidyl group IR
KBr v 1740 C =0 lactone 1660 C = O amide
em~!'. Anal. caled for C,sH;3NOs, C 74.02 H5.95 N
3.60 found C 74.07 H 6.05 N 3.63.

4b Yield 45% pale yellow crystals m. p.
200—202 °C from ethanol. 'H NMR DMSO-ds &
7.8—7.2 m 84 ArH 6.2 d J=11.2 Hz 2H
2.84 s 6H NMe 2.0—1.36
m 10H piperidyl group IR KBr v 1732 C=0
lactone 1651 C = O amide cm~'. Anal. caled for
C25H26N203 C74.60 H6.51 N6.96 found C 74.50
H 6.35 N7.14.

4c Yield 52% brown crystals m.p. 220—222
°C from methanol. '"H NMR CDCl; 6 8.1—7.2 m

olefinic trans protons

8H ArH 6.3 d J=11.6 Hz 2H olefinic trans
protons  2.2—1.65 m 10H piperidyl group IR
KBr v 1736 C = O lactone 1655 C = O amide

em~!. Anal. caled for Cp3HyoN,Os C 68.31 H 4.98 N
6.93 found C 68.46 H 4.96 N 6.88.

4d Yield 16% brown crystals m.p. 160—162
°C from benzene. 'H NMR DMSO-d¢ & 7.9—7.1
m 10H ArH 6.7 d J=13Hz 2H olefinic trans
protons 3.85 s 3H OCH; 2.2—1.42 m 10H
piperidyl group IR KBr v 1722 C = O lactone
1666 C=0 amide cm~!'. Anal. caled for CygHpsNO,
C76.52 H5.73 N3.19 found C 76.22 H 5.73 N
3.38.

4e Yield 18% brown crystals m.p. 148—149
°C from benzene. 'H NMR DMSO-d¢ & 7.9—7.3
m I0H ArH 6.56 d J=11.6 Hz 2H olefinic
trans protons 3.1 s 6H NMe, 2.0—1.2 m 10H
piperidyl group IR KBr v 1726 C = O lactone
1660 C=0 amide ecm~!. Anal. caled for CyoHpgN,O;
C76.97 H6.24 N 6.19 found C 77.01 H 5.78 N
6.16.

4f Yield 20% pale brown crystals m.p. 165—
167 °C from benzene. '"H NMR CDCl; & 8.2—7.2

m 10H ArH 6.3 d J=1.9 Hz 2H olefinic
trans protons 2.4—1.7 m 10H piperidyl group
IR KBr v 1725 C=0 &-lactone and 1660 cm~! C

=0 amide cm~!. Anal. caled for Cy Hy N,Os C
71.35 H 4.88 N 6.16 found C 71.33 H 5.16 N
6.20.

Formation of 5a and 6a via hyazinolysis of 1a

A solution of 1a 0.005 mol in absolute ethanol 50
mlL  was stirred with hydrazine hydrate 0.02 mol and
then the mixture was refluxed for 3 h. After concentration
and cooling the solid formed was filtered off and washed
with dilute hydrochloric acid dried and triturated with
licht petroleum 40—60 °C . The petroleum soluble part
was concentrated and the colourless crystals were separat-

ed recrystallized from light petroleum 40—60 C  to
give 2-hydroxy acetophenone hydrazone 5a  yield 25%
m.p. 81—82 °C compound 5a was confirmed by inde-
pendent synthesis m.p. and mixed m.p. determination
with an authentic sample and with literature 2. 'H NMR
CDCl; & 13.1 s 1H OH 8.9 s 2H NH,

7.9—7.1 m 4H ArH 2.62 s 3H CH; IR
KBr v broad band ranged from 2313—3500 OH
NH, CH; 1620 C=N 1600 C=C cm~'. Anal.

