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ABSTRACT

A series of PEGylated amino pyrimidines surfaced on to gold and silver nanoparticles was designed, synthesized
and evaluated for anticancer activity against three human cancer cell lines. U20S osteosarcoma, MB231 breast
cancer and SW480 colon carcinoma. Non-PEGylated and nanoparticles linked PEGylated pyrimidines exhibited
moderate to potent activity against U20S and MB231. Among them, the PEGylated amino pyrimidines showed
excellent broad spectrum activity with 1Cg, values ranging from 13 to 346uM. Particularly, the PEGylated amino
pyrimidines with thiophene ring at C2 showed significant potency against all tested human cancer cell lines. The
morphology of all the compounds was tested by TEM and XRD. In this study, two independent approaches that
conjugating pyrimidines to PEG,qq and mounting this passive targeting moieties onto the NPs were adopted to
fabricate pyrimidine-PEG-AuNPs and pyrimidine-PEG-AgNPs. The NPs synthesized in this study were proven able
to effectively target PEGylation to cancer cells, and showed profound apoptotic induction effect to those cells.
Although the drug efficacy was compromised after conjugation with Au and Ag, the resultant could still make this
moiety NPs a good candidate for anticancer therapy.

Keywords: PEG, Nanopatrticles, Pyrimidines, anticancer agtpdntioxidant activity

INTRODUCTION

Cancer, medically termed as malignant neoplasm, é¢tass of serious diseases that the proliferatiagimalian
cells present unlimited abnormal growth behaviimgasion to adjacent tissues by intrusion and destn of
surrounding matrix, migration from the original &ion to other near end sites and finally metastésbugh blood
and lymph node vessels to distant organs|[1].

Extensive research on diverse biological activitéaza-heterocycles has confirmed their immengeifsgiance in
pathophysiology of diseases. The amalgamation ofgharmacologically important structural scaffoldads to a
new library of heterocycles, possessing broad specof activities against numerous pathogenic s¢raind also
striking activities against cancer[2].Pyrimidinetayp an important role in drug discovery process dale

considerable pharmacological and chemical impogaRecently, thienopyrimidine derivatives have beealuated
for their broad bioactivities, including antitum{g], anti-microbial [4], anti-inflammatory[5], anteukemic [6],

anti-filarial[7]activities (Figure 1).
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Fig. 1 Example of phar macologically important thieophene pyrimidine

The combination of different treatments in canterapy has drawn massive attention in the lastdiescdue to its
superior anticancer ability to single treatmente@ifi the most useful strategies to achieve thipgae is to design
and construct efficient multifunctional nano-platfes[8].

Nanomaterials are typically conjugated to a targgetinoiety, thereby permitting preferential accurtiala of the
drug within specific tissues, individual cancerlgebr to be associated with specific moleculeshinitcancer
cells[9].

Meanwhile, the nano-particulate delivery systembaieved to increase the stability of the encapedleor
conjugated therapeutical molecules, improve thizadf, and alleviate the undesired side-effects]1D Active
targeting is programmed by engineering nanopartidle cellular specific targeting moieties, whilsts difficult to
realize without passive targeting, in which polfgene glycol) (PEG) is normally chosen to atterudtie
surrounding environment (commonly aqueous or bddid)f to the nanoparticles to protect them from teio
absorption and also to prolong the circulation tiafeer administration into the body [12]. Polyety glycol
(PEG) has been widely utilized in recent canceeassh due to its water solubility and bio-compditipi PEG can
be functionalized via the hydroxyl groups[13-14].

We have synthesized various building blocks, st@éfcand high value intermediates by selective tionalization,

generation and derivatization of privileged struetu We have generated important pathways for systleemed
promising for the syntheses of other important\adgives of pyrimidines. Introduction of substitugrike nitro,

thiophene and furan moiety is facile. A library mihe PEGylated pyrimidine derivatives surfaced dAsNvas
evaluated as anticancer agents against human ceeltdines: U20S osteosarcoma, MB231 breast caaodr
SW480 colon carcinoma. The observations suggestat they could constitute a unique class of inbiisit
Diversity of substitution at various points on gieleton of PEGylated pyrimidine derivatives letasignificantly

modulated selectivity in the active site cavity.eTépectroscopic analysis and transmission elegtignoscopic
(TEM) analysis played a pivotal role in charactatian.

EXPERIMENTAL SECTION

Chemistry

Materials and I nstrumentations

Chloroauric acid (HAuGI4H,0) was obtained from Acros Organics (New JerseyA)JSilver nitrate (AgNQ),
NaBH,, trisodium citrate were procured from Sigma- Adthr(St. Louis, MO, USA),PE£z, was obtained from SD-
Fine chemicals Ltd. (Mumbai, India), all other reats required for the synthesis of the nanopasticnjugated
PEGylated pyrimidines were of synthesis grade amdhased from Acros Organics, Sigma-Aldrich, Quetig and
SD-Fine Chemicals. All solvents were distilled prio use. Water purified by a Millipore system wased for
making the solutions. Thin-layer chromatography pwadormed on silica gel G. Melting points wereadatined by
the open capillary method and are uncorrected. Huomséeosarcoma cell line, U20S (ATCC Catalog NoBHB,
USA) was cultured in RPMI 1640 culture medium seppénted with L-Glutamine, human breast cancer cell
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MB231 (ATCC Catalog No. HTB-26, USA) were grownDMEM medium, and colon carcinoma cell line, SW480
(ATCC Catalog No. CCL-228), the base medium fdf liees was ATCC-formulated Leibovitz's L-15 Medi
Catalog No. 30-2008. Alamar blue sodium salt, saldosphate buffer and 0.25% trypsin-EDTA soluticgre
procured from Sigma-Aldrich.

Absorption measurements were carried out on Shima#Z-1700 Pharma Spec. The FT-IR measurements for
samples were carried out using KBr pallets on SHiuaFT-IR spectrophotometer. Thd NMR spectra and®C
NMR spectra were recorded in DMSIgCDCIl; on a Bruker Avance Il 400 NMR spectrometer. Chairstifts are
reported using TMS as an internal standard. Masstisp were recorded using a Shimadzu gas chronzsiogr
Elemental analyses were performed on a Perkin EIB#0 instrument. Samples for transmission electron
microscope (TEM) were prepared by putting a droghef colloidal solution on a copper grid coatedhwvat thin
amorphous carbon film. Samples were dried and kepler vacuum in desiccators before putting thena in
specimen holder. TEM characterization was carrigidusing a Philips CM-200 electron microscope. iBlarisize
was measured from the TEM micrographs. The parscte was calculated by taking average of at la@ét
particles. The X-ray diffraction patterns have beenorded in @ range from 20 to 80on Philips (Holland)
automated X-ray powder diffractometer. The opetatarget voltage was 35kV and tube current was 20fire
scanning speed was 0.9/min. Radiation used was Cu-k of wavelengthl.548560vided with a monochromator
for filtering p radiations to reduce noise due to white radiatems to increase the resolution. The values of-nte
planer spacing (d) corresponding to Bragg reflecti¢®) were obtained. Indexing and calculations of il
parameters were performed with the help of Powd&eiktware[15-17].

