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25 Rue Philippe Lebon, BP 540, F-76058 Le Havre Cedex, France

Received 1 June 2001; revised 15 June 2001; accepted 16 June 2001

Abstract—Several indolizines, di- and tetrahydroindolizines have been synthesized successfully in a one-pot procedure, in two or
three steps from 2-formyl-1,4-dihydropyridine derivatives and malonitrile in 57–87% yield. The general mechanism leading to
these azacyclic compounds, involving 2-dicyanovinyl-1,4-dihydropyridines, is discussed. © 2001 Elsevier Science Ltd. All rights
reserved.

The indolizine skeletons with different degrees of unsat-
uration are present in a wide variety of natural and
unnatural azacyclic compounds. The latter are of inter-
est as biologically active products (channel calcium
antagonists1 and cardiovascular agents2 for example)
and constitute key intermediates for the syntheses of
electron-enriched cycloazines.3 Because of the excep-
tional potential of these species, notable advances on
their synthesis and biological evaluation continue to be
made.4

So, three general methods have been reported for their
preparation: the Tschitschibabin reaction,3a,4b,5 the �-
unsaturated pyridine condensation with allyl deriva-

tives, and finally the reaction of pyridinium ylides with
acetylenic or olefinic compounds.3a,6 In all these
reported methods, substituted pyridine was used as a
starting material.

Because we are interested in developing new methodol-
ogy to access azabicyclic compounds in the dihydropy-
ridine (DHP) range, our ongoing work showed dialkyl
4-aryl-2-formyl-6-methyl-1,4-DHP-3,5-dicarboxylate
(1)7 to be an effective synthon; subsequent reactions
with amine followed by borohydride reduction fur-
nished substituted pyrrolo[3,4-b ]-1,4-DHP lactams 2
resulting in formation of a junction b (Scheme 1). These

Scheme 1. (A) Cascade process; (B) thermal amino-ester cyclization (Ref. 7).
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synthons (1) have now led to novel routes (cascade
process) to the highly functionalized indolizines and
their corresponding dihydroindolizines and tetra-
hydroindolizines 3 obtained by formation of a junction
a.

In this perspective, we have reported recently a simple
synthesis of substituted 3-amino-2-benzoylindolizine
derivatives via the reaction of 2-formyl-1,4-DHPs (1)
with 3-phenyl-3-oxopropanenitrile.8 In this continua-
tion we wish to report herein our preliminary finding
towards reaction of 2-formyl-1,4-DHPs (1) and maloni-
trile as an activated methylene reagent.

As depicted in Scheme 2, the requisite 2-formyl-1,4-
DHPs 1a–f were easily prepared in 75–94% yield by
acidic hydrolysis of the corresponding 2,2-
dimethoxymethyl-1,4-DHPs according to the procedure
reported by us,7 and were subjected to the Knoevenagel
reaction with various amounts of malonitrile and a
catalytic amount of piperidine at room temperature. So,
with a 2:1 ratio of malonitrile and 2-formyl-1,4-DHPs
1a–f the reaction afforded neither the intermediate 2-
dicyanovinyl-1,4-DHPs 4a–f nor the 3-amino-2-
cyanoindolizines 5a–f and a pyridine derivatives 9a–f as
indicated in the literature.9 In all cases, the reaction led
to formation of crystalline products as a single
stereoisomer, which were identified as the 3-amino-2-

cyano - 1 - dicyanomethylene - 1,7,8,8a - tetrahydroindoli-
zines 8a–f (Scheme 2) in 57–69% yield (Table 1).10

On the other hand, when the same reactions were
conducted in refluxing ethanol, the latter tetra-
hydroindolizines 8a–f were not observed and the reac-
tions gave only the dark violet crystalline product
which corresponds to the expected 3-amino-2-cyanoin-
dolizines 5a–f in 58–87% yield (Table 1).11 Interestingly,
these latter products were shown to be more stable to
related aminoindolizines as reported in the literature.12

These reactions, leading in a one-pot procedure to
indolizines 5a–f and tetrahydroindolizines 8a–f,13 seem
to proceed with a tandem Knoevenagel condensation/
amino–nitrile cyclization followed by departure or not
of one molecule of malonitrile, respectively. In order to
rationalize the formation of the tetrahydroindolizines
8a–f and the corresponding indolizines 5a–f, our efforts
were directed from the outset at adjusting the reaction
conditions to prepare 2-dicyanovinyl-1,4-DHPs 4a–f. In
fact, treatment of 2-formyl-1,4-DHP derivatives 1a–f
with 1 equiv. of malonitrile in the absence of the
alkaline catalysis (see conditions i, Scheme 2) afforded
the expected Knoevenagel products 4a–f in good yields.
Amino–nitrile cyclization with additional piperidine as
a catalyst at room temperature or reflux (see conditions

Scheme 2. Reagents and conditions : (i) 1 equiv. of CH2(CN)2, ethanol, rt, 2 h; (ii) 1 equiv. of CH2(CN)2, catalytic piperidine,
ethanol, rt, 10 min; (iii) catalytic piperidine, ethanol, rt, 6 h; (iv) 1 equiv. of CH2(CN)2, catalytic piperidine, ethanol, rt, 3 h; (v)
1 equiv. of CH2(CN)2, catalytic piperidine, ethanol, reflux, 30 min; (vi) ethanol, reflux, 5 h; (vii) ethanol, rt, 3 h.

