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ABSTRACT

The Biginelli reaction, which is a three-componeaefction for the synthesis of dihydropyrimidinonada
corresponding dihydropyrimidinethiones (DHPMs) i®lvn for more than a century. A large number reskars

have shown consistent attention towards the stddBiginelli reaction, leading towards structurallyiversified

molecular libraries of DHPMs and it's analogues,viray significant biological and pharmaceutical imrfance.

Thus this chapter account for the Biginelli reaatigiving novel DHPMs products, leading towards nemig

discovery and drug like molecules.

INTRODUCTION

Nature is diversified with different variety of maal products with number of scaffolds and uniguactures with
specific activity. Among all the structures knovavailable and identified, heterocyclic scaffolde abiquitous in
pharmaceuticals, natural products and biologicatiyve compounds. The heterocyclic systems cotstirivileged
substructures and are present in a large nhumbeorapounds with remarkable biological activity [AJthough a
variety of methods are used to prepare these loyidio compounds with different core structure, gyathetic
access to polysubstituted-polyfunctionalized hetgetic derivatives remains a serious challenget¢2¥cientific
community. Although multistep sequences are widespin the literature, but even in these casepréqgaration of
some substitution patterns and functional groupl@oations is particularly difficult. So of the alafle types of
syntheses, an “ideal synthesis” [3] should leathtodesired product with the minimum steps as ptessin good
overall yield and by using environmentally complaiteagents. The synthetic variables that havestopiimized
are time, costs, overall yield, and simplicity oérfprmance, safety, and environmental acceptabilliiyus,
multicomponent reactions (MCRs) are one-pot reactioocedures, which are easier to perform, isotatd
diversify than multistep syntheses. Thus MCR stwtés a highly desirable approach in drug discovery
development in the context of rapid identificatisiructural diversification and optimization of lmgically active
lead compounds of potential therapeutic importasitiein a short span of time which can generatedargmber of
libraries of heterocyclic compounds with the aidhigh-throughput biological screening [4]. Althoughtoday’s
era, the concept of MCRs is highly popular andrdé$t procedure among the academic and indusésalarchers,
but this concept is not new in nature. It is obedrthat during evolution period, adenine [5], whistone of the
major constituents of DNA and RNA was prebioticailymed by the condensation of five molecules ofN{@
plentiful component of prebiotic atmosphere, thitouge NH catalyzed reaction. In the history of MCRs first
contribution was made by Strecker [6] in 1850, witle discovery ofu-amino nitrile synthesis, followed by
Hantzsch’'s synthesis [7] of symmetrically sulsét! dihydropyridines, Biginelli's synthesis [8] afubstituted
dihydropyrimidines, Robinson’s synthesis [9] of tural product alkaloid tropinone, Passerini's $wasis of
acyloxy carboxamides [10], Bucherer and Bergstlsgsis of hydantoins [11], Asinger’s synthesistbfazolines
[12], Ugi’'s synthesis ofi-acylamino amides [13a, b], Gewald's synthesis 2samino thiophenes [13c] and
which is finally followed by some organometalland miscellaneous multicomponent reactions.
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2. Discovery

In 1893, an Italian chemist Pietro Biginelli frormiersity of Florence reported one of the most ingrat multi-
component reactions that allow the synthesis ofdifipyrimidinones and their sulfur analogues fa finst time,
which has given birth to this Biginelli reactiom honor to his novel and excellent discovery thiction is named
as Biginelli reaction [8] after him. To achieve ghieaction, he carried out a one-pot, three comporaeid-
catalyzed cyclocondensation reaction of 1, 3-dicayb compounds, aldehyde and urea or thiourea plgi
heating a mixture of the three components dissoiwedhanol with a catalytic amount of HCI at reftiemperature.
On cooling he got a solid crystalline product ef-8jhydropyrimidin-2(H)-one 6, represented as below.

(0]
o o o EtOO
NH
HCI Catalysed
H o+ EtOJ\)J\ + HZNJ\NH2 | /§
EtOH, Reflux H 0]
1 2 3

Scheme 1. Classical synthesisof Biginelli product.

Continuous research work has been undertaken bype&uai prominent scientist & researchers througlasit 100
years with highlighting mainly on variations in d@atalysts [14] ranging from mild Bronsted acidstrong Lewis
acid. Being important building blocks and versasimnthons, 3, 4-dihydropyrimidinones are highlytéeed in
organic synthesis due to their attractive pharntgiodl properties. Due to this, a large numberdilications are
shaded not only with motif modification but alsalhvasymmetric synthesis.

Biological Activity of Dihydropyrimidines

Taking into account of biological aspect of Bigingdroduct i.e. dihydropyrimidines, intensive intigation is
carried out because they possess close resemiddratmically used nicardipine, nifedipine et6-9, which are
analogues of Biginelli produdtrther they had resemblance to marine naturall@tis batzelladine BLO. Again
biologists & chemists synthesized modified Bigineproduct scaffolds, which showed activities like
antiproliferative, antiviral, antitumor, anti-inflamatory, antibacterial, antifungal and antitubescubctivity.
Similarly, the structural core of quinoline is freantly associated with medicinal applications sashanticancer,
antimicrobial, HIV-1 integrase inhibition, HIV prease inhibitors, antileishmanial activity, NK-3 eptor
antagonists, PLT antagonists and antimalarial égtiln search of more potent and effective meditlinimportant
molecules numerous Biginelli dihydropyrimidine feld annulated or multifunctionallized pyrimidinetémcyclic
have been investigated & tested against differdatthreatening diseases. To address its biologitiity only
selective molecules are presented which are haigngficant activity and they are examined wittaally used
drugs invivad/in vitro and establishing QSAR studies.

