Chemistry & Biology Interface, 2016, 6, 3, 143-156

RESEARCH PAPER ISSN: 2249 -4820

Cls

CHEMISTRY B BIGPOEVINTERFACE

CHEMISTRY & BIOLOGY INTERFACE

An official Journal of ISCB, Journal homepage; www.cbijournal.com

Synthesis of some /V-(2-alkoxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)benzamides
by thermal and photochemical routes: A comparative study

Satbir Mor* and Som Nath Dhawan*

*Dept. of Chemistry, Guru Jambheshwar University of Science and Technology, Hisar-125001, Haryana, India,
*Dept. of Chemistry, Kurukshetra University, Kurukshetra-132119, Haryana, India

*E-mail: satbir_mor@yahoo.co.in, +91-1662-263397

Received 13 April 2016; Accepted 16 May 2016

Abstract: Synthesis of some N-(2-alkoxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)benzamides (6) from the
corresponding N-(2-chloro-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)benzamides (4) upon treatment with dif-
ferent anhydrous alcohols (5) via thermal and photochemical routes was carried out. The N-(2-chloro-
1,3-diox0-2,3-dihydro-1H-inden-2-yl)benzamides (4), in turn, were prepared by refluxing N-(2-hydroxy-
1,3-dioxo-2,3-dihydro-1H-inden-2-yl)benzamides (3) with SOCI, in CH,Cl, in excellent yields. The study
revealed that time required for completion of reaction for conversion of 4 to 6 is comparatively shorter in
photochemical reaction (35—-60 min) than thermal reaction (1-10 hr). The structures of all the products were
elucidated by the application of spectral (FTIR, '"H NMR and mass), and elemental analytical techniques.

Keywords: Thermal; Photochemical; N-(2-alkoxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)benzamides;
N-(2-chloro-1,3-diox0-2,3-dihydro-1H-inden-2-yl)benzamides.

1. Introduction properties viz. 1,3-indandione tautomerism, dual
reactivity, electrochemical redox properties,

Indane-1,3-dione and its derivatives constitute
an important group of compounds and has
become a focus for the attention that has drawn
great attention of molecular architectures,
organic chemists, biologists, medicinal chemists
and researchers due to their distinctive features
like (i) indane-1,3-diones have huge synthetic
prospective due to 1,3-dicarbonyl nature which
often serves as a synthon for various organic
transformations [1-3]; (i1) they tender an
ample scope for the study of physiochemical
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unique property of polycrystalline films, and
quantum mechanical calculations, and many
more [4,5]; (iii)) a wide-ranging bioactivities
associated with them such as antitumor,
antiviral, antimicrobial, anti-inflammatory,
anticoagulant, antihepatitis, neurotropopic,
antagonistic inhibitors, antiallergic,
rodenticidal, herbicidal, insecticidal, etc. [6—17]
make them an interesting moiety for medicinal
chemistry. In addition, the indane (2,3-dihydro-
1 H-indene) ring system is an attractive scaffold
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due to the combination of aromatic and aliphatic
properties fused together in one rigid system
and its occurance in many natural products
such as pterosins [18], indanomycin [19] and
stawamycin [20]. Notably, this structural motif
is also present in many marketed drugs used
clinically to treat various diseases, e.g. indinavir
[21] as an HIV-1 protease inhibitor; indantadol
[22] as a potent MAO-inhibitor; indatraline
[23] as amine uptake inhibitor; clidanac [24]
as an anti-inflammatory; indecainide [25] as
an antiarrhythmic agent; indacrinone [26] as
diuretic and hedulin [27] as an anticoagulant.
Given the big diversity of targets these drugs act
on [28], one could argue that this ring system
is a “privileged” substructure. Moreover,
indenone-fused  heterocycles and  their
derivatives are reported to show a wide array of
pharmacological activities viz. indenopyridine
skeleton is present in the 4-azafluorenone
group of alkaloids; indenopyrazoles and
indenopyridazines as CDK2 and CDK4
inhibitors; indenoquinolines as antitumor,
acetylcholinesterase and steroid reductase
inhibitors, and antimalarials; indenopyridones
as anticancer agents targeting topoisomerase I,
etc. [3]. Consequently, significant efforts have
been made for the synthesis of compounds
containing an indenone ring [29—-32]. Majority
of the synthetic routes involve thermal
pathways, however, photochemical reactions
are known as key steps in organic synthesis [33].
Photochemistry of carbonyl compounds is one of
the most interesting areas of research. The main
reasons for interest in this area are due to high
degree of comprehension of the mechanistic
complexities of the photochemical reactions
of this category of compounds. Photochemical
o- and p-cleavage processes in the carbonyl
compounds leading to the formation of a variety
of photoproducts have attracted the attention
of organic chemists significantally. Which
pathway actually predominates depends upon
the structure of the ketones and presence of
substituents [34]. f-Cleavage process has been
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observed on n—r* excitation of certain ketones
[35] and in ketones possessing a-substituents
which have a tendency for formation of radicals,
i.e. halogen [36,37], acetoxy [38], aryloxy [39],
epoxy [40], sulphonyloxy [41] and thiyl [42—46]
substituents. However, reaction pathway can be
influenced by the presence of substituents other
than a-position [47]. Moreover, both ionic [48]
and radical intermediates have been implicated
in this process depending upon the nature of the
starting material and nature of the n—=* excited
states, i.e. singlet or triplet. In continuation of
our earlier studies [49—52] on the synthesis and
photochemistry of 2,2-disubstituted-1H-indene-
1,3(2H)-diones, in the current article, we present
a comparative study for the synthesis of some
N-(2-alkoxy-1,3-diox0-2,3-dihydro-1H-inden-
2-yl)benzamides (6) from the corresponding
N-(2-chloro-1,3-dioxo0-2,3-dihydro-1H-inden-
2-yl)benzamides (4) upon treatment with
different anhydrous alcohols (5) via thermal
and photochemical routes in varying yields.

2. Materials and methods
2.1. General

The solvents were used as such or after
necessary purification according to the standard
literature procedures. Melting points (mp °C) of
the synthesized compounds were determined on
an electrothermal apparatus in open capillaries
and are uncorrected. Purity of the synthesized
compounds was checked by thin layer
chromatography (TLC) using precoated silica
gel plates (chloroform-methanol) as stationary
phase and different combinations of solvents as
mobile phase. The visualization of the spots was
achieved by iodine adsorption. The progress of
the reactions was also monitored by this method
by withdrawl of aliquots of reaction mixture at
defferent intervals of time. UV spectra were
taken in diethyl ether or ethanol solution on
U-2000 (Hitachi) UV spectrophotometer. IR
spectra were scanned as Nujol mulls on a Perkin—
Elmer 842 IR spectrophotometer and absorption
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frequencies (v) are stated in cm™. 'H NMR
spectra were recorded in deuteriochloroform
(CDCL,) or deuteriochloroform (CDCl,) +
dimethyl sulfoxide-d, (DMSO-d,) on 90 MHz
Perkin-Elmer R-32 spectrometer. The chemical
shifts are reported in parts per million (6 ppm)
using tetramethylsilane (TMS) as an internal
standard. The peak patterns are indicated
as follows: s, singlet; br s, broad singlet; d,
doublet; t, triplet; q, quartet; sext, sextet; sept,
septet; m, multiplet; dd, doublet of doublets.
Coupling constants (/) are valued in Hertz (Hz).
Mass spectra were recorded at 70 eV using a
VG-70S instrument. Elemental analysis data
was recorded on Exeter analytical CE 440 and
Perkin-Elmer 2400 instruments and analytical
results for C, H and N were found within £0.4%
of the theoretical values.

2.2 General procedure for the synthesis
of N-(2-hydroxy-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)benzamides (3): A mixture of
ninhydrin hydrate (1) (10.0 g, 0.05 mol) and
benzamide/ 4-substituted benzamide (2) (0.05
mol) in benzene (100 mL) was refluxed on a
water bath till the completion of the reaction (1—
1.5 hr). The water, formed during the reaction,
was removed by azeotropic distillation using
Dean and Stark apparatus. The mixture was
cooled and solid thus separated was filtered,
recrystallized from ethanol-hexane mixture to
give the desired product in high yield [5,53,54].

