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Abstract: In the present study, we have described stereoselective synthesis of some novel (£)-3-(alkoxymeth-
ylene)isobenzofuran-1(3H)-ones (7) by photolysis of N-(2-alkoxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)
benzamide/ 4-substituted benzamides (6) using acetone as solvent in high yields. The structures of all the
photoproducts were elucidated by the application of spectral (IR, "H NMR and mass), and elemental ana-

lytical techniques.
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1. Introduction

A large number of 3-alkyl and 3-alkylidene
isobenzofuran-1(3H)-ones have been isolated
from natural sources [1]. Typical examples

are  catalpalactone [2a], (-)-hydrastine
[2b], vermistatin  [2c],  (+)-spirolaxine
[2d], alcyopterosin E [2e], rubiginone-H

[2f], typhaphthalide [2g], isopestacin [2h],
cryphonectric acid [2i], fuscinarin [2j], etc.
Some members of this family are known to
possess interesting physiological activities and
reported for attractive applications in medicinal
chemistry by different investigators, being
used as anti-bacterial, anti-spasmodic, anti-
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convulsant, anti-HIV, anti-asthmatic, anti-tumor,
anti-platelet activities, anesthesia prolongation,
PGF2a inhibitory, herbicidal, and insecticidal
properties [3]. 3-Styryl phthalides are used as
color formers for heat and pressure sensitive
recording materials [4]. Also, isobenzofuran-
1(3H)-ones are valuable intermediates in the
synthesis of various polycyclic compounds [5]
and intermediates [6] for the synthesis of a host
of other naturally occurring biologically active
compounds [7]. The importance and utility
of these derivatives have led the chemists for
development of numerous methods for their
synthesis including the following categories:
(1) a high temperature method originally

Vol. 6 (4), July — August 2016



Chemistry & Biology Interface, 2016, 6, 4, 243-256

developed by Gabriel [8]; (ii) base catalyzed
condensation of phthalides with aldehydes
[9]; (ii1) Wittig-Horner type condensation of
aromatic aldehydes and phthalide phosphonates
[10]; (iv) condensation of an o-halobenzoic acid
with Cu(l) acetylides (Castro reaction) [11];
(v) cyclization reractions catalyzed by strong
bases such as DBU, NaOH, KOH, NaOCH,,
NaOC H,, (C,H,),NH [12]. Strong acides such
as CF,COOH, CF,SO,H, montmorillonite K-10,
Ac,0, ZrOCl1,.8H,0 [13] are also used in the
synthesis of 3-alkyl phthalides. Preparation of
thesecompoundshavealsobeenreported through
iodolactonization of methyl 2-ynylbenzoates
[14], palladium [15] and solid base [16]
catalyzed reactions, photocatalyzed reaction
by titanium dioxide [17] and comparative
intramolecular dehydrative lactonization of
4-oxo0 carboxylic acids [18]. The synthesis of
3-alkylidene phthalides from photochemical
rearrangements of substituted inden-1,3-diones
and electrochemical reduction of phthaloyl
chloride has also been reported [19]. In recent
years, the use of solid acids as heterogeneous
catalysts has received tremendous interest in
different areas of organic synthesis that has also
been applied for the synthesis of this class of
compounds [20]. The synthetic methodologies
and applications of this class of compounds
studied recently have been reported by different
researchers [21]. Photochemistry of carbonyl
compounds constitutes an important area of
research due to high degree of comprehension
of mechanistic complexities of photochemical
reactions of this category of compounds.
Photochemical a- and f-cleavage processes in
carbonyl compounds have drawn considerable
attention of organic photochemists in the past.
Which pathway actually predominates depends
upon the structure of ketone and presence of
substituents [22]. p-Cleavage route has been
examined on n—7* excitation of certain ketones
[23] and also in ketones holding a-substituents