8, SQ 32926 9; Nifedipine 10; Batzelladine

2.1 Antihypertensive agents
Many chemists and biologists saw Biginelli produictsclose resemblance to Hantzsch 1, 4-dihydrofeidas
being aza-analogues of nifedipine and other relatelcules which are well-known as calcium chamnetiulators
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and Biginelli compounds like SQ 3254.8.7, SQ 32926i.e. 8, which areeffective orally active antihypertensive
agents which seen to become very attractive tdagdbecoming a promisable drug candidate. OzaimAdd. al.
[15] synthesized a number of 5-(4-substituted pheZwisubstituted benzylsulfanyl)-4-(substituted epkl)-6-
methyl-1, 4-dihydro-5-pyrimidine carboxamides. Kewpin view the structural requirements as suggkesiethe
pharmacophore model for antihypertensive actitythe synthesized compounds were tested for gpéhensive
activity by non-invasive blood pressure (NIBP) meaasents (tail-cuff method) in rats. Almost all thested
compounds displayed considerable decrease in thedbbpressure as compared to control. Thirteen cangm
showed significant antihypertensive activity congide to the standard drug nifedipine. Out of tHeeampounds
synthesized onl{y1-15 show promising anti-hypertensive drug activity.

oo 0,0 SO0

Clark A. Sehoret. al[16] described that Rho-associated kinase isofbr(ROCKIa)l is an enzyme involved in
diverse cellular signaling functions such as smanottscle contraction, cytoskeleton rearrangemefitygration,
and proliferation. Recent studies using ROCKL1 iithils such asl6é (Fausidil) and17 (Y-27632)3 along with
cellular and molecular biology data have revealgivatal role of this serine-threonine kinase innpaspects of
cardiovascular function. ROCKL1 is a potential tipendtic target in the treatment of cardiovasculaedses such as
hypertension. Their efforts focused on the optation of dihydropyrimidine, resulted in the iddictition of a
series of dihydropyrimidines with highly improvetiggmacokinetics and P450 properti®slma Saraet. al.[17]
also synthesized  4-aryl-6-ethyl-5-(methoxycarbonyl)8dihydropyrimidin-2(1H)-thione compounds through
Biginelli reaction which involved condensation réae of methyl 3-oxopentanoate, aromatic aldehydes
thiourea with a catalytic amount of HCI at reflleatperature. But out of the sixteen compounds sgizéé only
compoundl8 had shown promising antispasmodic and vasodikdtvities in both screening paradigms utilized in
their experiments.

/\[H@/ 19, R=CH3, Ry=H
20, R=OCH3, R1=0CH3

18

11, R=4-F, R1=4-NO2, R2=4-F

12,R=4-Br,R1= 24C| R2=2-Cl
13, R=4-Br, R1=4-OCH3, R2=F
14, R=4-NO2, R1=3-NO3, R2=H
15, R=4-NO2, R1=3-NO3, R2=F

R.V. Chikhaleet. al.[18] synthesized fifteen new ethyl 6-methyl-2-methox{s8bstituted 1-phenylethanone)-4-
(substituted phenyl)-1, 2, 3, 4-tetrahydropyrimas-carboxylates compounds following a two stepusage. All
these compounds were tested for antihypertenstatgdy non-invasive tail-cuff method and evaledtby carotid
artery cannulation method for determining the diistblood pressure. Hypertension was induced byCB&alt.
Anti-inflammatory activity was carried out by cageenan induced rat-paw edema method. It is obseihesd
compoundd9 & 20 possessed novel antihypertensive activity.

2.2 Potassium channel antagonists

John Lloydet. al.[19] synthesizeddihydropyrazolopyrimidines with a C6 heterocycldstituent were found to
have high potency for block of KV1.5. Investigatiohthe substitution in the benzimidazole ring &nel substituent
in the 5-position of the dihydropyrazolo pyrimidinag produced?1 with an 1Gg for KV1.5 block of 0.030 pM
without significant block of other cardiac ion cinafs. Because of the acceptable pharmacokinetiidgend ion
channel selectivity, the methoxymethyl compou?ti was chosen for furthein vivo characterization. The
pharmacodynamic activity was tested in a rabbit ehodthich measured the effective refractory periB&®P) in
both atrium and ventricleLike humans; rabbits express thg, Icurrent in atrium but not in ventricle. The
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compound was dosed at 0.3, 1.0, 3.0, and 10 mgyétgpeolonged atrial ERP by >20% at a dose of 3 mglkere
was no effect on ventricular ERP reflecting theesglity for KV1.5 over ventricular ionchannels This
compound also showed good bioavailability in ratd aobust pharmacodynamic effects in a rabbit motbis
compound also had good oral bioavailability in matsl showed a significant pharmacodynamic effecaliits. For
these reasons, it was chosen for further precliieaelopment Wayne Vaccaret. al [20] synthesized a series of
dihydropyrazolo pyrimidine inhibitors of KV1.5,J). Compound®2 and23 were evaluated for selectivity versus a
panel of ion channels. Compoun2®d and23 are both greater than 50 fold selective for K\Wiesus hERG, INa,
ICa (L-type), IKs, and IK1 ion channels. The ioranhel selectivity of these compounds suggeststiiegt may be
useful for the treatment of atrial fibrillation \Wwitut the risk of ventricular proarrhythmia. Johroyd et. al. [21]
designed and synthesized series of pyrazolo dilpydimidines as KV1.5 blockers which led towards digcovery

