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ABSTRACT

In the present work a new and versatile route fantsesis of fused heterocycles (furo-pyrrolo-pyreimidine
derivatives) using 1, 3 dipolar cycloaddition haeh described. The structures of the syntheseghaunds were
analyzed by IR antH NMR and were purified by recrystallization anduron chromatography. In-silico molecular
docking studies were carried out to analyse thelibig affinity of the pyrimidine derivatives towarttsymidylate
synthase. The synthesized compounds possess gdathhnteractions with thylidylate synthase shayéndocking
score of -7.0 for compountland -8.7 for compoun@ which is greater when compared to standards 5rllucacil
(-5.0) and Methotrexate (-8.6). The results denratesta simple, mild and efficient method for thetkgsis of novel
compound (furo-pyrrolo-pyrido-pyrimidine derivati® and their potential anticancer property as thymatgl
synthase inhibitor.
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INTRODUCTION

Pyrimidines are the members of the diazine groupedérocyclic compounds and represent the 1, 3riaZhese
units annelate with a variety of ring systems wtacé available in natural sources like nucleosates$ nucleotides
etc. Because of their unique biological activitlye tderivatives based on this type of heterocygstesn have
attracted much attention and many detailed revieave appeardd the literature. As compounds belonging to this
group were known as breakdown products of uric atid very early date, the systematic study ofritihg system
really began with the work of Pinner, who first &eg the name pyrimidine to the unsubstituted paueit. Purines
and pyrimidines are heterocyclic compounds whigimfa significant segment of organic chemistry. Migjoof the
bioactive molecules are heterocycles. Almost alltfologically active/clinically employed moleculeave one way
or the other skeletorial relationship with naturablecules [1]. They are very widely distributednature and are
essential to life; they play vital role in the mmésm of all living cells. In the living being wempotent molecular
unit worth mentioning here is DNA (in the sequeadenine-thymine and guanine-cytosine), vitamindBgyiand E
families) enzymes and hormones (kinetin, heterqagrotonin and histamine etc.).

The importance of uracil and its annelated den#estiare well recognized by synthetic as well akbioal chemist.
The synthesis of naturally occurring complex molesucontaining a uracil ring and its annelated sabss
continue to be of great interest due to their wiglege of biological activities. Thymine was oridigdsolated in
1893 from I%ydrolyzates of bovine thymus. It is @iehe four bases in DNA which on hydrolysis gitgrhine via
thymidine [3-(2-deoxyD-ribofuranoside)-thymine]. Apart from uriginother nucleosides derived from uracil are
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called pseudouridine and uridine phosphate. Recemécil moieties were detected in antibiotic tamgy/cin[2].
Fluoropyrimidines find diverse use in cancer chdmaipy and other drug applicatioddd.1) 5-Flourouracil has
antineoplastic activity and is a valuable drug esly for the treatment of tumors of the colonrectum, but it has
wider application in chemotherapy.Other monopyriméd of biological interest are 5-flourocytosing,antifungal
agent; 2-deoxy-5flouro-uridine, an antiviral andiaeoplastic agent; 5-flouroorotic acid used in stemolecular
genetics and tegafur, an antineoplastic agent wiglgases 5-FU in vivo [3].
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Fig.1- Antitumor drugs

Cytarabine,4-amino-1-b-D-arabinofuranosylpyrimidi¢iH)-one is a valuable drug in cancer chemotherapyn as
the treatment of acute leukemia of childhood andtagranulocytic leukemia. Certain 5-halo-Z-{tPyrimidones
arrest the cell cycle of mouse / human cells grémvigultures. The arrest is in the relatively narrovetaphase
region [4-6]. Synergistic cell inactivation effeatere displayed when human NH1K 3025 cells cukidan vitro
were treated with 5-halo-2fl)-Pyrimidones in combination with cisplatin. Cisadiinoplatinum 1-methyl uracil
blue[Pt(NH3)s(1-meU)4f" where 1-MeU denotes 1-methyl uracil, referred to“plgtinum pyrimidine blues”
belongs to a class of platinum complexes whichcaigned to have a higher index of Antitumor adjiviower
nophrotoxicity than the anticancer drug cisplatid &igh aqueous solubility [7-9].