aryloxy [27], epoxy [28], sulphonyloxy [29],
thiyl [30-34], etc. However, reaction pathway
can be influenced by the presence of substituents
other than a-position [35]. Moreover, both
ionic [36] and radical intermediates have been
involved in this course of action depending
upon nature of the starting material and type
of n—r* excited states, i.e. singlet or triplet
involved. Photochemical behaviour of a few
N-(2-hydroxy-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)benzamides/ heterylamides (15) has
been studied earlier in our laboratory and it was
observed that the presence of both hydroxyl
and arylamido/ heterylamido functional groups
in these cases at C, in 2,2-disubstituted-1H-
indene-1,3(2H)-diones does not alter the course
of the photochemical transformation and still
the only course of the reaction remains to be
Norrish Type 1 to give first a 1,5-biradical
which subsequently reorganizes to afford the
corresponding N-benzoyl/4-substituted benzoyl/
heteroyl-3-0xo0-1,3-dihydroisobenzofuran-1-
carboxamides [37] in excellent yields. With
a view to investigate whether the hydrogen
bonding between the 2-hydroxy substituent and
one of the carbonyl groups of the 1H-indene-
1,3(2H)-dione moiety plays any significant role
in the photochemical transformations of N-(2-
hydroxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)
benzamides/ heterylamides (15), we became
interested in examining the effect of 2-alkoxy
instead of a 2-hydroxy substituent on the manner
of these photochemical reactions. Therefore, in
continuation of our previous studies [37—40]
on the photochemistry of 2,2-disubstituted-
1 H-indene-1,3(2H)-diones, in the current
article, we report the synthesis of some
3-(alkoxymethylene)isobenzofuran-1(3H)-ones
(7) with complete Z selectivity by photolysis of
the corresponding N-(2-alkoxy-1,3-dioxo-2,3-
dihydro-1H-inden-2-yl)benzamides (6) in high
yields.

which have a propensity for formation of 2. Materials and methods
radicals, i.e. halogen [24,25], acetoxy [26],
Chemistry & Biology Interface 244 Vol. 6 (4), July — August 2016
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2.1 General: The chemicals used in the
present investigation were procured from
commercial sources and were used as such
or after necessary purification following
literature procedures. Melting points (°C) of
the synthesized compounds were determined
on an electrothermal apparatus in open head
capillaries and are uncorrected. Purity of
the synthesized compounds and progress of
the reactions were monitored by thin layer
chromatography (TLC) using precoated silica
gel plates (chloroform-methanol) as stationary
phase and different combinations of solvents as
mobile phase. The developed TLC plates were
examined using iodine staining for visualization
of the spots. The synthesis of compounds was
carried out by stirring on a magnetic stirrer and/
or heating at desired temperature on a water
bath. Photochemical reactions were performed
in a Pyrex photochemical reactor at room
temperature under dry N, atmosphere using
Hanovia mercury vapour lamp as a source of
UV light. The structures of the synthesized
compounds were corroborated by employing
differentspectral (IR, NMR, Mass) and elemental
analytical techniques. IR spectra were scanned
on a Perkin—Elmer 842 IR spectrophotometer in
the range of 400-4000 cm™ using Nujol mulls
and absorption frequencies (v) are stated in
cm!. 'TH NMR spectra were recorded on 90
MHz Perkin-Elmer R-32 spectrometer using
deuteriochloroform (CDCIL,) as solvent. The
chemical shift values (8) are reported in parts
per million (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 constant (J) values are given
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 and H were found within
+0.4% of the theoretical values.
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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 mole)
and benzamide/ 4-substituted benzamide (2)
(0.05 mole) in benzene (100 mL) was heated
on a water bath at reflux temperature 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 solid separated after cooling of
the reaction mixture was filtered and crystallized
from ethanol-hexane mixture to give the desired
product in high yield [41-43].

2.3  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) (0.07
mole) and thionyl chloride (12.20 mL, 0.14
mole) in dry dichloromethane (400 mL) was
refluxed on a water bath till the completion of the
reaction (2-2.5 hr). The solvent was removed
under reduced pressure and the resulting residue
triturated with benzene, filtered and crystallized
from benzene to give 4 as colorless crystals
[42,43].