of 24 as a potent and selective antagonist. This compahowed atrial selective prolongation of effective
refractory period in rabbits and was selected fmiaal development. The pharmacodynamic activity?d was
tested in a rabbit model, which measured the effecefractory period (ERP) in both atrium and vite. Like
humans, rabbits express thg kcurrent in atrium but not ventricle. The compouves dosed at 0.3, 1.0, 3.0, and 10
mg/kg and prolonged atrial ERP by >20% at a dosmofj/kg. Reflecting the selectivity for KV1.5 owsntricular
ion channels24 showed no effect on ventricular ERP up to the éagldose of 10 mg/kg with plasma concentration
of nearly 7 uM. Plasma free fraction in rabbits f was 3.0%. In conclusion, pyrrolidine amidespgfazolo
dihydropyrimidines were discovered as potent aniectige KV1.5 blockers. A substituent at the 2-piosi
significantly enhanced activity and the S-confidima is favored over the R-configuration. Compou2#l was
chosen for more complefa vitro andin vivo evaluation and found to be potent in a pharmacagymanodel
measuring effective refractory period. This compbuvas chosen for further pre-clinical toxicologydies and
development as a clinical candidate.

Cl E

2.3 Antifilarial agents:

R. P. Tripathi et. al [22] synthesized a series of 2-sulfanyl-6-methyl-1, 4-dihydropyrimmeis by alkylation of 5-
methyl-6-phenyl-2-thioxo-1, 2, 3, 6- tetrahydropyidine-4-carboxylic acid ethyl esters with diffeteadkyl or aryl
halides in the presence of a combination of anhysirk,CO; and catalytic amount of tetrabutyl ammonium
bromide. The title compoun@5 was evaluated for their antifilarial activity agsi adult parasites of human
lymphatic filarial parasite Brugia malayi (sub-pmtic strain)in vitro andin vivo at various concentrations.

H,C

H
T

25

F

From the synthesized, compounds showing poientitro antifilarial activity were screeneuh vivo against B.
malayi in Mastomys coucha model to see the efféth® compounds on parasitological parameters &vident
from the observation that significant effect on adult worms (50%; P < 0)0@&s shown by compourih at 100
mg/kg. In terms of embryostatic activity, it exaftsignificant (P < 0.01) efficacy by sterilizing@li 68% of the
surviving female worms compared to 20% observethénuntreated controls. The efficacy of the compbuas
found to be lower at 50 mg/kg as compared to 10kgadn normal M. coucha at this dose the animhtsased no
mortality or adverse effect on general and grosdthef the animals during the treatment and tHezeap to 15
days post-treatment. It is evident from the resthigg the standard antifilarial drug DEC (12.5 ngg/the effective
dose of the drug against animal filariid, Litomases carinii) did not show any noticeable microfdatal activity
and about 10% adulticidal activity was observedyad compared to untreated controls. However, yin¢hstic
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compound?5 displayed about 46% adulticidal (P < 0.01) acjidihd 34% (P < 0.05) of the sterilized female worms
were recovered. Untreated control animals showedffeat on mf (nicrofilariag of peritoneal cavity of any of the
animals. About 16% of live female worms recovenguhf these animals were sterile.

ONH
®NH2 o 5 2
| H oH N~ NH
N~ ONH S )
SN 6 A ~
H NN %Mo N R
e o Ty W
3 NH,
NH2 ®

26, Batzelladine A 27, Batzelladine B

2.4 Anti-HIV agents

In 2009, it was observed that near about 33 milienple were infected with the human immunodeficyevirus i.e
HIV, a causative agent for acquired immunodeficiesgndromei.e. AIDS, which currently on the top for the
highest number of deaths by any single infecti@yeng which is also increasing with time. BatzaladA 26 and B
27 derivatives of DHPMs were obtainég Ashok D. Patikt. al.[23] from marine natural source were the first low
molecular weight natural products reported showirgmising anti HIV activity and, therefore, are guatial leads
for AIDS therapy. These low molecular weight natymaducts inhibit the binding of HIV envelope gbprotein
gpl20 to CD4 receptors, and so are of potentigrést for the treatment of HIV. The limited availéyp of the
natural products renders them to be attractiveetarfpr total synthesiZaesung Neet. al. [24] synthesized 3, 4-
Dihydropyrimidin-2(1H)-ones (DHPMs) were selectadlalerivatized through a HIV-1 replication assagduhon
GFP reporter cells, where compounds (RI&R9 exhibited significant inhibition of HIV-1 replicatn in vitro, with

a good safety profile. Chiral separation of eachngiomer by fractional crystallization showed tbaty the (S)28,
enantiomer on C-4 in dihydropyrimidinone ring showrhave potent anti-HIV activity.

