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ABSTRACT:

Azo-heterocyclic compounds correlated with many biological activities. N-heterocyclic based
azo-Pyrimidine compounds have been reported in different journals. This was challenging job
for researcher for creating the distinct synthetic methods of pyrimidine azo compounds by use
the common laboratory reagents and apparatus. Eventually, azo-imine(-N=N-) group in
heterocyclic azo compounds is importantly responsible for various types of biological
activities in different aspect. Therefore, | have been collected all the pyrimidine azo compound
from literature and also rummage around their activities such as anti-bacterial, anti-fungal,
anti-HIV, anti-cancer and little-bit mushroom tyrosine inhibition effect together for creating a
unit frame. Mainly, azo pyrimidine possesses many high electronegative nitrogen atoms which
regulate and reflect their extraordinary activities within the biological molecules.

KEYWORDS: Azo-pyrimidine; azo-imine; anti-bacterial; anti-fungal; anti-cancer activity.

INTRODUCTION:

Pyrimidine is the six-member heterocycles with two nitrogen atoms in it that have present into
three nucleic acids (Cytosine, Thymine and Uracil) which are the main component of DNA
and RNA. Thus natural derivatives of pyrimidine have important pharmacological and potent
physicochemical properties"". Pyrimidine and its derivatives are extremely observed as
significant bioactive compounds in medicinal chemistry™" due to their having unique clinical
applications. Synthesis of pyrimidine drugs has been demandingly explored in recent years.
The synthetic pyrimidine derivatives are highly research motivated for showing their diverse
biological activities such as: cytotoxicity'V! antifungal'"* antibacterial**", antiviral"™V,
antimicrobial™™1" Besides the biological role of pyrimidine derivatives it have been
developed and used as chemotherapeutic agents*™>, It have been search as wide clinical
application as various resistant agents: infective®il  anti-insecticidal®>V, anti-
hypoglycemic, hyperglycemic®™V>Viil hypolipidemic and hyperlipidemic®™*I|n addition it
extends their usefulness activity as diureaticproperties® il Some pyrimidine derivatives
are highly potent drugs against anti-HIV**V**Vi and cancer detection™" and also remarkable
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as anticancer agents®™ViiXl Also metal pyrimidine derivatives complexes have numerous
biological activities. Heterocyclic azo compounds are well recognizes for their used in
tuberculosis*". The connection of -N=N- bond in between aryl/heteroary| substituted-amine
and pyrimidine derivatives leads to enhancing the biological activities of simple pyrimidine
derivatives. Also N-heterocycle i.e building unit of nucleic acid, pyrimidine, present in
synthesized azo compounds that may influence several physiological activities towards
different microorganism. Bioactivity of pyrimidine azo compounds relating in enormous anti-
bacterial, anti-cancer, anti-HIV and anti-fungal activities that are reported in literature. Thus
the azo pyrimidine compounds are one of the important classes in chemistry, so several studies
are needed and their metal complexes which are reported in journal literature.

SYNTHESIS OF PYRIMIDINE BASED AZO COMPOUNDS (1-72):

1. 5-(Phenyl/Pyrimidinil/o-Carboxyphenyl)-azo-pyrimidine-2,4,6-trione(1-3):

Synthesis of some pyrimidine / barbituric acid based azo compounds(1-3) (Scheme-1) and their
metal complexes produced about in usual and conventional methods. These azo compounds
are prepared, firstly diazotized salt by diazotization of 2-aminopyrimidine / anthranilic acid /
aniline in presence of freshly prepared HNO> medium then diazotized salt was coupling with
alkaline solution of barbituric acid to form azo compound. Cu(ll), Ni(Il) and Co(ll)-metal ions
form metal-complexes(Au-3, B1-3, &Ci-3) by the reaction of ethanolic solution of azo ligands(1-
3) stirring in microwave within few secondsi",

2. Synthesis of 5-aryl-azo-4,6-dihydroxy-pyrimidine(4-14):

The author reported the synthesis of some 5-aryl-azo-4,6-dihydroxypyrimidine compounds(4-
14), firstly diazotization process carried out by dissolving substituted aromatic amine in the
mixture of glacial acetic acid and propionic acid which react with nitrosyl sulfate at low
temperature. Then diazotized salt solutions are mixed with the alkaline solution (dil.NaOH) of
4,6-dihydroxypyrimidine at low temperature and produced crude azo-pyrimidine derivatives.
After that pure solid 5-aryl-azo-4,6-dihydroxy-pyrimidines are obtained by addition of 10%
HCI solution(pH=3-4) into the crude product'*. (Scheme-2)
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Scheme-2

3. Synthesis of 6-amino-5-(aryldiazenyl)-N*,N3-di-methyl-2-thioxo-pyrimidin-4-one(15-
26):

Synthesis of the  6-amino-5-(aryldiazenyl)-N*,N3-dimethyl-2-thioxo-pyrimidin-4-one
compounds(15-25) are happened by the coupling reaction of diazotized salt and pyrimidine
derivatives in ethanol (6-amino-N*,N3-dimethyl-2-thioxo-pyrimidin-4-one(i)) and the reaction
mixture kept for 15h at 0°-5°C temperature. Whereas diazotization reaction occurred by the
reaction of 4-substituted aniline with the NaNO: and dil.HCI at 0-5°C. Another azo
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compound(26) was synthesized by reaction of 6-amino-N!-methyl-2-thioxo-pyrimidin-4-
one(ii) with diazotized product of 4-sulfonylactamido-aniline in the presence of suitable
reagents mention previously. Platinum metal complexes(D1s,19,2021) has been synthesized by
refluxing the methanolic solution of above ligands(15,19,20,21) and PtCl> in 1:1 molar ratio.
Again ruthenium metal complex(Eis) is  synthesized by stirring the MeOH solution of
RuCls.3H20 and ligand(15) in 1:1 molar ratio'.(Scheme-3)

4. Synthesis of 5-(2/3/4-substitutedphenyldiazenyl)-2-thiooxo-dihy-dropyrimidine-4,6
(1H,3H)dione(27-38):

Diazotization of 2,3,4-substituted phenylamine has been done by simple reaction of substituted
aniline, NaNO and Con.HCI under cold temperature condition. Then pure and pyrimidine
characteristic compound of 5-(2/3/4-substitutedphenyldiazenyl)-2-thiooxodi-
hydropyrimidine-4 6-(1H 3H)di0ne are established."(Scheme-4)
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Scheme-3 Scheme-4

5. Synthesis of 5-[(3,4-Dimethoxy/Dichloro-phenyl)-hydrazono]-pyrimidine-2,4,6-trione
(39,40) and 5-[(3,4-Dimethoxy/Dichlorophenyl)-hydrazono]-2-thioxo-dihydro-pyrimidi-
ne-4,6-dione(41,42):

Oxo pyrimidine based azo compounds(39-42) is distinctly synthesized by the chemical reaction
of aniline with the aqueous solution of NaNO2 and HCI (10%). Then the diazonium salt is
mixed with constant stirring with the diethyl malonate in presence of 50% aqueous ethanolic
solution of sodium acetate. After that products of 2-[3,4-dimethoxy/dicholoro-phenyl)-
hydrazono]maloic acid, diethyl ester and sodium ethoxide solution mixture are poured into
urea / thiourea solution where the resulted mixture are heated under reflux condition for 4hrs.
Ultimately oxo-pyrimidine-azo compounds are formed by addition of water and HCI
solution."™V(39-42)(Scheme-5)

6. Synthesis of Pyrazolopyrimidine derivatives(43a,b-47a,b and 48b):

Various type of pyrazolo-pyrimidine derivatives are synthesized by the author in the following
steps where using different reagents as well as changing reaction path.

