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Abstract—a,b-Unsaturated sulfinylimines derived from a-amino acids undergo aza-Diels–Alder reaction with electron rich dieno-
philes such as enolethers and enamines. Subsequent elimination of sulfinyl and amine or alkoxy moiety on the resulting cycloadducts
affords pyridines derived from a-amino acids.
� 2007 Published by Elsevier Ltd.
Aza-Diels–Alder (ADA) reaction1,2 of 1-aza-butadienes
are gaining widespread acceptance as tools in hetero-
cyclic synthesis and have found their use in the prepara-
tion of compounds containing pyridine, quinoline,
mono- and diazaanthracene and other nitrogen rings.
a,b-Unsaturated dimethylhydrazones have been widely
used in hetero Diels–Alder reactions, as 1-azadienes3

(Fig. 1, I) with electron-deficient dienophiles, as key
steps in a variety of syntheses of natural products and
other biologically relevant heterocycles.4 However, the
introduction of electron-withdrawing groups in the posi-
tion 1 of 1-azadienes changes the reactivity pattern of
these compounds and the inverse electronic demand
aza-Diels–Alder (IADA) reaction is then feasible if
electron rich dienophiles are used. For example, Boger
et al. found that N-sulfonyl imines (Fig. 1, II) can parti-
cipate as dienes in inverse electron demand aza-Diels–
Alder (IADA) reactions with enolethers5 and that the
reactivity of these heterodienes is increased if electron-
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Figure 1. 1- and 2-azadienes.
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withdrawing substituents are introduced in C-2.5b More-
over, an elegant approach has been recently reported for
asymmetric variant of 1-azadiene Diels–Alder reaction,
using reactive a,b-unsaturated N-sulfonyl imines and
chiral enolethers.6

We have been involved in the synthesis of 2-aza-butadi-
enes,7 (Fig. 1, IV) as well as in the design of new strate-
gies for the preparation of nitrogen heterocyclic
compounds8 including the synthesis and aza-Diels–
Alder reaction (ADA) of electron rich 1-azadienes
(Fig. 1, I).9 In this context, we developed two ap-
proaches for the preparation of 1-azadienes involving
as the key step (i) the formation of C@C conjugated
olefinic bond through olefination reaction of b-phos-
phorylated imines10 or (ii) the aza-Wittig reaction11

between phosphazenes and b,c-unsaturated a-ketoesters
derived from a-amino acids or a-aminophosphonates12

and 1-azadienes derived from a-amino esters have also
been used for the preparation of acyclic13 and hetero-
cyclic derivatives.14

A recent publication15 reporting the first catalytic asym-
metric inverse electron demand aza-Diels–Alder (AIA-
DA) reaction of N-sulfonyl-1-azadienes with enolethers
prompted us to report our own results concerning a high
yield synthesis of a new family of N-sulfinyl-1-aza-1,3-
butadienes III (Fig. 1, R = Ar SO) from b,c-unsaturated
a-ketoesters derived from a-amino acids and their use
for the preparation of six membered heterocycles.

The formation of C@N imine bond through condensa-
tion of carbonyl compounds and amine derivatives is
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the simplest method for the preparation of imine com-
pounds.16 However, in the case of a,b-unsaturated car-
bonyl compounds, especially in the case of ketones,
this presents frequent regioselectivity problems and con-
jugate addition or double addition products has been
observed.17

Taking into account the considerations mentioned
above, we explored the direct condensation of (S)-p-
toluenesulfinimide and b,c-unsaturated a-ketoester 1,
activated by the addition of two equivalents of titanium
tetraethoxide and only the regioselective preparation of
a,b-unsaturated sulfinylimine 2 derived from a-amino
acids was observed with good yield (Scheme 1).18 The
presence of an electron-withdrawing group in position
2 of a-ketoester 1 seems to increase the reactivity of
the carbonyl group and then the exclusive condensation
reaction with the formation of the C@N imine double
bond is favoured.

Keeping in mind the good results observed before in
inverse electron demand aza-Diels–Alder (IADA) reac-
tions with a,b-unsaturated sulfonylimines,5,6 we thought
that the sulfinylimine derivative 2 would also be a good
candidate for [4+2] cycloaddition reactions with elec-
tron rich dienophiles. We were aware of the lower elec-
tron-withdrawing character of sulfinyl group compared
to the sulfonyl moiety but, in our case, we expected an
additional activation due to the presence of a carboxyl-
ate substituent in C-2 as well as a p-nitrophenyl moiety
in C-4.

