Abstract

This research is divided into two parts

Part one;

This part involved in the synthesis of some pyrimedderivativesvhich play
an important role in the medicinal chemistry beeail®y possess promising

cytotoxic activity.
The synthesized compounds:

5,6-diaminouracil-2,4-diol hydrochloride.
5,6-diamino-2-mercaptopyrimidine-4-ol hydrochloride
2-mercapto-6-methylpyrimidin-4(3H)-one.
2-hydrazinyl-6-methylpyrimidin-4(3H)-one

a M Db ke

2-(2-(4-(dimethylamino)benzylidene)hydrazinyl)-6-
methylpyrimidin-4(3H)-one.
Pyrimidine derivatives were identified by using sppescopy (FTIR and UV-

Visible) and by measuring their melting points.

Part two:

This part involved the affectivence of the synthedipyrimidine derivatives

on different cell lines in vitro, using two celhks (HepG2 and MCF7), and
by using Neutral red and MTT assays respectivaljerént concentrations

of pyrimidine derivatives were prepared. The resghowed an inhibitory

effect on the growth of the two cell lines, 600ubdoncentration showed the
best concentration for the best inhibition (IR) aaVe the lowest percentage
growth (Cell Viable) on two cell lines, also regges showed a significant

negative relationship between pyrimidine derivagivend the cell lines

growth, high concentration showed significant effec cell lines growth.
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Synthesis, Characterization and Cytotoxic Activityof Some Pyrimidine Derivatives
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Abstract:

Synthesis of some pyrimidine derivativesahhplays an important role in the medicinal cheryist
because it possesses promising cytotoxic actiVite synthesized compounds were characterized by
UV-Visible and FT-IR spectral data. Some of the m@wmpounds were evaluated for their potential
cytotoxicity againstwo different human cancer cell lines HepG2 (hepatolar carcinoma) and MCF-

7 (breast adenocarcinoma) in vitro, using Neutradl Rnd MTT assays. The synthesized compounds
were active against two cell lines under study andxic effect was clear with a significant diffeoe

at the level of probability (p< 0.0001) and thifeet was contrasted among different concentrations
each synthesized compound.

Keywords: Pyrimidine derivatives, Cytotoxic activity, Humaancer cell lines.

Introduction:

Pyrimidine derivatives are well known for antiviral and anticancer activities [6-13].
their pharmacological activities. Various drugs Quantitative methods for in vitro cytotoxicity
containing pyrimidine nucleus were synthesized have been described and recommended in the
and used as anticancer agents like 5-Fluorouracil literature, although these methods present

(5-FU), Tegafur and Thioguanine[1] (Fig.1). available cannot be easily automated. A range of
0 \ SH assays based on different aspects of cellular
F - NN activity can be applied for the assessment of
| /J\ o j‘\ \> biocompatibility. In the present study, the 3-
N o | L e W (4,5-dimethylthiazol-2-yl)-2,5-

S fluorouracil F Thioguanine diphenyltetrazolium bromide (MTT) and neutral

o red (NR) assays for quantitative evaluation
Tegatur which have been adapted for human inactivated

Fig. 1: Pyrimidine derivatives as anticancer allografts are presented [14]. The first group of

agents. . L — assays measures the ability of viable cells to
An_ interest in  pyrimidine der|vat|ves_ a5 reduce a water-soluble yellow dye, MTT, to a
anticancer agents has led to the preparation ar]OkNater-insqubIe purple formazan product. This is
anticancer activity evaluation of hundreds of converted by intracellular dehydrogenase to
such _mc_)lgcules. For . exam_ph_e,_ 2- colored formazans. A second group of assays
cyanop_yr_lmldlnes 2], _hydrazmo py.“rT“‘."”e'5' monitors’ cell membrane integrity, and is based
carbonitriles [3], 1,3-dialkylated-pyrimidin-2,4- "4y, spectro-photometric determination of NR

gior_\e_sc[lé_l] and | 4;agi|ino-2-(2-pyri:jyl). f(3-amino-2-methy|phenazine hydrochloride)
yrimidinés were evaiuated as a New class ol i,y q up by viable cells and stored in their

potent anticancer agents [5]. Pyrimidines and lysosomes
their derivatives have been found t0 pOSSESS &), ey of these facts, we aimed to investigate
broad spectrum of biological activities such as these uracil derivatives for their anti-cancer

antimicrobial, anti-inflammatory, analgesic, activities. Four compounds were subjected to 2



human tumor cell lines and all of these
compounds are active against two cell lines.
Instrumental

Method:

Synthetic methods for the preparation of
pyrimidine derivatives are summarized in
(schemel). Melting points were measured by
using (Gallen Kamp) melting point (tablel).
Infrared spectra were recorded on F.T.IR-8300
Fourier transforms infrared spectrophotometer
SHIMADZU as potassium bromide disc in the
(600-4000) crit spectral range (table 2). The
electronic spectra of the compounds were
obtained using (SHIMADZU UV-Vis. 160A)
ultraviolet spectrophotometer (table 2). The
reactions were monitored by TLC and
purification of the compounds were carried out
by recrystallization method using suitable
solvent. The cytotoxic effect of the synthesized

mechanical stirring (20 to 40 ml. of acid). The
slurry was heated on a steam bath with stirring
for 1 hour. Tan diaminouracil hydrochloride
was filtered on a sintered glass funnel, washed
well with acetone.

Synthesis of 5,6-diamino-2-mercapto
pyrimidine-4-ol hydrochloride (b): [15]
Three-necked flask equipped with a reflux
condenser and an efficient stirrer was placed. To
203ml. of absolute ethanol (99.99%), (8g, 0.34
g. atom) of sodium, (18.5 ml, 0.17 mole) of
ethyl cyanoacetate , and (13.29 g, 0.17 mole) of
thiourea were addedlhe mixture was heated
under reflux for 4 hours. (203ml) of hot (80°)
water was added; the stirred mixture was heated
at 80° for 15 minutes and then neutralized to
litmus with glacial acetic acid. Additional
glacial acetic acid (15.2 ml) was added,
followed by cautious addition of a solution of

compounds was evaluated by Neutral Red and (13.1 g, 0.19 mole) of sodium nitrite which was

MTT assays.
Synthesis of 5,6-diaminopyrimidine-2,4- diol
hydrochloride (a): [15]

dissolved in (14.1ml) of water. The nitroso
compound was removed by filtration and
washed twice with a small amount of ice water.

Three-necked flask equipped with a reflux The moist material was transferred back to the
condenser and an efficient stirrer was placed. To flask, and (87.3 ml) of warm water (50°) was
203ml. of absolute ethanol (99.99%), (8g, 0.34 added. Then an additional (6.1g) of sodium

g. atom) of sodium, (18.5 ml, 0.17 mole) of

hydrosulfite =~ was added. The dense

ethyl cyanoacetate , and (10.4 g, 0.17 mole) of diaminouracil bisulfite was filtered from the

urea were addedhe mixture was heated under
reflux for 4 hours. (203ml) of hot (80°) water
was added; the stirred mixture was heated at 80°

for 15 minutes and then neutralized to litmus
with glacial acetic acid. Additional glacial acetic
acid (15.2 ml.) was addethllowed by cautious
addition of a solution of (13.1 g, 0.19 mole) of
sodium nitrite which was dissolved in (14.1ml)
of water. The nitroso compound was removed
by filtration and washed twice with a small
amount of ice water. The moist material was
transferred back to the flask, and (87.3 ml) of
warm water (50°) was added. Then an additional
(6.1g) of sodium hydrosulfite was addethe
dense diaminouracil bisulfite was filtered from
the cooled solution, washed well with water, and
partially dried. Then concentrated hydrochloric
acid was added until the consistency of the

resulting mixture was such as to permit
Y

cooled solution, washed well with water, and
partially dried. Then concentrated hydrochloric
acid was added until the consistency of the
resulting mixture was such as to permit
mechanical stirring (20 to 40 ml. of acid). The
slurry was heated on a steam bath with stirring
for 1 hour. Tan diaminouracil hydrochloride
was filtered on a sintered glass funnel, washed
well with acetone.

Synthesis of 2-mercapto-6-methylpyrimidin-
4(3H)-one (c):[16]

0.1 mole, 3.9 g of sodium hydroxide in (2.4 ml)
water was added to the mixture of the (0.04
mole, 3 g) of thiourea and (0.04 mole, 5.0ml) of
ethylacetoacetate in (4 ml) of ethanol in round
bottomed flask and the mixture was refluxed for
(2 hours), then hot solution was added (8 ml) of
concentrated hydrochloric acid in (4 ml) of



water to the product. The product was filtered
and washed with cold distilled water.

Synthesis of 2-hydrazinyl-6-methylpyrimidin-
4(3H)-one (d):[17]

A mixture of 0.02 mole, 3.63 g of 2-mercapto-6-
methylpyrimidin-4(3H)-one and (12.7 ml) of
hydrazine hydrate (99%) was refluxed in around
bottomed flask for (3 hours). The product was
filtered and washed with cold distilled water.
Synthesis of 2-(2-(4-(dimethylamino)
benzylidene)hydrazinyl)6-methylpyrimidin-
4(3H)-one (e):

A mixture of 0.002 mole, 0.28g of 2-hydrazinyl-
6-methylpyrimidin-4(3H)-one and (0.002 mole,
0.29g) of 4-N,N-dimethylamino benzaldehyde

in around bottomed flask with (5ml)ethanol, 1-2
drops of glacial acetic acid were added, and the
mixture was refluxed for 5 hours, ice bath was
used to separate the product, and the mixture
was then filtered and precipitate was isolated.
Statistical Analysis:

The values of the investigated parameters were
given in terms of mean + standard error, and
differences between means were assessed by
analysis of variance (ANOVA) and Duncan
test, using SAS computer program version
7.5[18] Differences in results were considered
significant at probability value equal or less than
0.0001.
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Table (1)

Physical Data of The Prepared Compounds

Structural M.wt Yield
Name of compound. Formula g.mof* M.P. % Color
5,6-diaminopyrimidine- HO\FN NH, 178.58 | 298-300C°| 59.4% | Light tan
2.4~ diol hydrochloride () NJNH.HCI
2
OH
5,6-diamino-2-mercaptopy
rimidine-4-ol hydrochlori HS\(,N NH, 194.64 | 300-303C°| 30.3% | Light
de (b) NJNH'HC] Yellow
2
OH
2-mercapto-6-methyl H,;C NYSH 142.02 | 330C° 64.2% | Yellowish-
pyrimidin-4(3H)-one (c) | NH (sublime) white
o
2-hydrazinyl-6-methyl HsC NYNHNHz 140.07 | 212-214C°| 42.8% | white
pyrimidin-4(3H)-one (d) | NH
o
2-(2-(4-(dimethylamino)
benzylidene)hydrazinyl)-6-| Me 271.14 | >300C° 55.5% | orange

methylpyrimidin
-4(3H)-one (e)

N
/" SNH-N:CH N(CH
0{;NH @'( 3




Table (2)

Spectral Data of The Prepared Compound

Compounds IR spectral datav(cm™) UV-Visible

Amax (nm)

5,6-diaminopyrimidine- 3406.1-3300(NH), 1712.7(C=0), 1668.3(C=N), 253nm
2,4- diol hydrochloride (a) | 1618.2(C=C), 1195.8(C-N)