Synthesis of 2-[(4-fluoro/trifluoro-methyl)arylazo]malononitrile(2a,b): Aqueous solution of
NaNO; mixes with HCI solution of fluoro / trifluoromethyl aniline at low temperature to
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produce diazonium salt. Then the diazonium salt is added to a mixture of malononitrile, sodium
acetate and aqueous ethanol then a specific solid product of 2-arylazomalononitrile is obtained
by purification.

Synthesis of 4-aryl-azo-3,5-diaminopyrazole(3a,b): The mixture of ethanolic solution of 2-
aryl-azomalononitrile, hydrazine hydrate and pyridine is heated under reflux condition during
2hrs then solid product of 4-aryl-azo-3,5-diaminopyrazole is collected and purified."
Synthesis of 3,6-bis[(4-fluoro/trifluoro)phenylazo]-2,5,7-triamino-pyrazolo[1,5-a]pyrimidine
(43a,b): Sonicated the mixture of ethanolic solution of 4-aryl-azo-3,5-diaminopyrazole, 2-
arylazomalononitrile and pyridine at room temperature. After 1hr completion of reaction a
symmetrical compound is comes and then purified(43a,b).
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Synthesis of 6-[(4-trifluoromethyl/fluoro)phenylazo]-3-[(4-fluoro/trifluoromethyl)phenylazo -
2,5,7-triaminopyrazolo[1,5-a]pyrimidine(44a,b): Compound 3a,b and 2a,b in ethanol, and
pyrimidine are mixes and heated under microwave irradiation around 140°C. After 2min. the
whole reaction solution is cooled at room temperature and solid precipitate(44a,b) is collected
by purification.(Scheme-6)

Synthesis of N-butyl-4-{[2,5,7-triamino-3-(4-fluoro/trifluoromethyl)phenylazopyrazolo[1,5-
a]pyrimidine-6-yl]azo}benzenesulfonamide(45a,b): Mixes the ethanolic solution of 3a,b and
N-[4-(N-butylsulfamoyl)phenyl]carbonhydrazonoyldicyanide and are kept the whole mixture
under the microwave around 140°C for 5 minute. A solid compound(45a,b) is formed at the
end of the reaction after cooled and purification.

Synthesis of N-(4,6-Dimethylpyrimidin-2-yl)-4{[2,5,7-triamino-3-(4-fluoro/trifluoro-methyl-
phenylazo)pyrazolo[1,5-pyrimidin-6-yl]azo}benzenesulfonamide(46a,b): In this step whole
reaction has been occurred by mixing the ethanolic solution of 3a,b and N-{4-[N-4,6-di-
methyl-pyrimidin-2-yl]sulfamoyl]phenyl}carbonhydrazonyldicyanide compounds and kept
inside the microwave at 140°C for 3min. Then the solution mixture is cooled at normal
temperature and obtained pure compound after crystallization.
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Synthesis of 3-[(4-fluoro/trifluoromethylphenylazo]-6-[4-(pyrimidine-1-ylsulfomyl)phenyl-
azo0]2,5,7-triaminopyrazolo[1,5-a]pyrimidine(47a,b): Compound 3a,b and N-4-(piperidin-1-
ylsulfonyl)phenyl]carbohydrazonoyldicyanide mixed and it is added into a ethanolic solution
of pyridine and been heated the mixture around 140°C under microwave. A solid precipitate
is obtained after 3-7min. and then purified.

Synthesis of 6-(thiazol-2-yldiazenyl)-3-(4-(trifluoromethyl)phenyl-azo)-2,5,7-triaminopyraz-
olo[1,5-a]pyrimidine(48b): Compound 3,5-diamino-4-[4-(trifluoromethyl)phenylazo]1H-pyra
-zolo and compound N-(triazol-2-yl)carbonohydrazonoyldicyanide are well mixes together in
ethanol solution and then pyridine is added to it and last of all the solution mixture is to heated
under microwave at 140°C. After 8min., a solid precipitate is collected and purified*"'.
(Scheme-7)
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phenyl] carbon-hydrazonoyl dicyanide); iv)=N-(thiazol-2-yl)carbonohydrazonoyl dicyanide
Scheme-7
7. Synthesis of N-(1-(4-amino-phenyl)ethylidene)-4-(2-amino-3-(4-methoxyphenyl)diaze-
nyl)[1,5-a]pyrimidin-7-yl)benzeneamine(49):
Pyrimidine based azo ligand(L)(49) is prepared by as classical azo synthesis method. Metal
complexes are prepared by the reaction between ethanolic solution of ligand(L) and
corresponding metal salts in ethanol. [Ni(L).(2AcO)].H20, [Cu(L)(2Ac0)].2H20, [4Pd(L-
1H)24CI(2H20)], [Ag(NO3)(L)2].H20, [4Pt(L-H).2H20.4Cl] and [4Au(L-
1H)2(OH).5CI](Fa9).™ (Scheme-8)
8. Synthesis of 4-(3-choloro-2-(4-(dimethylamino/choloro/hydroxyl-3-methoxy/bromo/
nitro)phenyl)-4-oxoazitidine-1-yl)-N-(pyrimidine-2-yl)-3-(pyrimidine-2-yldiazenyl)benz-
enesulfonamide(50-54):
Synthesis of the B-lactam derivative of azo pyrimidine compound of {4-amino-N-(pyrimidine-
2-yl)-3-(pyrimidine-2-yl-diazenyl)benzenesulfonamide(azo)} is carried out by first,
diazotization of 2-aminopyrimidine with NaNO and HCI at 0-5°C temperature then diazotized
product is coupled with alkaline solution (5%NaOH) of sulfadiazine till the solution acidity
reaches to neutral. Then azo compound poured into substituted benzaldehyde in glacial acetic
acid medium and the solution mixture is reflux for 4hrs where azo compound form a Schiffbase
of {(4-(dimethylamino)benzylidineamino)-N-(pyrimidine-2-yl)-3-(pyrimi-
dineyldiazenyl)benzene-sulfonamide}. Schiff base with dioxane and triethyamine is added into
a chloroacetylchloride and the whole solution mixture is stirred during 6hrs. Then the reaction
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mixture is kept at room temperature for two days. After that the compound is transferred into
crushed ice to form B-Iactam derivative of azo pyrimidine compounds(50-54)."i(Scheme-9)
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9. Synthesis of 3-0xo-N-(4-(N-pyrimidin-2ylsulfamoyl)phenyl-2-(2-(thiazol-2-yl)/4-sulfa-
moylphenyl/4-(N-thiazol-2-ylsulfamoyl)phenyl/4-(N-pyrimidine-2-ylsulfamoyl)-phenyl
hydrazono)butanamide(55, 57, 58 and 62) and 2-(2-(1,5-Dimethyl-3-o0xo-2-phenyl-2,3-
dihydro-1H-pyrazol-4-yl)/benzo[d]thiazol-2-yl/1H-Imidazol-2-yl/(1H-Benzo[d]-imidazol
-2-yhhydrazono)-3-oxo-N-4-(N-pyrimidin-2-ylsulfamoyl)butanamide(56, 59, 60 and 61) :
This 3-0x0-N-(4-(N-pyrimidine-2yl-sulfamoyl)phenyl)butanamide, compound is produced by
the following steps of reactions. Firstly, reaction carried out between sulfonamide and ethyl-
acetoacetate in dry boiling xylene medium. Subsequently coupling of this sulfonamide
derivative with different hetero-aromatic diazonium salts: namely 2-amino-thiazole diazonium
salt, 4-aminoantipyrine  diazonium  salt, sulfanilamide diazonium salt and
sulfathiazolediazonium salt, 2-aminobenzthiazolediazonium salt, 2-aminoimidazole diazo-
nium salt, 2-aminobenzimidazole diazonium salt, in pyridine at 0-5°C create the corres-
ponding aryl/heteroaryl hydrazono derivatives(55-62)."" (Scheme-10)
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10. Synthesis of 6-choloro-5-(2-nitrophenyl/diazenyl)pyrimidine-2,4-diamine/4-nitro-
phenyl/p-tolyl/4-methoxyphenyl(63,64,65&67), (N-(4-((2,4-diamino-6-choloropyrimidine
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-5-yl)diazenyl)phenyl)acetamide(66) and 5-(4-nitrophenyl/4-methyoxyphenyl/2-nitro-
phenyl/p-tolyl-diazenyl)pyrimidine-2,4,6-triamine(68-72):

