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ABSTRACT

Thiophene is an important class of heterocyclic poumd, has been shown to exhibit diverse biologarad
pharmacological activities such as anti-cancer,i@xitant, anti-inflammatory, antimicrobial, etc. this study, a
series of novel 2-Methyl-5-thiophen-7-(aryl-2-yl)yrido[2,3-d]pyrimidin-4(3H)-one derivatives have dre
synthesized. All the synthesized compounds havedbeeacterized by using elemental analysis, FT"HRNMR,
%C NMR spectroscopy and further supported by masstsgscopy. Purity of all the compounds has beestkid
on thin layer chromatographic plate and HPLC teciug. All the synthesized compounds were testeth&r
antibacterial and antifungal activity (MIC) in virby broth dilution method with two Gram-positivecteria, two
Gram-negative bacteria and two fungal strains. TH@ogical activities of the synthesized compouhdge been
compared with standard drugs Ampicillin and Gresdoh..The compounds exhibited significant antibsed and
moderate antifungal activities. These compounds tmariurther exploited to get the potent lead conmgisu The
detailed synthesis and the antimicrobial screerahthe new compounds are reported.

Keywords. Pyridopyrimidinone, Thiophene, Antibacterial adiviAntifungal activity.

INTRODUCTION

It has been observed that spite of mounting problehtesistance to antimicrobial agents, the numbé&rovative
antibiotics being brought to the pharmaceutical keathave been reduced drastically in recent time®Hs
shortage of novel antibiotics and appearance ofifdulg conflicting microbes being some of the nmagballenges
for drug proposal and expansion of narrative amtiabial agents.

Heterocyclic compounds containing sulphur have ictamably a lot of attention due to wide applicatioh

pharmacological activity. Substituted thiophenesl dhneir biheterocycles have received consideraltienton

during last two decades as they are endowed witte wéinge of therapeutic properties. A number dpthéne

derivatives and Schiff bases have been reportepossess significant and diverse biological acésitsuch as
antibacterial [1, 2], antifungal [3, 4], antimiciiab[5, 6], anti-inflammatory [7,8 ],antioxidant [90], antitumor [11,
12], Anti-leishmanial [13], antidepressant [14jtidiabetic [15], and local anesthetic [16] acigdt Thiophene can
be fused with various heterocyclic nuclei givingerto newer compounds having enhanced biologitiaitaes.

In continuation to these efforts and with an objecto develop novel and potent therapeutic agehtsynthetic

origin, it was decided to synthesize certain 7-6phien-2-yl)pyrido[2,3-d]pyrimidin-4(3H)-one derivegés and
evaluate them for their antimicrobial potential.
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MATERIALSAND METHODS

Melting points were determined in open capillarppeés and are uncorrected. Formation of the compowads
checked by TLC on silica gel-G plates of 0.5 mntkhess and spots were located by iodine and UM. gt
compounds were purified by recrystallization witlitable organic solvents. IR spectra were recommte@rooker-
ALPHA FT-IR instrument using KBr pellet method. Maspectra were recorded on Shimadzu GC-MS-QP-2010
model using direct inlet probe technique. Purityhe synthesized compounds was checked by HPLG AT he
results are in agreements with the structures madigElemental analysis of the all the synthesamdpounds was
carried out on Euro EA 3000 elemental analyzerthedesults are in agreements with the structissigiaed.

Preparation of 3-Phenyl-1-(thiophen-2-yl)prop-2-en-1-one.
These were prepared by condensation of 2-acetghigioe and substituted aryl aldehyde in the presehsedium
hydroxide.

General procedure for the preparation of 2-M ethyl-5-aryl-7-(thiophen-2-yl)pyrido[2,3-d]pyrimidin-4(3H)-
one: A mixture of an appropriate2-methyl-4-aryl-6-(thiegn-2-yl)pyridine-3-carbonitrile (0.01 mol) and dcecid
(20 ml) was stirred under reflux for 12-14 hourtle presence of catalytic amount of concentratgdy The
reaction mixture was allowed to cool to room terap@re and was poured into ice cold water. The gblid formed
was collected by filtration, washed with chlorofo(@0 ml) and the resulting crude product was cilystal from
methanol to give the analytical pure compound. pimgsical constants of the product are recordedainér1.

5-(4-Fluor ophenyl)-2-methyl-7-(thiophen-2-yl)pyrido[2,3-d] pyrimidin-4(3H)-one(TP-1): IR (KBr): 3364, 3060,
3045, 2891, 1693, 1585, 1558, 1545, 1463,1075,c85% MS: m/z= 338 [M+1]; Anal. Calcd for GgH;,FN;OS:
C, 64.08; H, 3.59;N, 12.46. Found: C, 63.18; H13M, 12.26%.

