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[2.2]Paracyclophane Substituted Indolizines
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Novel [2.2]paracyclophane substituted indolizines have been synthesized by dipolar cycloaddition of
various substituted pyridinium ylides with an activated triple bond derived from [2.2]paracyclophane.
The latter compound has been synthesized from the reaction of 4-formyl[2.2]paracyclophane with
ethynyl magnesium chloride, followed by the oxidation of the propargylic alcohol.
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Synthetic and biosynthetic heterocycles are known to
have a large variety of therapeutic uses [1-5]. Between
them, sulphur and nitrogen-containing heterocyclic
compounds have maintained the continuous interest of
researchers [6-14]. Indolizines constitute a class of
heteroaromatic compounds containing two condensed
rings (5- and 6-membered) and a bridging nitrogen atom.
The aromatic indolizine does not appear to occur in nature,
but the reduced derivatives are commonly encountered in
nature [15]. A great interest derived from the presence of
these heterocyclic structures in several alkaloids isolated
from the skin extracts of Neotropical frogs. Indolizine
derivatives exhibit valuable biological activities and have
been studied for their psychotropic anti-inflammatory,
analgesic, antimicrobial, antiexudative, anti-inflammatory,
and anti-tumour agents [16]. Many substituted indolizines
are the subject of extensive research due to biological and
other useful applications. Synthetic indolizines are widely
used in drug design and pharmaceutical research [17].

[2.2]Paracyclophanes constitute an intriguing class of
compounds, which have attracted a particular interest
since their first appearance in the literature [18-20]. So far,
most studies have involved the structural characteristics
of [2.2]paracyclophanes, particularly their geometry and
steric properties, transanular interactions, and ring strain;
further investigations have concerned the electronic
interactions between the parallel aromatic rings, their
influence on reactivity in electrophilic aromatic substitution
reactions, and their implications for charge-transfer
complex formation [21-24]. A great deal of attention is
focused on developing new synthetic methods for
synthesizing functionalized [2.2]paracyclophanes
designing appropriately substituted [2.2]paracyclophanes
that can serve as polycyclic hydrocarbon precursors or as
chiral templates or auxiliaries [25]. Prompted by the above
facts, we decided to investigate the synthesis of a
combined system containing indolizine and [2.2]
paracyclophane cores.

Experimental part
 Analysis methods

Melting points were obtained on a Mel-Temp II
apparatus. IR spectra were recorded on a Bruker Tensor
27 instrument. UV-Vis spectra were recorded on a Varian

BioCarry 100 Spectrophotometer. NMR spectra were
recorded on a Bruker DPX-300 Spectrometer. Chemical
shifts are reported in ppm downfield from TMS. Mass
spectra were recorded on a Finnigan MAT 90X
spectrometer. Elemental analyses (C, H, N, S) were
conducted using a CE440 Elemental Analyser; the results
were found to be in good agreement (±0.25%) with the
calculated values.

Synthesis

Scheme 1. Synthesis of activated acetylene 4

Propargylic alcohol 3
To a solution of 4-formyl[2.2]paracyclophane (2, 2.62g,

11.10mmoles) in anhydrous THF (50mL), ethynyl
magnesium chloride (0.6M in THF/toluene, 2.8mL,
16.8mmoles) was  slowly added at 0°C. After 1h, the
reaction mixture was brought to room temperature and
quenched with a saturated solution of NH4Cl. The aqueous
layer was extracted with CH2Cl2 and the combined extracts
were washed with water and brine, then dried over MgSO4,
and concentrated under vacuum. Crystallization from
ethanol gave the pure propargylic alcohol 3 as a white
solid. M.p. 101–103 °C, yield 2.77 g (95%). Analytical and
spectral data of this compound are presented in table 1.

Ethynyl [2.2]paracyclophanyl ketone  4
To a solution of propargylic alcohol 3  (2.8g,

10.68mmoles) in CH2Cl2 (100 mL), DMP (6.61g,
16.04mmoles) was added and the resulting mixture was
stirred at room temperature for 12h. A solution of Na2S2O3
and a solution of NaHCO3 were then added and the aqueous
layer was extracted with CH2Cl2. The combined extracts
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were washed with water and brine, dried over MgSO4 and
concentrated under vacuum. Purification by flash
chromatography (silica gel, CH2Cl2/pentan = 1:1) gave the
pure product, ketone 4, as a yellow solid. M.p. 129–131 °C,
yield 1.83 g (66%). Analytical and spectral data of this
compound are presented in table 1.

Indolizine 6a (R1 = R1 = R1 = H)
General  Procedure

To a suspension of 5a (0.246g, 1mmole) in CH2Cl2
(10mL), triethylamine (0.14mL, 1mmole) and a solution
of ketone 4 (0.26g, 1mmole) in CH2Cl2 (5mL) were added.
The reaction mixture was stirred at room temperature for
1h and then concentrated under vacuum. Crystallization
from ethanol gave the pure indolizine 6a as a yellow solid.
M.p. 144–146 °C, yield 0.14 g (33%). Analytical and spectral
data of indolizines 6a-c are presented in table 2.

Results and discussions
4-Formyl[2.2]paracyclophane (2) has been synthesized

according to the reported procedure using α,α-dichloro-
methyl methyl ether and TiCl4 (Rieche formylation) [26,
27]. Addition of ethynyl magnesium chloride to the carbonyl
function of 2 in anhydrous THF, at 0°C, leads to the
corresponding propargylic alcohol 3. The structure of this
compound has been proved by spectral data (table 1). The
disappearance of the absorption band of  the carbonyl group
from the IR spectrum and of the characteristic signals from
the NMR spectra indicates the addition of the ethynyl anion.
Moreover, the new signals corresponding to the propargylic
carbon atom and the triple bond atoms revealed the
presence of the propargyl moiety. Oxidation of the
propargylic alcohol to the corresponding ketone 4 has been
performed using Dess-Martin periodane reagent (DMP)
(scheme 3) [28, 29]. The spectral data (table 1) confirm
the structure of ketone 4. Again, the NMR data provided

Table 1
ANALYTICAL AND SPECTRAL

DATA OF COMPOUNDS 3
AND 4

Scheme 2. Synthesis of indolizines 6

Table 2
ANALYTICAL AND SPECTRAL
DATA OF INDOLIZINES 6a-c
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important structural information, like the disappearance
of the signal for the propargylic alcohol carbon atom from
62.2 ppm and the appearance of a new signal at 178.2
ppm for the ketone carbon atom.

Pyridinium salts 5a-c have been prepared by reacting -
bromo ethyl acetate with different substituted pyridines
(scheme 4) [30]. Under basic conditions, the pyridinium
salts provide the corresponding type 7 ylids in situ, which
further react with dipolarophiles as described in scheme
2.

The structure of indolizines 6a-c has been proved by
analytical and spectral data, as described in table 2. The
NMR spectra indicate the presence of both indolizine and
[2.2]paracyclophane moieties.

Conclusions
The synthesis of a new class of indolizines substituted

with [2.2]paracyclophane has been accomplished by
dipolar cycloaddition of pyridinium ylides with an activated
triple bond derived from [2.2]paracyclophane. The latter
compound has been synthesized from 4-formyl
[2.2]paracyclophane following an addition-oxidation
reaction sequence. Biological application of these indolizine
derivatives are under investigation.
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