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An effective route to chiral optically active 2-substituted
benzofurans directly from carboxylic acids is reported. This
procedure, which allows the preparation afalkyl-2-
benzofuranmethanamines froNiprotectedo-amino acids

Note

have also been an active research &r&eneral synthetic
methodologies may involve the condensation reactions between
ketones (or aldehydes) and a number of different forms of
nucleophiles, under acidic or basic conditidndmong the
reported synthetic strategies, the palladium-catalyzed heteroan-
nulation reaction ofo-alkenyl or -alkynyl phenols under
relatively mild conditions has also been largely emplo$/btbst

of them could not provide satisfactory results because of the
requirement of strongly acidic or basic conditions or difficulties
in the introduction of different substituent patterns starting from
readily available materials.

Enantiomerically pure 2-substituted benzofurans might con-
stitute starting materials for the production of biologically active
compounds$.Considering the real tendency directed toward the
development of enantiomerically pure drugs, there is a limited
number of papers related to the preparation of enantiomers of
benzofuran or more generally azole compounds, either by
steroselective synthe&fsor enantiomeric separatidh.

Following our research on the synthesis of heterocyclic
derivatives starting from relatively available compounds, we
were therefore interested in the preparation of benzofurans and
indole substrates. In this work, we wish to report development
of a convenient method for the generation of 2-substituted
benzofuran that could be easily adapted to the synthesis of

without sensible racemization phenomena, proceeds in goothomochiral derivatives.

yields under mild conditions with the help of microwave
irradiation.

The benzofuran ring system features in a large number of
naturally occurring biologically active compounds and in

The applied methodology starts from the improvement of an
old procedure that reported the use of triphenylphosphine
bromonium salt, triethyl amine, and acyl chloride under reflux-
ing toluene for 8 B2 which was suitably modified to be cleanly
applicable toN-protected amino acids for obtaining chiral
enantiomerically purer-alkyl-2-benzofuranmethanamines.

potential synthetic pha_rmacologic agent_s. For_example, avariety For our purposes, although acid chlorides could be used in
of benzofuran derivatives have been investigated as estrogerthe formation of simple optically active 2-alkyl benzofurans,

receptor (ER) ligand,Hs receptor antagonists selective
ligands for the dopamine D3 receptor subtypeetalloprotein-
ase-13 inhibitord,and antifungal agents.

For these reasons, many efforts have been directed for
developing synthetic strategies for this privileged structure, and
recently combinatorial approaches to this class of compounds

* To whom correspondence should be addressed. Fe39-079-212069.
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such as, e.g.R)-2-(1-phenylpropyl)benzofuran, this procedure
did not allow the use of optically active amino acids, as
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moisture-sensitive; in particulaN-protected amino acid chlo-
rides may be also very unstable compoutds.

Venkataraman and Wagle have reported the use of 2,4,6-
trichloro-1,3,5-triazine (TCT) as a useful reagent for converting
carboxylic acids into chloride, esters, amides, and peptitles.
Following our interest in the use of 1,3,5-triazine derivatives
in organic synthesi&, we have therefore tested the possibility
to use TCT as an activator of the carboxylic function. An

accurate study of all process parameters indicated that the more
suitable experimental conditions were those reported in Scheme

1 _16

Therefore 3 equiv of the acid or the optically actiMeBoc
amino acid 1) were treated with 2,4,6-trichloro-1,3,5-triazine
(TCT) (1 equiv) and NEtin DCM to form the activated ester
2. Even if the reaction can be conducted at room temperature
(24 h) or in refluxing DCM (12 h), we have preferred to carry
out the reactions under microwave irradiation in a sealed tube
in a self-tuning single mode CEM Discover Focused synthetizer,
operating at 40°C for 10 min, for drastically shortening the
reaction times and avoiding the presence of significant amounts
of byproducts. Successively, the cooled reaction mixture was
transferred into an open flask having a reflux condenser. The
mixture was added with toluene, 2-hydroxybenzyl triphenylphos-
phonium bromide (3 equiv), and Ng&and irradiated at 110C
for two cycles of 30 mirl? After removal of the precipitate,
the compound$8 were recovered from the solvent and further
purified by silica gel column chromatography.
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TABLE 1. Conversion of Carboxylic Acids into Benzofurans

entry starting compound  benzofuran Yields
3 (%)
1 (0] o} 74
>\._/< mcooa
B  cl ° 3a
2 (0] 79
Lo O
Ph” "OH 0 3b
3 0] 75
)L N—t-Bu
t-Bu” "OH 0 3c
4 (0] m\ 78
o)
- \)J\OH 0 o_3d
5 O, 70
HO  Ph O  Ph 3
6 (o) 75
HO  THs O  THzy
7 O CF3 CF3 73
-10OMe N—.ome
HO  Ph O Ph 3
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L N/
HO HN-B IN—
oC o] HN BOCSh
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9 I N/ 58
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0 N
H 3i
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Boc Boc 3k
12 O\ \_ 7
HO  “NH o NH
Boc—NH O Boc—NH O 3
Boc-HN Boc-HN

13 69

Ph
Oﬁ)\/
HO, NH
tgt

aIn this case the alkyl chloride was used following the standard
procedure. Only the cyclization step was carried out under MW irradiation.

