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A microwave-enhanced procedure for the synthesis of substituted benzofurans starting from 2-(1-
hydroxyalkyl)-phenols and using triphenylphosphine polystirene resin is reported. The benzofurans are isolated
in good to high yields and purities by simple workup. The procedure can be applied to chiral o-alkyl-2-

benzofuranmethanamines too.

The derivatives of benzofurans appear at a significantly
lower amount in nature than the isoelectronic analogue
indole. However, many 2-substituted benzofurans are well-
known to exhibit a broad range of biological activities,' and
therefore, the search for new biologically active compounds
in this series is of interest. From this point of view, synthetic
methods may be very useful in the production of specific
structures characterized by given pharmacological qualities.

In recent years, many synthetic strategies were developed
for this type of compound, and combinatorial approaches
have also been a dynamic research area.” Many synthetic
methodologies involve the condensation reactions between
carbonyl compounds and different forms of nucleophiles.’
Other synthetic approaches are based on the formation of
furan rings from arene derivatives, involving dehydration of
o-hydroxybenzyl ketones under acidic conditions,* base-
mediated decarboxylation of o-acyl-phenoxyacetic acids or
esters,” cyclofragmentation of oxiranes prepared from the
corresponding o-hydroxybenzophenones,® dehydrative cy-
clization of phenoxy-alkyl ketones,’ palladium(IT)-catalyzed
cyclization of aryl acetylenes,® o-alkenyl or alkynyl phenols,’
or deprotonation of benzyl ethers under basic conditions.”
However, several of these methods require strong acidic or
basic conditions or cannot start from readily available
materials for the introduction of different substituent patterns.

A valid alternative is based on the use of hindered nonionic
phosphazene base Ps-t-Bu.'" A synthetic approach to mali-
batol A,'” featuring a novel benzofuran synthesis was
described by Kraus."> A wide array of benzofurans were
prepared through Cul-catalyzed ring closure of o-haloben-
zylketones in excellent yields.'* A sustainable protocol for
2-alkyl- or 2-aryl-substituted benzofurans was reported to
involve a copper-TMEDA complex that catalyzed the
transformation of benzyl ketones into the corresponding
benzofurans in high yields.'> The particularity of the reaction
consisted in the use of water as solvent. Water was the
solvent used by Buchwald'® who developed a one-pot
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protocol for the preparation of 2-substituted benzofurans from
2-chloroaryl alkynes via a palladium-mediated methodol-
OgY-”

Chiral, non racemic 1-(benzofuran-2-yl)-arylamines have
been achieved from enantiomerically pure or enriched
arylpropargylamines by Botta, who extensively prepared
these compounds for studies in the treatment of fungal skin
infections.'® Very recently, a Rh(I)-catalyzed demethylation—
cyclization sequence for a direct transformation of o-anisole-
substituted ynamides to chiral 2-amido benzofurans was
described."®

All of these methods have some limitations, and therefore
alternative methods are still desirable. A very attractive
procedure for the preparation of a chiral 2-substituted
benzofuran derivative was reported by Lee et al. in an
approach to the total synthesis of kendomycin.?® The
synthesis of the benzofuranyl compound was accomplished
using a two-stage method®' in which a phenolic phosphonium
bromide was merged through a Wittig process with the chiral
nonracemic 5-benzyloxy-2, 4-dimethylpentanoic acid.

Following similar considerations, we have reported re-
cently an effective route to chiral optically active 2-substi-
tuted benzofurans directly from carboxylic acids.?* This
procedure, which allowed the preparation of a-alkyl-2-
benzofuranmethanamines from N-protected a-amino acids
without sensible racemization phenomena, proceeded under
mild conditions and in good yields. However, a drawback
of this procedure was the recovery and purification of the
final product because of the presence of triphenylphosphine
oxide as byproduct.