Synthesized methods of pyrimidine azo derivatives (63-67 & 68-72) have normally described
in literature"™. Where diazonium salt is to coupled with substituted phenyl-2,4,6-
triaminopyrimidine or 2,6-diamino-4-chloropyrimidine in DMF to form pyrimidine based azo
compounds.” (Scheme-11)
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iii)R,=-H; R;=NHCOCH; (68)/-CH (69)/-NO,(70)/-OCH3(71);Rs=NH, iv)R,=-NO, ;R, =H; Ry= NH, (72)

Scheme-11

BIOLOGICAL ACTIVITIES SURVEY OF PYRIMIDINE BASED AZO
COMPOUNDS(1-72):

A. Antibacterial activities of different azo-pyrimidine derivatives:

Antibacterial evaluation of Ai-3, Bi-3 and Ci-scompound: Metal-complexes(Ai-3, B1-3 & Ci-3)
containing pyrimidine-azo ligand that posses good antibacterial activities"'. All these
complex compounds shows moderate to strong zone inhibition activities against the Bacillus
Subtilis(BS) bacterial strain. Since azo-oxo-pyrimidine enhances their electron affinity due to
the acidic character of metal-ion hence their interaction with the bacterial strain can easily
happened. Among the nine metal complexes three Ni-metal complexes(B1-3) shows highest
zone inhibition effect (28.0mm, 34.0mm, 31.0mm respectively) on the bacterial strains of BS.
Where as Co-metal complexes (Ci-3) exhibit little bit lowest activity(30.0mm, 25.0mm,
29.0mm) compare to Ni-complex(Bz1-3).

Antibacterial activity of 4-14 compounds: Antibacterial activity studied of pyrimidine azo
compounds (4-14) on four bacterial strain (viz; Salmonella Typhimurium(ST), Micrococcus
Luteus(ML), BS and Pseudomonas Aeruginosa(PA)) under the broth culture in incubated in
time 18hrs. and at 37°C temperature. EXxistence of highest electronegative element, fluorine
that act as electron with-drawing group present at benzene ring which motivate the 5-(4-
fluorophenyl)-azo-4,6-dihydroxypyrimidine compound(9), gives better inhibition result
against four bacterial strain among the all compounds (4-14) and these inhibition effects are
ST- 30mm, ML- 16mm, BS- 13mm and PS- 17mm."™

Antibacterial screen of 15-26, D15, 19, 20, 21&E1scompounds: All the azo-pyrimidine compounds
(ligands: 15-26 & complexes: D1s,19,2021 & Eas) are examined antibacterial activity by the disc
diffusion method in the presence of two bacterial strain such as Staphylococcus Aureus(SA)
and Escherichia Coli (EC)*™. Proposal concentrations of these azo samples in DMSO solvent
are 100pg/ml, 200ug/ml, 300pg/ml, 500pg/ml. Presence of Sulfonamide group in phenyl ring
increases electron with drawing property in the compound 24 gives the most inhibition activity
(12-13mm &16mm) against two bacteria SA & EC where the concentration of the tested
samples had 100ug/ml. This value also reported and compared with the standard drug
sulfamerazine.'

Antibacterial activity of the compound 27-38: The results of antibacterial activities of the
synthesized compounds(27-38) against bacterial pathogens (EC, Se, ST, SP, Sf1, Sf2, PA,VC,
KP, Ml, BC, SM, PC, BS, PA(f1), Sares, ECres) revealed that the compounds 28, 31, 32, 33, 34,
35 and 38 exhibited significant inhibitory activities against majority of the pathogens when
compared to the standard reference antibiotic. The zone inhibitory effect of the tested
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compounds against bacterial strain may be attributed to the presence of electron withdrawing
group as 4-nitropheny-1,4-(1,3-dimethyl-2-phenyl-3-oxopyrazolyl)-3-nitro- phenyl and 2-
methyl-phenyl-substituent in C-5 position which are attached in 2-thio-azo-barbituric acid.
However other compounds 27, 30, 36 and 37 showed moderately inhibition against towards
previously referred test pathogens in comparison with the standard antibiotics (Gentamycin,
Ciprofloxacin and Chloroamphonicol). Synthesized one compound, 5-(4-bromo-3-
methylphenyl)diazenyl]-2-thiobarbituric acid gives the largest zone of inhibition
effect(26.6+1.0mm) against the PC bacteria(test sample conc. 7.8ug/ml) whereas the value of
standard reference antibiotic such as MIC shows 19.52ug/ml. Another compound, 5-[(4-
nitrophenyl)diazenyl]-2-thiobarbituric acid can gives the strong zone of inhibition effect
(24.2+1.6mm and 22.3+1.3 mm) against S. flexneri and B. circulans bacterial strain
respectively. Because the presence of electron pulling group at the phenyl ring centers in these
compounds as nitro/bromo, help to exhibit stronger antibacterial activities.""

