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Chapter 1: Introduction

Cyclic organic compounds containing all carbon atoms in ring formation is
referred as a carbocyclic compound. If at least one atom other than carbon forms a part of
the ring system then it is designated as a heterocyclic compound. Pyrones are heterocyclic
compounds containing oxygen as hetero atom other than carbon; its derivatives may
contain sulphur, phosphorous, nitrogen etc.

Pyran-2-one or coumarin and pyran-4-one or chromone and its derivatives are
widely distributed in nature and show various pharmacological activities. Various
heterocycles have been synthesized from coumarin derivatives. Many Scientists are keen
to work in this field due to better selectivity and pharmacological activity of these
compounds in medicinal chemistry.

Coumarin derivatives are used for fragrances in cosmetics, pharmaceuticals and
foods. Coumarin derivatives show various activities like anti bacterial, anti fungal,
antiviral, insecticidal, CNS activity, analgesic, anti inflammatory, anti HIV-1 integrase
inhibitory activity, antioxidant and anticoagulant. They also show anticancer activity
against lungs cancer, gastric cancer, pancreatic cancer, skin cancer, intraocular
melanoma, uterine cancer, breast cancer, cancer of the endocrine system, and also inhibit
the growth of ovarian and nasopharyngeal tumor cells.

Various derivatives synthesized from coumarin show wide range of
pharmacological activities like anticonvulsant activity, anti histaminic activity,
antiepileptic, hypotensive, hypertension, non steroidal human progesterone receptor
agonists, regulation of human cervical carcinoma cell proliferation, dermatological
disorders like psoriasis, vitiligo, mycosis and atropic eczema and anti spasmodic,
antiallergic agent particularly for bronchial asthma, wuricosuric, anti diuretic

hyperuricemia and edema.
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The study of coumarin, its various derivatives and various heterocycles is of great
interest for synthesis and biological activity.
Objectives of the Work:
e Synthesis of coumarin derivatives
e Synthesis of various heterocycles from various coumarin derivatives
¢ Biological evaluation of various compounds and find out possible QSAR.

The structures of all the synthesized compounds have been established using
various analytical methods like IR, 'H NMR, B NMR, Mass, Elemental analyses, HPLC
and Single Crystal X-Ray Diffraction.

Chapter 2: Synthesis and biological evaluation of isoxazole derivatives

Derivatives of benzisoxazole are known to possess wide spectrum of biological
activities such as anti microbial and anti herbicidal activities. 1, 2-benzisoxazole
derivatives and various analogues show various activities like antidepressants, anti-
inflammatory, antimalarial, antipsychotics, antiviral, general anesthetics, anticonvulsant,
dopamine blocking properties and cytoprotective agents.

1-Naphthol on reaction with acetic acid in presence of zinc chloride gave 1-(1-
hydroxynaphhthalen-2-yl)ethanone which on Hoesch reaction with diethyl carbonate in
presence of pulverized sodium gave 4-hydroxy-2H-benzo[h]chromen-2-one. This on
Posner reaction with hydroxylamine hydrochloride in presence of sodium bicarbonate
afforded 2-(naphtho[2,1-d]isoxazole-3-yl)acetic acid which was then converted into
different amides (Scheme 1) by reaction with different amines using

dicyclohexylcarbodiimide (DCC) and N, N-dimethyl amino pyridine (DMAP) as catalyst.
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Scheme 1:

5
Sb= HN@ 5f = N

5= N

5d= HN’Q Sh=

e

9

.

Biological Evaluation: All Synthesized compounds were screened against Melanoma
Cancer Cell lines at Hershey Medical Centre, USA and also screened for anticonvulsant
activity at Dharmsinh Desai University, Nadidad.
Chapter 3: Synthesis and biological evaluation of amide derivatives of difuran-2-
carboxylic acid
Various esters, amide, ether and thioether derivatives of furan show antifungal,
antimicrobial, cysteine protease inhibitor, ischemic cell death, orexin receptor antagonist,
anti angiogenesis, anti osteoarthritis activity and also show CNS depressant effect.
7-hydroxy-4-methyl-coumarin was condensed with chloroacetone in presence of
anhydrous K,COj in dry acetone gave 4-methyl-7-(2-oxopropoxy)-coumarin which was
brominated using N-bromosuccinimide to give 3-bromo-4-methyl-7-(2-oxopropoxy)-
coumarin. This bromo derivative was further refluxed with 10% alkaline ethanol gave
cyclized 3, 5-dimethylbenzo[1,2-b:5,4-b'|difuran-2-carboxylic acid 5 as major product,

which was converted into corresponding amides (Scheme 2).
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Scheme 2:

O

R= 6a= HNQ 6g= N
__/
6b = HN@COOH 6h = N/\:\
6i- N )
/~

z

Biological Evaluation: All Synthesized compounds were screened against 2 gm +ve

alla

6d = HN—QOH 6 = N\/
alla
ol

bacteria, 2 gm —ve bacteria and one fungi at Micro Care Lab, Surat and also screened for
Orexin receptor binding study at University of Helsinki, Finland.
Chapter 4a: Synthesis of amide and ester derivatives of Naphthopyrone 2-carboxylic
acid

Chromone derivatives are useful as antiallergic agent particularly for bronchial
asthma they inhibit the release of mediators like histamine, several kinins etc. of
immediate hypersensitivity reactions. Chromone derivatives have been reported as MAO-
B inhibitors, melanin concentrating hormone receptor 1 antagonists and adenosine
receptor ligand. Photodimerization and microwave assisted synthesis of Chromone-2-
carboxylic acid derivatives have been reported. In this part we have synthesized various
amide and ester derivatives of naphthopyrone-2-carboxylic acid.

Condensation of 1-naphthol 1 with dimethyl acetylenedicarboxylate (DMAD) in
presence of anhydrous K,CO; and dry acetone gave E and Z mixture of dimethyl 2-

(naphthalen-1-yloxy)maleate. Since E and Z mixture was not possible to separate into E
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and Z isomers, it on mild hydrolysis in aqueous KOH at room temperature gave 2-
(Naphthalen-1-yloxy)maleic acid as corresponding mixture of E and Z isomers, which
were also not separated. The diacid (E/Z mixture) on cyclization with concentrated
sulphuric acid gave 4-Oxo-4H-benzo[h]chromene-2-carboxylic acid. This acid was
converted into corresponding amide using two different methods. The chromen-2-acid
was converted into various esters using various alcohols and dry HCI gas (Scheme 3).

Scheme 3:

O,

OH
O R
OH o7 X
O \
-, o __ .
Soh
4
1
[e]

5
Sb= "\ /

5 =N,

~
= O
T
w O/\/
e= O
Chapter 4b: Unusual deacetylation of 1-acetyl 2-naphthol in facile manner
0- Hydroxy ketone is one of most the common starting material used for various
reactions. Formation of chalcones or Schiff bases from 0-hydroxy ketones is one of the
most frequently used reactions in organic synthesis because various heterocyclic rings can
be formed further from it. Chalcones, chromenes, imidazoles and other heterocyclic rings
show various biological activities. Synthesis of chalcones' from various substituted 0-
hydroxy acetophenone derivatives and formation of flavones from it was reported earlier
from our laboratory. We were keen to form first Schiff bases and then heterocyclic ring
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from 1-acetyl 2-naphthol. Instead of that during formation of Schiff base reaction, we
have observed novel deacetylation of 1-acetyl 2-naphthol.

Reaction of acetic acid and acetic anhydride with 2-naphthol in presence of zinc
chloride gavel-acetyl 2-naphthol which when refluxed in absolute ethanol with primary
aromatic amines and 2-3 drops of acetic acid, we observed formation of two products on
TLC, different from starting material. The two products were separated by column
chromatography. One product was found to be different anilide derivatives and another
product was found to be same in all reactions i.e. 2-naphthol (Scheme 4). Hence we
observed deacetylation of 1-acetyl 2-naphthol which we can call it as either retero Friedel
Crafts reaction or retero Diels Alder reaction.

Same reaction was repeated with secondary amines. In case of cyclic secondary
amines, retero Friedel Crafts reaction occur and then acetyl group is removed as acetic
acid from N-acetyl pyrrolidine or N-acetyl morpholine and 2-naphthol was obtained. No
reaction was observed with p-nitro aniline, benzotriazole, indole and 3-acetyl
naphthopyrone, only starting materials were recovered.

Scheme 4:

— R
/ o

5 6 1

R=5a=H
5b =4-COOH
5c¢=4-CH;
5d=2-OH
5e=4-OH
5f =4-OCHj;

Page | 6



Chapter 5a: Novel Retro Knoevenagel reaction of Substituted Coumarin-3-
carboxylate

Various derivatives of coumarin 3-caboxylate with various substitutions show
various activities like anti-helicobacter pylori, human monoamine oxidase inhibition, a-
Chymotrypsin inhibitory activity and inhibitory activity of gGAPDH enzyme.

Knoevenagel reaction of various salicylaldehyde derivatives in pyridine and
diethyl malonate with catalytic amount of piperidine gave different coumarin-3-
carboxylate derivatives, which on reaction with phenyl hydrazine in absolute ethanol gave
different phenyl hydrazide derivatives. But to our surprise reaction of various coumarin-
3-carboxylate derivatives with hydrazine hydrate gave various hydroxy schiff base
derivatives (Scheme 5) which was proved by Single Crystal X-Ray Diffraction.

Scheme 5:

Figure 1: ORPET diagram of 2, 2'-(1E, 1'E)-hydrazine-1, 2-diylidenebis(methan-1-yl-1-
ylidene)diphenol and 3-oxo-N'-(propan-2-ylidene)-3H-benzo[ f|chromene-2-

carbohydrazide
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Chapter 5b: Synthesis and anticancer activity of 4-hydroxy Naphtho coumarin
derivatives and naphtho coumestans

Coumestan ring system is present in number of natural products. It is found in
coumestrol, psoralidine, wedelolactone, norwedelolactone and pterocarsin. Various
coumestan derivatives show variety of pharmacological activities such as antihepatotoxic,
anti-hypertensive, antitumor, antiphospholipase A, and antidote activities against snake
venom, treatment for liver diseases and skin disorders, viral infections, antihemostatic
activity, estrogenic activity and also binding to central benzodiazepine receptor.

Hoesch reaction of 2-acetyl 1-naphthol with diethyl carbonate in presence of
pulverized sodium gave 4-hydroxy-2H-benzo[h]chromen-2-one. This on oxidative
cyclization with catachole using sodium acetate and potassium iodate gave corresponding
coumestan derivatives 8,9-dihydroxy-6H-benzo[h]benzofuro[3,2-c]chromen-6-one. These
coumestan derivatives were condensed with dimethyl sulphate and different mono and di
halides in presence of base like anhydrous K,COj; and dry acetone gave corresponding
condensed or cyclized coumestan (Scheme 6) compounds. 4-hydroxy-2H-
benzo[h]chromen-2-one derivative was also condensed’ with dimethyl sulphate and allyl

bromide gave corresponding methoxy and allyloxy derivatives.

Scheme 6:
(0]
OH O Q |
9@ (X T ™=
1 2 3a-d
4a-d
(0]
I
(-
2a-2b
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Comp. R,
No.
2a -
2b -
3a
3b
3c
3d
4a
4b

4c

- T - E - =E T =

4d

R» R;3

O-CH; O-CH3

O-CH,-CH=CH, O-CH,-CH=CH,
O-CH,-CH,-O
O-CH»-O
O-CH; 0O-CH3
O-CH,-CH=CH, O-CH,-CH=CH,
O-CH»-CH,-O

O-CH»-O

T T =T

H
O-CH3
O-CH,-CH=CH,
OH

OH

O-CH;
O-CH,-CH=CH,

H

T & & Z=m =& =& =

Biological Evaluation: 2 Intermediate and 7 final synthesized compounds were screened

against two melanoma Cancer cell lines UACC-903 and A375M, one breast cancer cell

line MCF-7 and fibroblast (FF2441-Precursors of normal cells) at Hershey Medical

Centre, USA.
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Chapter 1

1. Introduction

1.1 General Introduction

Heterocyclic compounds are widely distributed in nature and are essential for life.
Both naturally and synthetically prepared heterocyclic compounds are pharmacologically
active and are in clinical use.

The coumarin was first isolated by Vogel in Munich in 1820 from tonka beans. The
name coumarin originates from a Caribbean word “coumarou” for the tonka tree.
Coumarin is generally known as Benzo-2-pyrone or Benzo-a-pyrone or Chromen-2-one.
Coumarin occurs in nature either in a free state or in combined state, as glycosides. They
are abundant in grasses, legumes and citrus fruits. Coumarin derivatives have been
reported neither in algae nor in mosses, however, there are few reports of coumarin
derivatives present in bacteria and fungi. The principal sources have been classified into
major families from which most of the coumarins are isolated.

Umbelliferae (e.g. Parsley, Parsnip, Celery, Ammi majus, Angelica archangelic)

Rutaceae (e.g. Bergamot fruit, Lime grass plant, Cloves, Common rue)

Leguminosae (e.g. Psoralea Corylifolia, Xanthoxylum Flavum) and

Moraceae (e.g. Ficus Carica)

Some important naturally occurring coumarin derivatives are shown below.

Coumarin 1 found in tonka beans with white clover. Umbelliferone 2 is 7-hydroxy

coumarin. Scopoletin 3 is 7-hydroxy-6-methoxy coumarin, found in bark of the wild

cherry.
o) (0]
HO (¢} O 4 0 o 0
Z = \\\O::I:::::I::é;;jf¢
chromen-2-one 7-hydroxy coumarin 7-hydroxy-6-methoxy coumarin
or coumarin 1 or umbelliferone 2 or scopoletin 3
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Chapter 1

Fraxetin 4 is 7, 8- dihydroxy-6-methoxy coumarin and Isofraxetin 5 is 5, 6-dihydroxy-7-

OH /O (o) (o)
HO 0] (0]
Iif g
HO
\0 Z OH

7,8-dihy droxy-6-methoxy coumarin 5,6-dihydroxy-7-methoxy coumarin
or fraxetin 4 or isofraxetin 5

methoxy coumarin.

Some naturally occurring alkylated hydroxyl coumarins are Osthol and Osthanol. Osthol
6 is 7-methoxy-8-(3-methylbut-2-enyl) coumarin and Osthenol 7 is 7-hydroxy-8-(3-
methylbut-2-enyl) coumarin. Herniarin 8 is 7- methoxy coumarin. Scoparone 9 (6, 7-

dimethoxycoumarin) has been obtained from the Chinese herb Artemisia scoparia.

HO O O

s

7-methoxy-8-(3-methylbut-2-enyl)coumarin 7-hydroxy-8-(3-methylbut-2-enyl)coumarin

or osthol 6 or osthenol 7
(0] O (0]
/ /o (0] (6]
/ \O /
7-meth0xy_00_umarin 6,7-Dimethoxy coumarin
or herniarin 8 or scoparone 9

Some interesting naturally occurring coumarin derivatives like furocoumarins are;
Psoralene 10, Angelicin 11, Bergapten 12, Xanthotoxin 13, Pimpinellin 14,

Isopimpinellin 15, Aseculetin 16, Daphnetin 17 and Ayapin 18 are few members of this

group.

o 0 )
furo[3,2-g] coumarin or furocoumarin furo[2,3-h] coumarin 5-methoxy-furo[3,2-g] coumarin
or psoralene 10 or angelicin 11 or bergapten 12
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— o
° O 0 4 o) 0
°o J N\ P
0 0

9-methoxy-furo[3,2-g] coumarin 5,6-dimethoxy-furo[2,3-h] coumarin  4,9-dimethoxy-furo[3,2-g] coumarin
or xanthotoxin 13 or pimpinellin 14 or isopimpinellin 15
OH
(0] 0]
HO 7 = O /
6, 7-dihydroxy coumarin 7, 8-dihydroxy coumarin 6H-[1, 3]dioxolo[4, 5-g] coumarin
or aesculetin 16 or daphnetin 17 or ayapin 18

Pachyrrhizin 19 is a naturally occurring 3-Phenylcoumarin derivative. Dicoumarol 20 is

3-alkyl-4-hydroxy coumarin derivative used as anticoagulant drug.

6-(6-methoxybenzo[d][1,3]dioxol-5-yl)-7H -furo[3,2-g] coumarin dicoumarol
or pachyrrhizin 19 20

1.2 Physiological Properties

Coumarin is crystalline in nature and it has odor like vanilla hence it was used as food
additive and perfumes. Coumarin itself was originally used as a flavoring substance until
the direct use of coumarin in food was prohibited in the USA in 1954 due to reports of
hepatotoxic effects in rats and dogs.

Coumarin has fungicidal as well as pesticidal properties. While several natural products
with a coumarin moiety have been reported to have multiple biological activities. Due to
concerns about coumarin as a potential liver and kidney toxin, its use as a food additive'
was heavily restricted, although it is perfectly safe to eat food which contains natural
coumarin.

When ingested, coumarin acts as a blood thinner and it also appears to be effective in
treating some tumors.
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Coumarin based selective estrogen receptor modulators (SERMs) and coumarin-estrogen

conjugates had been described as potential anti breast cancer agents.”

Kostova I. et al had synthesized synthetic and natural coumarins as cytotoxic agent 21.°

Rq
R, o o
Rg R;
Rq R,

Kym P. R. et al had synthesized Aminopiperidinecoumarin 22 as Melanin concentrating

hormone receptor 1 antagonists.*

P
N
HN
R
X
o 0
22

1, 4-diaza-bicyclo-(3, 3, 1) nonane coumarin derivatives 23 were found to be cholinergic
ligand at the nicotinic acetylcholine receptors and modulators of monoamine receptors
and transporters. Due to their pharmacological profile they may be useful for the
treatment of disease of nervous system, disorders related to smooth muscle contraction,

endocrine diseases, disorders related to neurodegeneration, inflammation and pain.

R R
R SR
3
o
@PNO
R Rp=m
N

23
(+)-Decursinol esters® 24 were synthesized for therapeutic use as anti inflammatory and

anti cancer agents which have been claimed for its use in the treatment of the lungs
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cancer, pancreatic cancer, skin cancer, intraocular melanoma, uterine cancer, breast

cancer, cancer of the endocrine system i.e., cancer of thyroid etc.

(@) o (0]

\ OR

24
Compound 25 was found to be most potent antibacterial compound against E. coli and K.
pneumoniae and compound 26 was found to be most potent antifungal agent against C.

albicans.’

| X N%<

//

E

R=p-OCH; (25)
= 0-OH (26)

Jayshree B. S. et al® had synthesized various coumarin thiazole derivatives 27 which were

reported to have analgesic and anti inflammatory activity.

Cl AN Y

Some coumarin derivatives were found to have important pharmacological activities
which had nitrogen as other heterocyclic element. Mashelkar U. C. et al’ had reported
some novel 4-substituted coumarin 28 as potential antibacterial agent. Lee S. U. and
coworkers'® had synthesized 4-Hydroxy-5-azacoumarin derivatives 29 which were

reported as anti HIV-1 integrase inhibitors.
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BN
| >—nm,
R, X OH X
R, AN X=0,8S N\ AN N/R
- H x-0,s
R; o~ Yo o~ o
Ry, 28 29

Coumarin can reduce tissue edema and inflammation. Its 7-hydroxy derivative inhibited
prostaglandin biosynthesis."' They showed different physiological activities including
anticancer, antioxidant, anti fungal, anti-HIV, anticoagulant.3’ 12
7-Hydroxy-4-methylcoumarin conjugated with paclitaxel through an ester linkage,
selectively inhibited growth of ovarian and nasopharyngeal tumor cells."
7-Hydroxy-4-methyl coumarin nucleus with different secondary amines through two
carbon spacing gave affinities for both dopamine and 5-HT receptors. It shows
dopaminergic antagonistic activity.'

Free 6-OH in the coumarin nucleus has been found to be important for antifungal activity;
while the free hydroxyl group at 7" position is important for antibacterial activity. 6-
methylcoumarin is mainly used as a flavor enhancer and 7-hydroxycoumarin in
sunscreens.

It has been shown that 4-hydroxycoumarin and 7-hydroxycoumarin inhibited cell
proliferation in a gastric carcinoma cell lines."

3-Substituted-4-hydroxy coumarin derivatives'® and tricoumarol'’ possess HIV inhibitory
potency.

Naphthapyrones showed various biological activities like non steroidal human
progesterone receptor agonists'® and antihypertensive activity.'’

Psoralens have been recently found to have application in the regulation of human

cervical carcinoma cell proliferation in conjunction with anti-sense technology.*
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Furocoumarins such as psoralens are well known photosentisizing drug used in PUV-A
therapy (Psoralen Ultra Violet- A therapy) for the treatment of dermatological disorders
like psoriasis, vitiligo, mycosis and atropic eczema®' as well as fungal, viral and bacterial
infections.” Psoralen derivatives are also used in treatment of cutaneous T cell
lymphoma,” human immunodeficiency diseases®* and prevention of rejection of organ
transplant.*

The coumarins, Imperatorin and Osthole are known to exert anticonvulsant activity. Thus
structure activity relationship of GABA receptor and various analogues of coumarins and
furanocoumarins have been studied*® by Singhuber J. and coworkers.

Warfarin 30 is a popular anticoagulant drug in market which can be ingested or injected,

depending on the needs of the patient.

OH

LT
O 0

4-hydroxy-3-(3-oxo-1-phenylbutyl) coumarin
or warfarin 30

Dicoumarol 20 or 3, 3’-methylene bis (4-hydroxy coumarin) behaves as anticoagulant
agent. The inhibition of blood clotting by coumarin is predominantly linked to
hydroxylation at 4™ position. Dicoumarol is an effective rodenticide and also shows
antimicrobial activity against a variety of bacteria.””**

Coumarin-3-(N-aryl)sulfonamides derivatives were reported to show anticancer activity.”’

Brahmabatt D. I. et al’° reported synthesis of various 3-aryl furo [3,2-¢] coumarins 31.
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Disodium cromoglycate DSCG 32 is a clinically useful antiallergic agent particularly for
bronchial asthma. It was reported to inhibit the release of mediators like histamine,
several kinins etc. of immediate hypersensitivity reactions. Efforts have been made to find

more potent and orally active compounds possessing pharmacological properties similar

NaOOC 0 0
W oH
(0] O\)\/O (6}

32

to DSCG.

COONa

Various amide derivatives of benzopyrone carboxylic acid 33, 34 and 35 have been
reported as MAO-B inhibitors,”’ adenosine receptor,”” and melanin concentrating

hormone receptor 1 antagonists™ respectively.

R,
R, 0
(0]
H

o N R;
N
H

O O \Oi
R,
34

O 33

7N ’ N ©
T |
/
Y 35

Zonisamide,* a 1, 2-benzisoxazole derivative 36 is an important antiepileptic agent
available in the market. It has close resemblance to indole and 1, 2-benzisoxazole nucleus
and can be substituted for indole nucleus for auxin like activity. Compound 37 has been
synthesized by the reaction of 4-hydroxy coumarin with hydroxylamine.” Several 3-
substituted 1, 2-benzisoxazole derivatives like 3-(sulfamoylmethyl) 1, 2-benzisoxazole 38

have been reported to show anticonvulsant activity.*®
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SO,NH, COOH son—TR

R, R’=different groups
Several 1, 2-benzisoxazole phosphorodiamidates have been designed as prodrug of
phosphoramide requiring bioreductive activation.”” Here enzymatic reduction of 1, 2-
benzisoxazole moiety 39 is expected to result in formation of imine like intermediate due

to cleavage of N-O bond.

(6]
||/N/\/c1
R O—ll’
\N NH, \\
. 0/ cl
39

Some furobenzisoxazole derivatives 40 (R;, Ry, R3, R4, Rs= different groups) and 41 (R,
R’= different groups) were reported to posses hypotensive, uricosuric and diuretic
activities and hence were useful as therapeutics for treatment of hyperuricemia, edema

and hypertension.”® >’

Various sulphonamide derivatives of benzofuran 42 were reported as potent, selective,

and orally bioavailable matrix metalloproteinase-13 inhibitors for the treatment of

2050
Z L
/—Nﬁ

HOOC

osteoarthritis.*

—
. . O.
L= Different linkers

42
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Various 3-methyl 4-hydroxy benzofuran derivatives 43, 44, 45 and 46 have been reported

as antifungal agents targeting fungal N-myristoyltransferase.*'

N| \ N \ Nl \
HN HN
\ o)
O o ~
9] o)
o X—R, o R o n Ry

Number of natural products e.g. coumestrol 47, psoralidine 48, pilcadin 49 etc. belongs to
coumestan class. Coumestan and its various derivatives have been reported to possess
diverse pharmacological properties such as antihemorrhagic, antiproteolytic,

antiphospholipase and snake antivenom.

Q

O \ O "
HO o

Coumestrol
47

48

Xihong W. and coworkers*? had synthesized novel neo-tanshinlactone analogues 50 as

potent anti breast cancer agents.

R3

R, R,
50

Various wedelolactone analogues 51, 52, 53, 54 and 55 were reported as Na" and K"

ATPase inhibitors, binding to central benzodiazepine receptor.*
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1.3 General methods for synthesis of Coumarin and its derivatives

Interest in naturally occurring coumarin and their derivatives have been revived
for the past 30 years mainly due to the wide range of physiological properties that have
been achieved by many workers. The key step of synthesis is formation of pyrone ring in
which the phenol containing requisite substituent of the natural coumarin is prepared first
and then modified by steps such as nuclear oxygenation, O- or C- alkylation, bromination,
substitution by bases and finally building up of additional rings. Some of the approaches
of recent past for the synthesis are depicted here.
1.3.1 Perkin Condensation
Reaction™ of salicylaldehyde with acetic anhydride in the presence of sodium acetate to

give coumarin and acetyl cinnamic acid.

OH
CH3COONa
AczO
CHO

1.3.2 Knoevenagel Reaction

COOEt

Salicylaldehyde in the presence of reactive methylene compound® like diethyl malonate

in presence of pyridine and piperidine gives coumarin.

OH + O O
H,0 -
Base 2
CHO 2 NCOOEt

- CO2

Page | 20



Chapter 1

1.3.3 Hauben-Hosch Condensation
4-Hydroxy coumarin is prepared in good yield by condensation*® of ortho-hydroxy

phenyl ketone with diethyl carbonate and pulverized sodium.

OH O O
Na
~o o FLCO; o A
1) OH

1.3.4 Pechmann Condensation

Coumarin derivatives are prepared from p—ketoester’’ by condensation with phenol in the

presence of H,SOy.

HO OH
\O/ /ﬁvcoom Ho j
_

+
H
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2. Synthesis and biological evaluation of isoxazole amide derivatives

2.1 Introduction

Isoxazoles are class of heterocyclic compounds having remarkable pharmaceutical
applications. They are very versatile building blocks in organic synthesis. Isoxazoles are
useful intermediates, since the stability of the ring system allows manipulation of
substituents on both the rings to give functionally complex derivatives. Isoxazoles can
also be used as latent synthons in the synthesis of natural products.'

Derivatives of benzisoxazole are known to possess biological activities such as
antimicrobial® and herbicidal activities’. The most extensively studied isoxazole
containing anticonvulsant drug is zonisamide.” It is also used as antiepileptic agent in
which substitution on benzene ring leads to increase in reactivity and also increase in
neurotoxicity’. {1-[3-(6-fluoro-1,2-benzisoxazole-3-yl)propyl]-4-(2-oxo-I1-
benzimidazolinyl)} piperidine, haloperidol and thioridazine exhibit dopamine blocking
properties.” Naphtho[2,3-d]isoxazole-4, 9-dione-3-carboxylates are potent cytoprotective
agents.” Some isoxazole derivatives are used as prodrug for the treatment of cancer.®
Furobenzisoxazole derivatives are reported to possess uricosuric and diuretic properties

for treatment of hyperuricemia, edema and hypertension.”'

Trifluoromethyl
benzisoxazole derivatives show affinity and potency for PPARa as well as better affinity
for PPARy."" Alkenyldiarylmethane derivatives of benzoxazolone and benzisoxazole
show anti-HIV acvity.'?

Anti inflammatory drugs, Valdecoxib 1 (Bextra) a COX-2 inhibitor and
Leflunomide 2" ' are isoxazole derivatives. The other isoxazole derivatives like
Sulfamethoxazole 3, Sulfafurazole 4 and Oxacilline 5 are in commercial use for many

years.”” The antibiotic Cycloserine 6 is the best known example of isoxazole drug

reported to possess antitubercular, antibacterial activities and is found to be of
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considerable use in treatment of leprosy.'®'” Acivicin 7 is an antitumor, anti leishmania

drug, Isoxaflutole 8 is a herbicidal, possess isoxazole moiety."®

N
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8

Literature search reveals that all reported isoxazole derivatives have linear ring

fusion with benzene or naphthalene but not a single report documented isoxazole
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derivatives with angular ring fusion. Substitution on naphthalene ring may increase
neurotoxicity.’ Based on standard drugs Phenytoin, Zonisamide and Leflunomide, we

have designed and synthesized new naphthoisoxazole derivatives keeping the active

pharmacophore same as shown in Figure 1.

F;C

Leflunomide

Naphthoisoxazole

Figure 1: Design of Naphthoisoxazole derivatives

Zonisamide
//0 IUPAC Name: benzo[d]isoxazole-3-ylmethanesulfonamide
o//S \NH2 Researcher Company: Dainippon Pharmaceutical Co., Ltd.
N The discovery of zonisamide (ZNS) did not result from a search

for new antiepileptic drug (AED). A continuous random
screening for anticonvulsant activity had been in progress for many years at the research
laboratories of Dainippon Pharmaceutical Co., Ltd. Zonisamide was discovered by
serendipity in 1974 during routine testing of 1,2-benzisoxazole derivatives which were
synthesized for the management of psychiatric diseases. Among the derivatives tested,
some compounds including Zonisamide, were found to have a potent anticonvulsant
activity in experimental animals.
Marketed in: Japan, September 1989 and 1* introduced in Korean market in 1992
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Scheme 1: Synthesis of Zonisamide

OH COOH SO;Na
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Zonisamide

Physical Properties

Melting Point: 164-168°C

Appearance: white to pale yellow, non hygroscopic crystalline powder

Solubility: Freely soluble in acetone, sparingly soluble in methanol, slightly soluble in

ethanol, very slightly soluble in ether and chloroform, pH dependent
solubility.

Stability: Stable in aqueous acidic, neutral or alkaline solution, highly stable compound
under severe conditions of heat and light exposure, highly reactive towards
hydroxyl radicals.

Uses: Potent anticonvulsant drug

Doses: Available in tablets (100 mg) and powder form (200 mg/g).

Leflunomide

FSC\Q\ 0 IUPAC Name: benzo[d]isoxazole-3-ylmethan N-
E)ﬁ\/q (trifluoromethylphenyl)-5-methylisoxazol-4-carboxamide)
) Researcher Company: Sanofi Aventis

Marketed in: USA, Europe and Canada in 1998
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Scheme 2: Synthesis of Luflunomide

CF,

(0] (0] NH, 0
OH Cl NH
— SOCl1 — + NaHCO
| — ] T |
oluene
0 / o] / ¢] /
CF, Leflunomide

Physical Properties

Melting Point: 165-167°C

Appearance: white, non hygroscopic crystalline powder

Solubility: Insoluble in water and aqueous buffer systems but freely soluble in methanol,
ethanol, isopropanol, ethyl acetate, propylene carbonate, acetone and
acetonitrile.

Stability: Stable in aqueous acidic, neutral or alkaline solution, protect from light

exposure.

Uses: Potent anti inflammatory drug

Doses: Available in tablets (100 mg for 3 days).

Recent Work

Patel J. M. and Soman S. S." have synthesized isoxazole derivatives as shown in Scheme

3.

Scheme 3:

NH,OH.HCl, O.

Na
O OH CO(OEt)2 O 0 0 NaHCO3 O /N
\ » N\ ~ N P
Z MeOH
) OH Reflux OH
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Laxmi R. S. and coworkers” have synthesized various methylene bridged benzisoxazolyl

imidazo[2,1-b][1,3,4]thiadiazole derivatives as shown in Scheme 4.

Scheme 4:
NH, 0
s~T/ R
? H \ Br S ‘/N
_N_ _NH X .N //
2 N N\ _N
on ENTY -
N\ S N R
N N s \
Vi 0 /N
o POCI; EtOH o

Reflux Reflux

2 . . . . . .
Uno H. et al*” have synthesized various isoxazole derivatives as shown in Scheme 5.

Scheme 5:

2.2 Result and discussion
2.2.1 Chemistry

1-Naphthol 1 on reaction with acetic acid and zinc chloride gave 1-(1-
hydroxynaphhthalen-2-yl)ethanone®' 2 which on Hoesch reaction®” with diethyl carbonate
in presence of pulverized sodium gave 4-hydroxy-2H-benzo[h]chromen-2-one 3 as shown

. . 20,23
in Scheme 6. 3 on Posner reaction™

with hydroxylamine hydrochloride in presence of
sodium bicarbonate gave 2-(naphtho[2,1-d]isoxazole-3-yl)acetic acid 4 which was then
converted into different naphthoisoxazole amide derivatives 5 by reaction with different
amines using dicyclohexylcarbodiimide (DCC) as coupling agent and N, N-dimethyl
amino pyridine’* (DMAP) as catalyst as shown in scheme 6. All compounds were

characterized by IR, '"H NMR, ?C NMR, elemental analyses and Mass while purity of

compounds was checked by reverse phase HPLC.
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Scheme 6:

0
OH OH O Q 0N
\ OH
a OO b . ‘ :
— —_— —
1 2
3

R=5a=HN 5¢=HN Br S5e=N 5g=N o)
/=
5b=HN 5d=HN 5f=N, =
HO

Reagents and conditions: (a) ZnCl,, Glacial acetic acid, reflux, 8 h; (b) pulverized sodium, diethyl
carbonate, 30 min; (¢) NH,OH.HCI, NaHCO;, methanol, reflux, 15 h; (d) DCC, DMAP, amine, ethyl
acetate, RT, 12h

Formation of 4-hydroxy-2H-benzo[h]chromen-2-one 3 can be explained by following
mechanism as shown in Scheme 7.
Scheme 7:

C @

Q
‘leH_ “Jl ool
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Formation of 2-(naphtho[2,1-d]isoxazole-3-yl)acetic acid 4 (Posner reaction) can be
explained by following mechanism as shown in Scheme 8.

Scheme 8: Plausible mechanism for Posner reaction

‘ 0.0 ‘O OH /\ ‘ OH
. OH O
g _~ONHOH M __OH

NH,OH

oy
3 OH OH O OH O

NH,OH

O OH

HO/N 0

The formation of compound 2 was confirmed by its melting point and its IR
spectrum (Figure 2) which showed bands at 1625 cm™ and 3421 cm™ for ketone and
hydroxyl groups respectively. The IR spectrum of compound 3 (Figure 3) exhibited band
at 3423 cm’ for hydroxyl group and 1604 cm™ for carbonyl group. The 'H NMR of
compound 3 in DMSO-d (Figure 4) showed singlet at 6 5.83 for C-3 proton, broad peak
at 8 11.94 for —OH proton and all aromatic protons were observed between 6 7.60-8.53
confirmed the formation of compound 3. The “C NMR spectrum of compound 3 in
DMSO-ds (Figure 5) showed presence of 13 peaks which is in accordance with structure
of compound 3.

