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Abstract: Among biologically active compounds, heterocyclic macromolecules are of considerable
importance. They offer a new approach to drug discovery by enabling the development of simple
and efficient methods for the synthesis of compounds containing a variety of those structures. In
addition, they play an important role in the design of pharmaceutical products. Those containing
nitrogen, sulphur and oxygen have attracted the interest of medicinal chemists due to their innu-
merable biological applications. In previous work, our group studied the synthesis of heterocycle
macromolecules substituted with a carbohydrate moiety via microwave assisted three-component
reaction (MCR). Taking into account these results, we present here a proposal for the “one pot”
generation of heterocycle compounds using ethanol, water or benzene in order to study how they
would modify the products and yields of the MCR. This study not only extends previous work on
the scope of substrates, but also provides further insight into the chemistry of such drug scaffolds.
All compounds were characterized by GC-MS, NMR techniques, and X-Ray diffraction studies.
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1. Introduction

Small heterocyclic systems, both natural and synthetic, have provided a wide vari-
ety of biological activities that proved to be relevant for medicinal chemistry [1]. In ad-
dition, they behave as synthetic cores of great relevance since they allow the insertion of
functionalities in their chemical structures.

1,3-oxathiolan-5-one and its derivatives are attractive compounds, not only because
of their broad biological activities, but also because of their implications as intermediates
in the synthesis of highly useful pharmaceuticals [2].

On the other hand, the 1,4-thiazepine ring is an important residue that contains ni-
trogen and sulfur and exhibits various pharmacological properties such as antitumor [3],
antimicrobial [4], insecticidal [5], and anti-inflammatory [6].

In view of the importance of these compounds and our continuing efforts to syn-
thesize carbohydrate-bound heterocyclic macromolecules with potential bioactivities, we
present here the parallel synthesis via microwave assisted three-component reaction of
some different heterocyclic structures.
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2. Results and Discussion

As mentioned above, our research group have previously explored the synthesis of
1,3-thiazolidin-4-ones [7]. In order to generate a new battery of 4-thiazolidinones, we
proposed to use different nitrogenous heteroaromatic amines and substituted anilines.

Thus, the MCR wunder microwave conditions was studied using
3-amino-5-methylpyrazole (3a) and 3 amino-1,2,4-triazole (3b) and water, benzene or
ethanol as different solvents, in order to determine the influence of them in the products
and/or the efficiency of the reaction. Unexpected new heteroaromatic rings of great syn-
thetic and biological interest were obtained under the same reaction conditions (Figure 1).
Interestingly, some of these heterocycles (5 and 7) were not observed in our previously
work and considering their biological activities their synthesis became another objective
of this work. The results obtained are summarized in Table 1.
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Figure 1. Three component assisted microwave reaction using amines 3a and 3b under different
solvent conditions (Microwave conditions: 300 W/120 °C/30 min).

Table 1. Solvent effect on the synthesis of macroheterocycle compounds using amines 3a and 3b.

) Product Yield (%) =
Entry Amine Solvent 4 5 6 .
1 Benzene 87 - 0 12
2 3a Ethanol 0 - 98 2
3 Water 0 - 17 56
4 Bezene 63 - - 32
5 3b Ethanol - 52 - 8
6 Water - 92 - 8

2 Determined by GC-MS analysis of crude reaction through a standard curve generated from iso-
lated product.

As can be seen in entries 1 and 4, using benzene as the reaction solvent the expected
4-thiazolidinones (4a and 4b) are generated in good yields, leaving traces of imine (I)
unreacted. In addition, 1,3-oxathiolan-5-one (7) is formed as a reaction by-product in low
yields in all cases.

When the reaction is carried out in ethanol, using amine 3-amino-5-methylpyrazole
(3a) the formation of 1,4-thioazepan-3-one (6a, entry 2) is observed and traces of product
7 are detected. In contrast, under the same reaction conditions but using 3 ami-
no-1,2,4-triazole (3b, entry 5), product 5b is generated in a 52% yield as the majority re-
action product and only 8% of 1,3-oxathiolan-5-one (7) is observed together with inter-
mediate imine (I) that remained unreacted (40%).