23 General procedure for the synthesis
of  N-(2-chloro-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)benzamides (4): A mixture of N-(2-
hydroxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)
benzamide/ 4-substituted benzamide (3) (0.035
mole) and thionyl chloride (6.10 mL, 0.07
mole) in dry dichloromethane (200 mL) was
refluxed on a water bath till the completion of
the reaction (2-2.5 hr). Thereafter, the solvent
was removed under reduced pressure and
the resulting residue triturated with benzene,
filtered and crystallized from benzene to give 4
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as colorless crystals. The characterization data
of the compounds (4a—4d) are given below.

N-(2-chloro-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)benzamide (4a): Yield 93%,
colorless crystals; mp 173—-174 °C (lit. [53]
mp 173-174°C); UV (diethyl ether): A 296
nm (g 27,123); IR (nujol): 3428 (N-H stretch
(amide)), 1776, 1728 (C=0O stretch (indane-
1,3-dione)), 1674 (C=0 stretch (amide)) cm™;
'H NMR (CDCl,): 6 7.12-7.35 (m, 3H, H-3,
H-4, H-5), 7.50 (br s, 1H, NH, deuterium oxide
exchangeable), 7.63 ( d, J = 8.25 Hz, 2H, H-2,
H-6), 7.70-8.12 (m, 4H, H-4', H-5', H-6, H-7");
ms: (70 eV, electron impact) m/z 299 (M"). Anal.
Caled. for C, H,/CINO,: C, 64.12; H, 3.36; N,
4.67. Found: C, 64.25; H, 3.29; N, 4.70.

4-Chloro-N-(2-chloro-1,3-dioxo-2,3-dihydro-
1H-inden-2-yl)benzamide (4b): Yield 94%,
colorless crystals; mp 215-216 °C (lit. [54]
mp 218-220°C); UV (diethyl ether): A 296
nm (g 16,178); IR (nujol): 3320 (N-H stretch
(amide)), 1755, 1728 (C=0O stretch (indane-
1,3-dione)), 1654 (C=0 stretch (amide)) cm™;
'H NMR (CDCL,): 6 7.28 (d, J = 8.25 Hz, 2H,
H-3, H-5), 7.50 (br s, 1H, NH, deuterium oxide
exchangeable), 7.63 ( d, J = 8.25 Hz, 2H, H-2,
H-6), 7.75-8.12 (m, 4H, H-4', H-5', H-6', H-7");
ms: (70 eV, electron impact) m/z 336 (M*+2),
334 (M"). 4nal. Calcd. for C, H,CLNO,: C,
57.48; H, 2.69; N, 4.19. Found: C, 57.85; H,
2.49; N, 4.00.

N-(2-chloro-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)-4-methoxybenzamide (4c¢): Yield
94%, colorless crystals; mp 215-217 °C; UV
(diethyl ether): A_ 253 nm (¢ 27,678); A__
296 nm (g 34,927); IR (nujol): 3350 (N-H
stretch (amide)), 1750, 1725 (C=0 (indane-1,3-
dione)), 1642 (C=0 stretch (amide)) cm™'; 'H
NMR (CDCL,): 6 3.75 (s, 3H, OCH,-4), 6.80 (d,
J=8.50Hz, 2H, H-3, H-5), 7.70 (d, /= 8.50 Hz,
2H, H-2, H-6), 7.77-8.08 (m, 4H, H-4', H-5',
H-6', H-7"), 8.60 (br s, 1H, NH, deuterium oxide
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exchangeable); ms: (70 eV, electron impact)
m/z 331.5 (M™+2), 329.5 (M"). Anal. Calcd.
for C_H CINO,: C, 61.91; H, 3.64; N, 4.24.
Found: C, 62.25; H, 3.49; N, 4.07.

N-(2-chloro-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)-4-methylbenzamide (4d): Yield
92%, colorless crystals; mp 221-223 °C; UV
(diethyl ether): A 296 nm (¢ 27,170); IR
(nujol): 3327 (N-H stretch (amide)), 1748,
1725 (C=0 stretch (indane-1,3-dione)), 1654
(C=0 stretch (amide)) cm™; '"H NMR (CDCl +
DMSO-d,): 6 2.30 (s, 3H, CH,-4), 7.10 (d, J =
8.00 Hz, 2H, H-3, H-5), 7.66 (d, J = 8.00 Hz,
2H, H-2, H-6), 7.75-8.02 (m, 4H, H-4', H-5',
H-6', H-7"), 10.00 (br s, 1H, NH, deuterium
oxide exchangeable); ms: (70 eV electron
impact) m/z 315.5 (M*+2), 313.5 (M"). Anal.
Caled. for C_H,,CINO,: C, 65.07; H, 3.83; N,
4.46. Found: C, 65.35; H, 3.49; N, 4.00.

24 General procedure for the synthesis
of N-(2-alkoxy-1,3-diox0-2,3-dihydro-
1H-inden-2-yl)benzamides (6); Method A
(Thermal): A solution of N-(2-chloro-1,3-
dioxo-2,3-dihydro-1H-inden-2-yl)benzamide/
4-substituted benzamide (4) (0.0015 mole) in
anhydrous alcohol (5) (60 mL) was refluxed on
a water bath till the completion of the reaction
(1-10 hr). Removal of the solvent under reduced
pressure gave a residue that upon crystallization
from a suitable solvent furnished the desired
product (6) in high yields.

Method B (Photochemical): A solution of
N-(2-chloro-1,3-dioxo0-2,3-dihydro-1 H-inden-
2-yl)benzamide/ 4-substituted benzamide (4)
(0.0015 mole) in anhydrous alcohol (5) (80 mL)
was deoxygenated by bubbling oxygen-free
nitrogen gas for about 15 min. Thereafter, the
reaction mixture was irradiated with light from
a 450 Watts Hanovia mercury lamp in a Pyrex
reactor for 35-60 min under N, atmosphere
when TLC analysis of the reaction mixture
showed complete disappearance of the starting
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chloroamide (4). Distillation of the solvent on a
water bath in vacuo gave a light yellow residue
that upon crystallization from a suitable solvent
afforded the corresponding N-(2-alkoxy-1,3-
dioxo-2,3-dihydro-1H-inden-2-yl)benzamides
(6) in high yields. The characterization data of
the alkoxy derivatives (6a—6p) are given below.

N-(2-methoxy-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)benzamide (6a); Method A: The
compound (6a) was obtained by refluxing a
solution of 4a in anhydrous methanol (5a) for a
period of 1 hr. Light yellow crystals (benzene-
hexane), yield 67%; mp 166—167 °C (lit. [53]
mp 166-167 °C); Method B: The compound
(6a) was obtained by photoirradiating a solution
of 4a in anhydrous methanol (5a) for a period of
35 min. Light yellow crystals (benzene-hexane),
yield 83%; mp 166-167 °C (lit. [53] mp 166—
167°C); UV (ethanol): A 228.5 nm (g 65,490);
IR (nujol): 3320 (N-H stretch (amide)), 1759,
1721 (C=0 stretch (indane-1,3-dione)), 1643
(C=0 stretch (amide)) cm™'; 'H NMR (CDCL,):
6 3.49 (s, 3H, OCH,-2"), 7.22-7.46 (m, 3H, H-3,
H-4, H-5), 7.58 (br s, 1H, NH, deuterium oxide
exchangeable), 7.62 (dd, J=8.0 Hz, J= 2.5 Hz,
2H, H-2, H-6), 7.80-8.10 (m, 4H, H-4', H-5',
H-6', H-7"); ms: (70 eV, electron impact) m/z
295 (M"). Anal. Caled. for C_H ;NO,: C, 69.15;
H, 4.44; N, 4.74. Found: C, 68.89; H, 4.57; N,
4.98.