2.4 General procedure for the synthesis
of  N-(2-alkoxy-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)benzamides (6): A solution of
N-(2-chloro-1,3-dioxo0-2,3-dihydro-1H-inden-
2-yl)benzamide/ 4-substituted benzamide (4)
(0.0030 mole) in anhydrous alcohol (5) (100
mL) was heated at reflux 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 [42—44].

2.5  General procedure for photochemical
synthesis of (£)-3-(alkoxymethylene)
isobenzofuran-1(3H)-ones (7): Solution of 6
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(1.0 g) in acetone (100 mL) was deoxygenated
by bubbling oxygen-free dry nitrogen gas for
15 min. Thereafter, the solution was irradiated
with light from a 450 Watts Hanovia mercury
lamp in a Pyrex reactor under dry nitrogen
atmosphere for a total period of 10—11 hr. The
progress of the reactions was monitored by TLC
on aliquots withdrawn from the reaction mixture
at different intervals of time. After completion
of the reaction, solvent was removed in vaccuo
which left light yellow viscous oil that was
chromatographed over a column of silica gel
(30.0 g, column packed in hexane). Elution
of the column first with hexane and then with
hexane-benzene mixture (1:1, v/v) yielded
(Z)-3-(alkoxymethylene)isobenzofuran-
1(3H)-ones (7) as very dense colorless oil.
Later elutions with benzene and then with
benzene-acetone mixture (9:1, v/v) yielded
white crystalline solid which was identified
as benzamide/ 4-substituted benzamide (2) as
shown by co-TLC, undepressed mixed mp and
superimposable IR & 'H NMR spectra with
those of authentic sample whose physical data
are given in Table 1

The characterization data of the compounds
(7a-7d) are given as follows:

(Z)-3-(methoxymethylene)isobenzofuran-
1(3H)-one (7a): The compound 7a was obtained
by photolysis of each of N-(2-methoxy-1,3-
dioxo-2,3-dihydro-1H-inden-2-yl)benzamide
(6a), 4-chloro-N-(2-methoxy-1,3-dioxo-
2,3-dihydro-1H-inden-2-yl)benzamide  (6b),
4-methoxy-N-(2-methoxy-1,3-dioxo0-2,3-
dihydro-1H-inden-2-yl)benzamide (6¢) and
N-(2-methoxy-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)-4-methylbenzamide (6d) in acetone
as solvent (Table 1). IR (Nujol): 1778 (C=0O
stretch (five-membered lactone)), 1640 (C=C
stretch) cm™; "H NMR (CDCL,): 6 3.82 (s, 3H,
OCH,), 5.89 (s, 1H, =C-H), 7.50-7.70 (m, 3H,
H-4, H-5, H-6), 7.91 (dd, J = 8.0 Hz, J = 2.5
Hz, 1H, H-7); ms: (70 eV, electron impact) m/z
176 (M"). Anal. Calcd. for C, HO,: C, 68.18;
H, 4.54. Found: C, 68.31; H, 4.23.

(Z)-3-(ethoxymethylene)isobenzofuran-
1(3H)-one (7b): The compound 7b was
obtained by photolysis of each of N-(2-

Table 1: Physical data of (Z2)-isobenzofuran-1(3H)-ones (7) and 4-substituted benzamides (2).