Antibacterial evaluation of the compound 39-42: Four synthesized compound(39-42) and their
studies of antibacterial activities against different bacterial strain, viz: ST, PS, EC, BS, Surcina
Lutea(SL), SA, Enterococccus Facealis(EF) are highlighted here. Again good inhibition
activities of compound 42 against four gram positive microorganism (like; SL, SA, BS, EF)
and one gram negative microorganism(like; PA) can explained the presence of thioxo group
which is worked as electron pulling. Now it has been observed that among these four
compounds, only compound 40 showed better zone of inhibition activity against gram positive
microorganism(like; SL and BS)."v

Antibacterial activity of compound 43a,b-47a,b & 48b: Another five synthesized compounds
(43a,b-47a,b & 48b) and their antimicrobial evaluation has been done on the six bacterial
strain. Whereas three gram-positive bacteria (SA, BS and Stephylococccus Mutants(SM)) and
the three gram negative bacteria is taken (EF, Proteus vulgaris(PV) and EC) as tested bacteria.
Compound 46b demonstrated more potent significantly activities against tested EF and PV
bacteria that show an inhibition zone diameter between 25mm & 40mm. One more compound
46a gives mild inhibition activity against on the three gram positive bacteria shows zone of
inbitions like 18mm, 12mm & 9mm against SA, BS, SM bacteria respectively and also find
out zone of inhibition against on three gram negative bacteria (EF, PV, EC) and their obtained
results are 13mm, 9mm & 11mm respectively. All these fact can be chemically rationalize by
the presence of electron dragging group at the phenyl ring and also possess sulfamoyl phenyl
moiety in pyazole-azo-pyrimidine derivatives(46a,b) gives the higher activity compare to
compounds 43a,b & 44b where exhibited low antibacterial activity on EC(10mm), BS(8mm)
SA(10mm) respectively due to their absence of such group. The author also compared all these
values with the standard antibiotic drugs like Gentamycin and Ketoconazole.X"!

B. Antifungal activities of azo pyrimidine compounds:

Antifungal activity of compound Az-3, B1-3 and Cu-3: It has been study of antifungal activities
of three pyrimidine azo ligands(1-3) and their metal(Cu, Ni and Co) complexes (A1-3, B1-3 and
Ci-3) against Aspergillus Niger fungus up to minimum concentration limit 25.0mg/ml, which
exhibited positive results. But with lowering the concentrations of the tested samples only Ni-
complexes with the ligands(Ci-3) give positive values  but other Cu and Co metals
complexes(As, B3 and Cs) also give positive result. It has been chemically observed that here
ligand(1-3) contains larger number of N-atom with higher electronegative around it which
enhances the interaction with the fungus in the metal-complexes. XV

Antifungal activity of compound 43a,b — 47a,b&48b: It is observed from the article®”' that the
antifungal (Aspergillus fumigates, Aspergillus flavus and Candida albicans) activities of eleven
compounds(43a,b-47a,b & 48b) on the three fungal strain gives the zone of inhibition and
these data are compared with the standard Ketoconazole antibiotic where concentration limit
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is up to the 15pg/ml. Analysis of the antifungal activities, it is noticed here that the compound
46b shows moderate inhibition effect on the above three fungal strains among those eleven
compounds and these results are 20mm, 17mm, and 15mm.

C. Anti-HIV activities of azo-pyrimidine compounds (15-26 & D15,19,2021 & E1s):
Synthesized compounds(15-26) and their metal-complexes(D1s,19,20,21&E15) are tested based on
MTT assay for their studies of anti-HIV-1(strain 11I1B) and anti-HIV-2(strain ROD) activity of
human T-lymphocyte (MT-4) cells™. These results also comparable with the two standard
drugs Nevirapine (BOE/BIRG587)! and Azidothymidine (DDN/AZT)™. Compounds 24 and
Disare found to be the only compounds from the total of these compounds which are inhibiting
HIV-1 & HIV-2 replication in cell culture that showed an ICso values are greater than
2.07ug/ml and also more than 3.02ug/ml. But the compounds 20, 23, 25 and Eis exhibited
moderate activity against both virus types where their 1Cso values each the following
9.56pg/ml, 8.11pg/ml, 5.23ug/ml, 8.06pg/ml and 10.01pg/ml respectively are greater than such
these value. Sulfadiazine/ sulfamerazine or sulfamethazine incorporated at the C-5 of the
pyrimidine of azo derivatives are the backbone that shows anti-HIV activity. In addition, the
coordinated Pt(Il) with the carbonyl oxygen (C-4) and nitrogen (C-5)that come from the azo
pyrimidine derivatives i.e compound D1s improves the anti-HIV activity as well. Therefore, in
these both compounds (24 and D1s) should be use as new anti-HIV agents by further structural
modification and pharmacological evaluation as per the author concept'. Author also studies a
computational molecular modeling analysis with the compound 24 for knowing their mode
with the HIV-RT binding pocket(NIBP) (PDB code: IDTTXV). The SyByL-X1.1 software is
used and the results are visualized with PYMOL™ which revealed a selective interaction with
the amino acids of the RT-HIV enzyme and aromatic ring of the sulfonamide group of 24 fitted
into an aromatic rich pocket surrounded by the aromatic side chains of Tyrl79 that form a
hydrogen bond between the hydroxyl group of Tyrl179 and the nitrogen atom of the azo group
is observe. Overall, the binding of ASN-130 with HIV-RT is the chemical combination of
hydrophobic and n-stacking interaction.

D. Anti-Cancer activities of azo pyrimidine compounds:

Anticancer activity of compounds 43b, 46b, 47b and 48b: The antitumor activity of the
Pyrimidine azo derivatives are studies against on three human cancer cell-lines (breast
adenocarcinoma(MCF), hepatocelluler carcinoma(HePG2) and human colon carcinoma (HCT-
116)) is to possessive. The ICso values among the tested compounds only 43b & 47b exhibited
the most potent cytotoxic profile on cancer cells (MCF-7, HePG2 and HCT-116) with 1Cso
values ranging from 0.3pg/ml to 3.4pug/ml. But compound 43b is most highly common
effective among all of them on all types of cancer cells.

Compounds 46b and 48b have demonstrated significant effect on MCF-7 & HePG2 cells
respectively with ICso values ranging from 2.7ug to 9.8ug. Here the activity of 46b compound
gives significantly more when study on HCT-116 having ICso is 1.2ug & 2.4pg. Furthermore,
the compounds 43a and 45a shows moderate effects on cancer cells when 1Cso values ranging
from 6.7ug to 12.9ug, whereas the compound 43a was the most significant on HePG2 cells
with ICsgp of 4.9ug. This is established from the all experimental results that the
anticancer(MCF-7: 0.3+£0.01, HePG2: 0.6+ 0.02, HCT: 0.4£0.02) activity of 43b compound
and others compounds is be comparable with the standard doxorubicin drug(MCF-7: 1.2 £0.2
, HepG2: 0.9+£0.3, HCT: 1.6£0.2) .