Synthesis of 1-(4-nitr othiophen-2-yl)ethanone(1a)

In a 125mL conical flask, 1.5mL 2-acetyl thiophenéR= 0.74) and approximately 4.0mL of concentratedusial
acid (drop-wise) was added, the reaction mixture e@ntinued to cool in the ice bath. After compladlition of
sulfuric acid, approximately 2.0 mL concentrateliniacid was added drop- wise. The reaction metuas kept at
room temperature for fifteen minutes; it was pounedlOOmL of ice cold water. The product was isethby
vacuum filtration, washed with ice cold water (2Q)mThe crude materidla was purified by recrystallization from
a small volume (~ 10 mL) of hot methanol;£R0.95). Light brown solid, yield 52 %; m.p.: 28 IR (KBr)
Ama/CM: 2915 (-CH), 1680 (-C=0), 1520 (-N£); *H NMR (400 MHz, CDCYDMSO-g;, [ 1, ppm):& 2.5 (s, 3H, -
CH), 8.13 (s, 1H, ThiopheneH 8.54(s, 1H, Thiophenedd **C NMR (100 MHz, CDGYDMSO-d;, ppm):5 26.8,
125.1, 132.7, 145.0, 148.1, 190.6; GCMS (m#ZJ1 (M); Anal. calcd. forGHsNO;S: C: 42.10, H: 2.94, N: 8.18;
Found: C: 42.06, H: 2.90, N: 8.16.

Synthesis of 3,3-bis(methylthio)-1-(thiophen-2-yl)prop-2-en-1-one (2)

An ice chilled solution of 2-acetyl thiopheddg3 mL, 28 mmol) in dry toluene (50 mL) was treateith NaH (2.3

g, 2 mmol) and the mixture was stirred at 0°C forrhin., carbon disulphide (2.52 mL, 1.5 mmol) andtimyl
iodide (5.23 mL, 3 mmol) were added to the coldisoh drop wise over a period of 20 min. The migtwas kept
below 10°C. After the mixture was stirred for 2athroom temperature {R0.75), a small amount of crash ice was
added. The toluene was removed at reduced preasdrthe residue was portioned between water amatafbtm.
The organic layer was dried (pP#0,) and evaporated at reduced pressure. The residseraerystallized from
absolute alcohol to furnish 3,3-bis(methylthio)thigphen-2-yl)prop-2-en-1-one as yellow needles=(R.60)
displayed in Scheme 1.

Yellow needles solid, yield 67 %; m.p.: Y@ IR (KBr) Ana/cmi’; 3104 (CH=C), 2988, 2916 (-S-GH 1745 (-
C=0), 1071 (C-S)!H NMR (400 MHz, CDCYDMSO-d;, 5, ppm):5 2.51 (s, 3H, -SCH), 2. 61 (s, 3H, -SC¥),
6.67 (s, 1H, -CH-), 7.13-7.14 (t, 1853.8, Thiophene-}), 7. 63-7.64 (d, 1H]J=4, Thiophene-k), 7.72-7.80 (d, 1H,
J=4.12, Thiophene-§t *C NMR (100 MHz, CDGYDMSO-d;, ppm): & 17.65, 108.05, 129.0, 130.15, 132.64,
139.57, 165.68, 180.45; GCMS (m/229 (M"); Anal. calcd. forGH,J0S;: C: 46.92, H: 4.38, S: 41.76; Found: C:
46.86, H: 4.32, S: 41.70.

H dH H C
ﬂ NaH, CS,, CH;l in dry toluene I\ SCH; Ha
g~ “COCHj; — 0 cH g7 C-C=C
24 h stirring at 0°C , O Hy SCH; Ha

1
3,3-bis(methylthio)-1-(thiophen-2-yl)prop-2-en-1-one
Yield 67 %

Scheme 1 Synthesis of 3,3-bis(methylthio)-1-(thiophen-2-yl)pr op-2-en-1-one2
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Synthesis of 4-(methylthio)-6-(thiophen-2-yl)pyrimidin-2-amine (3a)
3,3-bis(methylthio)-1-(thiophen-2-yl)prop-2-en-1e(®2 mmol) was dissolved in DMF (20 mL) at room pemature
then guanidine carbonate (0.192 g, 2 mmol) and K&abb g, 4 mmol) were added. The solutior=(R.88) was
refluxed for 6 h. The mixture was cooled and poured ice cold water (50 mL). The solid obtainedswdtered
off, dried, and purified using column chromatograpin silica gel (60x120) with ethyl acetate—hexéh&) mixture
as eluent. The product (Scheme 2)=(R.61) was obtained as off-white solid, yield 86 ®op.: 186C; IR (KBr)
Ama/CM: 3400, 3325 (-NB), 2915 (-CH), 1610 crit (-C=C- in aromatic ring);"H NMR (400 MHz,
CDCly/DMSO-d;, 8, ppm):d 2.45 (s, 3H, -SCh), 5.04 (s, 2H, -Nb), 6.76 (s, 1H, Ar-H), 7.01-7.04 (t, 18+ 4.72,
Thiophene-H), 7.30-7.32 (d, 1HJ= 4.8, Thiophene-H, 7.560-7.569 (d, 1HJ= 3.36, Thiophene-ft *C NMR
(100 MHz, CDCYDMSO-d;, ppm): & 14.17, 102.93, 126.71, 128.08, 129.01, 142.56,93;7162.23, 171.56;
GCMS (m/z) 223 (M"); Anal. calcd. forGHgNsS,: C: 48.40, H: 4.06, N: 18.82; Found: C: 48.42,404, N:
18.78.The physicochemical data is depicted in Table

H di Me
n SCH, NH DMF I NS semyn
C-C=C + 6hr , HE s = S
S ] N HzN C NHZ + NaH f |
H 'SCH; N. _N
O 3 . Reflux Z
guanidine 3a
NH, H;,
4-(methylthio)-6-(thiophen-2-yl)pyrimidin-2-amine
Yield 86 %

Scheme 2 Synthesis of 4-(methylthio)-6-(thiophen-2-yl)pyrimidin-2-amine3a

Table 1 Physical characterization data of substituted pyrimidine derivatives 3a-c

Entry Product Mol. Weightl  Yield (%) m.p’G) | Mol. Formula
s
3a N 223 86 170 GHoNS;
HN—C o
N=