Compound irgr(EZtiogn furalrf—oltzg%(ione Yield of | Benzamide/4-substituted | mp of 2| Yield
photolysed (6) (hr) obtained (7) 7 (%) benzamide obtained (2) (°C) jof2 (%)
6a 10.0 7a 80 Benzamide (2a) 128-129| 82
6b 10.5 7a 85 4-Chlorobenzamide (2b) [173-174| 80
6¢ 11.0 7a 80 4-Methoxybenzamide (2¢) |[164-166| 82
6d 10.0 7a 82 4-Methylbenzamide (2d) [161-162| 81
6e 10.0 7h 81 Benzamide (2a) 128-129| 84
6f 11.0 7b 79 4-Chlorobenzamide (2b) |173-174| &2
6g 11.5 7b 81 4-Methoxybenzamide (2¢) |[164-166| 80
6h 10.5 7b 82 4-Methylbenzamide (2d) [161-162| 83
6i 10.0 Tc 80 Benzamide (2a) 128-129| 80
6j 11.0 Tc 80 4-Chlorobenzamide (2b) |173-174| 82
6k 10.5 7c 83 4-Methoxybenzamide (2¢) |[164-166| 81
61 11.0 Tc 80 4-Methylbenzamide (2d) [161-162| 85
6m 10.0 7d 80 Benzamide (2a) 128-129| 81
6n 10.5 7d 78 4-Chlorobenzamide (2b) |173-174| &2
60 10.5 7d 81 4-Methoxybenzamide (2¢) [164-166| 84
6p 10.0 7d 80 4-Methylbenzamide (2d) |161-162| 81
Chemistry & Biology Interface 246 Vol. 6 (4), July — August 2016
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ethoxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)
benzamide (6e), 4-chloro-N-(2-ethoxy-1,3-
dioxo-2,3-dihydro-1H-inden-2-yl)benzamide
(6f), N-(2-ethoxy-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)-4-methoxybenzamide (6g) and
N-(2-ethoxy-1,3-diox0-2,3-dihydro-1H-inden-
2-yl)-4-methylbenzamide (6h) in acetone
as solvent (Table 1). IR (Nujol): 1773 (C=0O
stretch (five-membered lactone)), 1655 (C=C
stretch) cm™; '"H NMR (CDCL,): § 1.29 (t, J =
7.0 Hz, 3H, OCH,CH,), 4.28 (q,J= 7.0 Hz, 2H,
OCH,CH,), 5.88 (s, IH, =C-H), 7.50-7.80 (m,
3H, H-4, H-5, H-6), 7.91 (dd,J=8.0 Hz, J=2.5
Hz, 1H, H-7); ms: (70 eV, electron impact) m/z
190 (M"). Anal. Calcd. for C, H, O,: C, 69.46;

103"

H, 5.26. Found: C, 69.73; H, 5.08.

(Z)-3-(propoxymethylene)isobenzofuran-
1(3H)-one (7c¢): The compound 7¢ was
obtained by photolysis of each of N-(1,3-
dioxo-2-propoxy-2,3-dihydro-1H-inden-2-
yl)benzamide (6i), 4-chloro-N-(1,3-dioxo-
2-propoxy-2,3-dihydro-1H-inden-2-yl)
benzamide (6j), N-(1,3-dioxo-2-propoxy-2,3-
dihydro-1H-inden-2-yl)-4-methoxybenzamide
(6k) and N-(1,3-dioxo-2-propoxy-2,3-dihydro-
1 H-inden-2-yl)-4-methylbenzamide (6l) in
acetone as solvent (Table 1). IR (Nujol): 1778
(C=0 stretch (five-membered lactone)), 1657
(C=C stretch) cm; '"H NMR (CDCL,): 6 0.92
(t, J = 7.0 Hz, 3H, OCH,CH,CH.,), 1.70 (sext,
J=7.0 Hz, 2H, OCH,CH,CH,), 4.18 (t, /= 7.0
Hz, 2H, OCH,CH,CH,), 5.88 (s, 1H, =C-H),
7.45-7.75 (m, 3H, H-4, H-5, H-6), 7.91 (dd, J
= 8.0 Hz, J = 2.5 Hz, 1H, H-7); ms: (70 eV,
electron impact) m/z 204 (M"). Anal. Calcd. for
C_H _O.: C, 70.58; H, 5.88. Found: C, 70.91;

127712737

H, 5.51.

