
Tetrahedron Letters 46 (2005) 6477–6481

Tetrahedron
Letters
Enantioselective synthesis of
2-ethyl-2,3-dihydrobenzofuran carboxylic acid, direct precursor

of (+)-efaroxan, from a Baylis–Hillman adduct
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Abstract—We describe herein a new and straightforward enantioselective approach to R-(+)-2-ethyl-2,3-dihydrofuran carboxylic
acid, the direct precursor of (+)-efaroxan, an a2 adrenoreceptor antagonist, which is indicated to be used for the treatment of neuro-
degenerative diseases (Alzheimer and Parkinson), migraine and type II diabetes. Our goal was accomplished using a Baylis–Hillman
adduct as starting material. The dihydrobenzofuran acid was obtained in eight steps with an overall yield of 14%.
� 2005 Elsevier Ltd. All rights reserved.
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Figure 1. 2-Ethyl-2,3-dihydrobenzofuran 2 as key intermediate to the
synthesis of efaroxan and derivatives.
It is well known that some imidazoline-containing
ligands have an affinity for binding sites distinct from
a-adrenoreceptors and two discrete imidazoline recep-
tors (designated I1 and I2) are well characterized.1

Recently, a third imidazoline binding site (putatively
designed as I3) was identified in pancreatic b-cells and
this receptor is associated with control of insulin secre-
tion.2 Insulin secretagogue activity mediated by imidazo-
line agonists is known to be associated with closure of
ATP-sensitive potassium (KATP) channels, leading to
membrane depolarization and Ca+2 influx.3

Apparently, the biological effects exerted by (R)-(+)-
efaroxan (1, Fig. 1)4 are directly related to its a2-adreno-
receptor antagonism, while those demonstrated by its
(�)-enantiomer are mediated by the I3 receptor.

5

The high pharmacological potentiality of efaroxan (1)
and derivatives (3–5) have motivated the development
of several approaches to their total syntheses.6 In most
of them, the 2,3-dihydrobenzofuran carboxylic acid (2,
Fig. 1) has been used as key intermediate.

The biological activities exhibited by efaroxan (1) and
also by their derivatives are clearly related to the abso-
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2005.07.099

Keywords: Baylis–Hillman; Heterocycles; Asymmetric synthesis;
Dihydrobenzofuran; Efaroxan.
* Corresponding author. Tel.: +55 19 3788 3085; fax: +55 19 3788
3023; e-mail: coelho@iqm.unicamp.br
lute configuration of the quaternary asymmetric centre.
The preparation of efaroxan in its enantiomerically pure
form was initially achieved by resolution of racemic 2.3,7

Only recently, Imbert and co-workers8 have described
the first successful approach for the preparation of
(R)-2-ethyl-2,3-dihydrobenzofuran carboxylic acid (2).

The pharmacological relevance of efaroxan associated
with a research program focused on exploiting the syn-
thetic potentiality of the Baylis–Hillman adducts as
starting materials for the synthesis of valuable com-
pounds9 stimulated us to proposing an alternative enan-
tioselective approach for the preparation of the
dihydrobenzofuran acid 2. Our intention was to develop
a versatile strategy that could guarantee the access to the
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Table 1. Optimization of cuprate 1,4-addition reaction on acetylated
Baylis–Hillman adduct 9

Entry Temperature
(�C)

Time
(min)

Ratio product
11:12

Yields (%)
11/12a,b

1 0 1 42:58 39/50
2 �20 8 45:55 40/50
3 �30 15 58:42 44/38
4 �50 20 70:30 68/25

a Isolated and purified product.
b Fully characterized by 1H, 13C NMR and MS.
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both enantiomers of 2, since they both exhibit interest-
ing pharmacological properties.