3b 268 82 130 HsN4O.S,

N
3c HZN—</ N\ 207 83 180 GHoN30S
N=

SCH,

Synthesis of 4-(methylthio)-6-(4-nitr othiophen-2-yl)pyrimidin-2-amine (3b)
3,3-bis(methylthio)-1-(4-nitrothiophen-2-yl)propet+1-one (2 mmol) was dissolved in DMF (20 mL) abm
temperature then guanidine carbonate (0.192 g, 2ljremnd NaH (0.55 g, 4 mmol) were added. The sotutvas
refluxed for 8 h. The mixture was cooled and poured ice cold water (50 mL) and extracted withygthcetate
(2x25 mL) evaporated at room temperature to obsalid which was purified using column chromatognamim
silica gel (60x120) with ethyl acetate—hexane (Zi@kture as eluent. The product was obtained asBrsalid,
yield 72%, m.p. 198C; (KBr) Ama/cmi*3410, 3320 (-NH), 2910 (-CH), 1600 crit (-C=C- in aromatic ring), 1520
(-NO,); 'H-NMR (400 MHz, CDCYDMSO-d;, 8, ppm)s 2.64 (s, 3H, -SCH), 4.80 (s, 2H, -NH), 6.70 (s, 1H, Ar-
H), 7.46-7.47 (d, 1HJ= 4.48, Thiophene-§, 7.53-7.54 (d, 1HJ= 3.4, Thiophene-}, *C-NMR (CDCL/DMSO-
ds) 5 107.4, 118.5, 130.7, 143.2, 148.7, 160.9, 16279,3,GCMS (m/zR68 (M’); Anal. for GHgN,O,S, (268)
Calcd.: C, 40.29; H, 3.01; N, 20.88%. Found: C240H, 3.05; N, 20.84%.

Synthesis of 4-(furan-2-yl)-6-(methylthio)pyrimidin-2-amine (3c)

1-(furan-2-yl)-3,3-bis(methylthio)prop-2-en-1-on2 fnmol) was dissolved in DMF (20 mL) at room tengtere
then guanidine carbonate (0.192 g, 2 mmol) and fa%b g, 4 mmol) were added. The solution was xeftufor 6
h. The mixture was cooled and poured into ice @ater (50 mL). The solid obtained was filtered oéicrystallized
with ethanol and purified using column chromatogsapn silica gel (60x120) with ethyl acetate—hex#B8#)
mixture as eluent. The product was obtained as Brswlid, yield 83%, m.p. 18%C; (KBr) Ama/cm*3380, 3200 (-
NH,), 2920 (-CH), 1590 crit (-C=C- in aromatic ring)!H-NMR (400 MHz, CDCYDMSO-a;, 8, ppm)s 2.57 (s,
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3H, -SCH), 4.91 (s, 2H, -NH), 6.36 (s, 1H, Ar-H), 7.08-7.11 (t, 185 4.72, Thiophene-}), 7.62-7.68 (dd, 1H}=

4.68, 3.16, Thiophenea{7.95-7.99 (dd, 1HJ= 4.8, 3.12, ThiophenesH**C-NMR (CDCK/DMSO-d;) & 14.38,
107.19, 112.14, 143.02, 157.18, 162.89, 166.36,2P/GCMS (m/z)207 (M"); Anal. for GHgN;OS (207) Calcd.:
C, 52.16; H, 4.38; N, 20.27%. Found: C, 52.17; 404N, 20.25%.

Synthesis of hydroxycarboxy poly ethylene glycol (HO-PEG;,0COOH)

Poly ethylene glycol (28.0mmole, 5mL) was dissoled®0 mL of dry CHCl,. To this solution was added THF
containing maleic anhydride (56.0mmole, 0.54mg) pyridine (56.0mmole, 0.46mL). The mono acid derixaof
poly (ethylene glycol}oowas used without purification shown in Scheme 3.

HOPEG{ oy~ JH O( \o

stirred | CH,Cl,
over night| THF
pyridine
O

. O
HOPEG( A\ ) NOH
2000
Scheme 3 Synthesis of hydroxycarboxy poly ethylene glycol (HO-PEG,0COOH)

Synthesis of N-Terminal of PEGylated-4-(methylthio)-6-(thiophen-2-yl) pyrimidin-2-amine (4a)

The mono acid derivative of carboxohydroxy PEG (ABG,,COOH) (28.0mmole) was activated with 1:2 molar
equivalent of 4-(methylthio)-6-(thiophen-2-yl)pyridin-2-amine 8a) (46.0mmole). N, N dicyclocarbidiimide
(46.0mmole) was dissolved in dichloromethane. (8@he, Table 2) The solution was stirred for 24 hcam
temperature. A syrupy resin obtained was driedeum@cuum. The resin was dissolved in 15 mL of ot A
white precipitate of dicyclohexylurea (DCU) appehreas discarded and filtrate was collected. Thalffittrate
was evaporated to afford the product. TLC in (metitaethyl acetate 7:3) was performed to checkpttesence of
DCU. It showed a negative result. This negativalltesas confirmed by IR spectra. A complete amimoug
capping was indicated by a negative dye test.

The resin was dried in vacuum for Il{ NMR, *C NMR and Mass characterization. At this stageréisin did not
stick anymore to the glass wall. IR spectrum ofiretowed the characteristic absorption band PBEérdtackbone
(1120 cn?) and absorption bands 1720 and 1625 cior the ester and amid bond respectively (C=0).Byru
liquid, yield 96 %; density: 1.154¢mIR (KBr) Apa/cmi’; 3395 (-OH, -NH),2920 (-CHPEG),2885 (-Ch), 1720
and 1625 cm for the ester and amid bond (-C=0, PE®);NMR (400 MHz, CDCYDMSO-d;, 5, ppm):& 2.52 (s,
3H, -SCH), 3.22-4.55 (m, multiple-H-PEG), 5.67 (s, 1H, -NH5.78 (s, 1H, Ar-H), 7.12-7.13 (t, 1H, =
4.28,Thiophene-H), 7.22-7.56 (dd, 7H,5.28, 3.2,Thiophene-H), 7.70-7.73 (dd, 1H; 4.96, 3.52 Thiophene-H);
3C NMR (100 MHz, CDGYDMSO-d;, dppm): & 12.56, 61.38, 64.38, 68.79, 70.44, 113.30, 127.38,26, 129.32,
141.33, 146.76, 161.65, 164.86, 165.23, 169.29; S{iv/z) 503 (M), Molecular formula: PEG-§EgNS,.

Amide Linkage

S
N CH,Cl,, DCC
7 N—NH, 22 — HO”{ “%
=\ HO-PEG- COOH derivative O —
Stirring, 24 h 200

H4CS

Syrupy material (d=1.092 cm?)

