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Abstract

A novel one pot, four component synthesis of pyrazolo[4',3":5,6]pyrido[2,3-d]pyrimidine-diones,
involving, hydrazine hydrate, ethyl acetoacetate, 6-amino-1,3-dimethyl uracil and an appropriate
aryl aldehyde in the presence of two green catalysts in water, is reported.
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Introduction

Malaria' and tuberculosis (TB)?, both from the aspect of mortality and morbidity are the most
destroying infectious diseases in the world. Plasmodium falciparum is the most virulent species
of the malaria parasite and is responsible for most of the malaria-related deaths. A family of
hybrid molecules involving pyrimidine were synthesized and screened for antimalarial potency
against both chloroquine (CQ)-sensitive (D6) and chloroquine (CQ)-resistant (W2) strains of
Plasmodium falciparum via an in vitro assay.’

Pyrimidines have been well-known as an important class of heterocyclic compounds with
diferent pharmacological activity due to their presence in various naturally occurring cofactors
and purine bases of DNA and RNA. The superiority of this antimalarial pharmacophore is
mainly due the excellent observed clinical efficiency, ease of administration, low toxicity, and
inexpensive production.*

Polyfunctionalized heterocyclic compounds play main and essential roles in the processes of
drug discovery and development.” Thus, they have attracted much attention and interest of
synthetic organic chemists and pharmacists.® Several fused pyrimidine systems, exhibit wide and
divers range of bioactivities such as antiallergy,” antiviral,® anti-HIV activities’ and anti-
malarial."

Due to these biological activities and importance of pyazole, pyridine and pyrimidine
derivatives, in recent years, remarkable attempts have been focused on the synthesis of novel
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heterocyclic systems derived from the aforementioned heterocycles and also the development of
the already known strategies has attracted much attention.'"*'? Particularly, the efficient, facile
and green synthesis of pyrazolopyrimidine derivatives has stirred up the interest of synthetic
organic chemists. In fact, several differently oriented and substituted pyrazolopyrimidines have
been recognized, showing interesting biological activities."> Addition, of another heterocycle to
pyrazolopyrimindes may have increased the biological activities of the aforementioned bicyclic
systems For example several pyrazolopyridopyrimidines illustrate interesting divers biological
potencies such as virucidal anticancer,'® hepatoprotective activity,"”” antioxidant,'® and
vasodilatory activities."”

Nowadays, multi-component reactions (MCRs), sometimes referred to as a "Multi-
component Assembly Process" (MCAP), have attracted enormous attention and have stirred up
the interest of synthetic organic chemists due to their well-established advantages and merits.'® In
multi-component reactions whereby more than two reactants combine in a sequential fashion
affording highly selective products that retain majority of the atoms of the starting materials.
Thus, MCRs are frequently considered as the first choice by synthetic organic chemists for the
generation of molecular diversity.'”*” Due to their unique and significant features such as
selectivity, atom-economy, high yielding in relative short times and being compatible with well —
defined green chemistry principles, MCRs are the method of choice for building relatively
complex targets.’

In MCRs combination of several diverse elements in a unique chemical operation.”*** gives
the desired compounds. Thus expanding this approach to the synthesis of already known organic
and in particular heterocyclic compounds, synthesized via multi-step route, is still in much
demand.

Pyrazole based pyrido[2,3-d]pyrimidine-diones are interesting compounds from both
chemical and biological point of views, thus attracted the attention of several research groups.
We are interested in green synthesis™* and heterocyclic chemistry.***

Synthesis of pyrazole based pyrido[2,3-d]pyrimidine-diones were reported by a three component
reaction with barbituric acids, 1H-pyrazol-5-amines and aromatic aldehydes using p-TSA and
Cell-IL, respectively.****

Due to the importance of these compounds in medicinal chemistry, in this project, we
decided to develop their synthesis by examination of a new four-component reaction, employing
different starting materials, trying to catalyze the reaction with a superior catalyst and
preferentially under environmentally benign conditions in order to promote the previously
reported procedure from both chemical and molecular diversity points of view.

To the purpose, we used 6-amino-1,3-dimethyl uracil instead of aminopyrazole, as a nitrogen
source. The uracil and its derivatives are well known by synthetic®> as well as biological®®
chemists. In addition we tried to design our protocol using inexpensive starting materials being
performed under green conditions. The pyrazol moity can be prepared from two inexpensive
commercially available starting materials (ethyl acetoacetate and hydrazine hydrate).
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Thus after using different catalysts and solvents, we achieved the preparation of the target
molecule via a one pot four component reaction of hydrazine hydrate, ethyl acetoacetate, 6-
amino-1,3-dimethyl uracil and benzaldehyde in the presence of trimethylamine (TEA) in water
as solvent. As a result the reaction proceeded smoothly, giving the desired products in excellent
yields. (Scheme 1)
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Scheme 1. Model reaction for the synthesis of pyrazole based pyrido[2,3-d] pyrimidine-dione
using TEA as a catalyst.

