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Abstract
An extremely efficient heterogeneous protocol is reported for the one-pot three-
component synthesis of a series of dihydropyrimidinones (DHPMS) in the presence of
ZnO nanoparticles in water as a green solvent. The ZnO nanoparticles exhibited excellent
catalytic activity and the proposed methodology is capable to providing the desired
products in high yield (65-94%) and short reaction time. After reaction course, ZnO
nanoparticles can be recycled and reused without any apparent loss of activity which

makes this ecofriendly process cost effective.

KEYWORDS: Biginelli.reaction; Multicomponent reaction; ZnO nanoparticles; Green

chemistry; Dihydropyrimidinone

1. INTRODUCTION
During the past decade, multicomponent reactions (MCRs) gained significant interest
within the scientific community as an efficient, convenient, time-saving, and atom-
economical approach to a variety of drug-like heterocyclic molecules.! The acid-

catalyzed reaction of an aldehyde with enolizable ketones and urea to give a DHPM was
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first reported by Pietro Biginelli in 1893.1) DHPMs compounds have a variety of
pharmaceutical properties including calcium channel modulation, mitotic kinesin Eg5
inhibition, antiviral and antibacterial properties./! Because of the above mentioned
properties of DHPMs, various synthetic methods with different catalysts have been
reported by different research groups. These catalysts are Bransted acids,”® Lewis
acids, microwave variants,™ Mn(OAc),*®! LiBr,/"’ ammonium salt,'® solid support,'®
CANM Nacl,* and clay,!*? but some of the methods have their own limitations in

terms of yields, catalyst load, stability of promoters, etc.

NanoZnO is a very inexpensive and easily available.Lewis acid and base catalyst
which has been widely used in organic reactions, especially as a catalyst in the Biginelli
reaction in water as solvent until now.!*¥ The surface of ZnO nanoparticles activate the
starting materials and coordination of accessible zinc cation to functional groups led to
their activation and enhancement of the reaction rates and yields.[** ** %171 Dye to the
importance of Biginelli products, the discovery and introduction of much mild, economic
and faster conditions with nano-catalysts are required. With the aim to develop an
operationally simple methad for the synthesis of a large range of DHPMs, we report
herein a.novel approach for synthesis of 3,4-dihydropyrimidin-2(1H)- (thio)ones (4) via
the one-pot reaction of ethyl acetoacetate (1), an aromatic or aliphatic aldehyde (2) and

urea or thiourea (3) using ZnO nanoparticles as a non-toxic nanocatalyst (Scheme 1).

2. RESULTS AND DISCUSSION
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ZnO nanoparticles is easily prepared from Zn(CH3CO5),.2H,0.[** In a model reaction,
benzaldehyde, ethyl acetoacetate and urea were stirred in H,O as solvent at 80 °C. It is
important to note that this reaction does not proceed in the absence of catalyst. Stirring of
the mixture of benzaldehyde, ethyl acetoacetate and urea at 80 °C for 28 h in H,0 gave a
trace amount of the desired product (4f), while good results were obtained in the presence
of ZnO nanoparticles after 30 min in H,O as solvent at 80 °C (Table 1, entries 3-5). We
found that 4 mol% of ZnO nanoparticles could effectively catalyze the reaction for
synthesis of the desired product, with 2 mol% of ZnO nanoparticles the reaction finished
at longer time (Table 1, entry 2) and the yield and time of the reaction'was not improved

by more than 4 mol% of catalyst (Table 1, entry 4).

The effect of temperature was studied by.carrying out the model reaction in the
presence of ZnO nanoparticles (4 mol%) at 50.°C and 80 °C and it was observed (Tablel,
entries 5 and 6) that the yield was not increased by raising the reaction temperature. The
bulk ZnO was also evaluated but the yield of reaction was clearly higher than ZnO bulk

(91% versus 55%, Table 1, entries 3 and 7).

The higher surface area, oxophilicity of zinc cation, amphoteric nature of nanoZnO
together with the ability of the zinc cation for nearing of the activated starting materials

supports its catalytic efficiency.

The effect of solvents was also examined for the above reaction and the results indicated

the solvent efficiency on the reaction (Table 2). Performing the reaction of benzaldehyde,
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ethyl acetoacetate and urea in various protic and aprotic solvents showed the efficiency of

polar solvents, and preferentially water as the reaction solvent (Table 2).

In order to explore the generality, we subjected various aldehydes 2 in the reaction with
urea and thiourea at 50 °C in H,O. As results show, electron-rich and electron-deficient
substrates were reacted to synthesis the corresponding DHPM under the optimized

reaction conditions. As indicated in Table 3, the reaction proceeds efficiently.and led to

the products 4a-z in good yields.

Many of the pharmacological relevant substitution patterns.on the aromatic ring could
be introduced with high efficiency. Aromaticaldehydes carrying either electron donating
or withdrawing substituents afforded high-yields of products in high purity. Acid
sensitive aldehydes such as furfural (4k and 4z), which are normally observed either in
the presence of protic or Lewis acids, is also worked well without the formation of any
side products. In addition to its simplicity and milder reaction conditions, this method is
effective even with aliphatic and unsaturated aldehydes which are normally produce poor
yields in the presence of either protic or Lewis acids due to their decomposition or
polymerization under acidic conditions. Also, water is a fully compatible medium with

green chemistry.

