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Abstract: A series of substituted 6-aryl 5-cyano 2-uracill &aryl 5-cyano 2-thiouracils (1a-11) were achigve
by the reaction of various aldehydes, ureas, tkiasiand ethylcyanoacetate using Magnesium methaside
versatile catalyst. All compounds were screenedafttibacterial and antifungal activities againsstfins
Bacillus substilis, Streptococcus sp, Pseudomas aeruginosa, Klebsiella pneumoniae, Candida albicans,
Aspergillus niger microorganisms using Muller-Hinton broth methdSome of the prepared compounds
exhibited promising activities when compared todtendard Linezolid & Amphotercine-B.

Keywords. Magnesium methoxide; oxo/thio uracil derivativestimicrobial activity; methodology.

1. Introduction

Pyrimidine and its derivatives play an importanterin several biological processes and have
considerable chemical and pharmacological impoetaparticularly pyrimidine ring can be found in
nucleoside antibiotics, antibacterial cardio-vaacids well agro chemical and veteran prodtiéts.
One of the possible reasons for the growing inténeByrimidine heterocyclic is that, it comprigés
base for thiamine, uracil and cytosine nitrogenebasghich are building blocks of the nucleic acids.
Among these bases, uracil and its analogues gammech importance in medicinal chemistry.
Derivatives of uracil are well known for their emag inhibition and antiretroviral properti&$® It is
well known fact that the C5 substituted derivatiyasssesses excellent biological activities for
example 5-Fluorouracil is an important anticanagara widely used in oncolody.

Some improved procedures were reported for thisstemmation of with catalysts, such as
sodium ethoxid®, in addition under microwave irradiations with asgium carbonat®'’ and acetic
acid. 5-Cyano-2-thiouracils are readily availabjeebnumber of method§”, synthesis of these 6-
substituted analogues (R.aryl, heteroaryl or tisthainvolves condensation of an aldehyde with
ethyl cyanoacetate and thioureas in the presenpetagsium carbonat&!® The product is isolated
by acidification followed by crystallization of thesultant precipitate.The above mentioned methods
have certain limitations such as costly catalydtastic reaction conditions, need excess of cdtalys
and also require extended reactions times etc. édéme development of new reagents with great
efficiency, time saving and more convenient andfeemdly approaches is of interest. Catalysts are
derived from heavy or rare metals and they haverséwraw backs for large scale applications. In
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contrast, magnesium is one of the most abundardlsneh earth and consequently one of the most
inexpensive and environmental friendly. Magnesiugthuxide is a cheap and easily prepared by
using magnesium hydroxide and methanol under refturditions. Hence it is proposed to synthesize
the uracil/thiouracil derivatives employing magmesimethoxide as a versatile catalyst. The synthetic
scheme is presented in scheme 1.

2. Results and discussion
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Scheme 1. The synthesis of 6-aryl 5-cyano 2-uracil and 6-&rglyano 2-thiouracil
derivativesla-1l

The synthesis of 6-aryl 5-cyano 2-uraeid 6-aryl 5-cyano 2-thiouracil derivativds-1l
(Scheme 1) were accomplished by condensing vasobstituted aromatic aldehydes, urea, thiourea
and ethylcyanoacetate in presence of magnesiumomidth Initially it was proposed to optimise the
suitable solvent system to proceed the reaction.réaction was monitored in different solvents like
acetonitrile, dichloromethane, methanol, ethandl isnpropyl alcohol. The results were tabulated in
Table 1. From the table, it was clearly evidentt thidnanol was the best solvent to proceed this
reaction. After attaining the suitable solvent eystwe focused our interest towards the percemtfige
catalyst required for the reaction. We checkeddaetion in 5 mmol, 10 mmol, 15 mmol & 20 mmol
respectively. These results were listed in Tabld@m Table 2, mole ratio of the catalyst had
significant effect on the reaction. The best ratims 15 mmol. When we used less than 15 mmol of
the catalyst, the reaction requires large readtinas and the yields were poor. Whereas in the chse
20 mmol of the catalyst, the reaction requiresdhme reaction time as in the case of 15 mmol but
some by-products were observed. Hence we contithéekaction using 15 mmol of Mg (OMe)

Table 1. Effect of different solvents on the reaction

S.No Solvent Yield (%)*
1 CHCN 40
2 CH.CIl, 32
3 CHOH 54
4 GHsOH 80
5 IPA 60

*yields are compared to isolated products

Table 2. Optimization of catalyst percentage

S.No % of Mg(OMe) Reaction time (hr) Yield (%)
1 5 mmol 18 20
2 10 mmol 12 38
3 15 mmol 5 80
4 20 mmol 5 43