5-(3-Chlorophenyl)-2-methyl-7-(thiophen-2-yl)pyrido[2,3-d] pyrimidin-4(3H)-one (TP-2):IR (KBr): 3468, 3051,
3008, 2960, 1698, 1618, 1604, 1578, 1471,1078 cAr9 MS: m/z= 355 [M]"; Anal. Calcd for GgH1,CIN;OS: C,
61.10; H, 3.42;N, 11.88. Found: C, 60.58; H, 3M711.53%.

2-M ethyl-5-(4-methylphenyl)-7-(thiophen-2-yl)pyrido[ 2,3-d] pyrimidin-4(3H)-one(T P-3): IR (KBr): 3504,
3145, 2978, 2861, 1712, 1645, 1618, 1563, 1545,1®6Bcm; MS: m/z= 333 [M]"; Anal. Calcd for GgH;sN;OS:
C, 68.45; H, 4.53; N,12.60. Found: C, 67.57; HD4I8, 12.49%.

2-M ethyl-5-phenyl-7-(thiophen-2-yl)pyrido[2,3-d]pyrimidin-4(3H)-one (TP-4):IR (KBr): 3341, 3029, 2983,
2866, 1709, 1595, 1583, 1568, 1478, 1018"i%: m/z= 319 [M]"; Anal. Calcd for GgH1aNsOS: C, 67.69; H,
4.10; N, 13.16. Found: C,67.09; H, 3.97; N, 13.05%.

5-(4-Chlor ophenyl)-2-methyl-7-(thiophen-2-yl)pyrido[2,3-d] pyrimidin-4(3H)-one(TP-5): IR (KBr): 3309, 3151,
2998, 2905, 1691, 1683, 1578, 1543, 1518,1023 ¢854 MS: m/z= 354 [M+1]; Anal. Calcd for GgH1,CIN;OS:
C, 61.10; H,3.42; N, 11.88. Found: C, 60.48; H13I®, 11.49%.

2-M ethyl-5-(2-nitr ophenyl)-7-(thiophen-2-yl)pyrido[ 2,3-d]pyrimidin-4(3H)-one (TP-6):IR (KBr): 3290, 3043,
3023, 2818, 1890, 1609, 1590, 1579, 1449, 1065¢H2H MS: m/z= 364 [M]'; Anal. Calcd for GgH;.N,O:S: C,
59.33; H, 3.32; N,15.38. Found: C, 58.86; H, 3M815.09%.

2-M ethyl-5-(4-nitr ophenyl)-7-(thiophen-2-yl)pyrido[ 2,3-d]pyrimidin-4(3H)-one (TP-7): IR (KBr): 3351, 3031,
3015, 2957, 1876, 1602, 1589, 1578, 1479, 1043¢AiH MS: m/z= 364 [M]"; Anal. Calcd for GgH;.N,OsS: C,
59.33; H, 3.32; N,15.38. Found: C, 56.87; H, 3M515.27%.

5-(4-Aminophenyl)-2-methyl-7-(thiophen-2-yl)pyrido[2,3-d] pyrimidin-4(3H)-one(TP-8):IR (KBr): 3481, 3147,
2969, 2884, 1707, 1578, 1563, 1533, 1469,1021,c84% MS: m/z= 334 [M]"; Anal. Calcd for GgH;,N,OS: C,
64.65; H, 4.22; N,16.75. Found: C, 64.01; H, 4M616.58%.

5-(4-Br omophenyl)-2-methyl-7-(thiophen-2-yl)pyrido[ 2,3-d] pyrimidin-4(3H)-one(TP-9): IR (KBr): 3501, 3170,
3046, 2930, 1681, 1619, 1615, 1578, 1503,1056,c868 MS: m/z= 399 [M+1]; Anal. Calcd for GgH;,BrN;OS:
C, 54.28; H,3.04; N, 10.55. Found: C, 53.81; H1219, 10.41%.