3a 4a Yield 96 %
Scheme 4 Synthesis of N-Terminal of PEGylated-4-(methylthio)-6-(thiophen-2-yl) pyrimidin-2-amine 4a

Synthesis of PEGylated-4-(methylthio)-6-(4-nitr othiophen-2-yl)pyrimidin-2-amine (4b)

The mono acid derivative of carboxohydroxy PEG (ABG,,COOH) (28.0mmole) was activated with 1:2 molar
equivalent of 4-(methylthio)-6-(4-nitrothiophen-Byyrimidin-2-amine 8b) (46.0mmole). N, N dicyclo
carbidiimide (46.0mmole) was dissolved in dichlosthane. The solution was stirred for 24 h at roemperature.

A syrupy resin obtained was dried under vacuum. rEs was dissolved in 15 mL of acetone. A whitecfpitate

of dicyclohexylurea (DCU) appeared was discardedi fdtrate was collected. The final filtrate wasaporated to
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afford the product syrupy liquid, yield 85 %; desil.022cni; IR (KBr) Apa/cmi™: 3440 (-OH, -NH), 2915 (-CH
PEG), 2895 (-Ch), 1715 and 1620 chfior the ester and amid bond (-C=0, PEG), 1525 &N& NMR (400
MHz, CDCL/DMSO-d;, 8, ppm):8 2.22 (s, 3H, -SCH), 3.53-4.34 (m, multiple-H-PEG), 5.32 (s, 1H, -NK.52 (s,
1H, Ar-H), 8.01-8.02 (d, 1HJ=4.36,Thiophene-H), 8.28-8.29 (d, 1z 3.76,Thiophene-H)**C NMR (100 MHz,
CDCIl/DMSO-d;, & ppm): & 13.93, 61.13-61.28, 64.10-64.26, 68.89, 69.961,0134.32, 118.65, 130.46, 143.23,
148.21, 149.16, 161.85, 162.51, 164.96, 165.41,4B69GCMS (m/z) 548 (M’), Molecular formula: PEG-
CoHNLO,S,.

Synthesis of PEGylated- 4-(furan-2-yl)-6-(methylthio)pyrimidin-2-amine (4c)

The mono acid derivative of carboxohydroxy PEG (ABG,,COOH) (28.0mmole) was activated with 1:2 molar
equivalent of 4-(furan-2-yl)-6-(methylthio)pyrimii2-amine (3c) (46.0mmole). N, N dicyclocarbidiiraid
(46.0mmole) was dissolved in dichloromethane. Tdlat®n was stirred for 24 h at room temperatufe syrupy
resin obtained was dried under vacuum. The resis dissolved in 15 mL of acetone. A white precipgitaf
dicyclohexylurea (DCU) appeared was discarded dtvdté was collected. The final filtrate was evegted to
afford the product syrupy liquid, yield 88 %; demgsil.260cni; IR (KBr) Ama/cm™: 3320(-OH, -NH), 2925 (-CH
PEG), 2850 (-SCh), 1720 and 1625 cm for the ester and amid bond (-C=0, PE&) NMR (400 MHz,
CDCly/DMSO-d;, 8, ppm):d 2.09 (s, 3H, -SCh}, 3.51-4.27 (m, multiple-H-PEG), 4.81 (s, 1H, -NI8.07 (s, 1H,
Ar-H), 6.47-6.48 (t, 1H, Furan-H), 7.19-7.25 (d¢{,1=3.48, 4.24 Furan -H), 7.42-7.48 (dd, IH 4.8, 3.44 Furan
-H); **C NMR (100 MHz, CDGYDMSO-d;, ppm):& 13.85, 60.29-72.34, 107.53, 111.89, 114.11, 141186.83,
156.85, 165.30, 166.50, 168.80, 169.00, 169.82; SQi/z) 487 (M"), Molecular formula: PEG- &igNsSO.

Preparation of colloidal gold and silver nanoparticles

Gold chloride (4%) solution and 1% sodium citratduson were made in deionized,® (DIH,O). One liter of the
4% gold chloride solution was under reflux durihg fddition of 80 mL of sodium citrate solution.eTéddition of

sodium citrate solution to the gold chloride initid a series of reduction reactions characterizechianges in the
color of the initial gold chloride solution. Aftgrarticle synthesis, the solution was cooled to reemperature; the
gold nanoparticles were concentrated by centrifogadf the reaction mixture at 16000 rpm for 30rainroom

temperature, and then were collected for furtharatterization.

In a 1L flask, a solution of 90 mg AgN@ 500mL of triply distilled HO was brought to boiling with rapid stirring.
To this solution was added 10mL of 1% sodium dirdthe reaction mixture was boiled for 30min, amehtit was
diluted up to 420mL. A series of reduction reacsiavere characterized by changes in the color. TagePRs were
concentrated by centrifugation of the reaction omgtat 10,000 rpm for 10min twice, and then werkected. All
nanoparticles were stored at room temperature ik Hattles and were generally used within 1-2 merlfier
preparation.

Surface functionalization of gold/silver nanoparticleswith pegylated pyrimidine (5a-f)

PEGylated-pyrimidine prepared as described in trecquing section was added to the aqueous dispeddio
gold/silver nanoparticles and the reaction wasieamut for conjugation of the fluorescence dy¢hm gold surface
through the alcoholic functionality at room tempara (Table 2, Scheme 5). Fluorescent conjugatedpeaticles

were separated from free pyrimidine PEG hydroxgugr by centrifugation with several washings. Attaent of

PEGylated pyrimidine onto the surface of gold/silvanoparticles was confirmed by the fluorescemed was

observed by UV-Visible spectrophotometer.

N N

Avu/Ag-nanoparticle

0 — 0
N i N
OHAéo /\%ONNH < \ Mannual Stirring, RT Au /Ag/\< o /\%ONNH ¥ N
2000 N= 2000 N=
4 SCH; 5 SCH;

Scheme 5 Synthesis of PEGylated-pyrimidines and surface passivation onto gold and silver nanoparticles5
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Table 2 Structures of PEGylated pyrimidines surfacted onto Au/Ag NPs

S. No. Structures of PEGylated Pyrimidines Den@ljyin cn?
S X
0 N
4a 0 1.154
HO%OA} NN—( p
H N=
2000
4b 1.022
4c 1.126
5a 1.134
5b 1.134
5c 1.108
5d 111
5e 1.086
5f 1.102
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Biology
Antioxidant activity
DPPH assay method
Free radical scavenging activity of the test conmust and5 was determined by thel,1-diphenyl picrylhydrazyl
(DPPH) assay method[18]. Drug stock solution (1mig") was diluted to final concentrations of 2, 4, &r&l 10
mg mL* in methanol. DPPH methanol solution (1 mL, 0.3 Mmams added to 2.5 mL drug solutions of different
concentrations and allowed to react at room temper®80 min later; the absorbance was measured&mn.
Lowered absorbance of the reaction mixture indatdigher free radical scavenging activity and walswated as
per the following equation.