Finally, using water as reaction solvent, in the presence of amine 3a (entry 3),
1,4-thioazepan-3-ones (6a) are obtained in low yields (17%) and 1,3-oxathiolan-5-one (7)
was the main product (56%), also 27% of the unreacted type II intermediate was detected.
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When the reaction is carried out with amine 3b (entry 6), the main product is 5b (92%). In
addition, 8% of 1,3-oxathiolan-5-one (7) is observed without evidence of reaction inter-
mediates.

Based on the results obtained and taking into account the new synthesized hetero-
cyclic compounds (Figure 2), some interesting observations can be made.

Figure 2. New heterocyclic compounds synthetized in this work.

The presence of the same reaction intermediate (I: entries 1, 4 and 5) suggests that
the generation of type 4 and 5 products occurs through the same mechanism. The nature
of the amine and the type of reaction solvent are responsible for the generation of one of
the products with respect to the other.

Considering entries 1 and 4, where benzene is used and taking into account the
proposal made by Bolognese and co-workers [8] (p 2811), the thiazolidinone formation
mechanism could be hypothesized as a concerted soft—soft reaction [9]. Since the opening
of the thiazolidine ring and the formation of type 5 products are reversible processes,
thiazolidinones 4a and 4b are formed in an irreversible dehydration step that is the
driving force for this reaction (Figure 3).
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Figure 3. Hypothesized formation mechanism of the 4-thiazolidinones 4a and 4b and product 5 in
benzene.

Since benzene is an aprotic solvent, the proton activity is free. The reaction proceeds
through the generation of the type I intermediate to form the corresponding
4-thiazolidinones 4a and 4b as the major product.

On the other hand, there is evidence of a clear tendency for protic solvents to gen-
erate type 5 or 6 products in parallel to the 1,3-oxathiolan-5-one (7), depending on the
nature of the amine. When amine 3a is used, products of type 6 and 7 are obtained in
proportions that vary according to the protic solvent used. With amine 3b, the reaction
produces type 5 products in high yields and 8% of the 1,3-oxathiolan-5-one (7) in both
water and ethanol.

Since 5b is the first product to form in the reaction of amine 3b in EtOH and H:0,
one possible explanation could be that the thiol group attacks the imine bond and the
proton moves from sulfur to the negatively charged nitrogen (Figure 4). Looking at the
structure of 5b, it could be said that the presence of a hydrogen bond between the NH
hydrogen of the triazole ring and the carbonyl oxygen of the carboxylic group helps to
stabilize the structure.
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Figure 4. Hypothesized formation mechanism of the 5b product in ethanol and water.

All products were characterized by '"H NMR, ¥C NMR spectra and GC-MS data. The
structure of 5b and 6a was also established by X-ray crystallographic analysis (Figure 5)
Compounds 4a and 4b were reported in previous studies by our research group [10].
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Figure 5. ORTEP diagram of (5b) and (6a).

It should be noted that there is a delicate electronic effect on the chemoselectivity in
these reactions. In search of the extent of the reaction with respect to glycosidic aldehyde
2,3:4,5-di-O-isopropylidene-p-D-arabino-hexos-2-ulo-2,6-pyranose (1), various aromatic
amines with electron donor groups such as p-methoxy (3f) or p-methyl (3e) and electron
withdrawing groups such as p-chloro (3d) or p-nitro (3c), were reacted under microwave
conditions. The results indicate that the substituted anilines only gave the corresponding
4-thiazolidinones (4c—4f) and the 1,3-oxathiolan-5-one (7, Table 2).
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Figure 6. Proposed intermediate I using substituted anilines 3c-3f of the tricomponent assisted
microwave reaction (Microwave conditions: 100 W/110 °C/10 min).

Table 2. Solvent effect on the synthesis of macroheterocycle compounds using substituted anilines
3c-3f.

