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Abstract— In this study, the efficiency of MH53(Fe) metal-organic framework (MOF) the one-pbieé-component reaction of
isothiocyanate, aromatic aldehydes and 6-aminduaiadiorN,N-dimethyl-6-aminouracil to form pyrimido[4 8}pyrimidine derivatives is
investigated. Using this method all reactions adgumed at 116C under solvent-free conditions with good to exceligroduct yields
during acceptable reaction times. The other importaerit of this method is simple recovery of MBB(Fe) through filtrationwhich
makes it reusable for further cycles without coasithle decrease in its activity. The method isalestrated to be a truly green process
with sustainability and economics.
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1. Introduction

Nowadays, the requirements of green chemistry pliee encourage the chemical community to searchnfore environmentally
sustainable methods for chemical syntheses. Inréigiard the development of new heterogeneous m@ugctatalysts and the use of less
toxic materials as solvents and reagents are tworitant challenges.

Porous metal-organic frameworks (MOFs) are angunirig class of porous crystalline networks synttessiby assembling inorganic
vertices with organic struts [1]. Over the past fdscades and because of their various attractipkcapions in catalysis [2], selective gas
adsorption and separation [3], and drug deliverg][4MOFs have received great attention. In paliicudue to the important properties
such as: high surface area, structural flexibiliyprosity, and chemical tenability, MOFs are coeséd as promising materials for
applications in heterogeneous catalysis. For thessons, the synthesis and design of differentskafdnetal-organic frameworks (MOFs)
became necessary to achieve more knowledge abmustiuctural diversity and investigate their wais properties.

A solvent-free or solid state reaction may be edrout using the reactants alone or incorporatiegitin clays, zeolites, silica, alumina or
other matrices. Thermal process or irradiation wilinaviolet, microwave or ultrasound can be emptbyo bring about these types of
reactions. Solvent-free reactions obviously redoméution, and bring down handling costs via sirfipéition of experimental procedure,
work-up technique and saving in labour. These wheal@specially important during industrial prodant[7, 8].

Heterocyclic chemistry is currently experiencingrenaissance because of the interest in heterocgclidfolds as templates for
combinatorial chemistry [9]. As heteroaromatic campds are present in many natural products [1@],ae constituents of numerous
therapeutic agents [11], they represent ideal dikegstructures for the elaboration of an increasenolecular diversity. Pyrimido[4,5-
d]pyrimidines constitute a class of heterocyclic pmunds showing a wide spectrum of biological propsrincluding antimicrobial [12],
antioxidant [13], antihypertensive [14], antialler§il5], and anticancer [16] activities. Many medlscand catalysts have been developed

for the preparation of pyrimido[4 8lpyrimidines [17-19]. Although these methods arefuls some of them are accompanied with



disadvantages including long reaction times, hagslstion conditions, slow yields and use of toxid aon-reusable catalysts. Therefore,
introduction of new catalysts to promote the sysihef these types of compounds, which may solveradome of the above mentioned
disadvantages is still a demand.

2. Results and discussion

Because of the very important characteristics obhwganic-inorganic frame works (MOFs), as mergbin previously, and as a part of
our current studies on the development of new pagilsvin heterocyclic synthesis [20, 21], herein,rejort a simple, rapid and one-pot
procedure for the regioselective synthesis of pighafd,5-d]pyrimidines with high yields and purity assisted MIL-53(Fe) as a green,

efficient and recyclable promoter (Scheme 1).

2.1. Structure and morphology of the MBB(Fe)

MIL -53(Fe) was obtained according to the method regdmténe literature (Scheme 2) [20a, 22]. The stmecof MIL-53(Fe), used in this
study, is shown in Fig. 1. The structure of thidabst was determined using SEM and XRD (Figs. S2) (see Supplementary
Information). The figures indicate that the cathly@nsists of pure phases and no characteristksp@ma@ observed determining impurities.
To confirm the composition, MH53(Fe) has also been characterized by energy-dispeX-ray spectroscopy (EDX). As shown in Figure
S3 (see Supplementary Information), the synthedizkd53(Fe) catalyst contains only iron, nitrogen, carbod oxygen elements. FT-IR
spectrum of MIL53(Fe) is shown in Figure S4 (see Supplementagrimdtion). IR spectrum showed the characteristikped aromatic
rings at 731 cm, COO (1396 cnt and 1540 ci), C=0 (1685 cn) and Fe-O vibrational peak located at 559*evhich demonstrate the
formation of the Fe-oxo band between the Fe(llij aarboxylic group of terephthalic acid. The thergravimetric analysis (TGA) of

MIL -53(Fe) shows mass loss of organic materials asdbegmpose upon heating (Figure S5) (see Supplanydnformation).