3390-3400(NH), 2300.9(S-H), 1631.7(C=N), 271nm

5,6-diamino-2-mercaptopy
rimidine-4-ol hydrochlori

1548.7(C=C), 1225(C=S),

1176.5(N-C), 763.8(C-S)

de (b)
3112.9(N-H), 3010arm 2887.2alph(C-H), 2580.6- 292nm, 271nm

2-mercapto-6-methyl 2370.4(S-H), 1631.7(C=0), 1556.4(C=N), 124Q.1-
pyrimidin-4(3H)-one (c) 1197.7(C=S), 740(C-S)

404nm, 251nm
2-hydrazinyl-6-methyl 3211.3-3250(N-H), 2925.8alph 3010arm(C-H),
pyrimidin-4(3H)-one (d) 1643.2(C=0), 1593.1(C=N), 1157.2(C-N)

264nm, 355nm
2-(2-(4-(dimethylamino) 3209.3-3290(N-H), 3010arm  2927.7  alph(C-H),

benzylidene)hydrazinyl)-6-
methylpyrimidin
-4(3H)-one (e)

1641.3(C=0), 1600broad(C=N), 1164.9(C-N)

Method of cytotoxicity assay
A-Neutral red assay:

Single cell suspension was prepared by treatingn®s
tissue culture flask with 2 ml trypsin solution
incubated for 2 min at 37°C in an incubator
supplemented with (5%) GCfter detachment of the
cells from the flask surface single cell suspendign
gently taping of the flask followed by the additiof
20 ml of growth medium supplemented with 10%
fetal calf serum then the viability test of thelsalas

made by using trypan blue dye which stains the dead
-

cells. Cells suspension was well mixed followed by
transferring 200 pl/well to the 96 well flat bath
micro titer plate using automatic micropipette
containing (1x1®cell/well). Plates were incubated at
37°C in an incubator supplemented with (5%) .CO
until 60-70% confluence of the internal surfaceeaar
of the well for HepG2 cell line, the cells were 1the
exposed to different concentration(600,300,150,d@5an
37.5 pg/ml) of new synthesized compounds, each
compound was added to the cells in triplidaten



of each concentration, only cells incubated with Results and discussion:

culture media represented the negative controh the o o ) _
the 96-well cell culture plate incubated at 37°Cain~ SOme new pyrimidine derivatives were synthesized in

incubator supplemented with (5%) €@r 48 hrs. _goqd yields (scheme 1). The antitumor activity Itssu_
After elapsing the incubation period, 50 uliwell of indicated that all the tested compounds are active
neutral red dye freshly prepared were added to eacrgainst two cell lines (HepG2 and MCFThe results
well and incubated again for 2 hrs, viable celld wi Of treated of cancer cell lines under study showed
uptake the dye and the dead not, the plates washed ©OXIC effect is clear with a significant differerecat the
PBS to remove the excess dye, then 100ul/well of/€vel of probability (5= 0.0001) and this effect was
eluent solution were added to each well to draw outfound —among different concentrations of the
the dye from the viable cells. Optical density atle ~ cOmpounds prepared.

well was measured by usingLISA reader at a

transmitting wave length on 492nm [19]. Cytotoxic effect of synthesized compounds on

HepG2 cell line:

MTT based cytotoxicity assay: Results indicated in (table 3) showed that diamino

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl uracil hydrochlo_ride (a_) has a cy_t_otoxic _effecm o]
tetrazolium bromide] cytotoxicity assay is based on HepG2  cell line with a significant differences
the ability of a mitochondrial dehydrogenase enzyme(P<0.0001) started at the lower concentration and
from viable cells to cleave the tetrazolium ringste continued to the higher concentrations where the
pale yellow MTT and form dark blue formazan growth |nh|p|t|on of_ HepG2 cell line was mcr_eas_ed
crystals which is largely impermeable to cell grad_ually with th_e increased treatment with Diamino
membranes, thus resulting in its accumulation withi Uracil hydrochloride concentration, when compared
healthy cells. The number of surviving cells isegity ~ With the negative control (the same cell line witho
proportional to the level of the formazan creatgdll any treatment), Maximum inhibitory effect of Diaroin
proliferation assay was carried out by MTT cell uracil hydrochloride was reached _61.3% when the cel
proliferation assay kit (Roche applied sciences, culture of HepG2 was treated with 600pug/ml of-5,6
Germany). Equal number of (MCF7) cells were seededdiaminouracil-2,4-diol hydrochloride ~ while  the
in each well of 96-well micro plate and incubated a Inhibitory effect decreased to 9% after treatmeitbw
37C°, in presence of 5% GOThe cells were treated 37.5% pg/ml of diaminouracil hydrochloride.

with synthesized compounds at various concentrgtion
(100pg/ml, 50pg/ml, 25ug/ml, 12.5pg/ml, 6.25ug/ml
and 3.125pg/ml) for 24 hrs. In vehicle control audt
wells, a maximum of 0.5% DMSO was added. After (Table 4) showed that all compounds exhibited ghowt
24 hrs. treatment, pl of MTT reagent(R&D systems  inhibition activity on the tested tumor panel bteas
USA) along with 4@l of phenol red and FBS free cancer cell line (MCF7) between 100-3u2ml in
DMEM (sigma Life Science, USA) was added to each comparison to the negative control. And the
well and incubated for 4 hrs. at 376 presence of 5% synthesized compounds having IC50 values in the
CO,. Thereafter 5Qul of solublization buffer (R&D range of 20.9-23@/mL can be classified as
systems, USA) was added to each well to solubilizepgssessing mild cytotoxic activity against MCF7I cel
the coloured formazan crystals produced by thejine. The compoundsb and c (with nitrogen
reduction of MTT. The optical density was measured heterocyclic ring in the molecule) showed moderate
at 570 nm using micro plate reader (Hidex Chamelonanticancer activity against MCF7 cell line while
plate reader ). The results (mean O.D.t+ SD) obthine compoundd showed high selectivity for MCF7 cell
from quadruplicate wells were used in calculation t |ines. Compoundx exhibited high anticancer activity

determine  the  cytotoxicity (50% inhibitory against HEPG2 and MCF7 cell lines.
concentration, 1C50) of the test compounds.

Cytotoxic effect of synthesized compounds on
MCF7 cell line:



Table (3):

Cytotoxicity Effect of Synthesized Compounds (at Dierent Conc.)on HepG2 Tumor Cell Line
after, Incubation for 48 Hours Measured at 492nm.

compounds Concentration Absorbance Inhibition IC 500
pg/mi of Rate%
compounds +SE
5,6-Diaminouracil-2,4diol 37.5 1 9.00+£0.57 e
hydrochloride
€) 75 0.968 12.00+0.00 d
150 0.788 28.3020.34 4326141
300 0.599 45.50+0.28 b
600 0.425 61.3+0.17 a
5,6-diamino-2-mercapto 37.5 0.978 11.00+0.57c
pyrimidine-4-ol
150 0.967 12.00+0.00 ¢ 447.9962
300 0.703 36.00+0.57b
600 0.368 66.5+£0.28 a
37.5 1.099 0.09+0.00d
2-mercapto-6-methyl
pyrimidin-4(3H)-one (c) 75 1.097 0.27+0.00d
150 1.056 4.00+0.57 ¢
531.6179
300 1.037 5.7+0.11b
600 0.371 66.2+0.11 a
2-(2-(4-(dimethyl amine) 37.5 0.997 9.30+0.17c
benzylidene) hydrazinyl)-6-
methyl pyrimidine-4(3H)-one £ 1.075 2.20#0.20e
(e) 150 1.03 6.30+0.00d 451.5608
300 0.765 30.40+0.40b
600 0.422 61.60+0.11 a

** (P<0.0001) different letters= significant differences betwenean.




Table (4):

Cytotoxicity Effect of Synthesized Compounds (at Dierent Conc.)on MCF7 Tumor Cell Line
after, Incubation for 24 Hours Measured at 570nm.

compounds Concentration | Absorbance Viable cell% IC 500
pg/mi of +SE
compounds
5,6-diaminouracil-2,4-diol 3.125 0.646 96.12+0.22 a
hydrochloride(a) 6.25 0.540 80.35:0.30 b
12.5 0.463 68.89+0.34 c
25 0.318 47.31+0.22 d 21.9
50 0.190 28.32+0.26 €
100 0.084 12.54+0.30 f
5,6_—digmino-2-mercapto 3.125 0.645 95.9740.30 a
%g;‘;ﬁ:‘;}ﬁ;’&) 6.25 0.558 83.03£0.30 b
12.5 0.467 69.53+0.34 c
25 0.335 49.84+0.30d 23.2
50 0.202 30.10+0.52 e
100 0.090 13.3840.39 f
2-mercapto-6-methyl 3.125 0.661 98.36+0.17 a
pyrimidin-4(3H)-one () 6.25 0.559 83.1820.17 b
12.5 0.478 71.17+0.21 c
25 0.342 50.98+0.48 d 22.6
50 0.175 26.13+0.26 e
100 0.074 11.0040.25 f
2-(2-(4-(dimethyl amine) 3.125 0.653 97.16+0.17 a
?neer;ﬁi’/'l'?)imig%‘lrjf(g‘g'))_ 6 6.25 0.566 84.270.17 b
one(e) 12.5 0.447 66.56+0.21 c 20.9
25 0.320 47.71+0.48 d
50 0.169 25.14+0.26 e
100 0.055 8.27+0.25 f
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INTRODUCTION

1. Nitrogen bases:

There are two kinds of nitrogen containing basepurines and
pyrimidines, figure (1-1). Purines consist of a sixnember and a five —
member nitrogen — containing ring, fused togetAeenine and guanine
are purines type, found in DNA and RNA. Pyrimidinas only a six —
member nitrogen — containing ring, cytosine, urawid thymine are
pyrimidine type. Cytosine is found in both DNA aRNA. Uracil is
found only in RNA. While thymine is normally founth DNA.
Sometimes tRNA contain thymine as well as uracil.

H
c c
\T ~ xch
N/

| 1
/C\N/CH HC___
purine ring pyrimidine ring

CH

Figure (1-1) Base pairs
These bases considered as aromatic moleculesigiiactam) or lactim

which are tautomers. Figure (1-2)

lactam (keto) form lactim (enol) form

Figure (1-2) Tautomers of pyrimidine
Nitrogen base having the chemical properties ofseblt is an organic
compound that owes its property as a base to tegam of electrons of a
nitrogen atom. Both pyrimidines and purines resengyridine and are

thus weak bases and relatively unreactive towaletstrephilic aromatic




substitution.Their flat shape is particularly important when sidering
their roles in nucleic acids as nucleobases (mgldilocks of DNA and
RNA): adenine, guanine, thymine, cytosine, and iuradhese
nitrogenous bases make hydrogen bonds betweeningdoBlA strands
to form the rungs of the "twisted ladder" or doubkdix of DNA or a
biological catalyst that is found in the nucleoidédenine is always
paired with thymine, and guanine is always pairé&tl wytosine. Uracil is

only present in RNA replacing thymine and pairinghvadeniné®.
1.1.1Purine:

A purine is a heterocyclic aromatic organicnpound, consisting of a
pyrimidine ring fused to an imidazole ring. Puringgluding substituted
purines and their tautomers, are the most widestriduted kind of
nitrogen-containing heterocycle in nature. Two ohet four
deoxyribonucleotides and two of the four ribonutides, the respective
building-blocks of DNA and RNA, are purinés

1.1.2Synthesis of purine:

In addition to in vivo synthesis of purings purine metabolism,
purine can also be created artificially. Purineolgained in good yield
when formamide is heated in an open vessel at P7AdrC28 hours. As

shown in the following reaction. Figure (1-3).

