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FeCl3 IMMOBILIZED IN Al-MCM 41: AN EFFICIENT
CATALYST SYSTEM FOR THE BIGINELLI REACTION

Hossein A. Oskooie, Majid M. Heravi, Narges Karimi, and
Maryam H. Monjezy
Department of Chemistry, School of Science, Alzahra University, Vanak,
Tehran, Iran

GRAPHICAL ABSTRACT

Abstract FeCl3 immobilized on Al-MCM-41 was found to be an efficient catalytic system

for the one-pot synthesis of 3,4-dihyropyrimidinone derivatives. This is a facile and

high-yielding reaction for synthesis of the 3,4-dihyropyrimidinone. The catalyst exhibited

remarkable reactivity and is reusable.

Keywords Biginell; 3,4-dihyropyrimidinone; Fe(III)=Al-MCM-41; three-component

condensation

INTRODUCTION

Multicomponent reactions are useful and efficient methods in organic
synthesis. The major advantages of these reactions are (1) a single purification step,
(2) greater yields yields than stepwise assembly, (3) the use of simple and diverse
precursors to construct complex molecules, and (4) the use of only a single promoter
or catalyst. Thus, the development of new multicomponent reactions is a popular
area of research in current organic chemistry and is also acceptable from a green
chemistry point of view.[1]

3,4-Dihydropyrimidin-2(1H)-ones (DHPMs) have been reported to possess
diverse pharmacological activities such as antiviral, antibacterial, and anti-
hypertensive activity,[2] as well as efficiency as calcium channel modulators and
a1a-antagonists.

[3] Several marine alkaloids possess anti-inflammatory and antitumor
pharmacological activities.[4] In particular, the batzelladine alkaloids have been
found to be potent HIV gp-120-CD4 inhibitors.[5]
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The simple and direct method for the synthesis of DHPMs reported by
Biginelli in 1893 involves the one-pot condensation of an aldehyde, a b-ketoester,
and a urea under strongly acidic conditions. However, this method suffers from poor
yields, especially in the cases of aliphatic and some substituted aromatic aldehydes.
Several improved protocols by modification of the classical one-pot approach for the
preparation of DHPMs have been reported recently.[6] However, some of the
reported methods also suffer from drawbacks such as unsatisfactory yields, cumber-
some product isolation procedures, and environmental pollution.[7] The synthesis of
DHPM derivatives involving the use of a number of catalysts, such as InBr3,

[8]

tetrabutylammonium bromide (TBAB),[9] polystyrene-poly(ethylene glycol)-sulfonic
acid (PS-PEG-SO3H),[10] and CaF2,

[11] have been reported.

RESULTS AND DISCUSSION

Among the various metals, iron (Fe) is the most abundant in nature and is an
indispensable species of nearly all organisms. Nature has evolved a number of metal-
loenzymes such as the heme-containing cytochrome P450 and the non-heme mono-
oxygenase. Transition-metal complexes can be stabilized, either encapsulated or
grafted within microporous (zeolites) or mesoporous materials (MCMs).[12–14] They
have numerous potential applications as catalysts, photocatalysts, and gas sensors.

In this investigation, we decided to synthesize 3,4-dihydropyrimidinones via
ethyl acetoacetate 1, aldehydes 2 and urea 3 using Fe(III)=Al-MCM-41 as a hetero-
geneous and recyclable catalyst (Scheme 1).

We examined the reaction using various aldehydes, urea, and ethyl acetoace-
tate under reflux, and the results are summarized in Table 1.

Several aromatic aldehydes carrying either electron-releasing or electron-
withdrawing substituents in the ortho, meta, and para positions afforded good yields
of the products. An important feature of this procedure is the survival of a variety of
functional groups such as hydroxyl, nitro, ethers, halides and groups under the
reaction conditions.

All reaction products were isolated by infrared (IR), gas chromatography (GC)
mass spectrometry, and melting points and compared with those obtained from
authentic samples.

The reusability of the catalyst was next checked by repeating the same model
reaction three times. The results are summarized in Table 2.

To show the merits of Fe(III)=Al-MCM-41 in comparison with other reported
catalysts, we summarized some of results for the preparation of 3,4-dihydropyrimi-
dinones (4a) in Table 3, which shows that Fe(III)=Al-MCM-41 is an equally or
more efficient catalyst with respect to reaction time and yield than previously
reported ones.

Scheme 1. Synthesis of 3,4-dihydropyrimidinones.
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CONCLUSION

In conclusion, we developed an efficient and simple alternative for the pre-
paration of 3,4-dihydropyrimidinones via Fe(III)=Al-MCM-41catalysis under mild
conditions. Prominent among the advantages of this new method are operational
simplicity, good yields, recyclablity of the catalyst, and an easy workup procedure.