Cycloaddition reactions are the most useful reastim the armamentarium of synthetic and mechanstanic
chemistry. Conceptually it constitutes one of timepdest reactions in organic chemistry. This inwglectron shift,
they are ring closure reactions in which the nundferbonds increase at the expense bbnds without the loss of
any fragment and result in the formation of a eyclbmpound (cyclic adduct)Cycloadditoion reactions are as old
as organic synthesis itself. The reaction of aliighdiazo compounds with, p-unsaturated carboxylic esters was
discovered by Buchner as early as 188@. The cycloaddition of diphenyl ketone to otefand imines were
described by Staudinger at the beginning df &8ntury[11]. It took more than 50 years before these ieast
recognized as members of two broad classes of agdlton i.e.the 1,3 dipolar and [2+2] cycloadditio
Discoveries of the Diels Alder reaction, the Huisgd,3-dipolar cycloadditions and the carbene amditof olefins
provides the basis for a remarkable flowering oflagdition chemistry reflected by outstanding aggdiion in
synthesis.

Cycloaddition reactions have figured prominentlybioth synthetic and mechanistic organic chemigtB¢28].
Current knowledge of undergoing principle in thigais the result of a fruitful interplay betwedredry and
experiment. During the past two decades there k& las remarkable interest in the development #2)(4
cycloaddition. These processes offer a powerfulitemd to many problems in complex and natural pobdu
synthesis. Further, ring formation from acyclic @ressors account for the popularity of this approaclassical
method for the synthesis of pyrimidine is Bignéffoe reactions. However such methods suffer frosadirantages
like use of expensive or less available reagentgmrous reaction conditions, prolonged standing tedious
manipulations in the isolation of the pure produdt®wadays green chemistry, solvent free conditon 1,3
dipolar cycloadditon approach for have been useddastruction of novel heterocycles.

Reviews on Uracil derivatives have shown that isq@ss wide range of biological activity. A largemier of
reports appeared in literature for their syntheasisyever, they usually require harsh conditionsgleeaction times
and complex synthetic pathways. So, new routethiisynthesis of these have attracted a consideadigintion as
a rapid entry for the formation of these heteroeycl
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The present work focus mainly on the applicatiormyafloaddition chemistry to the basic skeleton yripidines to
construct the newer molecules of biological sigrifice and to characterize them using high resalugectral
techniques IR antHNMR.

MATERIALSAND METHODS

All of the materials were purchased from commelgial/ailable sources Sigma-Aldrich, Merck and wetized
without any additional purification. All the reaatis were monitored by TLC (Thin layer chromatogsgpMelting
points were recorded on an Elchem digital meltingnpapparatus in open capillaries and were unctede The IR
spectra were recorded on a Perkin Elmer 2000 FpiRtsophotometer. TH#INMR spectra were recorded on the
Brucker Advance DPX 300MHZ spectrophotometer u€iCl; as solvent and TMS as internal reference. Melting
points was determined in open capillary on Buchb4® apparatus and are uncorrected. Analytical TL& w
performed on precoated silica gel-66, §lass plates. Visualization of spots was achiewe@xposure to iodine

vapour. Column chromatograpy was performed usiligagjel (60-120) and (100-200) and the column ussally
eluted using suitable solvents.

o)
HSC\N)i POCI; / DMF HC. )ﬁ:CHO
o)\rll 0 )\
CH;

ice cold condition

1 2

Scheme.1 Synthesis of 6-chloro-1, 3-dimethyl -5-formyl uracil
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Scheme.2 Synthesis of fused fur o-pyrrolo-pyrido pyrimidine derivative 6
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Chemistry

The synthetic strategy leading to the key prodéethloro-1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydyomidine-5-
carbaldehyde?, 6-((furan-2-ylmethyl)(4-methoxyphenyl)amino)-1,3vthyl-2,4-dioxo-1,2,3,4-tetrahydro pyrimi
dine-5-carbaldehyde4, diethyl 11-(4-methoxyphenyl)-1,3-dimethyl-2,4-dieg¢?,3,4,4b,5,10,11-octahydrofuro
[2",3":3",4lpyrrolo[2',3":4,5]pyrido[2,8]pyrimidine-6,6(6&l)-dicarboxylate 6 were dipicted in Scheme 1& 2.
Reaction of 1, 3-dimethyl barbituric acid with P@&hd DMF resulted in the formation of formyl ura2il Schiff
base was prepared by the reaction of furfural andnaine (para anisidine) which was further reduegidg sodium
borohydride. The reduced Schiff base underwent eosation reaction with formyl uracil to give 6-(Nrfuryl-N-
anisidine)-5-formyl-1, 3-dimethyl-pyrimidinedioné. This condensed product when reacted with diethtyho
malonate hydrochloride formed the desired final poond 6 under thermal conditions via 1, 3-dipolar
cycloaddition.