R32

"y A
NH cl Cl
(S)-28, 98% ee 30: R1=Me, R2=benzoylmethyl, Br /[ j 32

R3=1-naphthyl

- 0,
(R)-29, 98% ee 31: R1=Me, R2=i-Pr, R3=Ph

Lei Ji et. al.[25] synthesized a series of S-DABO analogueseaaduated as inhibitiors of HIV type-1. Structural
modification of compounds by replacement of 6-aetinyl group by a 6-arylcarbonyl group, showed tinad of
them 30, 31 posseses only micromolar potency against HIV-Mii4 cellsin vitro which are unusually potent
(ICs= 0.9 uM for30, 31) and selective (SI= 1500 and 4600 respectivelypydhg Liu et. al.[26] synthesized a
series of novel 2-(phenyl aminocarbonylmethylttie)2, 6-dichlorobenzyl)-pyrimidin-4(3H)-ones havesen
designed and synthesized. All of the new compouwnele evaluated for their anti-HIV activities in M cells.
Most of these new compounds showed moderate tajpattivities against wild-type HIV-1 with an Egranging
from 4.48 uMt0 0.18 u M .

Among them, 2-[(4- bromophenylamino)carbonylthie{z 6-dichlorobenzyl)-5-methylpyrimidin-4(3H)-on82
was identified as the most promising compoundsE€C0.18 + 0.06 | M, CC50 >243.56 | M, S| >1326) waihiis
more effective than the reference drugs neviraging efavirenz.Yan-Ping Heet. al [27] synthesized novel
dihydro-aryl/alkylsulfanyl-cyclohexylmethyl-oxopyridines (S-DACOs) combinatory library was synthediand
evaluated with C8166 cells infected by the HIV-BIlin vitro, using Nevirapine (NVP) and Zidovudine (AZT) as
positive control. The anti-HIV screening resultvealed that C-6-cyclohexyl methyl substituted pydimones
possessed higher selective index than its 6-aryfiyheounter-parts. Compoun@s, 34, 35 and36 showed potent
anti-HIV activities with EGg values of 0.012, 0.025, 0.088 and 0.062 respectively.
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33: R1=i-Pr (4-OCH3), R2=-PhCOCH2
34; R1=i-Pr; R2=-PhCOCH2
35; R1=i-Pr, R2=-PhCH2
36; R1=Et; R2=-PhCOCH2
2.5 Antitumor activity
It is documented thatduman kinesin Eg5, plays an essential role in nstby establishing the bipolar spindle,

which has proven to be an interesting drug targettfie development of cancer chemotherapeutitsthis

development, Monastr@7 is the first Biginelli compound, which has excetlemticancer activity. So far, two
structures of Eg5 in complex with dihydropyrimidi(@HPM)-derived inhibitors have been solved and leygd
for structure-based drug development.

HO
O HO
(0] O
O
NH R 41;R=R1=H:(R)-mon-97
‘ NH 42;R=R1=F:(R)-Fluorastrol
R /§ | /& 43:R=H, R1=F: rac-1
N S
R H Ry

H s 44;R=F, R1=H:rac-2

HO

©

37; (S)-Monastrol 38;R=H; (S)-Enastron 40
39;R=Me; (S)-dimethylenastron

CF;

F,C
46

The crystal structures of the Eg5 motor domain dewrgdl with enastron, dimethylenastron and fluochdtas been
reported. By comparing these structures to thahafiastrol and mon-97, Frank Kozielgdd. al.[28] identified the
main reasons for increased potency of these neibiiofs, namely the better fit of the ligand to thHosteric
binding site and the addition of fluorine atoms. tgiced preferential binding of the S-enantiomeemastron and
dimethylenastron to Eg5, while the R-enantiomerflabrastrol binds preferentially to Eg5. In additiohe
performed a multidrug resistance (MDR) study inl dieles overexpressing P-glycoprotein (Pgp). Todide to
directly compare DHPM analogues developed by diffegroups, Kozielsket. al. investigated 11 compounds in
proliferation assays in five different cell linéscluding four tumor cell lines and one non-tramefed (normal) cell
line. Monastrol was included as a control and wageak inhibitor throughout all cell lines. Dimetbylastron was
stronger inhibitor than enastron and was approxma-fold more potent. Although there are somergllular
variations between racemic dimethylenastron andmae fluorastrol, both compounds are almost equaditent,
with the best Eg; values reaching about 3@/ in the colon cancer cell line HCT116. These conmaisuare also
reported to be very active in the untransformedsireancer cell lin@TERT-HME1 Fluorastrol is about 5-fold
more active than mon-97 when comparing the racemitures and the more active enantiomers. Compag$the
racemic mixture of fluorastrol with3 and44 reveals that analogues with only one fluorine ithez the meta or
paraposition are less active in cell-based asdays analogues with two fluorines (fluorastrol). Guarison of the
enantiomers of fluorastrol also clearly indicateattthe R-enantiomer is at best about 30-fold npatent than the
S-enantiomer. Cosmas O. Okagb al. [29] synthesized a series of trifluoromethylatetkdhydropyrimidine and
tetrahydropyrimidine derivatives were synthesizad ¢heirin vitro cytotoxic activities were determined in colon
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cancer cell line (COLO 320 HSR). They representpsing new leads for the development of highly pbtand
selective anticancer compounds. All the compoundslipophilic due to the trifluoromethyl group, amade thus
expected to penetrate the membrane in appreciahlzentration. They examined the antiproliferatiggvity of the
variably substituted fluorinated hexahydropyrimiiterivatives on human colon (COLO 320 HSR) caneéiline

