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Abstract

A new method for Biginelli reaction via heterogenous catalyst has been developed. This method uses natural Heulandite type zeolite
(HTMA) as a catalyst for the one pot condensation of an aldehyde, urea and a 1,3-dicarbonyl compound under mild conditions in excellent
yields.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction and modified methods using Lewis acids such as. B¥Eb
[7], lanthanide triflat¢8], indium trichloride[9], lanthanum
Dihydropyrimidinones have attracted considerable atten- trichloride[10], NiCl,, FeCg[11], boric acid[12], vanadium
tion because of their wide spectrum of biological and thera- (lll) chloride [13], supported FeGl[14], andN-butyl-N,N-
peutic activities. Functionalized dihydropyrimidinones have dimethyl-a-phenylethyl ammonium bromidgl5]. Several
been used as potent calcium channel blocKgrsantihyper- combinatorial applications of the Biginelli condensation have
tensive agentf2] and neuropeptide Y antagon[8f. Some been advanced 6] using solid phase on fluorous phase reac-
marine natural products containing the dihydropyrimidinone- tion conditions. Recently there have been a number of reports
5-carboxylate unit such as the batzelladine alkaloid have concerning the microwave assisted, high speed, Biginelli re-
been found to be potent HIV gp-120-CD4 inhibit¢4$. action, using poly phosphate ester (PPE)a] and Fe(d or
The first protocol to prepare the compounds of this type TsOH[17b]. In addition KSF montmorillonit§18] and zeo-
was presented by Biginellb] more than a century ago and lite [19] in refluxing toluene have been used for Biginelli cy-
made use of three components, one pot condensation of a&locondensation to give dihydropyrimidinones although this
B-ketoester, an aldehyde, and urea under strongly acidic con+eaction took a long time and gave low to moderate yields.
ditions. This method has its own merits and drawbacks. A Due to the importance of Biginelli reaction products, the
major drawback of the classical Biginelli reaction is the discovery and introduction of milder, faster, eco-friendly
poor to moderate yields, particularly when the reaction is conditions resulting in high yields whilst using inexpensive
performed with an aliphatic aldehyd6]. This important reagents are in great demand.
disadvantage has led to the disclosure of several improved Zeolites are crystalline hydrated aluminosilicates of the
alkaline earths. Natural zeolites are formed in several geo-
* Corresponding author. Tel.: +98 218041347; fax: +98 218047861. logical environments such as hydrothermal, burial melamor-
E-mail addressmmh1331@yahoo.com (M.M. Heravi). phic, closed system (including alkaline earths), open system,
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and weathering profiles. Due to their remarkable physical and 3. Results and discussion
chemical properties, zeolites have been utilized successfully

by the chemical industry and in environmental protection over
the last 40 yearg0].

2. Experimental

2.1. General procedure for the synthesis of derivatives
of 4-aryl, 3,4-dihydropyrimidin-2(1H)-one

A three-necked round bottom flask fitted with a ther-
mocouple and a reflux condenser was charged \@ith
ketoester (6 mmol), arylaldehyde (6 mmol), urea (7.2 mmol),
and HMTA catalyst (0.2 g) in glacial acetic acid (30 ml). The

In view of emerging importance of zeolites as catalysts
and our general interestin solid acid catalyzed chemical reac-
tions[21], we envisioned expedited Biginelli reactions using
an available zeolite. Herein we wish to disclose our results,
studying the application of our natural zeolite, which has re-
cently been found in Iran (Semnan Province). This type of
zeolite may determined to be Heulandite typ2] by XRD.

We have named this commercially available zeolite, with the
formula (CaAbSi;O18-6H20), HTMA. It has a surface area
of 44 n?/g and a chemical composition of Si(55%), AbOs3
(11%), NaO (1.5%), KO (1.8%), CaO (0.64%), RO3
(0.81%), and an acidity of 1.95mmol NHjcat The crys-

tal size of catalyst was determined to be belown3 using

mixture was heated at 10C for 4-5h. The mixture was SEM techniqueKig. 2).
cooled to room temperature. The catalyst was then removed Solid phase zeolite type catalysts are interesting since they
by filtration and the solution poured onto ice-water (60 ml). are environmentally friendly and convenient to perform reac-
The resulting solid product was filtered and recrystallized tions with. However, reactions involving such catalysts take
from ethanol to give pure product. long times and often give low yields. Thus, a natural, cheap,
All products are known compounds and were character- and commercially available catalyst with appropriate alu-
ized by mp, IRIHNMR and EA. Data fofl: mp 202—204C; minum sites which can act as a suitable Lewis acid to sta-
IH NMR (DMSO-t): 1.1 (t, J=7.2Hz, 3H, CHCH;0), bilize the imine intermediate and result in the formation of
2.24 (s, 3H, CH), 4.00 (g,J=7.2Hz, 2H, OCH), 5.16 (s, dihydropyrimidinone$19].
1H, CH), 7.18-7.30 (m, 5H, arom CH), 7.78 (s, 1H, NH), An aldehyde, urea, and an approprigt&etoester in the
9.25 (s, 1H, NH); IR (KBr): 3244, 1724, 1639 crh Anal. ratio of 1:1.2:1 were heated at 100 in glacial acetic acid
calcd. for G4H16N203: C, 64.60; H, 6.20; N, 10.79. Found: inthe presence of HTMA (0.2 g per 0.006 mol aldehyde) for
C, 64.69; H, 6.28; N, 10.90. the indicated timeTable J). After completion of the reaction

Table 1
Heulandite type (HTMA) catalyzed synthesis of dihydropyrimidinones

o [} o
o KM A
Me R? " HN NH,

Rl

Heulandite R?0C H

(HTMA) N
100°C Me N o
;
Entry Ry R2 t (h) Yield (%) mp ¢C)
Found Ref.