To avoid this limitation, a “traceless” strategy has to be
designed that would be compatible with the synthesis of
heterocyclic systems. With recent advances in solid-phase
synthesis, several combinatorial methods for the production
of benzofuran libraries have been described.®** To prepare
a collection of benzofurans with a high degree of potential
diversity and wide utility for drug discovery using solid-
phase techniques, it also appeared to be important to develop
a synthesis in which at least three substituents can be
independently and readily varied. Simple considerations on
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Scheme 1. Preparation of Resin-Bound
(2-Hydroxybenzyl)-triphenylphosphonium Bromide
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solid-phase organic synthesis encouraged the transfer of the
solution-phase reaction to the solid phase.

Therefore as a part of studies designed toward the
development of new techniques for combinatorial heterocy-
clic synthesis under mild conditions,>* we wish to report
herein the use of triphenylphosphine polystirene resin for
the synthesis of a library of benzofuran diversomers through
a catch and release methodology.

Thus, triphenylphosphine polystirene resin 1 (0.16 mmol/
g) was charged with the proper 2-(bromoalkyl)-phenol 2 in
dry DMF (Scheme 1). The formation of the functionalized
support 3 could be achieved only heating the mixture for
too long, so the reactions were conducted under microwave
irradiation to shorten the reaction time.?> Thus the reaction
mixture was heated in a sealed tube (CEM designed 10 mL
pressure-rated reaction vial) and exposed to microwave
irradiation for two cycles of 15 min at 85 °C.?® Then the
resin was washed thoroughly with portions of DMF, hexane,
THF, hexane, and DCM in sequence.

Commercial 2-(1-hydroxyalkyl)-phenols 7 were used in
the preparation of the 2-(bromoalkyl)-phenols 2. Otherwise
products 7 were obtained from 2-hydroxybenzaldehydes by
reduction with NaBH, or through reaction with the proper
Grignard reagent. The carbinols so obtained were succes-
sively converted into the corresponding 2-(bromoalkyl)-
phenols 2 using a procedure, slightly modified, reported in
the literature.”” The method was based on the reaction of
2.4,6-trichloro[1,3,5]triazine (TCT) with DMF, followed by
addition of 2 equiv of NaBr. After 12 h, a DCM solution of
1 mol equiv of 2-(1-hydroxyalkyl)-phenol 7 was added. At
25 °C, this system operates the quantitative conversion of
the alcohols to the corresponding 2-(bromoalkyl)-phenols
(Scheme 2), which can be recovered as sole products after
a simple aqueous workup that removes the triazine byproducts.

It is to be noted that the reaction is totally chemoselective
because under the reaction conditions adopted no reaction
at the phenol hydroxyl was noted. The bromides 2 were
directly anchored to the triphenylphosphine polystirene resin
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Scheme 3. Preparation of Benzofurans
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1, without any purification, avoiding therefore the storage
because of the limited stability of the compounds.®

Treatment of the resin 3 with an acyl chloride 4 and TEA
afforded the isomerically pure benzofuran derivative 5 that
can be recovered from the solution, leaving the triph-
enylphosphine oxide polystirene resin 6 (Scheme 3) as a solid
residue.?” The cyclization step was carried quantitatively in
dry toluene. The reactions were carried out under microwave
irradiation in a sealed tube, operating at 110 °C for two cycles
of 30 min. The benzofurans 5 were recovered by filtration
of the mixture and washing of the resin with toluene (Table
1). The residue acyl chloride was removed by treatment with
NaHCOj; aqueous solution.

Yields are good in all cases examined, and the benzofurans
can be recovered almost pure. Further, but simple, purifica-
tion workup on column chromatography can be achieved to
produce chemically pure products.

Finally we have tested the possibility of preparing optically
active a-alkyl-a-(benzofuran-2-yl)-methanamines,** using
the above-reported traceless procedure. Therefore, consider-
ing the difficulty of preparing and using N-protected amino
acid chlorides,*® we used 2,4,6-trichloro-1,3,5-triazine (TCT)
in solid-phase procedures.