(Abs control — Abs blank) x 100

Abs control

DPPH Scavenging ef fect =

Anti-proliferative activity

Assay principle:

In this assay the viability of chemically treatezlls are measured by a dye, Resazurin or Alamar (AB8). AB, a
non-fluorescent indicator dye, is converted to Hriged—fluorescent resorufin via the reduction tieas of
metabolically active cells. The amount of fluoresme produced is directly proportional to the numbgtiving
cells.

Protocol: Standard Alamar blue assay protocol for cell vigbssay was used. U20S human osteosarcoma cells
were grown in RPMI-1640 medium, MB231 human brezsicer cell line were grown in DMEM medium, and
SW480 cells were grown in Leibovitz’s L-15 mediufil the cell culture media were supplemented wifl¥dFBS,
0.1% nonessential amino acids, 1@d/mL penicillin, and 100 unit/mL streptomycin. Theells were separately
seeded into 96-well plates at the density of £xddlis/well and incubated at 3T, 5% CQ for 24 hours before
experiment. Next day, the medium was replaced withdium containing appropriate concentration of the
compounds. Test compounds were diluted with comeding culture media to different concentrationstePdrug,
doxorubicin was used as control. The maximum cotnagan of each compound was 4@@0mL. 1/6 dilution was
used for each compound. The cells were treatedi®h and gL of Alamar blue was added to each well and
incubated for two hours. Fluorescence intensity vesl with plate reader the percentage growth fdibwas
observed. Ig value was calculated from the graph. The efféallonew compounds on various cancer cell lines
U20S, MB231 and SW480 was observed and resultsepmted. Growth inhibition % was compared witmsiard
drug doxorubicin. For rows, alcohol was added toegate killed cells.

RESULTSAND DISCUSSION

Chemistry

The focal point of our research was to determirfiecéif’e synthetic routes for the preparation of elquyrimidine
hybrids. We have developed facile methods to peepagh value pyrimidine derivatives adorned witfogthene
and furan ring within the same molecular framewofother convenient methodology has been efficientl
employed to afford their nitro derivative.

The synthesis of 4-(methylthio)-6-(thiophen-2-ylrimidin-2-amine 3 was accomplished starting with 2-acetyl
thiophenel. NaH in dry toluene at 0°C was added to 2-acétgiphenel with constant stirring for 10 min. Carbon
disulphide and methyl iodide were added to the cmlllition and the reaction mixture was kept fori2dnder
stirring condition furnished 3,3-bis(methylthio)fthiophen-2-yl)prop-2-en-1-on2. However, reaction o2 with
guanidine carbonate and NaH in dry DMF affordednéthylthio)-6-(thiophen-2-yl) pyrimidin-2-aming& under
reflux for 6 h.

The PEGylation chemistry has been successfully dstrated at the amino group situated at C-2 ofnpigiine
hybrids (Scheme 5). To couple a PEG to a pyrimidim@ecule, it is first necessary to ‘activate’ thelymer by
converting the hydroxyl terminus to some functiogadup capable of reacting with the functional gr@ituated on
pyrimidine molecule. We opted to activate the PEGdnverting it to its acid derivative and couplibgvith amino
group of pyrimidine molecule. This PEGylation medbtogy involves conjugation of pyrimidine onto hetebi-
functional PEG derivatives having —OH on one tetmiand -COOH on the other for covalent attachméatrono
group. The free carboxyl group was used for cortjogavia amine coupling. We have determined thas th
conjugation proceeds through formation of amidddge between the PEG chain and pyrimidines undé mi
reaction conditions.

“Small is beautiful”: today we know that small istronly beautiful but also smart and powerful. Tisi®ur one of
the major concerns in synthesis of gold and sihaamoparticles with specific core, size and morpggldVe have
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advanced our earlier work on in-vitro anticancealeation of PEGylated quinolones against diversecea cell
lines such as HCT116, H1299, COLO 205, MDA-MB 2BIDA-MB 468, SW 480 and SW 620. The results
prompted us to investigate PEGylated pyrimidined #reir gold and silver nano-particle conjugatedivdgives
against diverse cancer cell lines.

The nanoparticles of gold were prepared by redoatiogold hypochlorite with freshly prepared triddom citrate
whereas silver nano particles were prepared byngoAgNO; solution with sodium citrate buffer. The formatioh
Au/Ag nanoparticles was confirmed by change in coloreaction mixture and UV-visible spectroscoaialysis.
The size of nanoparticles has been confirmed by T&Mwed the formation of spherical 20 nm sizediglas. All
nano particles were stored at room temperatureaik dottles and were generally used within 1-2 srdfter
preparation.

The surface passivation means adding biomoleculetifinality onto the surface of metal nanoparti¢egmprove

the specificity and internalization of nanoparticle various biomedical applications. To incredse targeting
potential and circulation time, we have incorpodatiee surface passivation of nanoparticles. Pyiimaichybrids,
pharmacophores linked with the polyfunctional PEgBsd polymer have been successfully attached to
nanoparticles. Initially, PEGylated pyrimidinesgleyed a green fluorescence. The progress of sudassivation

on to nanoparticle was confirmed by gradual deer@dluorescence quenching effect.

We have prepared novel PEGylated pyrimidine derieat possessing favorable reaction kinetic in bibié
Staudinger and Mitsunobu etherification reactidghgthermore, the synthesized compou#@dsd5 were evaluated
for their antioxidant activityin-vitro anti-cancer.

The chemical structures of the target compounde wenfirmed by IR'HNMR, *CNMR, MASS, CHN analysis,
TEM, XRD and UV spectroscopy.

Contributing to the elucidation of the structurés@mpoundsa-c (Table 1), the infrared spectra showed two peaks
at 3400-3200cih corresponding to —NHgroup, peaks at 2920-2915¢nowing to —CH, peaks at 1610-1590
described —C=C- stretching in aromatic ring. IRcp of compounda-c exhibited intense broad peaks at 3395-
3320cmtaccounted for —OH and —NH group. The peaks at Z3A%cm' appeared due to -GHPEG. The
characteristic bands associated with esters amdsetti PEG linker appeared at 1720 and 162%espectively.