Molecular docking analysis for anti-cancer efficacy

The binding interactions of compounds, 2, 4, 6 statidards 5-fluorouracil, methotrexate with thynhédly synthase
were carried out by using Autodock v.1.5.6. Thegntllylate synthase was taken from protein data k&Dk
1BID)[29]. Atomic affinity potentials for each ligandene analysed seperately and the binding mode &f a&tacn
in the ligand with the receptor site was furthealaated. Finally grid maps were calculated forheligand
seperately and docking analysis were carried owidyg Lamarckian Genetic Algorithm. By using Adibak 4.2
scoring function 5 best poses for each ligand wgereerated and scored [30]. The binding energyabus docked
confirmations of each ligand in complex with theeptor site were analysed seperately. Thymidggatehase (TS)
is an enzyme which catalyses the conversion of yleaine monophosphate (dUMP) to deoxythymidine
monophosphate (dTMP) with 5,10-methylene tetrabipdate (CHTHF) as the methyl donor. Inhibition of
thymidylate synthase will block the access of dUMPthe nucleotide-binding site and inhibits dTMRthesis.
This results in deoxynucleotide (ANTP) pool imbaksand increased levels of deoxyuridine triphosptdUTP),
both of which cause DNA damage.

RESULTSAND DISCUSSION

A cost effective method has been used for the sgidhof 1,3-dimethyl barbituric acid by using fellmg reagents:
1,3 dimethyl urea, malonic acid, acetic acid, acatihydride. Here acetic anhyhride acts as deligdragent and
the product obtained was recrystallized from ethambe yield of the compound obtained was 75% dmal t
structure of the compound was confirmed by spectqis data. The IR spectrum showed band at 1690:7cm
1660.8cn due to carbonyl group of amide. A singlet peak 869 ands 3.3 indicated the presence of Cahd
CHs; protons but these were downfield due to attachrmémiectron withdrawing groups. 1,3 dimethyl baubic
acid reacts with POghnd DMF to form 6-chloro-1, 3-dimethyl-5-formyl Wia The addition of POGIto DMF
was done by maintaining ice cold condition as thaction was highly exothermic. The product was fimaiby
recrystalization from petroleum ether. The yieldtbé compound obtained was 86% and the structurtheof
compound was confirmed by spectroscopic data. ISpRctrum two bands appeared;a 1689 cn¥, 1652 cnit
due to carbonyl group of amide. The peak at 1712 was due to conjugation of the carbonyl group othidie
with C=C. The peak at 780.8¢mindicates the presence of chlorine group.

Schiff base3 was obtained by simple condensation reaction betviierfural and p-anisidine. Firstly aromatic amine
was dissolved in methanol to which equimolar amoohtfurfural was added slowly. As the reaction was
exothermic, ice cold condition was maintained toidwsuch reaction condition. The yield of the connpe obtained
was 92% and the structure of the compound wafirnted by spectroscopic data. IR spectrum showsratisn
bands at 1626.9 cm-1 and 832.1cm-1 due to pres#rceN of imines and para substitutent in the arbenéng. A
peak at 1478.3 and 1246.5 were due to C=C of afomag and C-O of -OCHK A peak at 3.83 and 8.31 were
due the presence of -GHproton and —CH- proton of imine. The peaks &.5-7.6 were due to-CH- protons of
aromatic ring.

NaBH,; is highly soluble in polar solvents like water, @iolic solution (reacts slowly with polar solventshile
LAH reacts violently. Therefore NaBHvas used as reducing agent in the reduction afargroup (C=N) in Schiff
base when methanol was used as a solvent. Theofi¢lte compound obtained was 90% and the structiitibe
compound was confirmed by spectroscopic data. lisg&ctrum the peaks at 1463.3¢n820.7 cnt, was due to
C=C stretching in aromatic ring and para substitirearomatic ring. Formation of compound was conéd by the
peak at 3391.1 cthand 1236.1 cthwhich indicated the presence of NH stretching grand C-O group. The peak

48
Scholar Research Library



Ayyakannu Arumugam Napoleon et al Der Pharmacia Lettre, 2015, 7 (6):45-52

ato 4.27 was due to —GHproton. Peaks &t 6.21-5 6.8 were due to (aromatic) -GHprotons. A singlet peak &t
7.36 and 3.8 indicated the presence of -NH- protons and >-@kbtons.

