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ABSTRACT

FesO, magnetic nanoparticles supported on modified montmorillonite clay, were utilized for catalytic
performance for the synthesis of different 3,4-dihydropyrimidin-2(1H)-ones under green reaction condition.
The modification of Montmorillonite K10 clay was carried out with HCI under controlled conditions for
generating a high surface area porous matrix which acts as support for the in situ generation of Fe;Oy4-
nanoparticles. The synthesized nanocomposite material was characterized by powder XRD, TEM, N,
adsorption-desorption and XPS analysis. The catalysts can be recycled and reused several times without
significant loss of their catalytic activity.

Keywords. Modified montmorillonite, FO,@mmt, 3,4-dihydropyrimidin-2(1H)-ones, Heterogeae catalyst.

INTRODUCTION

Environmentally benign, efficient, economicahda green synthesis of nanocatalysts as vesll green
conditions during catalysis has become manportant to address industrial and environaleobncerns [1-
4]. In this connection, various multicomponamactions have been designed for the sgigthef different

complex molecules through a combination afe¢hor more starting materials under one-pmditions [5-

6]. Among them, one-pot three component condemsateactions of ethylacetoacetate, aldehyde$ wrea

known as Biginelli reaction is one of theesb examples where Dihydropyrimidinones (DHPMme

obtained as main producByrimidinones or Dihydropyrimidinones (DHPMs)eaversatile intermediates in
various nitrogen containing organic compouruving pharmaceutical and therapeutic actwitguch as
anticancer, anti-inflammatory, antibacterial tifamgal activities [7-16]. The clinically imptant antiretroviral

agents like AZT, DDC and DDI possess theirpigline scaffold [7-9]. Some marine natugaoducts such
as the alkaloid Batzlladine B are found e potent HIV gp-120-CD4 inhibitors which taim the

dihydropyrimidine-5-carboxylate as a sole Uydit-13]. The Biginelli reaction involves onetpahree

component condensation @fketoester, aldehyde and urea to give dihyghiopdinone derivative [16]. One
major drawback of this reaction, however, tiee low to moderate yield that is often antered when
substituted aromatic or aliphatic aldehyde used [17-18]. In recent years, various homeges and
heterogeneous catalysts were developed forciafti synthesis of dihydropyrimidinones [16=2%Ithough

both homogeneous and heterogeneous catalyste wsed in this reaction, heterogeneouslysita have

more advantages than homogenous ones, becaHusacile separation and reusability of tbatalyst and
simple isolation of the product.
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Moreover, due to stringent and growing enwingntal regulations, the chemical industry dseethe
development of ecofriendly and sustainablettstic methods [1, 6]. The strategy of magneteparation of
the catalysts attracted much attention ovi#ration or centrifugation as it prevents thess of catalyst.
Herein, we have reported a well-defined heeneous catalytic system by preparingsCze magnetic
nanoparticles supported on modified montmoritenclay and their catalytic activities fdhe one pot
synthesis of Dihydropyrimidinones (DHPMs). Momtmitionite K10 clay is environmentally benigrcheap,
which is purchased from M/S Sigma Aldrich, USAhe K10 clay was modified by treatmentthwimineral
acid (HCI) under controlled conditions to gemte a matrix having high surface area abdtain micro-
and mesoporesThe modified montmorillonite clay acts assapport for thein situ generation of RO,
nanoparticles (RO©,@mmt). FgO,@mmt catalyses the one pot three componentensation of aldehyde,
B-ketoester (orp-diketone) and urea (or substituted urea)giee the Dihydropyrimidinones (DHPMs) (85 -
98% vyield) with 100% selectivity under mitgaction condition.

EXPERIMENTAL SECTION

Material: Montmorillonite K-10, FeG, FeC}. 4H,0 were purchased from M/S Sigma Aldrich, USA. J\ddlution
was purchased from Merck Chemicals. All aldhydegauand active methylene compounds (ethyacetoacetat
acetylacetone) were purchased from M/S Sigma Aidrdl the chemicals were used without furthmirification.

Support preparation: Montmorillonite K10 (10 g) was dispersed i©02ml 2M HCI and refluxed for 2
hour. After cooling, the supernatant liquicasvdiscarded and the activated montmorillonites repeatedly
washed with deionised water until no” @ns could be detected by the AgN@st. The activated clay
was dried in air oven at %®D over for 12 h and the solid product wedsesignated as modified
montmorillonite.