2-Ethyl-2,3-dihydrobenzofuran carboxylic acid (2), in
which the absolute stereochemistry of the quaternary
centre was already controlled, could be prepared
through a base-catalyzed cyclization reaction (via a
nucleophilic aromatic substitution reaction) of the chiral
fluorinated hydroxyacid 6, which in turn, could be
obtained from epoxyalcohol 7. A Sharpless asymmetric
epoxidation on the a-substituted allylic alcohol 8 could
furnish the intermediate epoxy 7, in its enantiomerically
pure form. The preparation of 8 could be assured
through a Michael addition of an organocuprate on
the terminal double bond of acetylated Baylis–Hillman
adduct 9, following by in situ elimination of an acetate
group. A Baylis–Hillman reaction between methyl acryl-
ate and 2-fluorobenzaldehyde followed by an acetyl-
ation reaction could secure the formation of 9, as
depicted below (Scheme 1).

Besides the atom efficiency, the success of this strategy
could provide convenient access to enantiomerically
pure derivatives of efaroxan, simply changing the alde-
hyde used in the Baylis–Hillman reaction. Use of enan-
tiomeric tartarate in the Sharpless reaction would allow
the easy preparation of the minus enantiomers of 2.

We report herein the sequence, which led to the asym-
metric total synthesis of dihydrobenzofuran carboxylic
acid 2.

The Baylis–Hillman reaction10 between commercial 2-
fluorobenzaldehyde and methyl acrylate, in the presence
of a catalytic amount of DABCO and ultrasound radia-
tion11 gave the adduct 10 in 90% yield, after chromato-
graphic purification. A solution of the Baylis–Hillman
O CO2H
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Scheme 1. Retrosynthetic analysis for the preparation of 2.
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Scheme 2. Reagents and conditions: (a) methyl acrylate, DABCO, MeOH, u
90%; (c) Li(CH3)2Cu, diethyl ether, �30 �C, 20 min, 68%.
adduct in dry dichloromethane was treated with acetyl
chloride, DMAP and triethylamine to furnish the acety-
lated derivative (9) in 90% yield (Scheme 2). To our sur-
prise, the treatment of 9 with lithium dimethyl cuprate
at 0 �C led to the formation of a mixture of two prod-
ucts (11 and 12; ratio 3:2), in 40% yield. The olefin 11
was the product required for our strategy. By-product
12 could be formed through a dimerization step, most
probably involving the intermediates of the cuprate
addition (Scheme 2).12,13 To overcome the low yield
and avoid the formation of 12, several experimental
modifications were tested. In Table 1 we summarize
the results achieved for the optimization of cuprate
addition reaction.

The 1,4 addition of the lithium dimethylcuprate reagent
is quite fast as is the formation of the byproduct 12. At
�50 �C, the formation of 12 could be minimized, how-
ever it was not possible to completely avoid it. A similar
observation has been reported by Ullenius, when she
tried to add lithium dimethylcuprate to ortho-substi-
tuted methyl cinnamates.14

The cinnamate derivative 11 was reduced with DIBAL-
H, at �78 �C in dichloromethane to furnish the corre-
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Scheme 4. Reagents and conditions: (a) TPAP,N-methyl morfoline-N-
oxide (NMO), dichloromethane, rt, 1 h, 85%; (b) NaClO2, NaH2PO4,
2-methyl-2-butene, acetone, 0 �C! rt, 4 h, 90%; (c) Pd/C 5%, EtOH,
rt, 12 h, 80%; (d) NaH, toluene/DMF (8:2), 110 �C, 16 h, 65%.
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sponding allylic alcohol 8, in 85% yield, which was used,
after purification, as substrate for a Sharpless–Katsuki
epoxidation reaction.15 Unfortunately, the chemical
yield of this oxidation reaction was very low (45%,
Scheme 3). An additional study was carried out, in
which three reaction parameters were varied (molar
ratio of titanium isoproxide and tartarate and the tem-
perature of the reaction). The results are summarized
in Table 2.

The best yield and reproducibility were attained when
diisopropyl tartarate (60 mol %) was used, at �35 �C,
with 50 mol % of titanium isopropoxide (entry 5). The
epoxide-alcohol 7 was prepared in 75% of yield and
89% ee.

