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ABSTRACT

A novel series of 2-N-(aryl substituted)-4-methyl-6-phenyl pyrimidine-5-carboxylic acid(5a-m) were synthesized
from ethyl2-N-(aryl substituted)-4-methyl-6-phenyl pyrimidine-5-carboxylate(4a-m). The structures of these
compounds were established on the basis of spectral and analytical data. These novel compounds were screened for
their antibacterial activity. Among them compounds 5a, 5b, 5g, 5h, 5k, 51 and5m have shown significant activity.

Key words: 2,4,5,6-tetrasubstituted pyrimidine derivativesjlzacterial activity.

INTRODUCTION

Heterocyclic compounds are abundant in nature amdfagreat significance to life because theircttical subunits
exist in many natural products such as vitamingmbaes and antibiotics [1-2], hence they have ctith
considerable attention in the design of biologicalttive molecules [3-4]and in drug design[5-6]

Pyrimidine derivatives possess several interedtingpgical activities [7] such as antimicrobial [&ntitumor [9],
and antifungal [10]. Many of the natural and sytithpolymers also contain pyrimidine nucleus.

In specific, 2,4,5- trisubstituted pyrimidine deatives have shown potent anticancer activity as @ibitors — a
CDK(cyclin-depedent kinase) inhibitor is a chemittadt inhibits the function of CDKs. It is usedtteat cancers by
preventing overproliferation of cancer cells. Piidim acid and pipemidic acid are commercially aablé 2, 4, 5-
trisubstituted antibacterial drugs. Also 2, 4, i8dbstituted pyrimidine derivatives such as pyrimaiil,
mepanipyrin and cyprodinil are commercial fungicide

Prompted by these observations, and in continuatia@ur work on biologically potent heterocycles[ e planned
to synthesize a hitherto unreported novel seriex-Nf(aryl substituted)-4-methyl-6-phenylpyrimidi&ecarboxylic
acids in order to study their antibacterial acjivit

EXPERIMENTAL SECTION

Chemistry

Thin layer chromatography was used to analyze éhetion progress and purity of the compounds sgizbd.'H
NMR spectra were recorded on Brucker spectromeéd@r(dHz) in DMSO-¢/CDCl; using TMS as an internal
standard,*C NMR spectra were recorded on Brucker spectrorfii8rMHz) in DMSO@CDCl;. Mass spectra
were recorded on Agilent6320 lon Trap method.
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General procedure for synthesis of ethyl-6-methyl-®xo0-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-
carboxylate(1)12]

To a solution of benzaldehyde(9.41 mmol) in ethigobhol(4 mL), ethylacetoacetate(10.35 mmol), ur8ga
mmol) and a catalytic amount of conc.hydrochlodiavere added and resulting mixture was heate@mureflux
for 6 h. Progress of the reaction was monitored b§(ethylacetate/petroleum ether,1:1, v/v). Aftempletion of
the reaction, the contents were cooled to room ézaipre and poured into ice cold water. The préatigd solid
was filtered under vacuum, washed with water, daied recrystallized from ethyl alcohol to affordmmoundl.

'H NMR (DMSO-d) &: 1.09(t, 3H,J = 7.2 Hz, €H2CH3), 2.25 (s, 3H, Py-CH3), 3.98(q, 2H,= 7.2Hz, -
CH2CH3), 5.14(d, 1H, NH), 7.25(m, 3H, Ar-H), 7.32(m, 2Bi-H), 7.73(bs, 1H, NH), 9.19(bs, 1H, NHC NMR
(DMSO-t) 5: 14.5, 18.2, 54.4, 59.6, 99.7, 126.7, 127.7,128833, 148.7, 152.5, 165.7; LCMS M+1: 261.28.

General procedure  for  synthesis of  ethyl-6-methyl-®dx0-4-phenyl-1,2-dihydropyrimidine-5-
carboxylate(2)13]

To a solution of1(3.84 mmol) in acetone(40 mL), ceric ammonium téhl.52 mmol) in water(40 mL) and
sodiumbicarbonate(19.21 mmol) were added’& @nd stirred at room temperature for overnightgRess of the
reaction was monitored by LCMS. After completiontioé reaction, the reaction mass was concentrateentove
acetone and the aqueous phase was extracted, agedanhydrous sodium sulfate, filtered and corre¢ed to
afford compound@.

