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ABSTRACT

Chemistry of heterocyclic organic compounds is as logical as that of aliphatic/aromatic
compounds and of great interests both from the theoretical as well as practical synthetic view to
design novel compounds that becomes one of the most important areas of research today.
Electron-flux of six member/annulated N heterocycles plays vital roles to exhibit diverse potent
biological activities from pharmaceuticals to industrial materials. The Pyrimidine and fused
pyrimidine annulated rings in the chemistry of biological systems has attracted much attention
due to availability in the substructures of therapeutic imperative natural products. As a result of
their prominent and remarkable pharmacological activity, pyrimidine derivative’s intensive
research has been made especially focused on its anticancer activity. The present review gives
brief information about anticancer activity of assorted six member/annulated pyrimidine
derivatives.
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INTRODUCTION

Heterocycles play an important role in biochemical processes because the side groups of the
most typical and essential constituents of living cells, DNA and RNA, are based on aromatic
heterocycles. The presence of heterocycles in all kinds of organic compounds of interest in
biology, pharmacology, optics, electronics, and material sciences and so on is very well known.
Therefore heterocyles nucleus is present as a core structural component in an array of drug
synthesis. Among large number of heterocycles found in nature, nitrogen-containing heterocyclic
compounds are most abundant than those containing oxygen and sulphur owing to their wide
distribution in nucleic acid instance and involvement in almost every physiological process of
plants and animals. The foundation of this interest were their biological activities and unique
structures that led to several applications in different areas of pharmaceutical and agrochemical
research or, more recently, in material sciences. This review reflects the contribution of nitrogen
heterocyles to the development of society from a biological point of view as well as to the

understanding of life processes and to the efforts to improve the quality of life.
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The chemistry of pyrimidines has become increasingly important as a result of recent
developments in medicinal chemistry. Pyrimidines are the most important six member
heterocyclic compounds containing two nitrogen atoms at 1 and 3 positions (Figure.1). They are
present among the three isomeric diazines. The reactivities at 2, 4, 5 and 6 carbon atoms as well
as substituent’s attached them to vary individually.

Medicinal chemistry is the discipline concerned with determining the influence of chemical
structure on biological activity and in practice, medicinal chemistry developed from an empirical
one involving organic synthesis of new compound based largely on the modification of structure
and then identifies their biological activity » 2. Medicinal chemistry concerns with the discovery,
development, interpretation and the identification of mechanism of action of biologically active
compounds/drugs at the molecular level 3. Annulated pyrimidine derivatives are one of the most
prominent structures found in nucleic acid including uracil, thymine, cytosine, adenine, and
guanine are fundamental building blocks for deoxyribonucleic acid (DNA) and ribonucleic acid

I 4-6 I 7-9,

(RNA). Condensed pyrimidine derivatives have been reported as antiviral ™, antibacteria

I 10,11 14,15

antifungal *°*!, antihypertensive 2, antihistaminic '3, anti-inflammatory *** and central nervous
activities '°. Cancer is a major health problem worldwide. Improvements in treatment and
prevention have led to a decrease in cancer deaths, but the number of new diagnoses continues to
rise 1. Chemotherapy is one of the most commonly used treatment options, especially for un
resectable patients. However, the use of conventional cytotoxic drugs, including doxorubicin,
cisplatin and fluorouracil, has not shown any improvement in survival, and severe adverse
effects have been frequently observed in treated patients *. Cytotoxic drugs remain the basis of
cancer chemotherapy and are being administered with novel ways of therapy, therefore it is
important to discover novel cytotoxic agents with spectra of activity and toxicity that differ from
those current agents. It is well known that chemotherapy aims to destroy the cancer cells with
various types of chemicals. The substances used are supposed to target mainly the cancer cells,
and doses are calculated to minimize the collateral damage to surrounding tissues, which
nevertheless occurs. This kind of treatment increases the entropy of the organism, suppresses the
immune system, and forms a toxic cell environment which may destroy surrounding healthy cells
So it is important to minimize curing doses to the least amount possible as well as trying to
minimize the side effects of these drugs. Thus, it is urgent to develop novel chemotherapeutic
agents for the treatment of cancer such as annulated Pyramidine derivatives, are important
classes of heterocyclic compounds that exhibit a broad spectrum of biological activities such as