in the 72 h drug exposure Alamar blue™ Assays. ddee of the compound that inhibited 50% cell peoéfion
(ICsp) was calculated using the data generated froma#isay. Among the 17 fluorinated Hexahydropyrimidine
derivatives synthesized, only two derivativé® and 47 containing naphthyl-substituted analogs (R= naghth
showed the highest activity with §¢values of 9.3 and 9.9 uM, respectively. Compodbdalso showed good
activity of 1G5y value of 11. 5 puM. Further upon modifications theynthesized compourdB, which was also
converted into49 a fluorinated sulfanyl tetrahydropyrimidine. Botlompounds showed good antiproliferative
activity against colon cancer cell line COLO 32QhwiCs, values of 12.2 and 8.1 uM, respectively. Jeffrey L
Brodskyet. al. [30] described that the heat shock proteinsnolecular chaperones, such as Hsp70 and Hsp90, are
responsible for a variety of protective, anti-amoictfunctions. The heat shock protein Hsp70, asdanstitutively
expressed counterpart Hsc70, play essential rolesany diverse cellular processes, including pnoteiding and
transport, and the rearrangement of multi-proteimglexes. The J domain interacts with the Hsp70 a@sERlomain
through a conserved His-Pro-Asp sequence to stimidap70 ATP hydrolysis. The TAg J domain can skateu
Hsp70 ATP hydrolysis, an activity that is requifed maximal tumorigenesis. SV40 is highly relatedat least four
human polyomaviruses, two of which have been dafaly linked to two-disease states progressivetifoghl
leukoencephalopathy (PML) and kidney transplargatipn—in immunocompromised patients. Notably, enbar

of MAL3-101 derivatives inhibited SK-BR-3 cell grohy GI150s for sixteen compounds ranged from 6.0450

to 42.6 + 6uM, with nine compounds vyielding GI50 values < {Bl. We then examined the effects of select
compounds with activity in this assay on the growthwo other cell lines: MCF7 breast cancer calsl HT29
colon cancer cells. DMT00308% and DMT0031321 and DMT00305%2 exhibited GI150s in SK-BR-3 cells at a
range from 6.2—-8.@M, and similarly inhibited MCF7 and HT29 growth wiGI50s ranging from 2.4-7,8M. Of
interest, MAL3-101 also inhibited MCF7 growth bwtchno effect on HT29 cells. This result suggesis MAL3-
10153 exhibits some specificity of action with regarddifferent cancer cell lines, as previously progbdeiaa A.
Ibrahimet. al.[31] synthesizednovel derivatives of 2, 4, 5, 6-tetrasubstitutedimpidine cyclin-dependent kinase
(CDKZ2) inhibitors where they built a library of grosed pyrimidine derivatives using pharmacophore dotking
techniques. Synthesis of novel highly selective GEA§ candidates for CDK-target therapy in can@satinent is
currently in high demand. The newly synthesized poumds showed potent and selective CDK2 inhibitory
activities and inhibitedn vitro cellular proliferation in cultured human tumor Isellin general, compounds!, 55
and56a showed better CDK2 and cell division inhibitorytigities than the other compounds. CompouBds55
were much more active than the reference compoyraiovitine and olomoucine) with 4& 0.4 and 0.3
respectively, whereas compouBd had no inhibitory activity on cell division. Comgpads56b and & exhibited
potent CDK2 inhibitory activity and reasonable adllision inhibitory activity. B. R. Prashantha Kanet. al.[32]
carried out synthesis of novel Biginelli dihydropygidines of biological interest using p-toluenemhdnic acid as
an efficient catalyst. All the thirty-two synthesis dihydropyrimidines, Biginelli compounds were jeated for
their in vitro anticancer activity against MCF-7 human breasteragells. The title compounds were tested at the
concentration of 10 mg. Compounds exhibited agtikéinging from weak to moderate and, from modetateigh

in terms of percentage cytotoxicity. Among themmpoundss9 and60 exhibited significant anticancer activity. In
order to study the three-dimensional structurevytrelationships (3D QSAR) towards their anticanactivity,
they did comparative molecular similarity indicembysis (CoMSIA).