caled for CgHigNyg C 63.98 H 6.71 N 18.65 found
C63.83 H6.6 N 18.37.
The insoluble product was treated with light petroleum
80—100 °C . The soluble fraction gave colourless crys-
tals of malonic acid hydrazide yield 18% m.p. 132 C.
Anal. caled for C;HgN4O, C 27.27 H 6.06 N 42.42
found C 27.0 H 6.01 N 42.33. The insoluble fraction
from light petroleum 90—100 °C  was recrystallized from
benzene to give 2-hydroxy acetophenone azine 6a as yel-

low crystals yield 31% m.p. 190 C. 'H NMR DM-

SO-d¢ 6 13.3 s 2H 2xOH 8.1—7.1 m 8H
ArH 2.81 s 6H 2xCH; IR KBr v broad band
ranged from 2500—3500 OH CH; 1625 C =N

1600 C=C ecm~'. Anal. caled for Ci;gH;gN,O, C
71.62 H 6.01 N 10.44 found C 71.98 H 6.13 N
10.34.

Formation of Sb and 6b

A solution of 4-methyl-3-carbethoxy-7 8-benzocou-
marin 1b  0.005 mol in absolute ethanol 50 mL was
treated with hydrazine hydrate 0.02 mol
before. The solid separated was triturated with light
petroleum 60—80 “C . The soluble fraction after concen-
tration gave 1-hydroxy 2-acetyl naphthalene hydrazone
5b as yellow crystals yield 35% m.p. 135—137 C.
'THNMR CDCl; & 13.27 s 1H OH 9.1 s 2H
NH, 8.0—7.1 m 6H ArH 2.72 s 3H CH;
IR KBr v broad band ranged from 2400—3500 OH
NH, CH; 1625 C=N 1610 C=C cm~'. Anal.
caled for C,H;pN,O C71.98 H6.04 N 13.99 found
C72.13 H6.01 N 14.02.

The insoluble fraction was crystallized from benzene
to give 1-hydroxy-2-acetyl naphthalene azine 6b as pale

as described

yellow crystals yield 30% m.p. 199 °C. 'H NMR
DMSO-dg & 13.35 s 2H 2xOH 8.0—7.1 m
I12H ArH 2.63 s 6H 2xCH; IR KBr v

broad band ranged from 2550—3500 OH CH; 1625

C=N 1600 C=C cm~'. Anal. caled for CyyHyp-
N,0O, € 78.24 H 5.47 N 7.60 found C 78.89 H
5.5 N7.61.

Reaction of 1a with benzylamine formation of 4-methyl-3-
N-benzyl carboxamido-coumarin 7a and 4- benzylami -

no -4-methyl-3-carbethoxy-3 4-dihydro-coumarin 8

A solution of 1a 0.01 mol in absolute ethanol 50
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0.02 mol and the
mixture was refluxed for 3 h. After concentration and cool-
ing the solid formed was filtered off washed several times
with water dried and triturated with light petroleum 40—
60 C . The light petroleum insoluble fraction was recrys-
tallized from benzene to give 7a as yellow crystals yield

ml  was stirred with benzylamine

40% m.p. 138—140 C. '"H NMR CDCl; & 8.8
brs 1TH NH 7.8—7.1 m 9H ArH 4.5 d
J=4.3 Hz 2H CH,Ph 2.4 s 3H CHj; IR
KBr v 1730 C =0 lactone 1670 C =0 amide

1605 C=C cm~'. Anal. caled for C;sH;5sNO; C
73.71 H 5.15 N 9.55 found C 73.41 H 5.24 N
9.71.

The soluble fraction was evaporated in vacuo and left
a solid product which recrystallized from light petroleum
ether 40—60 C to give 8 as yellow crystals vyield
16% m.p. 70—71 C. 'H NMR DMSO-d¢ & 8.25
s IH NH 7.9—7.3 m 9H ArH 4.5 q J=
4.6 Hz 2H CH,CH; 3.6 brs 1H methine pro-
ton. 2.5 s 3H CH; 2.25 s 2H CH,Ph 1.4
t J=5.1Hz 3H CH,CH; IR KBr v 1742 C=
O lactone 1715 C =0 ester . Anal. caled for CogHs-
NO, C 70.78 H 6.24 N 4.13 found C 70.71 H
5.78 N4.22.