®The product formed along with by-product



Murtbyal., Org. Commun. (2013) 6:1 47-54 49

After completion of reaction all the products weselated and duly characterized by advance
spectroscopy methods viz) IR, NMR & MASS. The stdistscope of the reaction was reevaluated by
using a variety of structurally diverse aldehyded the results are tabulatedTiable-3. The presence
of electron donating groups on the phenyl ring neguhigh reaction times and the yields are
moderate. When the presence of electron withdragmgps on the phenyl ring, less reaction times
noted and yields are good. Short reaction timeswiserved, which is more economy in terms of
enhanced reaction rates, improved yields and hidgctvity are observed than the earlier reported
methods. The results are presented in Table 3.

Microbial studies

The results of antimicrobial activity revealed tihabst of the synthesized compounds showed
good activities when compared to standard linezadighinst Bacillus subtilisMTCC 2274
Sreptococus SP-MTCC 1929 Pseudomas aeruginosa-MTCC 1688 Klebsiella pneumoniae-
MTCC109 Candida albicanssMTCC3017 Aspergillus niger-MTCC281In addition, it was found that
1j showed maximum activity again8seudomas aeruginosa and this may be due to presence of fluoro
group at # position on aromatic ring. Bukc did not show any activity again8acillus substilis.
Surprisingly, this compound showed very good aigtiagainstPseudomas aeruginosa-MTCC 1688
Klebsiella pneumonia-MTCC109 Candida albicanssMTCC3017Aspergillus niger-MTCC281
Moreover, it was also observed that the compounitls malogens also showed remarkable activity.
However, the uracitlerivatives were found to be more potent on allldheterial strains. Compounds
(1a-11) also showed significant antifungal activity at mmim concentration levels when compared
with standard. Compoundkd, 1g, 1h and 1l showed maximal anti bacterial activity. The results
clearly revealed the contribution of electron withding groups and electron releasing groups on the
aromatic ring in enhancing the antibacterial antfamgal activity. The results are presentedhe
Graphs. The main advantage of using Muller -Hinton brotethod is the time saving, media saving
advanced method.

Experimental

General Procedure: A mixture of 10 mmol of ethyl cyanoacetate, 10 ohmmf substituted aromatic
aldehydes, 10mmol of urea or thiourea and catafyiount (15 mmol) of magnesium methoxide in
50 ml dry ethanol were refluxed. The completiontbé reaction was monitored by thin layer
chromatography using hexane: ethyl acetate as teddEn completion of the reaction, the reaction
mixture was cooled and solvent was removed undircoed pressure. The solid residue was washed
with water and dried in vacuum. Then the solid coom@l was subjected to filter column to remove
methoxide impurities and recrystallised in ethaonafford the pure compounds.

All the compounds were characterised by princifl@bsorption bands at 2201-2226 £rfCN) and
1629-1642 cil (CO). The structures of the compounds were coefitioy spectral analysis (IR
and ®*C NMR). Melting points were determined by open Bapji tubes and are uncorrected. FTIR
spectra of the powdered compounds were recordedg ukBr pellets on a Shimadzu FTIR
spectrometer using “Diffuse Reflectance Attachmetti are reported in ¢chTheH NMR and the
*C NMR spectra were obtained at 400 MHz and 100 Midgpectively, by using DMSQgdand
TMS as an internal referenceél. NMR spectras were recorded on a Bruker (400 MAIZNMR)
spectrophotometer (chemical shift represented ippm).In *H NMR the proton present on™2
nitrogen atom observed &t 10-12, proton on °i nitrogen atom is not visible in some of the
compounds due toX Dutereable exchange. Mass spectra were recorde@-eMS.

(1a) 4-Oxo-6-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carbonitrile:  mp: 240°C; IR (KBr):
3366,3144,3031,2204,1633,1514,1399"cid NMR (DMSO-d; 400 MHzp 7.40-8.00 (m, 5H, Ar-
H),11.50 (bs, exchangeable with@ 2NH)** C NMR (DMSO-¢ 100-MHz) & 85.0, 118.9, 127.9,
128.1,129.1, 137.7, 162.8, 167.1, 183.1; LC Malgs 229(M', 100) .