4-Chloro-N-(2-methoxy-1,3-dioxo0-2,3-
dihydro-1H-inden-2-yl)benzamide (6b);
Method A: The compound (6b) was obtained by
refluxing a solution of 4b in anhydrous methanol
(5a) for 6 hr. Light yellow crystals (benzene-
hexane), yield 91%; mp 182—183°C (lit. [54,55]
mp 182-183 °C); Method B: The compound
(6b) was obtained by photoirradiating a solution
of 4b in anhydrous methanol (5a) for a period
of 40 min. Light yellow crystals (benzene-
hexane), yield 90%; mp 182—183°C (lit. [54,55]
mp 182-183 °C); UV (ethanol): A 227.5
nm (& 83,198); IR (nujol): 3340 (N-H stretch

Vol. 6 (3), May — June 2016



Chemistry & Biology Interface, 2016, 6, 3, 143-156

(amide)), 1754, 1722 (C=0 stretch (indane-1,3-
dione)), 1642 (C=0 stretch (amide)) cm™'; 'H
NMR (CDCL,): 6 3.48 (s, 3H, OCH,-2"), 7.25
(d, J=8.25 Hz, 2H, H-3, H-5), 7.55 (br s, 1H,
NH, deuterium oxide exchangeable), 7.61 (d, J
= 8.25 Hz, 2H, H-2, H-6), 7.75-8.10 (m, 4H,
H-4', H-5', H-6', H-7"); ms: (70 eV, electron
impact) m/z 331.5 (M*+2), 329.5 (M"). Anal.
Caled. for C _H,,CINO,: C, 61.91; H, 3.64; N,
4.24. Found: C, 62.29; H, 3.99; N, 4.67.

4-Methoxy-N-(2-methoxy-1,3-dioxo-2,3-
dihydro-1H-inden-2-yl)benzamide (6¢);
Method A: The compound (6¢) was obtained
by refluxing a solution of 4¢ in anhydrous
methanol (5a) for 8 hr. Light yellow crystals
(benzene-hexane), yield 89%; mp 185-186 °C;
Method B: The compound (6¢) was obtained by
photoirradiating a solution of 4¢ in anhydrous
methanol (5a) for a period of 45 min. Light
yellow crystals (benzene-hexane), yield 90%;
mp 185-186°C; UV (ethanol): A, 224.5 nm (&
1,04,406); A max 255 nm (€ 29,250); IR (nujol):
3350 (N—H stretch (amide)), 1755, 1720 (C=0
stretch (indane-1,3-dione)), 1635 (C=0 stretch
(amide)) cm™; '"H NMR (CDCL,): & 3.48 (s,
3H, OCH,-2'), 3.71 (s, 3H, OCH,-4), 6.74 (d,
J = 8.5 Hz, 2H, H-3, H-5), 7.58 (br s, 1H, NH,
deuterium oxide exchangeable), 7.67 (d, J =
8.5 Hz, 2H, H-2, H-6), 7.70-8.10 (m, 4H, H-4’,
H-5', H-6, H-7'); ms: (70 eV, electron impact)
m/z 325 (M"). Anal. Caled. for C H NO.: C,
66.46; H, 4.61; N, 4.30. Found: C, 62.79; H,
4.39; N, 4.57.

N-(2-methoxy-1,3-dioxo0-2,3-dihydro-
1H-inden-2-yl)-4-methylbenzamide (6d);
Method A: The compound (6d) was obtained
by refluxing a solution of 4d in anhydrous
methanol (5a) for 6 hr. Light yellow crystals
(benzene-hexane), yield 79%; mp 198-199
°C; Method B: The compound (6d) was
obtained by photoirradiating a solution of 4d in
anhydrous methanol (5a) for a period of 40 min.
Light yellow crystals (benzene-hexane), yield
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81%; mp 198-199 °C; UV (ethanol): A 227
nm (g 1,03,515); IR (nujol): 3360 (N—H stretch
(amide)), 1752, 1724 (C=0 (indane-1,3-dione)),
1640 (C=0 (amide)) cm™'; '"H NMR (CDCL,): &
2.28 (s, 3H, CH,-4), 3.49 (s, 3H, OCH,-2), 7.09
(d, J = 8.0 Hz, 2H, H-3, H-5), 7.34 (br s, 1H,
NH, deuterium oxide exchangeable), 7.59 (d, J
=8.0Hz,2H, H-2, H-6), 7.72-8.10 (m, 4H, H-4’,
H-5', H-6, H-7'); ms: (70 eV, electron impact)
m/z 309 (M"). Anal. Caled. for C H NO,: C,
69.90; H, 4.85; N, 4.53. Found: C, 69.76; H,
4.71; N, 4.65.

N-(2-ethoxy-1,3-dioxo0-2,3-dihydro-1H-
inden-2-yl)benzamide (6e); Method A: The
compound (6e) was obtained by refluxing a
solution of 4a in anhydrous ethanol (Sb) for
3 hr. Light yellow crystals (benzene-hexane),
yield 76%; mp 192—-193 °C; Method B: The
compound (6e) was obtained by photoirradiating
a solution of 4a in anhydrous ethanol (5b)
for a period of 40 min. Light yellow crystals
(benzene-hexane), yield 81%; mp 192-193 °C;
UV (ethanol): A 228 nm (¢ 58,056); IR (nujol):
3240 (N-H stretch (amide)), 1756, 1725 (C=0
stretch (indane-1,3-dione)), 1622 (C=0O stretch
(amide)) cm™; '"H NMR (CDCl,): 6 1.05 (t, J
= 7.0 Hz, 3H, OCH,CH.-2"), 3.84 (q, J = 7.0
Hz, 2H, OCH CH,-2), 7.10-7.42 (m, 3H, H-3,
H-4, H-5), 7.50 (br s, 1H, NH, deuterium oxide
exchangeable), 7.65 (dd, J=8.0 Hz, J=2.5 Hz,
2H, H-2, H-6), 7.72-8.10 (m, 4H, H-4', H-5',
H-6', H-7"); ms: (70 eV, electron impact) m/z
309 (M"). Anal. Calcd. for C H NO,: C, 69.90;
H, 4.85; N, 4.53. Found: C, 70.05; H, 4.71; N,
4.61.

4-Chloro-N-(2-ethoxy-1,3-dioxo-2,3-
dihydro-1H-inden-2-yl)benzamide (6);
Method A: The compound (6f) was obtained
by refluxing a solution of 4b in anhydrous
ethanol (5b) for 10 hr. Light yellow crystals
(anhydrous ethanol), yield 75% ; mp 190-
191 °C; Method B: The compound (6f) was
obtained by photoirradiating a solution of 4b in
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anhydrous ethanol (5b) for a period of 40 min.
Light yellow crystals (anhydrous ethanol), yield
80%; mp 190-191°C; UV (ethanol): A 227
nm (g 73,852); IR (nujol): 3260 (N-H stretch
(amide)), 1755, 1725 (C=0O stretch (indane-
1,3-dione)), 1628 (C=0O stretch (amide))
cm™'; '"H NMR (CDCL): 6 1.10 (t, J = 7.0 Hz,
3H, OCH,CH,-2"), 3.84 (q, J = 7.0 Hz, 2H,
OCH CH,-2"), 7.26 (d, J = 8.25 Hz, 2H, H-3,
H-5), 7.58 (br s, 1H, NH, deuterium oxide
exchangeable), 7.61 (d, J = 8.25 Hz, 2H, H-2,
H-6), 7.72-8.05 (m, 4H, H-4', H-5', H-6', H-7");
ms: (70 eV, electron impact) m/z 345.5 (M*+2),
343.5 (M"). Anal. Calcd. For C H CINO,: C,
62.88; H, 4.08; N, 4.07. Found: C, 62.98; H,
4.00; N, 4.15.

N-(2-ethoxy-1,3-dioxo0-2,3-dihydro-1H-
inden-2-yl)-4-methoxybenzamide (6g2);
Method A: The compound (6g) was obtained
by refluxing a solution of 4c¢ in anhydrous
ethanol (5b) for 10 hr. Light yellow crystals
(anhydrous ethanol), yield 86%; mp 196-
197 °C; Method B: The compound (6g) was
obtained by photoirradiating a solution of 4¢ in
anhydrous ethanol (5b) for a period of 40 min.
Light yellow crystals (anhydrous ethanol), yield
85%; mp 196-197°C; UV (ethanol): A__ 223 nm
(€ 65,069); & 255 nm (g 17,138); IR (nujol):
3200 (N—H stretch (amide)), 1755, 1725 (C=0
stretch (indane-1,3-dione)), 1620 (C=0O stretch
(amide)) cm™'; "H NMR (CDCL,): 6 1.10 (t, J =
7.0 Hz, 3H, OCH,CH_-2"), 3.75 (s, 3H, OCH-
4),3.80 (q, J = 7.0 Hz, 2H, OCH CH,-2"), 6.79
(d, J = 8.5 Hz, 2H, H-3, H-5), 7.18 (br s, 1H,
NH, deuterium oxide exchangeable), 7.65 (d, J
=8.5Hz,2H, H-2,H-6),7.71-8.09 (m, 4H, H-4,
H-5', H-6', H-7'); ms: (70 eV, electron impact)
m/z 339 (M"). Anal. Calcd. for C H NO,: C,
67.25; H, 5.01; N, 4.13. Found: C, 67.61; H,
5.30; N, 4.41.