4-Methyl-3- N-benzyl carboxamido-benzo-7 8-coumarin
7b

A solution of 4-methyl-3-carbethoxy-benzo-7 8-
50 mL

as described

in absolute ethanol
was treated with benzylamine 0.02 mol
above to give 7b as pale yellow crystals from light
petroleum ether 80—100 C  yield 46% m.p. 170—

coumarin 1b 0.01 mol

172 °C. 'H NMR CDCl; & 8.6 s IH NH 7.9—
7.1 m 11H ArH 40 d J=4.4 Hz 2H
CH,Ph 2.3 s 3H CH; IR KBr v 1738 C=0

lactone 1662 C = O amide em~'. Anal. caled for
CnpHi;NO; C76.95 H4.99 N 4.08 found C 76.45
H5.42 N 3.95.

N- 4-Methyl-3-carbethoxy-3 4-dihydrocoumarin-4-yl anth-

ranilic acid 9

A solution of 1a  0.01 mol in n-butanol 30 mL
was stirred with anthranilic acid 0.01 mol for 30 mim.
and then refluxed for 6 h. After cooling the solid formed
was filtered off and recrystallized from light petroleum ether
b.p. 80—100 C to give 9 as colourless crystals yield
17% m.p. 126—128 C. 'H NMR CDCl; & 10.3
s 1H COOH 9.1 brs 1H NH 7.9—7.4 m
8H ArH 6.3 brs IH 3-CH 3.8 q J=5.2Hz
2H CH,CH; 2.44 s 3H CH; 1.1 t J=5.8
Hz 3H CH,CH; IR KBr v 1738 C =0 lactone
1712 C =0 ester 1696 C =0 acid 2500—3480
OH NH ecm~!'. Anal. caled for Co0H;oNOg C 65.03
H5.18 N3.79 found C 65.48 H 5.3 N 4.0.

Formation of 3-aroyl-4-methyl coumarin 10a—10c via
reaction of Grignard reagents with la

An ethereal solution of Grignard reagent 0.03 mol
was added dropwise to the solution of 1a 0.01 mol in
30 mL

under reflux for 6 h and then left overnight at room tem-

dry benzene . The reaction mixture was heated
perature and decomposed by shaking with a saturated solu-
tion of ammonium chloride. The organic layer was separat-
ed dried over anhydous sodium sulphate concentrated
and left to cool. The solid formed was filtered off and re-
crystallized from the proper solvent to give 10a—10c.

10a Yield 40%  colourless crystals m. p.
200—202 °C from ethanol. 'H NMR CDCl; & 7.6—
7.0 m 8HAH 24 s 3H CH; 1.9 s 3H
CH3Ar IR KBr v 1732 C=0 lactone 1684 C=
O ketone c¢m~'. Anal. caled for CigH;405; C 77.68 H
5.07 found C 77.96 H 5.30.

10b Yield 55%

pale green crystals m. p.
157—159 °C from toluene. 'H NMR CDCl; & 7.9—
7.3 m 9H ArH 2.6 s 3H CH; IR KBr v

1741 C =0 lactone 1682 C=0 ketone c¢m~'. Anal.
caled for C;7H;,05 C77.26 H4.58 found C 77.37 H
4.50.
10c Yield 45% greem crystals m.p. 170—
172 °C from benzene. '"H NMR CDCl; & 7.8—7.2
m 9H ArH 4.6 d J=5.6Hz 2H CH,Ph 2.1
s 3H CH; IR KBr v 1738 C = O lactone
1686 C =0 ketone em~!. Anal. caled for C;gH;40; C
77.68 H 5.07 found C 77.37 H 5.18.
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