The IR spectrum of compound 4 (Figure 6) exhibited band at 3435 cm™ for
hydroxyl group, 1732 cm™ for carbonyl group and 1641 cm™ for C=N stretching
frequency. In 'H NMR of compound 4 in DMSO-ds (Figure 7) singlet observed at § 4.17
for methylene protons (CH), broad peak at 6 12.92 for carboxylic acid proton. The

disappearance of peak at & 5.83 in '"H NMR of compound 4 (Figure 7) confirmed the
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absence of lactone ring. All aromatic protons were appeared between 6 7.75 to 8.38. The
BC NMR spectrum of compound 4 in DMSO-d, (Figure 8) showed presence of 13 peaks
which is in accordance with structure of compound 4 and m/z value at 227.8 for M" and
228.7 for [M+1]" in ESI/MS (Figure 9) confirmed formation of compound 4.

The IR spectrum of compound 5a (Figure 10) exhibited band at 3291 cm™ for NH
group and 1656 cm™ for carbonyl group. The 'H NMR of compound 5a in CDCl; (Figure
11) showed peak at & 2.29 for methyl protons, peak at & 4.19 for methylene protons, peak
between & 7.09 to 8.44 for all aromatic protons and NH proton. The *C NMR spectrum
of compound 5a in CDCI; (Figure 12) showed presence of 16 peaks which is in
accordance with structure of compound 5a which further confirmed the structure. In mass
spectrum of compound 5a the m/z value at 316.6 for M", 317.7 for [M+1]" and 314.9 for
[M-1]" in ESI/MS (Figure 13) confirmed formation of compound 5a. HPLC Purity of
compound 5a (Figure 14) was found to be 100%.

Figure 15 to 19 shows IR, '"H NMR, *C NMR, ESI/MS and HPLC purity of
compound 5b.

The IR spectrum of compound 5¢ (Figure 20) exhibited band at 3345 cm™ for NH
group and 1684 cm™ for carbonyl group. In '"H NMR spectrum of compound 5¢ in
DMSO-d (Figure 21) showed peak at 6 4.19 for methylene protons. All aromatic protons
were observed between & 7.37 to 8.41 and peak at 6 10.34 indicated NH proton thus
confirmed the structure of compound 5¢. The *C NMR spectrum of compound 5¢ in
DMSO-ds (Figure 22) showed presence of 17 peaks which is in accordance with structure
of compound 5c. The DEPT-135 spectrum of compound 5¢ in DMSO-ds (Figure 23)
further confirmed the structure in which one secondary carbon -CH; observed below the

base line. Mass spectrum of compound 5¢ showed m/z value at 380.8 for M" and 380.1
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for [M-1]" in ESI/MS (Figure 24) further confirmed formation of compound 5c. HPLC
Purity of compound 5c¢ (Figure 25) was found to be 99.73%.

The IR spectrum of compound 5h (Figure 26) exhibited band at 1637 cm™ for
carbonyl group. In 'H NMR spectrum of compound 5h in DMSO-d (Figure 27) multiplet
at 0 1.11 to 1.25 indicated methyl protons, multiplet at & 1.63 to 1.81 indicated methylene
protons of ethyl group and singlet at 6 3.88 indicated methylene protons. All aromatic
protons observed between & 7.60 to 8.29 confirmed formation of compound 5h. In "*C
NMR spectrum of compound 5h in DMSO-ds (Figure 28) 19 different peaks for carbons
confirmed the structure of compound 5h. HPLC Purity of compound 5h (Figure 29) was
found to be 98.24%.

The IR, '"H NMR, B NMR, ESI/MS, HPLC data and elemental analyses for all
synthesized isoxazole amide derivatives are given in experimental section. The other

spectra are not attached here due to page constrain.
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1 500

i |

Figure 2: IR of 1-(1-hydroxynaphhthalen-2-yl)ethanone 2
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Figure 3: IR of 4-hydroxy-2H-benzo[h]chromen-2-one 3
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benzo[h]chromen-2-one 3

hydroxy-2H-

Figure 5: *C NMR of 4
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Figure 17: C NMR of 2-
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Figure 21: "H NMR of N-(4-bromophenyl)-2-(naphtho[2,1-d]isoxazole-3-yl)acetamide 5¢
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Figure 22: *C NMR of N-(4-bromophenyl)-2-(naphtho[2, 1-d]isoxazole-3-yl)acetamide 5¢
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Figure 26: IR of N, N-diethyl-2-(naphtho[2,1-d]isoxazole-3-yl)acetamide 5h
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Figure 28: *C NMR of N, N-diethyl-2-(naphtho[2,1-d]isoxazole-3-yl)acetamide 5h



Chapter 2

NPC DIVISION IIIM JAMMU

Reporied by User.  System Project Mamec NPCS

SAMPLE INFORMATION

Sample Name: Acquired By System
L Dabe Acquined: 111872011 5:03:14 PM

Acg. Method Sett Tinasporal

Sample Typa: Lo Date Processed: 11192011 11.06:42 AM

Vial: 8 Processing Method:  Sample

Injection #: 1 Channel Narme: W2008 254 Onm-1.2

Injection Volume: 10,00 ul Proc, Chel. Descr:  W2096 PDA 2540 nmat 1.2

[Fun Tiere: 60,0 Minutes Flow rabe: 0.7 mibfmin

Sampin Sot Mame:  Tinospora Sampla conc0L5 mghmL MeOH

column_name  RP-180.5um Mobile phase: ACN-Water(gradient)

Auto-Scaled Chromatogram

0807

Mﬂi G“_’N\ 1\/\5

ey
' o 2 8 . B &
| 3 £ g | 9 8
L e, | — — T B
0ud 500 10,00 1500 2000 2500 3000 3500 4000 4500 2 5000 0 5500 0 G000
Minules
ol e L ey
1| e70| ar2s1| ose| 2081
2[16153] 12088] o045 162
320140 | 23384 029 555
4| 35888 | TEIBTON | 9824 | 555141
5(42155| 26324| o033| 2000
6|s0799| 31e0| o039 3se2
Report Method: Parveen Printed 11:48:00 AM  11119/2011 Page: 1 of 1
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2.2.2 Biological Evaluation

2.2.2.1 Anticonvulsant activity

Chapter 2

The anticonvulsant activity study of all synthesized isoxazole amide derivatives

have been carried out by the MES method® in Wistar rats and is summarized in Table 1.

The experiments were carried out on male Wistar rats (150—180 g). Animals were housed

in plastic cages at a constant temperature of 20-28°C with natural light-dark cycles. The

animals had free access to standard pellet diet and water, and were used after a minimum

of 3 days of acclimatization to the housing conditions. Control and experimental groups

consisted of 6 animals each. All the procedures used followed the NIH Animal Care and

Use Committee guidelines and were approved by the Ethics Committee at the Dharmsinh

University, Nadiad, India. The examined compounds were administered as solution in

Table 1: Anticonvulsant activity of isoxazole derivatives by MES method in Wistar rats.

Phases in Sec. Flexion Extension Clonus No. of Stupor
Comp. No. Jerks Phase
Sa 1.86+0.08 1041+0.33 10.3+0.32 15+0.57 7.33+0.39
5b 9.16+034 191+0.06 30.25+0.6 91.33+0.36 17.53+0.43
5c 0.51£0.07 10.58+0.14 8.93+£0.2 7+0.36 16.51 £0.47
5d 1.02+0.07 10.05+0.15 1528=+0.24 2533+0.76 15.11+0.26
Se 2.0+£0.05 11.03+£0.14 33.3+0.21 65.5+1.61 31.58+0.26
5t 6.91+0.09 033+0.09 3463+042 84.5=+1.14 13.11+0.32
Sg 3.0+£0.06 3.18+0.12 21.98+0.26 42.66 +£0.88 61.35+2.73
Sh 0.41+0.07 2.96+0.08 3.9+0.2 5.83+094 4.63+0.32
DMSO 298+0.09 13.45+0.18 22.98+0.55 18 £0.57 2846 +£1.18
Phenytoin 0.4+0.15 0.38+0.17 326+0.18 1.83+0.3 2.76+0.27

Page | 65



Chapter 2

0.1 ml DMSO via IP route at a constant dose of 5, 10 and 15 mgkg™ of body weight. The
anticonvulsant activity observed for synthesized compounds is given in Table 1.

Different phases of activity were observed. In case of compound 5¢ and 5h i.e.
amines used were p-bromo aniline (5¢) and N, N-diethyl amine (5h), the flexion phase
was found to be very comparable to the standard drug phenytoin. For compound 5f i.e.
when amine used was pyrrolidine (5f), the extension phase was found to be very low. In
case of compound 5h i.e. when amine used was N, N-diethyl amine (5h), the clonus
phase was found to be comparable with standard drug.
2.2.2.2 Anticancer Activity

Since isoxazole amide derivatives can also show anticancer activity, we have tried
to determine ICsy values against melanoma cancer cell lines. The ICsy values of all
synthesized compounds were determined by in vitro screening on a series of various
melanoma cell lines i.e. Melan-A, WM3211, WM278, UACC903 and 1205Lu using a
MTS assay”® to establish the efficacy of the compound for alter cell survival. The values
are given in Table 2. All compounds exhibited low toxicity with ICsy values > 20 pM. In
the series 5a-h, when the amines used were p-toludine 5a and p-bromo aniline 5¢, showed
I1Cso values 24.31 for WM3211 cell line and 25.51 for WM278 cell line. Since ICso values

are greater than 20 uM, further detail study of anticancer activity was not carried out.
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Table 2: ICsy value of isoxazole derivatives in uM concentration against melanoma

cancer cell lines

Cell lines Melan-A* WM3211* WM278* UACC903~ 1205Lu”
Compound Name IC50in UM
5a >50 2431 >50 >50 >50
5b >50 34.89 >50 >50 >50
5c >50 >50 25.51 >50 >50
5d >50 >50 >50 >50 >50
Se >50 95.05 >50 >50 >50
5t >50 91.05 >50 >50 >50
5g >50 >50 >50 >50 >50
Sh >50 80.40 44.87 >50 >50

$ are mouse melanocyte (normal cells)
* are early stage melanoma cell-lines

" are metastatic melanoma cell-lines

(0]
— O0—N
1 I\{ \ N

Br
S NQ ) 2 O O 4
H
Y - o®

5f 5h
Figure 30: Structure Activity Relationship of naphthoisoxazole amide derivatives

2.3 Conclusion

We have concluded that angular isoxazole amide derivatives could be a good
scaffold for CNS activities. Since all compounds have 1Csy values more than 20 uM in
cytotoxicity study we cannot use them as anticancer agent but we have studied

anticonvulsant activity of all compounds. Compound 5h showed excellent anticonvulsant
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activity as compare with the standard drug Phenytoin in all phases. Compound 5C has low
flexion phase and 5f has low extension phase as compare to the standard drug which
indicated that such scaffolds can be useful in the treatment of various CNS diseases.
2.4 Experimental
2.4.1 Chemistry
Reagent grade chemicals and solvents were purchased from commercial supplier
and used without purification. TLC was performed on silica gel F254 plates (Merck).
Melting points are uncorrected and were measured in open capillary tubes, using a Rolex
melting point apparatus. IR spectra were recorded as KBr pellets on Perkin Elmer RX 1
spectrometer. 'H NMR and °C NMR spectral data were recorded on Bruker Advance 300
spectrometer (300 MHz) and Advance 400 spectrometer (400 MHz) with CDCI; or
DMSO-ds as solvent and TMS as internal standard. J values are in Hz. Mass spectra were
determined by ESI/MS, using a Shimadzu LCMS 2020 apparatus. Purity of compounds
was checked by reverse phase HPLC using W2996 PDA detector at 254 nm wavelength
using Acetonitrile: Water as solvent. CHN elemental analyses were recorded on
Thermosinnigan Flash 11-12 series EA.
OH ) 1-(1-hydroxynaphhthalen-2-yl)ethanone 2: Zinc chloride
(0.29351 mol) was dissolved in Acetic acid (1.049 mol) and 1-
OO Naphthol 1 (0.06936 mol) was added. Reaction mixture was
refluxed for 16 hours. Reaction mixture was poured in 500 gm ice HCI to obtain solid.
The product was purified by column chromatography using petroleum ether (60-80°C) as
eluent to give 1-(1-hydroxynaphthalen-2-yl)ethanone 2 as greenish yellow solid. Yield:
63.5%; mp 98°C (Lit. 98-100°C*"); IR (KBr) (Figure 2): 3429, 3058, 2924, 2853, 1625

cm’l; Molecular formula C;,H;¢05.
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4-hydroxy-2H-benzo[h]chromen-2-one 3: A solution of 2

0 (0.00107 mol) in diethyl carbonate (30 ml) was slowly added to

o Pulverized sodium (0.01739 mol) under anhydrous conditions.
OO Highly exothermic reaction was observed. It was then allowed to
cool to room temperature. Ethanol (50 ml) was added to decompose the unreacted
sodium. The reaction mass was then poured into water (250 ml) and the aqueous layer
washed twice with petroleum ether (50 ml). Concentrated hydrochloric acid was slowly
added to the aqueous layer until pH 2 and the solid obtained was collected by filtration.
The crude product was crystallized from ethanol to give 4-hydroxy-2H-benzo[h]chromen-
2-one 3 as light yellow solid. Yield: 96%; mp 283-285°C (Lit. 284°C*%); IR (KBr) (Figure
3): 3423, 2926, 1604, 1561 cm™; "H NMR (400 MHz, DMSO-dg) (Figure 4): & 5.83 (1H,
s, C-3 proton), 7.60-7.76 (3H, m, ArH), 7.86-7.94 (2H, m, ArH), 8.48-8.53 (1H, m, ArH),
11.94 (1H, s, OH); °C NMR (400 MHz, DMSO-de) (Figure 5): & 91.1, 111.6, 119.3,

122.1, 122.7, 124.1, 127.8, 128.6, 129.2, 135.3, 151.1, 162.3, 167.2; Molecular formula

Ci3HgO:s.
o 2-(naphtho[2,1-d]isoxazole-3-yl)acetic acid 4: To a solution of
O0—N
O O ) o compound 3 (0.0236 mol) in methanol (50 ml) hydroxylamine

hydrochloride (0.0825 mol) and sodium bicarbonate (0.0825 mol)
were added and the reaction mixture was refluxed for 15 h. Excess methanol was distilled
off and the reaction mass was dissolved in 10% sodium bicarbonate solution (200 ml) and
filtered. Filtrate was acidified with concentrated hydrochloric acid till pH 2; the off white
solid thus obtained was filtered off and crystallized in 5% hot ethyl acetate in petroleum
ether to give 2-(naphtho[2,1-d]isoxazole-3-yl)acetic acid 4 as off white solid. Yield: 43%;
mp 189-192°C; IR (KBr) (Figure 6): 3435, 2978, 2703, 1732, 1641, 1592 cm'l; '"H NMR

(300 MHz, DMSO-de) (Figure 7): 6 4.17 (2H, s, CHy), 7.75-7.80 (3H, m, ArH), 7.85-7.87
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(1H, d, J= 8.72 Hz, ArH), 8.14-8.17 (1H, m, ArH), 8.35-8.38 (1H, dd, J= 3.28, 4.27 Hz,
ArH), 12.92 (1H, s, COOH); °C NMR (400 MHz, DMSO-d) (Figure 8): & 31.3, 117.5,
118.8,119.3, 121.5, 125.2, 128.1, 128.9, 129.1, 133.9, 154.8, 160.9, 170.5; MS (ESI, m/z)
(Figure 9): 227.8 [M+1]" Calculated for C;3HoNO:s.
General Procedure for 5a-5h: To a solution of 4 (0.002 mol) in ethyl acetate (50 ml),
DMAP (0.050 gm, 10%), primary amine/ secondary amine (0.0022 mol) and DCC
(0.0026 mol) were added and the reaction mixture was allowed to stir at room
temperature for 12 hours. Solid was filtered off and solvent evaporated under reduced
pressure to give solid which was treated with 20 ml saturated sodium bicarbonate solution
to remove unreacted acid then 20 ml conc. HCI (10%) to remove excess primary amine
(20 ml brine solution in case of secondary amine only) and then 20 ml water. Product was
recrystallized from ethanol.
2-(naphtho[2,1-d]isoxazole-3-yl)-N-p-tolylacetamide

Q 5a: This compound was obtained as off white solid.

i

Yield: 57%; mp: 257-259°C; IR (KBr) (Figure 10): 3291,

3045, 2918, 2850, 1656, 1594 cm™; '"H NMR (300 MHz,
CDCl) (Figure 11): 6 2.29 (3H, s, CH3), 4.19 (2H, s, CHy), 7.09-7.12 (2H, d, J= 8.26
Hz, ArH), 7.36-7.39 (2H, d, J= 8.38 Hz, ArH), 7.67-7.76 (4H, m, ArH), 7.98-8.05 (2H,
m, ArH and NH), 8.41-8.44 (1H, dd, J= 2.0, 4.28 Hz, ArH); °C NMR (400 MHz,
DMSO-d¢) (Figure 12): & 20.9, 29.7, 34.7, 117.6, 119.2, 120.1, 121.8, 125.5, 127.4,
128.5, 128.5, 129.5, 134.2, 134.5, 134.8, 164.9; MS (ESI, m/z) (Figure 13) 316.6 [M]"
and 317.7 [MJrl]+ Calculated for C,0H6N,O,; HPLC Purity 100% (Figure 14); Ele. Anal.
Caled. for Cy0H6N,O,; Requires (Found) %: C, 75.32 (75.53); H, 5.26 (5.10); N, 8.40

(8.66).
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2-(naphtho[2,1-d]isoxazole-3-yl)-N-phenylacetamide
5b: This compound was obtained as off white solid.

Yield: 77%; mp: 250-252°C; IR (KBr) (Figure 15): 3289,

3056, 2926, 2851, 1657, 1598, 1542 cm™'; 'H NMR (400 MHz, DMSO-ds) (Figure 16): &
4.19 (2H, s, CH,), 7.04-7.08 (1H, m, ArH, 7.44 Hz), 7.26-7.30 (2H, m, ArH, 7.72 Hz),
7.62-7.73 (5H, m, ArH), 7.83-7.85 (1H, d, J= 8.72 Hz, ArH), 8.00-8.02 (1H, dd, J= 3.92,
5.32 Hz, ArH), 8.36-8.38 (1H, dd, J= 4.12, 5.28 Hz, ArH), 10.20 (1H, s, NH); *C NMR
(400 MHz, DMSO-ds) (Figure 17): & 33.1, 115.1, 117.0, 118.3, 118.8, 121.0, 121.1,
124.6, 127.5, 128.4, 128.5, 131.5, 133.4, 138.1, 154.7, 160.4, 166.1; MS (ESI, m/z)
(Figure 18) 302.7 [M]" and 300.8 [M-2]" Calculated for C;oH;4N,O,; HPLC Purity
(Figure 19) 100%; Ele. Anal. Caled. for Ci9H;4N>O,; Requires (Found) %: C, 75.69
(75.48); H, 4.73 (4.67); N, 9.53 (9.27).

Br N-(4-bromophenyl)-2-(naphtho[2,1-d]isoxazole-3-

RS

yl)acetamide 5c: This compound was obtained as light
\ N

OO " yellow solid. Yield: 22%; mp: 267-269°C; IR (KBr)
(Figure 20): 3345, 3056, 2919, 2850, 1684, 1596 cm™; "H NMR (400 MHz, DMSO-ds)
(Figure 21): 6 4.19 (2H, s, CH»), 7.37-7.39 (2H, d, J= 8.76 Hz, ArH), 7.57-7.59 (2H, d,
J= 8.8 Hz, ArH), 7.68-7.73 (3H, m, ArH), 7.81-7.83 (1H, d, J= 8.68 Hz, ArH), 7.98-8.04
(1H, m, ArH), 8.34-8.41 (1H, m, ArH), 10.34 (1H, s, NH); *C NMR (400 MHz, DMSO-
de) (Figure 22): & 33.1, 115.1, 117.0, 118.3, 118.8, 121.0, 121.1, 124.6, 127.5, 128.4,
128.5, 131.5, 133.4, 138.1, 154.7, 160.4, 166.1; MS (ESI, m/z) (Figure 24) 380.8 [M]"
and 380.1 [M—l]+ Calculated for C;9H3BrN,O,; HPLC Purity 99.73% (Figure 25); Ele.
Anal. Calcd. for C19H3BrN,O,; Requires (Found) %: C, 59.59 (59.86); H, 3.53 (3.44); N,

7.63 (7.35).
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N-(2-hydroxyphenyl)-2-(naphtho[2,1-d]isoxazole-3-

0N . EQ;H yl)acetamide 5d: This compound was obtained as light
OO brown solid. Yield: 47%; mp: 208-210°C; IR (KBr):
3323, 2928, 2851, 1763, 1626, 1542 cm™'; "H NMR (400 MHz, DMSO-de): & 4.36 (2H, s,
CH,), 6.76-6.78 (1H, t, J= 1.2, 6.8 Hz, ArH), 6.89-6.98 (2H, m, ArH), 7.75-7.89 (3H, m,
ArH), 8.14-8.17 (1H, m, ArH), 8.37-8.40 (1H, dd, J= 2.0, 4.0 Hz, ArH), 9.77 (1H, s, NH),
9.89 (1H, s, OH); *C NMR 400 MHz (DMSO-d¢): & 48.0, 115.8, 117.6, 118.8, 119.3,
119.5, 121.6, 122.8, 125.1, 125.3, 126.4, 128.1, 128.9, 129.1, 133.9, 148.4, 155.6, 160.9,

166.7; HPLC Purity 96.74%; Molecular formula C;9H4N,Os.

N Q 2-(naphtho[2,1-d]isoxazole-3-yl)-1-(piperidine-1-
O/

\

NQ yl)ethanone 5e: This compound was obtained as white
OO solid. Yield: 64%; mp: 213-215°C; IR (KBr): 3305, 3052,
2925, 2851, 1689, 1658, 1589 cm™; "H NMR (400 MHz, DMSO-de): 6 1.25-1.38 (2H, m,
CH,), 1.62-1.67 (2H, m, CH,), 1.75-1.79 (2H, m, CH,), 1.89-1.92 (2H, d, CH,), 1.97-2.00
(2H, d, CH,), 4.20 (2H, s, CH,), 7.67-7.74 (4H, m, ArH), 7.87-7.89 (1H, d, J= 8.0 Hz,
ArH), 7.99-8.01 (1H, dd, J= 2.12, 4.08 Hz, ArH), 8.36-8.38 (1H, dd, J= 3.64, 5.8 Hz,
ArH); *C NMR 400 MHz (DMSO-d): & 24.8, 25.5, 25.8, 31.8, 32.1, 50.2, 117.6, 118.8,
119.3, 121.5, 125.0, 128.1, 128.9, 129.1, 133.9, 155.2, 160.8, 165.3; HPLC Purity 97.7%;
Molecular formula C;gH;sN,O».
0 2-(naphtho[2,1-d]isoxazole-3-yl)-1-(pyrrolidin-1-

0—N
) @ yl)ethanone 5f : This compound was obtained as white

OO solid. Yield: 95%; mp: 198-200°C; IR (KBr): 3306, 3053,
2927, 2852, 2361, 1659, 1589 cm™; "H NMR (400 MHz, DMSO-de): 6 1.60-1.65 (2H, m,
CHy), 1.77-1.81 (2H, m, CH,), 1.87-1.90 (2H, m, CH;), 1.96-1.98 (2H, m, CH,), 4.18

(2H, s, CHy), 7.68-7.72 (3H, m, ArH), 8.02- 8.04 (1H, dd, J= 1.88, 2.52 Hz, ArH), 8.29-
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8.31 (1H, d, J=7.76 Hz, ArH), 8.34-8.36 (1H, m, ArH); ?C NMR 400 MHz (DMSO-ds):
0 25.5, 25.8, 31.8, 32.1, 50.2, 117.6, 118.8, 119.3, 121.5, 125.0, 128.1, 128.9, 129.1,
133.9, 155.2, 160.8, 165.3; HPLC Purity 97.6%; Molecular formula C;7H;cN,O5.

o 1-morpholino-2-(naphtho|[2,1-d]isoxazole-3-

0—N

\ N\/\\/\o yl)ethanone 5g: This compound was obtained as light
OO brown solid. Yield: 51%; mp: >260°C; IR (KBr): 3299,
3071, 2927, 2853, 1636, 1544 cm™; '"H NMR (400 MHz, DMSO-dg): & 1.54-1.56 (2H, m,
CH,), 1.65-1.68 (2H, d, CH»), 1.82 (2H, m, CH»), 3.94 (2H, s, CH>), 7.65 (3H, m, ArH),
7.75-7.77 (1H, d, J=9.72 Hz, ArH), 7.95 (1H, m, ArH), 8.33 (1H, m, ArH); °C NMR
400 MHz (DMSO-dq): 6 24.9, 25.6, 32.7, 32.8, 48.3, 117.5, 118.8, 119.4, 121.5, 125.0,

128.0, 128.9, 129.1, 133.9, 155.7, 160.8, 166.4; HPLC Purity 96.92%; Molecular formula

C17H16N20s.
o] N,N-diethyl-2-(naphtho[2,1-d]isoxazole-3-yl)
0/1\{ N/\
\\ acetamide 5h: This compound was obtained as light
OO brown solid. Yield: 58%; mp: 236-238°C; IR (KBr)

(Figure 26): 3299, 3071, 2927, 2853, 2362, 1637, 1545 cm™; '"H NMR (400 MHz,
DMSO-d¢) (Figure 27): & 1.11-1.25 (6H, m, CH3), 1.63-1.67 (2H, m, CH,), 1.77-1.81
(2H, d, CH,), 3.88 (2H, s, CH,), 7.60-7.65 (3H, m ArH), 7.93-7.96 (2H, m, ArH), 8.26,
8.29 (1H, m, ArH); *C NMR (400 MHz, DMSO-de) (Figure 28): & 24.4, 25.3, 32.4, 33.3,
478, 117.0, 118.3, 118.9, 121.0, 121.5, 127.5, 128.4, 128.5, 133.4, 155.2, 160.4, 165.8;
HPLC Purity 98.24% (Figure 29); Molecular formula C;7H;3N,O».
2.4.2 Biological Evaluation
2.3.2.1 Procedure of MES test for anticonvulsant activity

The examined compounds were administered as solution in 0.1 ml DMSO at a

constant dose of 5, 10 and15 mg/kg of body weight via IP route. After 30 minutes 150 pv
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AC current for 0.2 second was given for convulsion. Phenytoin was used as standard

drug. Different phases were observed as given in Table 1.

2.4.2.2 Procedure to assess the effect of the isoxazole derivatives on melanoma cell
survival using the MTS assay

96 well plates were plated with 100 pul Media (DMEM + 10% Fetal bovine serum
and L-Glutamine) containing 5000 cells/well. Stock of 20 mM solution was prepared for
compounds to get a series of concentration ranging from 50 uM to 0.625 uM. 100ul of
these compounds were added to the 96 well plates. These 96 well plates were incubated at
37°C in humidified incubator under 5% CO, atmosphere for 24, 48 and 72 hours.

In vitro inhibitory efficacy of cancer cell lines representing different cancer types
following treatment with compounds was measured using the 3-(4,5-dimethylthiazol-2-
yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2 H-tetrazolium (MTS) assay
(Promega, Madison, WI). In brief, 5 x 10° cells per well in 100 xl of DMEM containing
10% FBS were grown in a 96-well plate for 24 h and treated with either control DMSO
vehicle or increasing concentrations (0.625-50 uM) of these compounds for 24, 48 and 72
h. The proportion of viable cells compared to control DMSO treated cells were
determined using MTS assay and ICsy values calculated using GraphPad Prism, version
4.01 (GraphPad software, San Diego, CA). The ICsy value for each compound was
determined by at least three independent experiments and represented with a standard

error. ICso in uM concentration of all compounds is given in Table 2.
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3. Synthesis and biological evaluation of amide derivatives of

Benzodifuran-2-carboxylic acid

3.1 Introduction

The incidences of bacterial and fungal infections have increased significantly in
the past 25 years. The evolution of antibacterial resistance in bacterial strains against the
currently available antibacterial agents is an increasing concern in recent years. For
instance Gram positive bacterial pathogens such as Staphylococus aureus (S. aureus) is
resistant to Methicillin, Streptococus pneumoniae and Enterococci are resistant to
Penicillin and Vancomycin respectively' while Gram negative bacteria are resistant to
lactams, quinolones and macrolides.”> Since Candida albicans (C. albicans) and
Aspergillus fumigatus (A. fumigatus) are the main causative fungi of the systemic
mycosis, antifungal drugs for treating patients of deep mycosis should have a broad
antifungal spectrum including at least these microorganisms. Currently only four classes
of antifungal drugs are available which include polyene macrolides (amphotericin B),
azoles (fluconazole, miconazole, itraconazole and voriconazole), flucytosine and candins
(caspofungin acetate and micafungin) for treatment of systemic mycosis. Unfortunately
none of them is ideal in terms of efficacy, antifungal spectrum or safety. Although
amphotericin B is efficacious against both candidiasis and aspergillosis, it shows severe
renal toxicity. The antifungal spectra of fluconazole and flucytosine are narrow (mainly
against C. albicans) and they are prone to develop drug resistance.

In order to overcome the threat of wide spread multi drug resistance in Gram
positive and Gram negative bacterial strains as well as fungi, there is ongoing demand for
new antimicrobial agents.

Furan and its derivatives show wide range of activity. Benzofurans having various

amide, ester, ether and thioether derivatives with varying functional groups show
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antifungal activity.”® 3-substituted benzofuran-2-amide derivatives are reported as
cysteine protease inhibitors.” Benzofuran and benzothiophene derivatives substituted with
amide effectively inhibit ischemic cell death and can be useful in many other diseases.®
Various 2-substituted amide derivatives of benzofuran are reported as potent orexin
receptor antagonist.” Various 2-substituted benzofuran amide derivatives are reported to
show good antimicrobial activity.'” Ethyl ester derivatives of 4-hydroxy-3-methyl-6-
phenylbenzofuran-2-carboxylic acid have been reported as antitumor agents.'' Various 2-
substituted vinyl ester derivatives of benzofuran and benzodifuran have been reported as
angiogenesis inhibitors.'” Benzofuran-2-biphenyl sulfonamide derivatives are useful in
treatment of osteoarthritis."> Substituted benzofuran-1, 3-diazepin derivatives are reported
to show CNS depressant effect.*

Literature survey reveals that various benzofuran amide derivatives show
antimicrobial as well as CNS activities, while very little work is reported on benzodifuran

. . . . .. . 15. 16
derivatives. In continuation of our work on search for antimicrobial agents >

we report
herein synthesis and antimicrobial evaluation of series of amide derivatives of
benzodifuran carboxylic acid.

Recent Work

Patel J. M. and Soman S. S."” have synthesized furocoumarin derivatives as shown in

Scheme 1.
Scheme 1:
HO O HO 0-__0 O 00
Br, RCOCH,X J; P
# AcOH Z gy KyCO;, Acetone R™ O Br
0.0025N KOH
EtOH

\ \ -
R R
N
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Kangasmesta J. and Liley M. have synthesized various benzofuran derivatives as shown
in scheme 2.

Scheme 2:

BOC R
N Hom CSzCOg, [ j
+ /
[ j’l Br ) ////O 0
0 7y \

O O

R o | 1Lon

2. HOBt, WSC.HC], 1
-l 3.10% HC1

mLN,_ Jo .
o 4. Bu,SnCl,, HCOH, Phenylsilane
1 5. TFA
o 0
ol Y E H
(J - y
R N,
N O —
[ H o

Bentley J. M. et al’ have synthesized various benzofuran amide derivatives as shown in

scheme 3.
Scheme 3:
l
©fg_<o HzN\C[ HATU ©jg_</
. 08 e

3.2 Result and discussion
3.2.1 Chemistry

Pechmann reaction of resorcinol with ethyl acetoacetate in presence of sulphuric
acid gave 7-hydroxy-4-methyl coumarin'® 2 which was condensed'’ with chloroacetone
in presence of anhydrous K;COs and dry acetone gave 4-methyl-7-(2-oxopropoxy)-
coumarin 3. Bromination'’ of 3 using N-bromosuccinimide in chloroform gave
unexpected product 3-bromo-4-methyl-7-(2-oxopropoxy)coumarin 4 (Scheme 4).

Cyclization of 4 in 10% alkaline ethanol'’ gave 3, 5-dimethylbenzo[1,2-b:5,4-b"difuran-
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2-carboxylic acid 5 as major product. Acid 5 was converted into acid chloride using
oxalyl chloride and DMF in dry dichloromethane which on substitution reaction with
different amines in dry dichloromethane in presence of base, triethylamine gave
corresponding amides as shown in Scheme 4.

Scheme 4:

o o)
HO OH . HO 0._0 )bo 0._0 )bo O A0
i i iii
F e ~ Br
1
2

R= 6a= HN/Q/ 6g= N
\_/
ae e
O, O
6d= HN/@/ 6 = /\
\/
6e = HN/Q/ 6k=HNC©
-G

Reagents and conditions: (i) Ethyl acetoacetate, H,SO,, 12 h; (ii) Chloroacetone, K,COs, Dry acetone, 6h;
(iii) NBS, Chloroform, 6h; (iv) 10% KOH in ethanol, 3h; (v) Dichloromethane, DMF, Oxalyl chloride, 4h;

(vi) Dichloromethane, triethylamine, Various amines, 12h

The formation of compound 2 was confirmed by its melting point. The IR
spectrum of compound 3 (Figure 1) exhibited bands at 1736 and 1710 cm™ indicated
presence of lactone and ketone carbonyl group respectively. In '"H NMR of compound 3
in CDCl; (Figure 2) singlet at & 2.32 and singlet at & 2.42 for three protons each
confirmed the presence of two methyl groups at C-4 position and COCHj3 group

respectively. Singlet at 6 4.66 for two protons indicated presence of methylene group of
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OCH,CO and singlet at 6 6.17 for one proton indicated proton at C-3 position. All
aromatic protons observed between 6 6.76 to 7.55 confirmed the formation of compound
3. The *C NMR spectrum of compound 3 in CDCl; (Figure 3) showed peak at & 203
indicated lactone carbon. The presence of 13 peaks are in accordance with structure of
compound 3. Figure 4 indicates mass spectrum of compound 3 which also confirmed the
structure of compound 3 which showed m/z value at 177.0 [M-55]" in ESI/MS indicated
M-OCH,CH3; fragment.

After bromination, the IR spectrum of compound 4 (Figure 5) exhibited bands at
1710 and 1681 cm™ indicated presence of lactone and ketone carbonyl group
respectively. In 'H NMR of compound 4 in CDCl; (Figure 6) two doublets at & 2.33 and
2.62 for three protons each confirmed the presence of two methyl groups. Singlet at &
4.67 for two protons indicated presence of methylene group of OCH,CO. The
disappearance of peak at & 6.17 indicated the presence of Br at C-3. All aromatic protons
observed between & 6.79 to 7.62 confirmed the formation of compound 4. The *C NMR
spectrum of compound 4 in DMSO-de (Figure 7) showed presence of 13 peaks which is
in accordance with structure of compound 4 which was further confirmed by its mass
spectrum (Figure 8) which showed M" and [M+2]" peaks at m/z value at 311 and 312.9 of
equal intensity in ESI/MS.