N-(2-ethoxy-1,3-dioxo-2,3-dihydro-1H-

inden-2-yl)-4-methylbenzamide (6h);
Method A: The compound (6h) was obtained
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by refluxing a solution of 4d in anhydrous
ethanol (Sb) for 8 hr. Light yellow crystals
(anhydrous ethanol), yield 81%; mp 213-214
°C; Method B: The compound (6h) was
obtained by photoirradiating a solution of 4d in
anhydrous ethanol (5b) for a period of 50 min.
Light yellow crystals (anhydrous ethanol), yield
85%, mp 213-214°C; UV (ethanol): A 224
nm (¢ 1,35,861); IR (nujol): 3218 (N—H stretch
(amide)), 1757, 1725 (C=0O stretch (indane-
1,3-dione)), 1620 (C=0O stretch (amide) cm™;
'H NMR (CDCL,): 6 1.09 (t, J = 7.0 Hz, 3H,
OCH,CH.-2"), 2,30 (s, 3H, CH,-4), 3.84 (q, J =
7.0 Hz, 2H, OCH,CH,-2), 7.10 (d, J = 8.0 Hz,
2H, H-3, H-5), 7.24 (br s, 1H, NH, deuterium
oxide exchangeable), 7.59 (d, J = 8.0 Hz, 2H,
H-2, H-6), 7.72-8.10 (m, 4H, H-4', H-5', H-6/,
H-7"); ms: (70 eV, electron impact) m/z 323
(M"). Anal. Calcd. for C, H _NO,: C, 70.58; H,

917

5.26; N, 4.33. Found: C, 70.75; H, 5.36; N, 4.16.

N-(1,3-dioxo-2-propoxy-2,3-dihydro-1H-
inden-2-yl)benzamide (6i); Method A: The
compound (6i) was obtained by refluxing a
solution of 4a in anhydrous n-propanol (5¢) for
5 hr. Light yellow crystals (benzene-hexane),
yield 78%; mp 151-152 °C; Method B: The
compound (6i) was obtained by photoirradiating
a solution of 4a in anhydrous n-propanol (5c¢)
for a period of 40 min. Light yellow crystals
(benzene-hexane), yield 85%; mp 151-152 °C;
UV (ethanol): A_ 228 nm (¢ 84,787); IR (nujol):
3320 (N—H stretch (amide)), 1755, 1718 (C=0
stretch (indane-1,3-dione)), 1642 (C=0 stretch
(amide)) cm™'; "H NMR (CDCl,): 6 0.78 (t, J =
7.0 Hz, 3H, OCH,CH,CH.-2"), 1.48 (sext, J =
7.0 Hz, 2H, OCH,CH CH.-2"), 3.70 (t, J = 7.0
Hz, 2H, OCH CH,CH,-2"), 7.12-7.42 (m, 3H,
H-3, H-4, H-5), 7.49 (br s, 1H, NH, deuterium
oxide exchangeable), 7.65 (dd, /= 8.0 Hz, J =
2.5 Hz, 2H, H-2, H-6), 7.71-8.05 (m, 4H, H-4,
H-5', H-6', H-7'); ms: (70 eV, electron impact)
m/z 323 (M"). Anal. Calcd. for C ;H NO,: C,
70.58; H, 5.26; N, 4.33. Found: C, 70.25; H,
5.55; N, 4.16.
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4-Chloro-N-(1,3-dioxo-2-propoxy-2,3-
dihydro-1H-inden-2-yl)benzamide 6j);
Method A: The compound (6j) was obtained
by refluxing a solution of 4b in anhydrous
n-propanol (5¢) for 10 hr. Light yellow crystals
(benzene-hexane), yield 85%; mp 204-205 °C;
Method B: The compound (6j) was obtained by
photoirradiating a solution of 4b in anhydrous
n-propanol (Sc¢) for a period of 50 min. Light
yellow crystals (benzene-hexane), yield 82%;
mp 204-205 °C; UV (ethanol): A 229 nm
(e 33,451); IR (nujol): 3270 (N-H stretch
(amide)), 1755, 1722 (C=0O stretch (indane-
1,3-dione)), 1640 stretch (C=0 (amide)) cm™;
'H NMR (CDCl,): 6 0.77 (t, J = 7.0 Hz, 3H,
OCH,CH,CH,-2"), 1.46 (sext, J = 7.0 Hz, 2H,
OCH,CH CH,-2"), 3.70 (t, J = 7.0 Hz, 2H,
OCH CH,CH,-2"), 7.26 (d, 2H, J = 8.25 Hz,
H-3, H-5), 7.58 (br s, 1H, NH, deuterium oxide
exchangeable), 7.61 (d, J = 8.25 Hz, 2H, H-2,
H-6), 7.75-8.10 (m, 4H, H-4', H-5', H-6', H-7");
ms: (70 eV, electron impact) m/z 359.5 (M*+2),
357.5 (M"). Anal. Calcd. for C H CINO,: C,
63.77; H, 4.47; N, 3.91. Found: C, 63.99; H,
4.16; N, 3.85.

N-(1,3-dioxo-2-propoxy-2,3-dihydro-1H-
inden-2-yl)-4-methoxybenzamide (6K);
Method A: The compound (6k) was obtained
by refluxing a solution of 4¢ in anhydrous
n-propanol (5¢) for 10 hr. Light yellow crystals
(benzene-hexane), yield 85%; mp 196-97 °C;
Method B: The compound (6k) was obtained
by photoirradiating a solution of 4c in anhydrous
n-propanol (Sc¢) for a period of 50 min. Light
yellow crystals (benzene-hexane), yield 86%;
mp 196-197°C; UV (ethanol): A_ 225 nm (&
1,76,853); A__ 255 nm (g 66,717); IR (nujol):
3310 (N-H stretch (amide)), 1752, 1723 (C=0
stretch (indane-1,3-dione)), 1635 (C=0 stretch
(amide)) cm™'; "H NMR (CDCl,): 6 0.77 (t, J =
7.0 Hz, 3H, OCH,CH,CH-2"), 1.49 (sext, J =
7.0 Hz, 2H, OCH,CH,CH,-2"), 3.70 (t, J = 7.0
Hz, 2H, OCH,CH,CH,-2"), 3.73 (s, 3H, OCH,-
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4), 6.81 (d, 2H, J = 8.5 Hz, H-3, H-5), 7.19 (br
s, 1H, NH, deuterium oxide exchangeable),
7.67 (d, J = 8.5 Hz, 2H, H-2, H-6), 7.72-8.10
(m, 4H, H-4', H-5', H-6', H-7"); ms: (70 eV,
electron impact) m/z 353 (M"). Anal. Calcd. for
C,,H,,NO.: C, 67.98; H, 5.38; N, 3.96. Found:

200719

C, 67.59; H, 5.46; N, 4.09.

N-(1,3-dioxo-2-propoxy-2,3-dihydro-
1H-inden-2-yl)-4-methylbenzamide (61);
Method A: The compound (6l) was obtained
by refluxing a solution of 4d in anhydrous
n-propanol (5¢) for 8 hr. Light yellow crystals
(benzene-hexane), yield 87%; mp 176-177 °C;
Method B: The compound (61) was obtained by
photoirradiating a solution of 4d in anhydrous
n-propanol (Sc¢) for a period of 50 min. Light
yellow crystals (benzene-hexane), yield 82%;
mp 176-177 °C; UV (ethanol): A 225 nm
(e 1,61,338); IR (nujol): 3280 (N-H stretch
(amide)), 1755, 1718 (C=0O stretch (indane-
1,3-dione)), 1625 (C=0 stretch (amide)) cm™;
'H NMR (CDCl,): 6 0.78 (t, J = 7.0 Hz, 3H,
OCH,CH,CH,-2"), 1.50 (sext, J = 7.0 Hz, 2H,
OCH,CH CH,-2"), 2.28 (s, 3H, CH,-4), 3.70
(t, J= 7.0 Hz, 2H, OCH CH,CH,-2"), 7.10 (d,
2H, J = 8.0 Hz, H-3, H-5), 7.20 (br s, 1H, NH,
deuterium oxide exchangeable), 7.59 (d, J =
8.0 Hz, 2H, H-2, H-6), 7.72-8.10 (m, 4H, H-4’,
H-5', H-6, H-7'); ms: (70 eV, electron impact)
m/z 337 (M"). Anal. Calcd. for C, H /NO,: C,
71.21; H, 5.63; N, 4.15. Found: C, 71.59; H,
5.48; N, 4.23.