anticancer ', The literature indicated that compound having pyrimidine nucleus shows
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promising antitumor activity, as there are large numbers of pyrimidine-based anti-metabolites as
well as presence of electron rich nitrogen atoms. Research in the field of pharmaceutical has its
most important task in the development of new and better drugs and their successful introduction
into clinical practice. Central to these efforts, accordingly stand the search for pharmaceutical
substances and preparation which are new and original, such advantages may be qualitative or
quantitative improvement in activity and absence of undesirable side effect, a lower toxicity,
improved stability of decreased cost. As a result of remarkable pharmacological activity of
annulated pyrimidine derivatives, intensive research has been made focused on anticancer
activity. The present review highlights the anticancer activity of annulated pyrimidine
derivatives.

Literature Review

P. Shanmugasundaram et al reported the synthesized of Pyrido[2,3-d] pyrimidine carboxylate.
The anticancer activities of synthesized pyrimidine derivatives were evaluated using three human
cancer cell lines, colon cancer (HT29), Liver cancer (HepG2) and cervical cancer (Hela) with
MTT assay showed significant activity. The LC50 of the synthesized pyrimidine derivatives
(Figure.2) was found to be > 100 pg/ml for all these cell lines.?

X= F,CI,Br
R= OCHj,CO,CHg

X
Figure 2: Pyrido[2,3-d] pyrimidine carboxylate derivativies
O.A Fathalla et al synthesized a few pyrimidine derivatives and evaluated for their antitumor
activity against liver cancer (HEPG2) tumour cell line in comparison to known anticancer drug:
5- fluorouracil and doxorubicin. All compounds exhibited growth inhibition activity on the tested
tumour panel cell line between 1-10 pg/ml concentrations in comparison the known anticancer
drug. It is noticed from the result that the novel derivatives (Figure. 3 & 4) induced a significant
growth inhibition towards liver cancer(HEPG2) cell line in comparison to 5- FU after treatment
with IC50 value (ranged from 3.74 to 8.48 pg/ml concentrations) while the IC50 value for 5-FU

was 5 pg/ml concentration.?®
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Figure 3: 3, 4, 6,7-tetrahydro-8- (2-methoxyphenyl)-6-thioxo-2H pyrimido [6, 1-c] [1,2,4]

triazine-9- carbonitrile

Figure 4: 5, 6-dihydro-7-(2-methoxyphenyl)-5-thioxo-[1,2,4]triazolo[4,3-f]pyramidine-8-
carbonitrile

A series of Pyrrolo[2,3-d]pyrimidine derivatives (Fig. 5) were synthesized by M. H. Jung et al
and tested for in vitro anti proliferative activities against A375 human melanoma cell line and
HS27fibroblast cell line.”’

H\N _COCgHs H COCgHs

\N/

@

N~y
FsC P FsC
Figure 5: Pyrrolo[2,3-d]pyrimidine derivatives
O. A Fathalla et al reported novel derivatives of pyrimidine possessing a broader spectrum of
antitumor activity and fewer toxic side effects than 5-FU and DOX have been sought. The
antitumor activities of such compounds were assessed against HEPG2 cancer cell line in

comparison to the traditional anticancer drugs: 5-FU and DOX. Regarding the antitumor activity
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the compound (Figure.6) showed reasonable antitumor activity in comparison to 5-FU and DOX.
Moreover, the study of the induced biochemical parameters of the tested compounds in mice
showed insignificant differences relative to the control group, which indicates a moderate margin
of safety for the selected compound. Comparable to 5-FU and DOX a dose augmentation of
compound searching for possible higher potency and realizable without undesirable implications.
Furthermore, the compound have important potential advantages over 5-FU and DOX because of
their lower toxicity and their ability to induce lower biochemical parameters and fewer toxic side
effects than 5-FU.%