5-(3-M ethoxyphenyl)-2-methyl-7-(thiophen-2-yl)pyrido[2,3-d] pyrimidin-4(3H)-one(TP-10):IR  (KBr): 3349,

3093, 29636, 2847, 1680, 1620, 1595, 1583, 1493,1087 crii; MS: m/z = 349 [M]’; Anal. Calcd for
CigH15N30,S: C, 65.31; H, 4.33; N,12.03. Found: C, 64.724123; N, 11.87%.
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Scheme 1. Synthesis of 7-(thiophen-2-yl)pyrido[2,3-d]pyrimidin-4(3H)-one derivatives

S 7 CH-0
\ | Malononitrile

CH,COQH HN
)\

HsC N
3-Phenyi-1-(thiophen-2-yl)prop- HzN

2-en-1-one 7-(Thiophen-2-yl)pyrido[2,3-d] pyrimidin
-4(3H)-one derivatives

Table-1: Physical constants of 5-(Thiophen-2-yl)pyrido[2,3-d]pyrimidin-4(3H)-one derivatives (TP-1 to TP-10)

Compd Substitution (R) M.F MW | M.P(°C)
TP-1 —@—F CigH1,FN;OS 337.37 201-203
Cl

TP-2 @_ CigH1.CIN;OS | 353.82| 256-258

TP-3 Hg | CuHisN:OS | 333.40| 294-296

TP-4

: C
TP-5 @CI CiH12CIN;OS | 353.82| 176-177
O,N

Ci1gH13N30S 319.38| 216-217

TP-6 CigH12N,OsS | 364.37| 181-183

TP-7 —@—NOZ CigH12N4OsS | 364.37| 166-167

TP-8 @—NHz CiHiNOS | 334.39]  210-211
TP-9 @—Br CiHhiBIN;,OS | 398.27| 248-250

TP-10 @ CioH1sN50,S | 349.40| 229-230

BIOLOGICAL EVALUATION[17]:

Preparation of Culture Media: Nutrient broth was used as growth medium for béxtend Saubouraud dextrose
broth for fungi. Nutrient broth was prepared bysdising 13gm of dehydrated powder (HI-media) in H0®f
distilled water. Saubouraud dextrose broth was gmexp by dissolving 4gm of dextrose and 1gm of peptm
100ml of distilled water. The media were sterilizpdautoclaving at 15lbs pressure for 20 minutes.

Preparation of Stock Culture: Stock cultures were obtained by aseptically tramisfg a loopful of test organisms
to 100ml of sterile broth and incubated for 24 tsoair37C.

Standardization of Stock Culture: Stock cultures were placed in the incubator’@3for bacteria and 2€ for

fungi) and shaken well. One ml of stock culturessveaeptically transferred to 9 ml of sterile watentaining
0.05% tween 80. This was mixed with using a cyckenand serially diluted from 20to 10'°. From each dilution,
0.2ml was taken and spread on sterile nutrient pigaes for bacteria and Sabouraud dextrose aggesplor fungi,
which were incubated for 18 hours. After incubatide numbers of colonies in the plate were countéd number
of colonies for a plate that was formed from theximaim dilute tube was noted. The number of micraoigms in
stock were then calculated and expressed as céwming units per ml (cfu/ml). By back calculatidhe stock
culture was found to contain 15 x*tu/m.
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Preparation of Working Stock Culture: Stock culture (0.1ml) was diluted with nutrient tivo(100ml) and
Sabouraud dextrose broth (100ml) respectively ttainb1Gcfu/ml. This was then used for furthém vitro
screening.

Preparation of Drug Dilutions: Solutions of the title compounds in DMSO (1mg/mBre prepared and used for
screening their antimicrobial activity.

Antimicrobial Screening: Synthesized compounds were subjected to antim@akdaireening by estimating the
minimum inhibitory concentration (MIC) by adoptirggerial dilution technique. Test was carried out foar
bacterial strains, namelyStaphylococcus aure(MTCC 96), Staphylococcuspyogenus, Pseudomonas
aeruginoséMTCC 1688)Escherichia coliMTCC 443) and two fungal strains, namé&gndida albican@MTCC
227) andAspergilla nigef(MTCC 282).

Determination of MIC: The study involved a series of six assay tubesefarh title compound against each
microorganism. The entire test was done in dumic@b the first assay tube, 1.8ml of seeded brothG2ml of
titte compound (1mg/ml) was added and mixed thohbwgnd the two fold serial dilution was done ughe sixth
tube containing 1 ml of seeded broth. The additiminthe drug solution and serial dilution were dameler strict
aseptic conditions. Solvent control, negative aanfgrowth control) and drug control were maintairguring the
experiment. The assay tubes were incubated %t aid 25C respectively for 24 hours for bacteria and fufigie
lowest concentration, which apparently caused cetaphhibition of growth of microorganisms, was siolered as
the minimum inhibitory concentration (MIC). The wvéts obtained from antimicrobial susceptibility tieg are
depicted in Table 2.