Thus, the optically active N-Boc amino acid was joined
with TCT and TEA in DCM and MW irradiated to form the
activated ester, and then the solvent was removed. The
functionalized resin 3 (R,=R;=H) was added with toluene,
and the mixture was irradiated at 110 °C for 60 min. After
it was cooled to room temperature, the resin sample was
collected by filtration, and the chiral optically active fert-
butyl-1-(benzofuran-2-yl)-2-alkylcarbamates were recovered
with the same specific rotatory powers of the samples
obtained by the solution-phase approach (Scheme 4).>* The
results obtained have claimed that the use of TCT as activator
of carboxylic moiety can be easily extended to the solid phase
t0o.

In conclusion, the presented strategy, characterized by
short reaction times, mild reaction conditions, and easy
reaction workup, provides a facile preparation of substituted
benzofurans even with a chiral stereocenter adjacent to the
heterocycle directly from the carboxylic acid. This approach
seems undoubtedly promising because of the possibility of
also using derivatives of salicylaldehyde to extend the range
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Table 1. Solid-Phase Synthesis of Benzofurans According Scheme 3
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Scheme 4. Solid-Phase Synthesis of
(S)-tert-Butyl-1-(benzofuran-2-yl)-2-phenylethylcarbamate
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of the final products by the appropriate choice of the chiral
nonracemic carboxylic acid.

Experimental Section

General Procedure for Microwave-Assisted Benzofu-
ran Synthesis. To a suspension of triphenylphosphine
polystirene resin 1 (0.10 g, 0.160 mmol) swollen in dry DMF
(1 mL) was added 2-(bromomethyl)phenol (0.12 g, 0.640
mmol). The resulting mixture was irradiated to 85 °C for 15
min in a sealed tube (CEM designed 10 mL pressure rated
reaction vial) in a self-tuning single-mode CEM Discover
Focused Synthesizer. The mixture was cooled rapidly to
room temperature by passing compressed air through the
microwave cavity for 3 min; then 2-(bromomethyl)-phenol
2 (0.12 g, 0.640 mmol)was added again, and the mixture
was irradiated to 85 °C for 15 min as above. After it was
cooled to room temperature, the resin sample was collected
by filtration using a sintered glass funnel. The resin was
thoroughly washed with alternative portions of DMF (3 x
10 mL), hexane (3 x 10 mL), THF (3 x 10 mL), hexane (3
x 10 mL), and DCM (3 x 10 mL). The resin 3 was dried
under reduced pressure and then suspended in dry toluene
(1 mL). Benzoyl chloride (0.09 mL, 0.80 mmol) and TEA
(0.33 mL, 2.4 mmol) were added, and the resulting mixture
was irradiated to 110 °C for 60 min in a sealed tube. After
it was cooled to room temperature, the resin was removed
by filtration using a sintered glass funnel and successively
washed alternatively with toluene (3 x 10 mL) and THF (3
x 10 mL). All the organic layers were combined, washed
with ag NaHCOs3 (2 x 10 mL) and water (2 x 10 mL), and
concentrated in vacuum. The crude 2-phenylbenzofuran Sa
(0.11 g, 65% yield) was further purified by chromatography
(EtOAc/petroleum ether = 1:9) to obtained a white solid
(global yield 61%) mp: 119—122 °C (ref 31 118—120 °C).
"H NMR (300 MHz, CDCl;): 6 7.86 (d, J = 7.1 Hz, 2H),
7.55 (m, 2H), 7.44 (t, J = 7.1 Hz, 2H), 7.3 (m, 3H), 7.06 (s,
1H). '3C NMR (75 MHz, CDCly): 6 155.9, 154.8, 130.4,
129.2, 128.7, 128.5, 124.9, 124.2, 122.9, 120.9, 111.1, 101.3.
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