'H NMR (DMSO-d) : 0.82(t, 3H,J = 7.2 Hz, €H2CH3), 2.39(s, 3H, Py-CH3), 3.94(q, 28i= 7.2Hz, -CHZH3),
7.45(m, 5H, Ar-H), 12.39(bs, 1H, NH)Y’C NMR (DMSO-d) &: 13.6, 61.2, 126.6, 127.9,128.6, 128.8, 130.5,3,66
LCMS M+1: 259.28.

General procedure for synthesis of ethyl 2-chloro-4nethyl-6-phenylpyrimidine-5-carboxylate(3)14]
Compound2(3.87 mmol) and PO@B8.71 mmol) was heated at £aD for 2 h. Progress of the reaction was
monitored by TLC(ethylacetate/petroleum ether,¥/¥). After completion of the reaction, the reaatimass was
concentrated, the residue was dissolved in chlompfavashed with water and saturated solution of 8@k The
organic layer was dried over anhydrous sodium ®ylfiitered and concentrated to afford crude coumgB. The
crude compound was purified by 60-120 mesh silelacglumn chromatography using ethyl acetate atbleeim
ether as eluents. The product was eluted with 20084 acetate and concentrated to afford compdind

'H NMR (DMSO-&) &: 1.03(t, 3H,J = 7.2 Hz, €H2CH3), 2.56(s, 3H, Ar-CH3), 4.21(q, 2H, = 7.2Hz, -
CH2CH3), 7.58(m, 5H, Ar-H)XC NMR (DMSO-@) &: 13.8, 22.6, 62.6, 79.6, 124.7, 128.6, 129.3,43136.1,
159.9, 166.0, 166.7, 169.2; LCMS M+1: 277.2.

General procedure for synthesis of ethyl 2-N-(arybubstituted)-4-methyl-6-phenylpyrimidine-5-carboxyhte
(4a-m)[11]

To a solution of3(3.61 mmol) and substituted aniline(4.33 mmol) id-dioxane(25 mL), 4.0M HCI in 1,4-
dioxane(2 mL) was added and was heated af @Ofor 12 h. Progress of the reaction was monitdrgdlLC
(ethylacetate/petroleum ether,1:1, v/v). After ctetipn of the reaction, the reaction mass was cainated, the
residue was dissolved in ethylacetate and was wlaslith water. The organic layer was dried over ambys
sodium sulfate, filtered and concentrated to affoede compound4&-m). The crude compounds were purified by
60-120 mesh silica gel column chromatography usitiyl acetate and petroleum ether as eluents. Tdaupts
were eluted with 25% ethyl acetate and concentratedford pure compoundé&g-m).

Ethyl-2-[ (2,4-difluorophenyl)amino] -4-methyl-6-phenyl pyrimi dine-5-carboxyl ate(4a)

H NMR (DMSO-d) &: 0.93(t, 3H,J = 7.2 Hz, CH2CH3), 2.40(s, 3H, Py-CH3), 4.05(q, 28z 7.2Hz, -CHZH3),
7.07(t, 1H,J = 8.4 Hz, Ar-H), 7.3(t, 1HJ= 8.0, Ar-H), 7.45(m, 5H, Ar-H), 7.65(q, 1K=8.8, Ar-H), 9.55(s, 1H, N-
H); 2C NMR (DMSO-d) &: 13.5, 22.8, 61.4, 103.4, 110.9, 117.9, 121.83,9,2128.0, 128.5, 130.8, 138.3, 156.4,
158.8, 165.9, 167.3, 168.2; LCMS M+1: 370.2; Offite solid; M.P : 100-102C; yield: 45 %.