Table-2: Antimicrobial activity of 7-(T hiophen-2-yl)pyrido[2,3-d]pyrimidin-4(3H)-one derivatives (TP-1 to TP-10)

Compound Minimal Inhibitory Concentration (ug/ml)
Antibacterial Activity Antifungal activity

S.aureus | Spyogenus | E.coli | P.aeruginosa | C.albicans | A.niger
TP-1 200 500 62.5 100 500 200
TP-2 250 100 100 500 1000 200
TP-3 100 200 500 250 500 250
TP-4 500 125 500 200 250 500
TP-5 250 100 100 200 200 500
TP-6 200 250 200 250 1000 1000
TP-7 500 250 250 200 500 200
TP-8 500 200 100 250 200 250
TP-9 200 250 250 200 250 500
TP-10 200 100 500 100 250 500
Ampicillin 250 100 100 100 NT NT
Greseofulvin| NT NT NT NT 500 100

1200 4 MIC of 7-(Thiophen-2-yl)pyrido[2,3-d]pyrimidin-

4(3H)-one derivatives
1000 -
mS.
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Figure 1: Antimicrobial activity of 7-(Thiophen-2-yl)pyrido[2,3-d]pyrimidin-4(3H)-one derivatives
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ANTI-INFLAMMATORY ACTIVITY: Carrageenan-induced rat paw edema method emplo¥eigin's
apparatus was used to determine the anti-inflanmpadgtivity of the newly synthesized Pyridopyrinmidne
derivatives containing thiophene ring.

Materials. Carrageenan required for inducing the inflammaticas obtained from Himedia (Mumbai) whereas
sodium CMC was of Merck grade and the requirechealCore Health Care) was purchased from a logzplmr.
Aceclofenac used as standard was supplied as sagifple by Jagsonpal, New Delhi.

Preparation of sodium CMC suspension: 1gm of sodium CMC was triturated in 100 ml of distd water to give
the required stock suspension of sodium CMC. Thigks suspension was used for suspending all thie tes
compounds as well as the standard drug.

Experimental procedure: Albino rats of either sex, weighing between 150-2§19, supplied by M/S Ghosh
Enterprises, Kolkata were divided into twenty segeoups of six animals each. All these groups wexnet for
fasting overnight and only allowed wasstlibitum

0.05 ml of 1% carrageenan suspension was slowdgtefl subcutaneously into the subplantar regigheofeft hind
paw to produce inflammation in all the groups. Gr®lil to XXVII were treated with 7-(Thiophen-2-piyrido[2,3-
d]pyrimidin-4(3H)-one derivatives (TP-1 to TP-1@0(mg/kg) after carrageenan administration andithe gap is
at an interval of 0.5, 1, 2, 3, 4 and 6 h. Grougédd as carrageenan treated control was givenléflgodium CMC
suspension (1 mL/kg) whereas group Il received latemac (2 mg/kg). All these doses were administerally
and the induced paw edema in each group was melsuassess the anti-inflammatory activity.

Measurement of paw thickness. Before carrageenan injection, the thickness ohlibe paws of each rat was
measured using Zeitlin's constant load lever metfidwe paws thickness was also measured in a simdgrafter
carrageenan injection at time intervals 0, 0.52,13, 4 and 6 h. The dose selection for the comgpaanthe
preliminary screening is usually 5 times the dokéhe standard drug aceclofenac, which was useddatse of 2
mg/kg.

The percent increase at each time interval wasmated by using the formula: Yt-Yo / Yox100
Yt = Paw thickness at time t hours (after injectjon

Yo = Paw thickness at time 0 hours (before injegtio

The percent inhibition of paw oedema thickness eadsulated by using the formula:

Percentage inhibition = [ 1- Yt/Yc] x 100

Where Yt= Average increase in paw thickness in gsotested with Pyridopyrimidinone derivatives camitey
thiophene ring and the standard.