The results we have obtained are reported in Table 1. Yields
are good in all cases examined notwithstanding the purification
workup on column chromatography of the recovered crude
products.
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TABLE 2. Comparison of Conventional and Microwave In addition, it is worth noting that by this methodology it is
Procedures for Benzofuran Synthesis possible to prepare 2-methoxymethyl-benzofuizd) {n a one-
% yield/purity? pot procedure directly from 2-methoxyethanoic acid in high
starting thermal microwave-assisted yield, rather than by multistage procedures earlier repéfted.
compound reactio reactior In summary, the procedure reported herein appears to be
1b 60/95 74/98 simple and allows an easy preparation of 2-substituted benzo-
1c 66/85 79/98 furans with a chiral stereocenter adjacent to the heterocycle

aYield determined at the end of both steps. Average purity determined directly from Fhe Carboxth aClq; in every case Chgmmal yields
by NMR on the crude produck.Conditions: 24 h, 40C, then 10 h, 110 were good with 100% optical yields. This method is character-

°C. ¢ Conditions: 10 min, 40C, then 2x 30 min, 110°C. ized by short reaction times, mild reaction conditions, nontoxic
byproducts, and easy reaction workup.

SCHEME 2

@_/m TEA \ R, Experimental Section
o "N’BOC DCM, 2 h o ‘(INHz Preparation of (R)-2-(1-Phenylpropyl)benzofuran, 3e.The

procedure forR)-2-(1-phenylpropyl)benzofuran (Table 1, entry 5)
is representative for all cases. 2,4,6-Trichloro-[1,3,5]triazine (0.11
i ) ) g, 0.61 mmol) and, dropwise, NE(0.24 mL, 1.83 mmol) were
With compoundslb and1c a comparison between classical  added at room temperature to a solution Rf-2-phenylbutanoic
heating (oil bath) and microwave irradiation was carried out, acid{0.3 g, 1.83 mmol,§]2% —93.1 ¢ 1.0, toluene¥} in DCM
showing a better performance of the MW-assisted process as(2 mL). The resulting mixture was irradiated to 20 for 10 min
reported in Table 2. in a sealed tube (CEM designed 10 mL pressure-rated reaction vial)
All of the chiral benzofurans3e—1) were optically active, in a self-tuning single mode CEM Discover Focused synthesizer.
and those derived from the-amino acids gh—I), recovered The mixture was cooled rapldly. to room temperature, by passing
asN-Boc derivatives, were deprotected to the corresponding OmPressed air through the microwave cavity for 1 min. After

] ) : : . cooling to room temperature, the reaction mixture was transferred
a-alkyl 2-benzofuranmethanamines with TFA in DCM (Scheme in a flask and was added with toluene (20 mL), (2-hydroxy-benzyl)-

2) V\_’ith_ practically q_uan_titative yields_>(95%). i triphenylphosphonium bromide (0.82 g, 1.83 mmol), andN&E76
Significant racemization of the chiral center of tieamino mL, 5.94 mmol). The open flask was irradiated at 2C0for two
acids did not occur under the experimental conditions employed. cycles of 30 min, and then the solution was cooled rapidly to room
The optical purity of §-1-(benzofuran-2-yl)-3-methylbutan-1-  temperature by passing compressed air through the microwave
amine @h) was in fact determined by th8F NMR spectrum cavity for 3 min. The precipitate was removed by filtration, and
of the reaction product with#)-oa-methoxyec-(trifluoromethyl)- the solvent was evaporated under reduced pressure to give a white
phenylacetyl chloride (MPTACRB8 which showed that it oil. The crude product was purified by silica gel column chroma-
consisted of a 98:2 mixture of the diastereomeric amides. Fromto%raphyzo(AcOEt/hexane 1:9) tolafford3§ 25 a white oil, yield
these data, an enantiomeric purity of about 96% can be /0% [*p —23.0€1.17, DCM)."H NMR: 0 7.49 (m, 1H), 7.4
; : (m, 1 H), 7.31 (m, 4 H), 7.24 (m, 1 H), 7.19 (m, 2 H), 6.46 (d, 1
calculated fordh, very close to that of the amino acid used as H) 3.96 1 H). 2.97 1H). 2.01 1 H). 0.96 3 H
i ial. Moreover, bothl NMR and%F NMR spectra ). 3.96 (m, ), 227 (m, ), 2.01 (m, ), 0.96 (m, )
starting material. Mo : \ ppm.23C NMR: 6 161.2, 154.7, 141.9, 128.6, 128.5, 127.9, 126.1,
of the Mosher's amide derived frodi showed the presence of 1333 122 4,120.4, 110.9, 102.3, 47.5, 27.6, 12.4 ppm. Anal. Calcd
only one enantiomer, confirming that the process occurs without for C,,H;40 (236.31): C, 86.40; H, 6.82. Found: C, 86.41; H, 6.84.
sensible racemization phenomena. Likewise in the case of

3 4
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