"HNMR (CDCL/DMSOd;) was nicely resolved for compounga-c and showed singlets in the ranges&f.45-2.64
resonating for —SCHprotons, appearance of —hrotons as a characteristic singlet in the rarfgé 4.80-5.04,
aromatic protons of pyrimidine ring in the range 806.36-6.76, supported the assigned structure. Tdeals
appeared at 7.01-7.99 resolved aromatic protons of thiophemaff attached to pyrimidine ring at C-6 in Zdl-c.
IN"HNMR spectra of compound-c, disappearance of the signalg.80-5.04 of —~NH protons and the appearance
of multiplets in the up field 3.22-4.55 for PEG polymer clearly indicated therfation of PEGylated pyrimidines.
Additionally, the characteristics signals appeas¢@4.81-5.67 confirmed the formation of new functiatyat
CONH by PEG polymer and pyrimidine linkage€NMR spectra oBa-c also supported the assigned structures.
The signals aé 126-129 ppm indicated the presence of thiopharmgiri3a. The*CNMR spectra also supported
the structures of and5. Peaks in the range 612.56-13.96 ppm related to the —SChd signals in the range of
8164-169 ppm indicated the presence of carbonylara(bC=0). Signals ai60.29-72.34 indicated the presence of
PEG linker and -Ckllinkages appeared at downfield region due to dthkages. The mass spectral data also lent
credence to the assigned structures.

Characterization of the colloidal gold and silver nanoparticles

UV-Visible Spectroscopy

Initially, the formation of gold/silver nanopartéd was visually confirmed by color change from deks to
yellowish for silver and ruby red for gold nanopads. The reaction was completed within 10 and iBOm
respectively. The preliminary investigation of fation of the gold and silver nanoparticles wasiedrout by UV-
visible spectroscopic analysis. A medium peak cfoabance at higher wavelength 518nm was observied. T
intensity of the peak was increased in 10 min witohfirmed the formation of Au nano particles. Tharas no
significant shift of absorption observed but theeirsity of the peak was steadily increased asuhetibn of time
reaction. In case of silver nanoparticles, the gitfan was observed at 400 nm, similarly the intignsf the peak
was steadily increased as the function of timet@acThe formation of gold and silver nanoparticleas also
supported by TEM analysis. The gold and silver panticles were observed to be extremely stabl&énsblution
even for eight weeks after their synthesis. Theltesvere in accordance with the literature metfib@ls The plots
of the absorbance &, (nm) vs. time (min) of reaction were shown in Hets of Figure 2a and b and ratified the
rapid formation of nanoparticles in this processni the UV-visible spectra, it was found that teduction of Ad*
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and Ag ions were completed within 10-30 min respectiv@lge formation of gold nanoparticles was fastenttie
silver nanoparticle which was mostly likely duethe difference in the reduction potential of twotahéons.

The preliminary characterization of compoudd was done by UV-Visible, CHN, IR‘HNMR, *CNMR and
MASS. The UV-visible analysis of compou#dd showed the absorbance at 325nm (Figure 2c).
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Fig. 2 UV-Vis spectrum of a) gold, b) silver nanoparticlesand c) PEGylated-pyrimidine

We speculated that the PEGylated pyrimidines warketl with the nanoparticles the surface passivatias
confirmed by UV-Visible analysis depicted in theyiie3a and b for gold and silver nanoparticleseetigely. The
attachment of PEGylated pyrimidines onto the s@rfatgold/silver nanoparticles was confirmed byflscence
observed in UV-visible spectrophotometer.

In the Figure3a, a signal due to PEGylated pyringdivas completely diminished. Moreover, no sigmgleared at
518 nm for Au-nanoparticle. A new signal appeared28 nm showed a red shift which confirmed therfation of

conjugated Au nanoparticles with PEGylated pyrimédi. The absorbance at 420 nm confirmed the foomati

Ag-nanoparticle linked with PEGylated pyrimidineid&re3b). In both the cases, the absorbance redande red
shift region, supported surface passivation ofrizieoparticles loaded with PEGylated pyrimidines.
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Fig. 3 UV-Vis Spectrum of a) gold and b) silver nanoparticles conjugated with PEGylated pyrimidine

Transmission electron microscopy analysis (TEM)

Direct evidence concerning the morphology and #ptaticle spacing comes from transmission electniroscopy
studies of colloidal gold/silver PEG solution onpper TEM grids. The TEM images of gold and silver
nanoparticles are depicted in (Figure4a and b)easgely. Gold nanoparticles synthesized by thereu method
have a propensity of forming the spherical parsicla addition, from the images it was observed tha particles
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formed with triangular and hexagonal shapes. The af gold/silver nanoparticles was found in thegeiof 9 nm
to 31 nm. The average size of the nanoparticle favasd to be 12nm and 20nm respectively. The stglili the
product is an important criterion in synthesizirgnaparticles. To stabilize the gold and silver namticles, we
employed PEGyo The Au/Ag nanoparticles were stable for two mentlhile those without stabilizer were stable
for one week. The cluster formation was observe@ddylomeration of two to many gold/silver nanopdes. The
examination of these images verifies the fact thatsize of the nanoparticles are uniform and @efigolely by
particle diameter, the particles are closely spanetie form of clusters and strings. The tendemicformation of
aggregation of particles was observed in both #ses. In general, it is known that, by electrostaittors, colloidal
particles are negatively charged and thus naturapel one another. But in both the cases, we wvbdethe
occurrence of aggregation however the inter-partiepulsion is predominated.
|I|| ‘II”"II'II

Fig. 4 TEM, SAED and size distribution histogram from TEM analysis (I€ft to right) of a) gold and b) silver nanoparticles

The selected area electron diffraction patterns(@ARnd size distribution of gold and silver nandjgées are
shown in the Figured4a and b. Electron diffractiaitgrn confirmed the formation of crystalline gadd silver
nanoparticle.

X-ray diffraction analysis (XRD)

The XRD pattern recorded for both gold and silvenaparticles show four intense peaks in the whoéetsum of

20 values ranging from 20 to 80. Figure5a and b shtwes XRD patterns obtained for the silver and gold
nanoparticles. The presence of intense peaks afpaaticles (1 1 1), (2 0 0), (2 2 0) and (3 1 pegred which are
indexed as crystalline gold and silver face centargbic phase. The standard XRD patterns for Au &gdare
almost similar [Joint Committee on Powder DiffractiStandards (JCPDS) file no: 01-1174 for Au and)043 for
Ag]. The XRD pattern thus clearly shows that th&dgand silver nanoparticles formed by the chemieduction of
AuCl,” and Ad ions are crystalline in nature.

The broadening of Bragg's peak indicated the faomatf gold and silver nanoparticles. The mean sizgold and
silver nanoparticles was also calculated usingtbeye—Scherrer's equation by determining the wodtine (1 1 1)
Bragg's reflection. The mean size of gold and silv@noparticles determined from XRD patterns ardél we
accordance with from the size analyzed from TEMde® In present case, the average diameter obté&ioed
TEM and XRD analysis was12nm and 20 nm for gold siheér nanopatrticles respectively.
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Fig. 5 XRD patternsof (a) gold and (b) silver nanoparticles
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We observed the formation of gold and silver p&saniformly. In surface passivation we presuna tince the
nuclei after reaction with Au and Ag ions get fodnadsorption of —OH takes place on the surfacehik step

which might serve as the rate determining for ttamh of the particles in Figure6a-b and displagesignificant
role.

