
TETRAHEDRON
LETTERS

Tetrahedron Letters 44 (2003) 8983–8986Pergamon

Synthesis of novel 3-substituted-2,3-dihydro-
1,4-dioxino[2,3-b ]pyridines as potential new scaffolds

for drug discovery: selective introduction of substituents on the
pyridine ring
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Abstract—Selective introduction of substituents on 3-substituted-2,3-dihydro-1,4-dioxino[2,3-b ]pyridine at the pyridine ring was
achieved using electrophilic aromatic substitution and addition–elimination reactions. In all the examples, functionalization at the
3-position was maintained. For this reason, the products disclosed in this paper could be useful as potential scaffolds for drug
discovery and combinatorial chemistry.
© 2003 Elsevier Ltd. All rights reserved.

Bioisosteric replacement of benzene by pyridine is a
classical approach within the field of medicinal chem-
istry compatible with the maintenance of the biological
activity.1 Using this approach, several 2,3-dihydro-1,4-
dioxino[2,3-b ]pyridine derivatives have proved to be
active in a wide range of therapeutic areas (Fig. 1), e.g.
CNS (compound 1,2 5-HT1A receptor agonists), cardio-

vascular diseases (compound 23 calcium antagonist)
and antibiotics (compound 34).

Compounds 1, 2 and 3 have the 3-substituted-2,3-dihy-
dro-1,4-dioxino[2,3-b ]pyridine core, the synthesis of
which has been described previously.5 Moreover, in the
literature, few examples of 2,3-dihydro-1,4-dioxino-
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[2,3-b ]pyridines substituted on the pyridine ring have
been reported6 (compounds 4,6a 5,6b 6 and 7,6c Fig. 1).
Despite these two facts and to the best of our knowl-
edge, the simultaneous combination of substituents on
both rings in this type of compound still remains
undescribed.

As part of one of our drug discovery programs, we
were interested in the development of synthetic strate-
gies suitable for the introduction of substituents on the
aromatic ring of the 2,3-dihydro-1,4-dioxino[2,3-b ]-
pyridine scaffold, also bearing a moiety at the 3-posi-
tion that is easy to functionalize. These derivatives
could be useful intermediates in the synthesis of bioac-
tive compounds and, with appropriate substituents, for
combinatorial chemistry purposes. In the present paper
we describe the results of our work that has led to the
first synthesis of 3-hydroxymethyl-2,3-dihydro-1,4-diox-
ino[2,3-b ]pyridines substituted on the pyridine ring.

Substitution on the pyridine ring in examples 4, 5, 6
and 7 was achieved using different approaches. For
instance, compound 5 was prepared by electrophilic
aromatic substitution on the 2,3-dihydro-1,4-diox-
ino[2,3-b ]pyridine,6b whereas compound 6 was prepared
both by addition–elimination reaction of the corre-
sponding N-oxide and by metallation followed by reac-
tion with hexachloroethane.6c

Once antecedents had been considered, our first
approach proceeded via electrophilic aromatic substitu-
tion. In this way, bromination of compound 8,5 using
bromine in dichloromethane and an aqueous saturated
solution of sodium carbonate as base, afforded the
7-bromo analogue 9, as the main product, and traces of
the 6-bromo derivative 10 were also obtained7 (Scheme
1). Both compounds were separated by standard
column chromatography methods and identified by
their 1H NMR data (Table 1). The explanation of the
result of this reaction could be found in the balance of
the electron-withdrawing effect of the nitrogen atom of
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the pyridine and the electron-donating effects of the
oxygen atoms.

For the introduction of substituents at positions 6 and
8, an addition–elimination reaction of the correspond-
ing N-oxide was envisaged. According to main princi-
ples describing the reactivity of pyridine N-oxides,
addition–elimination reactions should afford � or �
substituted compounds with re-aromatization and loss
of the N-oxide function.8

To maintain the functionality at position 3, the hydroxy
function was protected using either the tert-
butyldimethylsilyl or methanesulphonyl groups (com-
pounds 11 and 12).9 The latter group was chosen to
avoid the possible cleavage of the oxygen�silicon bond
under acidic conditions. Furthermore, this group can be
used as a leaving group for further derivatization.
N-Oxides 13 and 14 were prepared using standard
methodology, m-chloroperbenzoic acid in dichloro-
methane,10 as described in Scheme 2.

When the reaction of the N-oxide 13 with phosphorus
oxychloride was performed, 8-substituted compound 15
was obtained with high regioselectivity,11 (Scheme 2), as
confirmed by its 1H NMR (Table 1). This result corre-
lated with that previously described by Guillaumet and

Table 1. 1H NMR (400 MHz, CDCl3) data of azabenzodioxanes 8–10, 14–16 and 18

R1 R2Compd R3 �H-6
a �H-7

a �H-8
a J6–7

b J7–8
b J6–8

b

6.87 (dd)7.80 (d)–H –H 7.88 4.37.20 (d)
H7-Br9 7.85 (d)– – 7.34 (d) – – 2.1

10 6-Br H – – 7.13 (d) 7.29 (d) – 8.1 –
6.78 (dd) 6.90 (dd) 6.5 8.4 1.414 H TBDMS O 7.93 (dd)

7.72 (d)8-Cl 6.95 (d) – 5.2 – –SO2CH3 –15
7.12 (d) 7.21(d) –16 8.56-CN –TBDMS – –

–H –8.7–6.95 (d)6.12 (d)6-NC5H10 –18

a � are given in ppm.
b J are given in hertz.
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coupling constant in compounds 10, 16 and 18, substi-
tuted at position 6, J7–8 is about 8 Hz, and in the same
range as J7–8 in the parent compound 8.5 For com-
pound 15, substituted at position 8, J6–7 is 5.20 Hz, and
is similar to J6–7 in 8. The results presented in Table 1
match perfectly with the pool of data for pyridines.15

In conclusion, the results presented in this work allow
the selective introduction of substituents onto the 2,3-
dihydro-1,4-dioxino[2,3-b ]pyridine core. Using aro-
matic electrophilic substitution reactions, compounds
substituted at position 7 were readily available. Mean-
while, by addition–elimination reactions, compounds
substituted at position 6 were obtained, except when
phosphorus oxychloride was used, which afforded com-
pounds substituted at position 8. By this methodology
new scaffolds that hold much potential for application
in drug discovery have been obtained. Furthermore,
compounds 9, 15 and 16 with two attachment points,
could be very useful for combinatorial chemistry pur-
poses. Further research to explain the selectivity
detected and to explore these new scaffolds will be the
subject matter of future publications.
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Ancos, Dr. José Ignacio Andrés, Dr. Javier Fernández,
Mr. Luis Font, Dr. Antonio Gómez, Mr. Marcel de
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