1219
Pelagia Research Library



Vivekanand B. Jadhav et al Der Chemica Sinica, 2012, 3(5):1213-1228

50 Phenyl Co,Me n-hexyl n-butyl
Ry o
R4\
BnO | NH NH COMe
PN R,
N o] O
N\
K/\/\[( R,
O -l
51 c-propyl coMe n-hexyl n-butyl
O.
dihydropyrimidinone-peptoid j
CO,Me
O
52 p-biphenyl i CoMe §/V ~ n-butyl
O
CO,Me
53 p-biphenyl COMe n-hexyl n-butyl
)
CO,Me
OH
OH OH
HO o]
NO.
/©\ Ho ? HO 0 ?
Mo A N HN N NO
> O/k | 2 HN | N
HN N n AN /‘\ H
/ N Rl\ X
N s s S
© 54 R=2-Furyl 56a; 4-Me 57. R=Sulphamethisoxazole
\ 55 R= 2-Thienyl 56b: 3-NO,
R OH

HO o /@\
N NO, N
| H H
cl

59; X=0 & 60; X=S

2.6 Anti-malarials

Pyrimidinone-amide derivatives of DHPN8$-69, a new class of Hsp70 modulators, could inhitst tdplication of

the pathogeni®. falciparumstages in human red blood cells. Jeffrey L. Brodskyal.[33] described thesaine
molecules as anti-malarial agents are being inyasd furtherPlasmodium falciparunthe Apicomplexan parasite
that is responsible for the most lethal forms ofmn malaria, is exposed to radically different emwvinents and
stress factors during its complex lifecycle. In aonganism, Hsp70 chaperones are typically assatiaih
tolerance to stress. Therefore, the inhibitionPoffalciparumHsp70 chaperones would adversely affect parasite
homeostasis was hypothesized. To test this hypisthesasurements were carried whether pyrimidiramédes, a
new class of Hsp70 modulators, could inhibit thglication of the pathogenic P. falciparum stagefiuman red
blood cells.
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Nine compound$1-69 with 1Cs, values from 30 nM to 1.6 UM were identified. Eaadmpound also altered the
ATPase activity of purifiedP. falciparumHsp70 in single-turnover assays, although higbecentrations of agents
were required than was necessary to intibifalciparumreplication. The impact of JAB75 ofH{] hypoxanthine
uptake, they used the chloroquine (CQ)-resistar €ldne and employed CQ as an internal control ie&Q is
known to inhibit Dd2 with an I value of 0.2 pMThusfrom initial analysis of 157 compounds, they ideatf
nine molecules with I6; values between 30 nM and 1.6 pM. To ensure thatcdmpounds were not generally
cytotoxic, they also determined the 50% growthliitbry concentrations (&) for each of these nine agents in two
human cell lines, HepG2 hepatocellular carcinomés @nd WI-38 embryonic diploid lung cell8ased on this
analysis, all G values in these cells were >10 uM, which is wélb\ae the concentration needed to inhibit P.
falciparum growth. As a control for this experimene found that the g values for paclitaxel in HepG2 and WI-
38 cells were 1.0 £ 0.6 nM and 13.7 + 0.2 nM, retipely. In next assessesment, the effects of the compounds
on Hsp70 ATPase activity, they examined the abditgach pyrimidinone to modulate the ATP hydraytate of
purified yeast Hsp70, Ssal, and also comparedftbet® of these agents on human &dalciparumHsp70. The
three chaperones are 71-74% identical to one anatliee amino acid.

Me
NO,
NH /’\Q BnO | /’K‘ EtO ] NH
G N g Oxy-OH
N\/\N N

I @ K/\/\m NN
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"Z
>=m

N-N
N
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\
(6] H X
70: R= C6H5, 71: R= 4-CH3C6H4, 72; R= 4-CH30C6H4 [ R=COHS, X=0, 80: R=C6HS, X=S,
73 Re 4 74 75 81: R=2-HOC6H4, X=0,  82: R=2-HOCBH4, X=S,
R= 4-BIC6H4, 74: R= C6H5CH2, 75: R= 4-CIC6H4, g3 82.R= 3
76:R= 3-CH30C6HS5, 77: R= 2-CIC6H4 R=4-Me2NC6H4, X=S, 84: R=4-Me2NC6H4, X=0,
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4.7 Anti-microbials