Catalyst preparation: 0.5 g of modified montmorillonite was dispeisin 50 ml double distilled water
and 0.5 mmol of FeghH,O and 1 mmol Feglwere added to this solution. The solutionxture was

vigorously stirred and degassed with nitrogéfter that 10 ml of aqueous NHolution was added drop
wise to the stirring solution. The solutidecame black immediately and stirring contthuder another 1

h. The black reaction product was recoverad washed with deionised water several tiraed then dried
in a desiccators for 15 h. The composite wasignated as F@,@mmt.

General procedure for the one-pot synthesis of Dihydropyrimidinones (DHPMSs):

Aldehyde (2 mmol), 3-ketoester (orp-diketone) (2 mmol), urea (or substitutedea)r (3 mmol), 20 mg
catalyst (F€O,@mmt) and 5 ml ethanol were taken in a @b round bottom flask and reaction mixture
was refluxed at 78 for stipulated time period. The progredstloe reactions was monitored by TLC.
After completion of the reaction, the solidtalyst was recovered magnetically with thephof a magnetic
needle retriever. Then the soluble product veasporated to dryness under reduced presgurebtain a
solid residue. It was finally recrystallizetb give the pure product. The isolated ppreduct was
characterized byH and *C NMR and CHNS analysis and all gave satisfgcresults.

RESULTSAND DISCUSSION

Characterization of Support and Catalyst: The characterization of modified montmorillenivas thoroughly
carried out with the help of different sogildated analytical instruments like Powder-XRE, adsorption-
desorption etc. The parent montmorillonite Kléxhibited an intense basal reflection at %.0®

corresponding to a basal spacing of 12.6Hg.(1 a). During acid activation, the reflecti intensity
decreased with time and no basal reflectiam ween after 2h acid activation. The medifmontmorillonite
contained micro- (< 2 nm) and mesopores (>0),na high specific surface area of 416/gmand a large
specific pore volume of ~0.65 digp (Table 1).
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Table1: Surface properties of Fe;0,@mmt and modified montmorillonite
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2
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3
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(e)
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1044000 -
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Modified montmorillonite 416 69.
Fe;O,@mmt (fresh) 308 0.51
Fe;0,@mmt ( after 1 run) 265 0.42
Fe,O,@mmt ( after 2 run) 225 0.36
FeO,@mmt ( after 8 run) 204 0.32
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Fig.1: (a) Powder XRD pattern of Parent and Modified Mont, (b) Powder XRD pattern of Fe;O,@mmt, (c) TEM image of
Fe;0,@mmt, (d) Representative HRTEM image and corresponding SAED pattern (inset) of Fe;O,@mmt, (€) XPS spectrum of

Fe;0,@mmt
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The evidence for the formation of sPg-nanoparticles was obtained from powder XRRlgsis. The
powder XRD suggests face centred cubic lat{ife) type arrangement of f&-nanoparticles. The seven
reflections were assigned to the (111), (22@1L1), (400), (422), (511) and (440) diffion of a cubic
face-centered (fcc) lattice of & (Fig. 1 b) [30]. TEM image (Fig.1 c) showlsetFgO, nanoparticles form
a magnetic nanocluster with particle size obe20 nm. The HRTEM (Fig. 1d) and SAED (S&el Area
Electron Diffraction) pattern [Fig. 1ld(insetfif FeO,-nanoparticles corresponds to crystalline rmataf the
magnetic nanoparticles{PS experiment was performed to determine themical state of iron in the
nanocomposite material. Figure 1(e) gives kmead and narrow scan XPS spectra ofOfenanoparticles.
For F@O, the peaks at 710.8 eV and 724.1 eV lwedharacteristic doublets of Fgz@and Fe2p, from
iron oxide. The peak at 529.4 is assignedOtts [Fig. 1e (inset)]. No satellite peak 79 eV is observed
indicating F&" iny-Fe0s. This confirms that the peaks shift to thiginding energy and broaden for;®e
due to the appearance of Fg2pnd Fe2p, and it does not contain any impurity pfFe0O; [31-32].
From surface area study, it is observed thatre is an appreciable decrease of theifgpesurface area
and the specific pore volume after supportirgO,-nanoparticles (Tablel), but it exhibits anitr type of
isotherm and hysteresis loop to that of miedifmontmorillonite (Fig. 2). This might beual to clogging of
some pores by E®4-nanoparticles. The Fe contents in@g@mmt as analyzed by ICP-AES, reveals the
presence of 16.47 mg of Fe per 100 mgOF@mmt catalyst.
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Fig.2: (a) N, adsorption/desorption isotherm and (b) BJH pore size distribution curve of Modified Mont. and Fe;O,@mmt