In this reaction water as greenest and most abundant solvent plays a vital role as a medium.
Water is also is highly polar, thus immiscible with most organic solvents. Reaction in water are
environmentally benign, devoid of any carcinogenic effects. It ususlly has a simple work up and
especially are important in industrial fields as far as economical feasibility concerns.

In addition we used TEA as a commercially available basic catalyst, which is commonly
used in catalyzed Knoevenagel-Michael addition reaction. Thus, it was used successfully in the
synthesis of pyrazole based pyrido[2,3-d]pyrimidine-dione. As a weak base, triethylamine has
been successfully used in the Knoevenagel condensation and Michael addition After completion
the reaction, 2-3 drops of HCl was added to neutralize the trimethylamine.

The scope of this new four component reaction was extended by using differently substituted
aryl aldehydes bearing electron donating and electron withdrawing substituents to obtain
successfully the corresponding desired compounds.
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Scheme 2. The proposed mechanism for reaction.
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Results and Discussion

Initially, we examined the condensation of ethyl acetoacetate 1, hydrazine hydrate 2,
benzaldehyde 3 and 1,3-dimethyluracil 4 in the presence of wide range of different solvents and
catalysts, to achieve a one pot four components synthesis of the corresponding pyrazole based
pyrido[2,3-d]pyrimidine-dione. First, we examined the un-catalyzed reaction in different solvents
which were unsuccessful. Thus divergent combination of catalysts and solvents were tested for
the above four component reaction. The results for optimization of reaction conditions were
enlisted in Table 1.

Table 1. Optimization of the reaction conditions for the synthesis of pyrazole based pyrido[2,3-
d]pyrimidine-diones under thermal conditions

Catalyst (mol%) Solvent  Time (h)  Yield (%)
H¢P2W1506,.18H,0

1 (10) Water 2 60
2 Sulfamic acid (20)  Water 2.5 65
3 DABCO (10) Water 3.5 85
4  Morpholine (10) Water 3 80
5 TEA (8) Water 2 92
6 TEA (8) EtOH 2.5 65

In conclusion, when the reaction was performed in the presence of catalytic amount of TEA
in different solvents under reflux conditions, including water, delightfully, we observed more the
smooth progress of reaction in water, monitored by TLC. Upon completion of the reaction
(indicted also by TLC) and conventional work up the corresponding pyrazolo-
[4',3":5,6]pyrido[2,3-d]pyrimidine-dione, was obtained within 2 h in high yield. The generality of
this method was established by using differently substituted aromatic aldehydes under optimal
conditions (TEA as catalyst, refluxing water as green solvent). The results are represented in
Table 2.

Thus there is neither need to use energy for evaporation nor organic solvents for extraction. It
should be noted that due to the good efficiency of production and non-generated by product and
also the possibility of complete neuralization of the catalyst from the reaction mixture, the
remaining water is free of pollutants.

The structures of the new derivatives were elucidated by their IR, 'HNMR, and ?CNMR spectra
and by elemental analysis.

Over the last decade, organocatalysis in general, and asymmetric organocatalysis in
particular, Have attracted much attention.”” For instance inexpensive commercially available

L-proline has been found as an efficient catalyst in organic synthesis.”**
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Table 2. One pot, four-component synthesis of pyrazolo-[4',3":5,6]pyrido[2,3-d]pyrimidine-

diones in refluxing water using a catalytic amount of TEA

Time Yield Mp rep.
Comp. Ar R (h) %) Mp (°C) ( Op C)3£)
5a CsHs H 2 92 194-196  195-196
5b 4-FCgH,4 H 1.5 90 281-283  ————-
5c 4-ClC4H,4 H 1.5 91 285-286  284-285
5d 4-BrCgH, H 2 90 286-288  286-287
Se 2,4-C1C¢Hs; H 1.8 89 285-287  286-287
5t 4-NO,C¢H,4 H 1.8 89 172-173  173-174
5g 3-NO,CsHy4 H 2 87 221-223  220-221
5h 4-OHC4H,4 H 3 82 220-222  219-220
5i 4-N(Me),C¢H, H 2.5 80 222-224  221-223
5j CeHs Ph 3 90 208-210  210-211
5k 4-FCgH,4 Ph 2.2 88 207-208  208-210
51 4-C1CsH,4 Ph 2.2 86 200-202  --em-
Sm 4-BrC¢H,4 Ph 2.5 85 160-161  158-159
Sn 4-NO,C¢H,  Ph 3 83 155-157  156-157
S0 4-CH3CeH,4 Ph 3 85 205-506  207-209
* isolated yield.