The enantiomeric purity of this epoxide was determined
by GC using a chiral column (Chiral HP column—
b-cyclodextrin).

At this stage, the stereochemistry of the quaternary car-
bon was already controlled. Based on the rationalization
proposed by Sharpless, the oxygen of the hydroperoxide
should be transferred to the Si face of the double bond
to produce epoxide with (S,S)-configuration.

We tried to directly oxidize the epoxide-alcohol 7 to the
corresponding carboxylic acid 6, with Jones reagent at
0 �C. However, in our hands the acid was obtained in
only 40% yield, with an intense degradation of the reac-
tion medium. Based on a previous experience of our lab-
oratory, we decided first to oxidize the alcohol to an
aldehyde and then to the acid, using mild experimental
conditions.16 Treatment of alcohol 7 with TPAP/NMO
gave the epoxy-aldehyde 13 in 85% yield.17 Acid 6 was
obtained from aldehyde 13 through treatment with
sodium chlorite, NaH2PO4 and 2-methyl-2-butene in
90% yield (Scheme 4).18 Reductive opening of 7 was
completely regioselective and gave the a-hydroxy acid
Table 2. Sharpless–Katsuki reaction with allylic alcohol 8

Entry Ti(O–iPr)4 (mol %) Tartaratea (mol %)

1 100 (+)-DET (100)
2 100 (+)-DET (100)
3 100 (+)-DET (120)
4 100 (+)-DIPT (120)
5 50 (+)-DIPT (60)
6 25 (+)-DIPT (30)

a All reactions were carried out in the presence of molecular sieves (4 Å), us
b The yields are for purified and isolated products.
c The enantiomeric purity was determined by GC using a chiral column (usi
14, as the sole isolable product in 80% yield. The cycli-
zation reaction was carried out with NaH in DMF to
furnish 2, in 65% yield (Scheme 4). The diidrobenzo-
furan ring was formed through a nucleophilic aromatic
substitution reaction (SNAr). In this type of nucleophilic
attack fluorine used to be the best leaving group. The
most likely explanation is that the first step of the SNAr
mechanism is usually the rate determining, and this step
is promoted by groups with strong �I effects. This
would explain why fluoro is such a good leaving group
when this mechanism is operating.19

To confirm the optical purity and the absolute configu-
ration of the dihydrobenzofuran 2 we decided to use the
strategy described by Imbert and co-workers.7 The chi-
ral acid 2 was then treated with an equimolar amount
of (S)-(+)-2-phenylglycinol in ethyl acetate. The crystal-
line solid salt was filtered and recrystallized twice in
methylethylketone. The solid was dissolved in methanol
and its specific rotation was measured {½a�20D 54.8 (c 0.3,
MeOH); Lit.7 ½a�20D 55.9 (c 0.3, MeOH)}.
Temperature (�C) Time (h) Yieldb (%)/% eec

�25 12 45/89
�25 12 52/89
�25 12 58/87
�35 8 75/89
�35 8 75/89
�35 8 70/85

ing 0.5 mmol of allylic alcohol 8.

ng a racemic product for comparison).
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Based on these data our product has an optical purity
>95% ee. The synthesis of the (R)-(+)-2-ethyl-2,3-
dihydrobenzofuran carboxylic acid 2 was accomplished
in eight steps, from the Baylis–Hillman adduct, with
an overall yield of 14%.20 The utilization of the commer-
cial (�)-DIPT in the place of (+)-DIPT should permit
access to the (S)-(�)-enantiomer using the same
synthetic strategy.21,22 Our strategy should also permit
the preparation of several derivatives of both the enan-
tiomers of efaroxan, substituted in aromatic ring.

Finally this simple and straightforward strategy exem-
plifies clearly the synthetic potentially of the Baylis–Hill-
man reaction for the preparation of chiral compounds
of pharmaceutical interest.
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