Catalytic activity: In order to introduce an efficient, robustdaeco-friendly heterogeneous catalyst under
mild conditions, the synthesized ;Pg@mmt was utilized as catalyst precursor toe well-known Biginelli
reaction. A series of three-component reastiowere carried out using benzaldehyde, uread a
ethylacetoacetatepketoester) as the model substrates to deterthe best reaction condition (i.e. solvent,
reaction time etc.) which is required to affexcellent yields of DHPMs. The reactionthsut solvent was
the first choice, where about 60% of the HM$ product was obtained in 3 h in preseatd-¢0,@mmt
catalyst. The use of water as a solventeemed the yield of the desired product68% in 3 h. When
ethanol was used as a solvent &lC78urprisingly, the yield of the productcieased to 98% in 2 h. The
use of other solvents was also tested, ot encouraging results were obtained (Table ®)erefore,
ethanol is used as the solvent of for ¢lyathesis of DHPMs by considering its higleld and selectivity.
The results of the reactions are representediable 3. A control reaction was carried dot test the
requirement of a catalyst by stirring the delosubstrates in the absence of the catayaly 6% vyield of
the product was obtained 5 h. The use of only modified clay as a catalgave only 55% yield in 2 h.

The effect of various catalyst amounts wdso astudied to optimize catalyst amount fbe synthesis of
DHPMs. The effect of catalyst amount wasditd with 5, 10, 15, 20 and 25 mg of ttetalyst in the
model reaction (Table 2). With increased lwe tamount of catalyst, the yield of thecteen increased. But,
almost same yields were observed for 20 2Bdmg catalyst which was maximum for thedel reaction.
Thus, all the reactions were performed uskgmg catalyst (contains 0.059 mmol Fe).
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Table 2: Effect of solvent and Fe;O,@mmt catalyst

SIno  Solvent Catalyst amount Temperature Time lased Yield
(mg) °©) (h) (%)
Effect of solvent:
1 Solvent free 20 90 3 60
2 Water 20 90 3 68
3 Methanol 20 65 3 66
4 Ethanol 20 78 2 98
5 DMF 20 110 3 28
6 Acetonitrile 20 80 3 35
Effect of catalyst amount
7 Ethanol 5 78 2 65
8 Ethanol 10 78 2 76
9 Ethanol 15 78 2 86
10 Ethanol 02 78 2 98
11 Ethanol 52 78 2 98

"Reaction conditions. Benzaldehyde (2 mmol), Ethylacetoacetate (2 mmol), Urea (3 mmol), and solvent (5 ml).

The presence of electron donating or withdngwgroup on the aldehyde has no signifiedféct on the
yield of the product (entry S1, S2 and 3t aliphatic aldehyde (entry S9, S10) givdightly lower
yield than aromatic aldehyde (S1, S2 in €al8). A variation in the reaction was dohg using
substituted urea such as 1,3-dimethyl ureajoutea and acetylacetonep-diketone) instead of
ethylacetoacetate for the synthesis of difier DHPMs (Table 3). The use of thiourea an8-dimethyl
urea as substrate also run the reaction $ilyootbut thiourea gives slightly lower yieldf product
compared to urea and 1,3-dimethyl urea (efty S14 and S15). Both the active metleyleompound i.e.
ethylacetoacetate and acetylacetone run tletioe without any difficulty (entry S1 and&. All the
reactions give a very good yiel@5-98%) with 100%selectivity. One of the advantages of ouralgét
system is that the separation of the catalyeam the product is done simply by magoesieparation. The
products were purified by recrystallizationThe recyclability of our catalyst was investigd in the
synthesis of DHPMs (Table 3)he catalyst was recovered by magnetic sdparatechnique after each
experiment. The recovered catalyst was washigd acetone, dried in a desiccator andsedudirectly with
fresh reaction mixture without further purdtion for the desired DHPMs synthesis upte #" run and
showed only a slight decrease in actiifyable 3).The recovered catalyst was further investigateugh
N, adsorption— desorption, HRTEM analysis. TlpecHic surface areas of the recovered cstslydecrease
compared to the fresh catalyst with surfacea of 308 Ay’ (Table 1) which may be due to blockage of
the pores by the reactant molecules afteh ezaction. In the HRTEM analysis of thecavered catalyst
(after 3rd run), it was found the sizes RO, nanopatrticles are still below 20 nm (Fig. 3)