Yc= Average increase in paw thickness in control

The results of anti-inflammatory activity of aceeloac and thePyridopyrimidinone derivatives coritagn
thiophene ring compounds tested are shown inTable 3

Table 3: Percentage inhibition in paw thickness at varioustimeintervals

% inhibition in paw thickness at varioustimeintervals
Compound 05Hr | 1Hr 2Hr 3Hr 4 Hr 6 Hr
TP-1 19+1 22+1 57 +1* 67+1 96+ 1 97 + 2
TP-2 161 *19+2 | 52+1 62+1* 901 92 + 1
TP-3 10+1 14+2 46+ 1 55+ 1* 84 +1* 86 + 2
TP-4 03+1 | O7+£1* | 392 48+ 1 73+1 74 +2
TP-5 18+1 20+ 1 54 + 1% 64+1 93+1 94 + 2
TP-6 16+1 18+2 52+2 61+1 89+1 90 + 1*
TP-7 16+1 18+1 52+ 1*| 62+1 89+1 90 + 1
TP-8 06+1 11+1 42 +1 52+1 80+1 82+2
TP-9 18+1 20+ 1 556+1 65+ 1* 94+1 95 + 2
TP-10 10£1* | 14+2 47+1 56 + 2 84 +2 87 + 1
Standard 22+1 25+1 59+1 68+1 98 +2 99 +1
(Aceclofenac)

Values are expressed as mean * (n=6)
P*<0.05, P**<0.01 compared to control, Student stéUnpaired)
Value for the control group in all the cases isazer
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RESULTSAND DISCUSSION

Condensation of 2-acetylthiophene and substitutgldaddehyde in the presence of sodium hydroxidenfothe 3-
Phenyl-1-(thiophen-2-yl)prop-2-en-1-one. A mixtucé 2-methyl-4-aryl-6-(thiophen-2-yl)pyridine-3-carbitrile
and acetic acid was stirred under reflux for 12hbdir in the presence of catalytic amount of corregett HSO,
forms the 7-(Thiophen-2-yl)pyrido[2,3-d]pyrimidin@H)-one derivatives. All the synthesized compoumdse
subjected to antimicrobial screening by estimatimg minimum inhibitory concentration (MIC) by adoygt serial
dilution technique.

The data recorded in Table 2 indicated that comg®BR-3 is more potent towardStaphylococcus aureubhe
compoundsTP-1, TP-2, TP-5, TP-6, TP-9 and TP-10 are moderately potent towards tB&phylococcus aureus.
CompoundsTP-2, TP-4, TP-5 and TP-10aremoderately potent towards tBéreptococcus pyogeneSompound
TP-1 is more potent towards tHescherichia coliand compound3P-2, TP-5 andTP-10 were moderately potent
towards the Escherichia colCompoundsTP-1 and TP-10aremoderately potent towards thHeseudomonas
aeruginosaAll these compounds are compared with the standeference (Ampicillin) for their antibacterial
activities. The compoundBP-4, TP-5, TP-8, TP-9 and TP-10 are more potent towards t@andida albicang he
compoundsTP-1, TP-3 and TP-7 are moderately potent towards tBandida albicansAll these compounds are
compared with the standard reference (Greseofutairtheir antifungal activities.

The anti-inflammatory activity of the newly syntimsd 7-(Thiophen-2-yl)pyrido[2,3-d]pyrimidin-4(3H)ne
derivative§TP-1 To TP-10) has been evaluated by using carrageenan-indutg@dwnaedema method. The results
of the evaluation have been viewed by taking adenb as the standard drug.

The results of anti-inflammatory activity revealéttht the compound3P-1 To TP-10exhibited moderate to
considerable activity when compared with referestandard aceclofenac, but not at an identical tlose as the
standard drug was tested at 2 mg/kg, whereas tileattes were tested at a dose of 10 mg/kg. Pyrittofminone
derivatives containing thiophene ring compour@®, TP-5, TP-1, and TP-9having the electron withdrawing
groups like the halogens showed maximum activity duis is consistent with the literature reportst thuch groups
enhance the lipophilic properties of the molec@é&her compounds tested in this present study dewed some
degree of anti-inflammatory activity. Some of thesenpounds were substituted with electron releasidggtituents
on the aromatic ring at different positions.

CONCLUSION

In this study, certain 7-(Thiophen-2-yl)pyrido[2§®syrimidin-4(3H)-one derivatives were synthesizeahd
evaluated for theirantimicrobial& anti-inflammatomctivities. Results revealed that the compoundsibird
significantin-vitro activity. All the synthesized compounds are moréepbto moderate antimicrobial activities
against the test organisms. Pyridopyrimidinonevdgiies containing thiophene ring compoundshaviregelectron
withdrawing groups like the halogens showed maxinaativity. Other compounds tested in this presandysalso
showed some degree of anti-inflammatory activitg Btudy would be a fruitful matrix for the develogmh of 7-
(Thiophen-2-yl)pyrido[2,3-d]pyrimidin-4(3H)-one deatives for further bio-evaluation.
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