2.2. Catalytic activity of MIE53(Fe) in the synthesis of pyrimido[4,5-d]pyrimidines

In order to determine the catalytic ability of MB3(Fe), its promoting effect is studied in the &gsis of pyrimido[4,5]pyrimidine
derivatives. First of all, to optimize the reactitemperature, the reaction of isothiocyanate, ddebhgde and 6-aminouracil to form
corresponding pyrimido[4,8}pyrimidine derivative was studied under solvemefrconditions in the presence of 0.005 g MB(Fe) at
different temperatures. The results are summaiizd&able 1. Accordingly, the reaction proceedethiahighest yield at 11TC.

The effect of amount of the catalyst on the corigarand rate of the reaction was studied with vapyamounts of MIE53(Fe) at 116C
under solvent-free conditions (Table 2). It wasnfduhat 0.005 g of MIt53(Fe) was sufficient to smoothly carry out thiaaton. An
increase in the amount of MiR3(Fe) to more than 0.005 g showed no substamtipfavement in yield, whereas it was reduced by
decreasing the amount of MB3(Fe) to 0.004 g.

The results obtained from the optimization studiasouraged us to investigate the promoting effédtlih -53(Fe) in the synthesis of

pyrimido[4,5d]pyrimidines drived from different types of aronwmtldehydes. As shown in Table 3, a variety of atienaldehydes



containing electron-withdrawing or electron-dongtisubstituents in reaction with isothiocyanate &maiminouracil were successfully
converted to the desired products in good to higldy with high purity using this method. WhisinN-dimethyl-6-aminouracil was used
instead of 6-aminouracil, the same reactions wixe gerformed efficiently producing the correspartdproducts in high yields during
acceptable reaction times.

The structures of the compounds includitag-4mwere deduced from their elemental analyses amdthadsr IR,*H NMR, and**C NMR.
The mass spectra of these compounds displayed utaleion peaks at appropriate m/z values. Among dhtained products the
compoundglb-4k have beerpreviously reported in the literatures [18, 19].

Reusability is an important feature of a catalysintake it suitable to be used in organic transfoionat by researchers. Hence, the
reusability of MIL-53(Fe) was checked in the synthesis of 5,6-diph@ésylioxo-5,6,7,8-tetrahydropyrimido[4 @pyrimidine-2,4(H,3H)-
dione (Table 3, entry 1). After filtration and wasdy with CH,Cl, the catalyst was dried at room temperature fon 24d used for the next
catalytic cycle. The results showed that this gatatan be reused three times without significass lof activity.

A comparison of the efficiency of this method watslected previous methods is summarized in Tablghch indicate the superiority of
this method to the previously reported methodgims of yields and reaction times.

A tentative mechanism for the formation4s is shown in Scheme 3 [17]. Primarily, the interméelA is formed in situ via the reaction
of 6-aminouracill with phenylisothiocyanat2. Then, the nucleophilic attack of the intermediatéo aldehyde3 in the presence of the
catalyst gives the intermedigBewhich upon cyclization and dehydration affords desired producta

In summary, we have reported a simple, environnignkeenign, and efficient synthetic method for theeparation of pyrimido[4,5-
dlpyrimidines derivatives using MH53(Fe) under solvent-free conditions. The notabsures of this procedure are the use of a cheap,
easy to handle, and reusable catalyst, high yishisit reaction times and solvent-free conditiadsich make it a useful and attractive
process for pyrimido[4,84pyrimidines synthesis.