Figure 6: 4-[4-Hydrazinyl-3-(methylsulfanyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl]-6-(2-
methoxyphenyl)-2-thioxo-1,2-dihydropyrimidine-5-carbonitrile

A. M. Mohamed et al  were synthesized newly pyridopyrimidine derivatives and were
evaluated for in vitro antitumor activities using 59 different human tumor cell lines,
representing cancers of CNS, ovary, renal, breast, colon, lung, leukemia, and melanoma, prostate
as well as kidney. The compounds (Figure. 7 & 8) with -NH group exhibited greater in vitro
antitumor activities at low concentrations (log 10 [GI50] =-4.6) against the human tumor cell

lines.?

X=F,ClBrH

Figure 7: pyrido-[4,3-d]pyrimidine-2(1H)imine derivatives
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Figure 8: Methyl-pyrido[4,3-d]pyrimidine-2-(1H)thione derivatives
M. M. Ghoraba et al reported noval thiazolo[4,5-b]pyrano[2,3-d]pyrimidine derivatives and
evaluated for their in vitro anticancer activity against human breast cancer cell line (MCF7). The
screened compound (Figure. 9) with IC50 values 12.08 uM exhibited higher cytotoxic activities

than the reference drug (32.00) doxorubicin *

Figure 9: 8-Amino-9H-9-(4-methoxyphenyl)-2-(4-sulphamoylphenylamino)-thiazolo[4,5-
]pyrano [2,3-d]pyrimidine

S.A. Al-Issa synthesized the noval pyrimidine derivatives and tested for their in vitro antitumor
activity against human liver cancer cell line (HEPG2) in comparison to the traditional anticancer
drug (Doxorubicin) on the basis of monitoring the inhibition of the growth of human cancer
cells. The potent compounds (Figure. 10 & 11) have (IC50, 45.9 lg/ml and 39.8 Ig/ml

respectively) enhance antitumor activity.*
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Figure 10: 6, 12-Dimethyl-4, 10-diphenyl pyrimido[3,2-b]-1,2,4,5- tetrazino[3,2-b]
pyrimidin

CH3

CeHs T
m’\‘
Cl CgHs

Figure 11: 4,12-Diphenyl-14-methyl pyrimido[3,2-b]-1,2,4,5-tetrazino[4,3-a] quinoline
H.Y.He et al reported novel Pyrazolo[3,4-d]pyramidine derivatives. In a cell-based screen of
novel anticancer agents, the hit compound (Figure.12) which bears a pyrazolo[3,4-d]pyrimidine
scaffold exhibited high inhibitory activity against a panel of four different types of tumor cell
lines. In particular, the IC50 for A549 cells was 2.24 uM, compared with an IC50 of 9.20 uM for
doxorubicin, the positive control. Flow cytometric analysis revealed that compound could
significantly induce apoptosis in A549 cells in vitro at low micromolar concentrations. These
results suggest that the target compound and its analogs with the pyrazolo[3,4-d]pyrimidine
scaffold might potentially constitute a novel class of anticancer agents, which requires further

studies.®?

Figurel3:2-((4-Oxo-1-phenyl-4,5-dihydro-1H-pyrazolo[3,4-d]pyrimidin-6 yl)methylthio)

quinazolin 4(3H) -one
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A. M. Mohamed et al reported Some new Thiazolo[3,2-a]Pyrido[4,3-d]Pyrimidine derivatives
and evaluated for antitumor activities utilizing 60 different human tumor cell lines, representing
leukemia, melanoma, lung, colon, brain, ovary, breast and prostate as well as kidney. The
anticancer activity is generally enhancing due to the presence of nitrogen heterocyclic rings.
From the in vitro observed data it has been noticed that, the synthesized compounds (Figure. 14)

seem to be the most active prepared derivatives against all the tested cell lines.*

