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Abstract
Glitazones are an important class of drugs used specially in the treatment of diabetes mellitus type II. Pharmaceuticals intermediates which
originates glitazones can be formed by the reaction of a carbonyl with an activated methylene, though Knoevenagel condesantion using a weak
base as catalyst. In this study, tiazolidine-2,4-dione (TZD) was reacted with p-metoxybenzaldehyde and p-nitrobenzaldehyde, using piperidine
and pyrrolidine as catalysts. The influence of the substituent was evident, 4-metoxybenzaldehyde showed the highest value of TZD conversion.
Pyrrolidine showed higher value of TZD conversion than piperidine for both aldehydes, reaching a conversion of 100% to 4-methoxybenzaldehyde
with lower amount of pyrrolidine corresponding to 62.5% of piperidine.
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Abbreviations: TZD: Tiazolidine-2,4-Dione; PPARϒ: Peroxisome Proliferator-Activated Receptor Gamma; TNF: Tumour Necrosis Factor; iNOS:
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Introduction
Currently, the number of cases of people with diabetes in
Brazil is approximately 14 million, according to the International
Diabetes Federation, and the perspective is that this number
increases to 23 million cases by 2040 [1]. Because of this, there
is an interest of the scientific community to seek new treatments
for this disease, in this context there are the glitazones, molecules
synthesized for the first time in the 80’s which presents the
ring of thiazolidine-2,4-dione (TZD) [2]. In the following years,
studies related to the glitazones, mainly in the treatment of
diabetes mellitus type II, were developed [3]. The biological
activities associated with glitazones are due to the fact that these
molecules bind to PPARϒ (Peroxisome Proliferator-Activated
Receptor Gamma), a transcription factor that regulates genes
associated with lipid metabolism and glycemia regulation [4].
In addition, PPARϒ is responsible for the inhibition of
monocytes and macrophages, the suppression of inflammatory
molecules such as interleukins (IL-1 and IL-6), tumour necrosis
factor (TNF) and induced nitric oxide synthase (iNOS) [4].
Regarding the mechanism of action of glitazones in diabetes
mellitus type II, it is known that aloxane (toxic glucose analogue)
and high levels of glucose in the body for a prolonged period cause
formation of reactive oxygen species. These species, therefore,
cause damage to proteins and DNA present in cells, besides the
increasing rate of non-enzymatic glycoxidation of proteins and
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lipids, leading to diabetes. Therefore, TZD derivatives act in this
type of disease because they bind to the PPARϒ receptor and show
antioxidant activity. Since TZD affects genes and the induction of
these genes presents different biological activities, there is an
incentive for modifications in this molecule in order to use it for
the synthesis of several compounds with pharmacological and
therapeutic activities like anti-cancer, anti-HIV, anti-convulsant,
anti-microbial, anti-histaminic, anti-hyperglycemic, anti-fungal,
amebicidal, anti-inflammatory, among others [5,6]. However, the
list of biological effects induced by TZD derivatives is far from
being complete.

The synthesis of TZD derivatives occurs through the reaction
mechanism known as Knoevenagel condensation, a classical
reaction for the formation of C-C bonds. This reaction is used to
obtain drugs, substituted alkenes, α- and β-unsaturated nitriles,
esters, acids, dyes and polymers [7]. It consists of the reaction
between a carbonyl and an activated methylene in the presence
of a promoter base, forming an adduct with a carbon-carbon
double bond, C=C. Knoevenagel reaction occurs in two stages, the
first one is the nucleophilic addition to carbonyl and the second
the elimination of a water molecule, when carbon-carbon bond
formation occurs [8]. In this work, the use of piperidine and
pyrrolidine as a promoter base for the reaction of TZD with the
aldehydes p-nitrobenzaldehyde (Xa), p-methoxybenzaldehyde
(Xb) was studied for the formation of the pharmaceutical
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intermediates (Z)-5-(4-nitrobenzylidene)thiazolidine-2,4-dione
(1a) and (Z)-5-4-methoxybenzylidene)thiazolidine-2,4-dione
(1b), respectively, as outlined in Figure 1.

Figure 1: Scheme of the reaction between aryl aldehydes and
TZD.