One-pot synthesis @ir@l-5-cyano-2-(oxo / thio) uracil derivatives 50

(1b) 2, 4-Dioxo-6-phenyl-1, 2, 3, 4-tetrahydropyrimidine-5-carbonitrile: mp: 299°C; IR(KBr): 3350,
3132, 3030, 2220, 1630, 1590, 1320°¢cti NMR (DMSO-@ 400 MHzp 7.20-8.00 (m, 5H, Ar-H
11.40 (s, 1H, Nk °C NMR (DMSO-¢ 100-MHZ) 82.0, 119.1, 127.8, 128.1, 129.3, 135.1, 163.3,
167.5,171.1,; LC Mass/z213 (M', 100) .

(1c) 6-(4-chlorophenyl)-4-oxo-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carbonitrile: mp:285°C; IR

(KBr):3357,3024,2939,2208,1637,1510,1410,897"citd NMR (DMSO-@ 400 MHz)37.50 (d,J =

8.0 Hz, 2H), 7.70 (d] = 8.0 Hz, 2H), 11.60 (s,1H,NHC NMR (DMSO- ¢ 100 MHz)5 84.9, 118.0,
128.0, 130.0, 134.7, 136.5, 162.3, 165.9,1 83Q.Masswz 263(M’, 100).

(1d) 6-(4-Chlorophenyl)-2,4-dioxo-1,2,3,4-tetrahydropyrimidine-5-carbonitrile: mp: 238 °C; IR
(KBr):3441, 3124, 2215, 1647, 1632, 1405, 880", '"H NMR (DMSO-g@ 400 MHz $ 7.60-8.10 (m,
4H, Ar-H),11.60 (s, 1H, NH"*CNMR (DMSO-@¢100-MHz) 85.1, 117.3, 128.0, 130.0, 136.2, 136.4,
162, 162.8,165.4; LC Masd/z. 247.

(1e) 6-(4-methylphenyl)-4-oxo-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carbonitrile: mp:260°C; IR
(KBr): 3416, 3329, 3154, 3060, 2214, 1644, 151241dm"; '"H NMR (DMSO-d;, 400 MHz )3 2.00
(s, 3H,CH),7.20-7.50 (m, 4H, Ar-}11.60 (s,1H,NH ** C NMR (DMSO-@ 100-MHz) § 20.9,
85.0,118.0, 127.0, 128.0, 130.0, 137, 162.8, 16883,0; LC Masswz243.

(1f) 6-(4-methylphenyl)-2,4-dioxo-1,2,3,4-tetrahydropyrimidine-5-carbonitrile: m.p: 218 °C; IR
(KBr): 3340, 3129, 2214, 1637, 1629, 1255¢itd NMR (DMSO-d¢ 400 MHz $ 3.5(s, 3H,0CH),
3.89 (s,1H,NB, 7.2-7.4 (m, 4H, Ar-§ 10.50 (s, 1H, N ** C NMR (DMSO-¢ 100 MHz)5 20.9,
80.2, 118.7, 125.1, 127.8, 128.5, 130, 136.6, 13®43.7, 169.6.; LC Maswz227.

(1g) 6-(4-methoxyphenyl)-4-oxo-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carbonitrile: mp : 230°C;
IR (KBr):3357, 3124, 3015, 2206, 1632, 1511, 1262',cH NMR (DMSO-@ 400 MHz )5 3.50 (s,
3H,0CH), 7.10-7.90 (m, 4H, Ar-M 11.50(s, 1H, NH **C NMR (DMSO-@ 100-MHz)§ 55.9, 84.7,
119, 128.2, 128.5, 134.8, 139.8, 162.6, 167.1,7182.C Massnwz 259.

(1h) 6-(4-Methoxyphenyl)-2,4-dioxo-1,2,3,4-tetrahydropyrimidine-5-carbonitrile: mp: 223°C; IR
(KBr):3348, 3240, 2220, 1640, 1620, 1400, 800ttt NMR (DMSO-d, 400 MHz) & 3.6 (s,
3H,0CH,), 4.41(s, 1H, NM)7.2-7.9(m,4H, Ar-B,11.2(s, 1H, NBt ** C NMR (DMSO-d6 100-
MHz)555.8, 83.5, 116.8, 118.7, 128.9, 133.1, 148.0,99%62.7, 165.7.; LC Mase/z243 (M', 100).

(1i)6-(4-fluorophenyl)-4-oxo-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-car bonitrile: m.p.:255°C; IR
(KBr):3345, 3131, 2218, 1640, 1519, 11207chid NMR (DMSO-d¢, 400 MHz )& 7.30 (d,J=8 Hz,
2H), 7.80 (d J=8 Hz, 2H) 11.60 (s, 1H, NiH**C NMR (DMSO- ¢ 100 -MHz)3 84.8, 114.7, 118.8,
130.5, 134.0, 161.8, 162.0, 164.0, 166.0, 183.0MaSsnVz 247.