This amino acid has been extoled as one of the simplest enzyme to catalyze several organic

reactions with high stereoselectivity.** L-proline has been successfully asymmetrically catalyzed

reactions such as reduction, oxidation, electrophilic a-fluorination, amination reactions, and most

importantly C-C bond formation reactions.

4546

in our final product, we frequently used it.(Scheme 3)
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Scheme 3. Model reaction for the synthesis of pyrazole based pyrido[2,3-d] pyrimidine-dione

using L-proline.
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In an attempt towards the asymmetric synthesis of our target molecule, initially The model
reaction was conducted at 25 °C using L-proline as the catalyst. The progress of reaction was
monitored which was found to proceed sluggishly. Thus the reaction was heated under reflux to
afford compound 5a in satisfactory yield. The optical activity was measured by polarimeter, but
unfortunately does not show any optical activity perhaps, due to reflux temperature. The scope of
reaction, however studied using differently substituted aromatic aldehydes to obtain our target
albeit as a racemic mixture .The results are summarized in Table 3.

Table 3. One pot, four-component synthesis of pyrazolo-[4',3":5,6]pyrido[2,3-d]pyrimidine-
diones in refluxing water using a catalytic amount of L-proline

LS - T
5a  CeHs H 4 89 193-195  195-196 0
5b  4-FCeHy H 3.5 90 280-281 - 0
5c  4-CIC¢Hy4 H 3.5 89 284-286  284-285 0
5d  4-BrCgH, H 4 87 283-286  286-287 0
S5¢  2,4-CICgH; H 42 85 284-287  286-287 0
5f  4-NO,CeH,4 H 4 85 171-173  173-174 0
5¢  3-NO,CeHy H 42 86 219221 220-221 0
5h  4-OHCg¢Hqs H 5 77 221-224  219-220 0
5i  4-NMe),CHs H 4.5 78 220-224  221-223 0
5j CeHs Ph 5 87 207-210  210-211 0
5k 4-FCeHs Ph 42 87 206-208  208-210 0
51 4-CICeHy Ph 4.4 86 201-202 - 0
5m  4-BrCeHa Ph 4.5 80 160-163  158-159 0
5n  4-NO,C¢Hy Ph 5 78 157-159  156-157 0
50  4-CH3CeHy Ph 5 75 206-508  207-209 0

* isolated yield.
® confirmed by polarimetry.

Conclusions
Herein, we report a completely new (using 6-amino-1,3-dimethyl uracil as a nitrogen source and

other different material), versatile, simple, and eco-friendly approach for the one-pot, four-
component synthesis of pyrazolo-[4',3":5,6]pyrido[2,3-d|pyrimidine-dione derivatives via
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cyclocondensation of ethyl acetoacetate, hydrazine hydrate/ phenyl hydrazine, 6-amino-1,3-
dimethyl uracil and differently substituted aromatic aldehydes catalyzed by TEA and r-proline
under green conditions. The conditions are mild and a wide range of functional groups can be
tolerated. This work will not only lead to establish a practical synthetic method but also expand
the versatility of clean organic reactions in water.

Experimental Section

General. Melting points were measured by using the capillary tube method with an electro
thermal 9200 apparatus. 'HNMR, *CNMR spectra were recorded on a Bruker spectrometer at
400 MHz, respectively, using TMS as an internal standard (DMSO-dg solution). IR spectra were
recorded from KBr disk on the FT-IR Bruker Tensor 27. The reactions were monitored by TLC.
All solvents and reagents were purchased from Aldrich and Merck and were used as received.
some products are new and were fully characterized by their spectral and physical data. Most of
the products were known and identified by comparison of their melting points with those
reported for authentic samples. The new compounds were identified by analyzing their physical
and spectral data.

General procedures

Synthesis of pyrazolo-[4',3":5,6]pyrido[2,3-d]pyrimidine-diones with TEA. A mixture of
Ethyl acetoacetate (1 mmol ), hydrazine hydrate or phenyl hydrazine (1.2 mmol) 6-amino-1,3-
dimethyl uracil (1mmol), and various benzaldehydes (Immol), a catalytic amount of TEA (0.1
cc) was heated under reflux in H>O (5 mL). The progress of the reaction was monitored by TLC
(ethyl acetate: n-hexan: 7:3). Upon the completion the reaction, the mixture was cooled and HCl
(0.05 cc) was added to neutralize the triethylamine. Upon this neutralization, the final product
precipitates in the water and therefore the product was easily isolated by simple filtration. The
pure corresponding product was obtained by recrystallization from CH,Cl.