N-(2-isopropoxy-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)benzamide (6m); Method A: The
compound (6m) was obtained by refluxing a
solution of 4a in anhydrous i-propanol (5d)
for 10 hr. Light yellow crystals (benzene-
hexane), yield 80%; mp 182-183 °C; Method
B: The compound (6m) was obtained by
photoirradiating a solution of 4a in anhydrous
i-propanol (5d) for a period of 55 min. Light
yellow crystals (benzene-hexane), yield 81.5%;
mp 182-183 °C; UV (ethanol): A 229 nm
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(e 60,966); IR (nujol): 3260 (N-H stretch
(amide)), 1758, 1722 (C=0O stretch (indane-
1,3-dione)), 1640 (C=0 stretch (amide)) cm™;
'H NMR (CDCL): 6 1.19 (d, J = 7.0 Hz, 6H,
OCH(CH,) -2"), 4.47 (sept, J = 7.0 Hz, 1H,
OCH(CH,),-2"), 6.92 (br s, 1H, NH, deuterium
oxide exchangeable), 7.22-7.50 (m, 3H, H-3,
H-4, H-5), 7.74 (dd, J = 8.0 Hz, J = 2.5 Hz,
2H, H-2, H-6), 7.80-8.13 (m, 4H, H-4', H-5,
H-6', H-7"); ms: (70 eV, electron impact) m/z
323 (M"). Anal. Calcd. for C H _NO,: C, 70.58;
H, 5.26; N, 4.33. Found: C, 70.91; H, 5.58; N,
4.06.

4-Chloro-N-(2-isopropoxy-1,3-dioxo-2,3-
dihydro-1H-inden-2-yl)benzamide (6n);
Method A: The compound (6n) was obtained
by refluxing a solution of 4b in anhydrous
i-propanol (5d) for 10 hr. Light yellow crystals
(benzene-hexane), yield 84%; mp 169-170
°C; Method B: The compound (6n) was
obtained by photoirradiating a solution of 4b in
anhydrous i-propanol (5d) for a period of 1hr.
Light yellow crystals (benzene-hexane), yield
85%; mp 169-170°C; UV (ethanol): A__224.5
nm (¢ 1,19,539); IR (nujol): 3300 (N—H stretch
(amide)), 1755, 1725 (C=0O stretch (indane-
1,3-dione)), 1640 (C=0 stretch (amide)) cm™;
'H NMR (CDCL,): 6 1.11 (d, J = 7.0 Hz, 6H,
OCH(CH,) -2"), 4.40 (sept, J = 7.0 Hz, 1H,
OCH(CH,),-2"), 7.15 (br s, 1H, NH, deuterium
oxide exchangeable), 7.28 (d, 2H, J = 8.25 Hz,
H-3, H-5), 7.61 (d, J = 8.25 Hz, 2H, H-2, H-6),
7.76-8.10 (m, 4H, H-4', H-5', H-6', H-7'); ms:
(70 eV, electron impact) m/z 359.5 (M*+2),
357.5 (M"). Anal. Calcd. for C H, CINO,: C,
63.77; H, 4.47; N, 3.91. Found: C, 63.91; H,
4.36; N, 4.02.

N-(2-isopropoxy-1,3-dioxo-2,3-dihydro-
1H-inden-2-yl)-4-methoxybenzamide (60);
Method A: The compound (60) was obtained
by refluxing a solution of 4¢ in anhydrous
i-propanol (5d) for 10 hr. Light yellow crystals
(benzene-hexane), yield 83%; mp 165-166 °C;
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Method B: The compound (60) was obtained by
photoirradiating a solution of 4¢ in anhydrous
i-propanol (5d) for a period of 55 min. Light
yellow crystals (benzene-hexane), yield 80%;
mp 165-166°C; UV (ethanol): A 223.5 nm (&
12,284); & 255.5 nm (g 31,946); IR (nujol):
3350 (N—H stretch (amide)), 1750, 1725 (C=0
stretch (indane-1,3-dione)), 1640 (C=O stretch
(amide)) cm™'; '"H NMR (CDCL,): 6 1.13 (d, J =
7.0 Hz, 6H, OCH(CH,) -2"), 3.78 (s, 3H, OCH-
4), 4.42 (sept, J = 7.0 Hz, 1H, OCH(CH,),-2"),
6.80 (d, 2H, J = 8.5 Hz, H-3, H-5), 6.86 (br
s, 1H, NH, deuterium oxide exchangeable),
7.65 (d, J = 8.5 Hz, 2H, H-2, H-6), 7.72-8.08
(m, 4H, H-4', H-5', H-6', H-7"); ms: (70 eV,
electron impact) m/z 353 (M"). Anal. Calcd. for
C,,H,NO.: C, 67.98; H, 5.38; N, 3.96. Found:

20071

C, 68.10; H, 5.75; N, 4.09.

N-(2-isopropoxy-1,3-dioxo-2,3-dihydro-
1H-inden-2-yl)-4-methylbenzamide (6p);
Method A: The compound (6p) was obtained
by refluxing a solution of 4d in anhydrous
i-propanol (5d) for 10 hr. Light yellow crystals
(benzene-hexane), yield 79%; mp 188-189
°C; Method B: The compound (6p) was
obtained by photoirradiating a solution of 4d in
anhydrous i-propanol (5d) for a period of 1 hr.
Light yellow crystals (benzene-hexane) yield
80%; mp 188-189 °C; UV (ethanol): A 224
nm (g 84,611); IR (nujol): 3310 (N-H stretch
(amide)), 1755, 1721 (C=0O stretch (indane-
1,3-dione)), 1640 (C=0 stretch (amide)) cm™;
'H NMR (CDCL): 6 1.12 (d, J = 7.0 Hz, 6H,
OCH(CH,) -2"), 2.28 (s, 3H, CH,-4), 4.42 (sept,
J=7.0 Hz, 1H, OCH(CH,),-2"), 6.85 (br s, 1H,
NH, deuterium oxide exchangeable), 7.10 (d,
2H, J = 8.0 Hz, H-3, H-5), 7.59 (d, J = 8.5 Hz,
2H, H-2, H-6), 7.71-8.10 (m, 4H, H-4', H-5,
H-6', H-7"); ms: (70 eV, electron impact) m/z
337 (M"). Anal. Calcd. for C, H NO,: C, 71.21;
H, 5.63; N, 4.15. Found: C, 71.94; H, 5.50; N,
4.51.

3. Results and discussion
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3.1 Chemistry

The protocol for the synthesis of N-(2-
alkoxy-1,3-dioxo-2,3-dihydro-1H-inden-2-
yl)benzamides (6) is depicted in Scheme 1.
Starting from ninhydrin (1), we obtained N-(2-
hydroxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)
benzamides (3) [51,53,54] upon reaction with
corresponding benzamides (2) which upon
subsequent treatment with SOCIL, in CH,CI,
afforded the corresponding N-(2-chloro-1,3-
dioxo-2,3-dihydro-1H-inden-2-yl)benzamides
(4) in high yields. The N-(2-alkoxy-1,3-dioxo-
2,3-dihydro-1H-inden-2-yl)benzamides (6)
were prepared either by refluxing the solution of
N-(2-chloro-1,3-dioxo0-2,3-dihydro-1H-inden-
2-yl)benzamides (4) in different anhydrous
alcohols (5) for 1-10 hr or photoirradiating
the solutions of 1H-indene-1,3(2H)-diones (4)
in different anhydrous alcohols (5) under N,
atmosphere with light from a 450 Watts Hanovia
mercury vapour lamp in a Pyrex reactor for 35—
60 min in fairly good yields.