/ N
170 C° T\/jli \>
formamide \N N

Purine

Figure (1-3) Synthesis of purine




Purine analogues are antimetabolites that mimisthueture of
metabolic purines. As shown in Table (1-1) and Fegld-4).

Table (1-1) purine analogues:

Azathioprine is a pro-drygt is metabolizes
into the active 6-mercaptopurineit is

impedes DNA synthesis and thus inhil

Azathioprine

the proliferation of cells, Azathioprir
blocks the downstream effects of CLC
costimulation®.

Mercaptopurine (also called thiopuripds

_ an immunosuppressive drltgis used tc
Mercaptopurine : : -
treat leukemia, polycythemia veggsoriatic

arthritis and inflammatory bowel disedse

such as Crohn's disease and ulcerative chlitis
(4)

Thioguanineit is classified as an
antimetaboliteand it is used fairreatment

, : of cancer such as (an acute and chronic
Thioguanine

myelogenous leukemi&).




It is classified as a purine analog, which i
type of antimetabolite. It mimics the
: nucleoside adenosine and thus inhibits thg
Pentostatin
enzyme adenosine deaminase, interferini

with the cell's ability to process DNR

NH;, NHMe , OH active

— Ry 7- deaza- inactive
SH, Se, halogen - none
8- aza-none

-

N
1-deaza-none <«——N Z \ / ——H -active
| g
N

—NH,-halogen-
AN noffe - 02

H, OH, NH,, halogen - active ——» R, N

3-deaza- none = -

—N-C bond active

——C-C bond (C-nucleoside

C-active inactive)

S, N-none
OH - active ——> Rs

H, N3, F -active —H - active

OH, NH,, CI, Br -inactive ——OH, F-inactive

Figure (1-4) Structure-activity relationship of purine analogues”

1.2.1Pyrimidine:

Pyrimidines also known as m-daizine, which is theept substance
of large group of heterocyclic compounds that haeacted much
attention for a long time. These compounds whiclerigeto this group
where known as breakdown products of uric acid atrg early date of

the history of organic chemistry, but systematuagtof this ring system

¢




=

began with work Pinn& who first applied the name pyrmidine to the

unsubstantiated parent body.

*Pyrimidine derivatives play an important role inany biological

processes, the ring being present in nucleic as@&leral vitamins
coenzymes, uric acid and other purine. Pyrimidisealiso found in
meteorites, but scientists still do not know itgor.

*Many drugs (barbituric acid derivatives) and chéneoapeutic agents
(Sulfadiazine) contain pyrimidine ring.

*Pyrimidine can be regarded as cyclic amidine d@&dahemical behavior
of its derivatives is dominated by this fact.

*According to X-ray diffraction studies pyrimidinexist as distorted

hexagon.

138 . 136
1213

1185 115N

141 133
11213 129.7
116
135 "N~ 134

Figure (1-5) Bond parameters of pyrimidine (bond lagths in pm,

bond angles in degrees)

1.2.2 Pyrimidine Bases:

Figure (1-6) Chemical structure of pyrimidine bases

o




The 6 atoms (4 carbons, 2 nitrogen) are number@d_ike purines, all
pyrimidine ring atoms lie in the same pldfie

1.2.3 Synthesis of pyrimidine analogues:

Pyrimidine is a colorless liquid with charactegspyridine like odor,
it has been prepared by the reduction of di ochitoropyrimidines. It
does not normally serve as starting point for tteparation of substituted
pyrimidine.

There are three methods for the preparation ofnpgimne according to
the fundamental nature of the fragments which caetbtogether to form

pyrimidine nucleus. Figure (1-7)

SECIS

Type 1 Type 2 Type3

Figure (1-7ethods for the preparation of pyrimidine

1.2.4Types of pyrimidine synthesis basic methods: -
1.2.4.Type one 1°:-

The commonest pyrimidine synthesis are belongingtyfjse 1. The

stylization usually involves a double condensatwith elimination of
water, alcohol or hydrogen halide between aminoctdonyl, carboxyl
ester, acyl chloride and enol ether, or condensdijoaddition of amino
group to cyano groups or to polarized double bomdthout an
elimination reaction.

* Urea condensed with malonic acid in the presencehotphoryl

chloride and produce barbituric acid.




* Then malonic ester is used instead of malonic acttie presence

of sodium alkaloid as catalyst. As shown in théofwing reaction

HO N\ OH
NaOH |
e ——
N P
OH

figure (1-8).

OH

malonic acid pyrimidine-2,4,6-triol

Figure (1-8) synthesis of pyrimidine-2,4,6-triol
The applications of this process especially wesker of dialkyl malonate
are used in the prepareation of barbiturate drugs.

» [B-ketoesters and there efimim are suitable for condensation with
urea to form 6-methyluracil(pyrimidine derivativesys shown in the
following reactions. Figures (1-9) and (1-10).

o o HO

N CH,
| \/lk NaOH \‘/ X
C —_— |
o N A
OH

ethyl 3-oxobutanoate

6-methylpyrimidine-2,4-diol

2

urea

(0]
— CH HO
(0] (0] (0] :
| \\ NaOH
C * c -
HZN/ \NH |-|3c/ \ 0
LCH:}

(Z)-ethyl 2-(ethoxymethylene)-3-oxobutanoate 1-(2,4-dihydroxypyrimidin-5-yl)ethanone

Figure (1-10) synthesis of 1-(2,4-dihydroxypyrimidche-5-yl)ethanone




An important example is the prepareation of urdodm urea and
formylacetic acid (prepared in situ by the actiohsalfuric acid on

malonic acid). As shown in the following reactiéingure (1-11).

uracil

Figure (1-11) synthesis of uracil

» Acetone dicarboxylic acid (prepared from citricdaieacts with

urea similarlyAs shown in the following reaction. Figure (1-12).

1-(2,4-dihydroxypyrimidin-5-yl)ethanone
2-acetylmalonic acid

Figure (1-12) synthesis of 1-(2,4-dihydroxypyrimidne-5-yl)ethanone
« Mitchell *Y et al have shown that orotic acid can be synthesized
(uracil-4- carboxylic acid) from urea and oxaloacetster. As
shown in the following reaction. Figure (1-13).

(o)

/C\ NaOH
H,N NH, ————

HO,

+

urea

2,6-dioxo-1,2,3,6-tetrahydropyrimidine-4-carboxylic acid

Figure (1-13) synthesis of 2,6-dioxo-1,2,3,6-tetrgropyrimidine-4-

carboxylic acid
1.2.4. 2ype Two:-
This method require an amino ethylene intermedidtieh may be

obtained from the corresponding ethoxy methylenspmunds




with ammonia but it can also result from the reattof imino

ether or amidine with reactive methylene compouAdsshown in

the following reaction. Figure (1-14).

A=GOOD LEAVING GROUP

Figure (1-14) Reaction between ethoxy methylene cg@ounds with
ammonia
* B-Amino acids andg-amino ketones may be employed to obtain
dihydropyrimidine closer being effected with acetiloride in the
presence of ammonia. As shown in the followiracten. Figure
(1-15).

3-aminopropanoic acid acetyl chloride

2-methyl-5,6-dihydropyrimidin-4(1H)-one
Figure (1-15) synthesis of 2-methyl-5,6-dihydropymidine-4(1H)-
one
1.2.4.3Type Three:-
The insertion of a single carbon atom between gé&noof 1,3 diamines to

obtain hydrogenated pyrimidine may be achieved abywumber of
conventional process, for instance treatment witkthgl carbonate,
phosgene or aldehyde. The amide derived from cglicoacid also can
be cyclized to terahydropyrimidine

* The amide offi-amio acid may be converted into 4-hydroxy 5,6-




dihydropyrimidine with derivatives of @anic acid .

* Malonic ester or malonyl chloride with malonamideelg¢t 4,6-
dihydroxy-2- methyl pyrimidine, with hypobromate or
permanganate, methylene asparagine undergoes alatiogi
cyclization followed by dehydrogenation yieldingrimidines.As

shown in the following reactiorrigure (1-16).

/o
H3C_\O /O H2N—C/ HO\H/N\ OH
: > R =
0_\ " H;N—C N _~A -
CH,
OH

AN

o

diethyl carbonate
Figure (1-16) reaction between diethyl carbonate \th malonamide
1.2.4.4Unclassified methods :
A few pyrimidine synthesis method which dd fadl into any of the

three main types and they are not important.
Malic diamide is converted by sodiumhypochlorate umracil. As shown
in the following reactio’*?. Figure (1-17).

/—\7 sodiumhypochlorite / NH
O H3N o N o
H

maleamide

pyrimidine-2,4(1H ,3H )-dione
(URACIL)

Figure (1-17) synthesis of pyrimidine-2,4(1H,3H)-dine
* B-urido acid derivatives on heating with HCI givextaire of
dihydropyrimidine Pyrimidines. As shown in the tmlling
reaction. Figure (1-18).

Figure (1-18) synthesis of dihydropyrimidine derivaives

\




Mathes and Swedish’ have prepare pyrimidine derivatives from

mesityloxide ammoniumthiocyanate and primary amfgeshown in

the following reaction. Figure (1-19).

4-methylpent-3-en-2-one

3.4,4,6-tetramethyl-3,4-dihydropyrimidine-2(1H)-thione

Figure (1-19) synthesis of 3,4,4,6-tetramethyl-3 dihydropyrimidine-
2(1H)-thione

« Alejandroet,al ““have prepared some azolo pyrimidines,

The method involved the reaction of N-protecteahftwmethylazoles
and tosylmehylisocyanide derivatives in non-hydrowusdia. Figure
(1-20).

pyrimido[1l.6-a]indole

Figure (1-20) structure of pyrimido(1,6-a)indole
« Gibson et,al ®have prepared pyrimidine derivatives which have
inhibition on gunosine triphosphate cyclohydrolagéjure (1-21)

HN \

ethyl 2-(benzylthio)-4-oxo0-4,4a,7,7a-tetrahydro-3H -pyrrolo[2,3-d]pyrimidine-6-carboxylate

Figure (1-21) structure of ethyl2-(benzylthio)-4-ov4,4a,7,7a-

tetrahydro-3H-pyrrolo(2,3-d)pyrimidine-6-carboxylat e

R




1.2.5Metabolism of pyrimidine:
The metabolism of uracile and thymine is at#id by reduction

reactions to give the dihydro compounds (5,6-dibydacil and 5,6-
dihydrothymine). These are then hydrolyzed by hpgraonidine
hydrase to the ureido compounds (3-ureidopropicacad, 3-
ureidoiso-butyric acid). Further hydrolysis yieltf® amino acidsp¢
Alanine, 3-Aminoisobutyric acid) respectively, wdithe metabolism
of cytosine is initiated by reduction reactionsdgiwve the uracil
compound. The stages of pyrimidine degradation fioytosine,

uracil and thymine are summarized in the schem&%1)




Cytosine Thymine

Cytosine ]

deaminase

5,6-Dihydrouracil 5,6-Dihydrothymine

2 | H,0
2 2
H,0

)7\ o )oL o

3-Ureidopropionic acid
3-Ureidoisobutyric acid

3 leo 3 l H,0
o o)
/\)k + COZ + NH2
H,N OH HoN

B-Alanine

3-Aminoisobutyric acid

Scheme (1)

The relevant metabolic pathways of pyrimidie metabolism
Enzymes involved are: dihydropyrimidine dehydrogenél)
dihydropyrimidinase (2), ang -ureidopropionase (3). * The same
degradation in the secondary column.