The IR spectrum of compound 5 (Figure 9) exhibited bands at 3428 and 1680 cm’
indicated presence of carboxylic acid group which was further confirmed by solubility of
compound 5 in saturated NaHCOs solution and reprecipitation of it by HCL. In "H NMR
spectrum of compound 5 in DMSO-d¢ (Figure 10), the singlet observed at 6 2.27 for three
protons and singlet at & 2.60 for three protons each indicated presence of two methyl
groups at C-5 and C-3 position respectively. The singlet at 6 7.82 for one proton indicated

proton at C-6 and two singlets at 6 7.84 and 7.92 for one proton each confirmed the linear
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ring fusion. In BC NMR spectrum of compound 5 in DMSO-d¢ (Figure 11) two methyl
carbons observed at 6 8.1 and 9.7, the carboxylic acid carbon observed at 6 161.5 and
total presence of 13 peaks is in accordance with structure of compound 5. The mass
spectrum of compound 5 (Figure 12) showed m/z value at 231.0 for [M+1]" peak in
ESI/MS confirmed the formation of compound 5.

Various amide derivatives of difuran carboxylic acid 5 were prepared by
converting acid 5 in to corresponding acid chloride by using oxalyl chloride and then
substituting it with various amines in presence of triethylamine. The amides 6 now
insoluble in NaHCO3 indicated the formation of 6 which was further confirmed by IR, 'H
NMR, "*C NMR and mass.

The IR spectrum of compound 6a (Figure 13) exhibited band at 3421 cm’
indicated presence of NH group and band at 1670 cm™ indicated presence of carbonyl
group of amide. The '"H NMR of compound 6a in CDCl; (Figure 14) showed peak at &
2.34, 2.37 and 2.77 for three protons each confirmed the presence of three methyl
protons. All aromatic protons observed between 8 7.22 to 7.68 and peak at 6 8.34 for one
NH proton confirmed formation of compound 6a. The *C NMR spectrum of compound
6a in CDCl; (Figure 15) now showed three peaks at 8.0, 9.2 and 20.9 indicated presence
of three methyl carbons and presence of 15 peaks indicated remaining aromatic carbons
and carbonyl carbon thus confirmed the structure of compound 6a.The mass spectrum of
compound 6a (Figure 16) showed m/z value at 320.0 for [M+1]" peak in ESI/MS
confirmed formation of compound 6a.

The IR spectrum of compound 6¢ (Figure 17) exhibited band at 3419 cm’
indicated presence of NH group and band at 1671 cm™ indicated presence of carbonyl
group of amide. The "H NMR of compound 6¢ in CDCl; (Figure 18) showed two singlets

at & 2.33 and 2.76 for three protons each confirmed presence of two methyl groups,
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singlet at & 3.84 for three protons confirmed the presence of methoxy group. All aromatic
protons observed between & 6.93 to 7.67 and peak 6 8.30 for one NH proton confirmed
the formation of compound 6¢c. The *C NMR spectrum of compound 6¢ in CDCls
(Figure 19) showed presence of 18 peaks for different carbons confirmed the structure of
6C. The mass spectrum of compound 6¢ (Figure 20) showed m/z value at 336.0 for
[M+1]" peak in ESI/MS further confirmed formation of compound 6c.

The IR spectrum of compound 6g (Figure 21) exhibited band at 1623 cm’
confirmed presence of carbonyl group of amide. The '"H NMR of compound 6g in CDCl;
(Figure 22) showed two singlets at 6 2.32 and 2.56 for three protons each confirmed
presence of two methyl groups. Peak at 6 3.83 for eight protons confirmed presence of
methylene protons of morpholine. All aromatic protons observed between & 7.46 to 7.63
confirmed the formation of compound 6g. The >C NMR spectrum of compound 6g in
CDClI; (Figure 23) also supported the structure of compound 6g. The mass spectrum of
compound 69 (Figure 24) showed m/z value at 300.0 for [M+1]" peak in ESI/MS
confirmed formation of compound 6g.

The IR spectrum of compound 6h (Figure 25) exhibited band at 1617 cm’
confirmed presence of carbonyl group of amide. The "H NMR of compound 6h in CDCl;
(Figure 26) showed singlet at & 1.99 for four protons indicated two methylene groups of
pyrrolidine, two peaks at 0 2.32 and 2.66 for three protons each confirmed presence of
two methyl groups. Triplet at & 3.84 to 3.87 for four protons indicated two methylene
groups of pyrrolidine and all aromatic protons observed between & 7.45 to 7.64 for three
protons confirmed the formation of compound 6h. The *C NMR spectrum of compound
6h in CDCl; (Figure 27) showed presence of 15 peaks which is in accordance with

structure thus support the structure of compound 6h. The mass spectrum of compound 6h
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(Figure 28) showed m/z value at 284.0 for [M+1]" peak in ESI/MS confirmed formation

of compound 6h.
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Figure 1: IR of 4-methyl-7-(2-oxopropoxy)-2H-chromen-2-one 3
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Figure 2: '"H NMR of 4-methyl-7-(2-oxopropoxy)-2H-chromen-2-one 3
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Figure 11: *C NMR of 3, 5-dimethylbenzo[1,2-b:5,4-b']difuran-2-carboxylic acid 5
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Figure 12: ESI/MS of 3, 5-dimethylbenzo[1,2-b:5,4-b"|difuran-2-carboxylic acid 5
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3.2.2 Biological Evaluation

3.2.2.1 Antimicrobial activity

All the synthesized compounds were screened by Broth dilution method® for their
antibacterial activity against two Gram positive bacteria S. aureus and B. subtilis, two
Gram negative bacteria E. coli and P. aeruginosa and one fungus C. albicans.
Concentrations of compounds were ranging from 40 pg to 600 pg. The lowest
concentration of compounds that prevented visible growth is given in Table 1. It was
determined that the solvent has no antibacterial or antifungal activities against any of the
test organisms. Ciprofloxacin and Flucanazole were used as standard drugs, also tested
under the similar conditions for comparison. The results of minimum inhibitory
concentration (MIC) of the synthesized compounds against highly inhibited organisms are
reported in Table 1. Compounds 6¢, 6h and 6j showed moderate effects against Gram

positive bacteria S. aureus while compounds 6a, 6b, 6d, 6e, 6g and 6k showed moderate
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activity against Gram positive bacteria B. subtilis. Only compound 6e showed moderate

activity against Gram negative bacteria E. coli while all these compounds found less

active against P. aeruginosa (MIC 600 pg/ml).

Table 1: MIC determination of antibacterial and antifungal agent (ug)

MIC (ng)
Sr. No. S.aureus B.subtilis E.coli P.aeruginosa C. albicans
(gm +ve bacteria) (gm —ve bacteria) Fungi
6a 200 200 > 600 > 600 > 600
6b 600 160 400 600 600
6¢ 160 400 > 600 > 600 > 600
6d 600 200 600 > 600 > 600
6e 400 200 200 > 600 > 600
of 600 400 600 600 600
6g 400 200 600 > 600 > 600
6h 160 400 400 > 600 600
6i 400 200 600 > 600 > 600
6j 160 400 400 600 600
6k 400 160 > 600 > 600 600
Ciprofloxacin 5 2 15 7.5 -
Flucanazole - - - - 5

It was observed that methyl or methoxy group at p- position of amine showed

moderate activity while pyrrolidine ring also showed moderate activity against Gram

positive bacteria S. aureus, while all other amines except 6¢, 6f, 6h and 6k when used

showed moderate activity against Gram positive bacteria B. subtilis. All these amide
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derivatives of benzodifuran carboxylic acid showed high MIC values (600 pg/ml) against

Gram negative bacteria E. coli and P. aeruginosa, as well as fungus C. albicans.

3.2.2.2 Orexin receptor binding assay

All synthesized amide derivatives of benzodifuran carboxylic acid were screened

against OX,; and OX, receptors isolated from chinese hamster ovary (CHO) cells. For the

functional orexin receptor assay, they were cultured on black, clear bottom 96 well plates

(Costar XX, Corning, XX), coated with polyethylene imine. 1 uM solution in DMSO was

used for evaluation of orexin receptor antagonist as well as agonist activity by Ca'

. g 21 . .
binding assay.” Results are summarized as given below.

Figure 29: Response of compounds on Orexin receptor OX; and OX,
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m 01
mox2

MaE 1M Bg 1M &h 1 uM Bi 1l Gj 1 pM Bk 0.143 uM SEB-
334857

Orexin-A potently activated both OX; and OX; receptors with an ECsy = 0.2-0.4
nM. In contrast, no response to any of the compounds was obtained at 0.8 and 2.4 pM
concentrations and only one result is shown here. SB-334867 inhibited the OX; and OX;,
responses with the expected potency (Ki = 10 and 1000 nM). In contrast, the compounds
did not produce any inhibition of the orexin-A response at 0.8 and 2.4 uM concentrations.
Taking into account the resolving power of the method, this indicated that the binding
affinity of the compounds to both orexin receptors is less than 2 M.

3.3 Conclusion

We have synthesized eleven benzodifuran amides and screened for their
antimicrobial activity as well as their MIC against all test organisms. The presence of
electron withdrawing group at para position of amine showed moderate activity against
Gram positive bacteria B. subtilis (6b, 6d, 6e and 6g) while presence of electron
releasing group at para position of amine showed moderate activity against Gram positive
bacteria S. aureus. All the synthesized amide derivatives of benzodifuran carboxylic acid
showed higher MIC values (600 pg/ml) against Gram negative bacteria P. aeruginosa,
and fungus C. albicans. All synthesized compounds show very less binding affinity

towards orexin receptors in the range of 0.8 and 2.4 pM concentrations.
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3.4 Experimental
3.4.1 Chemistry
Reagent grade chemicals and solvents were purchased from commercial supplier
and used without purification. TLC was performed on silica gel F254 plates (Merck).
Silica gel (100-200 mesh) was used for column chromatographic purification. Melting
points are uncorrected and were measured in open capillary tubes, using a Rolex melting
point apparatus. IR spectra were recorded as KBr pellets on Perkin Elmer RX 1
spectrometer. 'H NMR and ">C NMR spectral data were recorded on Advance Bruker 400
spectrometer (400 MHz) with CDCl; or DMSO-d¢ as solvent and TMS as internal
standard. J values are in Hz. Elemental analyses were recorded on Thermosinnigan Flash
11-12 series EA. Mass spectra were determined by ESI/MS, using a Shimadzu LCMS
2020 apparatus.
HO 0 o 7-hydroxy-4-methyl-2H-chromen-2-one 2: Resorcinol 1 (10 g,
= 0.0908 mol) was dissolved in ethyl acetoacetate (12 ml, 0.095
mol) with constant shaking in reaction flask. Concentrated
sulphuric acid (20 ml) was added in 3 to 4 portions and reaction mixture was kept
overnight at room temperature. Reaction mass was poured into crushed ice to obtain pale
yellow colored solid which was filtered, dried and recrystallized using ethanol gave
yellow crystalline product. Yield: 74%; mp: 190-193°C (Lit. 185 °C'®).
4-methyl-7-(2-oxopropoxy)-2H-chromen-2-one  3: To the
wo solution of 2 (5 g, 0.0289 mol) in dry acetone (50 ml) and
anhydrous potassium carbonate (13.98 g, 0.1011 mol),
chloroacetone (2.54 ml, 0.0318 mol) was added very slowly. Reaction mixture was
refluxed for 6 hours in water bath. Reaction mass was poured in crushed ice to obtain

brown solid product, which was filtered, dried and crystallized using ethanol to afford
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light brown solid. Yield: 49%; mp: 155-158°C (Lit. 157 °C'"); IR (KBr) (Figure 1): 2907,
1736, 1710 cm™; "H NMR (400 MHz, CDCls) (Figure 2): 8 2.32 (3H, s, CH3), 2.41 (3H,
s, CH3), 4.66 (2H, s, CH»), 6.17 (1H, s, ArH), 6.76-6.78 (1H, t, J= 2.8, 4 Hz, ArH), 6.89-
6.92 (1H, dd, J= 2.4, 8.8 Hz, ArH), 7.53-7.55 (1H, t, J= 3.2, 5.6 Hz, ArH); °C NMR (400
MHz, CDCls) (Figure 3): 8 18.7, 26.6, 72.9, 101.8, 112.3, 112.5, 114.4, 125.9, 152.4,
155.1, 160.5, 161.0, 203.7; MS (ESIL, m/z) (Figure 4) 177.0 [M-55]" and 175 [M-57]"
calculated for C;3H1,04.
3-bromo-4-methyl-7-(2-oxopropoxy)-2H-chromen-2-one 4: 3
JV Owo (5 g 0.0216 mol) dissolved in chloroform (50 ml) and N-
" bromosuccinimide (4.24 g, 0.0238 mol) added in the reaction
flask. Reaction mixture was refluxed for 6 hours in water bath. Excess solvent distilled
under reduced pressure to obtain solid which was washed with hot water thrice, filtered,
dried and crystallized using glacial acetic acid to obtain pale yellow solid. Yield: 63%;
mp: 189-193°C; IR (KBr) (Figure 5): 3075, 2919, 1710, 1681 cm™; "H NMR (400 MHz,
CDCls) (Figure 6): 6 2.33 (3H, s, CH3), 2.62 (3H, s, CH3), 4.67 (2H, s, CHy), 6.78 (1H, s,
ArH), 6.93-6.95 (1H, d, J= 8.8 Hz, ArH), 7.60-7.62 (1H, d, J= 8.8 Hz, ArH); °C NMR
(400 MHz, DMSO-dg) (Figure 7): 6 19.8, 26.6, 72.8, 101.7, 109.1, 113.5, 113.6, 127.6,
152.3, 153.4, 156.9, 161.5, 203.5; MS (ESI, m/z) (Figure 8) 311 [M]", 312.9 [M+2] and
310.7 [M—l]+ calculated for C;3H;BrO;,.

3, 5-dimethylbenzo[1,2-b:5,4-b']difuran-2-carboxylic acid 5:
H

4 \

0] (¢}

4 (5 g, 0.0161 mol) was dissolved in 50 ml 10% ethanolic
potassium hydroxide solution and refluxed for 3 hours in water bath. Excess ethanol was
distilled under reduced pressure and reaction mixture poured into crushed ice,
concentrated hydrochloric acid was slowly added until pH 2. The solid obtained was

filtered, dissolved in saturated solution of sodium bicarbonate, filtered and reprecipitated
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with concentrated HCI. Then it was filtered and dried. The crude product was purified
using column chromatography by using petroleum ether: ethyl acetate (7:3) as eluent gave
light brown solid. Yield: 42%; mp: 260-264°C; IR (KBr) (Figure 9): 3428 (b), 3091,
3061, 2925, 2863, 2828, 1680 cm™; "H NMR (400 MHz, DMSO-ds) (Figure 10): & 2.27
(3H, s, CH3), 2.59 (3H, s, CH3), 7.82-7.82 (1H, d, J= 1.6 Hz, ArH), 7.84 (s, 1H, ArH),
7.92 (1H, s, ArH); °C NMR (400 MHz, DMSO-d) (Figure 11): & 8.1, 9.7, 94.9, 111.2,
115.6, 125.2, 125.8, 126.9, 141.8, 155.4, 161.5; MS (ESI, m/z) (Figure 12) 231.0 [M+1]"
and 228.9 [M-1]" calculated for C;3H;0Os.

General Procedure for 6a-6k: 5 (0.5 g, 0.0022 mol) dissolved in dichloromethane (25
ml) and 3-4 drops of DMF slowly added in reaction flask. Oxalyl chloride (0.75 ml,
0.0088 mol) was added slowly in the reaction mixture and stirred at room temperature for
3 h. Solvent distilled under reduced pressure and dried under high vacuum to remove
oxalyl chloride. Reaction mass was dissolved in dichloromethane (30 ml), and amine (1.1
eq.) along with catalytic amount of triethylamine (0.64 ml, 0.0046 mol) were added and
allowed to stir at room temperature for overnight. Reaction mixture was washed with
saturated sodium bicarbonate (20 ml) and then with 10% concentrated hydrochloride
solution (20 ml). Solvent was passed through Na,SO, and removed under reduced
pressure to give solid. Crude solid product was purified using column chromatography by
using petroleum ether: ethyl acetate (9:1) as eluent.

. <:> 3, 5-dimethyl-N-(p-tolyl)benzo[1,2-b:5,4-b']difuran-2-
mo carboxamide 6a: This compound obtained as white solid.
Yield: 35%; mp: 192-194°C; IR (KBr) (Figure 13): 3421, 3133, 3032, 2956, 2924, 2856,
1670 cm™; "H NMR (400 MHz, CDCls) (Figure 14): & 2.34 (3H, s, CH3), 2.37 (3H, s,
CH3), 2.77 (3H, s, CH3), 7.22-7.24 (2H, d, J= 8 Hz, ArH), 7.48 (1H, s, ArH), 7.58 (1H, s,

ArH), 7.62-7.64 (2H, d, J= 8.4 Hz, ArH), 7.68 (1H, s, ArH), 8.34 (1H, s, NH); °C NMR
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(400 MHz, CDCls) (Figure 15): 8 8.0, 9.2, 20.9, 94.4, 110.0, 115.5, 119.9, 123.7, 126.4,
126.8, 129.6, 134.1, 135.0, 142.3, 142.6, 151.7, 155.4, 158.0; MS (ESI, m/z) (Figure 16)
320.0 [M+1]Jr calculated for Cy0H;7NOs; Ele. Anal. Calcd. for C,0H;7NO;; Requires

(Found) %: C, 75.22 (75.43); H, 5.37 (5.28); N, 4.39 (4.27).
%j@jg_}g OCOOH 4-(3,5-dimethylbenzo[1,2-b:5,4-b"]difuran-2-

0 Jd 0 carboxamido)benzoic acid 6b: This compound
obtained as yellow solid. Yield: 29%; mp: > 300°C; IR (KBr): 3676 (b), 2922, 2853,
1694, 1684 cm™; "H NMR (400 MHz, DMSO-d): & 2.28 (3H, s, CH3), 2.66 (3H, s, CH3),
7.83-7.84 (2H, m, ArH), 7.92-7.99 (5H, m, ArH), 10.69 (1H, s, COOH); *C NMR (400
MHz, DMSO-de): 8 8.1, 9.6, 95.0, 111.1, 115.7, 120.2, 123.9, 126.1, 126.2, 127.0, 130.6,
143.0, 143.1, 143.5, 151.7, 155.2, 158.6, 167.4; MS (ESIL, m/z) 252.9 [M+1-98]"
calculated for CyH;sNOs; Ele. Anal. Calcd. for CyH;sNOs; Requires (Found) %: C,
68.76 (68.43); H, 4.33 (4.33): N, 4.01 (3.69).

N-(4-methoxyphenyl)-3,5-dimethylbenzo[1,2-b:5,4-

sossava

0 g ) b*]difuran-2-carboxamide 6c: This compound obtained
as light brown solid. Yield: 43%; mp: 178-180°C; IR (KBr) (Figure 17): 3419 (s), 3138,
3051, 3010, 2922, 2841, 1671 cm™'; 'H NMR (400 MHz, CDCls) (Figure 18): 5 2.33 (3H,
s, CHs), 2.76 (3H, s, CH3), 3.84 (3H, s, -OCHs3), 6.93-6.96 (2H, dd, J= 2, 6.8 Hz ArH),
7.48 (1H, s, ArH), 7.57 (1H, s, ArH), 7.64 (1H, s, ArH), 7.65-7.66 (1H, d, J= 2 Hz, ArH),
7.67 (1H, s, ArH), 8.30 (1H, s, NH); *C NMR (400 MHz, CDCls) (Figure 19): & 8.1, 9.2,
55.5, 94.4, 1099, 114.2, 115.5, 121.7, 123.5, 126.4, 126.8, 130.6, 142.2, 142.7, 151.7,
155.4, 156.5, 158.0; MS (ESI, m/z) (Figure 20) 336.0 [M+1]" calculated for CH;7NOy;

Ele. Anal. Calcd. for Cy0H;7NO4; Requires (Found) %: C, 71.63 (71.40); H, 5.11 (5.04);

N, 4.18 (4.04).
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N-(4-hydroxyphenyl)-3,5-dimethylbenzo[1,2-b:5,4-
o 1O
0 J Y b'ldifuran-2-carboxamide 6d: This compound obtained
as light yellow solid. Yield: 39%; mp: 244-246°C; IR (KBr): 3418, 3372, 2924, 1644 cm’
' "TH NMR (400 MHz, DMSO-dg): 6 2.28 (3H, s, CHs), 2.63 (3H, s, CHs), 6.73-6.75 (2H,
dd, J= 2.4, 6.8 Hz, ArH), 7.57-7.59 (2H, dd, J= 2.0, 6.8 Hz, ArH), 7.81-7.83 (2H, m,
ArH), 7.91 (1H, s, ArH), 9.38 (1H, s, NH), 10.19 (1H, s, OH); °C NMR (400 MHz,
DMSO-de): 6 8.2,9.5,94.9, 110.8, 115.4, 115.7, 122.3, 122.9, 126.4, 126.8, 130.3, 143.4,
143.7, 151.6, 154.3, 155.0, 158.0; MS (ESI, m/z) 322.0 [M+1]" and 319.8 [M-1]"
calculated for Ci9H;sNOy; Ele. Anal. Calcd. for C;9H;sNOy4; Requires (Found) %: C,
71.02 (71.19); H, 4.71 (4.69); N, 4.36 (4.00).
WOCI N-(4-chlorophenyl)-3,5-dimethylbenzo[1,2-b:5,4-
0 d b b'ldifuran-2-carboxamide 6e: This compound obtained
as light yellow solid. Yield: 51%; mp: 190-192°C; IR (KBr): 3389, 2925, 2853, 1684 cm’
' 'TH NMR (400 MHz, CDCls):  2.34 (3H, s, CH3), 2.76 (3H, s, CH3), 7.36-7.38 (2H, m,
ArH), 7.49-7.49 (1H, m, ArH), 7.58-7.58 (1H, m, ArH), 7.69-7.72 (3H, m, ArH), 8.38
(1H, s, NH); ?C NMR (400 MHz, CDCl3): & 8.0, 9.3, 94.4, 110.1, 115.6, 121.1, 124.3,
126.2, 127.0, 129.1, 129.4, 136.1, 142.3, 142.4, 151.7, 155.6, 158.0; MS (ESI, m/z) 340.0
[M+1]+ and 337.8 [M—2]+ calculated for Ci;9H4CINOs; Ele. Anal. Calcd. for
C19H14CINOs3; Requires (Found) %: C, 67.16 (66.89); H, 4.15 (4.33); N, 4.12 (3.98).
O 3,5-dimethyl-N-phenylbenzo[1,2-b:5,4-b"]difuran-2-
HN
mo carboxamide 6f: This compound obtained as white solid.
Yield: 42%; mp: 182-184°C; IR (KBr): 3421, 3119, 3050, 2923, 2852, 1669 cm™; 'H
NMR (400 MHz, CDCls): § 2.34 (3H, s, CH3), 2.77 (3H, s, CH3), 7.17-7.20 (1H, m,
ArH), 7.40-7.43 (2H, m, ArH), 7.48 (1H, s, ArH), 7.59 (1H, s, ArH), 7.69 (1H, s, ArH),

7.74-7.76 (2H, m, ArH), 8.39 (1H, s, NH); *C NMR (400 MHz, CDCls): & 8.1, 9.3, 94.4,
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110.0, 115.6, 119.9, 124.0, 124.5, 126.3, 126.9, 129.1, 137.5, 142.3, 142.5, 151.7, 155.5,
158.1; MS (ESI, m/z) 306.0 [M+1]+ calculated for Ci19H;sNOs; Ele. Anal. Calcd. for

C19HsNOs; Requires (Found) %: C, 74.74 (74.84); H, 4.95 (5.15); N, 4.59 (4.65).

0 (3,5-dimethylbenzo[1,2-b:5,4-b"]difuran-2-
) \ N—> yl)(morpholino)methanone 6g: This compound obtained
0 g 0 as white solid. Yield: 40%; mp: 136-140°C; IR (KBr)

(Figure 21): 3059, 2955, 2917, 2859, 1623 cm™'; 'H NMR (400 MHz, CDCls) (Figure
22): § 2.32 (3H, s, CH3), 2.56 (3H, s, CH;), 3.83 (8H, s, CH,), 7.46-7.46 (1H, d, J= 1.2
Hz, ArH), 7.53-7.53 (1H, d, J= 0.4 Hz, ArH), 7.63 (1H, s, ArH); °C NMR (400 MHz,
CDCls) (Figure 23): 8 8.1, 9.3, 67.1, 94.4, 109.4, 115.5, 122.2, 125.6, 126.6, 142.1, 143.7,
151.9, 155.0, 161.0; MS (ESI, m/z) (Figure 24) 300.0 [M+1]" calculated for C;7H;7NOy;

Ele. Anal. Calcd. for C17H;7NO4; Requires (Found) %: C, 68.21 (68.54); H, 5.72 (5.67);

N, 4.68 (4.85).
(3,5-dimethylbenzo[1,2-b:5,4-b']difuran-2-yl)
Y \ N (pyrrolidin-1-yl)methanone  6h:  This compound
0 0 0 obtained as light yellow solid. Yield: 38%; mp: 108-

110°C; IR (KBr) (Figure 25): 3097, 2961, 2919, 2887, 1617 cm'l; 'H NMR (400 MHz,
CDCls) (Figure 26): 6 1.99 (4H, s, CH,), 2.32 (3H, s, CH3), 2.66 (3H, s, CH3), 3.84-3.87
(4H, m, CH,), 7.45 (1H, s, ArH), 7.52 (1H, s, ArH), 7.64 (1H, s, ArH); °*C NMR (400
MHz, CDCl;) (Figure 27): 6 8.1, 9.5, 23.8, 26.6, 46.9, 48.0, 94.2, 109.4, 115.5, 122.4,
125.8, 126.4, 142.0, 151.9, 155.0; MS (ESI, m/z) (Figure 28) 284.0 [M+1]" calculated for
C17H17NOs; Ele. Anal. Calcd. for Ci7H;7NOs; Requires (Found) %: C, 72.07 (71.89); H,

6.05 (6.03); N, 4.94 (5.14).
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Q (3,5-dimethylbenzo[1,2-b:5,4-b"]difuran-2-
%ng_&N yl)(piperidin-1-yl)methanone 6i: This compound
0O o o) obtained as light yellow solid. Yield: 33%; mp: 110-
112°C; IR (KBr): 3106, 2942, 2857, 1635 cm™; 'H NMR (400 MHz, CDCly): § 1.7-1.72
(6H, CH»), 2.32 (3H, s, CH3), 2.51 (3H, s, CH3), 3.69 (4H, m, CH,), 7.45 (1H, s, ArH),
7.53 (1H, s, ArH), 7.61 (1H, s, ArH); *C NMR (400 MHz, CDCls): 3 8.1, 9.1, 24.7, 94.4,
109.1, 115.4, 120.0, 125.7, 126.4, 142.0, 144.7, 152.0, 154.7, 161.0; MS (ESI, m/z) 298.0
[M+1]Jr calculated for C13sH;9NOs; Ele. Anal. Caled. for C;sH9NO3; Requires (Found) %:
C, 72.71 (72.44); H, 6.44 (6.29); N, 4.71 (5.02).
( N,N-diethyl-3,5-dimethylbenzo[1,2-b:5,4-b"]difuran-2-
%NJ carboxamide 6j: This compound obtained as brown
0 G 0 viscous liquid. Yield: 51%; IR (Neat): 3108, 3062, 2973,
2932, 1627 cm’; '"H NMR (400 MHz, CDCLs): & 1.27-1.34 (6H, t, CHs), 2.33 (3H, s,
CHs), 2.54 (3H, s, CH3), 3.54-3.59 (4H, q, CH,), 7.45-7.46 (1H, d, J= 1.2 Hz, ArH), 7.52
(1H, s, ArH), 7.61 (1H, s, ArH); >C NMR (400 MHz, CDCl): 8.1, 9.2, 94.3, 109.1,
115.5, 120.6, 125.8, 126.4, 141.9, 145.0, 151.8, 154.8, 161.6; MS (ESI, m/z) 286.0
[M+1]+ calculated for C;7H9NO;.
(3,4-dihydroisoquinolin-2(1H)-yl)(3,5-dimethylbenzo
(_‘Q [1,2-b:5,4-b"]difuran-2-yl)methanone 6k: This
m: compound obtained as light yellow solid. Yield: 31%; mp:
96-98°C; IR (KBr): 3063, 3023, 2921, 2854, 1628 cm™; '"H NMR (400 MHz, CDCl;): &
2.33 (3H, s, CH3), 2.55 (3H, s, CHs), 3.06 (2H, S, CH,), 3.98-3.99 (2H, d, CH,), 4.93
(2H, s, CH,), 7.22-7.23 (3H, m, ArH), 7.47 (1H, s, ArH), 7.56 (1H, s, ArH), 7.64 (1H, s,
ArH); 3C NMR (400 MHz, CDCLs): § 8.1, 9.3, 94.5, 109.3, 115.5, 121.7, 125.7, 126.5,

126.7, 142.1, 144.3, 152.0, 154.9; MS (ESI, m/z) 346.0 [M+1]" calculated for C5,H;sNOs;
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Ele. Anal. Calcd. for Cy,H9NOs3; Requires (Found) %: C, 76.50 (76.37); H, 5.54 (5.61);
N, 4.06 (4.20).
3.4.2 Biological Evaluation
3.4.2.1 Antimicrobial activity

All the synthesized compounds were screened by Broth dilution method™ for their
antibacterial activity against two Gram positive bacteria S. Aureus and B. Subtilis, two
Gram negative bacteria E. Coli ATCC 25922 and P. Aeruginosa ATCC 27853. They
were also evaluated for their in vitro antifungal activity against C. Albicans.
Concentration of compounds was ranging from 40 pg to 600 pg. The lowest
concentrations of the compounds that prevented visible growth are given in Table-1. It
was determined that the solvent had no antibacterial and antifungal activities against any
of the test microorganisms. Ciprofloxacin and Flucanazole were used as standard drugs
also tested under the similar conditions for comparison.
3.4.2.2 Orexin receptor binding assay

The binding of the compounds on human orexin receptors was tested in a
functional assay. The cells, on 96 well plates, were loaded with the fluorescent Ca*"
indicator fluo-4 AM (1 mM) in NaE, pluronic acid and 2 mM probenecid for 1 h at 37C.
They were washed once and 80-100 pul NaE was dispensed in each well. The
measurements were performed with the fluorescent plate reader FlexStation 3 (Molecular
Devices). Both the agonistic and antagonistic properties of the compounds were tested,
the former by measuring the ability of the compounds to induce a Ca®" elevations and the
latter by measuring the ability of the compounds to inhibit the orexin A response 30
minutes later. The results were visualized and analyzed in Microsoft Excel as shown in

Figure 29 and 30.
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4a. Synthesis of amide and ester derivatives of Naphthopyrone-2-

carboxylic acid

4a.1 Introduction

Chromones (benzopyran-4-ones) are one of the most abundant groups of naturally
occurring heterocyclic compounds.! Chromones have remarkable biological properties
like anti tuberculosis.” > Chromone scaffold has been recognized as a pharmacophore of
number of bioactive molecules. Disodium cromoglycate, sodium salt of cromoglycic acid,
is a clinically useful antiallergic agent, particularly for bronchial asthma and reported to
inhibit the release of mediators like histamine, several kinins etc. of immediate
hypersensitivity reactions’ contains chromone ring. Heterocyclic analogues of Ritonavir,
HIV-1 protease inhibitor are amide derivatives of chromone-2-carboxylic acid.’
Chromone-3-carboxamide derivatives have been reported as MAO-B inhibitors® ’ while
chromone-2-carboxylic acid derivatives are reported as melanin concentrating hormone
receptor 1 antagonists® or adenosine receptor ligand.” Photodimerization'® reactions of
chromone-2-carboxylic esters and microwave assisted synthesis of various amide
derivatives of chromone-2-carboxylic acids'' have been reported. Vercauteren et al'* have
reported the use of activated alkynes for condensing it with tryptamine in Pictel-Spengler
synthesis of tetrahydro-f-carbolines which involves acid catalyzed ring closure.

Synthesis of chromone-2-carboxylic acid was reported from our laboratory
earlier.”’ Present investigation reports on synthesis of new class of various amide and
ester derivatives of naphthopyrone-2-carboxylic acid. These naphthopyrone amides and
esters are expected to show MAO inhibitor activity and anti allergic activity.

Recent Work
Soman S. S."” has synthesized various coumarinochromone acid and its ester derivatives

as shown in scheme 1.
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Scheme 1:
jﬁcm COOH
s COOCHj K coon

OOCH : H z
m B0 600 #wKOH o oo
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Gaspar A. and coworkers® ” have synthesized various amide derivatives of benzopyrone

as shown in scheme 2.

Scheme 2:
(0)
O _COOH 0 _R
RNH, N
H
BOP or PyBOP, DIPEA
9] 0]
0]
RNH, -
N\
COOH  BoP or PyBOP, DIPEA R
(0] O

Lynch J. K. et al® have synthesized various substituted amide derivatives of benzopyrone

as shown in Scheme 3.

R
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In view of these findings herein we have synthesized various amide and ester
derivatives of naphthopyrone-2-carboxylic acid.
4a.2 Result and discussion
4a.2.1 Chemistry

Condensation" of 1-naphthol 1 (Scheme 4) with dimethyl acetylenedicarboxylate
(DMAD) in presence of anhydrous K,CO; and dry acetone gave Z or cis and E or trans
mixture of dimethyl 2-(naphthalen-1-yloxy)maleate 2. It was not possible to separate the

Z and E mixture either by column chromatography or by TLC method as shown in

Scheme 4.
Scheme 4:
(o] (o)
OH 0 O\ | © © |
O O
_ 0 ™~ o ™~
OO ' H o ’ ' °
e o®
o) [6)
1 DMAD 2 J 2
(o) (o]
H H
| OH HO |
OH OH
[e) O
Oy O
3 3
O. OH
o7 X

Reagents and conditions: (i) K,COs, dry acetone, reflux, 8 h; (ii) 1% aqueous KOH, RT, 12 h; (iii) H,SO,,

60-70°C,2 h
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Earlier S. S. Soman'® and J. K. Lynch® also could not separate the Z and E isomer of
adducts obtained by condensation of DMAD with coumarin and phenol respectively. The
IR spectrum of compound 2/ 2’ exhibited band at 1735 cm™ for ester group. In '"H NMR
spectrum of compound 2/ 2’ in CDCIl; (Figure 1), four singlets at 6 3.65, 3.68, 3.70 and
4.03 for three protons each indicated presence of four methoxy groups clearly indicated it
is Z and E mixture. Singlet at § 5.01 for one proton indicated Z or cis vinylic proton while
singlet at 6 6.72 indicated E or trans vinylic proton. All aromatic protons appeared
between d 6.75 to 8.36 confirmed the formation of compound 2 as cis-trans mixture. The
ratio of E and Z isomer of compound 2 was found to be 57:43 from 'H NMR.

Mild hydrolysis of 2/ 2’ in aqueous KOH (1%) at room temperature gave mixture
of Z and E or cis and trans 2-(Naphthalen-1-yloxy)maleic acid 3/ 3’, which also could not
be separated into Z and E isomer. The IR spectrum of compound 3/ 3’ (Figure 2) showed
bands at 1713 cm™ and broad band at 2500-3053 cm™ for carbonyl and hydroxy group of
carboxylic acid respectively. Now absence of singlet for methoxy group of ester in 'H
NMR spectrum of compound 3/ 3’ in DMSO-ds (Figure 3) confirmed the hydrolysis of
esters. The presence of singlet for one proton each at 6 4.95 and 6.66 indicated cis and
trans vinylic protons confirming it as Z and E mixture. All aromatic protons observed
between 6 6.76 to 8.19 confirmed the formation of compound 3.