(£)-3-(isopropoxymethylene)isobenzofuran-
1(3H)-one (7d): The compound 7d was obtained
by photolysis of each of N-(2-isopropoxy-1,3-
dioxo-2,3-dihydro-1H-inden-2-yl)benzamide

N-(2-isopropoxy-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)-4-methoxybenzamide (60) and
N-(2-isopropoxy-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)-4-methylbenzamide (6p) in acetone
as solvent (Table 1). IR (Nujol): 1780 (C=0O
stretch (five-membered lactone)), 1650 (C=C
stretch) cm™; '"H NMR (CDCL,): 6 1.30 (d, J =
7.0 Hz, 6H, OCH(CH.),), 5.12 (sept, /= 7.0 Hz,
1H, OCH(CH,),), 5.83 (s,1H, =C-H), 7.40-7.80
(m, 3H, H-4, H-5, H-6), 7.91 (dd, J=8.0 Hz, /=
2.5 Hz, 1H, H-7); ms: (70 eV, electron impact)
m/z 204 (M"). A4nal. Calcd. for C_H O,: C,

12771273

70.58; H, 5.88. Found: C, 70.99; H, 6.02.

2.6  3-Oxo-1,3-dihydroisobenzofuran-1-
carboxylic acid (phthalide-3-carboxylic acid)
8):  (£)-3-(alkoxymethylene)isobenzofuran-
1(3H)-ones (7a—7d), in each case, on standing
at room temperature for about 6 months
underwent oxidative hydrolysis to yield 8 as a
colourless solid, yield 80-90%; mp 152-153
°C (Lit. [45] mp 153 °C); IR (Nujol): 2520—
2760 (O-H stretch, carboxylic acid), 1785
(C=0 stretch (five-membered lactone)), 1720
(C=0 stretch, carboxylic acid) cm™; 'H NMR
(CDCl,): 6 5.83 (s, 1H, H-3), 7.40-7.85 (m, 4H,
H-4, H-5, H-6), 10.50 (br s, 1H, exchangeable
with D,O, COOH), 7.90 (dd, /= 8.0 Hz, J=2.5
Hz, 1H, H-7); ms: (70 eV, electron impact) m/z
178 (M"). Anal. Calcd. for CH.O,: C, 60.68; H,
3.40. Found: C, 60.83; H, 3.35.

3. Results and discussion
1.1.  Chemistry

The protocol for the synthesis of (Z£)-3-
(alkoxymethylene)isobenzofuran-1(3H)-ones
(7) is outlined in Scheme 1.

We obtained N-(2-hydroxy-1,3-dioxo-2,3-
dihydro-1H-inden-2-yl)benzamides 3)
[41-43] upon reaction of ninhydrin (1) with
corresponding benzamides (2) in benzene

(6m), 4-chloro-N-(2-isopropoxy-1,3-dioxo- Which upon subsequent treatment with SOCI,
2,3-dihydro-1H-inden-2-yl)benzamide ~ (6n), in CH,Cl, afforded the corresponding N-(2-
Chemistry & Biology Interface 247 Vol. 6 (4), July — August 2016
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Scheme 1: Synthetic route of (£)-3-(alkoxymethylene)isobenzofuran-1(3H)-ones (7)
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chloro-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)
benzamides (4) [42,43] in high yields. The
N-(2-alkoxy-1,3-diox0-2,3-dihydro-1H-inden-
2-yl)benzamides (6) were prepared by refluxing
the solution of N-(2-chloro-1,3-dioxo-2,3-
dihydro-1H-inden-2-yl)benzamides (4) in
corresponding anhydrous alcohols (5) in fairly
good yields [42—44]. Photolysis of solution of 6
in acetone with light from a 450 Watts Hanovia
mercury vapour lamp in a Pyrex reactor (10—
11 hr) under N, atmosphere followed by usual
chromatographic work up of the photolysates
furnished 3-(alkoxymethylene)isobenzofuran-
1(3H)-ones (7) with complete Z selectivity
as colorless dense oils and 4-substituted
benzamides (2) as white crystalline solids in 79—
85% and 80—-85% yields, respectively (Table 1).