Fig. 3: HRTEM image of recovered Fe;0,@mmt clay after 3 run
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Table 3: Fe;0,@mmt catalyzed three-component condensation reaction to synthesize DHPMs™

CHO
Fe;O, @ mmt
R, 2.8 L
HN NH  + )J\/U\o/\ + Ethanol, 78°C,2h " | NH
(@)
H
Entry (Urea/ (Ethgtioacetate/ Aldehyde Product Yig(to)
Substituted urea) Acetylacetone)
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=0
pd
-
-
o
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o I
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CH,
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O o
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NO
o CcCHO o
\NJ\N/ o o @ ‘ /'J\'\\/
S22 H H )J\/U\ NO, n < 94
NO,
CcCHO o
i -
o o ‘ NH
opg HaN7 ONH, L L o NS o
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ji 0] O o NH 86 (3': run)
\ Iy 83 (4" run)
g5 HaN™ NHy Ao~ A N0

"Yields are isolated products based on the aldehyde after recrystallization.
"Reaction conditions. Aldehyde (2 mmol), Ethylacetoacetate (2 mmol), Urea (3 mmol), Catalyst (20 mg, contains 0.059 mmol Fe) and
Ethanol (5ml); Refluxing temp. 78°C, Time 2 h.

A hot filtration test was carried out tovéstigate whether any leaching of;®Ggoccurs during the course
of the reaction. Here, the three componemmdensation reaction of benzaldehyde, ethidacetate and
urea was carried out in ethanol afG7&or 1 h using our F®,@mmt catalyst. At this stage, the yield of
the product is 64%. The f@@mmt catalyst was the filtered off in habtnditions and with the filtrate
the reaction was continued for another 1But no further increase in the vyield ofettproduct was
observed.Again, the Fe content in E&@mmt before the catalytic reaction was 16§ Fe per 100 mg
Fe,0,@mmt catalyst. After '8 run, Fe content in the catalyst was foundbe 16.43 mg Fe per 100 mg
catalyst which was marginally decreased. Thimge catalyst maintains its heterogeneousuraatand no
leaching of FgO, occurs during the course of the reactibor comparison, we have screened wide range
of iron catalysts known in the literaturer fthe reaction of urea, ethylacetoacetate bedzaldehyde (Table
4) and the result showed that our protdsobetter than other previous protocols.

Table 4: Screening of different iron catalyst for the reaction of urea, ethylacetoacetate and benzaldehyde

Catalyst Solvent Temperature Time Isolated Yield Rednce
9 (h) (%)

FeCk Ethanol 78 5 38

FeCb.4H,0 Ethanol 78 5 31

Nano-FgO, Ethanol 78 5 48

y-F&0s-SO;H  Ethanol 60 5 91 [29]

Fe;0,@SBA15  Ethanol 100 6 85 [16]

Fe;0,@mmt Ethanol 78 2 98 Present wor

The possible reaction pathway for the synthed¥ DHPMs catalysed by E@mmt is given in Scheme
1. The electrophilicity of the carbonyl carbonf ¢he active methylene compound (ethylacet@aelt
increases due to coordination with the highlyrous FgO,@mmt catalyst. After that the aromatic aldihy
and ethyl acetoacetate undergo aldol type eosation to offer the corresponding aldol-typeduct. Then
the urea molecule coordinates with aldol typeoduct through one of its N-atom and ugdes 1,4-
addition reaction of urea.
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Scheme 1. Proposed mechanism for the synthesis of DHMPs

This leads to the aldol type intermediate) (& generate ureides (B) that ultimately lizgc to give the
desired product and the catalyst is regeedraffhe theoretical byproduct obtained frohe treaction is
only water. The regenerated catalyst continties catalytic cycles till the completion tife reaction.