Condensed producti(

It is a simple reaction between reduced Schiff ask-6-cholro-1, 3 dimethyl -5-formyl uracil wheseemoval of
HCI molecule gives the product. Firstly, equimoinount of reactants were taken in around bottosk flend

CH3;OH was used as solvent. The reactant was stirrexd rimagnetic stirrer until the reaction was compldtiee

completion of the reaction was checked by TLC. @beve proposed scheme failed as no product waietta
Therefore an attempt had been made to carry ousdahee reaction using DCM as solvent. While monitprthe

progress of the reaction by TLC, a new spot waainbtl which was assumed to be the product. Theuptddrmed

was purified by coloumn chromatography. The sejaraif the compound was checked in different salagstem

like CHCL: Petroleum ether (7:3), CHE lethylacetate: hexane (3:7). Separation of thepoamd was found to
better in ethylacetate: hexane (3:7) solvent systéme yield of the compound obtained was 70% aedsthucture
of the compound was confirmed by spectroscopic.data

IR Spectrum showed absorption bands at 171%ch$55.2 cm-1, 1441.9¢cm829.9 , 1244.1cthdue to C=0O of
aldehyde group, C=0 of amide, C=C of aromatic rpaya substitutent in the aromatic ring and C-@GH;. The
peak at510.13 indicated the presence of aldehyde protoe. déak at 6.25-6 6.88 indicated the presence of
aromatic protons. A singlet peak at 4.83 was duthéogpresence of-CHprotons. A peak at 3.77 was due to the
presence of —CH- proton in—OCH. The peak aé 3.40 and 2.95 were also due to the presence of -Qifbton
but these were in low field due to the attachmémi@ctron withdrawing groups.

o Ha

HLC CcHO o ii-C(COOEY),
3N Y
| H, H3C.

07 "N” "N” NH,CH(COOEt
CH D 2CH( )2 0)\N N-C~ O
Methanol/ reflux (6-7 hrs) (I:H U
-H,0
R
R = -OCH3 R
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Ho*+ -
COOC,H; - o /N/CH(COOEt)z_
00C,H; HiC.y
H;C 41\ | H
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Fig.2 Reaction mechanism for the synthesis of Furo-Pyrrolo-Pyrido-Pyrimidine derivative 6 via 1,3-dipolar cycloaddition reaction

Furo-Pyrrolo-Pyrido-Pyrimidine derivativés)

Intramolecular 1, 3 dipolar cycloaddition is a pofueconcept for the construction of novel hetereg. In this
reaction  6-(N-furfuryl-N-anisidine)-5-formyl-1,3-gtiethyl ~ pyrimidinedione  and  diethylaminomalonate
hydrochloride undergoes intramolecular cycloadditiwia azomethine ylide intermediate to form fpsarolo-
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pyrido-pyrimidine derivativeKig.2) Various attempts were made to form the desisatised product. Equimolar
amount of reactants were taken and the reactiorcasgied out in Synthewave 402 Monomode reactdugtee was
used as the solvent. The reaction failed as diathiylomalonate hydrochloride was insoluble in totiefhe
reaction did not occur when it was carried out @vent free condition and using methanol as sohienthe
domestic microwave. It was observed that the reagbroceeded when it was carried out in a therroabition
using methanol as solvent.

The product obtained was purified by column chragedphy. The separation of the compound was cheicked
different solvent system: ethylacetate: hexane&’)(3CHCk: ethylacetate (2:8), CHgI ethylacetate (9:1),
ethylacetate: hexane (1:1), ethylacetate:hexant).(Zeparation of the compound was found to beiter
ethylacetate:hexane (2:1) solvent system. The yélthe compound obtained was 50% and the struafitbe
compound was confirmed by spectroscopic data. BRtsgpm showed bands at 1697.8, 1642.2 due to ds=pce of
carbonyl group. Peaks at1487.6, 836.8 were dueotnatic C=C stretch. The peaks at 1248.3 and 12R8iZated
the formation of the compound which was due to €4@tch in esters and ether. A peak 8t78 was due to -CH
protons in —OCHlgroup and two peaks &t3.38 and 3.57 were due to -Cfprotons in N-CH, Two doublets aé
6.29 and 5.92 were due to —CH- proton of furfuryl. The peal6.59 was due to —NH- proton. Peaks @84 -7.02
were due to —CH- protons. A triplet&fl.26 was due to —GHprotons of methyl group and a quartet peak 4tl3
was due to —CH protons of methylene group.