Compound 3/ 3’on cyclization with concentrated sulphuric acid gave 4-oxo-4H-
benzo[h]chromene-2-carboxylic acid 4. The IR spectrum of compound 4 (Figure 4)
showed bands at 1725 cm™ and broad band from 2500-3500 cm™ indicated presence of
carboxylic acid group. The other sharp band at 1641 cm™ indicated presence of carbonyl
group of chromone. In "H NMR spectrum of compound 4 in DMSO-dg (Figure 5), the
disappearance of two singlets at 6 4.95 and 6.66 which were for cis and trans protons in

'H NMR of compound 3 (Figure 3) and appearance of one singlet at & 7.07 indicated
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aromatic proton at C-3, thus confirmed the cyclization. The multiplet from 6 7.81 to 8.53
for six protons indicated remaining aromatic protons.

This acid 4 is converted into corresponding amide 5 using two different
methods.'"*  Formation of amide 5a-b using  1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDC.HCI), 4, 4’-dimethylaminopyridine (DMAP) and
amine gave very low yield of amide hence we have used oxalylchloride to prepare acid
chloride of 4 and its reaction with pyrrolidine gave 5C as shown in Scheme 5.

Scheme 5:

OR = 6a:0/\

6b=0

6¢c=0

i

6d=0

66:0/\/\

Reagents and conditions: (iv) EDC.HCI, DMAP, Triethylamine, Amine, dry THF, RT, 8h; (v) Oxalyl
chloride, DMF, Dichloromethane, 2h; (vi) Amine, Triethylamine, Dichloromethane, 8h; (vii) Alcohol, Dry

HCl gas, 2h
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The compound 5a was prepared by reaction of acid with para toludine using
EDC.HCI and DMAP gave very poor yield. The IR spectrum of compound 5a (Figure 6)
exhibited band at 1694 and 1651 cm™ for carbonyl group of chromone and carbonyl
group of amide respectively. The '"H NMR spectrum of compound 5a in CDCl; (Figure
7) showed singlet at & 2.41 for three protons confirmed presence of methyl group, all
aromatic protons appeared between & 7.27 to 8.48 and singlet at 6 8.57 for NH proton
confirmed formation of compound 5a. The >C NMR spectrum of compound 5a in CDCl;
(Figure 8) showed presence of 19 peaks which is in accordance with the structure of
compound 5a. The mass spectrum of compound 5a (Figure 9) showed m/z value at 330.0
for [M+1]" in ESI/MS confirmed the formation of compound 5a.

The compound 5C was prepared by carrying out reaction of acid with oxalyl
chloride and converting in to acid chloride then its reaction with pyrrolidine. The IR
spectrum of compound 5¢ (Figure 10) exhibited band at 1629 cm™ for carbonyl group. In
'H NMR spectrum of compound 5¢ in CDCl; (Figure 11) showed peaks at & 2.05 to 3.88
for four protons each indicated methylene protons of pyrrolidine ring and all aromatic
protons observed between 6 6.95 to 8.52 confirmed the formation of compound 5c.

We have synthesized various esters'® 6a-e of naphthopyrone-2-carboxylic acid by
using various alcohols and passing dry HCI gas as shown in Scheme 5. The IR spectrum
of compound 6¢ (Figure 12) exhibited band at 1732 and 1683 cm™ for carbonyl group of
ester and chromone respectively. In "H NMR spectrum of compound 6¢ in CDCl; (Figure
13) showed two singlets at 6 1.48 and 1.49 for three protons each confirmed presence of
two methyl groups of isopropoxy group, multiplet at & 5.32 to 5.40 for one proton
confirmed presence of CH proton of isopropoxy group and all aromatic protons observed
between & 7.73 to 8.67 confirmed formation of compound 6¢. The *C NMR spectrum of

compound 6¢ in CDCl; (Figure 14) showed presence of 17 peaks indicated 17 different
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carbons present in compound 6¢ thus confirmed the structure of compound 6¢. The mass
spectrum of compound 6¢ (Figure 15) showed m/z value at 282.9 for [M+1]" in ESI/MS
confirmed formation of compound 6¢.

The IR spectrum of compound 6d (Figure 16) exhibited band at 1732 and 1683
cm™ for carbonyl group of ester and chromone respectively. In '"H NMR spectrum of
compound 6d in CDCIl; (Figure 17) showed triplet at 6 4.96 to 4.97 for two protons
confirmed presence of —OCH, group of allyloxy group. The doublet of doublet at & 5.41
to 5.44 for one proton indicated presence of terminal proton of =CH, of allyloxy group,
another doublet of doublet at & 5.51 to 5.56 for one proton confirmed presence of another
terminal proton of =CH, of allyloxy group. The multiplet at & 6.05 to 6.13 for one proton
confirmed presence of —CH= proton of allyloxy group. Singlet at & 7.30 for one proton
indicated aromatic C-3 proton and all aromatic protons observed between 6 7.72 to 8.63
confirmed formation of compound 6d. The >C NMR spectrum of compound 6d in CDCl;
(Figure 18) showed presence of 17 peaks which is in accordance with structure of 6d. The
mass spectrum of compound 6d (Figure 19) showed m/z value at 281.0 for [M+1]" in

ESI/MS confirmed the formation of compound 6d.
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Figure 3: "H NMR of 2-(Naphthalen-1-yloxy)maleic acid 3
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Figure 5: '"H NMR of 4-Oxo-4H-benzo[h]chromene-2-carboxylic acid 4
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4a.3 Conclusion

We have synthesized naphthopyrone-2-carboxylic acid from corresponding
naphthyloxy diacid. The diester 2 obtained by reaction of 1-naphthol with DMAD was
found to be inseparable cis and trans mixture. From 'H NMR the trans isomer was found
to be major product than cis isomer. The corresponding diacid 3 obtained by hydrolysis of
diester 2 with aqueous KOH was also found to be cis and trans mixture. From '"H NMR of
both compounds the trans isomer was found to be major product. Hence the yield of
naphthopyrone-2-carboxylic acid obtained by cyclization in H,SO4 was found to be less.
The cyclized naphthopyrone-2-carboxylic acid was converted into corresponding amides
using EDC.HCI. Since the yields were very low, the naphthopyrone-2-carboxylic acid
was converted into corresponding acid chloride and then treated with amine to get
corresponding amide. Naphthopyrone-2-carboxylates were prepared by using various
alcohols and passing dry HCI gas.
4a.4 Experimental
4a.4.1 Chemistry

Reagent grade chemicals and solvents were purchased from commercial supplier
and used without purification. TLC was performed on silica gel F254 plates (Merck).
Acme’s silica gel (60-120 mesh) was used for column chromatographic purification.
Melting points are uncorrected and were measured in open capillary tubes, using a Rolex
melting point apparatus. IR spectra were recorded as KBr pellets on Perkin Elmer RX 1
spectrometer. '"H NMR and *C NMR spectral data were recorded on Bruker Advance 400
spectrometer (400 MHz) with CDCl; or DMSO-d¢ as solvent and TMS as internal
standard. J values are in Hz. Elemental analyses were recorded on Thermosinnigan Flash
11-12 series EA. Mass spectra were determined by ESI/MS, using a Shimadzu LCMS

2020 apparatus.
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0 Dimethyl 2-(naphthalen-1-yloxy)maleate 2/ 2°: To the solution
H | o~ of l-naphthol 1 (5 g, 3.47 mmol) in dry acetone (50 ml),
0 RN anhydrous potassium carbonate (16.77 g, 12.13 mmol), a solution

(¢}
OO of dimethyl acetylenedicarboxylate (4.26 ml, 3.47 mmol) in dry

acetone (100 ml) was added very slowly. Reaction mixture
refluxed for 8 hours in water bath. Then poured in to crushed ice and extracted with ethyl
acetate gave viscous liquid after removal of ethyl acetate. It was purified by column
chromatography using 5% ethyl acetate in petroleum ether gave brown liquid. Yield:
72.5%; IR (Neat): 3053, 2880, 1735 cm™; "H NMR (400 MHz, CDCl;) (Figure 1): & 3.65
(3H, s), 3.68 (3H, s), 3.70 (3H, s), 4.03 (3H, s), 5.01 (1H, s, cis vinylic proton), 6.72 (1H,
s, trans vinylic proton), 6.75-6.77 (1H, dd, J= 8.0 Hz, ArH), 7.26-7.29 (1H, m, ArH),
7.31-7.35 (1H, t, J= 7.6, 8.4 Hz, ArH), 7.47-7.51 (1H, t, J= 7.6, 8.4 Hz, ArH), 7.55-7.60
(5H, m, ArH), 7.79-7.81 (1H, d, J= 8.4 Hz, ArH), 7.84-7.87 (1H, m, ArH), 7.91-7.93 (1H,
m, ArH), 8.00-8.04 (1H, m, ArH), 8.34-8.36 (1H, m, ArH).

o 2-(Naphthalen-1-yloxy)maleic acid 3/ 3’: The adduct 2/ 2° (7.2
oy & 2.51 mmol) was stirred with 1% aqueous solution of KOH
‘ H' (350 ml) for 3 hours and then left at room temperature for 12 h.

0 Reaction mixture was extracted with dichloromethane (50 ml)
OO thrice, the aqueous solution acidified with concentrated
hydrochloric acid till pH 2; the solid obtained was filtered, crude product dissolved in
saturated sodium bicarbonate, filtered and reprecipitated using concentrated hydrochloric
acid to give yellow solid. Yield: 92.4%; mp: 165-170°C; IR (KBr) (Figure 2): 3053,
2880, 1713 cm™; 'H NMR (400 MHz, DMSO-de) (Figure 3): 0 4.95 (1H, s, cis vinylic
proton), 6.66 (1H, s, trans vinylic proton), 6.76-.678 (1H, d, J= 7.6 Hz, ArH), 7.38-7.42

(2H, m, ArH), 7.54-7.64 (6H, m, ArH), 7.87-8.04 (4H, m, ArH), 8.17-8.19 (1H, m, ArH).

Page | 149



Chapter 4a

o oH 4-Oxo-4H-benzo[h]chromene-2-carboxylic acid 4: Mixture of
3/ 3’ (1 g, 0.38 mmol) and concentrated sulphuric acid (10 ml)
heated at 60-70°C for 2 h. The reaction mixture poured into ice.
OO 0 The solid product filtered, washed with plenty of water and dried
which gave yellow solid. Yield: 21.5%; mp: 148-150°C; IR (KBr) (Figure 4): 3445, 3084,
2984, 1724, 1641 cm™'; "H NMR (400 MHz, DMSO-d¢) (Figure 5): & 7.07 (1H, s, ArH),
7.81-7.87 (2H, m ArH), 7.97 (2H, s, ArH), 8.12-8.15 (1H, m, ArH), 8.48-8.53 (1H, m,
ArH).
General method for 5a-5b: In a solution of 4 (0.5 g, 0.21 mmol) in dry THF (50 ml)
EDC.HCI (0.4 g, 0.21 mmol), DMAP (0.05 g, 10%), triethylamine (0.61 ml, 0.43 mmol)
and p-toluidine/ morpholine (0.21 mmol) were added. Reaction mass stirred at room
temperature for 8 h then poured into ice and extracted with ethyl acetate. After removal of
solvent it gave brown liquid. Crude product was purified by column chromatography
using 5% ethyl acetate in petroleum ether.
4-0Ox0-N-p-tolyl-4H-benzo[h]chromene-2-carboxamide

H
N
\O\ 5a: This compound obtained as brown solid. Yield: 14%;

mp: 205-210°C; IR (KBr) (Figure 6): 3348, 3063, 2919,

2855, 1694, 1651 cm™; '"H NMR (400 MHz, CDCls)
(Figure 7): 8 2.41 (3H, s, CH3), 7.27-7.29 (2H, d, J= 8 Hz, ArH), 7.41 (1H, s, ArH), 7.66-
7.68 (2H, d, J= 8.4 Hz, ArH), 7.78-7.82 (2H, m, ArH), 7.85-7.88 (1H, d, J= 8.8 Hz, ArH),
7.99-8.02 (1H, m, ArH), 8.17-8.20 (1H, d, J= 8.4 Hz, ArH), 8.46-8.48 (1H, dd, J=3.6, 6.0
Hz, ArH), 8.57 (1H, s, NH); *C NMR (400 MHz, CDCls) (Figure 8): & 21.0, 113.9,
120.6, 120.8, 121.1, 121.7, 123.5, 126.4, 127.7, 128.7, 129.8, 129.9, 133.7, 135.7, 136.4,

152.6, 154.3, 157.0, 177.8; MS (ESI, m/z) (Figure 9) 330.0 [M+1]" calculated for
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C21HsNOs; Ele. Anal. Caled. for C;;H sNOs; Requires (Found) %: C, 76.58 (76.45); H,
4.59 (4.69); N, 4.25 (4.41).

0)

2-(Morpholine-4-carbonyl)-4H-benzo[h]chromen-4-
Q one 5b: This compound obtained as brown solid. Yield:

@) N

12%; mp: 96-100°C; IR (KBr): 3099, 2961, 2921, 2851,

07N 1743, 1645 cm™; 'H NMR (400 MHz, CDCl;): § 2.03-

o 2.06 (4H, m, -N- CH,), 3.67-3.70 (2H, t, -O- CH,), 4.51-

4.54 (2H, t, -O- CH,), 7.30 (1H, s, ArH), 7,73-7.80 (2H,

m, ArH), 7.84-7.86 (1H, d, J= 8.8 Hz, ArH), 7.97-7.99 (1H, dd, J= 1.6, 6.8 Hz, ArH),

8.14-8.16 (1H, d, J= 8.8 Hz, ArH), 8.64-8.66 (1H, dd, J= 1.6, 7.6 Hz); Ele. Anal. Calcd.
for C;3H sNOy; Requires (Found) %: C, 69.89 (70.15); H, 4.89 (4.63); N, 4.53 (4.71).

2-(Pyrrolidine-1-carbonyl)-4H-benzo[h]chromen-4-

o IQ one 5c: 4 (05 g 021 mmol) dissolved in

dichloromethane (50 ml) and dimethylformamide (2-3

drops), oxalyl chloride (0.79 ml, 0.83 mmol) added
0 slowly to the reaction flask and stirred at room
temperature for 2 h. Solvent removed under reduced
pressure. The acid chloride obtained dissolved in dichloromethane (50 ml), triethylamine
(0.56 ml, 0.40 mmol) and pyrrolidine (0.17 ml, 0.21 mmol) were added and stirred at
room temperature for 8§ h. Reaction mixture poured into water and extracted with
dichloromethane (50 ml) thrice. Solvent removed under vacuum and compound purified
by column chromatography using 5% ethyl acetate in petroleum ether gave yellow solid.
Yield: 23%; mp: 105-110°C; IR (KBr) (Figure 10): 2963, 2919, 2875, 1629 cm'l; 'H
NMR (400 MHz, CDCls) (Figure 11): 6 2.05-2.08 (4H, m, CH»), 3.74-3.77 (2H, t, CH,),

3.84-3.88 (2H, t, CHy,), 6.95 (1H, s, ArH), 7.69-7.78 (2H, m, ArH), 7.83-7.85 (1H, d, J=
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8.4 Hz, ArH), 7.97-7.99 (1H, dd, J= 8.0 Hz, ArH), 8.17-8.19 (1H, d, J= 8.4 Hz, ArH),
8.50-8.52 (1H, dd, J= 8.0 Hz, ArH); Ele. Anal. Calcd. for C;sH;5sNO3; Requires (Found)
%: C, 73.71 (73.45); H, 5.15 (5.33); N, 4.78 (4.91).

General Procedure for 6a-6e: Compound 4 (0.1 g, 0.04 mmol) dissolved in different
alcohols and dry HCI gas purged for 2 h. Different alcohols removed under vacuum,
poured into ice then extracted with dichloromethane, after removal of solvent it gave
brown liquid. Crude compound was purified by column chromatography using 5% ethyl
acetate in petroleum ether to obtain corresponding ester derivatives.

Ethyl 4-oxo-4H-benzo[h]chromene-2-carboxylate 6a:

0) Ov
This compound obtained as yellow solid. Yield: 27%; mp:
o7 N 126-128°C; IR (KBr): 2994, 2904, 1739, 1651 cm™; 'H
o NMR (400 MHz, CDCl;): 6 1.49-1.53 (3H, t, CHs), 4.53-

4.55 (2H, q, CHy), 7.29 (1H, s, ArH), 7.73-7.77 (2H, m,
ArH), 7.81-7.83 (1H, d, J= 8.8 Hz, ArH), 7.94-7.97 (1H, dd, J= 1.6, 7.2 Hz, ArH), 8.12-
8.14 (1H, d, J= 8.4 Hz, ArH), 8.63-8.65 (1H, dd, J= 1.6, 7.6 Hz, ArH); >*C NMR (400
MHz, CDCls): ¢ 14.2, 63.0, 116.1, 120.3, 121.0, 122.9, 124.0, 126.2, 127.5, 128.1, 129.9,
136.2, 151.6, 153.6, 160.5, 178.2; MS (ESL, m/z) 269.0 [M+1]" calculated for CH;,04;
Ele. Anal. Calcd. for CcH204; Requires (Found) %: C, 71.64 (71.35); H, 4.51 (4.72).
Methyl 4-oxo0-4H-benzo[h]chromene-2-carboxylate 6b:
This compound obtained as yellow solid. Yield: 24%; mp:
148-150°C; IR (KBr): 3072, 2956, 2922, 2853, 1746,
1655 cm™; "H NMR (400 MHz, CDCls): & 4.01 (3H, s,

-OCH3), 7.29 (1H, d, J= 1.2 Hz, ArH), 7.72-7.79 (2H, m,

ArH), 7.82-7.84 (1H, d, J= 8.8 Hz, ArH), 7.95-7.98 (1H,

dd, J= 1.6, 7.2Hz, ArH), 8.13-8.15 (1H, d, J= 8.8 Hz, ArH), 8.64-8.65 (1H, s, ArH);
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BC NMR (400 MHz, CDCl;): 6 53.6, 116.2, 120.3, 121.0, 122.8, 123.9, 126.2, 127.5,
128.1, 129.9, 136.2, 151.3, 153.6, 161.0, 178.0; Ele. Anal. Calcd. for C;sH;0O4; Requires
(Found) %: C, 70.86 (70.55); H, 3.96 (4.29).

o o Isopropyl 4-oxo-4H-benzo[h]chromene-2-carboxylate

6¢: This compound obtained as yellow solid. Yield: 23%;
mp: 122-124°C; IR (KBr) (Figure 12): 3059, 2885, 2834,

1732, 1683 cm™; '"H NMR (400 MHz, CDCls) (Figure

o

13): 6 1.48 (3H, s, CHs), 1.49 (3H, s, CHj3), 5.32-5.40
(1H, m, CH), 7.73-7.73 (1H, d, J= 1.6 Hz, ArH), 7.74-7.78 (2H, m, J= 1.6, 8.8 Hz, ArH),
7.83-7.85 (1H, d, J= 8.8 Hz, ArH), 7.96-7.99 (1H, dd, J= 1.6, 8.8 Hz, ArH), 8.14-8.16
(1H, d, J= 8.8 Hz, ArH), 8.65-8.67 (1H, d, J= 7.6 Hz, ArH); >C NMR (400 MHz, CDCls)
(Figure 14): & 21.8, 29.7, 71.2, 116.0, 120.4, 121.0, 122.9, 124.1, 126.2, 127.5, 128.1,
129.9, 136.2, 151.9, 153.7, 160.0, 178.3; MS (ESI, m/z) (Figure 15) 282.9 [M+1]
calculated for C,7H404; Ele. Ana. for Ci7H404; Requires (Found) %: Cal. C, 72.33
(72.76); H, 5.00 (4.51).

o 0\/\ Allyl 4-oxo-4H-benzo[h]chromene-2-carboxylate 6d:
This compound obtained as yellow solid. Yield: 34%;
mp: 96-98°C; IR (KBr) (Figure 16): 3059, 2885, 2829,
OO ’ 1732, 1683 cm™; '"H NMR (400 MHz, CDCls) (Figure
17): 6 4.96-4.97 (2H, t, -OCH,), 5.41-5.44 (1H, dd, vinylic terminal proton), 5.51-5.56
(1H, m, vinylic terminal proton), 6.02-6.13 (1H, m, vinylic proton), 7.30 (1H, s, ArH),
7.72-7.76 (2H, m, ArH), 7.80-7.82 (1H, d, J= 8.8 Hz, ArH), 7.94-7.96 (1H, d, J= 7.6 Hz,
ArH), 8.11-8.13 (1H, d, J= 8.8 Hz, ArH), 8.61-8.63 (1H, dd, J= 1.6, 7.6 Hz, ArH); "*C
NMR (400 MHz, CDCls) (Figure 18): 6 67.3, 116.3, 119.9, 120.3, 121.0, 122.9, 124.0,

126.2, 127.6, 128.1, 129.9, 130.8, 136.2, 151.4, 153.6, 160.2, 178.1; MS (ESI, m/z)
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(Figure 19) 281.0 [M+1]" calculated for C;7H2O4; Ele. Anal. Calcd. for Ci7H;;04;
Requires (Found) %: C, 72.85 (72.63); H, 4.32 (4.50).

o) 0_~_~ Butyl 4-oxo-4H-benzo[h]chromene-2-carboxylate 6e:

o X This compound obtained as yellow solid. Yield: 32%;
5 mp: 84-86°C; IR (KBr): 3099, 3056, 2959, 2872, 1744,
OO 1651 cm™; "H NMR (400 MHz, CDCl3): & 1.02-1.06 (3H,

t, CHsz), 1.52-1.57 (2H, q, CH,), 1.83-1.86 (2H, m, CH,), 4.46-4.49 (2H, t, -OCH,), 7.26
(1H, s, ArH), 7.71-7.75 (2H, m, ArH), 7.77-7.81 (1H, d, J= 8.8 Hz, ArH), 7.92-7.95 (1H,
dd, J= 1.2, 8.8 Hz, ArH), 8.09-8.11 (1H, d, J= 8.8 Hz, ArH), 8.59-8.62 (1H, dd, J= 1.2,
8.8 Hz, ArH); *C NMR (400 MHz, CDCl5): & 13.7, 19.2, 30.5, 66.7, 116.1, 120.3, 121.0,
122.9, 124.0, 126.2, 127.5, 128.1, 129.9, 136.2, 151.6, 153.6, 160.5, 178.2; MS (ESI, m/z)
296.9 [M+1]+ calculated for C;3H,604; Ele. Anal. Calcd. for C;3H604; Requires (Found)

%: C, 72.96 (72.67); H, 5.44 (5.61).
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4b. Unusual deacetylation of 1-acetyl 2-naphthol in facile manner

4b.1 Introduction

Acetylation is very common and useful reaction in organic synthesis. Protection of
amine and hydroxyl group is very common and usually carried out by acetylation
reaction. Acetylation using acetic anhydride or acetyl chloride is the preferred one while
literature also reports acetylation reactions using catalyst." >

Formation of chalcones™* or Schiff bases™® from o-hydroxy ketones is one of the
most frequently used reaction in organic synthesis because various heterocyclic rings can
be formed further from it. Chalcones, chromenes, imidazoles and other heterocyclic rings
show various biological activities.”'*

We have already reported formation of chalcones" from various substituted o-
hydroxy acetophenone derivatives'* and further formation of flavones'® from it. Hence we
were keen to form Schiff bases 4 from 1-acetyl 2-naphthol 2 (Scheme 4) and then further
formation of heterocyclic ring. Here we report novel retro Friedel Crafts reaction of 1-
acetyl 2-naphthol 2 when we have tried to prepare Schiff bases 4 from Il-acetyl 2-
naphthol 2 (Scheme 4).

General methods and recent modifications for acetylation
Acetylation using acetic anhydride in presence of solvent or neat is very common in
organic synthesis while reaction of amine in presence of base and acetyl chloride is also

used in many reactions when compounds are acid sensitive as shown in scheme 1.

Scheme 1:
IR
NH, HN
X Ac,0 or | N
R_l AcCl A
C!
/ /
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Balaskar R. S. and co workers'> have synthesized various amide derivatives in short time

and higher yields using morpholinium bisulfate as catalyst as shown in scheme 2.

(0)
[@j o Q OH
N 0—S§
A
/ N\ 0

R XH » R—XAc
Ac,0, RT

Scheme 2:

X=0,NH, S
Phukan K. and co workers'® have reported iodine promoted very quick acylation using
acetyl chloride as shown in scheme 3.

Scheme 3:

4b.2 Result and discussion
4b.2.1 Chemistry

Reaction of acetic anhydride with 2-naphthol 1 in acetic acid and acetic anhydride
in presence of zinc chloride gave l-acetyl 2-naphthol'’ 2 (Scheme 4). When 2 was
refluxed in absolute ethanol with primary aromatic amines (3a-f) and 2-3 drops of acetic
acid, we observed formation of two products on TLC, different from starting material.
The expected product was to be 4 (Schiff base) but when the products were separated by
column chromatography, they were found to be N-acetylated anilines 5a-f and 2-naphthol

6 as shown in Scheme 4.
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Scheme 4:

R
NH,
=N
g OH
1 OO
4
o R=5a=H
5b = 4-COOH
5¢=4-CH,
~NH OH 5d=2-OH
‘ R + 5¢ =4-OH
/ 5f = 4-OCH,
5 6

Reagents and conditions: (i) ZnCl,, acetic acid, acetic anhydride, reflux, 12 h; (ii) ethanol, acetic acid,
reflux, 8 h

The IR spectrum of compound 2 (Figure 1) exhibited band at 3431 cm™ for
hydroxyl group and 1755 cm™ for carbonyl group (intramolecular hydrogen bonded). In
"H NMR of compound 2 in CDCl; (Figure 2), singlet observed at & 3.03 for three protons
indicated presence of -COCHj3 group. All aromatic protons were appeared between 6 7.41
to 8.44 confirmed formation of compound 2.

The IR spectrum of compound 5b (Figure 3) exhibited bands at 3306 cm™ for
hydroxy group and 1681 cm™ for carbonyl group of anilide. The 'H NMR of compound
5b in DMSO-ds (Figure 4) showed singlet at 6 2.13 for three protons indicated presence
of -COCHj3; group and two aromatic protons were observed at & 7.08 while the other two
aromatic protons were observed at o 7.51. Singlet at 6 10.30 for one proton indicated
presence of NH proton and broad peak at 6 12.74 for one proton indicated presence of

carboxylic acid group thus confirmed the formation of compound 5b. The *C NMR
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spectrum of compound 5b in DMSO-d¢ (Figure 5) showed presence of 7 peaks which is
consistent with structure of compound 5b. More over the formation of N-acetylated
product was further confirmed by melting point and mix melting point of compound 5b
with the sample 5b prepared by routine method (reaction of acetic anhydride with para
amino benzoic acid) which were found to be same.

The IR spectrum of compound 5e (Figure 6) exhibited broad band from 3161 to
3326 cm™ for hydroxy group and band at 1657 cm™ for carbonyl group of anilide. The 'H
NMR of compound 5e in DMSO-d¢ (Figure 7) showed singlet at & 1.98 for three protons
indicated presence of -COCHj3 group. Two doublets at & 6.6 and 6 7.33 for two protons
each indicated ortho coupled aromatic protons. Singlet at & 9.16 and 9.66 for one proton
each indicated presence of NH proton and OH proton respectively thus confirmed the
formation of compound 5e. The *C NMR spectrum of compound 5e in DMSO-d, (Figure
8) showed presence of 6 peaks which is in accordance with the structure of compound 5e.

The IR spectrum of compound 5f (Figure 9) exhibited bands at 3191 cm™ for NH
group and 1650 cm™ for carbonyl group of anilide. The '"H NMR of compound 5f (Figure
10) showed singlet at 6 2.17 for three protons indicated presence of -COCH;3 group,
singlet at 6 3.79 for three protons indicated presence of methoxy group. Two doublets at &
6.86 and 6 7.42 for two protons each with J value 8.0 Hz indicated ortho coupled
aromatic protons. Singlet at & 7.53 for one proton indicated presence of NH proton thus
confirmed the formation of compound 5f. The *C NMR spectrum of compound 5f in
DMSO-ds (Figure 11) showed presence of 7 peaks which is in accordance with the
structure of compound 5f.

Compound 6 obtained by column chromatography was found to be 2-naphthol
which was confirmed by its IR, '"H NMR spectrum, melting point and mix melting point

with standard sample. The IR spectrum of compound 6 (Figure 12) exhibited broad band
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at 3254 cm™ for OH group. The "H NMR of compound 6 (Figure 13) showed singlet at &
5.04 for one proton indicated presence of OH group. All aromatic protons were observed
between 6 7.08 to 7.78 confirmed the compound 6 to be 2-naphthol.

We carried out reaction with different primary aromatic amines with electron
releasing and electron withdrawing groups and in all cases with electron releasing groups
on aniline, the formation of N-acetylated product was observed. When -electron
withdrawing nitro group was present the reaction doesn’t take place, while with
carboxylic acid group on aniline the reaction was observed with less yield. When
methoxy group was there on aniline the yield was very poor.

Since with primary aromatic amines N-acetylated aniline product formation was
observed, we have extended the reaction with secondary and tertiary amines. When the
reaction was carried out with cyclic saturated secondary amines e.g. pyrrolidine and
morpholine, 2-naphthol was obtained as major product and small amount of secondary
amine was obtained back while in case of aromatic secondary amines e.g. indole and
benzotriazole, the reaction doesn’t take place and starting material 2 was recovered. The
formation of 2-naphthol 6 was more than 50% in all cases as expected from molar ratios.
There were several other and easy methods available for formation of N-acetylated

: . 15,16,18,19
products of aromatic amines. > >

Though our purpose was not to form N-acetylated
amines, this is found to be new method for formation of N-acetylated amines. Formation

of various anilide derivatives 5a-f from 1-acetyl 2-naphthol 2 can be explained by

following mechanism as shown in Scheme 5.
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Scheme 5: Plausible mechanism for novel retro Friedel Crafts acylation

X
| TR
O\ / o\
H H
CH;COOH
N NH,
e
| "
/
| i
R
I R \ |
HN x HN
O— OH
~_ H

ll ll ~OH
i \
/

The proposed mechanism (Scheme 5) for formation of N-acetylated product can
be explained by the fact that aromatic amines react with acetyl group and then instead of
dehydration, since hydroxyl group is there at ortho position of acetyl group, it participates
in the reaction and due to which retro Friedel Crafts reaction has occurred. One can call it

as reverse Claisen rearrangement. In case of cyclic secondary amines, retro Friedel Crafts
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reaction has occured and then acetyl group is removed as acetic acid from N-acetyl
pyrrolidine or N-acetyl morpholine.

The involvement of hydroxyl group at ortho position of acetyl group in this
reaction is supported by the fact that when reaction was carried out with 3-acetyl
naphthopyrone where no hydroxy group was there at ortho position of acetyl group, under
the same conditions, the starting material remained as such i.e. retro Friedel Crafts
reaction has not been observed, also Schiff base formation was not observed. In case of
ortho hydroxy aniline the product obtained was highly stabilized by hydrogen bonding*’

hence the reaction yield is good (Structure 7).

@
ﬁ

R
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Figure 8: C NMR of N-(4-hydroxyphenyl)acetamide 5e
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Figure 11: ®C NMR of N-(4-methoxyphenyl)acetamide 5f
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4b.3 Conclusion
We have observed that formation of Schiff base 4 had not occurred from 1-acetyl
2-naphthol 2, but we have presented the unusual novel retro Friedel Crafts reaction and
obtained N-acetylated 5a-f products formation during reaction of 1-acetyl 2-naphthol 2
with different primary aromatic amines 5a-f when refluxed in absolute ethanol with
catalytic amount of acetic acid. With cyclic secondary amines, retro Friedel Crafts
reaction has occurred and 2-naphthol 6 was obtained as major product and cyclic
secondary amines were formed after deacetylation of N-acetylated cyclic secondary
amines. Tertiary amines didn’t react with 1-acetyl 2-naphthol 2. We have observed that
hydroxyl group at ortho position of acetyl group played role in this retro Friedel Crafts
reaction. We have also proposed the mechanism for that.
4b.4 Experimental
4b.4.1 Chemistry
Reagent grade chemicals and solvents were purchased from commercial supplier
and used without purification. TLC was performed on silica gel F254 plates (Merck).
Acme’s silica gel (60-120 mesh) was used for column chromatographic purification.
Melting points are uncorrected and were measured in open capillary tubes, using a Rolex
melting point apparatus. IR spectra were recorded as KBr pellets on Perkin Elmer RX 1
spectrometer. '"H NMR and *C NMR spectral data were recorded on Bruker Advance 400
spectrometer (400 MHz) with CDCl; or DMSO-d¢ as solvent and TMS as internal
standard. J values are in Hz. CHN elemental analyses were recorded on Thermosinnigan
Flash 11-12 series EA.
0 1-(2-hydroxynaphthalen-1-yl)ethanone 2: Anhydrous zinc
oun chloride (0.1688 mol, 2.1 eq.) was dissolved in 30 ml glacial

acetic acid and 2-naphthol 1 (0.0694 mol, 1 eq.) was added
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portion wise. Acetic anhydride (0.1588 mol, 2.3 eq.) was added in the reaction flask.
Reaction mass was heated at 100°C for 30 minutes. It was poured in ice- HCI to get solid.
Crude product was purified by column chromatography using petroleum ether (60-80°C)
as eluent gave white solid. Yield: 82%; mp 63-65°C (Lit. 63-65°C)"’; IR (KBr) (Figure
1): 3431, 2926, 1755 cm™'; '"H NMR (400 MHz, CDCl;) (Figure 2): & 3.03 (3H, s, CH3),
7.41 — 7.43 (1H, d, J= 9.6 Hz, ArH), 7.55-7.59 (1H, t, J= 7.28, 7.48 Hz, ArH), 7.64-7.68
(1H, t, J= 7.32, 7.6 Hz, ArH), 7.91-7.93 (1H, d, J= 7.92 Hz, ArH), 7.97-7.99 (1H, d, J=
8.92 Hz, ArH), 8.42-8.44 (1H, d, J= 8.68 Hz, ArH); Ele. Anal. Calcd. for C;2H;¢Oy;
Requires (Found) %: C, 77.40 (77.58); H, 5.41 (5.35).
General procedure for 5a-f: 1-acetyl 2-Naphthol 1 (0.02685 mol, 1 eq.) was dissolved in
10 ml absolute ethanol. Primary aromatic amines 3a-f (0.0268 mol, 1.0 eq.) and glacial
Acetic acid (2-3 drops) were added in the flask and refluxed for 5-6 hours. Reaction
completion was judged by TLC. Reaction mass was poured into ice: water (1:1) to get
solid. Compound was purified by column chromatography using petroleum ether (60-
80°C): ethyl acetate 9:1 as eluent.
0 N-phenylacetamide 5a: This compound was obtained as light brown
N solid. Yield: 37%; mp 115-117°C (Lit. 113-115°C) *'; IR (KBr): 3293,
3136, 3061, 2926, 1600 cm™; 'H NMR (400 MHz, CDCl3): & 2.17 (3H, s,
CH3), 7.08-7.12 (1H, t, J= 7.32, 7.36 Hz, ArH), 7.26-7.33 (2H, q, ArH),
7.49-7.51 (2H, d, J= 7.92 Hz, ArH); >C NMR (400 MHz, CDCl5): & 24.5,
120.0, 124.4, 129.0, 137.9, 168.7; Ele. Anal. Calcd. for CgHoNO; Requires (Found) %: C,

71.09 (71.26); H, 6.71 (6.53); N, 10.36 (10.49).