Anticancer activity of compound Fao: The azo dye compounds might have promising potential
anticancer applications, since such ligand can lead to possible alternative modes of cytotoxic
action such as intercalative DNA lesion'' square planar metal complexes with aromatic
ligandsbind to DNA by intercalation'’. Among all of the six metal-complexes only the gold
complex(Fag) shows moderate cytotoxicity activity against MCF-7 human tumor cell lines™,
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The reported result in ICsp value for 48ug/ml is comparison with the cytotoxicity of cisplatin
which act as standard antitumor drug that are evaluated 1Csp is 0.426pug/ml under the same
conditions. Most of the soluble compounds having hydrophilic part as depicted in the complex
have noticeable cytotoxicity activity. The activity of the gold complex could be explained by
its greater solubility and lipophilicity of pyrimidine derivatives. The lipophilicity increases
with increasing bulkiness and may facilitate transport through the cellular membrane™Vi,
Anticancer activity of compound 50-54: The anticancer action of the pyrimidine-azo-derivative
(50-54) in vitro is resolute against a human breast MCF-7 cancer line using MTT cell feasibility
assay. In general the outcome of the pyrimidine-azo compound present better anticancer
potentiality (ICsp = 2.90uM) on an after 72hrs of culture study. In this case, the toxicity result
for  4-(3-chloro-2-(4-(dimethylamino)phenyl)-4-oxoazitridine-1-yl)-N-(pyrimi-dine-2-yl)-3-
pyrimidine-2-yldiazenylbenzenesulfonamide increases with rise in concentration level. The
author is also reported the half cell lethal concentration i.e 1Cso = 2.9uM which kill the half
number of cancer cell and it will be totally lethal with increase concentration, where for normal
(ICs0) embryonic cells is 9.59uM. This means that the compound is likely to be killed the cancer
cell without affecting the normal cells when used it as lethal concentration for half cellV''. The
use of N-heterocyclic compounds as pyrimidine azo has a noteworthy role in the treatment of
cancer and its taking away strategy™. Heterocycles are generally used as blended materials on
which pharmaceuticals company are coordinated to give effective and diverse drugs. This is
preferably used for five member-ring heterocyclic compounds™ which served as the core
components of a huge number of compounds that have a broad motivating range in biological
aCtiOI']IXXi'lxxn.

Anticancer activity of compound 55-62: In this section azo-pyrimidine compounds are
elucidated and screened in vitro for prevention of the growth of HePG2(human hepatocellular
liver carcinoma cell lines), W138(human lung fibroblasts), VERO(cell line was initiated from
the kidney of a normal adult African green monkey) and MCF-7(breast cancer cell lines) are
compared with the uses of known anticancer drug 5-flurouracil (5-Fu) and as a trial the result
is to more potent with lower toxicity.VThe in vitro elucidation of only 61 compound give
strong action against two various cell lines among the other azo-pyrimidine-sulfonamide
derivatives(55-62). Another compound, 63, shows similar effect as former which contain long
n-conjugation system joined by thiazole-pyrimidine rings, in addition the presence of azo-
functional groups and benzene ring. These outcomes demonstrate that variable molecular
structure and orientation could enhance the observed antitumor action against the four
examined cancer cells.

E. Mushroom tyrosine inhibition assay(1Cso) of azo pyrimidine compounds(63-67&68-
72):

Tyrosine is examined in the presence of synthesized product using formerly described
procedure with some alteration™" In this case all compounds are evaluated for their inhibitory
effect on tyrosinase activity according to the procedure mentioned in the materials and methods
section and kojic acid is used as the reference inhibitor. The outcome indicated the percent of
inhibition in all compounds as compared to kojic acid compounds that exposed the most potent
inhibitory effects on the mushroom tyrosinase activity with 1Cso values of 24.45uM and
24.69uM, respectively (Ref. = 25.24uM). The lowest inhibitory activity of compound 71 on
mushroom tyrosinase among the other synthetic compounds gives ICso = 43.80uM. All
synthetic compounds(63-67 & 68-72) are capable to inhibition effect on mushroom tyrosinase
dependent on the concentration level. From the data analysis of inhibitory activity it is shown
that the presence of -Cl group at the Rz position have more effect than the presence of an -NH>
group at the same position. The compounds of 66 & 64 are possessing -NHCOCHS3 and -NO>
groups respectively at the Rz position and —CI group at Rs position have shown more potent
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inhibitory effect of mushroom tyrosinase than the other compounds. In this situation 1Cso
values are slightly better than the reference compounds.

CONCLUSION:

Most of the drugs belong into the heterocyclic family. This review article is the unique wall-
frame picture where maximum numbers of biologically active azo-pyrimidine potential
compounds are incorporated in it. Pharmaceutically important synthetic organic compounds
are day to day developed for high demand in drug industry. Here, review of all the pyrimidine
azo-compound it enlighten higher biological activities in the presence of S-atom into the
pyrimidine moiety whereas it decreases to some extent their biological activity in the absence
of such S-atom in pyrimidine azo derivatives. Again, overall observation shows that lowering
the carbon atom and addition of more hetro-atom into heterocyclic ring that increase their
hydrophilic nature which reveals to their activity towards biological molecules. This article
arranged the maximum number of tinted azo-pyrimidine derivative as their biological
motivation that can help to next generation researcher for further developing of new drugs as
nitrogen based heterocyclic compounds.

REFERENCES:

i. Dansena, H.; Dhongada H.J.; Chandrakar, K.;“Pharmacological potentials of
pyrimidinederivative”: A review; Asian Journal of Pharmaceutical and clinical research;
2015, 8, 171-178.

ii. Baluga, S.; Hirapara, A.; Lava, D.; Physicochemical properties of some properties of
some pyrimidine derivatives in some organic solvents; Journal of Anal. Pharm. Res.;
2018, 7, 540-46.

iii. Patil B. S.; Biological and medicinal significance of pyrimidines: A review; Int. J.
pharm. Sc. and Res.; 2018, 9, 44-52.

iv. Jain, K. S.; Chitre, T. S.; Miniyor, P. B.; Kathiraran, M. K.; Bendre, V. S.; Veer, V. S.;
Shahane, S. R.; Shishoo, C. J.; “Biological and medical significance of pyrimidine”;
Current Science.; 2006, 90, 793-803.

v. Saminaji, T. S. Ali A.; Aijubouri, F.; “Synthesis, characterization and cytotoxic activity
of some pyrimidine derivatives”; Journal of Al-Naharain University Sec.; 2013, 16, 84-
92.

vi. Saddik, A. A.; El-Dean, A. M. K.; Elsokary, G. A.; Abbady, K. M. H. M. S.; Ismail, I.
A.; Saber, A. S.; “Synthesis and cytotoxicity of some theino[2,3-d] pyrimidine
derivatives”; Journal of Chin. Chem. Soc.;2016, 64, 87-93.

vii. Wei, L.; Malhotra, V. S.; “Synthesis and cytotoxicity evaluation of novel pyrido[3,4-
d]pyrimidine derivatives as potential anticancer agents”; Med. Chem. Comm.; 2012, 3,
1250-1257.

viii. Sun L.; Wa, J.; Zhang, L.; Luo, M.; Sun, D.; “Synthesis and anti-fungal activities of
some novel pyrimidine derivatives”; Molecules;2011, 16, 5618-5628.

iX. Maddila, S.; Gorle, S.; Seshdri, N.; Lavanya, P.; Jonnalagadda, S. B.; “Synthesis, anti-
bacterial and anti-fungal activity of novel benzothiazole pyrimidine derivatives”; Arab.
Journal of Chem.;2016, 9, 681-687.

x. Cieplik, J.; Stolarazyk, M.; Planta, J.; Gubrynowicz, O.; Bryndal, I.; Lis, T,
Mikulenwicz M.;“Synthesis and antibacterial properties of pyrimidine derivatives”;
Acta. Pol. Pharma.;2015, 72, 53-64.

xi. Ingarsal, N.; Saravanan, G.; Amutha, P.; Nagarajan, S.; “Synthesis, An-vitro
antibacterial and antifungal evaluations of 2-amino-4-(1-naphthyl)-6-arylpyrimidines”;
Eur. Journal of Med. Chem.;2007, 42, 517-520.