Thus, when 1-azadiene 2 was refluxed overnight with
pyrrolidinecyclohexene 3a (R1 R2 = –(CH2)–), substi-
tuted tetrahydroquinoline 4a (R1 R2 = –(CH2)–) was
obtained (Scheme 2, Table 1, entry 1).19 Formation of
quinoline derivative 4a could be explained through a
mechanism where an initial inverse electron demand
aza-Diels–Alder (IADA) reaction between 1-azadiene 2
O
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Scheme 1. Synthesis of a,b-unsaturated N-sulfinylimine 2.

Table 1. Tetrahydroquinoline 4a and pyridine derivatives 4b, 4c, 9 and 12 ob

Entry Pyridine Dienophile Tempera

1 4a 3a 39–40

2 4b 3b 39–40
3 4c 7 Sealed tu
4 9 8 55
5 12 —
and the enamine afforded cycloadduct 5, which under-
went spontaneous double elimination of pyrrolidine
and p-toluensulfinyl group, leading to the formation of
heterocycle 4a. An alternative mechanism involving
the elimination N-pyrrolidine (S)-p-toluensulfinimide
and subsequent aromatization from cycloadduct 5 could
not be excluded for the formation of quinoline deriva-
tive 4a.

The reaction can also be extended to deactivated enam-
ine, 3b (R1 = H, R2 = CO2Et), and when 1-azadiene 2
was refluxed overnight with enamine 3b, substituted pyr-
idine 4b (R1 = H, R2 = CO2Et) derived from a- and b-
aminoesters was recovered from the reaction (Scheme
2, Table 1, entry 2).

When the reaction was extended to the use of enolethers
as electron rich dienophiles, mixtures comprising the
unaltered starting materials and the products resulting
from the hydrolysis of imine functionality were recov-
ered after refluxing for several days. Diverse Lewis acids
were tested in order to activate the cycloaddition reac-
tion but the use of Yb(OTf)3, BF3, AlCl3 or TiCl4 affor-
ded yet again the starting 1-azadiene 2 together with its
hydrolysis products.
5: Ar = p-NO2 C6H5
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Scheme 2. Aza-Diels–Alder reaction of 1-azadiene 2 derived from a-
amino acids with enamines.
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Unsuccessful cycloaddition was once again obtained
when 1-azadiene 2 was refluxed at 33 �C in neat ethyl-
vinylether 7 but, however, when a solution of 1-azadiene
2 in ethylvinylether was stirred in a sealed tube and
heated in an oil bath at 110 �C until liquid–vapour equi-
librium was reached, pyridine 4c was obtained. In a
similar way to that reported for enamines (see Scheme
2), a mechanism comprising [4+2] cycloaddition and
subsequent double elimination of ethanol and the
sulfinyl group could explain the formation of pyridine
4c derived from a-aminoester (Scheme 3, Table 1, entry
3).

A remarkable result was obtained when a cyclic enole-
ther was used as the dienophile. In this case, refluxing
overnight a solution of 1-azadiene 2 in dihydrofuran 8
afforded pyridine 9 in very good yield (Scheme 4, Table
1, entry 4).

The formation of functionalized pyridine 9 can be
explained initially by the [4+2] cycloaddition process
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Scheme 3. Aza-Diels–Alder reaction of 1-azadiene 2 with ethylvinyl-
ether 7.
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Scheme 4. Aza-Diels–Alder reaction of 1-azadiene 2 with dihydro-
furan 8.
of 1-azadiene 2 and dihydrofuran 8, followed by bond
cleavage of the C–O bond and sulfinyl elimination from
cycloadduct 10. The addition of a second molecule of
dihydrofuran 8 to pyridine–ethanol 12 could give func-
tionalized pyridine 9. The concomitance of the alcohol
and dihydrofuran is known to afford tetrahydrofuranyl
ethers. Tetrahydrofuranyl ethers can be deprotected
under acidic conditions and, therefore, in order to prove
the structure assigned to pyridine 9 the acid cleavage of
the protecting group was carried out by treatment with
HCl to give pyridine 12 with the expected hydroxy
moiety (Scheme 3, Table 1, entry 5).

In conclusion, it has been demonstrated that a,b-unsat-
urated chiral N-sulfinylimines can participate as 4p sys-
tems with electron rich dienophiles in intermolecular
inverse electron demand aza-Diels–Alder reaction. The
cycloaddition reaction in all the cases is followed by
double elimination of the labile sulfinyl group and amine
or alkoxy groups, implying the aromatization of the
cycloadducts, which prevents the determination of the
stereochemistry of the [4+2] cycloadduct. It should be
mentioned that the pyridine heterocyclic core is a wide-
spread subunit in numerous natural products.20
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