The increasing incidences of bacterial and fungalistance to a large number of antimicrobial agdmatge
prompted studies on the development of new pofeatiimicrobial compounds. It is well documented the
literature that isoxazole, pyrimidine derivativeasdaheterocyclic annulated pyrimidines display aewidhriety of
interesting pharmacological properties. So an gitémmade by E. Rajanarendar al.[34] by synthesizing new
hybrid moieties secured by embedding fused moledutane work isoxazoles with pyrimidines and quineb
which can offer promising and fascinating tri hetrclic scaffolds and also to improve specificitydeefficacy of
these scaffolds against microorganisms. Thus théhegis and biological evaluation of a novel sedks-aryl-4-
methyl-3,6-bis-(5-methylisoxazol-3-yl)-2-thioxo-263  10b-tetrahydro-1H-pyrimido[5,4-c]-quinolin-5-es  is
carried out. The newly synthesized compour@37 were evaluated fan vitro antibacterial and antifungal activity
against various gram-positive, gram-negative bactnd fungal strains using broth dilution metteaodi agar cup
bioassay methodgspectively. The bacterial strains used in thesgqmeinvestigation arBacillus subtilis(MTCC
441), Bacillus sphaericuyMTCC 511), Staphylococcus aureudMTCC 96), Pseudomonas aeruginogMTCC
741), Klebsiella aerogene§MTCC 39), andChromobacterium violaceufMTCC 2656) and it is shown that the
antibacterial activity of compound®-77 exhibited moderate to good antibacterial actigityl are more active than
standard drug Ciprofloxacin. The antibacterial atti of 73 and 77 is promising as compared to standard
Ciprofloxacin, and they can be exploited for thenfalation of bactericides after further study. Tdtifungal
activity of the compoundg0-77 showed that they are significantly toxic towardisttze five pathogenic fungie.
Aspergillus niger (MTCC 282), Chrysosporium tropitcyMTCC 2821), Rhizopus oryzae (MTCC 262), Fusarium
moniliformae (MTCC 1848), and Curvularia lunata (RIC 2030) and they are lethal even at 100 pg/mL
concentration in comparison with standard Clotriot@at the same concentration. Adhiketri al.[35] synthesized
dihydropyrimidines containing quinoline and showattcompound8 posseses highest biological activity against
Escherichia coli, Staphylococcus aureus and Pseonasnaeruginosa. The antibacterial and antifungaesing
revealed tha85 and it's derivatives showed moderate to good iitibitb at 10 mg/ml concentration. Singh. al.
[36] carried out synthesis of dihydropyrimidinonieg the Biginelli reaction and of which six composndere
selected for their antifungal activities againg thdial growth of three fungal species vizichoderma hammatum,
Trichoderma koningiand Aspergillus nigerlt was observed that inhibitory effects of the sompounds on each
test fungus were different. Thus compout®dwas the most potent agaifisthammatumesulting in 100% growth
inhibition with MIC value of 035 pg/mL The radial growth off. koningii after 24 and 48 h were found to be
inhibited completely (100%) by compouBd and compound80, 83 and84 were the most potent agaimst niger,
with MIC value 0f0.35 pg/mlLeach. Jignesh Priyakamavalet. al.[37] synthesizedrarious 5- substituted-3-[{5-
(6-methyl-2-oxo/thioxo-4-phenyl-1,2,3,4 tetrahydmyrimidin-5-yl)-1,3,4-thiadiazol-2-yl}imino]-1,3-diydro-2H-
indol-2-one derivatives using one pot multicompdrigiginelli reaction. Newly synthesized compoundsrevalso
tested for theiin vitro antibacterial activity against selected human @g¢ns viz. Escherichia coli, Pseudomonas
aeruginosa, Klebsiella pneumoniae, Salmonella typtaphylococcus aureus, Staphylococcus pyogeras|ii
subtilis and antifungal activity against Candidhi@ns, Aspergillus niger, Aspergillus clavatusasts Where
compound86, showed showed better activity (25 mg/ml) compaedther analoges. Okram M. Singh al [38]
synthesizedb-methyl mercaptothiocarbonyl-4-aryl-3, 4-dihydroipyidin-2(1H)-ones by the Biginelli reaction. Of
which six pure compounds selected, were examinethfar antifungal activities against the radiabgth of two
fungal specie€urvularia oryzaeandFusarium moniliformeising poison food technique and antibacterial &fti/
against two bacteria viBacillus cereusndBacillus amyloliquefaceingsing Agar well diffusion method. Where it
is observed that compounéig and88 were more potent not only in their antibacterighaty when compared with
that of the standard drug ciprofloxacin but alsorenpotent in their antifungal activity as the %ibition of the
tested fungi was more than the standard antifuagaht Amphotericin. BK. Pandiarajaret. al.[39] synthesized 4-
aryl-5-isopropoxycarbonyl-6-methyl-3, 4-dihydropwidin-2(1H)-ones and 4-phenyl-5-isopropoxycarbodwyl-
methyl-3,4-dihydropyrimidin-2(1H)-thione. All theompounds were screened for their antibacterialiggtagainst
Staphylococcus aureugscherichia coli, Klebsiella pneumoniae, Pseudonsoaeruginosaand Salmonella typhi
and antifungal activity again§andida albicans, Aspergillus flavus, Rhizopus Ehator. Compound®9, 90, 91 &

92 exhibited excellentin vitro antibacterial activity against Staphylococcus asyeSalmonella typhi and
Pseudomonas aeruginosa and potentitro antifungal activity agains€andida albicans, Rhizopus and Mucor
Compound®1 & 92 showed more activity than the standard drugs.
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4.8 Anti-inflammatories

It is observed that, gastrointestinal adverse tffaran be reduced through suppressing acid prachicby

concomitant use of a proton pump inhibitor, for rexée, omeprazole or the prostaglandin analogue piasiol. It

was observed that acetic acid containing 2-thiaxada-1, 2, 3, 4-tetrahydropyrimidine moiety act asti-

inflammatory agent due to its lower lipophilicitySantosh N. Mokalet. al. [40] synthesizedseries of 3-(4, 6-
disubtituted-2-thioxo-1, 2, 3, 4-tetrahydropyrinmieb-yl) propanoic acid derivatives, by condensatibthiourea, 5-
(4-subtituted phenyl)-5-oxopentanoic acid and stlietl aldehyde. The synthesized compounds wepzsed for
their anti-inflammatory activity using rat paw edermethod. Most of the compounds from the seriesvseto
significant (p <0.05) anti-inflammatory activity valm were found to be equipotent with diclofenac.e Ténti-

inflammatory effect was found to be most significgm <0.05) at 1 h and gradually reduced at sulesggours.
Overall looking at duration of action and percemtibition, the sustained and significant (p <0.@&}ion was
reported with93a-93b, 94 and95.