721



Xil.

Xiil.

XiVv.

XV.

XVI.

XVii.

XViil.

XiX.

XX.

XXi.

XXil.

XXiii.

XXIV.

XXV,
XXVI.

XXVil.

722

T. Mathuret al. / Heterocyclic Letters Vol. 11| No.4|711-726|August-October|2021

Zayda, M. Ge.; Abdel-Rahman, A. A.-H.; EL- Essawy, F. A.;“Synthesis and anti-
bacterial activities of different five membered heterocyclic rings incorporated with
pyridothieno-pyrimidine”; ACS Omega;2020, 5, 6163-6168.

Mahmoud, M. M.; EL-Sayed, R. N. A.; Abdel-Rahman, E. H. A. A.-H.; “Synthesis and
antiviral activity of new substituted pyrimidine glycosides’; Journal of Heter.
Chem.;2011, 48, 1028-1038.

Kumar, S.; Deep, A.; Balasubramanian, N.; “A review on synthesis, anticancer and anti-
viral potentials of pyrimidine derivatives”; Current Bioactive Compounds; Curr.
Bioactive Comp.;2019, 15, 289-303.

Ahmed, H. S.; Magdi. E. Z.; Eman, M. H. M.; Faiza, M. A. M.; Faroul M. E. A. M.;
“Synthesis of pyrazolo[4’,3”,5,6]pyrano[2,4-d]pyrimidine derivatives of anti-viral
evaluation’; Arch. der pharma.;2007, 340, 236-243.

Ahmed, M. F.; Hebat-Allah, S. A.; Ahmed, E. H.; Shati, Ali A.; Alfaifi, M. Y_;
Elbehairi, S. E. I.; “Synthesis, Invitro Antimicrobial and cytotoxic activities of some
new pyrazolo[1,5-a]pyrimidine derivatives”; Molecules;2019, 24, 1080-1100.
Mallikajuna Swamy, C.; Mallesha, L.; Bhadregowa, D. G.; Pinto, O.; “Studies on
synthesis of pyrimidine derivatives and their antimicrobial activity”; Arab. Journal of
Chem.;2017, 10, S484-S490.

Youssef, A. M. S.; Foude, A. M.; Faty, R. M.; “Microwave assisted synthesis of some
new thiazolopyrimidine and pyrimidothiazolo-pyrimidopyrimidine derivatives with
potential antimicrobial activity”’; Chem. Central Journal; 2018, 12, 419-430.

Liu, Yi-min.; Chen, Chun-H.; Yeh, T. -K. Liou, J. —P.; “Synthesis and evaluation of
novel 7H-pyrrole-[2,3-d]pyrimidine derivatives as potential anticancer agents”; Future
Med. Chem.;2019, 11, 959-974.

Maring, J. G.; Groen, H. J. M.; Vries, de E. G. E.; “Genetic factors influencing
pyrimidine-antagonist chemotherapy”; The pharmacogenomics Journal;2005, 5, 226-
243.

Awad, S. M.; Fathalla, O. A.; Mohamed, S. M.; “Synthesis of new pyrimidine
derivatives and their antiproliferative activity against selected human cancer cell lines”;
Res. Chem. Intermediate; 2015, 41, 1789-1801.

Kidwai, M.; Saxena, S.; Rastogi, S.; Venkataramanan, R.; “Pyrimidine as anti-infective
agents”; Current medicinal chemistry anti-infective agents; 2003, 2, 269-286.

Sharma, M.; Chaturvedi, V.; Manju, Y. K.; Bhatnagar, S.; Srivastava, K.; Puri, Sk.;
Chauhan, P. M.;*Substituted quinolinyl chalcones and quinolinyl pyrimidines as a new
class of anti-infective agents”; European journal medicinal chemistry; 2008, 44, 2081-
2091.

Liu, X.-H.; Wang, Q.; Sun, Z. —H.; Wedge, E. D. Beenel, J. J.; Estep, S. A.; Tan, -X. C.;
Weng, J.-A.; Synthesis and insecticidal activity of novel pyrimidine derivatives
containing urea pharmacophore against Aeder aegypti; Pest management science; Pest
Management Sc.;2017, 73, 953-959.

Wood, W. W.; Fleming, L.; Cuccia, J. S. Patent-U.S.6306866B1; 1998.

Begum, F.; Ahmed, O.; Salahuddin, Md. Fatima, N.;“Synthesis, characterization and
antihyperglycemic activity of novel pyrimidine derivatives; Indo american journal of
pharmaceutical research;2014, 4, 5501.

Lee, N. H.; Kim, Y. B.; Ahn, B. J.; Kang, K. S.; Lee, H. J.; Shin, S. J.; Ahn, K. S.; Lee,
J. S.; Yoon, S. S.; “Molecular design, synthesis and hypoglycemic and hypolipidemic
activities of novel pyrimidine derivatives having thiazolidine.”; European journal of
medicinal chemistry; 2005, 40, 862-874.



XXVili.

XXIX.

XXX.

XXXI.

XXXil.

XXXiili.

XXXIV.

XXXV.

XXXVI.

XXXVil.

XXXViii.

XXXIX.

xl.

xli.

xlii.

T. Mathuret al. / Heterocyclic Letters Vol. 11| No.4|711-726|August-October|2021

Bhosle, M. R.; Deshmukh, A. R.; Pal, S.; Srivastava, A. K.; Mane, R. A.; “Synthesis of
new thiazolyl methoxyphenyl pyrimidines and antihyperglycemic evaluation of the
pyrimidines”; Bioorganic and medicinal chemistry letters;2015, 25, 2442-2446.
khedkar, A. S.;Puti, P.;“Synthesis,characterization and antihyperlipidemic activity of
novel condensed pyrazolo[3,4-d]pyrimidine derivatives; Der pharma chemical;2014, 6,
214-222.

Kathiravan, K. M.; Shishoo, J.C.; Kumar, G. K.; Roy, K. S.; Mahadik, R. K.; Kadam, S.
S.; Jain, S. K.;“Synthesis and antihyperlipidemic activity of some novel condensed 2-
chloroallyl-4-chloro/hydroxyl-5,6-disubstitutedpyrimidines”;Arzneimittelforschung
;2007, 57, 599-606.