The structures of all the photoproducts 7 and 2
have been confirmed through analysis of their
IR, '"H NMR and mass spectra and analytical
data (vide experimental). The IR spectra of 7a—
7d, in each case, displayed a strong absorption
band (v__ ) in the region 1773-1780 cm™ due to
lactone (five-membered) carbonyl and a band
of medium intensity in the region 1650-1660
cm™ due to C=C stretching [38,39]. The most
characteristic feature of 'H NMR spectra of
7 was a one-proton singlet in the region at o
5.83-5.89 which could safely be assigned to the
olefinic proton (=C-H). The aromatic region of
the spectra showed two distinct signals: a one-
proton doublet of a doublet (/= 8.0 and 2.5 Hz)
centered at 0 7.91 due to H-7 and a three-proton
multiplet in the region at 6 7.40—7.80 attributable
to H-4, H-5 and H-6. The deshielding of H-7
relative to other three aromatic protons is
presumably due to the anisotropic effect of the
adjacent lactone carbonyl group [6f,46]. The
preference for (Z)- over (E)- isobenzofuran-
1(3H)-ones (7) rests upon the results reported in
literature [8f,11d,38,47] due to (i) in 'H NMR,
the H-4 aromatic proton resonated in the region
at 0 7.40-7.80 with H-5 and H-6 which was
not distinguished from them possibly due to
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absence of steric interactions between lone pair
of electrons present on sp*-hybridized oxygen
atom of the olefinic alkoxy group and H-4 in the
(£)-isomer, and (ii) the olefinic proton chemical
shift being somewhat at a higher field in the
(£)-isomer compared to (FE)-isomer where the
olefinic proton was deshielded due to lactone
oxygen atom. Further, the mass spectral data
and analytical data of 7 are in good agreement
with their molecular formulae. The structures
of the other photoproduct, i.e. 4-substituted
benzamides (2) were established through their
mp, mixed mp and superimposable IR and 'H
NMR spectra with their authentic samples.

An interesting point which warrants attention
here is that all the (Z)-isobenzofuran-1(3 H)-ones
(7a—7d) have been isolated as colorless dense
oils. All attempts aimed at their crystallization
proved abortive.

The mechanistic details of the
phototransformation, 6 — 7 & 2 discussed
above have not been unraveled in the present
investigation, however, it may be envisaged
to occur through the mechanisms described as
follows.

The  N-(2-alkoxy-1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)benzamides (6) on irradiation first
abstracts a y-hydrogen (Norrish Type Il reaction)
leading to the formation of a 1,4-biradical
(9) which subsequently abstracts a hydrogen
radical from the solvent (acetone) or from the
H,O (moisture) which might have inadvertently
crept in during the course of the photoreaction
giving radical 10. Since acetone is not known to
be a good hydrogen donor, therefore, hydrogen
must have come from moisture. The radical
10, in turn, can either undergo C-O or C-N
bond cleavage. Since the bond dissociation
energy of a C—N bond is lower than that of a
C-O bond [48], it preferentially undergoes
C-N bond rupture yielding 2-alkoxy-1H-
indene-1,3(2H)-dione (12) through keto-enol
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tautomerism of the initially formed enol 11. to afford (Z)-isobenzofuran-1(3H)-one (7).
The 1H-indene-1,3(2H)-dione (12) furnished The benzamido/ 4-substituted benzamido
during the reaction then undergo Norrish Type radical may abstract a hydrogen radical from
I reaction followed by photoreorganization to acetone or H,O (moisture) to give benzamide/
give biradical 13 which subsequently recloses 4-substituted benzamides (2) (Scheme 2).

H
0 . OH |
OC 2R " 0C— R‘
NHCO “Nomishl NIIC R‘

l H.(solvent)

OH OH H
H C-N cleavage Q R‘
ok -
R2 NHC 3]
X -R! (‘NII O
11
} 10
[e) #l (0] I1
—R3
f OC\RZR Norrish-I
i -
O
12
0
/)
O < >
\ /II
"OC-R
H R
0
0
/II
OC—R3 N
R2 £
R2
7 (Z-isomer) 7 (E-isomer)