Entry Amine  Solvent Intermediate Yield (%) » Product yield (%) =

I 4 7
1 Benzene 43 37 20
2 3¢ Ethanol 66 4 23
3 3d Benzene 20 75 5
4 Ethanol 27 53 16
5 Benzene 17 79 3
6 Se Ethanol 5 70 25
7 3f Benzene 3 92 5
8 Ethanol 10 70 20

2 Determined by CG-MS analysis of crude reaction through a standard curve generated from iso-
lated product.
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In all cases, the use of benzene as reaction solvent favors the formation of type 4
rings (entries 1, 3, 5 and 7). The yields increases together with nucleophilic nature of the
substituted anilines (3f > 3e > 3d > 3c). Besides, the proportion of intermediate I that re-
mains unreacted decreases. Product 7 appears in low yields in all cases. In particular,
with amine 3¢ (entry 2) using the same irradiation conditions with ethanol as solvent, a
large amount of unreacted reaction intermediate is observed and the main product is the
1,3-oxathiolan-5-one (7). With the rest of the anilines (entries 4, 6 and 8) the trend is sim-
ilar to that observed in benzene with a slight increase in the yield of product 7 to the
detriment of 4. The presence of 1,3-oxathiolane-5-one (7) in the reaction mixture could
suggest that imine I is unstable under the reaction conditions and that the formation of
this product is a highly favored reaction but lowering the yield of the thiazolidinones (4).
Also, as the nucleophilic character of the aniline decreases, the reaction between thio-
glycolic acid with the aldehyde is favored.

3. Conclusions

We have developed a strategy for the parallel synthesis of interesting bioactive
macroheterocycle compounds, specially the
5-((((2,2-di(l1-oxidanyl)ethyl)thio)((3aS,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-3aH-
bis ([1,3]dioxolo) [4,5-b:4’,5'-d]pyran-3a-yl)methyl)amino)-1H-1,2,4-triazol-4-ium (5b);

the 3-methyl-4-((3aS,5aS,8aS,8bR) -2,2,7,7- tetramethyltetrahy-
dro-3aH-bis([1,3]dioxolo)[4,5-b:4’,5"-d ]pyran-3a-yl)-2,8-dihydro-4H-pyrazolo
[3,4-¢][1,4]thiazepin-7(6H)- one (6a) and the

2-(2,2-dimethyl-1,3-dioxolan-4-yl)-3-phenylthiazolidin-4-one (7) under different solvents.
Thus, this methodology provided a convenient route for the assembly of various useful
five- and seven- membered heterocyclic units and also for the construction of C-S and
C-N bond-forming reactions.

With both heteroaromatic amines (3a and 3b) and substituted anilines (3¢-3f), ben-
zene appears to be the solvent of choice for the generation of 4-thiazolidinones (4). Re-
garding the use of protic solvents in this type of reactions, it seems that the electronic ef-
fect of amines on chemoselectivity is quite sophisticated and a broader and deeper study
is required to achieve a complete understanding of it.

Given the few bibliographical references found for the generation of
1,4-thioazepan-3-ones; open ring 4-thiazolidinones and 1,3-oxathiolan-5-ones, it is ex-
tremely important to continue the studies to broaden the knowledge in their synthesis.

4. Materials and Methods
4.1. General Information

Microwave reactions were performed with a microwave oven (CEM Discover®) with
a continuous focused microwave power delivery system in a pressure glass vessel (10 mL)
sealed with a septum under magnetic stirring. The reaction mixture temperature was
monitored using a calibrated infrared temperature control under the reaction vessel, and
control of the pressure was performed with a pressure sensor connected to the septum of
the vessel. Thin layer chromatography was performed on Merck precoated silica gel 60
F254 plates and visualization was accomplished with UV light and/or 5% ethanol solu-
tion of phosphomolibdic acid. Mass spectra were obtained with a GC/MS instrument
(HP5-MS capillary column, 30 m/0.25 mm/0.25 mm) equipped with 5972 mass selective
detector operating at 70 eV (EI). NMR spectra were recorded in CDCls or DMSO-¢ on a
Bruker ARX 300 Multinuclear instrument (300.1 MHz for 1H and 75.5 MHz for 13C) at
23 °C.
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4.2. Microwave Reactions

Method A: A mixture of
2,3:4,5-di-O-isopropylidene--D-arabino-hexos-2-ulo-2,6-pyranose (1, 0.26 g, 1mmol),
mercaptoacetic acid (2, 0.07 mL, Immol), 1 mL of different solvents (EtOH, H20 or CsHs)
and different heteroaromatic amines (3a-b, 1mmol) were heated in the microwave appa-
ratus at 300 W and 120 °C during 30 min. The reaction was monitored by TLC and ana-
lyzed by GC-MS and 'H-NMR. The crude reaction product is rotavaporated, taken up in
ethyl acetate and washed twice with water. It was then dried with a drying agent, and the
organic phase was vacuum filtered. The corresponding products were purified by re-
crystallization from EtOH (for 5b) or Acetone (for 6a). The structure of the pure com-
pounds was determined by 'H, 1*C and DEPT NMR spectroscopy and X-ray crystallog-
raphy.