CONCLUSION

In conclusion, we have developed an econdmaad practical protocol for the synthesi§ BHPMs
through an R®,@mmt catalyzed three-component condensationtioeacf Aldehyde, B-ketoester (orp-
diketone) and Urea (or substituted urea) usitiganol as solvenfThe specific surface area and the pore
size of Montmorillonite K10 were tuned by tmiled acid activation.Further, the catalystsetained its
magnetic property after several runs and weesed for new batch of reactiofispto 4" run) without
significant loss of their activity under theame conditions.The operational simplicity, mild reaction
condition and robustness of the catalyst, miikettractive for the large scale synthesfsbiologically active

dihydropyrimidinones

'H and **C NMR data along with C, H, N percentage of some of the products:

S1. Ethyl-1,2,3,4-tetrahydro-6-methyl-2-oxo-4-pii@yrimidine-5-carboxylate

'H NMR (300 MHz, DMSO-d6):5 1.09 (t, 3H),5 2.25 (s, 3H),5 3.94-4.02 (g, 2H)3 5.15 (d, 1H),5
7.22-7.35 (m, 5H)§ 7.74 (s, 1H),6 9.2 (s, 1H);**C NMR (75 MHz, DMSO-d6) 5 14.53, 18.24, 54.41,
59.66, 99.71, 126.70, 127.73, 128.86, 1451318.82, 152.50, 165.80; C: 64.60%, H: 6.18%,10.76%.

S2 . Ethyl-1,2,3,4-tetrahydro-6-methyl-4-(4-nithgmyl)-2-oxopyrimidine-5-carboxylate

'H NMR (300 MHz, DMSO-d6):5 1.09 (t, 3H),8 2.50 (s, 3H),8 3.95-4.04 (g, 2H)5 5.26 (d, 1H),8
7.49-7.52 (m, 1H)§ 7.90 (s, 1H),8 8.15-8.44 (m,3H)3 9.37 (s, 1H) ;**C NMR (75 MHz, DMSO-d6):s
14.50, 18.33, 54.12, 98.62, 124.75, 128.121.11, 147.16, 149.86, 152.45, 165.51, 192@3;55.10%, H:
4.95%, N: 13.75%.

S3. Ethyl-1,2,3,4-tetrahydro-4-(4-methoxyphenyiéthyl-2-oxopyrimidine-5-carboxylate

'H NMR (300 MHz, DMSO-d6):5 1.12 (t, 3H),8 2.23 (s, 3H),8 3.71 (s, 3H)§ 3.94-4.01 (g, 2H)p
5.09 (d, 1H),8 6.86-6.89 (m, 2H)S 7.12-7.15 (m, 2H)S 7.68 (s, 1H),5 9.16 (s, 1H);*C NMR (75
MHz, DMSO-d6): 5 14.55, 18.21, 53.78, 55.49, 59.62, 100.02.1m4, 127.86, 137.49, 148.47, 152.64,
158.89, 165.83; C: 62.06%, H: 6.23%, N: 9.63%.

S4. Ethyl-1,2,3,4-tetrahydro-6-methyl-2-oxo-4-p-tolyhiypidine-5-carboxylate

'H NMR (300 MHz, DMSO-d6): 8 1.11 (t, 3H),8 2.25 (s, 3H),6 2.50 (s, 3H),5 3.93-4.0 (q, 2H)3
5.10 (s, 1H),56 6.86-6.89 (m, 2H)5 7.11 (m, 4H),8 7.69 (s, 1H),8 9.16 (s, 1H);"*C NMR (75 MHz,
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DMSO-d6): & 14.50, 18.18, 21.05, 54.07, 59.71, 99.986.80, 129.36, 136.93, 142.29, 148.56, 152.74,
165.87; C: 65.70%, H: 6.61%, N: 10.19%.

S5. Ethyl 1,2,3,4-tetrahydro-4-(2-hydroxyphenyljp@thyl-2-oxopyrimidine-5-carboxylate

'H NMR (300 MHz, DMSO-d6)3 1.19 (t, 3H),5 1.69 (s, 3H),8 4.15 (q, 2H),5 4.43 (s, 1H),3 5.38 (s,
1H), § 6.72-7.12 (m, 4H)3 7.14 (s, 1H),8 7.57 (s, 1H);"*C NMR (75 MHz, DMSO-d6):5 14.54, 24.48,
44.1, 48.1, 61.03, 83.61, 117.06, 121.0, 925129.13, 129.83, 151.15, 155.07, 168.9260C86%, H:
5.82%, N: 10.12%.
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