Reusability is one of the important properties of this catalyst. For this reason, catalyst was
recovered from the reaction between benzaldehyde, ethyl acetoacetate and urea by

filtration. After washing with EtOAc and drying at 300 °C, the recovered NanoZnO was
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reused for three consecutive times in Biginelli reactions with no significant decreasing in
the reaction yield. The changes in the structure of the recovered ZnO nanoparticles were
determined by XRD and FT-IR methods. As can be seen in Figure 1, the structure of the
recycled catalyst does not change and a very slight decrease in the reaction yield is may

be due to the covering the surface of catalyst by impurities.

According to the established mechanism of the Biginelli reaction by Kappe, we also
proposed that the key step in this cyclocondensation process should involve the formation

of N-acyliminium ion intermediate.!*!

4. CONCLUSION

In conclusion, we have reported an efficient procedure for the synthesis of DHPMs
using ZnO nanoparticles as a reusable, non-toxic and inexpensive nanocatalyst. Moderate
to good yields of the corresponding DHPMSs were obtained from readily available starting
materials. The major advantage of this method is the ease of the work-up; i.e., the
products can be isolated without chromatography. The method also offers some other
advantages such as clean reaction, low loading of catalyst, high yields of products, short
reaction.times and use of various substrates and it an attractive approach for the
generation of different compounds with potential properties for medicinal chemistry

programs.
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Table 1. Optimization of the ZnO nanoparticles catalyzed model reaction for synthesis of

DHPMs

Entry Catalyst (mol%) Time (min) Yields (%)*
1 No catalyst 28 h 12

2 ZnO nano (2) 90 67

3 ZnO nano (4) 30 91

4 ZnO nano (7) 30 94

5 ZnO nano (4) 30 90 "

6 ZnO nano (4) 30 90 °

7 ZnO bulk (4) 180 55

Downloaded by [University of Otago] at 06:54 27 December 2014

21solated yield. "Reaction was carried out at 80 °C. ® Reaction was carried out at 50 °C.

10



Table 2. The influence of the solvent on the yield of model 3,4-DHPM 3f*

Entry solvent Time (min) Yields (%)
1 Water 30 91

2 Ethanol 30 87

3 Acetonitrile 30 89

4 Toluene 30 5

5 Dichloromethane 30 24

6 Chloroform 30 18

7 THF 30 45
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®Reaction conditions: benzaldehyde (1.00 mmol), ethyl acetoacetate (1.10 mmol) an
d urea (3.00 mmol) in solvent and nano ZnO' (4 mol%) as catalyst at 50 °C. ° Is

olated yield

11
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Table 3. ZnO nanoparticles catalyzed one-pot synthesis of DHPMs in H,0O as solvent®

Product | R R R? X | Time (min) | Yields® | Reference®
(%)
4a 4-MeOCeHs |CHs |OEt |O |25 94 [18]
4b 3MeO4-HO. |CH; |OEt |O |20 08 [19]
CeHs
4c 4-HO-CgH4 CHs OEt O 20 93 [20]
4d 4.CH3-CgH4 CHs OEt O 30 92 [18]
4e 4.Cl-CgHg4 CHs OEt O 25 90 [18]
af CeHs CHs |OEt |O |30 o1 [18]
4g CaHs CHs |OEt 10O " /40 85 [21]
4h CsHsCH=CH CH; OEt @) 30 80 [20]
4i 3NO,CeHs | CH; |OEt O |30 79 [18]
4] 4-NO,CeHs | CHz |.OEt |O |30 78 [18]
4K 2-Furyl CHg~ |OEt | O |40 85 [18]
i Cyclohexyl CHs |OEt |O |40 74 21]
4m | CHa CHs |OEt | O |40 65 21]
4n CoHs CHs OEt @) 40 70 [21]
40 CoHs CH, |OCHs |O |35 88 [22]
4p 4MeOCH, |Et |OEt |O |25 86 [23]
4q 2-pyridyl CH, |OEt |O |35 84 [24]
4r 4-MeO-CgHy CHs OEt S 25 94 [18]
4s 3-MeO-4-HO- CHs OEt S 20 98 [19]

12




CeHs
4t 4-HO-CgH4 CHs OEt S 25 91 [20]
4u 4.Cl-CgHy CHs OEt S 25 92 [18]
4v CeHs CHs OEt S 30 90 [18]
4w CsHsCH=CH CH; OEt S 30 78 [20]
ax 3NO,CeHs | CHs |OEt |S |30 77 [18]
4y 4-NO,-CgHy CHs OEt S 30 75 [18]
4z 2-Furyl CHs OEt S 40 80 [18]
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®Reaction conditions: aldehyde (1.00 mmol), ethyl acetoacetate (1.10 mmol), urea or
thiourea (3.00 mmol), ZnO nanoparticles (4 mol%), 50 °C. °Isolated yield. ¢ Products
were characterized by comparison of their Spectroscopic data with those reported in the

literature.

13
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Scheme 1. Synthesis of dihydropyrimidinones/thiones catalyzed by ZnO nanoparticles in

H,0 as solvent
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/
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Figure 1. FTIR spectrum and XRD pattern of ZnO nanoparticles
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