Results and Discussion
Primarily, the synthesis of products 1a and 1b was
performed according to the experimental procedure described
in three replicates of these experiments were performed to
ensure the results, shown in Figure 3. Figure 3 shows a higher
conversion of TZD for p-methoxybenzaldehyde than for
p-nitrobenzadehyde and the final conversions of TZD in 480 min
of reaction were 88% and 59%, respectively. This occurs due to
the higher reactivity promoted by the methoxy group (O-CH3) of
p-methoxybenzaldehyde. The initial rates of TZD consumption of
the reactions were 5.34 x 10-3 and 2.00 x 10-3 mol L-1 min-1 for the
formation of 1a and 1b respectively, which confirms the higher
reactivity of p-methoxybenzaldehyde [13].

Materials and Methods
Experimental procedure for the synthesis of 1a and 1b
was adapted from where a 125 mL round-bottom flask was
attached to a heating plate, with a condenser linked to the flask
and a needle in which samples were taken [9]. To the flask was
added 4 mmol of TZD, synthesized according to the procedure
described in Pinheiro et al. [10,11], 4 mmol of Xa or Xb and 60
mL of ethanol. The solution was heated until boiling (78 0C),
then was added the promoter base of the reaction. That instant
was taken as time zero of reaction. Initially, piperidine was
used as the promoter base, however during the research the
commercialization was interrupted due to regulatory controls
imposed by ANVISA (National Agency for Sanitary Vigilance),
leading to the search for new catalysts. One option found for
a new catalyst was pyrrolidine, a weak base which has a pKa
value of 11.31 very close to the piperidine pK a value of 11.28
[12]. Pyrrolidine has no restriction on commercialization and is
cheaper than piperidine. The structures of these molecules are
schematized in Figure 2 [11].

Figure 2 : Molecular structure of piperidine and pyrrolidine.

Samples were taken at instants 2, 4, 8, 12, 16, 20, 50, 80, 180,
330 and 480 min during the reaction and analyzed with HPLCUV. Samples of 30 μL of the reaction medium was collected in
vials containing 1500 μL of inhibitor solution composed of 0.6%
glacial acetic acid, 49.7% distilled water and 49.7% acetonitrile
(v/v). At the end of the reaction, the product was crystallized
with the addition of 5 mL of glacial acetic acid and 60 mL of
water. The crude product was then recrystallized to ensure
higher purity and characterized by NMR analysis [12].
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Figure 3: Conversion of TZD in the reactions with
p-methoxybenzaldehyde and p-nitrobenzaldehyde (0.8 eq of
piperidine).

Figure 4: Conversion of TZD in the reaction with
p-nitrobenzaldehyde for different amounts of pyrrolidine.

In order to test the substitution of piperidine for pyrrolidine,
reaction essays were conducted, in triplicate, for this new
base. At first, preliminary tests were performed with 0.8 eq. of
pyrrolidine for direct comparison with the piperidine results,
but the reaction was unsuccessful by the high concentration of
that base in the reaction. Due to this fact, smaller amounts (0.5,
0.625 and 0.75 eq.) of pyrrolidine were used and these results
are shown in Figures 4 & 5. The results for p-nitrobenzaldehyde,
Figure 4 show no significant difference for 0.625 and 0.75 eq. of
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pyrrolidine. The maximum conversions reached 73.8 and 77.0%,
respectively, for 0.5, 0.625 and 0.75 eq. of pyrrolidine at 480 min
of reaction, thus, we assumed that 0.625 eq. was the optimal
value.

TZD conversion and the initial consumption rate were higher,
showing that the piperidine could be substituted for pyrrolidine.
The highest conversion obtained was of 100% obtained with
0.5 and 0.625 eq. of pyrrolidine for the reaction of TZD with
p-methoxybenzaldehyde.
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conversions were almost the same, but 0.625 eq. of pyrrolidine
was assumed as the optimum for this reaction because the initial
consumption rate of TZD was higher with 0,625 eq. of pyrrolidine
than with 0.5 eq.
(Z)-5-(4-nitrobenzylidene)thiazolidine-2,4-dione (1a)
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Conclusion

The synthesis of the products 1a and 1b was successful and
it was possible to prove that they were synthesized with high
purity confirmed through the NMR analysis. The influence of
the catalyst and the aldehyde substituent on the reaction was
evidenced. The best results were obtained using pyrrolidine
and p-methoxybenzaldehyde. Under these conditions the
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