NN
<y

Y
O

X=H,4-Cl 4-F
Y= H,CH3, 4-OCH3,4-Cl 4-F

Figure 14: 5-Aryl-9-arylmethylene-6,7,8,9- tetrahydro-7-methyl-2-arylyldiazenyl-2H-
thiazolo[ 3,2-a]pyrido[4,3-d]pyrimidin-3(5H)-ones

Q. Ren et a synthesized the novel tetrahydrobenzo[40,50]thieno[30,20:5,6]pyrido[4,3-
d]pyrimidin-4(3H)-ones and showed effective to both KB cells (KB cells were the drug sensitive
human oral carcinoma cells ) and their KBv200 cells (multidrug resistant cells) with the over
expression of ABCB1 induced by vincristine. The compounds (Figure. 15) showed the best
inhibition against KB and KBv200 cells with IC50 values of 17.4 and 25.4 uM, respectively.&"4

NRIR?

RIRZ = CH3(CH,)NH
RR?2 = CH3(CH2)3NH

Figurel5: tetrahydrobenzo[40,50]thieno[30,20:5,6]pyrido[4,3-d]pyrimidin-4(3H)-ones
B. Dotzauer et al reported 2,4-Diamino-9H-pyrimido[4,5-b]indol-5-ols and the in vitro cytotoxic

activities were evaluated against four human cancer cell lines originating from solid tumors. Two
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human bladder cancer cell lines 5637 (ACC 35) and RT-4 (ACC 412), and two human lung
cancer cell lines A-427 (ACC 234) and LCLC-103H (ACC 384). An increase in activity was
observed when a N type heteroaromatic ring was annulated on the pyrimido[4,5-b]indole system
to give compounds (Figure. 16, 17, 18, 19, 20 & 21) with activities comparable to ellipticine and
cisplatin.®

R2

. =
N\

N
H
R!R? = NH,,NMe,,NEt,,OMe,pyrolidine-1-yl,4-methylpiperizine-1-yl

Figure 16: pyrimido[4,5-b]indol-6-0l derivativies

R'R2 = NH,,NMe,,NEt,,0Me,pyrolidine-1-yl,4-methyIpiperizine-1-yl

Figure 17: benzo[g]pyrimido[4,5-b]indol-5-0l derivativies

H,N
: @ NQ
N7 ‘ N
AN
Figure 18: 7-Amino-9-pyrrolidin-1-yl-11H-pyrimido[50,40:4,5]- pyrrolo[2,3-f]quinolin-5-ol
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Figure 19: 4-Amino-9H-pyrimido[4,5-b]indol-6-ol
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Figure 20: 7-Amino-9-pyrrolidin-1-yl-11H-pyrimido[50,40:4,5]-pyrrolo[2,3-f]quinolin-5-ol

0

Figure 21: 4-Phenyl-9H-pyrimido[4,5-b]indol-6-ol
E. M. Grivsky et al reported 2,4-Diamino-6-(2 ,5-dimeth oxybenzyl)-5-methyl pyrido[ 2,3-
d]pyrimidine (Figure. 22) and has found significant Antitumor activity against the Walker 256

carcinosarcoma in rats.

H;0C
2

NH, CHg
H

COH;
H,N N N o

Figure 22: 2,4-Diamino-7,8-dihydro-6-(2,5-dimethoxybenzyl)-5- methyl-7-oxopyrido[2,3-
d]pyrimidine

I. Antonini et al reported Bis(pyrimido[5,6,1-de]acridines) and were selected for a cytotoxic
screening against six human cancer cell lines (large cell lung carcinoma H460M, gastric cancer

MKN45, prostatic carcinoma PC3, colon adenocarcinoma HCT116, LoVo, sensitive, and