The structures of all the N-(2-chloro-1,3-dioxo-
2,3-dihydro-1H-inden-2-yl)benzamides (4) and
N-(2-alkoxy-1,3-diox0-2,3-dihydro-1H-inden-
2-yl)benzamides (6) have been -confirmed
through analysis of their UV, IR, 'H NMR
and mass spectra, and analytical data (vide
experimental). UV spectra of 4a—4d showed
absorption maxima at wavelength (A__ ) 296 nm
in all the derivatives. In their IR spectra, N-H
stretching due to amide group was observed
in the region at 3320-3428 cm™. The most
characteristic feature of IR spectra of 4 was
the appearance of the two strong absorption
bands (v_ ) in the regions at 1748-1776
cm! and 1725-1728 cm™ due respectively to
the asymmetrical and symmetrical coupling
between two in-plane carbonyl groups of the
indane-1,3-dione moiety [49-52,56,57]. The
>C=0 stretching of the benzamido carbonyl
[51,53-55], however, appeared in the region
at 1642-1674 cm™'. 'H NMR spectra of 4, in
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each case, in the aromatic region, displayed a
characterstic two-proton doublet (/= 8.00—8.50
Hz) in the region at & 7.63-7.70 due to H-2 &
H-6 and a four-proton multiplet in the region at
0 7.70-8.12 attributable to H-4', H-5', H-6' and
H-7'. The N-H proton, however, appeared as a
broad singlet (deuterium oxide exchangeable)
in the region at 6 7.50-10.00. Signals due
to remaining protons were observed in the
expected regions and the ratio of aromatic to
aliphatic protons was found satisfactory (vide
experimental).

The UV spectra of 6a—6p exhibited absorption
maxima at wavelength (A_ ) in the region at
223-229 nm, however, an additional absorption
band was also displayed at wavelength (A_ ) in
the region at 255-255.5 nm in the compounds
6a, 6g and 60. In their IR spectra, N-H
stretching due to amide group was observed
in the region at 3200-3360 cm™'. The salient
feature of IR spectra of 6 was the appearance
of the two strong absorption bands (v__) in the
regions at 1750-1759 cm™ and 1718-1725 cm™!
due to carbonyl groups of the indane-1,3-dione
moiety [49-52,56,57]. The >C=0 stretching of
the benzamido carbonyl [51,53-55], however,
appeared in the region at 1620-1643 cm™'. 'H
NMR spectra of 6a—6p, in each case, in the
aromatic region, displayed a characterstic two-
proton doublet (J = 8.00-8.50 Hz) in the region
at 6 7.59-7.74 due to H-2 & H-6 and a four-
proton multiplet in the region at & 7.70-8.13
assignable to H-4', H-5', H-6" and H-7'. The N-H
proton, however, appeared as a broad singlet
(deuterium oxide exchangeable) in the region
at 0 6.86-7.58. The signals due to remaining
protons were observed in the expected regions
and the ratio of aromatic to aliphatic protons
was found satisfactory (vide experimental).

Further, the mass spectral data and elemental
analytical data of 4 and 6 were found in good
agreement with their molecular formulae.
It deserves attention here that some of the
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R?0OH, Reflux

R20H, hy
5

or

2a 3a 4a R'=H; 2b 3b _4b R'=Cl; 2¢ 3c 4c R!=OCH;; 2d, 3d, 4d, R! = CH;;
5a,R?= CHg; 5b, R* = CH,CHy; 5¢, R? = CH,CH,CHj; 5d, R* = CH(CHj),

Compounds|  R! R? Compounds | R! R2
6a H CH, 6 H CH,CH,CH,
6b Cl CH, 6 Cl | CH,CH,CH,
6¢ OCHs| CH, ok OCH,| CH,CH,CH,
6d CH; | CH, 6l CH; | CH,CH,CH,
6e H CH,CH,4 6m H CH(CHj),
of Cl CH,CH, 6n Cl | CH(CHs),
6g OCH,| CH,CH,4 60 OCH; | CH(CH,),
6h CH, | CH,CH, 6p CH; | CH(CHy),

Scheme 1. The reaction sequence for the synthesis of N-(2-alkoxy-1,3-dioxo0-2,3-dihydro- 1 H-inden-2-yl)

benzamides (6).

derivatives viz.  N-(2-chloro-1,3-dioxo-2,3-
dihydro-1H-inden-2-yl)benzamides (4a and
4b) and N-(2-alkoxy-1,3-dioxo-2,3-dihydro-
1 H-inden-2-yl)benzamides (6a and 6b) have
been reported in literature [53—55] synthesized
by thermal reaction.

The physical data of the alkoxy derivatives
(6) obtained from thermal and photochemical
reactions for comparison are presented in the
Table 1 given below.

It is clearly revealed from the data presented in
the Table 1 that similar product, i.e. 6 is formed
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through both the routes; however, time required
for completion of reaction for conversion of 4
to 6 is comparatively shorter in photochemical
reaction (35—60 min) than thermal reaction (1—
10 hr) and yields obtained range from 60-91%
and 80-90%, respectively. On the basis of these
results, it may be inferred that photochemical
route is comparatively better than thermal route
but to a little extent.

Mechanistically, the formation of N-(2-
alkoxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)
benzamides (6) from N-(2-hydroxy-1,3-dioxo-
2,3-dihydro-1H-inden-2-yl)benzamides 3)
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Table 1: Physical data of N-(2-alkoxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)benzamides (6a—6p).

Thermal reaction Photochemical reaction
Substrates u_sed in Prqducts Time required . Time required .
the reaction obtained(6) for completion of Y(1)e1d for completion of Y})eld

reaction (hr) (%) reaction (min) (%0)
4a + 5a 6a 1 60 35 83
4b + 5a 6b 6 91 40 90
4c + 5a 6¢ 8 89 45 90
4d + 5a 6d 6 79 40 81
4a+5b 6e 3 76 40 80
4b +5b of 10 75 40 80
4¢ +5b 6g 10 86 40 85
4d +5b 6h 8 81 50 85
4a + 5S¢ 6i 5 78 40 85
4b + 5¢ 6j 10 85 50 82
4c + 5S¢ 6k 10 85 50 86
4d + 5¢ 61 8 87 50 82
4a +5d 6m 10 80 55 81.5
4b +5d 6n 10 84 60 85
4¢+5d 60 10 83 55 80
4d +5d 6p 10 79 60 80

Cl
/\ A(‘)’\SCB_ i' .
e
HC—@ “Reflux Hg<<j>7R1 _> NHEOR]

302
0
R!=H, Cl, OCH,, CH;; R? = CH;, Reflux
CH,CHj, CH,CH,CHj, CH(CHj), HC ORI -
R*OH HC—@— R!
o)

Scheme 2: A plausible mechanism of formation of 6 via thermal route.
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CO 0
By OO
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HC@‘LRI‘— O’ EOR
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Scheme 3: A plausible mechanism for photoconversion of 4 to 6.

may be envisaged to occur through an initial
nucleophilic attack of 2’-OH of 3 on SOCI,
thereby generating the chloro derivatives
(4) which upon subsequent treatment with
anhydrous alcohols (5) under reflux conditions
undergo nucleophilic substitution reaction to
yield the corresponding alkoxy derivatives (6)
as depicted in Scheme 2.

The mechanistic details of the
phototransformation, 4 — 6 have not been
unravelled in the presentinvestigation. However,
a plausible mechanism is sketched in Scheme
3. The photoconversion may be envisaged to
occur through an initial homolytic cleavage of
C,—Cl bond of 4 leading to the formation of
resonance stabilized free radical (7) followed by
abstraction of alkoxy radical from the alcohol
(5) to yield the alkoxy derivative (6).

The biological evaluation is underway and will
be reported in due course of work.

Conclusion

In conclusion, synthesis of a series of sixteen
N-(2-alkoxy-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)benzamides (6) using ninhydrin
(1) as starting compound via thermal and
photochemical routes in fairly good yields
has been carried out. It has been found that
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time required for completion of reaction
for conversion of key intermediate N-(2-
chloro-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)
benzamides (4) to 6 is comparatively shorter in
photochemical reaction than thermal reaction.
Hence, it may be inferred that photochemical
route is comparatively better than thermal route.

Acknowledgments

The authors are thankful to Council of Scientific
and Industrial Research (CSIR), New Delhi for
generous financial assistance.

References

1. G. Dubers, “Organic and physical chemistry of
1,3-indanedione and related compounds,” In: Progress in
Medicinal Chemistry, North Holland Publication, New
York, NY, USA, 1975, vol. 10, p. 121.