3. Experimental

3.1. Materials

All chemicals were obtained from Fluka or Merck amere used without further purification. All the tedals were of commercial reagent
grade and were used without further purificatiohe TR spectra were recorded on a Perkin Elmer 7&tt&photometetH NMR and
13C NMR spectra were obtained on a Bruker 300 MHz speter with DMSOdg as the solvent using TMS as an internal standstd.
melting points are uncorrected and were determinedcapillary tube using a Boetius melting pointrascope. The elemental analyses
(C, H, N) were obtained from a Carlo ERBA Model EA 1Hd@lyzer.

3.2. Synthesis of MIB3(Fe)

MIL-53(Fe) was synthesized according to the metreqabrted in the literature with some modificatid@®a, 22]. In a typical catalyst
preparation, FeGI(5 mmol, 1.35g) and 1,4-benzenedicarboxylates ¢ichmol, 0.83g) were added to 25 mMiLN-dimethylformanide
(DMF) and sonicated for 10 minutes. The solutiors wansferred and sealed in a teflon-lined autegland kept at 15CQ for 15h. A light

brown powder was collected by filtration and wasttege times with 100 mL of fresh DMF. After wardlse MIL-53(Fe) was kept under



stirring in methanol for three days. Finally, ttadid powder was heated at 180 overnight to remove guest molecules@1DMF, and

methanol).
3.3. General procedure for the synthesis of pyraf#b-d]pyrimidine derivatives 4a—4m

A mixture of isothiocyanate (1 mmol), aromatic digide (1 mmol) and 6-aminouracil btN-dimethyl-6-aminouracil (1 mmol) and MiL
53(Fe) (0.005 g) was heated at £@0under solvent-free conditions for the appropriate (Table 3). After completion of the reaction as
indicated by TLC (ethyl acetate:hexane, 1:3), the reaction mixture was cool tarrdemperature and GBI, was added. The catalyst
was separated by simple filtration [20a]. The sotweas evaporated and the residue was recrystlfimen ethanol to afford the pure
product.

All products gave satisfactory spectral data iroedance with the assigned structures. The spetdtalof the new products are as follow:

5,6-Diphenyl-7-thioxo-5,6,7,8-tetrahydropyrimiddj4d] pyrimidine-2,4(1H,3H)-dione (4a)

White solid, m.p. 290-292°84 NMR (300 MHz, DMSOs) &: 5.24 (s, 1H, CH), 6.93-7.03 (m, 3H, ArH), 7.24@' (3, 2H, ArH), 7.47-
7.59 (m, 4H, ArH, NH), 7.81-7.84 (d, 2H, ArH), 9.9s, 1H, NH), 11.13 (s, 1H, NH)*C NMR (75 MHz, DMSO#) &: 78.556, 90.100,
115.060, 121.584, 129.068, 129.291, 129.405, 189.530.253, 130.909, 137.363, 147.076, 157.617,0862 162.197. FT-IR (KBr) v:
3490, 1699, 1618 ¢t MS (EI) (m/z): 350.08 (N). Anal. Calcd. for: GsH1N,O,S (Mr= 350.40): C 61.70, H 4.03, N 15.99. Found: C

61.79, H 4.00, N 15.94.
5-(4-Nitrophenyl)-6-phenyl-7-thioxo-5,6,7,8-tetrahygyrimido[4,5-d] pyrimidine-2,4(1H,3H)-dione (4l)

White solid; m.p. 255-257°¢H NMR (300 MHz, DMSOs) &: 5.32 (s, 1H, CH), 6.97-7.34 (m, 6H, ArH, NH), 8892 (d, 2H, ArH),
8.32-8.36 (d, 2H, ArH), 10.39 (s, 1H, NH), 11.26 {8, NH). °C NMR (75 MHz, DMSOdg) : 77.038, 90.089, 112.570, 119.115,
121.687, 127.086, 127.158, 135.476, 144.819, 126 985.115, 157.414, 159.554. FT-IR (KBr) v: 34949761622 crit. MS (El) (m/z):