EXPERIMENTAL

All the chemicals were purchased from Merck Company. Melting points were
measured using a Barnstead Electrothermal instrument. GC mass analysis was
performed using an Agilent 6890 GC system, Hp-5 capillary 30m� 530 mm� 1.5 mm
nominal. IR spectra were recorded as KBr discs on a Brucker Tensor 27 Fourier
transform (FT)–IR spectrometer. 1H NMR spectra were recorded on a Bruker AQS
Avance 300-MHz spectrometer using tetramethylsilane (TMS) as an internal standard.

Table 3. Comparison Fe(III)=Al-MCM-41 with reported catalysts in the synthesis of 4a

Catalyst Catalyst loading Solvent Temperature Time (h) Yield (%)

AIKIT-5(10) 150mg CH3CN Reflux 3 96

PPE 300mg THF Reflux 15 95

InBr3 10mol% C2H5OH Reflux 7 98

Fe(III)=Al-MCM-41 0.03 gr CH3CN Reflux 4 85

Table 1. Synthesis of compounds 4a–g by Fe(III)=Al-MCM-41

Entry Producta Ar Yieldb (%) Mp (�C) (lit.)

1 4a C6H5 85 201–203 (202–204)[7]

2 4b 2-NO2-C6H4 90 220–223 (198–200)[11]

3 4c 4-Me-C6H4 68 216–219 (215–216)[9]

4 4d 4-OMe-C6H4 89 202–204 (201–203)[7]

5 4e 4-NO2-C6H4 75 208–210 (208–211)[7]

6 4f 4-Cl-C6H4 89 212–214 (213–215)[7]

7 4g 3-NO2-C6H4 75 227–230 (229–231)[9]

aProducts were characterized by comparison of their spectroscopic data (GC mass, IR,

mps) and 1H NMR with those reported in the literature.
bIsolated yield.

Table 2. Reuse of the Fe(III)=Al-MCM-41 for synthesis of 4a

Entry Time (h) Yield (%)a

1 4 85

2 4.5 80

3 5 75

aIsolated yield.
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General Procedure for the Synthesis of 3,4-Dihydropyrimidinones

A solution of ethyl acetoacetate 1 (2mmol), aldehyde 2 (2mmol), urea 3
(3mmol), and Fe(III)=Al-MCM-41 (0.03 g) in acetonitrile (10ml) was heated under
reflux for 4 h. The progress of the reactions was monitored by thin-layer chromato-
graphy (TLC). The reaction mixture was poured into crushed ice with stirring. The
crude product was filtered, and washed with 95% hot ethanol, the catalyst was fil-
tered, and then the product recrystallized with hot ethanol to give 4.

Preparation of Catalysts Fe(III)/Al-MCM-41[15]

Al-MCM-41 (1 g) was added to FeCl3 (1.5mmol in 100ml ethanol). The mix-
ture was refluxed while stirring for 8 h under a nitrogen atmosphere. The solid pro-
duct was then filtered, and soxhelet was extracted with enough absolute ethanol to
remove the weakly adsorbed metallocomplexes on the mesoporous surface. The solid
was finally dried in air at room temperature. The iron percentage present in the
immobilized complex=Al-MCM-41 is 0.89%.[15b]

General Procedure for Recyclability of the Catalyst

Next, we investigated the reusability and recycling of Fe(III)=Al-MCM-41. At
the end of the reaction, the catalyst could be recovered by simple filtration. The
recycled catalyst could be washed with methanol and subjected to a second run of
the reaction process. To assure that catalysts were not dissolved in acetonitrile,
the catalysts were weighted after filtration and before the next reaction. The results
show that these catalysts are not soluble in acetonitrile. In Table 2, the comparison
of efficiency of Fe(III)=Al-MCM-41 in the synthesis of 4a after three runs is
reported. As shown in Table 1, the first reaction using recovered Fe(III)=Al-MCM-
41 afforded a yield similar to that obtained in the first run. In the second and third
runs, the yields were gradually decreased because the active quantity of Fe(III)
decreased.

Spectral Data for Selected Compounds

5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-one
(4a). Mp 201–203 �C. IR (KBr): 3111, 2955, 1705, 1649, 1613 cm�1; 1H NMR
(CDCl3, 300MHz): d 8.17 (s, 1H, NH), 7.25 (d, 2H, J¼ 8.6, Ar-H), 6.84 (d, 2H,
J¼ 8.6, Ar-H), 5.75 (s, 1H, NH), 5.36 (d, J¼ 2Hz, 1H), 4.08 (q, J¼ 7.1Hz, 2H,
OCH2), 3.79 (s, 3H, CH3), 2.35 (s, 3H, CH3), 1.18 (t, J¼ 7.1Hz, 3H, OCH2CH3).