R! = H, Cl, OCH;, CHs; R? = H, CH; R? = H, CH;, CH,CH,

Scheme 2: Plausible mechanism of formation of (Z)-3-(alkoxymethylene)isobenzofuran-1(3 H)-
ones (7) initiated through Norrish Type II reaction.
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Alternatively, the possibility of direct
f-cleavage of the C—N bond [23-25] upon
irradiation  of  N-(2-alkoxy-1,3-dioxo-2,3-
dihydro-1H-inden-2-yl)benzamides (6) leading
to the formation of radical 14 and benzamido/
4-substituted benzamido radical cannot be
ruled out. The radical 14 may, in turn, abstract
a hydrogen radical from the solvent (acetone)
or HO (moisture) or even benzamido radical
to form 2-alkoxy-1H-indene-1,3(2H)-dione

C R3
Nm@

hU/ dLLtOﬂ (]

C-N cleavage

(12) which undergoes Norrish Type I reaction
followed by photoreorganization to give
biradical 13 that subsequently recloses to form
(£)-isobenzofuran-1(3H)-one (7) as depicted
in Scheme 3. In a similar way benzamido/
4-substituted benzamido radical may abstract
a hydrogen radical from acetone or H,O
(moisture) to give benzamide/ 4-substituted
benzamides (2).

*oc R3 + Rl ﬁNH
0

14 O
H (solvent) —Rl@gNHz
O

/O H [¢) 51

OC R3 Norrish-I S;OC\“R3
S R2 - R2

H H
O

13
12
-

H
oc R3
R2

H

7 (Z-isomer)

7 (E-isomer)

R! = H, Cl, OCH,, CH;; R? = H, CH;; R? = H, CH,, CH,CH,

Scheme 3: Plausible mechanism of formation of (Z)-3-(alkoxymethylene)isobenzofuran-1(3H)-
ones (7) initiated through direct f-cleavage of the C—N bond.
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The 2-alkoxy-1H-indene-1,3(2H)-dione (12)
formed during the photolysis of 6, yielding
biradical 13 through a-cleavage, can, in
principle, furnish two stereoisomeric (£)- and
(Z)- isobenzofuran-1(3H)-ones (7) but in all
the sixteen cases studied during the present
investigation, exclusive formation of the (Z)-
isobenzofuran-1(3H)-ones (7) was observed.

Out of the two mechanistic pathways discussed
above, the fragmentation process involving
direct f-cleavage pathway is preferred inanalogy
with the results of photolysis of 2-alkoxy-2-(
4-methoxyphenyl)-1H-indene-1,3(2H)-diones
[38] already studied in our laboratory which did
not yield Norrish Type II photoproducts even
though they contain y-hydrogens.

The irradiation of N-(2-hydroxy-1,3-dioxo-
2,3-dihydro-1H-inden-2-yl)benzamides  (15)
yield the N-benzoyl/ 4-substituted benzoyl-3-
oxo-1,3-dihydroisobenzofuran-1-carboxamides
[37] containing the benzamido group while
the photolysis of N-(2-alkoxy-1,3-dioxo-
2,3-dihydro-1H-inden-2-yl)benzamides
(6) discussed in the present paper give the
3-(alkoxymethylene)isobenzofuran-1(3H)-
ones (7) bereft of the benzamido group. A
plausible explanation for this photochemical
behaviour of the indane-1,3-diones (6) may be
offered in terms of H-bonding. In case of N-(2-
hydroxy-1,3-dioxo-2,3-dihydro-1H-inden-2-
yl)benzamides (15), molecular models reveal
that the singly occupied n-orbital of the n—z*
excited state of the indanedione carbonyl group
lies close to the H-atom of the OH group in the
same plane thus favouring H-bonding. Such a
bonding may perceivably lock the n-orbital into
a geometry which permits enhanced overlap
between the n-orbital and the o-orbital of the
o-bond thereby facilitating a-cleavage (Fig. 1).
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Fig. 1: H-bonding between n-orbital of the n—r*
excited state of the indanedione carbonyl group
and H-atom of the OH group in 15.

In contrast, in case of N-(2-alkoxy-1,3-dioxo-
2,3-dihydro-1H-inden-2-yl)benzamides (6), the
absence of H-bonding does not allow effective
overlap between the n-orbital of the n—n*
excited state of the indanedione carbonyl group
and o-orbital of the a-bond thereby inhibiting
a-cleavage. Instead, the 7*-orbital of the n—=*
excited state of the indanedione carbonyl group
overlaps effectively with the o-orbital of the
f-bond thereby favouring S-cleavage (Fig. 2).
o

Fig. 2: Overlapping of z*-orbital of the n—r*
excited state of the indanedione carbonyl group
with g-orbital of the f-bond thereby favouring
p-cleavage in 6.