395.07 (M). Anal. Calcd. for: GgH13Ns0,S (Mr= 395.39): C 54.68, H 3.31, N 17.71. Found:4®8, H 3.33, N 17.76.
5-(4-Hydroxyphenyl)-6-phenyl-7-thioxo-5,6,7,8-tétydropyrimido[4,5-d]pyrimidine-2,4(1H,3H)-dione (3m

White solid; m.p. 283-285°8H NMR (300 MHz, DMSO6) &: 5.19 (s, 1H, CH), 7.18-7.31 (m, 5H, ArH), 7.51(n, 3H, ArH), 7.83-
7.86 (t, 2H, ArH), 9.58 (s, 1H, OH), 10.38 (s, I¥H), 11.90 (s, 1H, NH)C NMR (75 MHz, DMSOe) §: 77.554, 89.384, 112.477,
118.878, 121.825, 125.257, 126.138, 126.448, 176.627.047, 130.732, 140.481, 148.495, 151.901,3865 FT-IR (KBr) v: 3497,
1691, 1626 ci. MS (El) (m/z): 366.08 (V). Anal. Calcd. for: GH1N,05S (Mr= 366.40): C 59.01, H 3.85, N 15.29. Found:82983, H

3.89, N 15.37.
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Table 1.Optimization oftemperature in the synthesis of pyrimido[4]Byrimidine derivative of benzaldehyde.

Entry Temperature'C) Time (min.) Yield (%)
1 60 90 45
2 70 80 51
3 80 60 73
4 90 20 82
5 100 20 90
6 110 20 98
7 120 20 98

®Reaction conditions: isothiocyanate (1 mmol), besretayde (1 mmol) and 6-aminouracil (1 mmol), MIL-B8] (0.005 g), solvent-
free.
Plsolated yield.



Table 2.The effect of th@mounts of the catalyst in the synthesis of pyraf#cb-d]pyrimidine derivative of benzaldehyde.

Entry MIL-53(Fe) (9) Time (min.) Yield (98)
1 None 100 10
2 0.001 80 49
4 0.002 20 66
5 0.003 20 80
6 0.004 20 84
7 0.005 20 98
8 0.006 20 97

®Reaction conditions: isothiocyanate (1 mmol), besretayde (1 mmol) and 6-aminouracil (1 mmol), solvieeg, 110°C.
blsolated vyield.



Table 3. Synthesis of pyrimido[4,8]pyrimidines in the presence of MIL-53(Fe).

Entry Product Yield (%6) M.P.(°C) Lit. M.P.(°C)

! 98 290-292 e b.c

2 92 265-267 264-266'°
3 97 278-280 283-284'°!
4 98 275-277 283-284'%
° 89 268-271 268-271¢
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282-2848



11 88 271-273 270-2738
12 97 255-257 e b
13 94 283285 e b

2Yield obtained after 20-25 min.
® New compound.

€ 44, yield 98% in the presence of MIL-53(Fe) for tivstfrun, 97% in the second run, and 95% in thedthin using the recycled
catalyst.



Table 4. MIL-53(Fe) catalyzed the synthesis of pyrimido[4]}pyrimidine 4d in comparison with other reagents reported in the
literature.?

Entry Catalyst Conditions Time/ Yield (%) References
1 p-TSA Water/ reflux 1h/67 17
2 Fe0,@SiG@Propyl-ANDSA Water/ reflux 60 min./ 98 18
3 PEG-S@H Water/ 70°C 60 min./ 90 19
4 MIL-53(Fe) Solvent-free/ 110°C 20 min./ 98 Thierk

#Based on the three-component reaction of 4-nitroéeehydeN,N-dimethyl-6-aminouracil and phenylisothiocyanate.
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Resear ch Highlights

The MIL-53(Fe) were characterized by spectroscopic analysis including EDX, SEM, TGA, XRD and FT-IR
analysis.

e Theattractive features of this process are high yields, short reaction times, simple workup and environmentally
benign procedure.

. MIL-53(Fe) as an efficient and green catalyst for the multicomponent synthesis of pyrimido[4,5-d]pyrimidines.

e Thecatalyst can be recovered several cycles without any loss of catalytic activity.

. Synthesis and characterization of new derivatives.