1.2.6Uses of Pyrimidine derivatives:

Pyrimidines and their derivatives have bemmdf to possess a broad
spectrum of biological activities such as antimicad, anti-inflammatory,
analgesic, antiviral and anticancer activitié$®. As shown in table (1-2)

Table (1-2): Pyrimidine and their derivatives uses

2,4 diaminopyrimidine Antifolate @®

5-isopropyl-2- Anti-Human
[(methylthiomethyl)thio Immunodeficiﬁgx)f
]-6-(benzyl)-pyrimidin- Virus Activity

4-(1H)-one

Dithiouracil Anti —leukemia®”

4-chloro-2-
(ethylamino)- Herbicidal %
6(2propylamino)pyrim-

idine




Nitrofurylvinylpyrido [
2,3-d] pyrimidine

3H-pyrazolo[4, 3-d]
pyrimidine

Voriconazole

(E)-1-methyl-2-(2-
(thiophen-2-yl)vinyl)-
1,4,5,6-

tetrahydropyrimidine

N-(2,6-dichlorophenyl)-
5,7-dimethoxy-6,7-
dihydro-
[1,2,4]triazolo[1,5-
a]pyrimidine-2-

sulfonamide

Antibacterial @

antileukemic and
antitumor %

antifungal
medication®

Anthelmintic 2

Herbicidal and as
plant growth
regulator agen{®®




antibacterial and
anticancer®¥

R1=CF;, t-Bu, Et, cyc - C;Hs

R2=R3 Br, R4 (o]
Rp=Ry;=H,R,=F

H, OH, NH; , NHMe-active — R; H. Me, hal i
— e , halogen-active

<—

———OH, OMe , OEt-inactive

3-deaza S or O- none— » N =
| \ 5- aza- inactive

_‘ thio-one —» o

C- inactive ——N -C bond active
S- none
N- none S
J ———C-C (C nucleoside inactive)
CH,OH active
CH(Me)OH none

CH-N;- inactive R, <«—— H- active, OH- inactive

carbonyl inactive

H N3, F, CH30H- ACTIVE
OH , OMe , OEt, CN, NH,, SCN- alkyl ,
Cl, Br, I-inactive

Figure (1-22): Structure-activity relationship of pyrimidine analogues'”’

1.3 Nucleosides, Nucleotides And Nucleic Acids

The term "nucleoside” was originally coined bgven and Jacobs
3, For some time referred to compounds isolated fnoieic acids that
contained a carbohydrate attached through nitroagether a purine or
pyrimidine base. The evolution of the subject hagight to the point that
considered a nucleoside to be a compound of nabursynthetic origin

1




that has a carbohydrate attached to a nitrogemdugteic through either
a carbon-nitrogen bond as is commonly found, ocarban-carbon bond,
as found in C-nucleosides, a class of compoundsodsed and

developed relativel{?®®.

+¢ Esterfication of their 5-hydroxyl group with phosplt acid leads to
nucleotides which are the building blocks of thelaic acids (DNA

and RNA)®) Fig. (1-23).

NH,
{NI\N Adenine(A)
A
o H,

NH

w @Cytosine((:)

N o
o=—p—o0
NH, ©
o H H
" ™ Adenine(A Spnosphodieser " !
</ | J enlne( ) 3',5'phosphodiester 0 H </
N | '
o
0. H H H

linkage

O=—=P—O

o

ﬁ Guanine(G)

N/ NH,

v | i
% P AN 7 H no C NH
N .

nl In | /LCytosme(C) Deowyribose o H | /k
o

N N
H

0 o—pP—o0
O=—P—0 | ° .
| o o- i ti/l Thymine(T)
o- b N H H
o H
3',5'phosphodiester H o) OHH </ | J Guanine(G) |
| N N/ NH,
o o
H H

linkage

O—pP—O

O-

o)
Ribose

0.
iz Uracil(U)

H
OH

Figure (1-23): Part of chemical structures of thetsands of DNA and
RNA. The sequence of nucleosides differs for eaclaturally occurring type
of DNA or RNA




1.4 Anticancer Drugs®®"

Cancer is a class of diseases in which apgaducells display the
traits of uncontrolled growth, invasion, and sommes metastasis. The
resistance of tumor cells to chemotherapeutic @giena major problem
in the clinical treatment of cancer; so a wide yaohselective and potent
compounds is needed to match the growing problessscated with
cancer. Anticancer agents are classified into sé\®pad groups, which
are usually defined according to their differentchenisms of action
Scheme (2). Most chemotherapeutic agents haveagh&city to induce,
either directly or indirectly, potential lethal dages to tumor cells.

These agents are classified into:-

(1)Alkylating agents and related compounds such as:

| Name | Swewe

Chlorambucil

Cyclophosphamide

Melphalan




=

(2)Antimetabolities such as: methotrexate and nuotkosi

analogues

(3) Anti-tumor antibiotics ((purine & pyrimidine basehich are
blind block of DNA, so, they prevent there substaraf
bowing in corporation DNA during sphere (of cell tgo
stopping normal development and dividing.

(4) Topoisomerase inhibitors.

(5) Mitotic inhibitors.

(6) Corticosteroids.

(7) Miscellaneous chemotherapy drugs.

(8) Other types of cancer drugs.




Mercaptopurine

. Thioguanine
Pyrimidine Purine Inhibit purine

synthesis synthesis ring synthesis
Inhibit nucleqtide
\ / |nterconverS|0ns/
Ribonucleotides
Hydroxyurea inhibits

ribonucleotide Mercaptopurine
Thioguanine
reductase Inhibit purine

v ring synthesis
Fluorouracil inhibits Deoxynucleotides Inhibit nucleotide
~— NN NN : :
dTMP formation Y interconversions

g I

Cytosine arabinoside
Daunorubicin
Doxorubicin
Blwomycins

Etoposide
Teniposide
Damage DNA and

N prevent repa )

Nitrogen mustards
cisplatin
Modify DNA

Actinomycin D
Inhibits RNA synthesis

Asparaginase
Deaminates asparagin
and inhibits protein
synthesis

Protein

/N

Microtubules Enzymes, factors, etc.

Scheme (2): Sites of action of selected drugs usadhe treatment of cancer®®




1.5 Cdl viability (cytotoxicity):

Cell viability and cytotoxicity assays areeddor drug screening and

cytotoxicity tests of chemicals. Fig (1-24) indiesitvarious reagents used
for cell viability detection. They are based oniwas cell functions such
as enzyme activity, cell membrane permeability] eglherence, ATP
production, Co-enzyme production and nucleotideakptactivity. Many
have established methods such as colony formatethod, crystal violet
method, tritium labeled thymidine uptake method, ™M&nd WST

methods which are used for counting the numbeivefdells.

Calcein-AM
(ron-fluocrescent compound)
' ["H]Thymidine
~ esterase @

WST-8 Caleein
(colorless substrate) DNA Polymerase %

NADH, NADFH
i /Dehydrogenase SR,
_L_ han '15‘-. ®
. MTT formazan dyes
WST-8 formazan dye MTT | {crystals)
ATP

mitochondria nucleus

Luciferase, O,
(bicluminescence)

Figure (1-24) Reagents and methods for cell viabiji detection “°

1.6 Biological Assay of Virulence factor Using Animal Tissue Culture

technigue “*
The advantages of tissue culture technique canchesxaed as

cytotoxic test of new drugs, cosmetics, food addgiinvolves a large

number of animal experiment, which are very cospd raise

Y




considerable public concern, therefore much presdusth human and

economic; perform at least part of cytotoxicitytigin vitro.

The choice of the assay will depend on: the agedeustudy, the nature
of the response, and the target cell. The assayeadivided into two

major classes:

A- An immediate or short term response, such aslgeration in
membrane permeability or a perturbation of a paldicmetabolic
pathway.

B- Long- term survival, usually measured by theem&bn of self-
renewal capacity, or survival in altered state :eaxpressing

genetic mutation or, malignant transformation.
A- Short Term Assay — Viability:

Assay of this type are used to measure tbpgstion of viable cell
following a potentially traumatic procedure, suchs grimary
disaggregation, cell separation, or freezing aravihg. Most viability
test rely on break down in membrane integrity deteed by the uptake
of a dye to which the cell is normally impermeabtaelease of a dye or
isotope normally taken up and retained by viablks cé/hile short — term
tests are convenient and usually quick and eagyettorm; they only
reveal cells that are dead (i.e. permeable) attiine of the assay
frequently, cell subjected to toxic influences egtineoplastic drug, will

only show an effect several hours or even days. late
B- Long — Term Assay — Survival

Long-term tests are often used to demonstrate tlabulic or
proliferation capacity of cells after, rather thduring, exposure to toxic

influences.

Yy




The objective is to measure survival rather thartdlerm toxicity, which

may be reversible. Definition of cytotoxicity wiknd to vary depending
on the nature of the study, whether cells are kibe simply have their
metabolism altered or an alteration in cell- cahsalling such as might

give rise to an inflammatory or allelic response.
All of the in vitro assays advantages are

- Over simplify the events , cheap , easily qualifed reproducible

- Control the environmental (pH, temp., osmotic puessCQ, O,)

1.7 Neutral Red Uptake Assay (NRU):
The Neutral Red Uptake Assay is a cytotoxid#gt which was
developed in the 1980s by Bohrenfreund & Puern@8%1“?. It can be

used to test the cytotoxic effects of chemical &res and

environmental samples on cell membranes. It isnigasin a dyeing
reaction which allows distinguishing between dead lave cells. Usually
the test is performed with the adherent permaneiitline HEP-G2
(human hepatocyte cells). But also several othérlioes like human
keratinocytes or fish cells can be used.In the otitce plate version a
monolayer cell culture, which has been grown ovpeod of 24 hours,
Is exposed over a defined period of time (usuadtyeen 2 and 24 hours)
against different concentrations of the substarcebe tested. The
metabolic activation of toxic substances in the aaigm can be
simulated. At the end of the exposure period this eee washed and the
Neutral Red dye is added. It passes the cell memebead binds to
intracellular phosphate and carboxyl groups. Theelantilation of the dye
takes place mainly in the lysosome. Dead cellsuch svith membrane
damage cannot accumulate the dye, so that dureptlowing washing

and fixation steps the dye stuff is not retaingdaicellularly. Wells with

Yy




dead or damaged cells or with a reduced numbeeltf due to growth
inhibitive effects are less coloured than thosehwital cells. The
evaluation of the test is done by resolving theaicetllular bound dye and
measuring the intensity photometrically in compamigo an untreated

control sample. The toxicity is expressed as pero€nate of inhibition
(43)

1.8 MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide, a vyellow tetrazole)assay:

Enzyme-based methods using MTT rely on a aieki coloring
reagent and dehydrogenase in a viable cell to matercell viability with
a colorimetric method. This method is far supetiorthe previously
mentioned methods because it is easy-to-use, dads, a high
reproducibility, and is widely used in both celability and cytotoxicity
tests. Therefore, this method is suitable for thoke are just beginning
such experiments. Among the enzyme-based assaydii (3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brode, a yellow
tetrazole)is reduced to a purple formazan by NADi.(1-25).
Reduction occurs outside the cell via plasma mengedectron transport
“4). However, MTT formazan is insoluble in water, andoitms purple
needle shaped crystals in the cells. Thereforer gnpomeasuring the
absorbance, an organic solvent is required to #aebthe crystals.
Additionally, the cytotoxicity of MTT formazan mageit difficult to
remove cell culture media from the plate wells tludoating cells with

MTT formazan needles, giving significant well-toerror.
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Cellular Reductase