(1)) 6-(4-fluorophenyl)-2,4-dioxo-1,2,3,4-tetrahydropyrimidine-5-carbonitrile: mp : 225°C; IR cmi
Y(KBr): 3359, 3210, 2221, 1648,1634, 11H;NMR (DMSO-d,, 400 MHz)5 5.40 (s,1H, NB 7.20-
7.90 (m, 4H, Ar-H, 10.10(s, 1H, NH ** C NMR (DMSO-¢ 100-MHz)p 78.2, 114.5, 119.9,
124.5,130.3, 135.1, 158.4, 165.7, 170.8.; LC Mualgs231.

(1k) 6-(4-bromophenyl)-4-oxo-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carbonitrile: mp : 24°C; IR
(KBr):3347, 3218, 2201, 1642, 1529, 1120ciH NMR (DMSO-@ 400 MHz $ 7.70 (m,4H, Ar-
H),11.60 (s, 1H, NH ** C NMR (DMSO-¢ 100-MHz) & 84.9, 118.9, 123.4, 130.0, 131.0, 136.9,
163.2, 166.0, 183.6; LC Masgz 308.

(11) 6-(4-bromophenyl)-2,4-dioxo-1,2,3,4-tetrahydropyrimidine-5-carbonitrile:  m.p. : 230°C; IR
(KBr): 3338, 3124, 2214, 1630, 1629, 1128'gtH NMR (DMSO-d¢ 400 MHz )3 5.5(s,1H, NH),
7.20 (d,J = 8.0 Hz, 2H), 7.80 (dJ = 8.0 Hz, 2H), 10.20 (s, 1H, NH* C NMR (DMSO-¢,100-
MHz)s 78.7, 119.7, 123.1, 131.1, 137.9, 162.8, 165.8,116.71.0; LC Massvz292.
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Figurel. Linezolid

Antimicrobial activity

-

Mueller-Hinton broth medium was employed to stuidg preliminary antibacterial activity of
(1a-1l) againstBacillus subtilisMTCC 2274 Streptococus SP-MTCC 1929Pseudomas aer uginosa-
MTCC1688Klebsiella pneumonia-MTCC109Candida albicanss MTCC 3017Aspergillus niger-
MTCC 281 The bacterial /fungal strains on nutrient agarziGfor 24 hr were grown and after 24hr
incubation, bacterial cells are suspended in norsadine containing Tween 20 at 0.05% at a
concentration approximately 1.0-2.0 to 10-7 cellstBach test compound (5 mg) was dissolved in 1
ml of dimethyl sulfoxide, Linezolid & Amphotercir®- were employed as reference standard to
compare the results

In 96 well cell culture plates (maximum volume oélivs 300uL), added 18Q of Muller-
Hinton broth to each Well.1QQ of Serially diluted culture was added in to eaatll and Incubate at
37°C for 24 hr. After 24 hrs incubation, readings 20 &im by using Elisa reader .The pH of all the
test solutions and control was maintained at 6-udipg buffer .All the compounds were tested at a
concentration of 0.05 ml (50g) and 0.1 ml (10Qg) level and DMSO as control did not show any
inhibition. 96 well cellulose coated plate Mulleiintbn broth microbial medium was employed to
study the preliminary antifungal activity ¢1a-1l) againstAspergillus niger and Candida albicans
MTCC. The MTCC medium was purchased from MTCC Cligarth, India. Preparation of nutrient
broth, subculture, base layer medium and MTCC mrditas done as per the standard proceture.
The pH of the all the test solutions and controbwaintained at 6-7 by using Buffer.

Conclusion

In summary, we have demonstrated an efficient aredpwt method towards the expeditious
synthesis of uracil and thiouracil derivatives undeflux conditions. They showed potentially anti-
bacterial and anti fungal agents. Present methgglabéfers very attractive features such as reduced
reaction times, higher yields and environmentabyign condition. The simple procedure combined
with ease of work-up and entirely reflux conditiomake this method economic, environmentally
benign and a waste-free chemical process for théhegis of uracil and thiouracil derivatives of
biological importance.
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Yields are compared with the isolated productsraitrrification
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Graphs. The preliminary antimicrobial screening test fog 8ynthesised compounds using
linezolid,Amphotersin-B and DMSO as control.
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