Page | 178



Chapter 4b

O 4-acetamidobenzoic acid 5b: This compound was obtained as white
HNJK solid. Yield: 37%; mp >250°C (Lit. 259-261°C) 2l IR (KBr) (Figure
3): 3306, 2828, 1681 cm™'; '"H NMR (400 MHz, DMSO-ds) (Figure 4):
0 2.13 (3H, s, CHs), 7.73-7.75 (2H, d, J= 8.64 Hz, ArH), 7.92-7.94
(2H, d, J= 8.64 Hz, ArH), 10.30 (1H, s, NH), 12.74 (1H, s, COOH);
COOH BC NMR (400 MHz, DMSO-ds) (Figure 5): & 24.6, 118.6, 125.3,
130.8, 143.8, 167.4, 169.3; Ele. Anal. Calcd. for CoH9NOs;; Requires (Found) %: C, 60.33
(60.46); H, 5.06 (5.18); N, 7.82 (7.64).

0 N-p-tolylacetamide 5c: This compound was obtained as light brown
HN)k solid. Yield: 47%; mp 149- 151°C (Lit. 149- 151°C)*'; IR (KBr): 3302,
3193, 3128, 3071, 2924, 1666 cm™; '"H NMR (400 MHz, CDCl3): §2.16
(3H, s, CH3), 2.31 (3H, s, CH3), 7.11-7.12 (2H, d, J= 8.04 Hz, ArH), 7.26
(1H, s, NH), 7.36-7.38 (2H, d, J= 8.16 Hz, ArH); *C NMR (400 MHz,
CDCl3): 6 20.9,24.4,120.2, 129.4, 134.0, 135.3, 168.6; Ele. Anal. Calcd.

for CoH1NO; Requires (Found) %: C, 72.46 (72.31); H, 7.43 (7.57); N, 9.39 (9.25).
0 N-(2-hydroxyphenyl)acetamide 5d: This compound was obtained as
HNJK Light brown solid. Yield: 42%; mp 229-231°C (Lit. 205-210°C) *'; IR
OH (KBr): 3403, 3084, 1658 cm™; "H NMR (400 MHz, CDCl3): & 2.13 (3H,
s, CH3), 6.85-6.89 (1H, t, J= 1.28, 6.72 Hz, ArH), 6.96-7.04 (2H, m,
ArH), 7.12-7.18 (1H, t, J= 7.0, 8.4 Hz, ArH), 7.38- 7.47 (1H, s, NH), 8.66 (1H, s, OH);

C NMR (400MHz, CDCls): & 23.8, 120.1, 120.5, 122.1, 127.4, 170.5; Ele. Anal. Calcd.

for CgHoNO,; Requires (Found) %: C, 63.56 (63.69); H, 6.00 (5.84); N, 9.27 (9.42).
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0 N-(4-hydroxyphenyl)acetamide 5e: This compound was obtained as

)k black solid. Yield: 29%; mp 165-170°C (Lit. 168-172°C) *'; IR (KBr)

HN (Figure 6): 3326, 3161, 1657 cm™'; '"H NMR (400 MHz, DMSO-de)

(Figure 7): 6 1.98 (3H, s, CH3), 6.66-6.68 (2H, d, J= 6.8 Hz, ArH), 7.32-

7.34 (2H, d, J= 6.8 Hz, ArH), 9.16 (1H, s, NH), 9.66 (1H, s, OH); "°C

OH NMR (400 MHz, DMSO-d¢) (Figure 8): 6 24.2, 1154, 121.3, 131.5,

153.6, 168.0; Ele. Anal. Calcd. for CsH9NO,; Requires (Found) %: C, 63.56 (63.72); H,

0 6.00 (5.88); N, 9.27 (9.38).

N )k N-(4-methoxyphenyl)acetamide 5f: This compound was obtained as grey

solid. Yield: 9%; mp 139-142°C (Lit. 129-132°C)*'; IR (KBr) (Figure 9):

3191, 3130, 3071, 1650 cm™; "H NMR (400 MHz, CDCls) (Figure 10): &

2.17 (3H, s, CH3), 3.79 (3H, s, OCH3), 6.85-6.87 (2H, d, J= 8 Hz, ArH),

/O 7.40-7.42 (2H, d, J= 8 Hz, ArH), 7.53 (1H, s, NH); *C NMR (400 MHz,

CDCls) (Figure 11): 6 24.4, 55.5, 114.1, 122.0, 130.9, 156.5, 168.5; Ele. Anal. Calcd. for
CoH;1NOy; Requires (Found) %: C, 65.44 (65.59); H, 6.71 (6.57); N, 8.48 (8.38).

on 2-naphthol 6: This compound was obtained as light pink solid.

“/ Yield: >50% in all cases; mp 120-124°C (121-125°C) *'; IR

(KBr) (Figure 12): 3254, 2924 cm™; "H NMR (400 MHz, CDCls)

(Figure 13): 6 5.04 (1H, s, OH), 7.08-7.11 (1H, dd, J=2.48, 8.8 Hz, ArH), 7.14-7.15 (1H,

d, J=2.44 Hz, ArH), 7.30-7.34 (1H, m, ArH), 7.41-7.45 (1H, m, ArH), 7.62-7.69 (1H, d,

J= 8.2 Hz, ArH), 7.74-7.78 (2H, t, J= 6.6, 8.4 Hz, ArH); Ele. Anal. Calcd. for C,oHgO;

Requires (Found) %: C, 83.31 (83.54); H, 5.59 (5.49).
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Chapter 5a

5a. Novel Retro Knoevenagel reaction of Substituted Coumarin-3-

carboxylate

5a.1 Introduction

Coumarin-3-carboxylate derivatives possess wide range of activities'”. Various
amide derivatives of coumarin-3-caboxylate showed anti-Helicobacter pylori activity,' ®
while various 3-carbonyl, acyl and hydrazide derivatives of coumarin-3-caboxylate have
been reported to show human monoamine oxidase inhibition.” The ester and amide
derivatives of 6-chloromethyl coumarin-3-carboxylic acid had showed a-Chymotrypsin
inhibitory activity.” Various amide and ester derivatives of coumarin-3-carboxylate have
been reported to show anticancer activity® or inhibition activity of enzyme gGAPDH.*

7, 8

Coumarin 3-carbohydrazide” ® is an important class of compound, from which

synthesis of variety of heterocyclic rings have been reported to get variety of amide

11 . ..
1,7 *!" anticonvulsant activity®

derivatives of coumarin-3-carboxylate having antimicrobia
and analgesic activity.'> Oxazadiazole derivatives from naphthocoumarin-3-carboxylate'®
were reported as strong fluorescent brightners."

14, 15

In continuation of our work on 3-substituted coumarins and their activity, we

have synthesized various coumarin-3-carboxylate 2a-d. In our attempt to synthesize
various hydrazide derivatives of coumarin -3-carboxylate using reported procedures® * 2
we report herein formation of novel products, the structure of which were proved by IR,
'H NMR, "*C NMR and X-ray Single Crystal analyses.