/: N
/
N

3-(4,5-dimethylthiazol-2-yl1)-2,5-diphenyl-
2H -tetrazol-3-ium bromide

O
¢lg| _N
Pérjs/ /

(2Z,AE)-5-(4,5-dimethylthiazol-2-yl)-1,3-
diphenylformazan

Figure (1-25) Reduction of MTT reagent

A solubilization solution (usually either dimethstilfoxide, an acidified

ethanol solution, or a solution of the detergemtism dodecyl sulfate in
diluted hydrochloric acid) is added to dissolve tinsoluble purple

formazan product into a colored solution. The abance of this colored
solution can be quantified by measuring at a aemavelength (usually
between 500 and 600 nm) by a spectrophotometer. alds®rption

maximum is dependent on the solvent empld{ad

Absorbance detection has been available in mictepkaders for more
than 3 decades, and is used for assays such as a43dy for cell

viability. A light source illuminates the sample using a dpeci
wavelength (selected by an optical filter, or a oghromator), and a
light detector located on the other side of thel wedasures how much of
the initial (100%) light is transmitted through teample, the amount of
transmitted light will typically be related to theoncentration of the

molecule of intere<t?,
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1.9 Hepatocyte (Hep G2):

Hep G2 is a perpetual cell line which was derivedrnf the liver tissue

of a 15 year old Caucasian American male with d diffierentiated

hepatocellular carcinoma. These cells are epithalianorphology,

have a model chromosome number of 55 and are nuirigenic in

nude miceThe cells secrete a variety of major plasma pretedyg.,

albumin, transferrin and the acute phase protéimsbgen, alpha 2-
macroglobulin, alpha 1-antitrypsin, transferrin gsldsminogen. They
have been grown successfully in large scale ctidimasystems.
HepG2 cells are a suitable in vitro model systemtfe study of
polarized human hepatocytes. Because of their rdghree of
morphological and functional differentiation innrat HepG2 cells are
a suitable model to study the intracellular tréfifingg and dynamics of
bile canalicular and sinusoidal membrane protentsligpids in human
hepatocytes in vitr§”.

1.10breast cancer (MCE7):

MCF-7 is the acronym of Michigan Cancer Foundatiofy referring

to the institute in Detroit where the cell line westablished in 1973

by Herbert Soule and co-workéf&.

MCF7 is a type of cancer originating from breassuie, most
commonly from the inner lining of milk ducts or thebules that
supply the ducts with milk. Cancers originatingnfralucts are known
as ductal carcinomas, while those originating ftobules are known
as lobular carcinomas. Breast cancer occurs in hsnand other
mammals. While the overwhelming majority of humases occur in
women, male breast cancer can also odd@F-7 cells are useful for
in vitro breast cancer studies because the celllas retained several
ideal characteristics particular to the mammarythgium. These

include the ability for MCF-7 cells to process egtn, in the form of

A\l




estradiol, via estrogen receptors in the cell dg&m. This makes the

MCF-7 cell line an estrogen receptor (ER) positbaatrol cell line
(49)

1.11The Aim of This Work:

1) Synthesis of some of pyrimidine derivatives.
2) Screening of the synthesized compounds for theemi@l cytotoxicity
against Hepatocyte (HepG2) and breast cancer (MEG&#l7inesin

vitro.
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EXPERIMENTAL

2.11 I nstruments:

¢ Melting points were measured by using (Gallen Karapgland)
melting point.

s F.T.IR-8300 Fourier transforms infrared spectrophwter
SHIMADZU the (600-4000) cihspectral range.

L)

*

(SHIMADZU UV-Vis. 160A) ultraviolet spectrophotortes.

0

% Hot plate + Magnetic stirreGallenkamp / England

s Oven Memmert / Germany

+ Balance (TP SERIES / Chinese)
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2.1.2Materials:

Table (2-1): Chemical materials used in the current study

!
il

Abs.Ethanol Himedea

Dimethylsulfoxide
(DMSO)

Ethyl acetoacetate

Ethyl cyanoacetate

Glacial acetic acid

Hydrazine Hydrate (99%)

Hydrochloric acid Himedea

4-N,N-dimethyl amion
benzaldehyde

[
| .
-
i
KN
i
KN
[ |
KN
KN
i

Y4




|
|
I
K
E
-
__

Potassium bromide for infneed
spectroscopy

Sodium dithionite
(sodium hydro sulphite)

Sodium Hydroxide

Sodium nitrite

Sodium(Metal)

Thiourea




2.1.8ynthesis of 5,6-diaminouracil-2,4-diol hydrochloride[1]: Y

o)
I

H Na, EtOH, A

2 |l
H,N—C—NH, + N=C—C —C—O—C,H;

aminopy
urea ethyl 2-cyanoacetate rimidine-
2,4-diol

NaNO,

Na

<
-

N
OH
5,6-diaminopyrimidine-2,4-diol hydrochloride

[1]

6-amino-5-nitrosopyrimidine-2,4-diol

Scheme (3) Synthesis of 5,6-diaminouracil-2,4-diblydrochloride

Three-necked flask equipped with a reflux conderset an efficient
stirrer was placed. To 203ml. of absolute ethaB6l99%), (8g, 0.34 g.
atom) of sodium, (18.5 ml, 0.17 mole) of ethyl cyacetate , and (10.4 g,
0.17 mole) of urea were addethe mixture was heated under reflux for
4 hours.(203ml) of hot (80°) water was added; the stirred mixture was
heated at 80° for 15 minutes and then neutralineldrhus with glacial
acetic acid. Additional glacial acetic acid (15.R)rwas addedfollowed
by cautious addition of a solution of (13.1 g, Orii®le) of sodium nitrite
which was dissolved in (14.1ml) of water. The rsyocompound was
removed by filtration and washed twice with a snaatiount of ice water.
The moist material was transferred back to thekflamd (87.3 ml) of
warm water (50°) was added. Then an additionalg(6.df sodium

hydrosulfite was addedlhe dense diaminouracil bisulfite was filtered

AR




from the cooled solution, washed well with watend goartially dried.
Then concentrated hydrochloric acid was added timilconsistency of
the resulting mixture was such as to permit medastirring (20 to 40
ml. of acid). The slurry was heated on a steam latih stirring for 1

hour. Tan diaminouracil hydrochloride was filtered oniatered glass
funnel, washed well with acetone.

2.1.45ynthesis of 5,6-diamino-2-mer captopyrimidine-4-ol Hydrochloride]2]:

HS. _N_ _NH,
i 0 D
I Hy | Na, EtOH, A |
H,N—C—NH, + N=C—C -C—0—C,H; ——— N
OH

thiourea ethyl 2-cyanoacetate

6-amino-2-mercaptopyrimidin-4-ol

N2N02

N A . Na28204
HCI NS

OH

5,6-diamino-2-mercaptopyrimidin-4-ol hydrochloride

6-amino-2-mercapto-5-nitrosopyrimidin-4-
ol

Scheme (4) Synthesis of 5,6-diamino-2-mercaptopyridine-4-ol
hydrochloride

The same way of the previous procedure, by repjaaiea rather than
(13.29 g, 0.17 mole) of thiourea were added toleyfaynoacetate in a
strong basic medium.
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2.1.5ynthesis of 2-mercapto-6-methylpyrimidine-4(3H)onel3]: ¢V

o 0] S SH

M 4 )I\ abs. ethanol | T\I/H
O/\ H,N NH, sodium hydroxide

o 2-mercapto-6-
methylpyrimidi
[3] n-4(3H )-one

ethyl 3-oxobutanoate thiourea

Scheme (5) Synthesis of 2-mercapto-6-methylpyrimide-4(3H)one

0.1 mole, 3.9 g of sodium hydroxide in (2.4 ml) gratvas added to the
mixture of the (0.04 mole, 3 g) of thiourea andd40mole, 5.0ml) of

ethylacetoacetate in (4 ml) of ethanol in roundtdroed flask and the
mixture was refluxed for (2 hours), then hot saatwas added (8 ml) of
concentrated hydrochloric acid in (4 ml) of waterthe product. The
product was filtered and washed with cold distiNeater.

2.1.8ynthesis of 2-hydrazinyl-6-methylpyrimidine-4(3H)one4]: ©?

NHNH,

Me | NYSH hydrazine hydrate‘ We | NY
NH 99% NH

0 0o
2-hydrazinyl-6-methylpyrimidin-4(3H )-one

2-mercapto-6-
methylpyrimidin- [4]
4(3H)-one

Scheme (6) Synthesis of 2-hydrazinyl-6-methylpyrindine-4(3H)one

A mixture of 0.02 mole, 3.63 g of 2-mercapto-6-nydlgrimidin-4(3H)-
one and (12.7 ml) of hydrazine hydrate (99%) wdkixed in around

bottomed flask for (3 hours). The product was fdte and washed with

cold distilled water.
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2.1.7Synthesis of 2-(2-(4-(dimethylamino)benzylidene)hydrazinyl)-6-
methylpyrimidine-4(3H)-ong/5]:

NHNH2 NHN—CH

Y

abs.ethanol Y

0 N(CHj),

2-hydraziny1-6- 4-N,N-dimethylamino N(CH;);
methylpyrimidin-4(3H)-  benzaldehyde
one
2-(2-(4~(dimethylamino)benzylidene)hydrazinyl)-6-
methylpyrimidin-4(3H)-one

5]

Scheme (7) Synthesis of Synthesis of 2-(2-(4-
(dimethylamino)benzylidene)hydrazinyl)-6-methylpyrimidin-
4(3H)-one

A mixture of 0.002 mole, 0.28g of 2-hydrazinyl-64mdpyrimidin-

4(3H)-one and (0.002 mole, 0.29g) of 4-N,N-dimedmyino

benzaldehyde in around bottomed flask with (5mBeti, 1-2 drops of
glacial acetic acid were added, and the mixture neflaxed for 5 hours,
ice bath was used to separate the product, andnikieire was then
filtered and the precipitate was isolated.
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Table (2-2): Physical properties of synthesized cqmounds
Molecula
Molecular ! Yield M.P
Name of compound Weiah color
formula eight | (o) (C9)
(g/mole)
5,6-diaminouracil-2,4-dio :
hydrochloride. [1] C4H,CIN4,O, | 178.58 59.4| 298-300 Light tan
5,6-diamino-2-mercap Light
topyrimidine-4-ol C,H,CIN,OS| 194.64 | 30.3| 300-303
hydrochloride.[2] yellow
Yellowish
2-mercapto-6-methyl 330
CsHeNOS 142.02 64.2 -white
pyrimidine-4(3H)-one.[3]
2-hydrazinyl-6-methyl
CsHgN,O 42.8 | 212-214 white
pyrimidine-4(3H)-one.[4] 140.07
2-(2-(4 (dimethylamino)
benzylidene)hydrazinyl)
C1sH17NsO 271.14 555 300 orange

-6-methylpyrimidine

-4(3H)-one.[5]
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2.2Biological Study:

2.2.1 Cytotoxicity Assay(Neutral Red method (NR)):

2.2.1.11nstruments and tools:

CO; Incubator (SANYO, Japan)
Inverted Microscope (MEIJI, Japan)
Laminar Air Flow (NAPCO, France)
ELISA Reader (ASYS, Austria)

5. Centrifuge (SANYO, Japan)
2.2.1.2 Materials

WD

Minimum essential media (MEM), Fetal Calf @ar (FCS), Phosphate
Buffered Saline (PBS), Penicillin G, Streptomydrepes and Neutral Red were
obtained from Sigma. Trypsin, BPQO, Ethanol, trypan blue and Sodium

Bicarbonate NaHC©were obtained from BDH.