Ethyl-2-[ (4-fluorophenyl)amino] -4-methyl-6-phenyl pyrimidine-5-carboxyl ate(4c)

'H NMR (DMSO-d) &: 0.94(t, 3H,J = 7.08 Hz, €H2CH3), 2.47(s, 3H, Py-CH3), 4.05(q, 28,= 7.12Hz, -
CH2CH3), 7.15(t, 1H,J = 8.8Hz,Ar-H), 7.54(m, 5H, Ar-H), 7.81(m, 2H, Ar-H¥0.05(s, 1H, N-H)*C NMR
(DMSO-d;) &: 13.5, 22.9, 61.3, 115.3, 115.6, 117.3, 121.0,0,2828.4, 129.8, 135.1, 138.5, 157.4, 158.6, 159.8
165.9, 167.3, 168.4; LCMS M+1: 352.2; Off whitdidpM.P : 85-87 C; yield: 57 %.
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Ethyl-2-[ (2-bromo-4-chloro-6-methyl phenyl)amino] -4-methyl-6-phenyl pyrimidine-5-carboxylate (4h)

'H NMR (DMSO-d) &: 0.92(t, 3H,J = 7.2 Hz, CH2CH3), 2.23(s, 3H, Py-CH3), 4.04(q, 24,= 7.2 Hz, -
CH2CH3), 7.46(m, 6H, Ar-H), 7.67(m, 2H, Ar-H), 9.43(s, 1N-H); °C NMR (DMSO-4) &: 13.5, 19.6, 22.7, 61.3,
117.3, 123.0, 123.3, 128.0, 128.4, 129.7, 130.2,3,3.34.3, 138.2, 140.0, 159.4, 166.0, 167.4,5,68CMS M+1:
461.2; Off white solid; M.P : 146-14&; yield: 63 %.

Ethyl-4-methyl-2-[ (2-methyl phenyl)amino] -6-phenyl pyrimidine-5-carboxylate (41)

'H NMR (DMSO-d) 6: 0.92(t, 3H,J = 7.12 Hz, CH2CH3), 2.24(s, 3H, Py-CH3), 2.39(s, 3H, Ar-CH3),4{(d) 2H,

J = 7.12 Hz, -CHEZH3), 7.08(t, 1H, Ar-H), 7.20(m, 2H, Ar-H), 7.47(m, 6KAr-H), 9.25(s, 1H, N-H)*C NMR
(DMSO-d;) 6: 13.5, 18.2, 22.8, 61.3, 117.1, 121.7, 123.8,3,2628.1, 128.3, 128.4, 129.8, 130.5, 136.9, 138.5,
158.9, 166.0, 167.1, 168.4 ; LCMS M+1: 348.2; Brasutid; M.P : 78-80C; yield: 82 %.

General procedure for synthesis of 2-N-(arylsubstitted)-4-methyl-6-phenylpyrimidine-5-carboxylic acid5a-
m)

To a solution ofl(a-m)3.61 mmol) in methanol(25 mL) and water(15 mL) (18.05 mmol) was added and was
heated at 100C for 12 h. Progress of the reaction was monitdngdLC(ethylacetate/petroleum ether,1:1, v/v).
After completion of the reaction, the reaction mass concentrated, the residue was diluted witteryvaicidified
with 1.5N HCI and solid precipitated was filterentdavacuum dried to afford pure compourids(n)

2-[(2,4-difluorophenyl)amino] -4-methyl-6-phenyl pyrimidine-5-carboxylic acid(5a)

'H NMR (DMSO-d) 8: 2.40(s, 3H, Ar-CH3), 7.07(t, 1H,= 8.4 Hz,Ar-H), 7.31(t, 1HJ)= 8.0 Hz, Ar-H), 7.45(m,
5H, Ar-H), 7.65(q, 1H,J=8.8, Ar-H), 9.55(s, 1H, N-H),13.17(s, 1H, COO-H}C NMR (DMSO-d) 5: 22.8,103.4,
110.9, 117.9, 121.83, 123.9, 128.0, 128.5, 13(8,3| 156.4, 158.8, 165.9, 167.3, 168.2; LCMS M342.32.

2-[ (-4-chlorophenyl)amino] -4-methyl-6-phenyl pyrimidine-5-carboxylic acid (5b)

'H NMR (DMSO-d) &: 2.23(s, 3H, Ar-CH3), 7.35(m, 2H, Ar-H), 7.51(mH 3Ar-H),7.67(m, 2H, Ar-H), 7.85(m,
2H, Ar-H), 10.08(s, 1H, N-H), 13.17(s, 1H, COO-HC NMR (DMSO-@) &: 22.7, 117.3, 123.0, 123.3, 128.0,
128.4, 129.7,130.1, 132.3, 134.3, 138.2, 140.9,41966.0, 167.4, 168.5; LCMS M+1: 340.77.