2. J. A. Durden, “Biocidal activity of 1,3-indanedione and
related compounds,” In: Progress in Medicinal Chemistry,
North Holland Publication, New York, NY, USA, 1975,
vol. 10, p. 143.

3. S. Asadi, G. M. Ziarani, Mol. Divers., 2016, 20(1), 111—
152; DOI: 10.1007/s11030-015-9589-z.

4. V. Enchev, G. Ivanova, G. Pavlovi, M. Rogojerov, A.
Ahmedova, M. Mitewa, J. Mol. Struct., 2003, 654(1-3),
11-20; DOI: 10.1016/S0022-2860(03)00175-3.

5. A.R.S. Babu, R. Raghunathan, G. Gayatri, G. N. Sastry,
J. Het. Chem., 2009, 43(6), 1467— 1472; DOI: 10.1002/
jhet.5570430609.

6. J. Courant, D. Leblois, M. Tandon, S. Robert-Piessard,
G. Le Baut, M. Juge, J. -Y. Petit, L. Welin, Eur. J. Med.

Vol. 6 (3), May — June 2016


http://dx.doi.org/10.1016/S0022-2860%2803%2900175-3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Rondelli, C. Pietra, M. Simonato Neuropharmacology, 41.
2001, 40(7), 866-878; DOI:  10.1016/S0028-
Chemistry & Biology Interface 155

Chemistry & Biology Interface, 2016, 6, 3, 143-156

Chem., 1989, 24(2),
5234(89)90108-6.

W. He, F. -C. Huang, B. Hanney, J. Souness, B. Miller, G.
Liang, J. Mason, S. Djuric, J. Med. Chem., 1998, 41(22),
4216-4223; DOI: 10.1021/jm970575f.

S. Qureshi, O. A. Al-Shabanah, A. M. Al-Bekairi, M. M.
Al-Harbi, N. M. Al-Gharably, M. Raza, Invest. New Drugs,
2000, 18(3), 221-230; DOT: 10.1023/A:1006465504723.
K. R. Prabhakar, V. P., Veerapur, P. Bansal, K. P. Vipan,
K. M. Reddy, A. Barik, B. K. D. Reddy, P. Reddanna,
K. I. Priyadarsini, M. K. Unnikrishnan, Bioorg. Med.
Chem., 2006, 14(21), 7113-7120; DOI:10.1016/.
bmc.2006.06.068.

D. Giles, M. S. Prakash, K.V. Ramaseshu, E-J. Chem.,
2007, 4(3), 428-433.

S. Robert-Piessard, D. Leblois, P. Kumar, J. M. Robert, G.
L. Baut, L. Sparfel, B. Robert, E. Khettab, R. Y. Sanchez
J. Y. Petit, L. Welin, Eur. J. Med. Chem., 1990, 25(9), 737—
47, DOI: 10.1016/0223-5234(90)90193-7.

K. Mitka, P. Kowalski, D. Pawelec, Z. Majka, Croat.
Chem. Acta, 2009, 82(3), 613-618.

M. Catto, R. Aliano, A. Carotti, S. Cellamare, F. Palluotto,
R. Purgatorio, A. De Stradis, F. Campagna, Eur. J.
Med. Chem., 2010, 45(4), 1359-1366; DOI: 10.1016/j.
ejmech.2009.12.029.

S. Mahendran, S. Badami, S. Ravi, B. S. Thippeswamy, V.
P. Veerapur, Pharm. Chem. J., 2011, 45(9), 547-551; DOI:
10.1007/s11094-011-0676-x.

M. Jeyachandran, P. Ramesh, Org. Chem. Int., 2011,
2011(Article ID 360810), 1-5; DOI: 10.1155/2011/360810.
N. V. Lakshmi, P. M. Sivakumar, D. Muralidharan, M.
Doble, P. T. Perumal, RSC Adv., 2013, 3(2), 496-507;
DOI: 10.1039/c2ra01215d.

D. Giles, K. Roopa, FER. Sheeba, PM.
Gurubasavarajaswamy, G. Divakar, T. Vidhya, Eur. J.
Med. Chem., 2012, 58(12), 478-484; DOI:. 10.1016/].
ejmech.2012.09.050.

V. Bardouille, B. S. Mootoo, K. Hirotsu, J. Clardy,
Phytochemistry, 1978, 17(2), 275-277; DOIL: 10.1016/
S0031-9422(00)94163-3.

C. Li, K. E. Roege, W. L. Kelly, ChemBioChem, 2009,
10(6), 1064—1072; DOI: 10.1002/cbic.200800822.

S. C.Miao, M. R. Anstee, V. Baichwal, A. Park, Tetrahedron
Lett., 1995, 36(32), 5699-5702; DOI: 10.1016/0040-
4039(95)01127-4.

B. D. Dorsey, R. B. Levin, S. L. Mcdaniel, J. P. Vacca, J. P.
Guare, P. L. Darke, J. A. Zugay, E. A. Emini, W. A. Schleif,
J. C. Quintero, J. H. Lin, I. W. Chen, M. K. Holloway, P.
M. D. Fitzgerald, M. G. Axel, D. Ostovic, P. S. Anderson,
J. R. Huff, J. Med. Chem., 1994, 37(21), 3443-3451;
DOI: 10.1021/jm00047a001.

G. Villetti, G. Bregola, F. Bassani, M. Bergamaschi, 1.

145-154; DOI: 10.1016/0223-

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

3908(01)00026-0.

H. Yu, I. J. Kim, J. E. Folk, X. Tian, R. B. Rothman, M.
H. Baumann, C. M. Dersch, J. L. Flippen-Anderson, D.
Parrish, A. E. Jacobson, K. C. Rice, J. Med. Chem., 2004,
47(10), 2624-2634; DOI: 10.1021/jm000329v.

P. F. Juby, D. Witt, R. A. Partyka, Liverpool, T. W. Hudyma,
Patent US3565943, 1971.

P. F. Nestico, J. Morganroth, L. N. Horowitz, C.
Mulhern, Am. J. Cardiol., 1987, 59(15), 1332-1336;
DOI: 10.1016/0002-9149(87)90914-3.

O. W. Woltersdorf Jr., S. J. deSolms, G. E. Stokker, E.
J. Cragoe Jr., J. Med. Chem., 1984, 27(7), 840-845;
DOI: 10.1021/jm00373a005.

M. M. Fisher, N. D. Wilensky, R. W. Griffith, A. Drumm,
A. E. Diefenbach, G. J. Frankel, N. Y. State J. Med., 1954,
54(6), 778-783.

M. Vilums, J. Heuberger, L. H. Heitman, A. P. [Jzerman,
Med. Res. Rev., 2015, 35(6), 1097-1126; DOI 10.1002/
med.21352.

M. B. Rubin, R. Gleiter, Chem. Rev., 2000, 100(3), 1121—
1164, DOI: 10.1021/cr960079;.

D. B. Hansen, M. M. Joullié, Chem. Soc. Rev., 2005,
34(5), 408—417; DOI: 10.1039/B315496N.

G. M. Ziarani, N. Lashgari, F. Azimian, H. G. Kruger,
P. Gholamzadeh, Review and Accounts Arkivoc, 2015,
2015(vi), 1-139, DOI: 10.3998/ark.5550190.0016.601.

E. Cini, E. Petricci, G. 1. Truglio, M. Vecchio, M. Taddei,
RSC Adv., 2016, 6(37), 31386-31390; DOI: 10.1039/
C6RA03585].

(a) N. Hoffmann, Chem. Rev., 2008, 108(3), 1052-1103;
DOLI: 10.1021/cr0680336; (b) M. D’Auria, F. Pellegrino,
L. Viggiani, J. Photochem. Photobiol. A: Chem., 2016,
326, 69-75; DOI: 10.1016/j.jphotochem.2016.05.001.

(a) W. G. Dauben, G. W. Shaffer, Tetrahedron Lett., 1967,
8(45), 4415-4419; DOL: 10.1016/S0040-4039(01)89525-
3; (b) W. G. Dauben, G. W. Shaffer, E. J. Deviny, J. Am.
Chem. Soc., 1970, 92(21), 6273-6281; DOI: 10.1021/
ja00724a028.