Recent work

Bhat M. A. and coworkers® have synthesized 3-(4-acetyl -5H/Methyl-5-substituted

phenyl-4,5-dihydro-1,3,4-oxadiazol-2-yl)-2H-chromen-2-ones as shown in Scheme 1.
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Scheme 1:
1}2
R AN
Vo /N IR,
0. O
O~ 0 NH,NH,.H,0 00 o] — 7~
222 H H
— 0 N AcOH = No ~
~~~ EtOH Z NH, N R,
0 0 0
Ac,0
o_ _O
P

Patel R. V and coworkers'® have synthesized coumarin based 1,3,4-oxadiazol-2-ylthio-N-

phenyl/ benzothiazolyl acetamide derivatives as shown in Scheme 2.

Scheme 2:
0. _0O
NH,NH, H,0 00 cs, 00
——= H
7 0] No
~_~ EtOH - i, KOH - /N\N
0 0 0—4
SH
N
c1/W SR

Acetone

NN
;% R
(0] /
< 3
S
Bhat M. A. and coworkers'> have synthesized coumarin based thiosemicarbazide

derivatives as shown in Scheme 3.

Scheme 3:
0. _0O
NH,NH, H,0 O~ A0 RNCS O A0 S
N SN
F O._~ EtOH P N Dioxane P N« R
0 0 0
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5a.2 Result and discussion
5a.2.1 Chemistry

Knoevenagel reaction of various substituted salicylaldehyde derivatives 1a-d with
diethylmalonate using pyridine and catalytic amount of piperidine gave corresponding

substituted coumarin-3-carboxylate derivatives’ 2a-d as shown in Scheme 4.

Scheme 4:
R R H
. — R
2 0 H
R=la=H R=2a=H 3 O
1b=4-OH 2b=7-OH R=3a=H
lc=3-OCH;4 2c=8-OCH;,4 3b="7-OH
1d= 5, 6-Ar 2d=15, 6-Ar 3c=8-OCHj3;
3d=5, 6-Ar
i
R
A |
| \ X /N\ \
/ = OH
R OH
R=4a=H
4b = 3-OH
4¢ =2-OCH;

Reagents and conditions: (i) Diethylmalonate, Pyridine, Piperidine, 6 h; (ii) Phenyl hydrazine, ethanol,
reflux, 8 h; (iii) Hydrazine hydrate, ethanol, reflux, 8 h

The IR spectrum of compound 2a (Figure 1) exhibited band at 1767 cm™ for
lactone carbonyl and ester carbonyl group. In '"H NMR of compound 2a in CDCl; (Figure
2) triplet observed at & 1.42 for three protons and quartet observed at & 4.42 for two
protons confirmed presence of ethoxy group. Four aromatic protons were appeared
between & 7.34 to 7.69. Singlet at & 8.56 for one proton indicated proton at C-4 position.
The >C NMR spectrum of compound 2a in CDCl; (Figure 3) showed presence of 12

peaks which is in accordance with structure of compound 2a. The m/z value at 219.1 for
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[M+1]" and base peak at m/z 173.2 indicated fragment for [M-OCH,CH;]" in ESI/MS
(Figure 4) confirmed formation of compound 2a.

Figure 5 shows IR spectrum of compound 2d (Figure 5). In 'H NMR of
compound 2d in CDCI; (Figure 6) triplet observed at 6 1.46 for three protons and quartet
observed at & 4.48 for two protons confirmed presence of ethoxy group. Six aromatic
protons observed between 6 7.49 to 8.35. Singlet at 6 9.35 for one proton indicated proton
at C-4 position. The C NMR spectrum of compound 2d in CDCl; (Figure 7) showed
presence of 16 peaks which is in accordance with the structure of compound 2d. The m/z
value at 268.9 for [M+1]" and base peak at m/z 222.9 indicated fragment for [M-
OCH,CHj3]" in ESI/MS (Figure 8) confirmed formation of compound 2d.

Refluxing of various coumarin-3-carboxylate derivatives 2a-d with phenyl
hydrazine in ethanol gave corresponding phenyl hydrazide derivatives™° 3a-d. The IR, 'H
NMR and *C NMR of 3a are shown in figure 9, 10 and 11 respectively. The IR spectrum
of compound 3b (Figure 12) exhibited band at 3484 cm™ for —OH group, band at 3402
cm’ for two -NH groups, band at 1670 cm™ for lactone carbonyl group and band at 1629
cm™ for hydrazide carbonyl group. In "H NMR of compound 3b in DMSO-ds (Figure 13)
absence of triplet and quartet confirmed absence of ethoxy group and confirmed
formation of phenyl hydrazide. All aromatic protons were appeared between & 6.30 to
7.29. Singlet at & 8.04 for one proton indicated proton at C-4 position. Three singlets at &
9.74, 10.14 and 10.75 indicated presence of -CONH, -NH and —OH protons respectively
which disappear on D,O exchange (Figure 13 a). The *C NMR spectrum of compound
3b in DMSO-d¢ (Figure 14) showed presence of 11 peaks which is in accordance with
structure of compound 3b and confirmed formation of compound 3b.

The IR spectrum of compound 3¢ (Figure 15) exhibited band at 3324 cm™ for two

-NH groups, band at 1722 e¢m™ for lactone carbonyl group and band at 1654 cm™ for
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hydrazide carbonyl group. In '"H NMR of compound 3¢ in CDCl; (Figure 16) absence of
triplet and quartet confirmed absence of ethoxy group and formation of phenyl hydrazide.
Singlet at 6 4.03 for three protons confirmed presence of —OCHj3 group at C-8 position.
All aromatic protons along with NH proton appeared between 6 6.93 to 7.37 except one
proton. The singlet at & 8.91 indicated proton at C-4 and another singlet at 6 10.41
indicated presence of -NH proton. The ?C NMR spectrum of compound 3¢ in CDCl;
(Figure 17) showed presence of 11 peaks which is in accordance with structure of
compound 3¢ and confirmed formation of compound 3c.

Refluxing of various coumarin-3-carboxylate 2a-d with hydrazine hydrate in
ethanol by reported procedures, '* expected to give corresponding hydrazide derivatives,
but to our surprise, the melting points of the product obtained by this reaction were not
matching with the reported ones. The spectral data were not exactly matching. The
attempt of further reaction of hydrazide of 2a obtained, with carbon disulfide was also
failed. Hence single crystals of 4a, 4c and 4d (CCDC No. 968039, CCDC No. 968041
and CCDC No. 968040 respectively) were developed and X-ray analysis of single crystal
indicated formation of unexpected schiff base 4a-c (Figure 18 (4a) and Figure 19 (4c)).
Now the IR, "H NMR and ">C NMR spectra were also consistent with the structures 4a-Cc.

The IR, 'H NMR, B3C NMR and ESI/MS of compound 4a are shown in figure 20,
21, 22 and 23 respectively. The IR spectrum of compound 4c (Figure 24) exhibited band
at 3390 cm™ for -OH group and band at 1627 cm™ for C=N group. In 'H NMR of
compound 4¢ in CDCl; (Figure 25) singlet at 6 4.03 for three protons confirmed presence
of -OCHj3; group at C-2 position. Three aromatic protons appeared between & 6.92 to 7.04.
Two singlets at 6 8.73 and 11.61 indicated presence of —CH=N and -OH protons

respectively. The C NMR spectrum of compound 4c¢ in CDCl; (Figure 26) showed
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presence of 8 peaks which is in accordance with structure of compound 4c. The m/z value
at 301.0 for [M+1]" in ESI/MS (Figure 27) confirmed the formation of compound 4c.

In reaction of compound 2d with hydrazine hydrate, the product obtained was
found to be hydrazide compound 4d, which was confirmed by its IR, '"H NMR, *C NMR
and its single crystal analysis.

The IR spectrum of compound 4d (Figure 28) exhibited band at 3323 cm™ and
3282 c¢cm™ for -NH and —NH, group respectively while band at 1708 cm™ indicated
lactone carbonyl group and another band at 1680 cm™ indicated -CONH group. In 'H
NMR of compound 4d in DMSO-ds (Figure 29) singlet at 6 4.79 for two protons
indicated presence of —NH, group of hydrazide. Six aromatic protons were appeared
between & 7.66 to 8.64. Two singlets at 6 9.43 and 9.70 for one proton each indicated
presence of proton at C-4 position and -NH proton of hydrazide respectively. The "*C
NMR spectrum of compound 4d in DMSO-dg (Figure 30) showed presence of 11 peaks
which is consistent with structure of compound 4d. The m/z value at 254.9 for [M+1]" in
ESI/MS (Figure 31) further confirmed the formation and structure of compound 4d.

To prove the formation of hydrazide in case of compound 4d, the single crystal
was developed in methanol: acetone system and its X-ray single crystal analysis was
carried out. In single crystal analysis of compound 4d, the formation of hydrazide was
observed and the solvent acetone molecule also observed in it and found to form Schiff
base with free -NH, group of compound 4d. The free -NH; group of hydrazide formed
schiff base with acetone during crystallization. ORTEP diagram and Crystal packing
diagram of compound 4d given in Figure 32. Crystal structure data and structure
refinement parameters for single crystals 4a, 4c and 4d are given in Tables, Table 1 to

Table 18.
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Figure 1: IR of Ethyl 2-oxo0-2H-chromene-3-carboxylate 2a
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Figure 2: '"H NMR of Ethyl 2-oxo-2H-chromene-3-carboxylate 2a
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Figure 3: °C NMR of Ethyl 2-oxo0-2H-chromene-3-carboxylate 2a
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Figure 13: "H NMR of 7-hydroxy-2-oxo-N'-phenyl-2H-chromene-3-carbohydrazide 3b
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Figure 18: ORTEP diagram and Crystal packing diagram of 2, 2'-(1E,1'E)-hydrazine-1,2-

diylidenebis(methan-1-yl-1-ylidene)diphenol 4a

Figure 19: ORTEP diagram and Crystal packing diagram of 6, 6'-(1E, 1'E)-hydrazine-1, 2-
diylidenebis(methan-1-yl-1-ylidene)bis(2-methoxy phenol) 4c
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Figure 23: ESI/MS of 2, 2'-(1E,1'E)-hydrazine-1,2-diylidenebis(methan-1-yl-1-ylidene)diphenol 4a
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Figure 28: IR of 3-0x0-3H-benzo[f]chromene-2-carbohydrazide 4d
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Figure 32: ORTEP diagram and Crystal packing diagram of 3-oxo-N'-(propan-2-ylidene)-3H-
benzo[f]chromene-2-carbohydrazide 4d

The formation of novel schiff bases of 2a, 2¢ and 2d with hydrazine hydrate can
be possible only if retro Knoevenagel reaction occurs. So the possible mechanism for it is
suggested in Scheme 5. In case of 2a, 2b and 2c, hydrazine hydrate attacks on 3 carbon of
carbonyl instead of ester carbonyl, hence lactone ring opens up and retro Knoevenagel

reaction occurs.
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Scheme 5: Plausible mechanism of retro Knoevenagel reaction
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While in case of 2d, due to presence of naphthalene ring the attack on B carbon to
carbonyl is sterically hindered, hence hydrazine hydrate attacks on ester carbonyl, thus
gives hydrazide formation 4d. The formations of phenyl hydrazides 3a-d by reaction of
2a-d with phenyl hydrazine also support the mechanism. Because of presence of phenyl
ring (steric hindrance and less basicity) in phenyl hydrazine, it attacks only on ester
carbonyl and not on § carbon of carbonyl, hence give phenyl hydrazides.
5a.2.2 Crystallographic Data

Table 1: Crystal structure data & structure refinement parameters

4a 4c 4d

Empirical formula C14H1 2N202 C16H1 6N204 C17H14N203. Hzo
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Formula weight 240.26 300.31 312.33
Temperature (K) 293(2) 293(2) 293(2)
Wavelength (A) 0.71073 0.71073 1.54180
Crystal system Monoclinic Monoclinic Triclinic
Space group P21/n P21/n P-1
a(A) 8.5070(3) 5.98503(15) 7.9556(3)
b (A) 6.2955(2) 18.6664(5) 10.0729(4)
c(A) 11.7908(4) 6.86260(17) 10.6217(5)
a () 90.00 90.00 79.607(4)
B(°) 107.941(2) 106.399(3) 73.525(4)
7(°) 90.00 90.00 67.657(4)
Volume (A°) 600.76(4) 735.49(3) 752.42(6)
Z 2 3 2
Density (mg/m°) 1.328 1.3560 1.3785
Absorption 0.091 0.099 0.824
coefficient (mm™)
F(000) 252.0 316.2 329.1
Theta range for data 5.22t0 50 6.56 to 54.7 12.38 to 143.14
collection (°)
Index ranges -10<=h<=10, -7<=h<=7, -9<=h<=6,
-7<=k<=7, -23<=k<=24, -12<=k<=12,
-13<=I<=14 -8<=1<=8 -12<=1<=12
Reflections 5170 14668 5455
collected
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Independent 1058 [R (int) = 1612 [R (int) = 2874 [R (int) =
reflections 0.0235] 0.0230] 0.0110]
Absorption Semi-empirical Semi-empirical Semi-empirical
correction from equivalents from equivalents from equivalents

Refinement method

Full-matrix least-

2
squares on F

Full-matrix least-

2
squares on F

Full-matrix least-

2
squares on F

Data / restraints / 1058 /0/ 86 1612/0/132 2874/0/245
parameters
Goodness-of-fit on 1.031 2.347 1.071
FZ
Final R indices [I > R1=0.0344 R1=0.0329 R1=0.0417
2 sigma (I)]
R indices (all data) R1 =0.0455, R1=0.0378, R1=0.0455,
wR2 =0.0942 wR2=0.0826 wR2=0.1317
Largest diff. peak 0.13/-0.14 0.15/-0.11 0.21/-0.15

and hole (eA™)

Crystal 1: 2, 2'-(1E,1'E)-hydrazine-1,2-diylidenebis(methan-1-yl-1-ylidene)diphenol 4a,

CCDC No. 968039

Table 2: Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement
Parameters (A?x10°). Ugq 1s defined as 1/3 of the trace of the orthogonalised Uy tensor.

U(eq)

Atom
Cl
C2
C3
C4
C5
Cé6
C7
N1
01

X Y Z
3810.6(16) 2876 (2) 24.7(11)
3664.8(15) 1032(2) 708.7(11)
4863.7(16) 523 (2) 1789.6(12)
4687.6(19) -1292(3) 2397.1(13)

3348(2) -2581(3) 1967.9(15)

2142 (2) -2097(2) 916.7(15)
2314.5(17) -320(2) 293.0(13)
5027.1(13) 4152.9(17) 387.4(9)
6197.6(13) 1754 (2) 2254.8(9)

38.
37.
43.
53.
56.
55.
47.
39.
67.

Ul W
w

O 0 b 00 R J
W N s W
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Table 3: Anisotropic Displacement Parameters (A*<10%). The Anisotropic displacement
factor exponent takes the form: 2n? [hza*zUl1+...+2hka><b><U12]

Atom Ui U2 Uss Uzs Uiz U
Cl 40.2(7) 40.2(8) 30.7(7) 0.1(6) 5.3(5) 4.7(6)
C2 40.7(7) 37.7(7) 34.3(7) -0.9(5) 12.1(5) 4.1(5)
C3 44.0(7) 49.3(8) 36.9(7) 4.9(6) 10.8(6) 1.2(6)
C4 61.0(9) 56.3(9) 44.0(8) 15.8(7) 16.7(7) 8.9(8)
C5 73.9(11) 43.9(9) 61.9(10) 10.6(7) 37.7(9) 4.7(8)
Cé6 61.0(9) 45.6(9) 66.2(10) -5.4(8) 27.7(8) -9.6(7)
C7 47.2(8) 47.1(9) 45.7(8) -3.7(7) 10.9(s6) -1.9(6)
N1 47.8(6) 37.4(6) 31.6(6) 3.8(4) 8.2(5) 1.8(5)
0Ol 59.4(7) 78.8(8) 47.4(6) 21.6(6) -8.8(5) -18.3(6)
Table 4: Bond Lengths.

Atom Atom  Length/A Atom Atom  Length/A

Cl C2 1.4405(18) C3 Ol 1.3437(16)

Cl Nl 1.2756(17) C4 C5 1.363(2)

C2 C3 1.4022(18) C5 Cé6 1.378(2)

C2 C7 1.3921(18) Cé6 C7 1.371(2)

C3 Cc4 1.381(2) NI  N1!'  1.396(2)

1-X,1-Y,-Z

Table 5: Bond Angles.
Atom Atom Atom Angle/® Atom Atom Atom Angle/®
N1 Cl1 C2 121.39( 0Ol C3 C4 118.57(
C3 C2 Cl1 121.95( C5 C4 C3 120.78(
C7 C2 Cl 119.99( C4 C5 C6 120.54(
C7 C2 C3 118.06 ( C7 Co6 C5 119.32(
C4 C3 C2 119.73( Cé6 C7 C2 121.55(
01 C3 C2 121.70( Cl N1 NI' 113.71¢
"1-X,1-Y,-Z

Table 6: Hydrogen Bonds.

D H A d(D-HY/A dH-AJA d(D-AJA D-H-AFr
Ol H2 NI 0.82 1.88 2.6019(14) 146.8

Table 7: Torsion Angles.

A B C D Angle/’ A B C D Angle/’
Cl C2 C3 (C4 -178.38(12) C4 C5 Co6 (C7 1.1(2)
Cl C2 C3 01 1.3(2) C5 C6 C7 C2 -1.3(2)
Cl C2 C7 C6 179.56(12) C7 C2 C3 C4 0.8(2)
C2 C1 N1 NI' 179.81(12) C7 C2 C3 O0Ol-179.57(13)
C2 C3 C4 C5 -1.0(2) Nl C1 C2 C3 -1.4(2)
C3 C2 C7 Ce6 0.4(2) Nl ClI C2 C7 179.45(13)
C3 C4 C5 Co 0.0(2) Ol C3 C4 C5 179.35(14)
"1-X,1-Y,-Z

Table 8: Hydrogen Atom Coordinates (Ax 10%) and Isotropic Displacement Parameters
(A*x10°).
Atom X y z U(eq)
H4 5493 -1639 3108 64
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H5 3248 -3797 2388 67
H6 1220 -2966 633 67
H7 1511 -12 -425 57
H2 6163 2775 1816 101
Hl 2968(16) 3120(20) -711(13) 43(4)

Chapter 5a

Crystal 2: 6, 6'-(1E, 1'E)-hydrazine-1, 2-diylidenebis(methan-1-yl-1-ylidene)bis(2-

methoxy phenol) 4c, CCDC No. 968041

Table 9: Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (AZ X 103). Uqq 1s defined as 1/3 of of the trace of the orthogonalised Uy tensor.

Atom X y z U(eq)
Ol 2561.5(13) 3207.2(4) 960.8(11) 59.9(3)
02 6270.1(14) 4011.5(4) 1572.8(11) 56.7(2)
N3 9034.7(14) 4792.0(4) 24.6(14) 50.8(3)
C4 4997.1(17) 3912.0(5) -373.2(15) 43.5(3)
C5 5634.2(17) 4204.8(5) -2024.7(15) 45.2(3)
Co6 4211 (2) 4082.9(6) -4000.0(17) 54.4(3)
C7 2989.4(17) 3491.3(5) -733.7(15) 45.8(3)
C8 7724.5(19) 4629.5(6) -1737.1(17) 49.1(3)
C9 1594 (2) 3393.9(6) -2691.9(17) 53.1(3)
C10 2205 (2) 3695.4(7) -4323.0(18) 58.3(3)
Cl1 657 (2) 2723.6(8) 645 (2) 64.8(4)

Table 10: Anisotropic Displacement Parameters (A”x10%). The Anisotropic displacement
factor exponent takes the form: 2n? [hza*ZUl1+...+2hka><b><U12]

Atom Uu U2 Uss Up Uz U
Ol 56.6(5) 74.6(6) 49.3(5) -19.2(4) 16.5(4) 1.2(4)
02 53.5(5) 73.7(6) 42.4(4) -15.1(4) 12.6(3) -0.9(4)
N3 47.5(5) 50.2(5) 59.5(6) ~-1.4(4) 23.1(4) 2.8(4)
C4 43.3(5) 46.0(6) 41.3(5) 4.2(4) 12.3(4) -1.5(4)
C5 48.2(6) 42.7(5) 46.9(6) 7.4(4) 16.8(5) 2.8(4)
C6 65.6(7) 53.4(6) 45.4(6) 7.8(5) 18.0(5) 6.1(5)
C7 46.1(6) 47.5(6) 45.4(6) 1.8(4) 15.3(5) -0.9(4)
C8 51.9(6) 46.8(6) 53.6(7) 6.6(5) 22.8(5) 7.3(5)
C9 48.0(6) 55.3(7) 53.5(7) -1.0(5) 10.3(5) -4.8(5)
Cl10 62.8(7) 63.2(7) 43.5(6) 4.4(6) 5.9(5) -2.2(5)
Cll 57.8(8) 70.5(9) 65.5(8) -16.8(6) 16.6(6) 4.5(7)

Table 11: Bond Lengths.
Atom Atom  Length/A Atom Atom  Length/A
01 C7 1.3666(12) C4 C7 1.3978(14)
01 CIll 1.4220(14) C5 C6 1.4010(15)
02 C4 1.3506(12) C5 C8 1.4468(15)
N3  N3! 1.4004(16) C6 CI0 1.3654(17)
N3 C8 1.2780(14) C7 C9 1.3794(15)
C4 C5 1.4045(14) C9 Cl10 1.3909(17)

2-X,1-Y,-Z
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Table 12: Bond Angles.
Atom Atom Atom Angle/’ Atom Atom Atom Angle/

Cll1 01 C7 116.85(9) C10 Co6 C5 120.64(10)
C5 C4 02 122.58(9) C4 C7 01 115.20(8)
C7 C4 02 117.98(9) C9 C7 01 124.78(9)
C7 C4 C5 119.44 (9) C9 C7 C4 120.02(9)
Co6 C5 C4 119.22(10) C5 C8 N3 122.35(9)
C8 C5 C4 121.63(9) C10 C9 C7 120.41(11)
C8 C5 Cé6 119.14(9) C9 C10 Co6 120.18(11)

Table 13: Hydrogen Atom Coordinates (Ax 10%) and Isotropic Displacement Parameters
(A*x10°).

Atom X y z U(eq)

H9 210(20) 3111 -2938(17) 56(3

H10 1200(20) 3627 -5690(20) 70(3

Hlla 730(20) 2548 1990(20) 76(4

H8 8122(18) 4793 -2989(17) 57(3

H2 7470(30) 4305 1540 (20) 84 (4

H1lb 840(20) 2326 -280(20) 85(4

H6  4730(20) 4278 -5130(20) 67(3

(4

(
(
(
(
(
(
(
Hllc -830(20) 2983( 60(20) 79

6)
6)
7)
6)
8)
8)
6)
7)

Crystal 3: Adduct of acetone and 3-oxo-N'-(propan-2-ylidene)-3H-benzo[f]chromene-2-

carbohydrazide 4d, CCDC No. 968040

Table 14: Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement
Parameters (A*x10°). Ugq 1s defined as 1/3 of of the trace of the orthogonalised Uy tensor.

Atom X y z U(eq)
021 1960.3(16) 3444.7(10) 563.8(10) 56.4(3)
022 3702.4(17) -284.3(11) 3102.5(11) 65.7(3)
01 3466.5(14) -1605.1(9) 1778.5(9) 52.5(3)
N1 2803.6(16) 2568.4(12) 2497.2(11) 46.7(3)
N2  2453.7(18) 3925.7(12) 2846.2(12) 51.4(3)
Cl15 2477.4(17) 2428.3(13) 1362.5(13) 42.2(3)
C2 3326.4(19) -292.5(14) 2078.5(13) 46.7(3)
C3 2757.6(17) 926.1(13) 1129.1(12) 40.3(3)
C4 2402.9(17) 721.9(13) 18.7(13) 39.5(3)
Cll 2318.9(18) -2347.9(14) -1551.3(14) 46.1(3)
Cl4 3075.4(18) -1793.8(14) 660.3(13) 44 .4 (3)
C5 2565.1(16) -657.6(13) -264.5(12) 39.3(3)
C6 2179.2(16) -925.6(13) -1418.8(13) 40.9(3)
Cl12 2821 (2) -3449.3(14) -542.5(16) 54.2(4)
C7 1658 (2) 153.9(15) -2423.6(14) 49.7(3)
Cl13 3201 (2) -3193.0(14) 534.9(16) 55.3(4)
Cl10 1942 (2) -2633.9(17) -2675.6(16) ©56.0(4)
Cc9 1453 (2) -1572.2(18) -3626.1(17) 63.0(4)
Cl18 2785 (2) 3975.7(16) 3938.2(14) 53.1(4)
C20 3517 (3) 2725 (2) 4868.3(16) 70.0(5)
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C8 1303 (2) -164.5(18) -3500.0(16) 61.1(4)
C19 2360 (3) 5451 (2) 4330.1(19) 80.2(6)
023 8894.6(19) 6079.7(13) 2020.2(12) 75.2(4)

Table 15: Anisotropic Displacement Parameters (A%x10°). The Anisotropic displacement
factor exponent takes the form: -2n°[h*a**U, +...+2hkaxbxU);]

Atom Un U2 Uss U Uz U
021 86.4(7) 37.0(5) 53.4(6) -22.3(5) -29.1(5) -0.0(4)
022 98.4(9) 49.2(6) 55.3(6) -21.1(6) -38.0(6) 2.7(4)
01 71.7(6) 35.3(5) 49.6(6) -16.1(4) -20.5(5) 2.5(4)
N1 59.3(7) 38.2(6) 46.7(6) -17.3(5) -17.7(5) -4.2(5)
N2 68.9(7) 41.0(6) 49.5(6) -20.6(5) -17.3(5) -7.7(5)
Cl15 46.4(7) 38.0(6) 43.7(7) -15.7(5) -10.4(5) -4.8(5)
C2 54.9(7) 38.6(7) 46.0(7) -14.4(6) -14.3(6) -2.1(5)
C3 42.0(6) 34.9(6) 42.8(6) -13.1(5) -8.4(5) -3.4(5)
C4 42.2(6) 32.4(6) 42.8(6) -12.7(5) -9.5(5) -2.1(5)
Cl1 42.8(6) 40.1(7) 55.8(8) -17.3(5) -3.8(5) -11.5(6)
Cl14 48.7(7) 35.5(6) 46.7(7) -14.2(5) -8.4(5) -3.5(5)
C5 38.7(6) 33.2(6) 44.2(7) -13.4(5) -5.2(5) -4.3(5)
Co6 38.8(6) 36.7(6) 47.3(7) -14.5(5) -5.1(5) -8.3(5)
Cl12 61.3(8) 34.1(7) 67.5(9) -19.8(6) -8.0(7) -9.3(6)
C7 59.8(8) 42.5(7) 52.3(8) -20.9(6) -17.0(6) -4.7(6)
Cl13 68.8(9) 33.4(7) 59.7(9) -17.6(6) -13.0(7) 2.0(6)
C10 57.5(8) 49.6(8) 67.9(9) -23.6(6) -9.0(7) -20.7(7)
C9 72.2(10) 66.4(10) 62.3(9) -26.9(8) -22.0(8) -18.4(8)
C18 63.6(8) 56.9(8) 46.5(7) -28.1(7) -11.3(6) -10.0(6)
C20 88.0(12) 74.9(11) 55.0(9) -31.1(9) -27.0(8) -2.7(8)
C8 75.7(10) 58.9(9) ©57.5(9) -26.2(8) -26.2(8) -3.7(7)
Cl9 122.5(16) 67.8(11) 66 (1) -41.8(11) -25.3(10) -19.6(8)
023 89.6(9) 61.3(7) 64.0(7) -9.0(6) -23.3(6) -9.6(5)

Table 16: Bond Lengths.
Atom Atom  Length/A Atom Atom  Length/A

021 Cl5 1.2253(16) Cl1 Cl12 1.420(2)
022 C2 1.2092(17) Cl1 C10 1.411(2)
01 C2 1.3719(16) Cl4 C5 1.3809(18)
01 Cl4 1.3710(17) Cl4 Cl13 1.4026(19)
N1 N2 1.3853(15) C5 C6 1.4375(18)
N1 Cl15 1.3441(17) Cé6 C7 1.4081(19)
N2 Cl8 1.2735(18) Cl12 C13 1.353(2)
C15 C3 1.4994(17) C7 C8 1.369(2)
C2 C3 1.4555(18) C10 C9 1.353(2)
C3 C4 1.3541(18) C9 C8 1.405(2)
C4 C5 1.4249(17) C18 C20 1.491(2)
Cll1 C6 1.4239(17) Cl18 C19 1.503(2)

Table 17: Bond Angles.
Atom Atom Atom Angle/® Atom Atom Atom Angle/®
Cl4 0]} C2 123.14(10) C13 Cl4 o1 115.87(12)
CI5 N1 N2 119.83(11) C13 Cl4 C5 122.90(13)
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Cl18 N2 N1 116.33
N1 Cl15 021 123.45
C3 Cl15 021 120.99
C3 Cl15 Nl 115.54
Ol C2 022 115.98

(12) Cl4 C5 C4 117.02(
(12) Cé6 C5 C4 124.38(
(12) Co6 C5 Cl4 118.58(¢
(11) C5 Cé6 Cll 118.55(
(12) C7 Co6 Cll1 118.32(
C3 C2 022 127.43(12) C7 Co6 C5 123.13(
C3 C2 01 116.59(12) Cl13 Cl12 Cl1 121.89(
C2 C3 Cl15 121.97(12) C8 C7 C6 120.54 (
C4 C3 Cl5 118.29(11) Cl12 Ci13 Cl4 118.82(
C4 C3 C2 119.70(11) C9 Cl10 Cl11 120.68¢
C5 C4 C3 122.30(12) C8 C9 CI0 120.20¢
Cl12 C11 C6 119.25(13) C20 Ci18 N2 126.61 (
C10 Cl11 C6 119.48(13) C19 C18 N2 116.23(
Cl10 C11 Cl2 121.27(12) Cl19 C18 (C20 117.16(
C5 Cl14 01 121.22(11) C9 C8 C7 120.78(

R R R e e i N o = B S =
U D W WwwhRrNMNDRE RN

Table 18: Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters
(A?x10).

Atom X y z U(eq)
H4 2030(20) 1553(17) -580(16) 50 (4)
Hl1 3210(20) 1741(19) 3002(18) 67(5)
H12 2900(30) -4410(20) -602(18) 73 (5)
H7 1550 (20) 1102(18) -2388(15) 53 (4)
H10 2020(20) -3610(20) -2717(18) 71 (5)
HS8 930(30) 600(20) -4190(20) 77 (5)
H9 1180(30) -1750(20) -4380(20) 79 (6)
HI13 3500(30) -3900(20) 1227(19) 73 (5)
H23a 8720(30) 6050(20) 1275(11) 112.8(6)
H23b 9988(14) 5510(20) 2070(20) 112.8(6)
H20a 2550(6) 2340 (10) 5315(10) 105.0(7)
H20b 4561 (12) 1996 (7) 4387 (2) 105.0(7)
H20c 3913 (18) 3035 (4) 5503 (9) 105.0(7)
H19a 3508(3) 5584 (7) 4288 (15) 120.3(9)
H19b 1700(20) 6165 (2) 3740(10) 120.3(9)
H19¢ 1598(19) 5547 (6) 5213 (6) 120.3(9)

5a.3 Conclusion

We have observed formation of novel schiff bases 4a, 4b and 4c during reaction
of 2a, 2b and 2c with hydrazine hydrate. The formation of hydrazide 4d was observed
from 2d, may be due to steric hindrance of naphthalene ring which prevent attack on 8
carbon of carbonyl group and hence attack occur on ester carbonyl to give hydrazide. The
plausible mechanism for retro Knoevenagel reaction is proposed. Steric hindrance by

naphthalene ring or phenyl ring, gives corresponding hydrazides only.
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5a.4 Experimental
5a.4.1 Chemistry

Reagent grade chemicals and solvents were purchased from commercial supplier
and used without purification. TLC was performed on silica gel F254 plates (Merck).
Acme’s silica gel (60-120 mesh) was used for column chromatographic purification.
Melting points are uncorrected and were measured in open capillary tubes, using a Rolex
melting point apparatus. IR spectra were recorded as KBr pellets on Perkin Elmer RX 1
spectrometer. 'H NMR and ">C NMR spectral data were recorded on Advance Bruker 400
spectrometer (400 MHz) with CDCl; or DMSO-d¢ as solvent and TMS as internal
standard. J values are in Hz. Mass spectra were determined by ESI/MS, using a
Shimadzu LCMS 2020 apparatus. Elemental analyses were recorded on Thermosinnigan
Flash 11-12 series EA. X-ray diffraction data were collected using Cu X-ray source (A=
0.71073 A°) radiation on Xcalibur, Eos, Gemini diffractometer equipped with a CCD area
detector. Data collection, data reduction, structure solution/refinement were carried out
using the software package of OLEX 1.2.2. Graphics were generated using MERCURY
2.2.
General procedure for 2a-d: Aldehydes la-d (5 g, 1 eq.) dissolved in mixture of
pyridine (10 ml), piperidine (0.5 ml) and diethylmalonate (1.1 eq.) was added in the
reaction flask and reaction mixtur heated at 60-70°C for 6 hours in water bath. Reaction
mass poured into crushed ice containing concentrated HCl (25 ml) which gave solid
product. It was filtered, dried and crystallized using ethanol afforded pure products 2a-d.

0 0 Ethyl 2-oxo-2H-chromene-3-carboxylate 2a: This compound
@i;/i’("\/ obtained as white solid. Yield 45 %; mp 91-93°C (Lit. 93°C'%);
IR (KBr) (Figoure 1): 3061, 2977, 2916, 1767, 1609 cm™; '"H NMR (400 MHz, CDCl5)

(Figure 2): & 1.41-1.45 (3H, t, CH;), 4.41-4.46 (2H, q, -OCH,) 7.34-7.39 (2H, m, ArH),
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7.63-7.69 (2H, m, ArH), 8.56 (1H, s, C-4 H); *C NMR (400 MHz, CDCl3) (Figure 3): &
14.2,62.0, 116.8, 117.9, 118.3, 124.9, 129.5, 134.4, 148.7, 155.2, 156.8, 163.1; MS (ESI,
m/z) (Figure 4) 219.1 [M+1]" and base peak at m/z 173.2 for M-OCH,CHj3 fragment
calculated for C;,H¢O4.
HO\@(I:( Ethyl 7-hydroxy-2-oxo-2H-chromene-3-carboxylate 2b: This
F NG
compound obtained as brown solid. Yield 42 %; mp 155-160°C
(Lit. 166-167°C'%); IR (KBr): 3542, 3471, 1728, 1621 cm™; 'H NMR (400 MHz, DMSO-
de): & 1.27-1.30 (3H, t, -CHs), 4.22-4.28 (2H, q, -OCH,), 6.72-6.73 (1H, d, J= 2.0 Hz,
ArH), 6.82-6.85 (1H, dd, J= 2.4, 8.8 Hz, ArH), 7.74-7.76 (1H, d, J= 8.8 Hz, ArH), 8.67
(1H, s, C-4 H), 11.12 (1H, s, -OH); °C NMR (400 MHz, DMSO-dy): & 19.3, 66.1, 107.0,
115.6, 117.2, 119.2, 137.3, 154.7, 161.7, 162.3, 168.2, 169.3; MS (ESI, m/z) 235.2
[M+1]", base peak at m/z 189.1 for M-OCH,CH; fragment and 233.3 [M-1]" calculated
for C1,H;¢Os.
0 Ethyl 8-methoxy-2-oxo-2H-chromene-3-carboxylate 2c: This
compound obtained as white solid. Yield 47 %; mp 90-95°C; IR
(KBr): 3053, 2996, 2978, 2949, 2847, 1755, 1731 cm™; '"H NMR
(400 MHz, CDCl;): & 1.40-1.44 (3H, t, CHs), 3.98 (3H, s, -OCHs), 4.40-4.45 (2H, q, -
OCH,), 7.18-7.20 (2H, m, J= 1.2, 7.6 Hz, ArH), 7.27-7.30 (1H, m, ArH), 8.52 (1H, s, C-4
H); *C NMR (400 MHz, CDCL): & 14.2, 56.3, 62.0, 115.8, 118.4, 118.5, 120.6, 124.7,
144.9, 147.1, 148.9, 156.2, 163.1; Mol. Formula: C,3H;,04.
o o~ Ethyl 3-oxo0-3H-benzo[f]lchromene-2-carboxylate 2d: This
= o compound obtained as light yellow solid. Yield 46 %; mp 110-
0 115°C (Lit. 117 °C"); IR (KBr) (Figure 5): 3128, 1631, 973,
OO 855, 807, 746 cm™; 'H NMR (400 MHz, CDCls) (Figure 6): &
1.46-1.50 (3H, t, -CHz), 4.48-4.53 (2H, q, -OCH,), 7.49-7.51 (1H, d, J= 9.2 Hz, ArH),
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7.62-7.66 (1H, m, ArH), 7.76-7.80 (1H, m, ArH), 7.95-7.97 (1H, d, J= 8.0 Hz, ArH),
8.12-8.14 (1H, d, J= 9.2 Hz, ArH), 8.35-8.37 (1H, d, J= 8.0 Hz, ArH) 9.35 (1H, s, C-4
H); >C NMR (400 MHz, CDCls) (Figure 7): & 14.3, 62.1, 112.3, 116.5, 116.7, 121.5,
126.6, 129.1, 129.3, 129.4, 130.2, 136.2, 144.6, 156.0, 156.9, 163.6; MS (ESI, m/z)
(Figure 8) 268.9 [M+1]" and base peak at m/z 222.9 for M-OCH,CHj3 fragment calculated
for C16H1204.
General procedure for 3a-d: A solution of 2a-d (1 g, 1 eq.) and phenyl hydrazine (1.1
eq.) in ethanol (50 ml) were refluxed for 8 hours in water bath. Solvent distilled under
reduced pressure and reaction mass poured into ice. Crude product extracted in ethyl
acetate, dried over sodium sulphate and concentrated under reduced pressure. Crude
product purified by column chromatography using petroleum ether (60-80°C): ethyl
acetate (8:2) as eluent.
. . 2-0x0-N'-phenyl-2H-chromene-3-carbohydrazide 3a:
@i;(y(g\ /© This compound obtained as light brown solid. Yield 49
N
0 ! %; mp 142-145°C; IR (KBr) (Figure 9): 3440, 3202,
3052, 1701, 1621 cm™; 'H NMR (400 MHz, CDCls) (Figure 10): & 6.91-6.97 (2H, m,
ArH), 7.00-7.04 (3H, m, ArH), 7.16-7.19 (1H, dd, J= 1.6, 7.6 Hz, ArH), 7.24-7.29 (1H,
m, ArH), 7.31-7.35 (2H, m, ArH), 7.52 (1H, s, -NH), 7.88 (1H, s, C-4 H), 10.89 (1H, s, -
NH); *C NMR (400 MHz, CDCls) (Figure 11): § 98.6, 115.0, 118.9, 120.8, 121.9, 123.3,
131.8, 132.0, 132.4, 143.5, 145.7, 159.2; Ele. Anal. Calcd. for C;cH;2N,O3; Requires
(Found) %: C, 68.56 (68.37); H, 4.32 (4.60); N, 9.99 (10.27).
Ho N A0 /@ 7-hydroxy-2-oxo-N'-phenyl-2H-chromene-3-
\Qi;/;‘/g\ﬁ carbohydrazide 3b: This compound obtained as brown
solid. Yield 49 %; mp 158-160°C; IR (KBr) (Figure 12): 3484, 3402, 3313, 3054, 3032,

2971, 2891, 2816, 1670, 1629 cm™; "H NMR (400 MHz, DMSO-dq) (Figure 13): & 6.30-
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6.33 (2H, m, ArH), 6.73 (1H, s, ArH), 6.88-6.90 (2H, m, J= 0.8, 7.6 Hz, ArH), 7.20-7.29
(3H, m, ArH), 8.04 (1H, s, C-4 H), 9.74 (1H, s, -NH, D,O exch.), 10.14 (1H, s, -OH, D,O
exch.), 10.75 (1H, s, -NH, D,0 exch.); >*C NMR (400 MHz, DMSO-de) (Figure 14): &
102.9, 107.9, 111.9, 112.4, 118.9, 129.5, 129,7, 139.6, 145.5, 157.9, 159.4; Ele. Anal.
Calcd. for Ci6H2N,0O4; Requires (Found) %: C, 64.86 (64.62); H, 4.08 (3.81); N, 9.46
(9.73).
~ 8-methoxy-2-oxo-N'-phenyl-2H-chromene-3-
carbohydrazide 3c: This compound obtained as light
i brown solid. Yield 45 %; mp 236-240°C; IR (KBr)
(Figure 15): 3324, 3214, 1722, 1654, 1608 cm™'; '"H NMR (400 MHz, CDCl;) (Figure
16): 6 4.03 (3H, s, OCHj3), 6.93-6.96 (3H, m, ArH), 7.24-7.37 (6H, m, ArH and NH
proton), 8.91 (1H, s, C-4 H), 10.41 (1H, s, NH, D,0 exch.); BC NMR (400 MHz, CDCls)
(Figure 17): 6 56.4, 113.9, 115.9, 119.1, 121.0, 121.5, 125.4, 129.2, 147.1, 149.5, 160.6;

Ele. Anal. Calcd. for C7H4N,04; Requires (Found) %: C, 65.80 (66.03); H, 4.55 (4.29);

N, 9.03 (9.33).
3-0x0-N'-phenyl-3H-benzo[f]chromene-2-
© Q\E/G carbohydrazide 3d: This compound obtained as light
= © brown solid. Yield 52 %; mp 242-244°C; IR (KBr): 3334,
OO © 3294, 3051, 1708, 1680 cm”; 'H NMR (400 MHz,
CDCl3): 6 6.94-7.00 (3H, m, ArH and NH proton), 7.29-

7.31 (3H, d, J= 8.4 Hz, ArH), 7.56-7.58 (1H, d, J= 8.8 Hz, ArH), 7.65-7.69 (1H, t, J="7.2,
7.6 Hz, ArH), 7.78-7.82 (1H, t, J= 7.2, 7.6 Hz, ArH), 7.98-8.00 (1H, d, J= 8 Hz, ArH),
8.17-8.20 (1H, d, J= 8.8 Hz, ArH), 8.43-8.45 (1H, d, J= 8.4 Hz, ArH), 9.71 (1H, s, C-4
H), 10.48 (1H, s, NH, D,0 Exch.); *C NMR (400 MHz, CDCl;): & 113.3, 114.0, 116.4,

121.6, 122.0, 127.0, 129.2, 129.3, 129.4, 129.5, 130.4, 136.5, 144.8, 155.3; ESI/MS m/z
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332.1 [M+2]" calculated for C0H;4N,O3; Ele. Anal. Calcd. for CaH4N,O3; Requires
(Found) %: C, 72.72 (72.86); H, 4.27 (4.11); N, 8.48 (8.68).
General procedure for 4a-d: A solution of 2a-d (5 g, 1 eq.) in ethanol (50 ml) and
hydrazine hydrate (1.1 eq.) were refluxed for 8 hours in water bath. Solvent removed
under reduced pressure and reaction mass poured into crushed ice to obtain solid. Crude
product filtered, dried and crystallized using ethanol to give products.

OH on 2 2'-(1E,1’E)-hydrazine-1,2-diylidenebis(methan-1-yl-
Ci/N\N/ 1-ylidene)diphenol 4a: This compound obtained as

yellow solid. Yield 40 %; mp 210-215°C; IR (KBr)

(Figure 20): 3436, 3290, 1622, 1603 cm™; 'H NMR (400 MHz, DMSO-dy) (Figure 21): &
6.96-7.00 (2H, m, ArH), 7.39-7.43 (1H, m, ArH), 7.69-7.72 (1H, dd, J=1.6, 7.6 Hz ArH),
9.02 (1H, s, CH=N), 11.15 (1H, s, OH); °C NMR (400 MHz, DMSO-ds) (Figure 22): &
117.0, 118.6, 120.1, 125.8, 131.3, 133.7, 159.1, 163.3; MS (ESI, m/z) (Figure 23) 241.1
[M+1]" and 239.0 [M-1]" calculated for C;4H;,N,05; Ele. Anal. Calcd. for Ci4H2N,Oy;
Requires (Found) %: C, 69.99 (69.96); H, 5.03 (4.55); N, 11.66 (11.69).

”O\QC on 4, 4'-(1E, 1'E)-hydrazine-1, 2-diylidenebis(methan-1-
N A
7 yl-1-ylidene)dibenzene-1, 3-diol 4b: This compound

obtained as yellow solid. Yi(;:Hld 54 %; mp 220-240°C (dec.); IR (KBr): 3467, 3223, 1634,
1615 cm™; "H NMR (400 MHz, DMSO-d): & 6.32-6.33 (1H, d, J= 2.0 Hz, ArH), 6.38-
6.41 (1H, dd, J= 2.0, 8.4 Hz, ArH), 7.41-7.43 (1H, d, J= 8.8 Hz, ArH), 8.77 (1H, s,
CH=N), 10.29 (1H, s, -OH, D,O exch.), 11.42 (1H, s, -OH, D,0 exch.); *C NMR (400
MHz, DMSO-dg): & 102.9, 108.7, 110.7, 133.4, 161.1, 162.3, 162.5; MS (ESI, m/z) 273.2

[M+1]" and 271.1 [M-1]" calculated for C4H,N,O4.
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o 6, 6'-(1E, 1'E)-hydrazine-1, 2-diylidenebis(methan-1-
@i o yl-1-ylidene)bis(2-methoxyphenol) 4c: This compound
NP o
Aij/ obtained as yellow solid. Yield 43 %; mp 152-155°C; IR
(KBr) (Figure 24): 3390, 3295, 3213, 3076, 3005, 2963, 2939, 2839, 1627, 1578 cm™; 'H
NMR (400 MHz, CDCl5) (Figure 25): § 3.96 (3H, s, -OCHs), 6.92-6.96 (1H, t, J= 7.6, 8.0
Hz, ArH), 7.02-7.04 (2H, m, ArH), 8.73 (1H, s, CH=N), 11.61 (1H, s, -OH, D,O exch.);
BC NMR (400 MHz, CDCls) (Figure 26): & 56.2, 115.1, 117.3, 119.4, 124.1, 148.3,
149.7, 164.9; MS (ESI, m/z) (Figure 27) 301.0 [M+1]" calculated for C;sH;¢N,0O,.
NH, 3-0x0-3H-benzo[flchromene-2-carbohydrazide 4d:
This compound obtained as yellow solid. Yield 16 %; mp
280-282°C; IR (KBr) (Figure 28): 3323, 3282, 3019,
1708, 1622, 1580 cm™; '"H NMR (400 MHz, DMSO-dy)
(Figure 29): & 4.79 (2H, s, NH,), 7.66-7.70 (2H, t, J= 7.6,

8.8 Hz, ArH), 7.79-7.82 (1H, m, J= 7.6 Hz, ArH), 8.11-

8.13 (1H, d, J= 8.0 Hz, ArH), 8.33-8.35 (1H, d, J= 8.8 Hz, ArH), 8.62-8.64 (1H, d, J= 8.4
Hz, ArH), 9.43 (1H, s, C-4 H), 9.70 (1H, s, NH); *C NMR (400 MHz, DMSO-d,) (Figure
30): 6 113.4, 116.9, 118.4, 122.8, 127.1, 129.5, 130.4, 136.0, 142.3, 154.4, 161.0; MS
(ESI, m/z) (Figure 31) 254.9 [M+1]" calculated for C;4H;oN,Os.
5a.4.2 Single crystal X-ray diffraction

X-ray quality single crystals of 2, 2'-(1E,1'E)-hydrazine-1,2-diylidenebis(methan-
1-yl-1-ylidene)diphenol 4a, 6, 6'-(1E, 1'E)-hydrazine-1, 2-diylidenebis(methan-1-yl-1-
ylidene)bis(2-methoxyphenol) 4c¢ and 3-oxo-3H-benzo[f]chromene-2-carbohydrazide 4d
were grown in a slow evaporation condition at room temperature. Crystals were obtained

from a mixture of methanol and acetone (1:1). The structure was solved by direct
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methods & refined in a routine manner. All hydrogen atoms were geometrically fixed and

refined.
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5b. Synthesis and anticancer activity of 4-hydroxy Naphtho coumarin

derivatives and naphtho coumestans

5b.1 Introduction

Coumestan ring system is present in number of natural products like coumestrol,
psoralidine, pterocarsin,' lucernol’ and wedelolactone®. Coumestans represent an
important class of natural oxygenated aromatic products responsible for medicinal effects.