Hall, H. I.; Burnham, S. B.; Elkins, A.; Stood, A.; Powell, W.; Tomasz, J.; and
Spielvogel, F. B.;“Boronated pyrimidine and purines as cytonic, hypolipidemic and anti-
inflammatory agents; Metal-based drugs;1996, 3, 155-60.

Majeed, J.; Shaharyar, M.;“Synthesis and in-vivo diuretic activity of some novel
pyrimidine derivatives”; J.Enzyme Inhib Med. Chem.; 2011, 26, 819-26.

Harlie, A. P. Jr., Richard, D. G.; William, P. P.; Ronald, K. B.; Roy, F. S.; and Harold,
D. W. “Synthesis and diuretic activity of 1,2-dihydro-2-(3-pyridyl)-3H-pyrido[2,3-
d]pyrimidine-4-one and related compounds; Journal of medicinal chemistry; 1982, 25,
98-'102.

Kang, D.; Zhao, T.; Wang, Z.;“Discovery of piperidine substituted thiazolo[5,4-
d]pyrimidine derivatives as potent and orally bio-available HIV-1 non-nucleoside
reverse transcriptase inhibitors; Commun. Chem.;2019, 2, 174-78.

Kang, D.; Ding, X.; Wug, Huo Z.; Zhou, Z.; Zhao, T.; Feng, D.; Wang, Z.; Tiomy
Daelemans, D.; De Clercq, E.; Pannecouque, C.; Zhan, P.; Liu, X.;“Discovery of
thiophene[3,2-d]pyrimidine derivatives as potent HIV-1 NNRTIS Targeting the tolerant
region | of NNIBP; ACS medicinal chemistry letters;2017, 8, 1188-1193.

Al-Salihi, M. N. J. Y.; Al-Masoudi, N.; “Synthesis, anti-HIV activity and molecular
modeling study of some new pyrimidine analogues”; European journal of chemistry;
2014, 5, 588-594.

Wang, D.; Fang, Y.; Wang, H.; Xu, X.; Liu, J.; and Zhang, H.; “Synthesis and evaluation
of novelF-18-labeled pyrimidine derivatives; Potrntial FAK inhibitors and PET imaging
agents for cancer detection”; RSC Advances; 2017, 7, 22388-22399.

Mostafa, M. G. and Mansour, S. A.;“Anticancer activity of some novel thieno[2,3-
d]pyrimidine derivatives; Biomedical Research; 2016, 27, 110-115.

Mohamed, A. M.; EI-Sayed, W. A.; A-Isharari, M. A.; Al-Qalawi, H. R.; Germoush, M.
O.;“Anticancer activities of some newly synthesized pyrazole and pyrimidine
derivatives; Archives of pharmacal Research; 2013, 36, 1055-65.

Ahmed, M, N.; Youns, M.; Solten, K. M.; and Said, M. A.;*Design, synthesis, molecular
modeling and biological evaluation of novel substituted pyrimidine derivatives as
potential anticancer agents for hepatocellular carcinoma; Journal of enzyme inhibition
and medicinal chemistry; 2019, 34, 1110-1120.

Hameed, S.; Saleem, S.; Sankargnesh, M.; Paul, R.; Adwin, J.; Kaunganathan, S.; Liviu,
M. and Jeyaray, D. R.; Biologically active Cu(ll), Co(ll),, Zn(Il) and Ni(ll) complexes
of pyrimidine derivatives schieff base: DNA binding, Antioxidant, Antibacterial and In
vitro anti-cancer studies; Journal of Fluorescence;2017, 27, 1801-1814.

Zarrin, G.; Sajjad, A.; Roya, S.; Hossein, S. K.;*“Synthesis of azo dyes possessing N-
heterocycles evaluation of their anticancer and antibacterial properties”’; Monatsh Chem;
2018, 149, 149-157.

723



xliii.

xliv.

Xlv.

xlvi.

xlvii.

xlviii.

xlix.

liv.

Ivi.

Ivii.

724

T. Mathuret al. / Heterocyclic Letters Vol. 11| No.4|711-726|August-October|2021

Tamokou, J.-de- D.; Tsemeugne, J.; Fondjo, S. E.; Sarkar, P.; Kniate, J. —R.; Djintchui,
N. A.; Sondengam, L. B.; and Bag, K. P.; Antibacterial and cytotoxic activities and SAR
of some azo compounds containing thiophene backbone; Pharmacologia;2016, 7, 182-
102.

Slassi, S.; Fix-Tailler, A.; Larcher, G.; Amine, A.; Krim, A.; Ghayoury, L.- E;
Imidazole and azo-based Schiff-bases ligands as highly active antifungal and anti-
oxidant compounds; Heteroatom Chemistry; 2019, 2019, 1-8.

Sharma, S.; Kaur, J.; Kaur, S.; Sharma, P.; “Synthesis, antibacterial and anti-fungal
activities of some new azo anils containing pyrazole moiety”; Indian Journal of
Chemistry;2014, 53B, 227-237.

Moustafa A. G.; Hadeer, F. E.; Margret, M. G.; Moged, A. B.; “Synthesis and antitumor
evaluation of thiophene based azo dyes incorporating pyrazolone moiety; Journal of
Saudi Chem. Soc.;2016, 20, 151-157.

Matada, N. M.; Jathi, K.; Rangappa, M. M.; Geffry, K.; Ravikumar, S.; Nagarajappa,,
B. R.; Zahara, N. F.; “A new sulphur containing heterocycles having azo linkage:
Synthesis, structural characterization and biological evaluation”; Journal of King Sand
University Science;2020, 32, 3313-3320.

Ehsan, S.; Ishfag, A.; Khan, B.; Saghir, T.; Ghafoor, S.; “Convevtional and microwave
assisted synthesis and antimicrobial evaluation of pyrimidine azo compounds”; Intern.
Journal of Sc. and Res.;2014, 3, 368-373.

Yazdanbakhsh, R. M.; Yousefi, H.; Mamaghani, M.; Moradi, O. E.; Rossa, M.;
Pouramir, H.; Bagheri, M.;“Synthesis spectral characterization and antimicrobial
activity of some new azo dyes derived from 4,6-dihydroxypyrimidine”; Journal of
molecular liquids; 2012, 169, 21-26.

. Nazim, A. Al-M.; Azhar, A.; and Mohammed, J. B. Al-A.; “Synthesis biological activity

and modeling study of some thiopyrimidine derivatives and their platinum(ll) and
ruthenium(I1I) metal complexes™;Zeitschrift fir Naturforschung B, 2015, 70, 343-353.

i. Sahoo, J.; Sahoo, S. and Kumar, S. P.; “Synthesis,characterization and solvatochromic

effect of some azo based 2-thioxopyrimidine-4,6-dione analogues and their
antimicrobial evaluation”; Asian journal of chemistry; 2015, 27, 4145-4152.

Etman, H. A.; Sadek, M. G.; Khalil, A. G. M.;*“Synthesis of some new heterocyclic
derivatives from 3-amino-5-hydrazinopyrazole dihydrochloride”; Res.J.Pharm. Biol.
Chem.Sci.2015, 6, 247-254.