WWW.ajptr.com 148



http://www.ajptr.com/

Dongre et. al., Am. J. PharmTech Res. 2014; 4(1) ISSN: 2249-3387

LoVo/Dx, doxorubicin-resistant). The results of compounds (Figure. 23) indicate that: (i) The
target derivatives are extremely potent cytoxic agents, which often present IC50 values inferior
to the minimum drug concentration tested (10-3 uM). (ii) The potency of selected derivatives in
relation to the nature of substituent’s are order in potency seems to be (X) = OH) > H) > OMe)
> NO2). (iii) Finally, it can be remarked that the derivatives are cross resistant with Dx, but the

grade of cross resistance of compounds appear to be inferior. *

(o] NH——Y——NH

X =H, 9-OMe, 9,10-0Me, 9-OH, 9-NO,

AN N

Figure 23: Bis{2-[2-(dimethylamino)ethyl]-1,3,7-trioxo-2,3-dihydro-1H,7H-pyrimidol[5,6,1-
de]acridin-6-yl}-5-methyl-1,5,9-triazanonane

M.Y. Cha et al reported novel series of (S)-1-acryloyl-N-[4-(arylamino)-7-(alkoxy)quinazolin-6-
yl]pyrrolidine-2-carboxamides and were used to measure the inhibitory activities towards the
human vaginal epidermoid cancer cell line, A431 (ATCC: CRL-1555), a human breast cancer
cell line, SK-Br3 (ATCC: HTB-30), Gefitinib/Erlotinib resistant non-small cell lung cancer cell
line, H1975 (ATCC: CRL-5908), and a primary human fibroblast cell-line, Hs27 (ATCC: CCL-
34). The synthesized compounds (Figure. 24) seem to be the most active prepared derivatives
against all the tested cell lines due to presence of nitrogen heteroatom and substituted phenyl

rings. ®

=

Figure 24: 4-7-[(2-methoxyethoxy)quinazolin-6-yl]pyrrolidine-2-carboxamide derivatives
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M. M. Gineinah et al Synthesized new pyrido[2,3-d]pyramidine derivatives and screened for
antitumor activity which possess high and potential efficacy with minimal side effects. As a
result, interaction of antitumor agents with DNA should produce as little DNA damage as
possible. The newly synthesized compounds had been subjected to bleomycin-dependant DNA
damage assay™® to screen their antitumor activity and the degree of DNA damage caused by these
compounds. The antitumor activity of synthesized compounds is evaluated in terms of sample
absorbance (A). As sample absorbance (A) increases, DNA damage increases and the sample
efficiency as antitumor agent decreases. The novel Compounds (Figure.25) showed the lowest
absorbance (0.052), and hence exhibited the highest antitumor activity.*°
SH
~
N/\ N\

CeHs

Figure 25: 5-(4-Phenyl-5-sulfanyl-4H-[1,2,4]triazol-3-yl)1H,3H,8Hpyrido[2,3-d]pyrimidine-
2,4,7-trione

M. Bakavolia reported cytotoxic effects of triazolopyrimidooxadiazine moiety on different
malignant cancer cell lines including human breast cancer cell line (MCF-7) and hepatocellular
carcinoma with various concentrations (50-500 uM). The result showed compound (Figure. 26)
decreased cell viability of cells as a concentration-dependent manner. The IC50 values against
MCF-7 after 24 h and against HepG2 after 48 h were determined 439.6 and 280.5 uM,

respectively.*!

N/\N ' \|N

SHCH,C

Figure 26 [(1,5-Dimethyl-3-phenyl-1H-[1,2,4]triazolo[4°,3’:1,2]pyrimido[4,5-
e][1,3,4]oxadiazin-7 yl)sulfanyllmethyl cyanide
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CONCLUSION

Due to the presence of nitrogen in the heterocyclic compounds skeleton, they show diverse
biological activities. Pyrimidine and fused pyrimidine are the important six membered
heterocyclic compounds because it is an essential constituent of all cells and potential therapy
for the treatment of large number of diseases, This review focus on the various potent annulated
Pyramidine derivatives and observed that cyclic N-type structure with different electron
withdrawing and electron donating substitution groups showed better anticancer activity.
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