2-[ (-3-bromophenyl)amino] -4-methyl-6-phenyl pyrimidine-5-carboxylic acid(5d)

'H NMR (DMSO-d) 8: 2.23(s, 3H, Ar-CH3), 7.17(d, 1B1= 8.0 Hz,Ar-H), 7.25(t, 1HJ)= 8.0 Hz, Ar-H), 7.51(m,
3H, Ar-H), 7.71(m, 2H, Ar-H), 8.21(m, 1H, Ar-H), 116(s, 1H, N-H)}*C NMR (DMSO-d) 5: 13.0, 18.5, 23.03,
118.1, 118.8, 121.6, 121.9, 124.5, 128.2, 128.8,4,3.30.9, 138.4, 142.3, 158.7, 163.9, 166.1,7,69CMS M+1:
385.22.

2-[ (2-ethyl-6-methyl phenyl )amino] -4-methyl-6-phenyl pyrimidine-5-carboxylic acid(5k)

'H NMR (DMSO-d) &: 0.91(t, 3H,J = 8.0 Hz, CH2CH3), 2.20(m, 5H, Ar-CH3 and CKH3), 2.23(s, 3H, Ar-
CH3), 7.11(s, 3H, Ar-H), 7.48(m, 5H, Ar-H), 8.99(sH, N-H); 12.98(bs, 1H, COO-H}*C NMR(DMSO-d) &:
23.03,118.1, 118.8, 121.6, 121.9, 124.5, 128.8,812.30.4, 130.9, 138.4, 142.3, 158.7, 163.9,11,669.7; LCMS
M+1: 348.34.

Biological activity

Antibacterial activity

The newly synthesized compounds were screenetidarantibacterial activity against four bactegthins namely
Saphylococcus aureus, Enterococcus faecalis, Klebsiellapneumoniae and Eschericia.coli byMinimum Inhibitory
concentration (MIC) values were observed[15].

Procedure

1.9 Dilutions of each drug have to be done with BdtIMIC.

2.In the initial tube 20 microliter of drug was &didinto the 380 microliter of BHI broth.

3.For dilutions 200 microliter of BHI broth was asttinto the next 9 tubes separately.

4.Then from the initial tube 200 microliter wasrtsferred to the first tube containing 200 microlité BHI broth.
This was considered as i@ilution.

5.From 10" diluted tube 200 microliter was transferred toosettube to make dilution.

6.The serial dilution was repeated up t& Hilution for each drug.

7.From the maintained stock cultures of requireghoisms, 5 microliter was taken and added into 2ahBHI
(brain heart infusion) broth.

8.In each serially diluted tube 200 microliter bb&e culture suspension was added.

9.The tubes were incubated for 24 h and observeaifoidity.
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Table 1: Characterization data of compounds 5a-m

Analysis (%) found

Con,\llp(;c')und Mol.formula R Colounr ;E?ecrystal \'\QeFI)d C(’Dé); (calculated)

C H N
5a GsHi3sF2N; O, 2,4-Dichloro phenyl Brown solid 248_5250 (gggi) (22471) (ggi)
5b CigH1CI N; O, 4-Chloro phenyl Off white solid 26219270 (gggg) (iig) (igg%
5c GCisH14FN; O, 4-Fluro phenyl Yellow solid 20;_0210 (ggg% (jgg) (128(2))
5d CisHwBr N; O, 3-Bromo phenyl Off white solid 253-5260 (gggg) (gg% (183471)
5e GgHisN3 O, Phenyl Off white solid 18;—2190 (;825) (jgg) &g;g)
5f CisH13CI2 N3 O, 2,6-Dichloro phenyl Brown solid 26;?270 (2;3% (22(3)) (ﬂgé)
59 G H1 N30, 2,4,6-Trimethyl phenyl white solid 302_2310 (;ggé) (gcl)g) (gig)
5h CaHBICINO, | 2 BT ehloroomevl | yynite solig 175180 | (164 | (313)] 1004
5i CioH17N3 05 2-Methoxy phenyl Yellow solid 183?185 (gggé) (gﬁ) (ggg)
5j CioH17N3 03 3-Methoxy phenyl Off white solid 193?195 (gggg) (gﬁ) (iggg)
5k C1Ho1 N3O, 2-Methyl-6-ethyl phenyl Brown solid 25?19260 (;ggg) (gcl)g) (gié)
51 CioH17N3 02 2-Methyl phenyl Brown solid 19(53-8190 (;iig) (gg% &gig)
5m GioH1N4 O; 4-Cyano phenyl White solid 1989195 (gggg) (283) (iggg)