Synthesis of pyrazolo-[4',3':5,6]pyrido[2,3-d]pyrimidine-diones using r-proline. To a
mixture of Ethyl acetoacetate (1 mmol), hydrazine hydrate or phenyl hydrazine (1.2 mmol) 6-
amino-1,3-dimethyl uracil (Immol), and benzaldehyde (1mmol), a catalytic amount of L-proline
(0.03 g) was added and the resulting mixture was heated under reflux in H,O (5 mL). The
progress of the reaction was monitored by TLC (ethyl acetate: n-hexan: 7:3). On completion, the
mixture was cooled and filtered. The precipitate was recrystallized from CH,Cl, to give pure
target compounds. All the products were identified by comparison of their physical and
spectroscopic data with those reported for authentic samples. The physical and spectral data for
the new products as well as their elemental analysis are given.

3,6,8-Trimethyl-4-phenyl-8,9-dihydro-1H-pyrazolo[4',3":5,6]pyrido[2,3-d]pyrimidine-5,7-
(4H,6H)-dione (5a). Yield 92%, mp 194-196 °C; IR (KBr, Vma,C): 3332, 2971, 1654, 1248;
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'H NMR (400 MHz, DMSO-dq): 8 2.22 (s, 3H, CH3), 2.81 (s, 3H, CH3), 3.07 (s, 3H, CH3), 5.63
(s, 1H, CH), 7.006-7.084 (m, 3H, Ar-H), 7.158-7.196 (t, 2H, Ar-H), 10.46 (brs, 2H, 2-NH).
4-(4-Fluorophenyl)-3,6,8-trimethyl-8,9-dihydro-1H-pyrazolo[4',3":5,6]pyrido[2,3-d]
pyrimidine-5,7(4H,6H)-dione (5b). Yield 90%, mp 281 —283 °C; IR (KBr, vma.cm™): 3312,
2956, 1663, 1280; '"H NMR (400 MHz, DMSO-de): & 1.96 (s, 3H, CH3), 3.06 (s, 3H, CH3), 3.46
(s, 3H, CHj), 4.99 (s, 1H, CH), 7.14-7.16 (d, J= 7.6 Hz, 2H, Ar-H), 7.36-7.38 (d, J/=7.6 Hz, 2H,
Ar-H), 9.81 (s, 1H, NH), 11.99 (s,1H, NH); °C NMR (100 MHz, DMSO-d¢) & : 10.02, 27.15,
30.28, 33.84, 88.63, 106.23, 125.06, 130.41, 134.57, 135.63, 137.31, 142.28, 149.62, 150.19,
158.24; caled for Ci7H 6FNsO,: C,57.07; H, 4.51; N, 19.57; found: C,57.12; H, 4.50; N, 20.02
3,6,8-Trimethyl-1,4-diphenyl-8,9-dihydro-1H-pyrazolo [4',3":5,6]pyrido [2,3-d]pyrimidine-
5,7(4H,6H)-dione (5j). Yield 90%, mp 208 —210 °C; IR (KBr, vy, cm™): 3315, 2936, 1650,
1241; "H NMR (400 MHz, DMSO-dy): 8 1.55 (s, 3H, CH3), 2.70 (s, 3H, CH3), 2.82 (s, 3H,CH3),
5.09 (s, 1H, CH), 7.42-7.46 (t, J 8.0 Hz, 6H, Ar—H), 7.87-7.89 (d, J 8.0 Hz, 4H, Ar-H), 11.77 (s,
1H, NH)

4-(4-Chlorophenyl)-3,6,8-trimethyl-8,9-dihydro-1H-pyrazolo[4',3":5,6]pyrido[2,3-
d]pyrimidine-5,7(4H,6H)-dione(51). Yield 86%, mp 200-202 °C; IR (KBr, vimax, cm '): 3321,
2946, 1641, 1273; "THNMR (400 MHz, DMSO-de): & 1.96(s, 3H, CH3), 2.88 (s, 3H,CHs), 3.46 (s,
3H, CH3), 4.86 (s, 1H, CH), 7.14-7.19 (m, 5H, Ar —-H), 7.54-7.56 (d, 2H, J 7.6 Hz, Ar—H), 7.96-
7.98 (d, 2H, J 7.6 Hz, Ar-H), 11.97 (s, 1H, NH); >C NMR (100 MHz, DMSO-de) &: 10.91,
26.55, 29.13, 32.69, 87.17, 101.45, 117.40, 122.81, 124.54, 126.33, 127.91, 128.17, 129.21,
134.52, 135.71, 145.43, 147.38, 149.09, 161.98; calcd for C,3H,OCINsO,: C, 66.18; H, 4.83; N,
16.78; found: C, 66.34; H, 4.76; N, 16.18.
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