5-Ethoxycarbonyl-6-methyl-4(2-nitrophenyl-3,4-dihydropyrimidin-2(1H)-
one (4b). Mp 220–223 �C. 1H NMR (CDCl3, 300MHz): 7.47–8.24 (m, 5H, Ar-H
and NH), 5.90 (s, 1H, NH), 5.77 (s, 1H, H-4), 4.35 (q, J¼ 7.5Hz, 2H, OCH2),
2.48 (s, 3H, CH3), 1.37 (t, J¼ 7.5Hz, 3H, OCH2CH3).

5-Ethoxycarbonyl-6-methyl-4(4-methylphenyl-3,4-dihydropyrimidin-
2(1H)-one (4c). Mp 216–219 �C. IR (KBr): 3326, 3152, 1654, 1232, 1051 cm�1;
1H NMR (CDCl3, 300MHz): d 9.15 (s, 1H, NH), 7.80 (s, 1H, NH), 7.30–7.10
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(m, 4H, Ar-H), 5.09 (s, 1H, H-4), 3.96 (q, J¼ 7.1Hz, 2H, OCH2), 2.23 (s, 3H, CH3),
1.08 (t, J¼ 7.1Hz, 3H, OCH2CH3).

5-Ethoxycarbonyl-6-methyl-4(4-methoxyphenyl)-3,4-dihydropyrimidin-
2(1H)-one (4d). Mp 216–219 �C. IR (KBr): 3223, 3106, 1710, 1668, 1605 cm�1;
1H NMR (CDCl3, 300MHz): d 7.55 (s, 1H, NH), 7.21–7.34 (m, 5H, C6H5), 5.5 (s,
1H, NH), 5.42 (d, J¼ 2.4Hz, 1H), 4.06–4.12 (m, 2H, OCH2), 2.37 (s, 3H, CH3),
1.18 (t, J¼ 7.1Hz, 3H, OCH2CH3).

5-Ethoxycarbonyl-6-methyl-4(4-nitrophenyl-3,4-dihydropyrimidin-2(1H)-
one (4e). Mp 208–210 �C. IR (KBr): 3230, 3120, 1730, 1710, 1650 cm�1; 1H NMR
(CDCl3, 300MHz): d 9.35 (s, 1H, NH), 7.89 (s, 1H, NH), 7.47–8.23 (m, 4H, Ar-H),
5.26 (s, 1H, H-4), 3.97 (q, J¼ 7.0Hz, 2H, OCH2), 2.25 (s, 3H, CH3), 1.08 (t,
J¼ 7.0Hz, 3H, OCH2CH3).

5-Ethoxycarbonyl-6-methyl-4(4-chlorophenyl-3,4-dihydropyrimidin-2(1H)-
one (4f). Mp 212–214 �C. 1H NMR (CDCl3, 300MHz): d 9.24 (s, 1H, NH), 7.78 (s,
1H, NH), 7.40–7.21 (m, 4H, Ar-H), 5.12 (s, 1H, H-4), 3.97 (q, J¼ 6.9Hz, 2H,
OCH2), 2.24 (s, 3H, CH3), 1.08 (t, J¼ 6.9Hz, 3H, OCH2CH3).

5-Ethoxycarbonyl-6-methyl-4(3-nitrophenyl-3,4-dihydropyrimidin-2(1H)-
one (4g). Mp 227–230 �C. IR (KBr): 3300, 3120, 1710, 1690, 1630 cm�1; 1H NMR
(CDCl3, 300MHz): d 9.37 (s, 1H, NH), 7.90 (s, 1H, NH), 8.10–7.64 (m, 4H, Ar-H),
5.29 (s, 1H, H-4), 3.98 (q, J¼ 7.0Hz, 2H, OCH2), 2.26 (s, 3H, CH3), 1.08 (t,
J¼ 7.0Hz, 3H, OCH2CH3).

ACKNOWLEDGMENT

We are grateful to the Alzahra University Research Council for partial support
of this work.

REFERENCES

1. Dcmling, A.; Ugi, I. Multikomponentenreaktionen mit Isocyaniden. Angew. Chem. 2000,
112, 3300–3344.

2. Rocynyak, G. C.; Kimball, S. D.; Beyer, B.; Cucinotta, G.; Dimarco, J. D.; Gougoutas, J.;
Hedberg, A.; Malley, M.; McCarthy, J. P. Calcium entry blockers and activators:
Conformational and structural determinants of dihydropyrimidine calcium channel
modulators. J. Med. Chem. 1995, 38, 119–129.

3. Kappe, C. O. Biologically active dihydropyrimidones of the Biginelli–type—A literature
survey. Eur. J. Med. Chem. 2000, 35, 1043–1052.

4. Snider, B. B.; Shi, Z. Biomimetic synthesis of (�)-crambines A, B, C1, and C2: Revision of
the structure of crambines B and C1. J. Org. Chem. 1993, 58, 3828–3839.