Also the possibility of adsorption at specific pg@ncannot be ruled out thus facilitating the groeftspecific shape
of the particles in Figure6a-b. The diffused dgndibs been observed suggested the surface passivaiti
PEGylated aminopyrimidines on to gold and silvemoyzarticles.

Fig. 6 TEM image of a) gold and b) silver nanoparticles conjugated with PEGylated pyrimidine

Antioxidant activity

Free radical scavenging activity of the test conmuts4t and5 was determined by the 1,1-diphenyl picrylhydrazyl
(DPPH) assay method[18]. Drug stock solution (1mig') was diluted to final concentrations of 20, 40, 80 and
100pg mL* in methanol. DPPH methanol solution (1 mL, 0.3 Mnwas added to 2.5 mL drug solutions of
different concentrations and allowed to react aimotemperature. After 30 min the absorbance valvese
measured at 518 nm and converted into the peraemragjoxidant activity. Methanol was used as tHeest and
ascorbic acid as the standard. The percentagdibition extrapolated against concentration is digg in Figure 7.

Results are presented in Table 3. The standardudren) was ascorbic acid. The DPPH scavenging effgiten by
the formula:

(Abs control — Abs blank) x 100]
Abs control

DPPH Scavenging ef fect =

Table 3 Antioxidant activity of the compounds 4 and 5

Compound 20 40 60 80 100
Code pg/ml | pg/ml | pg/ml | pg/ml | pg/mi
4a 14 17 20 22 25

4b 14 16 16 22 28

4c 6 6 8 9 10

5a 16 21 25 28 32

5b 12 18 20 24 28

5c 5 7 8 8 9

5d 14 14 18 23 30

5e 13 16 22 24 26

5f 5 6 7 9 10
Ascorbic acid 10 15 20 33 56

From Table 3 it was found th&ta and5d displayed excellent antioxidant activity at all centrations. The rest of
the compoundda, 4b, 5b and5e also showed considerable antioxidant activity. Thiephene ring at pyrimidine
nucleus connected to linker PEG with Ag and Au mamticles may be accountable for momentous antiotid
activity. The decline in antioxidant activity of mpounds4c, 5¢ and 5f suggested discarding the molecules for
further investigation of anti-cancer activity.
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The significant antioxidant activities of compourbland5 prompted us to investigate anti-proliferative witigs of
all these compounds.

Antioxidant activity
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Fig. 7 Antioxidant activity of compounds 4 and 5

Pharmacology

Anti-proliferative activity

The exact mechanism by which the gold and silveroparticle conjugated with biomolecule inducingieetcer
activity is unclear but it is known that they arigedtly cytotoxic and many appear to have anti-ctitandrial
activity as well as the formation of DNA strande#ks and DNA proteins cross links[20-23].

In the Alamar blue assay, the percentage of resiuaif cancer cells is time dependent, thus, moreegmtage of
reduction suggested the more proliferative activity the cancer cells. The cell viability of U20S nhan
osteosarcoma cell line, MB231 human breast caralelime and SW480 colon carcinoma cell line wagestigated
at various concentrations of the tested compouAtisight compounds were tested in Alamar blue pq#a the
case of leukemia cells) for their anti-proliferatiactivity in vitro against three human cancer cell lines, U20S
osteosarcoma cell line, MB231 breast cancer g@l $ind SW480 colon carcinoma obtained from ATCCo Bets
of experimentations have been carried out at varicencentrations to acquire the authenticity of abéained
results in percentage growth inhibition. From thedeervations, the percentage mean growth inhibiti@s
calculated and the graphs were plotted as meaem@ge growth inhibition. Doxorubicin (250/1) was applied as
a referential cytotoxic agent (positive test coitiidne results of cytotoxic activityn vitro were expressed as anshD
(uM/mL), i.e., the concentration of compound, whiohibits the proliferation of 50% of tumor cells@smpared to
the control untreated cells. A value of less th@pM/mL was considered as an anti-proliferative atyiwiriterion
for synthetic compounds.

The cytotoxicity results of tested compounds in &2@nd doxorubicin are depicted in TablgFgure8).The
relative study of concentrations of synthesized poumds and doxorubicin was compared; it was obdettvat at
400QuM the compounds showed the highest inhibition, wherdoxorubicin showed highest inhibition at 833
These outcomes suggested that the efficacy ofdstecompounds is 12 folds lesser than doxorubitire 1G,
values are illustrated in Table 4. The,d@alues of compound4a, 4b, 5b, 5d, were 13uM, 26 uM, 16 uM, 33 uM
respectively. Compoundia, 3b and5a possessed highestd{ralues i.e., in the range 181 to fiR& Compoundbe
possessed kg value 81. These kg values suggested that compoudds 4b, 5b and 5d have highest anticancer
activity. Compounde has good activity while the rest of the compoupossess moderate anticancer activity.
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Table4 % Growth inhibition in U20 Sosteosarcoma cell line

Sr.No| Conc.] 3a [ 3b | 4a [ 4b [ 5a | 50 | 5d | 5e [ Conc.| Doxo.
1 4000 | 102| 105 93| 100 102 102 1p2 102 383 101
2 667 72 53 104 10 100 75 104 1D2 5p 103
3 111 47 41 83 63 39 19 58 2l 9 100
4 19 46 48 56 49 40 51 48 44 2 84
5 3 36 43 38 35 26 43 34 40 0.3 57
6 1 34 46 45 31 25 31 24 41 0.0¢4 34
7 0 27 41 31 19 17 24 23 32 0.0 8
8 1Cso 181 | 526 13 26| 213 16 33 81 0.18
Doxorubicin
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Fig. 8 Anti-proliferative activity of compounds 3a, b - 4a, b, 5a, d, b, e and doxor ubicin against: U20S cancer cell line

The percentage growth inhibition of MB231 and SW48bicer cell lines are exemplified in Tables 5 &ndt
various concentrations and results are comparedh @itxorubicin. The Igvalues ranging from 137 to
53uMindicated that the compounds exhibited moderatéerqmy in MB231 (Table 5, Figure@ However,
compoundgla and4b having 1G, values 19 & 46M respectively, anticipated the highest anticaradivity against

MB231 human breast cancer cell.