The results obtained from the molecular dockinglistsl have showed that the compouAdsd6 are having good
binding interaction towards thymidylate synthaseeptor Table.1l). The compoundd demonstratest docking
score of -7.0 where as compoudshows -8.7 which is greater than standards 5-luaracil (-5.0) and
methotrexate (-8.6){g.3).

Fig.3 The binding affinity of synthesized pyrimidine derivativeswith the PGHSreceptor [A] The secondary structurethymidylate
synthase (1BID) [B] Theinteraction of compound 4 [C] The interaction of compound 6 receptor [D] The hydrogen bonding interaction
of compound 6 [E] Theinteraction of 5-fluorouracil [C] Theinteraction of methotrexate
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Table: 1 Molecular docking studiesfor anticancer efficacy of synthesized pyrimidine derivatives and standar ds asthymidylate synthase
inhibitors

LigandAutoDock Score [gricH bondLipophilicityT orsior

2 -4.8 0.9 0.5 2
4 7.0 -15 1.2 4
6 8.7 2.4 2.1 5

Std? 5.0 0.7 0.8 2

Std® -8.6 -3.1 -1.8 4

35_fluorouracil, "Methotrexate.

General procedure for the preparation of 1, 3-dinygbarbituric acid(1)

A mixture of 1, 3 dimethylurea and malonic acid &stirred for 3 hours. During the procedure acatibydride

was added dropwise. The mixed solution is then tamiad at 70°c and acetic acid was added. The tempe was
then raised rapidly to 90°c and kept for 4 h witirimg. The solution was evaporated under redymessure and
boiled for 10 min with ethanol. On cooling 1, 3-dithyl barbituric acid crystallised out .It was rgatlised from

ethanol as white crystalline solid.

General procedure for the preparation of 6-cholro3idimethyl-5-formyl uraci(2)

POCE was added very slowly in 6ml DMF (freshly distdleso that the sudden raise of temperature could be
avoided and then allowed it to come to room termpegaN, N-dimethyl barbituric acid (2gm) was thexided into

it and refluxed gently for 45 min. After that exsesf phosphorus oxychloride was distilled off undeduced
pressure and the residual liquid was poured in g of crushed ice in a 250 ml beaker. It was tléwed to
come to room temperature and extracted with chtwnof The chloroform extract was dried over anhydrsadium
sulphate and distilled. On evaporation of chlorofannder vacuum gave 6-cholro-1,3-dimethyl -5-forrayécil,
(chloroformylated product) which could be recryiised from petroleum ether.

General procedure for the preparation of Schiff déd

Equimolar amount of distilled furfural was weighadd an aromatic amine was weighed. Aromatic amias w
dissolved in methanol. To it furfural was addedpivise keeping the solution in ice cold conditionp¥ecipitate
was formed which is then filtered. The filtrate @ibed was the Schiff base. The product obtainedraaystallized
from ethanol.

General procedure for the preparation of 6-(N-fugfiuN-anisidine)-5-formyl-1, 3-dimethyl-pyrimidinieche 4.
Equimolar amount of reduced Schiff base and chtorfdated product was mixed together and dissolved i
dichloromethane. It was then kept for stirring i@ h. The progress of the reaction was monitoredlby. After
completion of the reaction, it was allowed to cwotoom temperature.

General procedure for the preparation of diethyl(#imethoxyphenyl)-1,3-dimethyl-2,4-dioxo-1,2,345410,11-
octahydrofuro [2",3":3",4']pyrrolo[2',3":4,5]pyrdo[2,3-d]pyrimidine-6,6(6aH)-dicarboxylat&

In a typical case, a mixture of 1mmol of E-{urfuryl-N-anisidine)-5-formyl-1,3-dimethyl pyrimidinedione
(condensed product) and 1mmol of Diethyl amino mate. HCL in methanol was placed in the reactiessel &
refluxed for 6-7 h. The progress of the reactiors waonitored by TLC, after completion of the reagfid was
allowed to cool to room temperature. Then the stlics obtained on evaporation of the solvent wédrgested to
column chromatography using hexane/ethyl aceta®) €és eluent to obtain intramolecularly cyclisedduct via
azomethine ylide intermediate.

CONCLUSION

A simple, mild and efficient method for the syrdlseof new pyrimidine derivativs via 1,3-dipolarctyaddition has
been carried out. The results obtained from im@ilmolecular docking studies gives a clear idea the
synthesized Furo-Pyrrolo-Pyrido-Pyrimidine derivat(6) possess good binding interaction towards thymigylat
synthase enzyme. In future research has to béedaiw fully explore the anticancer efficacy of gyesized
derivativein-vitro andin-vivo animal models.
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