1 CsHs OEt 4-5 75 202-204 202-203

2 3-NO-CgHy OEt 4-5 73 225-226 226-2223]

3 4-F-GHa OEt 4-5 72 176-177 175-118)

4 4-HO-GsHg OEt 4-5 74 226-228 227-229]

5 2-HO-GsH4 OEt 4-5 69 202-205 201-2030]

6 4-MeO-GHy OEt 4-5 75 200-202 199-2(8]

7 4-Cl-GsHa OEt 4-5 80 207-210 210-213]

8 CsHsC=C OEt 4-5 60 234-236 232-2838]

9 3-MeO GH4 OEt 4-5 75 207-209 207-209)
10 GsHs OMe 4-5 76 208-210 207-218]
11 4-Cl-GsHa OMe 4-5 78 205-207 204-207)
12 4-OMe-GHa OMe 4-5 87 192-194 192-194]
13 2-Methyl-GHa OMe 4-5 81 239-242 240-24273]
14 4-F-GHy OMe 4-5 70 193-196 192-194]
15 2-NQ-CgHa OMe 4-5 70 280-283 280-2822]
16 Furyl OMe 4-5 67 201-202 202-2(41]
17 CH;CH,CH;, OEt 12 46 153-155 152-15§%51]
18 (CHs)2CH OEt 12 44 170-172 171-1781]
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Table 2 Table 4

Investigation of catalyst recyclability Comparison of Si/Al in some zeolite used in this reaction

Run t(h) Yield (%) mp (C) Catalyst Si/Al Ref.
12 4-5 75 202-204 HY 2.5 [19]
2 4-5 75 202-205 HEU 5.0

3 4-5 74-75 201-204 H-ZSM5 15 [19]
4 4-5 74 202-204

5 4-5 72 201-204

6 4-5 51 200-205  for HZSM-5, HY and Heulandite irFig. 1 show that the

a Results refer to entry 1 ifiable 1

(monitored by TLC), the catalyst was removed by filtration
and the filtrate poured onto crushed ice. The resulting solid
was collected by filtration and recrystallized from ethanol to
afford the pure product in high yield. The amount of cata-
lyst was lowered from the reported 14% based on the total
weight for synthetic zeolited 9] to 11% for Heulandite and
no changes in purities or yields were observed. However,

when less than 11% of the catalyst was used, the reaction did {755

not seem to proceed to completion.

The results disclosed ifable 1 show the scope and gener-
ality of the method. One of the salient features of this method
is that electron poor or rich arylaldehydes give excellent
yields and purities. Aliphatic aldehydes also give acceptable
yields compared with other catalysts. In this table, yields re-
fer to isolated products. All compounds are known and their

physical and spectroscopic data were in good agreement with
those of authentic samples. The catalyst can be used up to

five times without any activity loss or appreciable changes in
product yields. These results are summarizetaible 2

Small crystal size of the catalyst indicates a large exter-
nal surface area which causes its improved catalytic perfor-
mance.

As shown inTable 3 natural HEU type catalyst gives
higher yield in considerably shorter reaction time compared
with homogeneous catalysts. This catalyst is also favored

over classical zeolites because such a cheap catalyst gives

comparable yields in shorter reaction times and under the
same conditions. The model reaction (entryable 1) was
carried out in toluene solvent at 100 merely to investigate
the solvent effect and resulted in a product yield of 74%. This
shows how zeolites function in a similar solvent.

Our discussion for this priority is given by comparing the
Si/Al ratio of three zeolites in this sectiofigble 4.

As shown inTable 4 HY and HEU have been more ef-
ficient in this reaction because of the greater number of the
Lewis acid sites (Al). On the other hand, the TPD profiles

Table 3

Comparison of Biginelli reaction using different solid acid catalysts
Entry Catalyst t (h) T(°C) Yield (%)
1 HZSM-5'° 12 100 21

2 HY® 12 100 80

3 Montmorillonite KSP8 10, 48 100, 100 35,72
4 Natural Zeolite Heulandite 4-5 100 75

5 HCP 18 78 78

a Classical Biginelli reaction. Results refer to entry TTable 1

TDP curve for HZSM-5 consists of two low temperature
(LT) and high temperature (HT) peaks corresponding to weak
and strong acidic sites, respectively, and the acidity equals
1.41 mmol NH/geat

However, no HT peaks are observed for HY and Heulan-
dite zeolites. Since the Biginelli reaction gives a higher yield
using the latter catalysts, it can be concluded that the exis-
tence of strong acidic sites does not favor this reaction and

1.41 mmol NHs/g cat.
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Fig. 1. TPD profiles for HZSM-5, HY, and Heulandite.
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Fig. 2. The histogram of particle distribution for Heulandite by SEM tech-
nigue.
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method. We believe this methodology will find application
in organic synthesis.
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