Kalluraya, B.; Islior, A. M.; Frank, P.V.; Jagadeesha, R. L.;“Synthesis and
pharmacological activity  of4-(substituted)-2-[4-aryl-hydrazono-3-methyl5-0xo0-2-
pyrazolin-1yl]-thiazoles”; Indian journal of heterocyclic chemistry;2004, 13, 245-248.
Abdelgaward, A. M.;“Synthesis and antibacterial evaluation of new azo-pyrimidine
derivative”; Journal of applied pharmaceutical science; 2019, 9, 9-16.

. Aggarwal, R.; Gupta, V. K. G. K.; Kumar, V.; “Synthesis of some new 3,5-diamino-4-

(4’-fluorophenylazo)-1-aryl/heteroaryl-pyrazoles as antimicrobial agents”; Med. Chem..
Res.;2013, 22, 3566-3574.

Hassan, Ali M.; Heakal, H. B.; Kehela, M. T.; Fouad, A. O.; and Eldin M. A.;*“Synthesis,
characterization and inhibitory activity against breast carcinoma cells of a new azo
ligand and its metal complexes”; 2016, 8, 771-82.

Khadur, A. R.; and Zimam, H. E.; “Synthesis and characterization of some new [-lactam
derivatives from azo sulphadiazine and its Biological evaluations anticancer’; Oriental
Journal of Chemistry;2018, 34, 371-380.



Iviii.

lix.

Ixi.

Ixii.

Ixiii.

IXiv.

Ixv.

Ixvi.

Ixvii.

Ixviii.

IXix.

Ixx.

IXxi.

Ixxii.

T. Mathuret al. / Heterocyclic Letters Vol. 11| No.4|711-726|August-October|2021

EL-Hadidya, A. S.; Abu-Melhab, S.; “Some studies in sulfadiazine incorporating
pyridine, pyrimidine, oxadiazole and azo moieties endowed with pharmaceutical
potency”; Acta Chim. Solv.; 2020, 67, 167-178.
Mohammadi, M.; Ghafoori, H.; Ghalami-Choobar.; B.; Rohinejad, R.;“Synthesis,
solvatochromic properties and biological evaluation of some novel azo-hydrazone
tautomeric dyes.” J Mol Liq.; 2014, 198, 44-50.

. Mirmortazavi, S. S.; Mahdieh, F.; Hossein, G.; Asadollah, M.; Mostofa, S.; Evaluation

of novel pyrimidine derivatives as a new class of mushroom tyrosinase inhibitor”’; Drug,
Design, Development and therapy; 2019, 13, 2169-2178.

Antonarkis, M. E.; Emadi, A.; “Ruthenium-based chemotherapeutics: are they ready for
prime time?”; Cancer Chemother Pharmacol;2010, 66, 1-9.

Pauwels, R.; Balzarini, J.; Baba, M.; Snoeck, R.; Schols, D.; Herdewijn, P.; Desmyter,
J.; De Clercq, E.; “Rapid and automated tetrazolium-based colorimetric assay for the
detection of anti-HIV compounds”; J. Virol. Methods;1988, 20, 309-321.

Hargrave, D. K.; Proudfoot, R. J.; Grozinger, G. K.; Cullen, E.; Kapadia, R. S.; Patel, R.
U.; Fuchs, U. V.; Mauldin, C. S.; Vitous, J.; Behnke, L. M.; Klunder, M. J.; Pal, K.;
Skiles, W. J.; McNeil, W. D.; Rose, M. J.; Chow, C. G.; Skoog, T. M.; Wu, C. J;
Schmidt, G.; Engel, W. W.; Eberlein, G. W.; Saboe, D. T.; Campbell, J. S.; Rosenthal,
S. A.; Adams, J.; “Novel non-nucleoside inhibitors of HIV-1 reverse transcriptose.1-
tricyclic pyridobenzo-and dipyridodiazepinones” Journal of Med. Chem.;1991, 34,
2231-2241.

Mitsuya, K. H.; Weinohold, Furman, P. A. J.; Clair, H. St. M.; Lehrmann, N. S.; Gallo,
R.; Bolegnesi, D.; Basry, W. D.; Broder, S.; “3'-Azido-3'-
deoxythymidine(AWABL09V): an antiviral agent that inhibits the infectivity and
cytopathic effect of human T-lymphotropic virus type 111/lymphadenopathy- associated
virus in vitro”; Proc. Natl. Acad. Sci. USA;1985, 82, 7096-7100. doi:
10.1073/pnas.82.20.7096

Zhan, P.; Liu, X,; Li, Z;; Fang, Z.; Pannecougue, C.; De Clercq, E.; “Synthesis and
biological evaluation of a new series of 2-{[4-(3,4-dichlorophenyl)-1,2,3-thiazol-5-
y]sulfanyl}acetamides as HIV-1 inhibitor”; Chem. Biodivors, 2010, 7, 1717.
Shammari, A.M. Al.; Salman M.I.; Saihoodm, Y.D.; Yaseen, N. Y.; Raed K.; Shaker
H.K.; Ahmed, A; Khalid, A.; Duiach A.; In vitro synergistic enhancement of Newcastle
disease virus to 5-fluorouracil cytotoxicity against tumar cells; Biomedicines, 2016, 4,
3-12.

Reedjik. K. J.; “Improve understanding in platinum antitumor chemistry” Chem.
Commun.;1996, 6, 801-806.

Abu-Melha, S.; “Synthesisand biological evaluation of some novel 1,8-Naphthyri- dine
derivatives; Acta. Chim. Slov.;2017, 64, 910-930.

Foud, T.; Nielsen, C.; Brunn, L.; Pederson, B. E.; Sc. J. Az. Med. Fac.(Girls), 1998, 19,
1173-1187.

Tawfik, E. H.; Mohamed, S. K.; Dardeer, M. H.; Fadda, A. A.; “Synthesis,
characterization and cytotoxicity evaluation of some novel pyridine derivatives”; Acta.
Chim. Slov.;2018, 65, 787-794.

EL- Sayed, E. H.; Fadda, A. A.; “Synthesis and cytotoxicity activity of some novel
Thieno[2,3d:4,5-d"]dipyrimidine derivatives” Acta. Chim. Solv.;2018, 65, 853-864.
Btors, S.; Khalil, M. O.; Kamal, M. M.; El-Dash, Y. S.; “Synthesis, Characterization
and Cytotoxicity of substituted [1]Benzothieno[3,2-e][1,2,4]triazolo[4,3a]pyrimidines;
Acta. Chim. Slov.;2017, 64, 102-116.

725



T. Mathuret al. / Heterocyclic Letters Vol. 11| No.4|711-726|August-October|2021

Ixxiii. Abbas, Q.; Ashraf, Z.; Hassan, M.; Development of highly potent melanogenesis
inhibitor by in vitro, in vivo and computational studies. Drug Des. Devel. Ther.; 2017
,11, 2029-2046.

Received on September 27, 2021.

726