2.2.1.3 Preparation of solutions
2.2.1.3.1 Minimum essential media (MEM)

Liguid MEM medium was used in this study @i supplied with
L-glutamine, NaHC®@and hepes. This media supplied in solution stateraady

to be used.
2.2.1.3.2 Fetal calf serum (FCS)

10% FCS added to the media to support the oaiitp.
2.2.1.3.3 Phosphate buffer saline (PBS)

One tablet of (PBS) was dissolved in (200)omdistilled water sterilized by

autoclave then used.
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2.2.1.3.4 Antibiotic solutions

Penicillin G, sodium salt (1000000 IU) astdeptomycin (1) gm were each
dissolved in (5) ml of distilled water (DW) and =#d at -20°C From each of these

stocks, (0.5) ml was added to one liter of cultmexlia.
2.2.1.3.5 Trypsin solution

(2.5) gm for each (100) ml of PBS dissolveen sterilized by filtering using
(0.22) um Millipore filter and stored at 4°C.

2.2.1.3.6 Neutral red dye

A quantity of (10) mg neutral red was diged in (100) ml of (PBS), mixed
thoroughly and used immediately.

2.2.1.3.7 Eluent

One volume of N&PQ, (0.1) M was mixed with one volume of absolute

ethanol.
2.2.1.3.8 Trypan blue stain

This stain was prepared by dissolving (@.Df trypan blue stain in (100) mi
of (PBS), then filtered by using filter paper. Hipdhe solution was stored at 4C

until used.
2.2.1.4 Hepatocellular (HepG2) Cell line and Culture Conditions

The cells grow as a monolayer with morphology opindle cells and
multinucleated cellsHepG2 cell line which used in this study they weueplied
by Animal cell culture lab, Biotechnology ResearCentre / AL- Nahrain
University. Cells were cultured in MEM media sugplented with 10% FCS, 50
mg/ml streptomycin and 1000U/L penicillin. Celldéiwas grown as a monolayer
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in humidified atmosphere at 37°C with 5% £®he experiments were performed
when cells were healthy and at logarithmic phasgroidvth.

2.2.1.5 Method of cytotoxicity assay:

Single cell suspension was prepared by treatingréf5tissue culture flask
with 2 ml trypsin solution incubated for 2 min a?°® in an incubator
supplemented with (5%) GQ@fter detachment of the cells from the flask stefa
single cell suspension by gently taping of theKlafollowed by the addition of
20 ml of growth medium supplemented with 10% fetalf serum then the
viability test of the cells was made by using tnyfdue dye which stains the dead
cells. Cell suspension was well mixed followed t@ansferring 200 pl/well of the
96 well flat bottom micro titer plate usirgutomatic micropipette containing
(1x10 cell/well). Plates were incubated at 37°C in anubator supplemented
with (5%) CQ until 60-70% confluence of the internal surfaceeaaof the well
for HepG2 cell line, the cells were then exposed thfferent
concentration(600,300,150,75and 37.5 ug/ml) of sgmthesis compounds, each
compound was added to the cells in triplidaten of each concentration,
only cells incubated with culture media represenkednegative control, then the
96-well cell culture plate incubated at 37°C iniaoubator supplementedith
(5%) CQ for 48 hrs. After elapsing the incubation period, 5Qvell of neutral
red dye freshly prepared were added to each wdllimcubated again for 2 hrs,
viable cells will uptake the dye and the dead tiw, plates washed by PBS to
remove the excess dye, then 100ul/well of eluelntiso were added to each well
to draw out the dye from the viable cells. Optid&nsity of each well was
measured by usingLISA reader at a transmitting wave length on 492nmnThe

inhibition rate was determined for each concerdragiccording to the formuf,
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Inhibition Rate = ((Abs. at 492nm of control — Ala$.492nm of test) /Abs at 492
of control) *100

Abs. = Absorbance

2.2.2 Cytotoxicity Assay(MTT assay):

2.2.2.1l nstruments and tools:

% Hidex Chamelon plate Reader with a 570nm filter
% Multi-channel pipette ( 8 or 12 channel: 10-&00
*» Pipette tips for 10-1G0

< CO,incubator

% Clean hood

+ Hematocytometer or cell counter

2.2.2. Materials:

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrallum bromide
(MW = 414), 10 vials, each containing 5 mg ((506Q&la Lumpur,
Malaysia))

SDS sodium dodecyl sulfate (MW = 288), 10 vialgheeontaining 1
gm

phosphate-buffered saline (PBS), sterile HCI, Q/0dolution
dimethylsulfoxide (DMSO) optional

2.2.2.3Procedure:

* Cell density of 10,000 cells.

e Treatment of 1, 2, 3 and 5 on cancer cell-lire2® hours.
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» Treatment prepared in complete media followe@ liynes serial
dilution (100ug/mL, 50ug/mL, 25ug/mL, 12.5ug/mL, 6.25ug/mL,
3.125ug/mL).

* MTT [3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetzolium bromide]
salt incubation for 2 hours

* MTT salt removed and dissolved in DMSO

* Reading at 570nm wavelength (Hidex Chamelon plzaeer)

Data analysis was done in pg/ml and log valuesgimbare being plot in
graph pad prism using (cell viability) versus nolimed response curve. Cell
viability= (Abs. of test / Abs. of control)*100

2.3 Statistical Analysis:

The values of the investigated parameters \gefen in terms of mean *
standard error, and differences between means assessed by analysis of
variance (ANOVA) and Duncan test, using SA®mputer program
version 7.5°Y. Differences in results were considered significaat

probability value equal or less than 0.0001




RESULTS & DISCUSSI ON

3.1 Synthesis of 5,6-diaminouracil-2,4- diol hydrochloridg/1]:

It was prepared from the reaction of ethylcyancateetvith urea in a

strong basic medium and the crude product (6-arGtndrosouracil-2,4-
diol) is readily purified by conversion to its hyahloride salt. The

following mechanism was suggesf&d. Figure (3-1)

Figure (3-1) mechanism of the preparation of 5,6-diminouracil-2,4- diol

hydrochloride
F.T.IR. spectrum of (6-amino-5-nitrosouracil-2,4i)lis shown in figure(3-
1), the two bands at the 3325.0 trand 3138.0 cih were due to
asymmetric and symmetric stretching vibration of HEN group,
respectively. Beside this, the bands at 1660%6cm568.0crit and
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1340.4cnit represented the stretchincbrations of aromatic (C=N), (C3)
and (N=0) groups, respective.

6-amiio-5-nitrosopytimidine-2,4-diol

by

N
il
i

LIl flill 1II\!!I\

\ : rT [
o i\l\q/ s s

lis6s.
i 111660.6
JIITA =
f
|\||_|\|ll|||||!||7|||)‘|||II||\||_|||||||\|||
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5 — Testscan Shimadzu FTIR 8000 series 1 1/cm
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Fig. (3-2): FT-IR spectrum of 6-amino-5-itrosouracil-2,4-diol
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Disappearance of band at 1340.4 'cwhich is attributed to (N=O)

stretching frequency is good evidence for the $fingc given to (5,6-
diaminouracil-2,4-diol hydrochloride).

HO N MH,
\( Sy
| HA
N =
\r NH,
\ Sﬁdmrmmmrtmldma 2 Adio] hyrdrochlomde

' 1958
bsoa. .
f\
/\/\/ /\/ 1
2767. i -
‘2848.7
|2(?62.5 1618
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9 \ILGGS 3

|
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4000.0 3500.0 3000.0 2500.0 2000.0 1750.0 1500.0 1250.0° 1000.0 750.0° 500.0
—— Testscan Shimadzu FTIR 8000 series - 1/cm

Fig. (3-3): FT-IR spectrum of 5,6-diaminouracil-2,4- diol hydrochloride

. 3406.1 3166.9-310p 1712.7 | 1668.3 1618.2 1195.8
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3.2 Synthesis of 5,6-diamino-2-mercaptopyrimidine-4-ol hydrochloridel[2]:

It was prepared from the reaction of ethylcyanaateetvith thiourea in a
strong basic medium and the crude product (6-arBintercapto-5-
nitrosopyrimidin-4-ol) was readily purified by coersion to its
hydrochloride salt, through the following suggestimechanisnt>. Figure
(3-4)

°) G’)/\

I
H2N_C_NH2 + NEC_CHZ_C_OEt — NEC_CHz"’C_OEt

l
H@lil—ﬁ—NHz

HC] l N325204

HS\l/N\ NH,

Nl .HCl
7 NH,
OH

Figure (3-4) mechanism of the preparation of 5,64dmino-2-

mercaptopyrimidine-4-ol hydrochloride
F.T.IR. spectrum of (6-amino-2-mercapto-5-nitrosapydin-4-ol), figure
(3-3), shows the following characteristic bandse ttwo bands at the
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3323.1cr and 3143.8 cih were due to asymmetric and symmetric
stretching vibration of (NB group, respectively. Bands at 1651.0cand
1251.7cnit are due to the stretching vibrations of aromafieN) and (-
N=0) groups, respectively.
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Fig. (3-5): FT-IR spectrum of 6-amino-2-mercapto-5-

nitrosopyrimidin- 4-ol

vNH, B vS-H JvC=N jvN=O jvC=C }] vN-C v C-S
cm? cm? cm? f em* | cm? cm?t cm?

3323.1-§ 2264.3 | 1651.0f4 1251 1568.0 § 1159.1 609.6
3143.8
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Disappearance of band at 1251.7 'cmttributed to (N=O) stretching

frequency is a good evidence for the structure rgite (5,6-diamino-2-

mercaptopyrimidine-4-ol hydrochloride).

1336.60
1267.23—

Ks. M. M,
%
TIm
N
\f/ NH,
o

5 f-diarming-2 snercaptopwimidin ol bydrochlonde

| T T [T r T T 1T r 1T [T 1T o rod T T T T

{ T T T T T T | L ‘ T T T T ‘ T T T T ‘ | [ | T T T
4000 3600 3200 2800 2400 2000 1800 1400 1200 1000 800 600
231 1 1/fem

Fig. (3-6): FT-IR spectrum of5,6-diamino-2-mercaptopyrimidin-4-ol

v C-N v C-S
cm? cm?

hydrochloride

3379.:-3330 2414.8 | 1627.92] 1558.48 1 1182.31 875.68
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3.3 Synthesis of 2-mercapto-6-methylpyrimidin-4(3H)-onel3]:
It was prepared from the reaction of ethylacettsieewith thiourea in

basic medium, and this following suggested mecmahfd Figure (3-7)

4\0 o) S
I s I

\]/H -EtOH__ \(’g/ tautomerizm \q
N/

Figure (3-7) mechanism of the preparation of 2-meiapto-6-

methylpyrimidin-4(3H)-one

From the suggested mechanism for this reactiomethee two structural
forms (a, b) due to existing equilibrium (-SH) gpoand nitrogen atoms of
the ring, the form (b) more stable because it wags k resonance property.
F.T.IR spectral data for (2-mercapto-6-methylpydmi4(3H)-one) is
shown in figure (3-5). The absorption bands of (S¢group at 2578.8-
2335.8 crit could be attributed to stretching vibration, sthéng vibration
and the absorption band at 3398.5crmould be attributed to (N-H)

stretching vibration.
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Fig. (3-8): FT-IR spectrum of2-mercapto-6-methylpyrimidin-4(3H)-
one

v N-H v C-H vS-H § vC=0O || vC=N v C-S
cm? cm? cm? cm? cm? cm

5 3398.5 | 3012.8 arr}2578.8-41635.64 1558.4 596.0
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3.4 Synthesis of 2-hydrazinyl-6-methylpyrimidin-4(3H)-ong/4]:

It was prepared from the reaction of 2-mercaptodihylpyrimidin-

4(3H)-one with hydrazine hydrate (99%), the reactiakes place by
nucleophile removal of (-SH) group by amino in hgzine ®”, the

following mechanism was suggested. Figure (3-9)

Figure (3-9) mechanism of the preparation 2-hydrany!-6-

methylpyrimidin-4(3H)-one.