5. Patil, A. D.; Kumar, N. V.; Kokke, W. C.; Bean, M. F.; Freyer, A. J.; Debrosse, C.; Mai,
S.; Trunch, A.; Faulkner Carte, B.; Breen, A. L.; Hertzberg, R. P.; Johnson, R. K.;
Westly, J. W.; Ports, B. C. M. Novel alkaloids from the sponge Batzella sp.: Inhibitors
of HIV gp120-human CD4 binding. J. Org. Chem. 1995, 6, 1182–1188.

6. Hu, E. H.; Sidler, D. R.; Dolling, U. H. Unprecedented catalytic three-component
one-pot condensation reaction: An efficient synthesis of 5-alkoxycarbonyl-4-aryl-3,4-
dihydropyrimidin-2(1H)-ones. J. Org. Chem. 1998, 63, 3454–3457.

830 H. A. OSKOOIE ET AL.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
M

in
ne

so
ta

 L
ib

ra
ri

es
, T

w
in

 C
iti

es
] 

at
 0

5:
37

 2
6 

Se
pt

em
be

r 
20

13
 



7. Ma, Y.; Qian, C.; Wang, L.; Yang, M. Lanthanide triflate–catalyzed Biginelli reaction.
One-pot synthesis of dihydropyrimidinones under solvent-free conditions. J. Org. Chem.
2000, 65, 3864–3868.

8. Fu, N. Y.; Yuan, Y. E.; Cao, Z.; Wang, S. W.; Wang, J. T.; Peppe, C. Indium(III)
bromide-catalyzed preparation of dihydropyrimidinones: Improved protocol conditions
for the Biginelli reaction. Tetrahedron 2002, 58, 4801–4807.

9. Ahmed, B.; Khan, R. A.; Habibullah, K. M. An improved synthesis of Biginelli-type
compounds via phase-transfer catalysis. Tetrahedron Lett. 2009, 50, 2889–2892.

10. Quan, Z.-J.; Da, Y.-X.; Zhang, Z.; Wang, X.-C. PS–PEG–SO3H as an efficient catalyst for
3,4-dihydropyrimidones via Biginelli reaction. Catal. Commun. 2009, 10, 1146–1148.

11. Pandiarajan, K.; Chitra, S. Calcium fluoride: An efficient and reusable catalyst for the
synthesis of 3,4-dihydropyrimidin-2(1H)-ones and their corresponding 2(1H)thione: An
improved high-yielding protocol for the Biginelli reaction. Tetrahedron Lett. 2009, 50,
2222–2224.

12. Cai, M.; Xu, Q.; Sha, J. Copper-free Sonogashira coupling reaction catalyzed by MCM-
41-supported thioether palladium (0) complex in water under aerobic conditions. J. Mol.
Catal. A: Chem. 2007, 272, 293–297.

13. Poltowicz, J.; Pamin, K.; Tabor, E.; Haber, J.; Adamski, A.; Sojka, Z. Metallosalen com-
plexes immobilized in zeolite NaX as catalysts of aerobic oxidation of cyclooctane. Appl.
Catal. A: Gen. 2006, 299, 235–242.

14. Viana Rosa, I. L.; Manso, C. M. C. P.; Serra, O. A.; Iamamoto, Y. J. M. Biomimetical
catalytic activity of iron(III) porphyrins encapsulated in the zeolite X. J. Mol. Catal. A:
Chem. 2000, 160, 199–208.

15. (a) Fuerte, A.; Corma, A.; Iglesias, M.; Morales, E.; Sanchez, F. J. M. Approaches to the
synthesis of heterogenised metalloporphyrins: Application of new materials as electroca-
talysts for oxygen reduction. J. Mol. Catal. A: Chem. 2006, 246, 109–117; (b) Farzaneh,
F.; Poorkhosraavani, M.; Ghandi, M. Utilization of immobilized biomimetic iron com-
plexes within nanoreactors of Al-MCM-41 as cycloheane oxidation. J. Mol. Catal. A:
Chem. 2009, 308, 108–113.

16. Shobha, D.; Chari, M. A.; Mano, A.; Selvan, S. T.; Mukkanti, K.; Vinu, A. Synthesis of
3,4-dihydropyrimidin-2-ones (DHPMs) using mesoporousaluminosilicate (AlKIT-5)
catalyst with cage type pore structure. Tetrahedron. 2009, 65.

17. Falsone, F. S.; Kappe, C. O. The Biginelli dihydropyrimidone synthesis using polypho-
sphate ester as a mild and efficient cyclocondensation=dehydration reagent. Arkivoc
2001, 2, 122–134.

BIGINELLI REACTION 831

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
M

in
ne

so
ta

 L
ib

ra
ri

es
, T

w
in

 C
iti

es
] 

at
 0

5:
37

 2
6 

Se
pt

em
be

r 
20

13
 