o CHO o0 o . o) b 0
HZNJ\NHZ + © + /U\/U\OCsz — > HC,0 WH = Hgc,0”
N~ ~O N™ =0
H H
1 2

o) . o) q o)
HsC,0 | NN — H5C,0 | NN — HO | NN
N)\CI N)\'.\'H NA\II\IH
R R

3 4(a-m) 5(a-m)

Conditions:(a) conc.HCl(cat.), ethanol, 75°C,12 h; (b) ceric ammonium nitrate, NaHCOs, water and acetone, RT; (c) POCls, reflux, 2 h; (d) aryl
substituted anilines, 4.0N HCI in 1,4-dioxane, 1,4- dioxane, reflux, 12 h;(e) NaOH, methanol, water, 100°C, 12 h.

RESULTS AND DISCUSSION

Chemistry

The ethyl-6-methyl-2-ox0-4-phenyl-1, 2, 3, 4-teydiopyrimidine-5-carboxylatél) was prepared by the reaction
of benzaldehyde, ethyl acetoacetate, urea andalytiatamount of conc. HCI. The ethyl 6-methyl-2ee%-phenyl-
1, 2, 3, 4-tetrahydropyrimidine-5-carboxyldtd when treated with ceric ammonium nitrate and soddicarbonate
gave ethyl 6-methyl-2-ox0-4-phenyl-1,2-dihydropyidime-5-carboxylat€?). The ethyl 2-chloro-4-methyl-6-
phenylpyrimidine-5-carboxylate (3) was obtained by treating ethyl 6-methyl-2-oxo-44pfi€el,2-
dihydropyrimidine-5-carboxylat@)with POCE. The ethyl 2-chloro-4-methyl-6-phenylpyrimidinecarboxylate(3)
treated with aryl substituted anilines gaveethylN-Raryl substituted)-4-methyl-6-phenylpyrimidine-5-
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carboxylat¢da-m). The ethyl-2-N-(aryl substituted)-4-methyl-6-phtayrimidine-5-carboxylate was treated with
NaOH to get 2-N-(aryl substituted)-4-methyl-6-phiyyimidine-5-carboxylic acidga-m).

All the new compounds were characterized by eleatemalysis'H NMR, *C NMR and mass spectral studies.
The yield and physical data of synthesized compswamd summarized in Table 1.

Table 2: Antibacterial activity data of the compourds(5a-m) MIC values in pg/mL

Compound No. | E.Coli | Klebsiella | Saureus | K.fecalis
5a 100 100 0.2 0.8
5b 25 100 0.2 0.4
5c 100 100 25 1.6
5d 100 100 0.4 3.12
5e - - 3.12 6.25
5f 50 100 3.12 3.12
59 50 100 1.6 1.6
5h 25 12.5 0.2 0.2
5i 100 - 3.12 1.6
5j 50 100 25 1.6
5k 50 100 0.4 0.8
5| 100 - 1.6 1.6
5m 50 100 1.6 3.2

Ciprofloxacin(std) 2.0 1.0 2.0 2.0

Biological Activity

Antibacterial activity

The results of antibacterial activity were givenTiable-2. Ciprofloxacin was used as the standand.dkmong the
newly synthesized compounds most of them showed WlGes lower than that of the standard agdifecalis.
Similarly compound®a, 5b, 5g, 5h, 5k, 51 and5m were active against the microorganiSraureus at concentration
lower than that of the standard drug. However againcoli and kiebsiella none of the newly synthesized
compounds showed any significant activity comparatith the standard drug.
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