F.T.IR spectral data for 2-hydrazinyl-6-methylpyiain-4(3H)-one. the
absorption bands at 3300-3209.3tepuld be attributed to (NH, N
stretching vibration of hydrazine group, The dissgmance of bands at
2578.8-2335.8cih attributed to (SH) stretching frequency are good
evidence for the structure given to (2-hydraziéyhethylpyrimidin-
4(3H)-one).
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Fig. (3-10): FT-IR spectrum of2-hydrazinyl-6-methylpyrimidin-4(3H)-

one
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3.55ynthesis of 2-(2-(4-(dimethylamino)benzylidene)hydrazinyl)-6-
methylpyrimidin-4(3H)-onel5]:

Compounds of Schiff base were prepared, by nubiéomddition of (-
NH) group with aldehyde carbonyl group to form Nestituted
hemiaminals that losses water molecule to yielblstaompounds shown

below in the following mechanisff). Figure (3-11)

Figure (3-11) mechanism of the preparation

2-(2-(4-(dimethylamino)benzylidene)hydrazinyl)-6-méhylpyrimidin-4(3H)-

one

F.T.IR spectrum of the synthesized of 2-(2-(4-(@linylamino)
benzylidene)hydrazinyl)-6- methylpyrimidin-4(3H)-®n (C=N) which is
characteristic to Schiff bases showed peak absorfiand at ~ 1600 chn
which could be attributed to (C=N) stretching viwa, and showed
absorption band at 3211.26¢nwhich could be attributed to (N-H) of
pyrimidine ring and of hydrazine group.
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Fig. (3-12):FT-IRspectrumof2-(2-(4-(dimethylamino)benzylidene)hydrazinyl)

6-methylpyrimidin-4(3H)-one

v C-H vC=0 v C=N

cm? cm?

3211.26 3018.39arm{{1645.17] 1600 1157.2
2921.96alph

oy




=

Pyrimidine could be represented as a resonancedhgbthe four pairs of

equivalent canonical structufe.

6
IN/ |5
2|\ 4

N

3

The electronic effect of nitrogen atoms of the mzthe ring system
reinforce each other, resulting in a marked electdeficiency at the
posdtions 2, 4 and 6; there is a loss of electrons at 5-position also, through
induction. Consequently, nucleophilic substitutaould be expected to
occur at the 2,4 and 6-positions. It has been shtdvat pyrimidines
substituted with a mercapto group at 2,4and 6-jposigxist in agueous
solution predominantly as the thiopyrimidines. Tinercaptopyrimidines
adopt the tautomeric keto structure as long asitbeaticity of the ring can
be maintained by a suitable electron distributiomrcapto groups at
positions 2, 4, or 6 of a pyrimidine can be repthby amino groups on
treatment with ammon{®.The 5-position of the pyrimidine ring is more
aromatic in character. Various electrophilic subgbbns at this position
have been report&d. However, in order that weakly reactive electrdiphi

agents should attack the pyrimidine nucleus, sudbctrenegative
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substituents as the potentially tautomeric hydraxygrcapto and amino

group are required in two or three of the 2,4 arpbs§itions.

3.6Ultraviolet spectrum for prepared compounds:

Electronic Spectral studies show that pyrimidinecdpum is similar to
spectrum of benzene because of the electronic symyimiethe ring in both
of them, but the distinguishing differences betwebair spectra were
clearly shown by increasing absorbance intensitipysimidine ring as
compared with intensity of benzene ring. The exristeof electronic pair on
the nitrogen atom in pyrimidine ring leads to examne of the electronic

- (62)

pair and obtained electronic transitioD - 77 state.

The conjugated ring system of the purines and pgrmas in nucleic acid
result in marked absorption in the ultraviolet megof the spectrum, with

absorption maxima near 260-280 fith

Ultra violet spectrums for the prepared compoumdakisolute DMSO are
showed in figures (3-13) to (3-17) and table (3-1).

Table (3-1):Absorption ultra violet bands for the prepared compounds

Compounds

5,6-diaminouracil-2,4-diol hydrochloride.[1

5,6-diamino2-mercaptopyrimidine-4-ol
hydrochloride.[2]
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2-mercapto-6-methylpyrimidin-4 292nm, 271nm
(3H)-one. [3]

2-hydrazinyl-6-methylpyrimidin- 404nm, 251nm
4(3H)-one. [4]

2-(2-(4-(dimethylamino) 264nm, 355nm
benzylidene)hydrazinyl)-6-methyl
pyrimidin-4(3H)-one. [5]

Ultra violet spectrum for (5,6-diaminopyrimidined42,diol hydrochloride)
appeared one band, atmax=253nm due to electronic transition state
representsr¢1t*), they have a bond system that absorb ultravioleiucleic
acids and their derivativeand that can be explained due to carbonyl group
presence which do as electron-withdrawing groupsicguan inductive
effect on pyrimidine ring in (5,6-diaminopyrimidirfz4-diol
hydrochloride), hence decrease the transition sityn

]
1000.00  1100.00

Fig. (3-13): UV.Spectrum of 5,6-diaminouracil-2,4-tl hydrochloride
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Ultra violet spectrum for (5,6-diamino-2-mercaptdpydine-4-ol
hydrochloride) appeared one band, atax = 271nm due to electronic transition

(re1t*) State.

i

I
1000.00 1100.00

Fig. (3-14): UV.Spectrum of 5,6-diamino2-meaptopyrimidine-4-
ol hydrochloride

Ultra violet spectrum for (2-mercapto-6-methylpyidmn-4(3H)-one)
shows two bands, a bandyanax =271nm is due to pyrimidine or may be
electronic transition representseft*), they have a bond system that
absorb ultraviolet in pyrimidine and their derivas, the second bandxat
max = (292nm) is due to (C=S and C=0) or may beebattronic

transition representing (1) state.
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1000.00 1100.00

Fig. (3-15): UV.Spectrum of 2-mercapto-6-methplyrimidin-4(3H)

one

Ultra violet spectrum for (2-hydrazinyl-6-methylpyidin-4(3H)-one)
appeared two bands, a band ahax =251nm belongs to pyrimidine, they
have a bond system that absorb ultraviolet in pgime and their
derivatives, the other band mtmax = (404nm) belongs to(C=N (strong

intensity) and C=0) or may be an electronic tramsitepresenting (me).
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1000.00  1100.00

Fig. (3-16): UV.Spectrum of 2-hydrazinyl-6-methylpyimidin-4(3H)one

Ultra violet spectrum for (2-(2-(4-(dimethylamin@jzylidene)
hydrazinyl)-6- methylpyrimidin-4(3H)-one) appearedo bands, first ak
max =264nm belongs to pyrimidine, they have a bsystem that absorb
ultraviolet in pyrimidine and their derivatives,cemd band ah max =
(355nm) belongs to(C=N (strong intensity) and C=@) may be an

electronic transition representing ().
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Fig. (3-17): UV.Spectrum of 2-(2-(4-
(dimethylamino)benzylidene)hydrazinyl)-6-methylpyrimidin-4(3H)-one

3.7Results of the Biological Study:

Biological significance of pyrimidine derivatives due to structural as they
DNA & RNA and these derivatives have the ability inferactions with
rapid generation processes of cancer cells anckesafdisease. Structural
modifications of nitrogen base producing isomerghwihe following
effects:

. Inhibition of some enzymes which are essential rodpction of nucleic
acids in the cell.

. Combination of nucleic acids leading to stop tipeaduction in the cell.
Preparation of highly selective nitrogen base issmehich serve the
mentioned mechanisms finally give extensive biatabactivities that work

as anticancéf?,
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3.7.1Cytotoxic effect of synthesized compounds on HepG2 cell line.

Tumor cell line (HepG2) was used in this study fore time of
exposure (48 hours). Cell line was subjected to Grcentrations of
synthesized compounds (600, 300, 150, 75 and 3/iBudJsing Neutral
Red assay, the optical density measured at tramsgmtvave length 492nm
.The Neutral Red assay is a cell survival/viabilissay based on the ability
of viable cells to incorporate and bind Neutral R@. The Neutral Red
uptake assay provides one of the most used cytitypxests with many
biomedical and environmental applications. Themrefbirwas selected for
determination of synthesized compounds cytotoxicfy. Following
exposure to synthesized compounds, cells are itedba the presence of
Neutral Red dye. The dye readily penetrates cellmbranes and
accumulates intracellular in lysosomes. As NeuRall is a vital stain, it
was used for staining living cells. Changes ofdlks brought about by the
action of the synthesized compounds causes a decreéa the uptake and
binding of Neutral Red. After washing cells with £B&nd treating with
destaining solution to release any excess of dyentap, the cells damage
level was evaluated by measuring the optical desitreated cell solution
and comparing it to untreated negative control dasmpMicrotiter plate
reader equipped with 492nm filter. Results obtained/ be discussed as
follows:

After cancer cell line (HepG2) was treated with tegsized compounds,
results showed significant cytotoxic effect started the certain
concentration and continued to the higher conceatrs reaching the last
concentration when compared with the control, asvgld in the (table 3-2).




differences between mean, Abs. of negative cortihll

)

Table (3-2): Cytotoxicity Effect of Synthesized Compounds (at Different Conc.)on
HepG2 Tumor Cell Line after, Incubation for 48 Hours Measured at 492nm.
Compounds Concentration Absorbance Inhibition Viable IC 500
pg/ml of Rate% Cell%
compounds +SE
5,6-diaminouracil- 37.5 1 9.00+0.57 (e) 90.90
2,4-diol
hydrochloride 75 0.968 12.00+0.00 (d) 88.00
[1] 150 0.788 28.30+0.34 (C) 71.63 | 432.6141
300 0.599 45.50+0.28 (b) 54.45
600 0.425 61.3+0.17 (a) 38.63
5,6-diamino-2- 37.5 0.978 11.00£0.57 (c) 88.90
mercapto
Bﬁdfochloride 150 0.967 12.00+0.00 (c) 87.90 | 447.9962
300 0.703 36.00+0.57 (b) 63.90
600 0.368 66.5+0.28 (a) 33.45
37.5 1.099 0.09+0.00 (d) 99.09
2-mercapto-6-methyl
pyrimidine-4(3H)- 75 1.097 0.27+0.00 (d) 99.09
i 150 1.056 4.00%0.57 (c) 96.00
[3] 531.6179
300 1.037 5.7+£0.11 (b) 93.63
600 0.371 66.2+0.11 (a) 33.72
2-(2-(4-(dimethyl 37.5 0.997 9.30+0.17 (c) 90.63
amine) benzylidene)
hydrazinyl)-6-methyl 75 1.075 2.20+0.20 (e) 97.27
pyrimidine-4(3H)- 150 1.03 6.30+0.00 (d) 93.63 | 451.5608
one
[5] 300 0.765 30.4040.40 (b) 69.54
600 0.422 61.60+0.11 (a) 38.36
**(P<0.0001), different letters(a,b,c,d, and e)= -sigaifit




3.7.1.Lytotoxic effect of 5,6-diaminouracil-2.4-diol hydrochloride]1]:

Results indicated in table (3-2) showed that 5&wiinouracil-2,4-diol
hydrochloride has significant cytotoxic effect &tepG2 cell line
(P<0.0001) started at the lower concentration andicoet to the higher
concentrations reaching the last concentration, wtroinhibition of
HepG2 cell line was increase gradually with thereéase of 5,6-
diaminouracil-2,4-diol hydrochloride concentratidreated with, when
compared with the negative control (the same aek Iwithout any
treatment). Maximum inhibitory effect of 5,6-diamuracil-2,4-diol
hydrochloride was reached 61.3% growth when thiecedtiure of HepG2
was treated with 600pg/ml of 5,6-diaminouracil-2pdthydrochloride, then
the inhibitory effect was decreased to 9% afteatiment with 37.5ug/ml of
5,6-diaminouracil-2,4-diol hydrochloride. As showrfigure (3-18)

1.C.50% v =0.0938x +9.4208

R*=0.9289

L

Fig. (3-18): Linear regression between growth inhitbon and

concentration of 5,6-diaminouraci-2,4-diol hydrochoride
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3.7.1.eytotoxic effect of 5,6-diamino-2-mercapto pyrimidine-4-ol
hydrochloride[2]:
After HepG2 ceélline was treated with (5,6-diaminor@ercapt

pyrimidine-4-o0l hydrochlorid)and resultsindicated in table (-2) showed
that 5,6-diamino-2nercapto pyrimidin-4-ol hydrochloride had significal
cytotoxicity effectP<0.0001pn HepG2 cell line in concentration rar
between 600 pg/ml to 300 pg/ml with inhibition re86.5% and 369
respectively. And there is no significant fference between tf
concentrationg37.3, 75 and 150 yml), and confirms this conclusic
relationship moral negative regression, as shdn the equation of a

straight line to HepG2 d line. As shown in figure (3-19).

y =0.1044x+ 3.2292
R?=0.972

/

Fig. (3-19):Linear regressionbetween growth inhibition and
concentration of 5,6-diamino-2mercapto pyrimidine-4-ol
hydrochloride
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3.7.1.3ytotoxic effect of 2-mercapto-6-methyl pyrimidin-4(3H)-onel3]:

Results indicated in table -2) showed thatlow toxic effect a

concentrations37.3, 75, 150 and 300 /ml), and there w: no significant
difference between these concentrations, but thwere significant
difference between these concerions and the control treatment. T
result confirms thenegative moral reessionrelationshil. As shown in
Figure (3-20)

I-CSO% y=0.1162x-11.774

R? =0.8652

L 2

Fig. (3-20):Linear regression between growth inhibition anc

concentration of 2-mercapto-6methyl pyrimidine

3.7.1.L£ytotoxic effectof2-(2-(4-(dimethyl amine) benzylidene)
hydrazinyl)-6-methyl pyrimidine-4(3H)-ong5]:
Results indicated in table-2) showedhat the inhibitory effect of-(2-(4-

(dimethyl amine) benzylidene) hydrazir-6-methyl pyrimidin-4(3H)-one
on growth ofHepG2 cell line at the concentrations d@7.5, 75 and15
ng/ml with low gravth inhibition percentag8.3% ,2.2% and6.3% ,
respectively. With the presence of significant differences bem

¢




concentrations, as well as between concentratiotdghee control treatment.
Figure (3-21) showed the relationship of moral negaregression and

equation of a straight line of HepG2 cell line.

y =0.1052x - 2.4958

1.C. 50% R?=0.9494

=

Fig. (3-21): Linear regression between growth inhitbon and
concentration of 2-(2-(4-(dimethyl amine) benzylidee) hydrazinyl)-6-
methyl pyrimidine-4(3H)-one
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3.7.2ytotoxic Effect of synthesis compounds on MCF7 cell line, in vitro
study,((MTT assay)):
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetzolium bromide]
cytotoxicity assay is based on the ability of aatitondrial dehydrogenase

enzymes from viable cells to cleave the tetrazoliumgs

of the pale yellow MTT and form dark blue formazenystals which is
largely impermeable to cell membranes, thus resylitn its accumulation
within healthy cells. The number of surviving calisdirectly proportional

to the level of the formazan created.

After cancer cell line (MCF7) was treated with gyathesized compounds,
results showed significant cytotoxic effect started the certain
concentration and continued to the higher conceatr& reaching the last

concentration when compared with the control.asvgldan the (table 3-3).
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Table (3-3):Cytotoxicity Effect of Synthesized Compounds (at Different Conc.)on MCF7
Tumor Cell Line after, Incubation for 24 Hours Measured at 570nm.

compounds Concentration | Absorbance Viable cell% Growth 1C 509
pg/ml of +SE Inhibition%
compounds
5,6-diaminouracil-2,4-diol 3.125 0.646 96.12+0.22 (a) 3.86
hydrochloride. 1] 6.25 0.540 80.35+0.30 (b) 19.64
12.5 0.463 68.89+0.34 (c) 31.10
25 0.318 47.31+0.22 (d) 52.67 | 21.9
50 0.190 28.32+0.26 (e) 71.72
100 0.084 12.54+0.30 (f) 87.50
5,6-diamino-2-mercapto 3.125 0.645 95.97+0.30 (a) 4.01
pyrimidine-4-ol
hydrochloride.[2] 6.25 0.558 83.03+0.30 (b) 16.96
12.5 0.467 69.53+0.34 (c) 30.5
25 0.335 49.84+0.30 (d) 50.14 23.2
50 0.202 30.10+£0.52 (e) 69.94
100 0.090 13.38+0.39 (f) 86.60
2-mercapto-6-methyl 3.125 0.661 98.36+0.17 (a) 1.63
pyrimidine-4(3H)-one. 3] 6.25 0.559 83.18+0.17 (b) 16.81
12.5 0.478 71.17+0.21 (c) 28.86
25 0.342 50.98+0.48 (d) 49.10 22.6
50 0.175 26.13+0.26 (e) 73.95
100 0.074 11.00+0.25 (f) 88.98
2-(2-(4-(dimethyl amine) 3.125 0.653 97.16+£0.17 (a) 2.82
benzylidene) hydrazinyl)- 6.25 0.566 84.27+0.17 (b) 15.77
6-methyl pyrimidine- B
4(3H)-one.[5] 12.5 0.447 66.56+0.21 (c) 33.48 | 20.9
25 0.320 47.71+0.48 (d) 52.38
50 0.169 25.14+0.26 (e) 74.85
100 0.055 8.27+0.25 (f) 91.81
**(P<0.0001), different letters(a,b,c,d,e and f)= sigaift
differences between mean, Abs. of negative cortb72
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The results showed in table (3-3) that all syntesicompound have
effective toxicity on cancerous trend line. The @amtration 100ug/ml is
the most toxic and most daunting of this line caogs compared with
treatment control, as its effect was highly sigr@ht compared with the rest
of concentrations, and that cell division of MCFalldine was decreased
gradually with the increase of concentrations &eatwith when compared
with the control, and the results showed that tH2-@4-(dimethyl amine)
benzylidene) hydrazinyl)-6-methyl pyrimidine-4(3djie(e) is the most
toxic as cell divisionof MCF7 cell line with 8.2T 800 g/ml.These results
confirmed the relationship negative moral regressibat showed the
relationship between the concentrations of syntieglscompounds and cell
division of MCF7. As showed in figures (3-22), (3)2(3-24) and (3-25).

y = -56.454x + 125.68
R?=0.994

vl
o

X
>
b=
2 0
s
3
(8]

vl
o

Log conc.

Fig. (3-22): Linear regression between cell viabtly and concentration

of 5,6-diaminouracil-2,4-diol hydrochloride

TA




y =-56.067x + 126.59
2_
1.C.50% R?=0.9936

vl
o

cell viability%
o

n
o

Log conc.

Fig. (3-23): Linear regression between cell viabtly and concentration
of 5,6-diamino-2-mercapto pyrimidine-4-ol hydrochlaide

y =-59.543x + 130.74
2_
1.C.50% R%=0.9887

X
>
x
=
2

5
]

o -

Log conc.

Fig. (3-24):Linear regression between cell viability and

concentration of 2-mercapto-6-methyl pyrimidine
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y =-60.732x + 130.26
R?=0.9947

X
>
x
o
8
>
K]
o

Log conc.

Fig. (3-25): Linear regression between cell viabtly and concentration
of 2-(2-(4-(dimethyl amine) benzylidene) hydrazinyt6-methyl
pyrimidine-4(3H)-one

We consider that the results from the MTT and N&ags must be analyzed
separately because they evaluate two different bo&tafunctions: the
reduction of enzymatic activities in the MTT assayd the membrane
integrity in the NR assalhat inhibitory effect and toxic for cancer cells
treated with pyrimidine derivatives due to the pres of many active
groups in the structural formula of these synthesizompounds, including:
the presence of nitrogen heterocyclic rings andptiesence of 2-thiouracil
moiety which is essential for the inhibition actj/*®. Diverse mechanisms
of actions were reported to be encountered with dhemotherapeutic
bioactivity of pyrimidine derivatives including irfition of kinases,
inhibition of enzymes involved in pyrimidine biogiesis, incorporation
into RNA and DNA which subsequently cause misregdind inhibition of
DNA polymeras&”.




There are three goals associated with the useeqgiythmidine derivatives:
1. Structural damage of the DNA of the affectedcearcells.

2. Inhibition of the synthesis of new DNA strand$ieh stops DNA
replication.

3. Prevents mitosis or the actual splitting of dngginal cell into two new
cells. Stopping mitosis stops cell division (reation) of the tumor cell and
may ultimately halt the progression of the cancer.

3.8Conclusions and Recommendations:

3.8.1 Conclusions:

From the gained results of the current study, weczanclude the following:

1. Most of the pyrimidine compounds have, as deriifor the nitrogen
bases, a biological activity such as cytotoxic effevhich differ by the
difference of their concentrations.

2. Pyrimidines are the important heterocyclic compaumnehich show
promising anticancer activity. The present resdtggests that all
synthesized compounds (1,2,3 and 5) induced cyimtgxon HepG2
and MCF7 cell lines. And may indicate that thetfecempound (5,6-
diaminouracil-2,4-diolhydrochloride) is the best compared with other
compounds and gives the best value of IC50% (432réhd line liver
cancer. And the fifth compound ((2-(2-(4-(dimethyhine) benzylidene)
hydrazinyl)-6-methyl pyrimidine-4(3H)-one) ithe best direction of a
line of breast cancer because it gives the beaewat IC50% (20.9).
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3.8.2 Recommendations:

1. Synthesis of nucleoside analogues with differepesyof nitrogen bases
such as diaminouracil and thiouracil, and synthesfispyrimidine
derivatives by using different methods of preparats the second and
third methods mentioned during this study.

2. The ability of improving this studies to show itgta@toxicity and
mutagenicity carcinogenic and if it succeeds it ¢t@nused as gene

therapy in the future.
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List of Errors

[ Knase | phosphale | Listof abbrevatior
[ Reaciol | Tpeon® [ 6 |
— ea [ s [ s |
[ oroicacd | owtcasd | 5 |

4-N,N-dimethylamion] 4-N,N-dimethylamior 29
benzyldehyde benzaldehyde
(600,300,150,75and} (37.5,75,150,300and 38
37.5 pg/ml) 600 pg/ml)
Equal number 10000 cells _

(100pg/ml, 50pg/ml, (3.125ug/ml,

25ug/ml, 12.5pug/ml, § 6.25ug/ml, 12.5ug/ml
6.25ug/ml and 25ug/ml, 50pug/ml anc
3.125ug/ml) 100pg/ml)
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