Thus, it is inferred from the above results that
H-bonding plays an important role in deciding
the course of photochemical reactions in N-(2-
alkoxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)
benzamides (6).

It is worthy to mention here that all the (Z)-3-
(alkoxymethylene)isobenzofuran-1(3H)-ones
(7a-7d) upon keeping for about six months
at ambient temperature, deposited a white
crystalline solid, which has been characterized
as 3-oxo-1,3-dihydroisobenzofuran-1-
carboxylic acid (phthalide-3-carboxylic acid)
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RT, 6 months 2

-

7 (Z-isomer)

-

Scheme 4: Synthesis of 3-oxo-1,3-dihydroisobenzofuran-1-carboxylic acid (8) from (Z2)-3-

(alkoxymethylene)isobenzofuran-1(3H)-ones (7)

(8), mp 152-153 °C (Lit. [45] mp 153 °C) from
its mass, IR and '"H NMR spectra (Scheme 4).

The acid (8), as expected, produced brisk
effervescence due to evolution of CO, when
treated with a saturated solution of NaHCO,.
The IR spectrum of the acid (8) showed two
strong carbonyl bands at 1785 and 1720 cm™!
due respectively to lactone (five-membered)
carbonyl and acid carbonyl groups in addition
to multiplet weak peaks in the region 2520—
2760 cm™ due to hydrogen bonded OH group of
the carboxylic acid. The '"H NMR spectrum of 8
showed a one-proton singlet at 6 5.83 due to H-3
and a broad one-proton signal (exchangeable
with D,O) at 6 10.50 due the OH proton of the
carboxylic acid. The aromatic region of the
spectrum showed two distinct signals: a one-
proton doublet of a doublet (/= 8.0 and 2.5 Hz)
centered at 0 7.90 due to H-7 and a three-proton
multiplet in the region at 6 7.40-7.85 attributable
to H-4, H-5 and H-6. The deshielding of H-7
relative to other three aromatic protons is
presumably due to the anisotropic effect of
the adjacent lactone carbonyl group. Its mass
spectrum showed the molecular ion peak albeit
invery low abundance (2%) atm/z 178. The base
peak of the spectrum was, however, located at
m/z 133 due to the ion corresponding to the loss
of "COOH radical. The other prominent peaks
seen in the mass spectrum of the acid (8) were
located at m/z 149 (10.2%), 134 (38.5%), 105
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(50.1%), 77 (41.2%) and 58 (89.5%). Further,
the analytical data of 8 are in good agreement
with its molecular formula.

Mechanistically, the formation of 3-oxo-
1,3-dihydroisobenzofuran-1-carboxylic  acid
(phthalide-3-carboxylic acid) (8) from the
(Z)-3-(alkoxymethylene)isobenzofuran-
1(3H)-ones (7a—7d) may be envisaged to
occur through an initial hydrolytic cleavage
followed by aerial oxidation of the 3-oxo-
1,3-dihydroisobenzofuran-1-carbaldehyde
(phthalide-3-carboxaldehyde) (16) thus
produced as shown in Scheme 5.

Conclusion

In conclusion, the incorporation of alkoxy and
benzamido/ 4-substituted benzamido group at
C, inlH-indene-1,3(2H)-dione moiety undergo
phototransformation which involves an initial
[S-cleavage of C—N bond instead of a-cleavage
of the 1H-indene-1,3(2H)-dione moiety
followed by abstraction of hydrogen radical
from the solvent which subsequently undergo
Norrish Type I reaction (a-cleavage) followed
by reorganization of the resulting 1,5-biradical
to afford (Z)-isobenzofuran-1(3H)-ones (7)
exclusively and corresponding benzamide/
4-substituted benzamides (2) in high yields.
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