Method B: A mixture of
2,3:4,5-di-O-isopropylidene-3-D-arabino-hexos-2-ulo-2,6-pyranose (1, 0.26 g, 1mmol),
mercaptoacetic acid (2, 0.07 mL, Immol), 1.5 mL of different solvents (EtOH or C¢Hs) and
different different substituted anilines (3c—f, Immol) were heated in the microwave ap-
paratus at 100 W and 110°C. The reaction was monitored by TLC every 10 min and was
left 10 min as total reaction time. The crude reaction product is rotavaporated, taken up
in ethyl acetate and washed twice with water. It was then dried with a drying agent, and
the organic phase was vacuum filtered. Purification of the corresponding products by
column chromatography using hexane-EtOAc (8:2) as eluant is still in progress.

5-((((2,2-di(11-oxidanyl)ethyl)thio)((3aS,5aS5,8aS,8bR)-2,2,7,7-tetramethyltetrahydr
0-3aH-bis([1,3]dioxolo)[4,5-b:4",5’-d]pyran-3a-yl)methyl)amino)-1H-1,2,4-triazol-4-ium
(5b): white solid, Pf: 155-157 °C. "H-NMR (300 MHz, DMSO-de):  7.62 (s, 1H), 4.94 (s, 1H),
4.27 (t, J3(H,H) = 7.0 Hz, 1H), 4.10 (d, J3(H,H) = 6.9 Hz, 1H), 4.04-3.92 (m, 2H), 3.90-3.82
(m, 2H), 3.61 (dd, J3(H, H) = 124, 7.0 Hz, 1H), 1.47 (s, 3H), 1.44 (s, 3H), 1.39 (s, 3H), 1.35 (s,
3H). BC-NMR (75 MHz, DMSO-ds): 0 171.9, 159.8, 146.1, 109.0, 108.8, 104.1, 71.4, 70.3, 70.1,
63.8, 61.6, 33.4, 27.0, 26.2, 26.0, 24.4.

3-methyl-4-((3aS,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-3aH-bis([1,3]dioxolo)
[4,5-b:4’ 5’-d]lpyran-3a-yl)-2, 8-dihydro-4H-pyrazolo[3,4-el[1,4lthiazepin-7(6H)-one (6a):
white solid, Pf: 169-170 °C'H-NMR (300 MHz DMSO-ds): & 12.36 (s, 1H), 9.42 (s, 1H), 4.65
(d5,J=8Hz, J=2.6 Hz 1H), 4.46 (d, ]=2.6 Hz, 1H), 4.27 (s, 1H), 3.75 (dd, J=13 Hz, ] =1.8
1H), 3.59 (d, J= 13 Hz 2H), 2.65 (dd, J= 13 Hz, J= 1.8 1H), 2.22, (s, 3H),1.55 (s, 6H), 1.41 (s,
3H), 1.34 (s, 3H). ®C-NMR (75 MHz, DMSO-de): d 172.4, 141, 139.5, 110.6, 110.4, 107.6,
107.1, 74.4,72.3,71.9, 63.7, 44.8, 34.18, 29.3, 28.5, 28.26, 26.06, 12.5.

2-((3aS,5aS,8aS5,8bR)-2,2,7,7-tetramethyltetrahydro-3aH-bis([1,3]dioxolo)[4,5-b:4",5
’-d]pyran-3a-yl)-1,3-oxathiolan-5-one (7): light yellow solid, Pf: 159-162 °C. 'H-NMR
(300 MHz, DMSO-ds) d 7.55-7.05 (m, 5H), 5.28 (d, ] =7.1 Hz, 1H), 4.75 (¢, ] =7.0 Hz, 1H),
3.76 (dd, ] = 11.5, 7.1 Hz, 2H), 3.63 (dd, J =11.5, 7.1 Hz 2H), 1.18 (s, 3H), 1.13 (s, 3H).
13C-NMR (75 MHz, DMSO-ds)  172.2, 136.4, 129.3, 126 4, 125.4, 109.7, 74.1, 68.6, 66.3, 32.6,
25.7.
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