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A Photochemical Entry to Spircobenzofurans
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Abstract : Synthesis of spirobenzofurans based on photochemical 'G'hydrogen
abstraction is reported.

Spirobenzofurans and their derivatives have received considerable attention

in. the field of pharmacology as most of these have been found to be biologically

activel. In particular, there has been a revival of interest in griseofulvin (1}, an

antifungal antibiotic isolated from Penicillium griseofulvumz. Many syntheses are
known in literature for this compound and its derivatives, based on Diels-Alder
react ion3 , double Michael addition4 , oxidative cou pling5 and intra-ester
condensationG. Surprisingly, methodologies based on photochemical transformations

have not been exploited so far. Recently, we reported a photochemical route for the
construction of 2-ethenyl and 2-ethynylbenzofurans . In continuation of our work in
this area, we were interested in exploring the potential of this photochemical
reaction for building up the spirobenzofuran system constituting the framework of
griseofulvin, Herein we report a simple and direct entry into spirobenzofurans based

on photochemical spiroannulation as depicted in Scheme-I.
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The photosubstrates {(2a-d) required for this purpose were prepared by the
Williamson ether synthesis (Scheme-II). Compounds (2a-d) are pale yellow viscous
liquids and have been thoroughly characterised.
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Table - 1
Entry Compound R! R2 Yield (%)
1 (2a) H CH3 60
2 (2b) H Cl 60
3 (2c) H OCH3 70
4 (2d) OCH3 H 80

Irradiation of ether (2b) in benzene (10—3M) using 350 nm lamps in a
Rayonet photoreactor in an atmosphere of argon for four hours afforded a viscous
liquid (80%) after evaporation of the solvent under reduced pressure which was found
to be a mixture of diastereomeric spirobenzofuranols namely 5-chlorospiro|benzofuran-
2 {3H), 1"—[2]cyclohexene]l-3-phenyl-3-ols, (3b) and (4b) as revealed by spectral

13C nmr spectrumg. The

datas. The crude photolysate exhibited 32 lines in its
400 MHz 1H nmr spectrum showed three signals in the olefinic region viz. § 5.3(d),
$5.6 (m) and 66.2, the signal at §6.2 being a closely spaced unresolved multiplet.
The IR spectrum showed a band at 3600 cm_1 (-OH) while the band at
1660 cm_T(C=O) had disappeared. Though the tlc analysis of this liquid showed only
a single spot, hplc analysisw clearly revealed it to be a 1 : 1.1 mixture showihg
two peaks. Preparative hplc separation of this mixture afforded the pure
diastereomers. 1H nmr spectrum of one of the isomers (3b) had a signal at §5.3(d,
1H, 4 = 8.8 Hz) and another at & 5.65 (m,1H) indicating olefinic protons while the
signal at §6.2 seen in the spectrum of the crude product had totally disappeared.
The 13C nmr of this compound displayed 17 lines.11 The 1H nmr of the other isomer
(4b) showed & signal at 66.2 due to the two olefinic protons and the signals at § 5.3

13C nmr of this isomer also exhibited 17 lines

and § 5.65 were clearly absent. The
as expected in its broad band decoupled spectrumm. Both these compounds showed

the molecular ion at 312 in their mass spectra.

{4b)

The stereochemistry assigned to (3b) is based on its 1i-l nmr spectral data
as well as from its NOESY spectrum which revealed the spatial interaction between the
olefinic proton signal at §5.3 and the aromatic proton signal at 67.3813. Irradiation
of the ethers (2a) and (2d) likewise afforded the respective spirobenzofuranols as a
mixture of two diastereomers which were separated by preparative hplc and

characterised by spectral data (Table II). In contrast, ether (2c) was inert under
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the above irradiation conditions. Even after irradiating for ten hours, there was no
appreciable reactionm. This remarkable retarding effect exhibited by the methoxy
group in (2¢), which is meta to the benzoyl group, has also been observed in a

similar attempted ¢ hydrogen abstraction reaction15.

Table - II
Compound Product Yield (%)16
(2a) (3a) + (4a) 90
(2d) (3d) + (4d) 80
(2¢) (3¢c) + (ac) 10

As it is known that the ease of 8 hydrogen abstraction by the excited
carbonyl group in o-alkoxybenzophencnes is governed by the structure of O-alkyl
moiety17, it was of interest to study the photochemical behaviour of the saturated
analogues of ethers (2a) and (2b) namely o-cyclohexyloxybenzophenones (5a) and (5b)
respectively. Irradiation of ethers (5) under UV light for thirty minutes led not to
the product of 8 hydrogen abstraction and cyclisation viz., (6) but to the formation
of the respective 2-(cyclohex-1-enyloxyphenyl)phenyl carbinols (7) in 60-70% vyield
(Scheme III). '

Scheme-III
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The 1H nmr spectrum of the product (7) showed a signal at 8 5.87 and a
signal at 64.76 along with an exchangeable proton signal at §2.7. The IR spectrum
showed a band at 3600 cm| (-OH) and also a band at 1665 cm™ ' (C=C). The
absorption band at 300-350 nm in the UV spectrum was absent, as expected. The
assigned structures have been supported further by the following observation.
Treatment of (7) with a catalytic amount of p-toluenesulfonic acid in dry benzene
gave rise to the respective spiroketals (8) in 90-95% yield (Scheme IV).
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The 1H nmr spectrum of (8) revealed the absence of the signal at §4.76

due to the olefinic proton. The signal due to hydroxyl proton was also not seen,

1 1

The IR spectrum showed the absence of bands at 1665 cm ' and 3600 cm | as

expected. .
In summary o-(2-cyclohexenyloxy)benzophenones have been found to undergo a
facile photochemical cyclisation to give the corresponding spirobenzofurans. We are
currently engaged in exploring the scope of this annulation reaction for the synthesis
of griseofulvin and other condensed spirobenzofuran systems.
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