J. N. Pitts, I. Normann, J. Am. Chem. Soc., 1954, 76(19),
4815-4819; DOI: 10.1021/ja01648a013.

R. S. Givens, L. Sterkowski, R. Devonshire, J. Am. Chem.
Soc., 1974, 96(5), 1631-1633; DOI: 10.1021/ja00812a079.
B.E.Kalpan,A.L. Hartwig, Tetrahedron Lett., 1970, 11(55),
4855-4856; DOI: 10.1016/S0040-4039(00)89365-X.

J. C. Sheehan, R. M. Wilson, A. W. Oxford, J. Am.
Chem. Soc., 1971, 93(26), 7222-7228; DOI: 10.1021/
ja00755a017.

J. R. Collier, M. K. M. Dirania, J. Hill, J. Chem. Soc. C.,
1970, 1, 155-158; DOI: 10.1039/J39700000155.

H. E. Zimmerman, B. R. Cowley, C. Y. Tseng, J. W. Wilson,
J. Am. Chem. Soc., 1964, 86(5), 947-948; DOI: 10.1021/
ja01059a056.

(a) K. Schaftner, Pure Appl. Chem., 1968, 16(1), 75—
86; DOI: 10.1351/pac196816010075; (b) O. Jeger, K.

Vol. 6 (3), May — June 2016


http://dx.doi.org/10.1016/0223-5234%2889%2990108-6
http://dx.doi.org/10.1016/0223-5234%2889%2990108-6
http://dx.doi.org/10.1016/j.bmc.2006.06.068
http://dx.doi.org/10.1016/j.bmc.2006.06.068
http://www.sciencedirect.com/science/article/pii/0223523490901937
http://www.sciencedirect.com/science/article/pii/0223523490901937
http://www.sciencedirect.com/science/article/pii/0223523490901937
http://www.sciencedirect.com/science/article/pii/0223523490901937
http://www.sciencedirect.com/science/article/pii/0223523490901937
http://www.sciencedirect.com/science/article/pii/0223523490901937
http://www.sciencedirect.com/science/article/pii/0223523490901937
http://www.sciencedirect.com/science/article/pii/0223523490901937
http://www.sciencedirect.com/science/article/pii/0223523490901937
http://www.sciencedirect.com/science/article/pii/0223523490901937
http://www.sciencedirect.com/science/article/pii/0223523490901937
http://www.sciencedirect.com/science/article/pii/0223523490901937
http://dx.doi.org/10.1016/0223-5234%2890%2990193-7
http://dx.doi.org/10.1039/c2ra01215d
http://www.sciencedirect.com/science/article/pii/S0223523412006022
http://www.sciencedirect.com/science/article/pii/S0223523412006022
http://www.sciencedirect.com/science/article/pii/S0223523412006022
http://www.sciencedirect.com/science/article/pii/S0223523412006022
http://www.sciencedirect.com/science/article/pii/S0223523412006022
http://www.sciencedirect.com/science/article/pii/S0223523412006022
http://www.sciencedirect.com/science/article/pii/S0223523412006022
http://dx.doi.org/10.1016/j.ejmech.2012.09.050
http://dx.doi.org/10.1016/j.ejmech.2012.09.050
http://dx.doi.org/10.1016/S0031-9422%2800%2994163-3
http://dx.doi.org/10.1016/S0031-9422%2800%2994163-3
http://dx.doi.org/10.1016/0040-4039(95)01127-4
http://dx.doi.org/10.1016/0040-4039(95)01127-4
http://dx.doi.org/10.1016/0002-9149(87)90914-3
http://pubs.acs.org/author/Rubin%2C+Mordecai+B
http://pubs.acs.org/author/Gleiter%2C+Rolf
http://pubs.rsc.org/en/results?searchtext=Author%3ADarren B. Hansen
http://pubs.rsc.org/en/results?searchtext=Author%3AMadeleine M. Joulli%C3%A9
http://pubs.rsc.org/en/results?searchtext=Author%3AElena Cini
http://pubs.rsc.org/en/results?searchtext=Author%3AElena Petricci
http://pubs.rsc.org/en/results?searchtext=Author%3AGiuseppina I. Truglio
http://pubs.rsc.org/en/results?searchtext=Author%3AMarialaura Vecchio
http://pubs.rsc.org/en/results?searchtext=Author%3AMaurizio Taddei
http://pubs.acs.org/author/Hoffmann%2C+Norbert
http://dx.doi.org/10.1016/j.jphotochem.2016.05.001
http://dx.doi.org/10.1016/S0040-4039(01)89525-3
http://dx.doi.org/10.1016/S0040-4039(01)89525-3

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Chemistry & Biology Interface, 2016, 6, 3, 143-156

Schaffner, Pure Appl. Chem., 1970, 21(2), 247-262; DOI:
10.1351/pac197021020247.

A. Padwa, A. Battisti, J. Am. Chem. Soc., 1972, 94(2),
521-529; DOI: 10.1021/ja00757a033.

P. Yates, Y. C. Toong, J. Chem. Soc. Chem. Commun.,
1978, 5, 205-206; DOI: 10.1039/C39780000205.

K. K. Maheshwari, G. A. Berchtold, J. Chem. Soc. D:
Chem. Commun., 1969, 1, 13a—13a; DOI: 10.1039/
C2969000013A._

P. H. McCabe, C. R. Nelson, Tetrahedron Lett., 1978,
19(31), 2819-2820; DOI: 10.1016/S0040-4039(01)94871-
3.

W. C. Lumma Jr., G. A. Berchtold, J. Org. Chem., 1969,
34(6), 1566-1572; DOI: 10.1021/j001258a007.

A. Gilbert, J. Baggot, In: Essentials of Molecular
Photochemistry, Blackwell Scientific  Publications:
London, 1991, p 301.

H. E. Zimmerman, G. A. Epling, J. Am. Chem. Soc., 1972,
94(22), 7806-7811; DOI: 10.1021/ja00777a024.

M. Kapoor, S. N. Dhawan, S. Mor, S. C. Bhatia, S. C.
Gupta, M. S. Hundal, Tetrahedron, 2003, 59 (27), 5027—
5031; DOI: 10.1016/S0040-4020(03)00757-9.

S. Mor, S. N. Dhawan, M. Kapoor, D. Kumar, Tetrahedron,
2007, 63(3), 594-597; DOI; 10.1016/j.tet.2006.11.021.
M. Kapoor, S. N. Dhawan, S. Mor, S. C. Gupta, J. Chem.
Res., 2008, 2008(7), 386-387._

S. Mor, S. N. Dhawan, J. Chem. Pharm. Res., 2015, 7(5),
126-134.

D. Ben-Ishai, Z. Inbal, J. Org. Chem., 1973, 38(12),
2251-2252; DOI: 10.1021/j000952a036.

D. Matthies, K. Hain, Synthesis, 1973, 1973(3), 154-155;
DOI: 10.1055/s-1973-22153.

J.-L. Parrain, J. Thibonnet, Science of Synthesis, 2005, 26,
745-868.

(a) S. L. Shapiro, K. Geiger, L. Freedman, J. Org. Chem.,
1960, 25(11), 1860-1865; DOI: 10.1021/jo01081a008;
(b) S. Shapiro, K. Geiger, J. Youlus, L. Freedman, J.
Org. Chem., 1961, 26(9), 3580-3582; DOI: 10.1021/
jo01067a648; (c) N. E. Cundasawmy, D. B. Maclean,
Canad. J. Chem., 1972, 50(18), 3028-3036; DOI:
10.1139/v72-481; (d) S. Mor, P. Pahal, B. Narasimhan,
Eur. J. Med. Chem., 2012, 53, 176-189; DOI: 10.1016/].
ejmech.2012.03.054; (e) S. Amidi, F. Kobarfard, A. B.
Moghaddam, K. Tabib, Z. Soleymani, Iranian J. Pharm.
Res., 2013, 12(supplement), 91-103.

(a) A. Mustafa, A. H. E. Harhash, J. Am. Chem. Soc.,
1956, 78(8), 1649-1651; DOI: 10.1021/ja01589a041; (b)
S. N. Dhawan, S. Mor, K. Sharma, A. D. Chawla, S. C.
Gupta, Indian J. Chem., 1994, 33B, 38-42.

Chemistry & Biology Interface 156

Vol. 6 (3), May — June 2016


http://dx.doi.org/10.1351/pac197021020247
http://dx.doi.org/10.1016/S0040-4039%2801%2994871-3
http://dx.doi.org/10.1016/S0040-4039%2801%2994871-3
http://dx.doi.org/10.1016/j.tet.2006.11.021