Table5 % Growth inhibition in MB231breast cancer cell line

Sr.No| Conc.| 3a | 3b | 4a | 4b | 5a | 5b | 5d 5e [ Conc.| Doxo.
1 4000 [ 101] 101 98 10h 101 101 1po 101 3383 100
2 667 56 54| 100 101 10p 102 102 1pO 56 100
3 111 34 36 79 70 33 44 47 48 9 99
4 19 34 39 38 41 26| 40 33 40 2 89
5 3 33 41 45 48 37 44 39 438 0.3 79
6 1 31 38 45 34 34 35 31 40 0.0¢ 55
7 0 30 22 31 24 63 35 29 37 0.0 4]
8 1Cs 512 | 530| 19 46| 247 168 137 181 0.03
Doxorubicin
20 2 2
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Fig. 9 Anti-proliferative activity of compounds 3a, b -4a, b,5a, d, b, e and doxor ubicin against: MB231 cancer cell line

Table 6 % Growth inhibition in SW480 colon cancer cel line

Sr.No| Conc.| 3a 3b 4a 4b 5a 5b 5d 5e | Conc.| Doxo.

4000 101 99 99| 101 101 101 100 101 333 98
667 17 13 109 10 9§ 9 100 96 56 9p
111 0 10 27 14 15 14 14 1 9 97

19 6 10 3 13 17 24 14 12 2 74

3 13 6 12 12 21 31 18 2 0.3 66
1 10 5 11 13 21 16 2( 44
0 14 7 8 13 18 9 10 13 0.01 37
ICsc | 1702 | 6090 287 294 34 215 289 213 0/1
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o
o
=
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In addition, all the compounds displayed moderateticancer activity against the SW480 atjl€oncentration in
the range from 213 to 6Q®1. Comparatively4a, 4b, 5b, 5d and5e exhibited significant potency against all the
said cancer cell line and the rest of the compoudisfslayed moderate activity (Table 6, Figure 10).
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Fig. 10 Anti proliferative activity of compounds 3a, b -4a, b,5a, d, b, e and doxor ubicin against: SW480 cancer cell line

The results summarized in the Table 7 (Figure &dggested that the compou#a proved to be a highly potent
candidate against U20S and MB231. These findinggested that all the compounds exhibited signifidan
moderate anti-proliferative activity against U20&an osteosarcoma, MB231 human breast cancer amt8&GW
colon carcinoma cell lines. When we compared thg Malues of all the compounds, this implies thaeraft
PEGylation, these anti-cancer activities were emasty increased in multiples of 0.85 to 32.9 folds.

Table 7 Relative efficacy of compounds 3-5

U20S (Osteosar coma cell line) MB231(Breast cancer cell line) SW480 (Colon cancer cell)
Sr Before After Improvement in Before After Improvement in Before After Improvement in
No. Pegylation Pegylation efficacy (Fold) Pegylation Pegylation efficacy (Fold) Pegylation Pegylation efficacy (Fold)
ICsovalues ICsovalues ICspvalues ICspvalues ICsovalues ICsovalues
in uM in uM in uM in uM in uM in uM
1 181 | (3a) 13 (4a) 139 512 | (3a) 19 (4a) 26.9 1702 | (3a) | 287 | (4a) 5.9
2 181 | (3a) | 213 | (5a) 0.85 512 | (3a) | 247 | (5a) 21 1702 | (3a) | 346 | (5a) 4.9
3 181 | (3a) | 33 | (5d) 5.9 512 | (3a) | 137 | (5d) 37 1702 | (3a) | 289 | (5d) 5.9
4 526 | (3b) 26 | (4b) 20.2 530 | (3b) 46 (4b) 115 6090 | (3b) | 294 | (4b) 20.7
5 526 | 3p) | 16 | (5b) 32.9 530 | (30) | 168 | (5b) 3.1 6090 | (3b) | 215 | (5b) 28.3
6 526 | 3p) | 81 [ (5¢) 6.5 530 | (30) | 181 | (5¢) 2.9 6090 | (3b) | 213 | (5¢) 28.6
Doxorubicin=25@M | 0.18 0.03 0.1
d 526 b s 530 C 6050
‘ ' 247 £
2w 4% £ 168 181 3
) z 137 £ o
I s 26 I 1 33 a: 'E 9 ® & H 287 294 M6 g5 289 313
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Fig. 11 Anti-proliferative activity of synthesized compounds against: a) U20S b) MB231 and c) SW480Cancer cel line

Structure Activity Relationship
Depending upon the structural features, the neyyhesized moleculeésand5 could be divided into three discrete

segments viz. diversely substituted central corapgline ring A, nanoparticle (Au/Ag) surfaced wWiHEG as zone
B and thiophene or furan ring C (X=S or O) (FidiLitk

From Table 3 it was found th&ta and5d displayed excellent antioxidant activity at all centrations. The rest of
the compoundda, 4b-5e also showed considerable antioxidant activity. Tiephene ring at pyrimidine nucleus
connected to linker PEG with Ag and Au nanoparsigieay be accountable for momentous antioxidantiictithe
decline in antioxidant activity of compounds, 5c and5f suggested discarding the molecules for furtheruatain
of anti-cancer activity. The significant antioxidaactivities of compoundda-b and 5a-b, d-e prompted us to
investigate anti-proliferative activities of allebe compounds.
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(‘

Fig. 12Structur e activity relationship of 4 and 5

The exceptionally high anticancer activity of PE&gd pyrimidine derivatives is suggestive of thet fdnat the
enhanced efficacy of molecules may be because eothiph mobility of the end terminal of the tethere8G
molecules and due to the presence of inter-replvces exerted between the hydrated PEG chdies is a
strong possibility of single PEG molecule conjugativith the approaching protein.

CONCLUSION

In conclusion, a new class of surface functionaliZzgEGylated-4-(methylthio)-6-(4-nitro/thiophene#duar2-yl)
pyrimidin-2-amines were synthesized. These compsuwdre used for surface activation on to synthdsize
gold/silver nanoparticles. Target anal@gand5 were tested for anti-oxidant activity; the resdidibited that the
PEGylated amino pyrimidines with thiophene ringC&t position and its nitro derivative displayed $iigant anti-
oxidant activity compared to that of its furan ctarpart. As the compoundsand5 exhibited momentous anti-
oxidant activity, we proceeded to explore themras@ancer agents.

In this study, two independent approaches thatugating pyrimidines to PE&g and mounting this passive
targeting moieties onto the NPs were adopted tadate pyrimidine-PEG-AuNPs and pyrimidine-PEG-Agi
The NPs synthesized in this study were proven ableffectively target PEGylation to cancer cellsd showed
profound apoptotic induction effect to those cefithough the drug efficacy was compromised aftenjagation
with Au and Ag, the resultant could still make thisiety NPs a good candidate for anticancer therapy

Our results supported the hypothesis that the ratioplated combinatorial drug delivery system émticancer
activities could improve the therapeutic outcombe Thanoparticle formulations described in this wawdre all
simple, robust and easy to be fabricated. The mattechosen for the formulations were all bio-fdgn with

minimum potential toxicity. Despite the positivedaencouraging results with these nano particulakvety

systems observed in these studies, many furth@stigations remain to be done in the future, sictha genetic
analysis of the therapeutic efficacy or alternatiwenbination cocktail for other drugs or diseases.
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