Table 1. Indolizines 5 and tetrahydroindolizines 8 obtained by reaction of malonitrile with 2-formyl-1,4-DHPs 1a–f in
alkaline catalysis

Aryl R1 R2Compd Yield of 5 (%)a Yield of 8 (%)a

Mei-Pr 643-NO2Ph 75a
b Et3-NO2Ph Me 80 69

2-NO2Ph i-Prc Me 87 57
2-NO2Ph Etd Me 83 65

Et Et 60e 642-C4H3S
Me Me 58f 653-Me-2-C4H2S

a The indicated yields were obtained after recrystallization from ethanol.
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Scheme 3. Plausible sequential mechanism leading to tetrahydroindolizines 8 based on the intermediates trans-1,7-dihydroindolizi-
nes 6.

ii, iii or v, Scheme 2) furnished dihydroindolizines 6a–f
and indolizines 5a–f (in this case, the second equivalent
of malonitrile was not necessary). These latter products
were also obtained in the best manner by the elimina-
tion process from dihydroindolizines 6a–f and 7a–f in
refluxing ethanol and in the presence or the absence of
a catalyst (see conditions v or vi, Scheme 2).

At this stage, it is important to note that the
diastereoselective transformations of trans-dihydroin-
dolizines 6a–f to cis-dihydroindolizines 7a–f14 (condi-
tions vii, Scheme 2) suggested 1,3-sigmatropic
migration involving an alkyl group shift. Moreover, on
the basis of the proximity between H7 and the proton
of the dicyanomethyl group borne by C8, which was
established by NOE measurements (10%) (Scheme 2),
we assess that the migrating dicyanomethyl fragment
remains associated with the same face of the � system
during the course of the migration. This feature, similar
to those reported in the literature, is commonly known
as a suprafacial process.15

If the formation of indolizines 5a–f and dihydroin-
dolizines 6a–f could be explained easily by intramolecu-
lar amino–nitrile cyclization and/or malonitrile thermal
or alkaline elimination (Scheme 1), Scheme 3 demon-
strates a plausible mechanism of the formation of tetra-
hydroindolizines 8a–f. So, because the methylene
proton at C1 of the common intermediates 6a–f is
readily acid, the resulting stable anionic charge in J is
in rapid equilibrium with K. This latter intermediate,
after a conjugation with L, is protonated stereoselec-
tively to give the cis-dihydroindolizine M. At the
present time, this structure has not been isolated, but it
is probably converted rapidly to 8 in the same manner
by proton transfer with piperidine assistance. It is
worth mentioning that only the nitrogen bases, such as
piperidine, morpholine, DABCO and triethylamine,
constitute the catalyst of choice for these cascade-type
reactions. Finally, for total clarification of this mecha-
nism, studies using other bases and activated methylene
reagents are now under investigation and the results
will be reported in due course.

The structure elucidation of (7S*,8R*,8aS*)-tetra-
hydroindolizines 8a–f and 3-amino-2-cyanoindolizines
5a–f was established by spectroscopic analyses, 1H
NMR (including DEPT, COSY and HETCOR pro-
grams), 13C NMR and IR. The 1H NMR spectra of
5a–f showed a proton signal at �=6.6–6.9 ppm,13 typi-
cal for H1 of 3-aminoindolizines.16 No signal for the
proton in position 4 of the 1,4-DHP system appearing
classically at about �=5 ppm was observed in these
cases. Furthermore, the proton chemical-shift value of
the amino group in compounds 8a–f appeared 3 ppm
downfield in comparison to the same one in the corre-
sponding indolizines 5a–f.13 Especially diagnostic was
also the appearance of the amino group stretch at
3260–3400 cm−1 and those of the cyano group at 2190–
2230 cm−1 in the IR spectra of all compounds 8a–f and
5a–f.13 This group was also indicated by the isolated
signals at �=114–116 ppm in 13C NMR spectra of 8a–f
and 5a–f. These data, the microanalyses, and the cou-
pling GC–MS clearly confirm the proposed structure of
products 8a–f and 5a–f.

On the other hand, the cis ring junction and relative
stereochemical relationship within bicycles 8a–f were
established using selective NOE difference measure-
ments. Large NOE enhancement between C7, C8a and
C8 methine hydrogens, and o-hydrogens of m-nitro-
phenyl group is in corroboration of our relative
configuration determination.

The identity of the (7S*,8R*,8aS*)-3-amino-2-cyano-
1,7,8,8a-tetrahydroindolizines 8a–f and 3-amino-2-
cyanoindolizines 5a–f was finally secured through an
X-ray crystallographic determination of representative
derivatives 8f17 (Fig. 1) and 5c18 (Fig. 2), respectively.

Furthermore, the cis-configuration of the three hydro-
gen atoms H7, H8 and H8a of 8f was additionally
confirmed by X-ray analysis (Fig. 1). The crystal bond
lengths C1�C2 of 1.389(3) A� , C2�C3 of 1.422(3) A� and
C3�N4 of 1.351(2) A� indicated partly the multiple char-
acter for the C1�C2 and C3�N4 bonds allowing the
existence of two mesomer forms of 8f in crystalline
state as illustrated in Fig. 3.
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Figure 1. ORTEP view of the molecular structure of the
tetrahydroindolizine 8f (50% probability thermal ellipsoids).

obtained at the following e-mail address: adam.daich@
univ-lehavre.fr
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In summary we have described in one (two or three)
step(s) a new, short, straightforward and stereoselective
access to functionalized indolizines with different
degrees of unsaturation such as 7-aryl(or heteroaryl)-3-
amino-2-cyanoindolizines, 7-aryl(or heteroaryl)-3-
amino-2-cyano-1-dicyanomethylene-1,7-dihydroindoliz-
ines and 7-aryl(or heteroaryl)-3-amino-2-cyano-1-
dicyanomethylidene - 1,7,8,8a - tetrahydroindolizines de-
rivatives from easily available 2-formyl-1,4-DHPs. A
probable mechanism for these cascade reactions is pro-
posed and discussed.
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