Eclipta alba® and wedelia calendulacea’ are the plant sources of nor-wedelolactone and
wedelolactone. Both of them show medicinal effects such as antihepatotoxic, anti
hypertensive, antitumor, antiphospholipase A, and antidote activities against snake
venome.””

Coumestans belongs to the flavonoids category of phytoestrogens, which have
diverse pharmacological properties such as anti hemorrhagic, antiproteolytic,
antihepatotoxic,'” ¢ antiphospholipase and antimyotoxic activity.'' In traditional Chinese
medicine, coumestans are used in the treatment of septic shock and in Indian Ayurvedic
medicine as a treatment for liver diseases,”” skin disorders and viral infections.
Coumestans have also been shown to reduce cancer risk'> due to their structural similarity
to phytoestrogens.

A series of coumestan derivatives were recently reported as HCVNS5B
polymerase inhibitors'* and they also found to inhibit binding to the GABA, receptors
from the rat brain."' Wedelolactone has been shown to inhibit the NF-kB mediated gene
transcription in cells by blocking the phosphorylation and degradation," selective 5-
lipoxygenase-inhibitor'> and LPS- induced caspase-11 expression inhibitor."> Coumestrol
has been reported to have strong estrogenic activity.'® Coumestan derivatives have been

reported to show inhibitory effect of lipid peroxidation'’ and Na“, K ATPase activity.'®"”
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Recent Work
Soman S. S. and Trivedi K. N.** have synthesized benzofurocoumestan and

difurocoumestan derivatives as shown in Scheme 1.

Scheme 1:

R,
(0] (0]

[\ N Catachol, K10, RX, K,CO,

—_—
// F CH;COONa, Acetone

R, H,0, Acetone

OH

da Silva A. J. M and co workers'' has synthesized various coumestan derivatives as
shown in Scheme 2.
Scheme 2:

v
P /j@@
/ 1
I [6)
R 7

KOH/ THF, HCI

Ry
(AcO),H,
R

; \ R/o OH
LiCl, MeOH !
R; HeCl \ DDQ, THF

R

PdCl,, LiCl

Acetone

H,-Pd.C, Acetone

5b.2 Result and discussion
5b.2.1 Chemistry

2-Acetyl 1-naphthol 1 on Hoesch reaction’' with diethyl carbonate in presence of
pulverized sodium gave 4-hydroxy-2H-benzo[h]chromen-2-one 2 (Scheme 3).*
Oxidative cyclization® of 2 with catechol and pyrogallol in presence of sodium acetate

and potassium iodate gave corresponding coumestan derivatives 8, 9-dihydroxy-6H-
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benzo[h] benzofuro[3, 2-c]chromen-6-one 3 and §, 9, 10-trihydroxy-6H-
benzo[h]benzofuro [3, 2-c] chromen-6-one 4. Reaction of 4-hydroxy-2H-
benzo[h]chromen-2-one 2 and coumestan derivatives 3 and 4 with dimethyl sulphate and
various mono or dihaloalkanes in presence of base like anhydrous K,COs;* gave
corresponding alkyl derivatives of coumestans 5a-b, 6a-d and 7a-d as shown in Scheme
3.

Scheme 3:

Sa=R=0" 3=R,=R,=H, R,=R;=OH
Sb=Re O—— 4=R;=H, R,=R;=R,~OH
6a-d, 7a-d
6a= R, =R ,=H, R,=R;=0" 6o= R =R,=H, R,=0~ " 05
6b=R,—R,=H, R,R;=0" 7 6d=R,~R,~H,R,=0" “O-R,
7a= R,=H, Ry=R;=R,=0"_ 7e=R,=H, RyOH, R,-0— >~ 07
7b=R=H, R2:R3:R4:O/\/ 7d=R,=H, R,=0OH, R,=O~_~ O=R;

Reagents and conditions: (a) pulverized sodium, diethyl carbonate, 30 min; (b) Catechol for 3 and
pyrogallol for 4, CH;COONa, KIO;, Acetone, water, RT, 30 min; (¢) anhydrous K,CO;, Dry acetone,

dimethyl sulphate or mono or di substituted alkyl halide, reflux, 10 h
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Synthesis of compound 2 (page no. 33) is already discussed in chapter 2 and its IR
spectrum, 'H NMR spectrum and >C NMR spectrum were given in Chapter 2 also given
in this chapter (Figure 1, Figure 2 and Figure 3).

The IR spectrum of compound 5a (Figure 4) showed disappearance of band at
3423 cm’' and appearance of band at 1734 cm™ which confirmed presence of lactone
ring. The '"H NMR spectrum of compound 5a in CDCl; (Figure 5) showed singlet at &
4.07 for three protons indicated methoxy group, singlet at  5.81 indicated proton at C-3
position and all aromatic protons were observed between & 7.64-8.6 confirmed the
formation of compound 5a. The >C NMR spectrum of compound 5a in CDCl; (Figure 6)
showed presence of 14 peaks which is in accordance with structure of compound 5a.

The IR spectrum of compound 5b (Figure 7) showed disappearance of band at
3423 cm™ and appearance of band at 1726 cm™ which confirmed presence of lactone
ring. The '"H NMR spectrum of compound 5a in CDCl; (Figure 8) showed doublet of
doublet at & 4.73 for two protons indicated -OCH, group, doublet of doublet at & 5.45-
5.48 for one proton, another doublet of doublet at 6 5.53-5.58 for one proton indicated
vinyl protons (=CHs). Singlet at 6 5.79 for one proton indicated C-3 proton and multiplet
at 6 6.10-6.17 for one proton indicated (CH=). All aromatic protons were observed
between & 7.64-8.57 confirmed formation of compound 5b.The *C NMR spectrum of
compound 5b in CDCl; (Figure 9) showed presence of 16 peaks which is in accordance
with structure of compound 5b.

The IR spectrum of compound 3 (Figure 10) showed band at 3416 and 1702 cm’
for hydroxyl group and lactone carbonyl group respectively. The IR spectrum of
compound 6a (Figure 11) showed disappearance of band at 3416 cm™ and appearance of
band at 1731 cm™ which confirmed presence of lactone ring. The 'H NMR of compound

6a in DMSO-d¢ (Figure 12) showed two singlets at 6 3.92 and 3.93 for six protons
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indicated two —OCHj3 groups. All aromatic protons were observed between & 7.31-8.51
confirmed formation of compound 6a. The IR spectrum of compound 6b (Figure 13)
showed disappearance of band at 3416 cm™ and appearance of band at 1726 cm™ which
confirmed presence of lactone ring. The '"H NMR of compound 6b in DMSO-ds (Figure
14) showed doublet at 6 4.64-4.65 for two protons indicated —OCH, group, doublet of
doublet at 6 5.25-5.29 for two protons, another doublet of doublet at 6 5.42-5.47 for two
protons indicated two vinyl protons (=CH;). One multiplet at 6 6.08 for two protons
indicated one vinyl proton (=CH) each thus confirmed the presence of two allyloxy
groups and all aromatic protons were observed between & 7.30-8.50 confirmed formation
of compound 6b.

The IR spectrum of compound 4 (Figure 15) showed band at 3843 cm™ for
hydroxyl group and band at 1734 cm™ for lactone carbonyl group confirmed formation of
compound 4. The IR spectrum of compound 7a (Figure 16) showed disappearance of
band at 3843 cm™ for hydroxyl group and presence of bands at 3210, 3075, 2946, 2924
and 2851 cm™ and band at 1733 cm™ for lactone group confirmed formation of compound
7a. The IR spectrum of compound 7¢ (Figure 17) showed band at 3614 cm™ indicated
presence of one free ~OH group and presence of band at 1734 cm™ for lactone group
confirmed formation of compound 7c.

The analyses of coumestan derivatives 3, 4, 6a-d and 7a-d using '"H NMR was not
possible except two compounds 6a and 6b which were soluble in DMSO-ds and rest of all
compounds were insoluble in DMSO-de. "H NMR in other deuterated solvents like DMF-
d;, acetic acid-dy, triflouro acetic acid-d; and pyridine-ds of these compounds were also
tried but the samples were insoluble. The melting point of these compounds were also
very high (>250°C) hence TG/DTA and DSC analyses of all coumestan derivatives

carried out. The DSC of compound 3 (Figure 18) showed degradation at 390°C
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temperature. The TG/DTA of compound 6a (Figure 19) showed maximum degradation at
328°C temperature. The TG/DTA of compound 6b (Figure 20) showed phase transition at
158°C and 215°C and maximum degradation at 331°C temperature. TG graph of 6b
showed continuous weight loss from 210°C. The DSC of compound 4 (Figure 21) showed
maximum degradation at 342°C temperature. The DSC of compound 7a (Figure 22)
showed maximum degradation at 367°C temperature. The TG/DTA of compound 7c
(Figure 23) showed maximum degradation at 177-186°C temperature.
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Figure 1: IR of 4-hydroxy-2H-benzo[h]chromen-2-one 2
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Figure 2: '"H NMR of 4-hydroxy-2H-benzo[h]chromen-2-one 2
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Figure 10: IR of 8, 9-dihydroxy-6H-benzo[h]benzofuro[3,2-c]chromen-6-one 3
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Figure 11: IR of 8,9-dimethoxy-6H-benzo[h]benzofuro[3,2-c]chromen-6-one 6a
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Figure 12: "H NMR of 8,9-dimethoxy-6H-benzo[h]benzofuro[3,2-¢]chromen-6-one 6a
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Figure 13: IR of 8, 9-bis(allyloxy)-6H-benzo[h]benzofuro[3,2-c]chromen-6-one 6b
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Figure 14: "H NMR of 8, 9-bis(allyloxy)-6H-benzo[h]benzofuro[3,2-¢]chromen-6-one 6b
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Figure 17: IR of 8, 9-ethylenedioxy, 10-hydroxy-6H-benzo[h]benzofuro[3,2-c]chromen-6-one 7¢
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Figure 18: DSC of 8, 9-dihydroxy-6H-benzo[h]benzofuro[3,2-c]chromen-6-one 3
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Figure 19: TG/DTA of 8,9-dimethoxy-6H-benzo[h]benzofuro[3,2-c]chromen-6-one 6a
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Figure 20: TG/DTA of 8, 9-bis(allyloxy)-6H-benzo[h]benzofuro[3,2-c]chromen-6-one 6b
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Extrapol. Peak 87.60 °C

Figure 21: DSC of 8, 9, 10-trihydroxy-6H-benzo[h]benzofuro[3,2-c]chromen-6-one 4

Integral 2722.58 m)
Extrapol. Peak 419.26 °C

Extrapol. Peak 367.52 °C
Integral -444.02 m)

Extrapol. Peak 468.57 °C
Integral -59.00 m)

Extrapol, Peak 96,92 °C

NN TRNRY NN NN NN NN RN TN T TNNRY NN NN VNN NN NN JNNND JRN N N (NN NN TR T Y TN O N NN P TN Y

o

Figure 22: DSC of 8, 9, 10-trimethoxy-6H-benzo[h]benzofuro[3,2-c]chromen-6-one 7a
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Figure 23: TG/DTA of 8, 9-ethylenedioxy, 10-hydroxy-6H-benzo[h]benzofuro[3,2-c]chromen-6-one 7¢

5b.2.2 Biological Evaluation

All synthesized coumestan derivatives were screened against two melanoma
cancer cell lines UACC-903 and A375M, one breast cancer cell line MCF-7 and
fibroblast (FF2441-Precursors of normal cells) to determine ICsy values of synthesized
compounds by MTS Assay method.” The results are shown in Figure 13, Figure 14 and
Figure 15 respectively. Details of MTS Assay method is already given in Chapter 2 page

no. 74.
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Figure 13: 1Cso of compounds against melanoma cell lines UACC903 and A375M
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Compound 3 show no significant activity till 48 h then show 69% inhibition up to
72 h against UACC903 cell line while 57% and 58% inhibition is observed after 48h and
72 h respectively against A375M cell line. Compound 7a showed 39% and 47%
inhibition after 48 h and 72 h respectively against UACC903 cell line while 192% cell
growth up to 48 h against A375M cell line was observed. Compound 7b showed 138%
cell growth up to 48 h then show 45% inhibition against UACC7 cell line while 35%
inhibition observed up to 48 h and then no significant change up to 72 h against A375M
cell line. Compound 7¢ showed 16% inhibition after 48 h then decreasing activity to 6%
after 72 h against UACC703 cell line. Compound 7d showed no significant activity up to
48 h but then show 39% inhibition up to 72 h against UACC903 cell line. Compound 4
showed 25% and 26% inhibition after 48 h and 72 h respectively against UACC903 cell
line. Compound 8a showed no significant activity up to 48 h but then show 58%
inhibition after 72 h against UACC903 cell line. Compound 8c showed 276% cell growth
up to 48 h and then 83% inhibition up to 72 h against A375M cell line. Compound 8d
showed no significant activity up to 48 h then 43% inhibition observed against A375M

cell line. Compound 8¢ and 8d were inactive up to 72 h against UACC903 cell line while
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compound 7c, 7d, 4 and 8a were inactive up to 72h against A375M cell line as shown in
Figure 13.

Figure 14: 1Cso of compounds against Breast Cancer cell line MCF-7
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All Synthesized compounds showed moderate activity against breast cancer cell
line MCF-7 in 5 uM concentration as shown in Figure 14. All compounds did not show
activity up to 24 h. Compound 3, 7a and 7b showed 23%, 15% and 12% inhibition up to
48 h but then no significant change in activity up to 72 h for compound 3 but compound
7a and 7b showed 17%, and 18% inhibition respectively. While compounds 7c, 7d, 4, 8a,
8c and 8d showed no significant change in activity up to 48 h but then showed 19%, 19%,

19%, 16%, 16% and 8% inhibition up to 72 h respectively.
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Figure 15: 1Csy of compounds against Fibroblast (FF2441-precursors of normal

cells)
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All Synthesized compounds show moderate activity against fibroblast FF2441 in 6
UM concentration as shown in Figure 15. All compounds were not showing activity up to
24 h. Compound 3 showed 18% inhibition up to 48 h and 23% inhibition up to 72 h.
Compounds 7a, 7b, 7c, 7d, 4, 8a, 8c and 8d showed no significant change in activity up
to 48 h but then showed 24%, 28%, 35%, 25%, 26%, 33%, 17% and 14% inhibition up to
72 h respectively.
5b.3 Conclusion

All coumestan derivatives showed moderate activity. Methoxy and allyloxy
coumestan derivatives were more active than methylenedioxy and ethylenedioxy
coumestan derivatives. Methoxy derivatives showed better activity than allyloxy
derivatives. Compound 3 showed better activity than other synthesized compounds
against melanoma cancer cell lines, Breast cancer cell line and Fibroblast. Some
compounds showed activity up to 48 h while some compounds were not so active till 48 h

but then showed activity up to 72 h.
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5b.4 Experimental
5b.4.1 Chemistry

Reagent grade chemicals and solvents were purchased from commercial supplier
and used without purification. TLC was performed on silica gel F254 plates (Merck).
Acme’s silica gel (60-120 mesh) was used for column chromatographic purification.
Melting points are uncorrected and were measured in open capillary tubes, using a Rolex
melting point apparatus. IR spectra were recorded as KBr pellets on Perkin Elmer RX 1
spectrometer. 'H NMR and ">C NMR spectral data were recorded on Bruker Advance 400
spectrometer (400 MHz) and Bruker Advance 300 spectrometer (300 MHz) with CDCls
or DMSO-dg as solvent and TMS as internal standard. J values are in Hz. CHN elemental
analyses were recorded on Thermosinnigan Flash 11-12 series EA.

0 4-hydroxy-2H-benzo[h]chromen-2-one 2: A solution of

0 | 2-acetyl 1-napthtol 1 (0.00107 mol) in diethyl carbonate (30 ml)

o Was slowly added to pulverized sodium (0.01739 mol) under
OO anhydrous conditions. Highly exothermic reaction was observed.
It was then allowed to cool to room temperature. Ethanol (50 ml) was added to
decompose the unreacted sodium. The reaction mass was then poured into water (250 ml)
and the aqueous layer washed twice with petroleum ether (50 ml). Concentrated
hydrochloric acid was slowly added to the aqueous layer until pH 2 and the solid obtained
was collected by filtration. The crude product was crystallized from ethanol to give 4-
hydroxy-2H-benzo[h]chromen-2-one 2 as light yellow solid. Yield: 96%; mp 283-285°C
(Lit. 284°C**); IR (KBr) (Figure 1): 3423, 2926, 1604, 1561 cm™; "H NMR (400 MHz,
DMSO-ds) (Figure 2): 6 5.83 (1H, s, C-3 proton), 7.60-7.76 (3H, m, ArH), 7.86-7.94 (2H,

m, ArH), 8.48-8.53 (1H, m, ArH), 11.94 (1H, s, OH); *C NMR (400 MHz, DMSO-dg)
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(Figure 3): 6 91.1, 111.6, 119.3, 122.1, 122.7, 124.1, 127.8, 128.6, 129.2, 135.3, 151.1,
162.3, 167.2; Molecular formula C;3HgOs.

General procedure for synthesis of 3 and 4: In a solution of 2 (3 gm, 1.415 mmol) in
1:1 water: acetone (50 ml), sodium acetate (4 gm, 4.878 mmol) and catechol or pyrogallol
(1.964 mmol) were added. Reaction mixture was stirred at room temperature for 10
minutes. Mixture of KIO; (9 gm, 4.2056 mmol) and sodium acetate (4 gm, 4.878 mmol)
in hot water (50 ml) was added slowly in the reaction flask in period of 20 minutes and
stirred at room temperature for 30 minutes. Solid product separated was filtered and
washed with hot water. Crude product washed with hot ethanol (3x50 ml) and hot

petroleum ether (3x50 ml) and dried.

OH

8,9-dihydroxy-6H-benzo[h]benzofuro[3,2-cJchromen-6-one 3:

Yield: 89%; mp: >300°C; IR (KBr) (Figure 10): 3416, 2363,

1702, 1609, 1487, 1462, 1323, 1285, 1174, 1125, 1086, 1012,
922, 855, 811, 767, 690, 644 cm'l; DSC (Figure 18) degradation at 390°C; Mol. Formula:
C19H100O:s.

8,9,10-trihydroxy-6H-benzo[h]benzofuro[3,2-clchromen-6-

one 4: Yield: 84%; mp: >300°C; IR (KBr) (Figure 15): 3843,

3008, 1734, 1583, 1432, 1090, 990, 769 cm™'; DSC (Figure 21)
degradation at 342°C; Mol. Formula: C,9H;¢Os.

General Procedure for synthesis of 5a-b, 6a-b and 7a-b: 2, 3 and 4 (1 gm, 1 eq.)
dissolved in 20 ml dry acetone. Freshly fused K,COs (3.5 eq.) and dimethyl sulphate or
allyl bromide was added (1.1 eq.) in a reaction flask and it was refluxed for 10 hours.
Reaction mass was poured in ice-water, solid crude product obtained was filtered and

washed with water. Crude product was washed with hot ethanol (3x50 ml) and hot
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petroleum ether (3x50 ml) and dried. Compound 5a-b was purified by column
chromatography using 5% Ethyl acetate/ petroleum ether.

O 4-methoxy-2H-benzo[h]chromen-2-one 5a: Yield: 10%;

o mp: 154-156°C; IR (KBr) (Figure 4): 3078, 2916, 2846,

o/ 1734, 1699, 1653, 1608, 1548, 1481, 1446, 1392, 1247,

1230, 1182, 1091, 1051, 1028, 937, 840, 815, 746 cm™; 'H

NMR (400 MHz, CDCls) (Figure 5): 6 4.07 (3H, s, -OCH3), 5.81 (1H, s, C-3 proton),

7.64-7.72 (3H, m, ArH), 7.82-7.91 (2H, m, ArH), 8.52-8.6 (1H, m, ArH); >C NMR (400

MHz, CDCls) (Figure 6): & 56.5, 89.6, 110.9, 118.5, 122.7, 122.9, 123.9, 127.1, 127.8,

128.8, 135.2, 150.7, 163.1, 167.4; Ele. Anal. Calcd. for C14H;¢Os; Requires (Found) %:
C, 74.33 (74.46); H, 4.46 (4.18).

Q 4-allyloxy-2H-benzo[h]chromen-2-one 5b: Yield: 9%;

@ ‘ mp: 200-205°C; IR (KBr) (Figure 7): 3092, 3022, 1726,

OO 0/\/ 1481, 1255, 1228, 1182, 1147, 1087, 1026, 999, 956, 914,

846, 815, 785, 754 cm™'; 'H NMR (400 MHz, CDCls)

(Figure 8): 6 4.73 (2H, dd, -OCH,), 5.45-5.48 (1H, dd, vinyl proton), 5.53- 5.58 (1H, dd,

vinyl proton), 5.79 (1H, s, C-3 proton), 6.10- 6.17 (1H, m, vinyl proton), 7.64-7.70 (3H,

m, ArH), 7.83-7.89 (2H, m, ArH), 8.55-8.57 (1H, m, ArH); >C NMR (400 MHz, CDCl;)

(Figure 9): 69.9, 90.5, 110.9, 118.6, 119.7, 122.7, 122.9, 123.9, 127.1, 127.8, 128.8,

130.7, 135.2, 150.8, 163.0, 166.2; Ele. Anal. Calcd. for C;6H;203; Requires (Found) %:
C, 76.18 (76.43); H, 4.79 (4.53).

o—  8,9-dimethoxy-6H-benzo[h]benzofuro[3,2-c]Jchromen-

0 6-one 6a: Yield: 22%; mp: 259-261°C; IR (KBr) (Figure

11): 3066, 2935, 2358, 1731, 1597, 1437, 1356, 1296,

1079, 998, 802, 763 cm™; "H NMR (400 MHz, DMSO-dg)
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(Figure 12): 6 3.92-3.93 (6H, d, CH3), 7.31 (1H, s, ArH), 7.44 (1H, s, ArH), 7.63-7.66
(2H, m, ArH), 7.77-7.82 (1H, m, ArH), 7.91-7.94 (2H, m, ArH), 8.49-8.51 (1H, d, ArH);
TG/DTA (Figure 19) 264°C (mp), degradation at 328°C; Ele. Anal. Calcd. for C;;H;40s;
Requires (Found) %: C, 72.83 (72.57); H, 4.07 (3.82).

8,9-bis(allyloxy)-6H-benzo[h]benzofuro[3,2-c]

(Figure 13): 3020, 2849, 1726, 1612, 1494, 1451, 1407,

1352, 1275, 1257, 1225, 1198, 1147, 1109, 1078, 1004,
918, 842, 811, 765, 745 cm™'; 'H NMR (400 MHz, DMSO-d) (Figure 14): & 4.64- 4.65
(4H, d, -OCH; protons), 5.25- 5.30 (2H, dd, vinyl protons), 5.42- 5.47 (2H, dd, vinyl
protons), 6.03- 6.11 (2H, m, vinyl protons), 7.30 (1H, s, ArH), 7.45 (1H, s, ArH), 7.59-
7.66 (2H, m, ArH), 7.78-7.81 (1H, d, ArH), 7.90-7.92 (2H, m, ArH), 8.48-8.50 (1H, d,
ArH); TG/DTA (Figure 20) degradation at 331°C; Ele. Anal. Calcd. for C,sH;gOs;
Requires (Found) %: C, 75.37 (75.76); H, 4.55 (3.72).

o 8,9,10-trimethoxy-6H-benzo[h]benzofuro[3,2-c]
chromen-6-one 7a: Yield: 41%; mp: >300°C; IR (KBr)

(Figure 16): 3210, 3075, 2946, 2924, 2851, 2153, 1733,

1684, 1615, 1506, 1439, 1379, 1261, 1093, 1011, 800,
770 cm'l; DSC (Figure 22) degradation at 331°C; Mol. Formula: Cy;H;¢Os.

\2 8,9,10-tris(allyloxy)-6H-benzo[h]benzofuro[3,2-c]

o é chromen-6-one 7b: Yield: 32%; mp: >300°C; IR (KBr):
0 2918, 2851, 1675, 1625, 1381, 1118, 864 cm'l; TG/DTA

7 \__ degradation at 289°C; Mol. Formula: C3H»,0¢.
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General Procedure for synthesis of 6¢-d and 7c-d: Compound 3 or 4 (1 gm, 1 eq.)
dissolved in 20 ml dry acetone in a round bottom flask. Freshly fused K,COs (3.5 eq.) and
di substituted bromo alkane were added (0.6 eq.) in a reaction flask and it was refluxed
for 10 hours. Reaction mass was poured in ice-water, solid crude product obtained was
filtered and washed with water. Crude product was refluxed with hot ethanol (3x50 ml)
and hot petroleum ether (3x50 ml), filtered and dried.
8,9-ethylenedioxy-6H-benzo[h]benzofuro[3,2-c]
chromen-6-one 6¢: Yield: 54%; mp: >300°C; IR (KBr):
1717, 1608, 1541, 1493, 1359, 1255, 1180, 1110, 1030,

763 cm’'; DSC degradation at 368°C; Mol. Formula:

8,9-methylenedioxy-6H-benzo[h]benzofuro|[3,2-c]
chromen-6-one 6d: Yield: 27%; mp: >300°C; IR (KBr):
1731, 1636, 1546, 1490, 1362, 1278, 1085, 1001, 811,

769 cm'l; DSC degradation at 382°C; Mol. Formula:

8,9-ethylenedioxy-10-hydroxy-6H-benzo[h]benzofuro
[3,2-c]chromen-6-one 7c: Yield: 37%; mp: 177-186°C;

IR (KBr) (Figure 17): 3624, 2039, 1720, 1622, 1552,

1530, 1390, 1241, 1090, 1050, 769 cm™'; TG/DTA (Figure
23) degradation at 177-186°C; Mol. Formula: C;1H;20¢.

W 8,9-methylenedioxy-10-hydroxy-6H-benzo[h]
© benzofuro[3,2-c]chromen-6-one 7d: Yield: 53%; mp:

>300°C; IR (KBr): 3473, 1731, 1622, 1496, 1376, 1247,

1120, 970, 920, 830, 763 cm'l; TG/DTA degradation at
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198-213°C; Mol. Formula: Cy0H;¢Os.
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NOVEL DEACETYLATION OF 1-ACETYL 2-NAPHTHOL IN FACILE MANNER
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E-mail : shubhangissoman@gmail.com

Received 21 Dec. 2012; Accapted 26 April 2013

Wa have observed a novel deacylation reaction during the alttempted Schiff base
reaction of 1-acetyl 2-naphthol 2 with various primary aromatic amines in presence of
acetic acid in absolute ethanol. The product formation was confirmed by spectral
analyses and comparison with reported melting point. The mechanism is proposed o
gxplain its formation.

Formation of chalcones'? or Schiff basas™* from heterocyclic rings show vanous biological activities™
o-hydroxy ketones is one of the most fraquently used ",
reaction in organic synthesis because various We have already repored formation of chalkeones'
heteracyclic: rings can be formed further from it. from various substituted o-hydroxy acelophenone
Chalcones, chromenes, imidazoles and other derivatives'® and further farmation of flavones™ from it.

o NHE -H‘-_H
o T g
@:j/ 2Clp oH G =N
AcOH A= OH
1 Acz O 2
NH;
~
EtOH
AcOH
H OH
B
©/ L SCHEME-1
3 1
R= 3a=H
3ted-COOH
3c=4-CH,
3d=2-OH
Ja=d-OH
81=4-OCH,

This paper is dedicated to Prof. 5.K. Paknikar, retired Professor and Head of Goa University, Goa.
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Hence we were keen 10 form Schiff bases from 1-
acetyl 2-naphthol 2 and then further formation of
heteracyclic ring. Here we report novel retero Friedel
Crafts reaction of 1-acetyl 2-naphthol 2 when we have
tried to prepare Schiff bases from 1-acatyl 2-naphithol
2

When 1-acetyl 2-naphthol 2 was refluxed in
absolute athanol with primary aromatic aminas and
2-3 drops of acetic acid, we observed formation of
two products on TLC, ditferent from starting material.
The products were separated by column
chromatography and were found to be N-acetylated
anilines 3a-f and 2-naphthol 1 (Scheme-1).

We carried out reaction with different primary
aromatic amines with electron releasing and electron
withdrawing groups and in all cases with electron
releasing groups on aniling, the formation of N-
acetylated product was observed. When electron
withdrawing nifro group was presant, the reaction
doesn't take place, while with carboxylic acid group
on aniline the reaction was observed with less yield.
When mathoxy group was there on aniline the yiald
Was very poor.

Since with primary aromatic amines, N-acetylated
aniline product formation was observed, we have
extended the reaction with secondary and tertiary
aminas. When the reaction was camed out with cyclic
salurated secondary amines e.g. pyrrolidine and
marphaling, 2-naphthal was obtained as major product
and small amount of secondary amine was obtained
back while in case of aromatic secondary amines e.q.
indole and benzolriazole, the reaction doesn't take
place and starting material 2 was recovered, The
farmation of 2-naphthol was more than 50% in all
cases as expected from molar ratios.

There were several other and easy methods
available for lormation of N-acetylated products of
aromatic aminas' " Though our purpose was not to

form MN-acetylated amines, this is found to be new
method for lormaticn of N-acetylated amines.

The proposed mechanism for formation of N-
acetylated product can be explained by the fact that
aromatic amines reacts with acetyl group and then
instead of dehydration, singe hydroxyl group is there
al ortho position of acetyl group, it participates in the
reaction and due to which raters Friadel Crafts
reaction has occurred. One can call it as raverse
Claizen rearrangament. In case of cyclic secondary
amines, retero Friedel Crafts reaction occur and then
acetyl group is removed as acetic acid from N-acetyl
pyrroliding or N-acetyl morpholine.

The imohwemant of hydrosyl group at ortho position
of acetyl group in this reaction is suppored by the
fact that when reaction was carried out with 3-acetyl
naphthopyrone where no hydroxyl group was there at
ortho position of acetyl group, under the same
condilions, the starting matarial remained as such
i.e. retero Friedel Crafts reaction has not been
observed, also Schiff base formation was not observed.,
In casa of ortho hydroxyl aniline the product obtained
was highly stabilized by hydrogen bonding'™ hence
the reaction yield iz good (Schame-2).

Reaction of acetic anhydrida with 2-naphthal 1in
acetic acid in presence of zin chloride gave 1-acetyl
2-naphthal™ 2, which was further reflued with different
aminas in absolute athanol using 2-3 drops of acafic
acid as catalyst to get respective anilide products
Ja-f. In IR of 2 band at 1755 cm™’ confirmed presence
of acetyl group, In IR of 3a bands at 3293 and 1600
and in "H NMR singlet at 2,17 for methyl protons and
multiplet betwean & 7.08 to 7.51 for five aramatic
protons confirmed formation of 3a. All compounds
ebtained from primary aromatic aminas show similar
results as described and their structures were
confirmed by melting points and mix melting points,
IR, "HNMRA, "*C NMR and CHM elemental analyses.
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Experimental

Melling points {uncorrected) were determined
using a scientific capillary melting point apparatus.
Reaction was monitored by Merck TLC Silica gel 60F
254 mesh using LNiodine vapour as a visualzing agent
and Acme's silica gel (60-120 mash) was used lor
column chromatographic purification. IR spectra were
recorded on a Parkin-Elmer FT-IR spectramater
{spectrum RAXI) using potassium bromida optics. NMR
specira were recorded on a Bruker 400 MHz
spectrophotometer in (CD,),50 (compounds 3b, 3e)
or CDCI, (compounds 2, 3a, 3¢, 34, 3, 4). Chemical
shifts are relative lo tetramethylsilane: relative peak
areas were in agreemant with all assignments, CHN
glemeantal analyses were recorded on Thermasinnigan
Flash 11-12 series EA.

1-{2-Hydroxynaphthalen-1-yl) ethanone (2)

Dry zine chloride (20g, 0.1467 maol) was dissohved
in gl acetic acid (30 ml} and 2-naphthol (1) (10g.
00,0694 mol) was added pordionwise, Acetic anhyd (15
ml, 0.1588 mol] was added in the reaction flask.
Reaction mass was heated a1 100° for 30 minutes. It
was pourad in ice-HC| 1o get solid. Crude produdt was
purified by column chromatography using Pet. Ether
(60-80%) as eluent. White solid: yield 82%, m.p. 63-
65 (lin. 63-65'C'"); IR (KBr): 3431 (OH), 2926 (CH
stratching), 1755 (CO); "H NMR (400 MHz, CDCI,, &
ppm): 3.03 (s, 3H, CH,), 7.41-7 .43 (d, J=9.6 Hz, 1H,
ArH), 7.55-7.59 (1, J=7.28,, 748 Hz, 1H ArH), 7.64-
TES (L J=TA2 TEHz, 1H ArH), 7.91-7.93(d, J=7.92
Hz, 1H, Arid), 7.97-7.99 (d, J=8.82 Hz, 1H, ArH), BL.42-
8.44 (d, J=8.68 Hz, 1H, ArH). [Found : C, 77.58, H,
5.35C H,.0Q, requires C, 77.40, H, 5.413%].

Synthesis of anilide derivatives 3a-f : General
procedura

1-Acetyl 2-naphthol (2} (5g. 0.02685 mol} was

dissobved in 10 ml absolute ethanol. Primary aromatic
amines (00268 mol} and glacial acetic acid (2-3 drops)

werae added in the flask and refluxed for 56 hr. Reaction
completion was judged by TLC. Reaction mass was
poured into ice: water (1:1) to get solid. Compound
was purified by column chromatography using ethyl
acelats : pet, ether (60-80%) 9:1 as eluant.

M-Phenylacetamide (3a)

Wiedd 37%, m.p. 115-1172(Lit 113-115%'%); IR [KEr,
cm'): 3283 (NH), 1600 (C0O); "H NMR (400 MHz,
COCI,, & ppm): 2.17 (s, 3H, CH,), 7.08-7.12 (1H, 1,
J=7.32 7.36 Hz, ArH), 7.26-7.33 (q, 2H, ArH), 7.49-
7.51 (d, J=7.92 Hz, 2H, ArH); 2C NMR (400, CDCL):
24 8 1200, 124.4,129.0, 137.9, 168.7. [Found : C.,
71.26. H, 6.53, N, 10.48 C_H NO requires C, 71.09,
H, 8.71, N, 10.36%].

4-Acetamidobenzoic acld (3b)

Yield 37%, m.p. >250° (Lit 259-2617'%), IR (KBr):
3306 (NH), 2828 (CH stretching), 1681 (CO); 'HNMR
{400 MHz, DMS0-d): 2.13 (s, 3H, CH,), 7.73-7.75
{d, J=8.64 Hz, 2H, ArH), 7.92.7.94 (d, J=8.64 Hz, 2H,
ArH}, 10.30 (s, 1H, NH), 12.74 (s, 1H, COOH); NMR
{400 MHz, DMSO-d,): 24.8, 118.8, 125.3, 130.8,
143.8, 1674, 169.3. [Found : G, 80.46, H, 5.18, N,
7.64 C,H,NO, requires C, 60.33, H, 5.06, N, 7.82%).

MN-p-Tolylacetamide (3c):

Yield 479 mp. 149-181% [Li. 149-1519%; IR
(KBr): 3302 (NH), 3193, 3128 (CH stretching), 1666
(CO); "H NMR (400 MHz, CDCL): 2.16 (s, 3H, CH,).
2.31 (s, 3H, CH,), 7.11-7.12 (d, J=B.04 Hz, 2H, ArH),
7.26 (s, 1H, WH), 7.36-7.38 (d, J=8,16 Hz, 2H, ArH):
C NMR (400 MHz, CDCL,): 20.9, 24.4, 120.2, 129.4,
134.0, 135.3, 16B.6, [Found : C, 72.31, H, 7.57. N,
9.25 C,H, NO requires C, 72.46, H, 7.43, N, 8.38%).

M-{2-Hydroxyphenyl) acetamide (3d):

Yigld 42%, m.p. 229-231% (Lit. 205-210"); IR
(KBr): 3403 (NH), 3084 (CH stretching), 1658 (C=0);
"H NMR (400 MHz, CDCL): 2.13 (s, 3H, CH,), 6.85-
669 (1.J=6.72, 1.28 Hz, 1H, ArH), 6.96-7.04 (dd, 2H,
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ArH), TA2-7.18 (1, Ja7, 8.4 Hz, 1H, ArH), 7.38-7.47
(s, TH, NH), 8.66 (s, 1H, OHJ: *C NMR (400 MHz,
COCL): 23.8, 120.1, 120.5, 122.1, 127.4, 170.5.
[Found : C, 63.69, H, 5.84, N, 9.42 C,H,NO, requires
C. 63.56, H, 6.00, N, 9.27%).

N-{4-Hydroxyphenyl) acetamide (3e)

Yield 28%; m.p, 165-170° (Lit. 168-1729%): IR
(KBr): 3326 (NH), 3161 (OH), 1657 (CO); 'H NMR
(400 MHz, DMSO-d): 1.98 (s, 3H, CH,), 6.66-6.68
(@, 2H, ArH), 7.32-7.34 (q, 2H, ArH), 9.56 (s, 1H, NH),
9.65 (5, 1H, OH); 1“C NMR (400 MHz, DMSO-d,): 24.2,
115.4,121.3, 131.5, 153.6, 168.0. [Found : C, 63.72,
H, 5.88, N, 9,38 C,H,NO, requires C, 63.56, H, 6,00,
N, 9.27%).

N-{4-Methoxyphenyl) acetamide (3f)

Yield 9%; m.p. 139-142¢ (Lit 129-1329%): |R (KBr):
3191 (NH), 3130, 3071 (CH streiching), 1650 (CO);
"H NMR (400 MHz, CDCL,): 2.17 (s, 3H, CH,), 3.79
(s, 3H, OCH,), 6.85-6.87 (d, Ju8 Hz, 2H, ArH), 7.40-
7.42(d, J=BHz, 2H, AH), 7.53 (s, TH, NH): "C NMR
{400 MHz, CDCI): 24.4, 55.5, 114.1, 122.0, 130.9,
156.5, 168.5. [Found : C, 65.59, M, 6.57, N, B.38
C,H,,NO, requires C, 65.44, H, .71, N, .48%],

2-Naphthol (1)

Yield = 50% in all cases ; m.p. 120-124° (Lit.
121-125"% IR (KBr): 3254 (OH), 2824 (CH stretching);
'"HNMR {400 MHz, CDCL): 5.04 (s, 1H, OH), 7.08-
7.1 (dd, 1H, ArH), 7.14-7.15 (d, J=2.44 Hz, 1H, ArH),
7.30-7.34 (m, 1H, ArH), 7.41-7.45 (m, 1H, ArH), 7.62-
T.69 (d, J=8.2 Hz, 1H, ArH), 7.74-7.78 (t, J=6.5, 8.4
Hz, 2H, ArH). [Found : C, 83.54, H, 549 C HO
requires C, 83.31, H, 5.59%4].

Acknowledgement

The authors are thankful to The Head, Department
of Chemistry, Faculty of Science, M.S. University of

Baroda for providing laboratory facility. One of them
JNS is thankful to UGC New Dethi for financial support.

References

1. AT Dinkova-Kostova, C. Abeygunawardana
and P. Talalay, J. Med. Chem,, 41 (1998), 5287.

2. Y.R.Prasad, P.R. Kumar, C.A, Deepti and M.V.
Ramana, E-Journal Chem., 3 (20086}, 238,

3. A Cinarli, D, Gurbuz, A. Tavman and A.S.
Birteksoz, Bull. Chem, Soc. Ethiop., 25 (2011),
4407,

4, J. Salimon, N. Salih, E. Yousif, & Hameed and
H. lbraheem, Aus. J. Baslc Applied Sci, 4
(2010), 20186,

5. M. Yildizi, A. Kiraz and B, Dulger, J. Serb.
Chem. Soc., T2 (2007}, 215,

6. MK Khosa, S.A.S. Chatha, M. Nisar, K.M.
Zia, K. Rehman, M.A. Jamal and M. Yousat,
J. Cham, Soc. Pak, 33 (2011), 421.

7. N. Siddiqui, P. Alam and W. Ashan, Arch.
Pharm. Cham. Life Sci., 342 (2008), 173.

8. M. Ono, M. Hor, M. Haratake, T. Tomiyama,
H. Meri and M. Nakayama, Bioorg. Med.
Chem., 15 (2007), 6388.

9. PP Raja, M.5, Riyazulah and V. 5. Kumar,
fnt. J. Cham. Tech. Res., 2 (2010), 1998.

10. M. Zarei and M. Mohamadzadeh, Tetrahedron,
67 (2011), 5832,

1. JM. Patel and 5. Soman, J. Helerocyclic
Chem., 45 (2008), 1.

12, J.M. Patel and 5.5. Soman, J. Helerocyclic
Chem., 44 (2007, 945,

13.  5.5.P. Darsi, K.S. Nagamani, B. R. Devi, A.
Naidu and P.K. Dubey, Der Pharma. Chemica,
3(2011), 35.

Page | 277



382

14,

16,

NDIAN JOURNAL OF HETEROCYCLIC CHEMISTRY VOL. 22, APRIL-JUNE 2013

R.S. Balaskar, 5.N, Gavade, M.5. Mane, M.5.
Shingare and 0.V, Mane, Green Chem. Left.
R, 4 (2011),91,

K. Phukan, M. Ganguly and N. Davi, Syn.
Garm., 38 (2008), 2694,

AK. Reid, C.J. McHugh, G Richie and D.
Graham, Tefrahedron Lelt., 47 (2008), 4201.

17.

18,

18.

F. Hibbert, J.F. Mills, S.C. Nyburg and AW,
Parkins, J. Chem. Soc. Perkin Trans, 2 (1998),
629,

5.5. Soman and R. Baloni, Dissertation Thesis
submitted to The M.S. University of Baroda
{2007).

Al Vegel, In Text Book of Practical Organic
Chamistry, Wesely Longman Limited: UK
(1983), 1310. 315002012

Page | 278



Muonth 20014

Synthesis of Amide and Ester Derivatives of Naphthopyrone

Carboxylic Acid
LN, Soni and 8. 5. Soman™

Depatment of Chenustry, Faculty of Science, The Maharaga Sayairao University of Baroda, Vadodara, Gujarat 290002, India
*Eoml: strnbhangis@ rediffmail com
Received July 6, 2013
DOT 10, T jhes 2130
Published online (HF Month 2003 in Wiley Online Library (wileyonlinelibrary com),

= o
P

0 R

o7 X

The synthesis of varous amide and ester derivatives of naphthopyrone-2-carboxylic acid has been carmed
out by reaction of 1-naphthol with dimethyl acetvlenedicarboxylate, which gave a mixture of £ and £ isomers
of naphthoxy diester. The diester on hydrolysis with KOH gave comesponding diacid, which was a mixture of
E and Z isomers. The F and 2 isomers were difficull 1o separate, which were subjected 1o cyclization in
sulfuric acid 1w get oyvelized naphthopyrone carboxylic acid. This acid is convened inmo 1iled compounds,

A H.-rr*mr_'n'.ﬁ-' i freaer, DHIL, OH 200045

INTRODUCTION

Chromones (benzopyran-t-ones) are one of the most abun-
dant groups of naturally occurring heterocyclic compounds [1].
Chromones have remarkable biological properties such as
antituberculosis [2,3], Chromone scaffold has been recognized
as a pharmacophore of 2 number of bicactive molecules.
Disodium cromoglycate, the sodiwm salt of cromoglycic acid,
is a clinically useful antiallergic agent, particularly for bron-
chial asthma, and reported to inhibit the release of mediators
such as histamine, several kinins, and 2o on, of immediate
hypersensitivity reactions [4], which contain a chromone fng.
Heterocyelic analogues of dtonavir, HIV-1 protease inhibitor
are amide dedvatives of chromone-2-carboxylic acid [3].
Chromone-3-carboxamicde derivatives have been reporied as
moncamine oxidase-B (MAO-B) inhibitors [6,7], whereas
chromone-2-carboxylic acid derivatives are reported as mela-
nin-concentrating hormone receptor 1 amtagonists [8] or aden-

osine receplor higands 9], Photodimerization [10] reactions of

chromone-2-carboxylic esters and microwave-assisted synthe-
sis of various amide derivatives of chromone-2-carboxylic
acids [11] have been reported. Vercauteren e all [12]
have reported the use of activated alkynes for condensing it
with tryplamine Pictel-Spengler synthesis of tertahydro-
[f-carbolines, which involves acid-catalyzed ring closure,

RESULTS AND DISCUSSION

In view of these findings, we have synthesized varfous am-
ide and ester derivatives of naphthopyrone-2-carboxylic acid,

expecting to show monoamine oxidase inhibition activity
and antiallergic activity. Synthesis of chromone-2-carboxylic
acid was reported from our laboratory earlier [13]. No one
has reported angular amide and  ester  denvatives of
naphthopyrone-2-carboxylic acid. Present investigation re-
ports synthesis of anew class of vanous amides using two dif-
ferent methods and ester dervatives of naphthopyrone-2-
carboxylic acid.

Condensation [13] of  l-naphthol 1 with  dimethyl
acetylenedicarboxylate (DMAD) in the presence of anhydrous
K05 and dry acetone gave Z or cis and £ or rans mixmre of
dimethy] 2-{naphthalen-1-yloxyhmaleate 2. It was not possible
to separate the & and £ mixture either by column chromatogra-
phy or by TLC method {(Scheme 1) Earlier, 8. 8. Soman [13]
and J. K. Lynch [8] could not separate the Z and I isomer of
adducts obtained by the condensation of DMAD with couma-
rin and phenol, respectively. The IR spectrum of 2/2° exhibited
band at 1735cm ™" for ester group. In the "H-NMR spectrum
of X2’ four singlets at 6 3.65, 3.68, 3.70, and 4103 for methoxy
group clearly indicated that it is a 2 and £ mixwre. The singlet
at & 501 for one proton indicated 7 or cis vinylic proton,
whereas the singlet at 6 6,72 indicated E or trans vinylic proton,
All aromatic protons appearcd between & 6,75 and 8.34
confirmed the formation of 2 as cis-trans mixture. The ratio
of E and Z isomer of 2 was found to be 5743 from "H-NMR,

Mild hydrolysis of /27 in aqueous KOH (1%} at room
temperature gave a mixture of Z and £ or cis and trans 2-
(maphthalen- l-yloxyimaleic acid 3/3', which also could
not be separated into # and £ isomer. The [R spectrum of

2 23 HeteroCorporation
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3 showed bamds at 1713cem™' and broad band at
2500-3053 em ! for > C=0 and ~OH of carboxylic acid.
nee or singlet for methoxy group in
v the o e e e

Now, the abs

I“v

confirmeing i as 2 and £ mixiure.

Ccarbonyl group of chromone, in

Ih-: -..w:hzau::n The multiplet from & 7 81 to 8.53 for six
protons indicated remaining aromatic protoms {Scheme 1},

This acid 4 15 converied inio cormesponding amide 5 wsing
wo different methods { 14]. Formation of amide Sa—b wsing
1-(3-dimethy laminopropyi)-3-ethylcarbodiimide  hydrochio-
ride (EDC.HCI, 4, 4'-cimethylaminopyridine {DMAP) anc
amine gave very low yield, hence, we have used
UPG.;LL}'IL[IIUHUJ: ulll‘.l pl'l.[.'il.l'l'.'(l uILILI l'.lllUﬁ..d-E Ul ‘l‘ cLIILI l.[ll:ll ll}
reaction with pymolidine gave Se {Scheme 2).

We have synthesized wvarows esters [15] 6a—e of

naphthopyrone-2-carboxylic acid by using various alcohols
andd passing dry HCI gas as shown in Scheme 2. The structures
of all compounds were confirmed by their IR, "H-NMR,

Joumal of Heterocyclic Chemistry

Ba o e
Ba= 0

obtained by reaction of 1-naphthol with DMAD was found
to be inseparable cis and trans mixture. From 'H-NMR, the
trans isomer was found (o h-: a4 major pr{xll.ln:.l thian cis 150-
of

aid ir

mixture. Here, also trans isomer was found to be a major
product. Hence, the yield of naphthopyrone-2-carboxylic
acid was found to be less. The cyclized maphthopyrone-
Z2ocarboxylic acid  was n.unurmd into  correspording

0
“-r.!

IFOT 101002 jhet
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low, the naphthopyrone-2-carboxylic acid was converted
into the corresponding acid chloride and then treated with
amine 1o get the corresponding amide. Naphthopyrone-
2-carboxylates were prepared by using various alcohaols
and passing dry HCI gas,

EXPERIMENTAL

Reagent grade chemicals and solvents were purchased from
a commercial supplier and used withouwt purification, TLC was
performed on silica gel F2534 plates (Merck, India). Acme’s
{India) silica gel §60-120 mesh) was used for column chromato-
graphic purification. Meling points are uncorrected and were
measured in open capillary wbes, using a Rolex melhing poim
apparatus (India). IR spectra were recorded as KBr pellets on
PerkinElmer RX | spectrometer, 'TH-NMR and PC-NMR spec-
ral data were recorded on Bruker Advance 400 spectrometer
{400 MHz) (India) with TMS as internal standard. Jf values are
in hentz, Elemental analyses were recorded on Thermosinnigan
Flash 11-12 series EA. Mass spectra were determined by ESI/
MS, using a Shimadza LOMS 2020 apparatus (India).

Dimethyl 2<naphthalen-1-vloxyimaleate (22%). To the
solution of L-naphthol 1 (3 g, 347 mmol) in dry acetone (30ml),
anhydrous potassium carbonate (16,77 g, 12,13 mmol), a solution of
dimethyl  acetvlenedicarboxvlate  (4.26mL, 347 mmol) in dry
acetone (100mL), was added very slowly, The reaction mixtre
was refluxed for 8 b in water bath, The reaction mass was pouwred in
erushed ice and extracted with ethyl acetate, whicl gave a viscous
liquid afier the removal of ethyl acetate, which was purified Ty
eolumn chromatography using 3% ethyl acetate in petrolenm ether,
which gave a brown ligquid. (7.2, 725%); IR (KBr): v 3053, 2880,
1735 ¢=C=00 em ™ ;'H-NMR 400 MHz, CDCLL): 8 365 (3H, 5),
3.68 (3H. s, 370 (3H, s), 403 (3H. s), 5.01 {1H, s cis vinylic
protony, 6,72 (1H, s tmns vioylic proton), 673677 (1H, dd,
J=80Hz, Ar Hy, 7.26-729 (1H. m, Ar H), 7.31-7.35 (lH. 1,
J=7.6, 8.4Hz, Ar H), 7.47-7.51 (1H, 1, J=7.6, 8.4 Hz, Ar H),
7.55-760 (3H, m, Ar H), 7.79-781 (IH, d. J=84He, Ar H),
TRETET (IH, m, Ar Hi, 791-793 {1H, m, Ar FO. 800504
(1M, m, Ar H), 834236 (1H, m, Ar H.

2-{Naphthalen-1-vloxyimaleic acid (#3').  The adduct 2/2°
(7. 2g, 2510 mmol) was stired with 1% aqueous solution of KOH
£350mL) for 3h and then left & room lemperature for 12h. The
reaction mixture was extracted with dichloromethane (S0mL)
thrice, and the aquecus solution was acidified with concentrated
Ivdeochloric acid ull pH2: the solid olMained was fltered. the
crude product dissolved in saturated sodium bicarbonate, filened,
and reprecipitated using concentrated hydrochlone acid to give a
vellow solid, (6@, 92.4%); mp: 165-170°C; IR (KBri; v 30583,
2880, 1713 (=C=0) cm'; TH-NMR (400 MHz, DMSO-d e &
4,95 (1H, s, cis vinylic proton), 6.66 (1H. s rans vinylic proton),
6.76-0.678 {IH. d. /=7.6Hz, Ar H). 7.38-7.42 (2H, m, Ar H),
754-764 ¢6H, m, Ar F), 787-804 (4H, m, Ar H), 817-58.19
{1H, m. Ar H).

J-Oxo=tH-benzo[hjchromene-2-carboxylic  acid (4, A
mixture of 3F {1 g, 038 mmol) and concentrated sulfuric acid
{L0mLy was heated at 60-70C for 2h. The reaction mixture
was poured into ice. The solid product was filtered, washed

Joumnal of Heterocvelic Chemistry
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with plenty of water, and dried, which gave a vellow solid.
(0.2g, 21.5%); mp: 148-150°C; IR (KBri: v 3445 (OH), 3084,
2084, 1724 (>C=0), 1641 (>C=0) cm™ " 'H-NMR
(400 MHz, DMSO-d;): & 7.07 (LH, &, Ar H), 7.81-7.87 (2H, m
Ar H), 7.97 (2H, s, Ar H), 8.12-8.15 {1H. m, Ar H), 8.48-853
{1H, m, Ar H).

General method for 5a-5h.  In a solution of 4 (052,
0.2l mmol) in dry THE (30mL)y EDCHCI (0.4 2, 0,21 mmaol),
DMAP (0,05 g, 109, triethylamine (0,61 mL, (0,43 mmol), and
p-toluidine/morpholine (0,21 mmoly were added. The reaction
mass was stirred at room temperature for 8 h, and then poured
imo jce and extracted with ethyl acetate, After removal of
solvent, it gave a brown liquid. The erude product was purified
by column chromatography using 5% ethyl acetate in
petrolewm ether,

d-0xo-N-p-talyl-dH-benzofl Jchromene-2-carboxamide
{3a). This compound was obtained as a brown solid. (01253, 14%);
mp: 205-210°C; IR {KBr): v 3348 (NH), 3063, 2919, 2855, 1694
(=C=0), 1651 (>C=0) cm™"; "HNMR 00MHz, CDCL) &
241 (3H, &, CH;), 727720 (2H, d, J=8Hz, Ar H), 741 (1H, s,
Ar H)y, 7.66-7.68 (2H, d, J=84Hz, Ar H), 7.78-T7.82 (2H. m, Ar
Hy, 7.85-7.88 {1H, d. /= 8.8 Hz, Ar H). 7.99-8.02 (1H, m, Ar H).
817820 (1H, d, J=84He, Ar H), 846848 (1H, dd, f=3.46,
6.0Hz, Ar H), 8.57 (LH, s, NH); "C-NMR (400MHz, CDCL): 8
2105, L1390, 12056, 120,78, 12006, 12170, 123458, 12644,
L2771, 128,68, 129.87, 12991, 13375, 13573, 13636, 152.62,
154200 156,97, 177.79 ms: pe's 353000 [M+ 1]": Anal. Caled for
CogHsMOy: C) 7658, H, 4.39; N, 425 Found: C, T6.45; H.
4.69; N, 4.41.

2-fMorpholine-d-carbonyi}-4H-benzofh jehromen-d-one
{50}, This compound was olMained as a brown solid. (009 g,
2% mp: 96-100°C; IR {(KBrx v 3099, 2961, 2921, 2851, 1743
(=C=0) 1645 (=C=0) cm "} "HNMR @00MHz, CDCLY &
2.03-206 (4H, m, -N- CHg), 3.67-3.70 (2H, 1, -O- CHk 4.51-4.54
{2H, 1, -0- CHe), 7.30¢1H, s, Ar H), 7.73-7.80 2H. m, Ar H.
TR4T786 (1H, d. F=88Hz, Ar H), 797-7.99 {1H, dd, /=16,
6.8 He, Ar H). 8.14-8.16 (1H. d. S=85Hz Ar H). 8.64-8.66 (1H.
dd, f= 1.6, TaHz): Anal. Caled for OB NOy: C, 60.80; H, 4.89;
N, 4.53, Found: C. 70015 H, 4.63; N, 471,

2efPyrrolidine-1-carbonyl}-d H-benzofh johromen-d-one
{5eh, Compound 44005 g, 0.21 mmol) dissolved in dichloromethane
(S0ml) and dimethylfomamide (2 o 3 dropsh, oxall chloride
(0079 ml., 083 munoly was added slowly 10 the reaction flask and
stirmed at room temperature for 2h. the solvem was removed under
reduced pressure. The acid chloride obtained was dissolved in
dichloromethane (S0mL), triethvlamine (056 ml. D40 mmol),
and pyrroliding (0,17 mL., .21 mmol) were added and stirmed at
room temperature for Bh, The reaction mixture was poured into
water and extracted with dichloromethane (50 mlL) thrice, The
selvent was removed under vacuum and the compound purified
by column chromatography  using 3%  cthvl acetate in
petrolewm ether, which gave a vellow solid. (0.16 g, 23%); mp
L05-1107C; IR (KBri: v 2963, 2919, 2873, 1629 (=C=0)
em”'; "H-NMR (400 MHz, CDCL): & 2.05-2.08 (4H, m, CH,),
3.74-3.77 (2H, t, CHo), 3.84-3.88 (2H, t, CHa), 695 (1H, s.
Ar Hi, 7.69-7.78 2H. m. Ar H), 7.83-7.85 {1H, d, /=84 Hz.
Ar H), 7.97-7.99 (1H. dd, J=8.0Hz, Ar H), 8.17-8.19 (1H, d.
F=84Hz Ar H), 830852 (1H, dd, J=58.0Hz, Ar H); Anal
Caled for Oy HpNOg: O, 7371 H, 5.15; N, 475 Found: C,
T3A45 H, 533 N, 4.91.
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General  procedure  for  Ga—6e. Compound 4 (L1 g,
0. mmol) dissolved in differert aleobols and dry HCL gas was
purged for 2h, Different alcobols were removed under vacuum,
poured into ice, and then extracted with dichloromethane; afier
removal of the solvent, it gave a brown liguid. The crude
compound was purified by column chromatography using 5%
ethyl acetate in petroleum ether 1o obtain corresponding ester
derivatives,

Etiyl 4-oxo-4H-benzolh johromene-2-carboxylate (6a).  This
compound was obtained as a yellow solid, (0003 g, 2790 mp: 126
128°C; IR (KBry v 2994, 2904, 1730 (=C=0), 16531 (=C=0)
em ' THNMR (400MHe, CDCl) 8 L49-1.53 (3H, t, CH;),
4.53-4.55 (2, q, CHL), 7.20 (11, s, Ar H), 7.73-7.77 (21, m, Ar
H), 7.81-7.83 (1H, d, S=8.8Hz, Ar H) 7.94-797 (1H, dd,
A= 16, T.2He, Ar Hy, 8.12-8.14 (1H. d. 7=8.4Hz, Ar H), 8.63
8635 (IH, dd, J=16, 76Hz, Ar H); "CNMR (400MHz,
CDCL): & 1418, 63.02, 116,09, 120,34, 121.03, 122.89, 124.04,
126.20, 127,53, 128.11, 129.92, 136.23, 13165, 133,65, 16049,
17818, ms: v 2690 M+ 1]"; Anpal. Caled for C H20,: C,
Tl6h H, 451, Found: ©, 7135 1, 4.7

Methvl dovo-<dH-benzoflijehiromene-2-carboxylme (6B This
compound wias obtained as a vellow solid. (0,025 g, 24%): mp:
148-150°C; IR (KBrye: w 3072, 20356, 2922, 2833, 1746
(=0=0), 1655 (=C=0)cm'; "H-NMR {400 MHz, CDCL5): &
4.01 (3H, s, CHa), 7.29 (1H, d, /= 1.2Hz, Ar H), 7.72-7.79
(2H, m, Ar H), 7.82-7.84 (1H, d, J=8.8He, Ar H), 7.95-7.98
(1H, dd, J= 1.6, 7.2Hz, Ar Hi, 8.13-8.15 {1H, d. /=88 He,
Ar H), R.64-865 (1H, s, Ar H): "CNMR (400 MHz,
CDCL:Y & 3360, 11621, 12030, 12000, 122.85, 123.95,
126,17, 127.52, 12800, 129.92, 13620, 15134, 153.57,
160,98, 178.02; Anal. Caled for CH,q0, €, 7086 H,
396, Found: C, T0055; H. 4.29,

Isopropyl deoxo=dH-bengofi Jolromene-2-carboxylate (6e). This
compound was oained as a vellow solid. (0,026 g2, 23%); mp:
122-124°C; IR (KBr): v 3059, 2885, 2834, 1732 {=C=0),
1683 (=C=0) co ™' TH-NMR (400 MHz, CDCL): 6 148 (31, s,
CHz), 149 {3H, s, CHa), 532540 (1H, m, CH), 7.73 (1H., 5, Ar
Hi, 7.74-7.78 {2H, m, Ar H), 7.83-7.85 (1H, d, Ar H), 796-7.99
(LH, dd, £=1.6, 8.8 He, Ar H), 814216 (1H, d, S= &8 He, Ar H),
8.65-8.74 (IH, d, J=7.6 He, Ar H); "C-NMR {400 MHz, CDCl5):
G217, 29072, TL24, 11596, 12056, 12103, 12291, 12408,
126,18, 12752, 128.11, 12991, 13625, 151.95, 153.69, 15998,
L7830; ms: o'z 2829 M+ 1]7 Anal. Cialed for OO0y C,
T2.76; H, 4.31. Found: C, 72.33; H, 500,

Allyl d-oxo-<dH-benzofli fclhiramene-2-carboxylale (6d).  This
compound was obtained as a yvellow solid, (0004 ¢, 3495 % mp:
96-92°C; IR (KBr): v 3059, 2885, 2829, 1732 (=C=0), 1683
(=C=0) em ' "HNMR (400MHz, CDCL:) & 496497 (2H,
L—OCH:), 341-544 (1H, dd, vinylic terminal proton), 351-5.56
(IH, my, vinylic teminal proton), 6.02-6,13 (1H, m, vinylic proton),
7.300 (1H, s, Ar H), 7.72-7.76 (2H, m, Ar H), 7.80-7.82 (IH, d,
S=88Hz Ar H), 7.94-796 (1H, d, J=T.6Hz, Ar Hi, 8.11-8.13
(1H, d, J=858Hz, Ar H) 8.61-8.63 (1H, dd, J=1.6, 7T.6Hz, Ar
Hy: PONME 400MHz, CDCLYE & 67.26, 11629, 119.86,
120,33, 12105, 122.86, 124.00, 126,25, 127.56, 128,12, 12995,
13080, 136,24, 15140, 153.64, 160,20, 178.08; ms: ne'z 2810
[M+1]7: Anal. Caled for CyaHy0y: C, 72.85; H, 432
Found: C, 72.63; H, 4,50

Jowrmal of Heterocyelic Chemistry

Yol 000

Byl d-oxo-4H-benzoflfehramene-2-corboxylate (6e). This
compound was obained as a vellow solid. (0,04 g, 32%); mp:
84-867C; IR {KBrk: v 3099, 3036, 2959, 2872, 1744 (=U=0),
1651 (=C=01 cm "; "H-NMR (400 MHz, CDCly): & 1.02-1.06
(3H, 1, CH:), 1.32-1.57 {2H, q, CHz), 1.83-1.86 (2H, m, CH.),
4.46-4.49 (2H, 1, —OCH,) 7.26 (1H, s, Ar H), 7.71-7.73
(2H, m, Ar H), 7.77-7.81 {1H, d, J= 8.8 Hz, Ar H), 7.92-7.95
(LH, dd, J=1.2, 8.8 Hz, Ar H), 8.09-8.11 {1H, d, f=88Hz,
Ar H), 8§.59-8.62 (1H, dd, J=1.2, .8 Hz. Ar H; ""C-NMR
AO0 MUz, CDCLY): & 1373, 19.17, 30.50, 6676, 116.06,
L20033, 12102, 12286, 12403, 126,20, 12753, 128.11.
12691, 13623, 15164, 15365, 16052, 178.19; ms: mi
2969 [M+1]7; Anal. Caled for CyeH,004: C, 72.96; H, 544,
Found: C, 72.67; H. 5.61.
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ABSTRACT

We have symthesized various coumestan derivatives fram 4-hydroxy-2H-benzofhfchromen-2-one 2. Oxidative
cyclization of 4-hydroxy-2H-benzofhfchromen-Z-one with catechol and pyvrogallol in presence of sodium acetate
and potassivm fodate gave 8, 9-diivdroxy-GH-benzafhfbenzofuro[ 3. 2-c[chromen-G-one 3 and 8 9, [0-trilivdroxy-
Gif-tenzo(hf benzolura (3, 2-cfehromen-G-one 4 respectively. These coumestan  derivatives  and  d-hydraxyv-211-
benzofhfchromen-2-one were condensed with dimetliyl sulphate and differest mono andior di alkvl halides in
preseace of base like anhydrous KoCO4 and diy acetone gave correspoending condensed or cvelized coumestan Ga-d,
Fa-d and 4-hydroxy-2H-benso (bl chromen-2-one 5a-b derivatives.

Keywords: naphthocoumarin, naphthocoumestan, anticancer activity

INTRODUCTION

Coumestan ring system is present in number of natural products like coumestrol, psoralidine, pterocarsin I,
lucernol 2] and wedelolactone [3]. Coumestans represent an important class of natural oxvgenated aromatic
praducts responsible for medicinal effects. Eclipta alba [4] and wedelia calendulacea [5] are the plant sources of nor-
wedelolactone and wedelolactone. Both of them show medicinal effects such as antihepatotoxic, antihypertensive,
antitumor, antiphospholipase Ap and antidote activities against snake venome |G-9].

Coumestans belongs to the fMavonoids category of phyloestrogens, which have diverse pharmacological properties
such as antihemorthagic, antiproteolytic, antibepatotoxic [10, 6], antiphospholipase and antimyotoxic activity [11].
In wraditional Chinese medicine, coumestans are used in the treatment of septic shock and in Indian Ayurvedic
medicineg as a treatment for liver diseases [12], skin disorders and viral infections. Coumestans have also been
shown to reduce cancer risk [13] due 1o their structural similarity to phytoestrogens, A series of coumestan
derivatives were recently reported as HCVNSSE polymerase inhibitors [14] and they also found to inhibit binding to
the GABA, receptors from the rat brain [11]. Wedelolactone has been shown to inhibit the NF-«B mediated gene
transcription in cells by blocking the phosphorylation and degradation [15] selective 5-lipoxygenase-inhibitor [15]
and LPS- induced caspase-11 expression inhibitor [15], Coumesiral has been reported 1o have sirong estrogenic
activity [16]. Coumestan derivatives have been reported to show inhibitory effect of lipid peroxidation [17] and Na',
K' ATPase activity |18, 19].

MATERIALS AND METHODS

Chemisiry

Melting points are uncorrected and were measured in open capillary tbes, using a Rolex melting point apparatus, [R
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spectin were recordeed s 1800 dises oo Perkin Elmer KX 1 spectrometer, T BAE and 0 MBI specmral dati wiers
pecordedd Trom a Draker Advanee 300 spectometer (00 M2 and Advanee 400 spectromieter (400 ML, TG wis
performed o silicn gel F284 plates (Merckl, CHM elementa] analyses wire rocorded o Thermosdinigan Flasi 1]
1& sisries A

:'I'}'II"IMH ol |I}'ﬂ'lll.'l}l' LN Depgol b ol omedn 2 o [I:}

Nosolonion of Z aceryD 1opgalbical T (000010 soll die cliealiv]l carboiute CRD ) wis adoded slivwly o pailvert gl
schiviie (LR TR gial) diiader ainivddioms ot PHghly exotherivle peneion wies observed, 10 swas thian allosed o
coscal v podn teingeeratiire, Pihniicd (000 il s aoloded o decoimgaose e direacteal sociiim, T feae o inass wWios
Pl ptired b swater (250 ml) and e aqueons Byer washod twoce wille petrodeom eiler (50 mil), Concenirated
Fyilvochlorie acidd wis aililed slonly o the acpeons lyer bl pll 2 sl the solil oltaiied wis collecied Dy
Ulivatien, The crade produet erystallized from sbanol o give 4 Dydrosy 21D bezalbebrmmen 2 one 2 as gl
sellonw salicl Yield 9690 mp SET ZEACC (L FRATC [ D (RDr, ew Y 2R 2926, 1604 1461 T MM
(AMS0, g, & ks 583 (s, V1L O 0 oo, F00 FF0 Gme 01 Acly, TEG P84 (m, 200 Arl ), BA8 BRI Gm, 111,
Arbln L8 ds, 111 Ol Yo NI (R ED, i, & ppm: 108, 1L GE DIAT, 12205 122,66, 12406, 137.80,
PeB 6T 1@ En, PG Y. TRV e, 162530, 167 16 Plemental Anlysis or Ol Oy Calealaed, S 508 11 580
Povtrned, e O FF5: 11 08,

Coneral procedurs Tee syotlesis of 3 and 4

I scluion of 2 03 g, LAYS mmoll i D water: aoetone (50 mill, sodiom acetaie (4 gm, 18T mmoli and
civtechol or pyrogallol (980 mmol) were sdaed, Beacton mixiare wis sieeed o room wemperatine for 10 miiites,
Mimire of BICy 00 g, 42055 mmold aeel sodiom soetaee A gm, ABETE mmold o bot sater (00 mil) was adided
slowly 1 e penction Thsk b period of 200 mimees aind stleeed at o wimpertire Tor B0 minaes, Solid prodic
siepaaritied wins DHered and svislied witly Bot sealer, Coude prodioel swashed wiitl ot ethasol (=500 mil) ad o
PP LRI Crler [R50l s el

Sjpeciial Data:
H B dlilyilioxy HI[ Begiza |l beinzolura 2 cloliromen G one (3
Waelel 89w =3000C: RO B, cm T 06, 1T0E, 1609 Mal Farmnae: © 61600,

0o ||I'H.|Iﬂ'.i."|' il |Jl.'lIl.ﬂlllllllll'lll'ullll alibd elchromen & o (1)
'\’qurl A g =007 TR O B, em T 384, 008, 1734, 1583 Mal, Farmula: Oy,

Ceneral Proceiirs Tor syiilsis of va b, Ga boaid Ta b

EF im0 g Do) dlissodyved i 20 ml dey aeetone, Freshily Gosed 100 CF R o) ol elimat byl sulplinte on allyl
Brosmwiels s deded (100 eepd o reaction Dask sl 00 was refloxed Tor 10 hours, Heaciion mss wis pored inice
wiiter, soliel cruele prodie: obitained wis Tiered amd wished with water, Crade product wis washod with Dot st
(R G0 ml) el hot petrolenm eher (=50 mll and dried, Cormpound Sa B owas puriliel by column chromaiograpshy
s S Pl peetated petrolenm el

Spectral Data;

A et hogy 211 Benzn| bl hiromen 2 one If.m}

Naelol DO g Tad DAE70: TR (T, om e OTE, 2916, 28406, 1704 T NME (G, oy & ppmd: ADF (3, 5,
OCH) SR OH, s €8 protonh, 284272 (3H, wm, AcHE, PEZ700 {2H, wm, AcHb BA28.0 (H, m, AcHL: 1
RES I |;{ RO ol & paenks GGG BO0 V100, PIE G, 1227, VEED 200 1271 1274 1ERA, 1A52, 1607, 1631,
TET A Hlesrmenital ,-"mih-'-h fiar £ HII|,.I:’J,, ilewilated), N O FACEE FL A AG, Powped, 6 O 74,40 104,18,

A allylony 21 heneol hjchromen 2 one {fplr}
'Hrqfl Wl g 200020570 117 [I'T.I'lr ey B002 302E 17H: 'H Mf“ll-i (OO ol Al AT ERL del, 0T,

A 3R (L o, vinyd proton), 555 558 (L k. vind protont, 578 (L w, CF proton), 610 617 (1L m,
vuwl paeien), FO0A4 TR0 G . J"-.rlli FRHETEY(EH, m. Acll, B, "I-"I- BOAT OVEL ww, Arlly: 70 RMIE (010, o, &
e WL BOCS DO, TIEG, 1107, 227, 1220, 1299, 127.1, 27.8, 1 28.8, 1907, "I’.r.’ PEOE, TR0, 1062
l'.Ii'rur*m:tl Aailysis Gor Ol O Caleulntei, M O ?!'ﬁ.IH: FEATO, ol M O T4 453,

B, B dinwthoxy GH ez hbenzoluro[3,2 clehiromen G one (T}

Yiekl; £2%; i 250 2010 TR OB, cm ') LT, 1200, 107D, 998; T NMR DMS0, g, & pen; 302 3,03 (611,
i Ol 7310 HH s, A TAL QL s Acll), 703 F00 G200 m, AcTD, TF7 F8Z QUL e Art Dy, 700 704 (201 .
.l'?"l.IHEl? T"‘r;] BA0 (N e Arl il I'Irunrnl.nl Anabysis Tor Capl LU 8 Calealated, % O F28E 1 AOT, Fownd, % O
FRY AR TR
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B bis(allylosy) G Bemeo| B henaalug uLh! o b G owe (G

Wield: 44%:: i =d00°0 T (KB em Yo oqnE0, 2RAD, TR YH WM (DA oy, & prmbs 464 405 (AL o,
CHCH protons), 5,25 5,.'rn (AL el vl pretonel, S48 54T (2HL codo il protonss, G035 600 (21w vinyl
proviensd, FOA0 (0 HL s Aty TAS illl. s, Artp TA0-F66 (21 m, Arll, T.768- 781 (LHLG o Artly, 70007 9% (2H m,
Arth, BAZ 550 (HHL e Arbl Blemental Amalysis for CopllaOy Calewlagect, e O 7537 HASE, Foomd, % O
TR T6 11472,

B0 1ttt iy GO Sewven] B Benenforo) 3.8 o che e fb anie (T}
el AR g = 30070 TR (S B, em " 3200, 30T5, 20406, 2024, BE51, 1795, 1684: Mol, Formula: € kel

o0 10 deksdalbylosyd GHD bewsen | blreneoloras| 3.2 o]chromen G one (Th)
el A2 g 30000 TR (K He, em Py 2008, 2851, 1675 Mol Formuda: a0,

Coemeral Procedore Toe syoi bests of Ge o and Te o

Compenial & o A (D gy D oeepd ebissodvesd b 200 mil ey et oo ronned i Gask, Proshily Tosee 1,000 786
|:1|:|! wicd b solelilateed Brosnes alkowwe wore mlidod (LG |:1|:|! b oo veaeblon Tlask sl B woe rolloged Tor 10 Tenars,
et mss praned o leeowaden, sl ermle prasloel obsatned, T owas DHeecd wod seashaad swiih seater, Omede
pres ol s rellosed with b sthonesl (50 el ) el b predeadeam othoe {3=500milh, Dlered and deiesd,

Spaectral Daia;
R 0 eibylenedbosy G0 oo | b bemealara| 32 o)cbiromen 6 aone (Gc)
el A e = 0000 TR (R e, em P BTIT, LA, 1255, TR0, 1030, 765 Mol Formla € H .00,

B, O mwi by lonwdlixy G IHLllMllIlIIutlulflll||H-!‘ clebirsmen & o (G}
el TG e =H3000C TR T He, em " TR, L3RS, 12TR, IORS, 10O, 765 Mol Formula Cplleil,,

B, B vibyloneddioxy, T byadeaxy GH hl.llmlllllllutlu.nflll||| 328 e lebrsmen 6 ane (7o)
el AT g =H000CT TR T e, em Ve G, D720, 1652, 1630, 1241, 10, 1080, 768 Mal, boemmiila: O H

R, B mwihiylonedinxy, 10 hiydreoxy G1H Imlu.nlhllulll.rnl'lll'\nl'l 2 |: birsemeeny G e (Tal)
el DA ija! =AC TR (KB, cm y: BATECVTEL VEEG) CEAT LRy, T, 0, B TR Mol Formula

g

Amileancer aciivily: Precedore o assess dhe elTeoct of ibe commmesian devivabives on melansmas cell soevival
wsing ihe MTS Maoilusd

sl prlates sere slated with TODED Mo (DBERM o TOW Fetal Bovine secom aned L-Glolomive ) eontalong G000
collaiwell Stack sadubion o 20 mibd svae prepured Tor compuonads o get o sedles of coneentiatlon danglog fromne G
i e CLGEG L TOO il ol thiese commponmcs were aclded to e 9 wel plites, Thesae 90 sell plites swore inealated

ab 3770 o b itk e abtor vnder 5% CO0 atmosphere for 24, 48 and T2 Do

I st nhilelcry effieacy of camcer coll s vopresenting differenl caneer Dypees Tollesving Teaiment with
cornpraang s s mewsnred sl e 304 S dhmaeby el 2o DB carbsy et by prhenye D204 sl fopalen
EH- teteneolinm (M5 assny (Promega, Madison, WL In beiel, 5 = 107 colis e el 1000 L1 ol TRME R
corililingg TOW FHES swere gioswin (i on 86 owell jeate Doe 24 Dol tesatedd swith edileer coiitrol LI5S0 sehicle or
e reistingg coneenimations (020 DU b of these commpoids Tor 249, 48 and F2 T The proporion of vielle oells
comnpired 1wy contel LIMB0Y trentd colls were detiermibined isiing MO assay aied 10000 values caledlatig] sling
“m|'.|l|’|1l|| Prisn, wersion 441 H:IJ1|:|I||!I11| sofbwviine, M |:|I1'|.:n. AL e “'-," vinlue T each l.n||l|!".n||ll.| Wil
cheterindined By wl Benst thidae ncdepeident experbivents aimd ceprosenbsl wili o standard ervor. [ valies 1 oM
compceitinion of all eommgmiids swore @iven i Dalale 1, Flggiive 1 oaied Fgire 2

RESULTS AND EHSCUSSTO0MN

Clhemisiry

A-Aceiyl Topagdanhel T oom Hloesa by senction [20] sl alethy D carlasiante i preseice of pilveriaed sodinim giave 4
Byl sy 20 Dadvsc D ehvosmiei 2o 2 |21 Oxidative eveligntion [22]) of 2 sl catechol ol jpwerocallil i
pares e ol sl acetste arel pootassiiim Belale ghve coiresponding  cominestian derivativies 30 dilyvdiosy - i f
PrirpvA ] Bl beivaodnro | 2 2 o e hrdimdn - Goomee 3 aiwd B T ilsalvosy - S0 v S bervaol o | 4,2 - clehivosmed -boode 4,
Bty of A Biyalioss D s D el 2o & il coiimmestng dlid iyt yes 3 a4 st ciinethyl soiljdute aiwl
wirhoiis o OF Ol o kg i paresiiicde OfF DBise RS anhvdions K000 [22] give correspiormliingg alky] deilvinlivis
ool comiinaestiniis b B, Gl il S il s sl di Sl 1,
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I Al
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e He (Y = Wy=Ry=H, H=i,=0H
o e A= Ryl Ry K==
1"-1 |I Tl‘ |I
0K,
e W=l B R, (TP I R I I el
B R, R u :-r"“'-"'* e B 1 1T O,
[k
Toe R oll Rym Ry Ry o0V Tow By <ML 3,00, o=

The Byl Ry Ry Ry e By, Ity O, -1,

Soliedie 10 Heageinn ail ool (o prilverized sodliaim, disby ] carivemsie, 10 aaio; () Catarbol 3 anid pryiogallal 4, CTLOCO NG,
BIE,, A timie, it A0 dia, fod J008, Ty acetiie, iiiieiliv ) saljlate o i of il sibsiiiaited balide, 10 b

Ther T spaectrvmm of comprnnd 2 shossadd ool o 3423 cm U o beyelronsy ] peromngs el Dol ot T4 cm Ui eorbaomivl
promps swhibeh exist fn 2wl 20 ferm, In YH MM af 2, stogled of & 589 mclicated preslenn ol £, Bl preak o wl &
1A Do ated Byedvosy peotor ol O 4 el all aiomiatls prodons sere observed Detween 5 760 H G0 thies o onfirined
Thee Toiinat i of 2.

Thiee T agaec trvim of compound b sbioswied |1I.1||P|ﬂt1nl'n||m ol Bncd oot 3423 cmc ' aod appenrance of Daod ot 1734 e’
wlhiteh eonfivimed presence of lnctcne dog. I TH NME of Baosiogler o & S07 for thiee protons ldicanted methoxy
pioipy, alingler at & 581 dodlonted proton of O3 airl all aromalle protsis were olderved Detween & 7 G B
coiliemied e Tormaton of G o T NME of ol iplet an & AT AT S Tor vwi protons dnclicated - O peotons,
Py dloiblet o dloiallens ar & GoAL GAR aidd & 503 GOOH each dncleated presence of viny | protors swhile all aroinatic
jurcstesnis st clmeryvied Detwieen & T4 B BT thus conlivmed Tormation of Gl

Thiee TR gt o comnpraaind 3 shossed Bl o 34 DG ool TR ¢m Ffiar Peyelrons s D pgrenags ol D toine carbaony| gronp
Pespreetivedy, The TH MBR o Ga shossadd deonalslen o & 3025008 T Iwu mt ey gonps wndd ol aromalie prodons
wore olmerved Detween & T30 561 conlimmed formation of G, The "1 RME of 8l showed  donbilon st & 464465
for Py presomes dnclleated - OHTH grongs, denalsder of donlbslen ol & 525 520 Tor twor protons, ancother dodilsled ol
chalelet ol & A2 54T Tow twe pretones Tidieated e vinyd protone (O T O valiipelet o & 508 Toe e prodaons
bnchented ane Yoyl predon (- CHY eaebo thos confivmed the presence of Daoallvloxy gronpes and all oot e prodons
wore obmerved Delwoen & 73R conlivmed Toemotlon of Gl The TR specivom ol compennnl fie shosad
disnpprearniice of band ot 2416 om ' for hvdroxy] grop s presence of band at 71T om? for nctome giooiij
confirmed formation of Ge. he 1 speciiam of compouind Gad showed disapponinnce of band o 2416 cm" for
Iveliroosy ] groiip aic jresenee of Baisd ar 173 cm ' for lnetone groug dicated formation of G,
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The |14 spesctrom of compound 4 showed band af 3845 cm " for hvalrasy) gesup and band st 173 om ' for lactane
carbanyl group condivmed foemadion of 4 The T specirom ol compounmd Tashoswed disippeasranee of bancd af 3843
e ! lor byalresy] grongs sl presence of bands ai 3200, 3075, 2046, 2024 and 2851 cm ' ane Boeed o 1733 em ' for
Pt grospy combrmed formaiion of Ta The T spectram of compoumd $h showed disippesranee of baned o 38403
e owihille prosence of bads ol 2O0E and #ESD cm and Bangd g TETS Tar earbony] group confirmed Tormation ol
Th, The T3 spectam af eompound Te shawed disspraeanes of b st T84T em and prowenes of baned st 1734 em*
for lactonee grovp contirmed formation of Te, The TR spectram of compoon e shiowed disappearne e of baned ai
AEAT co " whidle presence of e ot D720 cm " Tor leetone group confivmed Tormation of T,

Antloancer aotivily

Al synihestaed conmestan lerlvativis were sereened agalonst bwo melaema caneor cell Toes DACC 9000 gl

ATEM, oo bregsl caneer cell Hoe BMOF-T el Dbroblast (P24 1 Procarsers of normal eells) to determine 150

il ol synihesteed componmils by MTS Assny meilwsed (23] The rosolis are slesan in Tabde 1 Fgore 1ol

Figure & rospunetively

Pislale 10 088 o ol vonnproumnads aggasinsd soeelamoms cell Boes DACCBEE pnod ASTIM

el Baves

| LIACL -0 | AR M
F ]

EARETTE EONER DGR RN O
R RID 1441 i} [I0EN IR
ERENED I H [E .'|_"_|_|_H_5|_"_|_J_.':\.|_I__"_
I3 24 Chly | 2405 [ Adah 1444 | bl d

15 Al ) 145 (L

jﬁﬁ:ﬂ%’:_:_ [N R AL

Wt A _| ]':]I . _.J_|II“4I_ |
15 20 {4il) Lt Lt | Tl

FANE D Ehvmen giet warlendane

St

Cronmponre) 3 showed nosignilieant aetiy iy 0 AR Bl shiosw G0 inbibsition wgs o 72 bagainst LACCSET coll line
while ST anel SHE inbdbition observes alter AL ane 78 b orespectively against ASTEM coll Tine, Compoord Ta
slhcvwisd] N el A T8 b bt alter A8 and §8 bowspectively against DACCOE coll Do while 195 coll growih
upr b AR B oagadnst ASTLM el Hne was observed, Compound Th showed TIRS coll growil up o 45 1 then shiowy
AS i on aggiost LLACCT coll lne while 355 inhilsiilon abseryec g o 48 baned iher e st Dot e bnge g
ten T2 b agidnst ASTSM coll Hne, Compound Te showed T8 inhibiiion after 48 B then decreasing activity o G0
alter T2 bmgins: UUACCTRD coll line, Compoumed T shossesa mo stgnDeant activity oy e A8 1 ok il shiow 308
vt v e T2 1 against LACOS0R ol Hoe, Compoone 4 shosseol 2050% aned 2006 inbdbiton alter 48 bl 78 R
pospectively gt LUACOB0E coll Hoe, Commpond Bashosve po stgnDeant activity oo A8 B bt then show Sdt8
fesibitions wlter P2 0 agendved UATCU0E cell Hine, Componnd Be dowed 20005 coll grosdl o te A8 ool e 810

vt gyt ¥ b apainst ASTEM el Nne, Compouned B showed oo stenilicant acivity up to A8 T ihen 45085

indvibiiieny obsmerveed agalnst ADTEM coll e, Compoond Be e S woere nnetive ap o 78 bagainst LIACCROE cell

e whid e covmpananed T, Tobo A el Baowere nscibve cpoto 780 ageinst ASTEM coll Hne as shovwen o Talsle |

Al Bynthesized componls showved] meslerate aetivily apainst breast caneer cell lne MOET o 5 phd coneontrailon
an sherwn i P 1 AN eompinmes dlil oot shisy activiey opeta $9 Dy Commpoonad & Facamd T shosves) 839, 150
sl T2 inbbaiion wps b AR B bt dhiens o siged Dieant change o activity opio 72 b for componnd 8 bo compennd Fa
sl The sheswed TP e 1RS tnhibition respectively, Whille compounds Te, Tao 4, Ba, Be oand B shosed e
slpgrid et charge T e bty wpe toe A8 b i dhen shiowed D958 P8 DO, TGS TOS aecl B inhibiton o b 72 b
risspectivisly

Al Sviliesiaed compounds showed mocerate activity agnlonst lbroblis FF2AD i 6 pld concentration as showin in
Figiine & Al componinds were 1ol showing activiey up o 24 b Componid 8 showed DR mhibiton up e 48 1 s
PN plibdtion ue o FE b Compounds Ta, T, Too T4, Ba, e s B showed no sigiilicnnt ol i activity ujs
ton A By binn thiern ool @A, FEWG R EA, B0, I, VT i DA inlasieion vy 1o ¥ 1 respectiviely.
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