b OH

| JY NS

NS H

H
R

95; R=H, CH3
93a-93b: R=H, CH3 94
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Cl
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98, R=F;99, R=NO2

4.9 Anti-tubercular activity

One-third of the world’s population is infected witlycobacterium tuberculosis, which is the leadiagse around
2 million peoples death in the developing worlthe development of resistance by M. tuberculosiscxmmonly
used antitubercular drugs necessitates a longetidarof therapy. The emergence of multi-drug tesise has
forced the development of new structural classesntifubercular agents, with several of them shgwiromising
activity againstM. tuberculosis Dihydropyrimidines also were evaluated for thaititubercular activity against
Mycobacterium tuberculosis H37Rv. This study wagsitno only. Evans C. Coutinhet. al.[41] synthesized new
structural classes of antitubercular agents. Tlhaesied out the synthesis, evaluation and 3D-QSA&yais of a set
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of substituted N-phenyl-6-methyl-2-oxo-4-phenyl;B,2-tetrahydropyrimidine-5-carboxamides as anétablar
agents. All compounds were screened for antituli@ractivity against Mycobacterium tuberculosis R$7strain
and out of which compoung6 & 97 showed 65% and 63% inhibition. Viresh Shahet. al.[42] synthesized a
small library of 30 dihydropyrimidiines and evaledt for their in vitro antitubercular activity against
Mycobacterium tuberculosis H37Rv. Two compoundé$yleé-[3-(4-fluorophenyl)-1-phenyl-1H-pyrazol-4-y8-
methyl-2-0x0-1,2,3,4- tetrahydro pyrimidine-5 caxplate 98 and ethyl 4-[3-(4-nitrophenyl)-1-phenyl-1H-pyrazol
4-yl]-6-methyl-2-ox0-1,2,3,4tetrahydropyrimid-idifiecarboxylate99 were found to be the most active compounds
in vitro with MIC of 0.02 pg/mL against MTB and were momgnt than isoniazid (Antitubercular drug). Again
Zalavadiyaet. al.[43] synthesized different DHPMSs, in which compdu®0 exhibited moderate antimycobacterial
activity againstMlycobacterium tuberculosids; RV

0 H\(O
NH

N I

: 100 HOO
PPAR vy Activators
Type 2 diabetes mellitus (T2DM) accounts for mdrant 90% of all diabetics. A vast population in terld suffers
from diabetics partly due to a dramatic increasthaincidence of obesity and sedentary lifestylee peroxisome
proliferators activated receptpr(PPAR Gamma) is a member of nuclear harmone recepperfamily of ligand
dependent transcription factors, which play a @veoble in regulating adipogenesis, insulin sewijtiand glucose
homeostasis. Synthetic agonists of PRARcluding pioglitazone and rosiglitazone, has beeoved clinically
beneficial in decreasing the elevated plasma gkideeels in T2Dm. However, edema and weight gaweHhzeen
reported in patients after treatment with some ARy agonist. It is unclear whether the side effectseobed are
PPAR receptor mediated or compound mediated. Rakastaret. al.[44] synthesized a novel series of 6-methyl-
2-ox0-1, 2, 3, 4-tetrahydro-pyrimidine-5-carboxyécid derivatives that are high affinity ligands fmeroxisome
proliferators activated receptor gamma have beported as a potential substitute of 2, 4-thiazokdione head
group. The Flex X docking and radioligand bindirfingty of following promising compounds of this 1ses is
comparable to that of thiazolidinedione based #tiigtic drugs currently in clinical use. From thesults it is
observed that compourid1 fitted the best in the active site of PPA&d attained the best score of -23.7 kcal/mol
amongst all the molecules synthesized. Again itnatball the prime interactions to anchor well ie #ictive sites
of the receptors.

a-1A Adrenergic receptor antagonists
Benign prostatic hyperplasia (BPH) is a progressivedition characterized by a nodular enlargeméthieprostate
resulting in obstruction of the urethra.

O
COOMe

5 &%% s

103 ) 104
(+) 102 ™) (+)105

Nonselective R1 adreno receptor antagonists ssighiazosin and terazosin are presently used fogyimptomatic
relief of BPH. It has been reported that the funwl potency of a number of R1 antagonists to rétaxagonist-
induced contraction of prostatic smooth musclealates well with the binding affinity for these agbnists for the
Rla subtype at the cloned human receptors. Thesdata to suggest that a potent R1a-selective amtig@an be
an attractive drug candidate for treatment of BAth ¥ewer undesirable side effects that may be@ased with the
other subtypes. Dhanapalan Nagarathnatm al. [45] synthesized dihydropyrimidinonesleading to the
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identification of highly potent and subtype-seleetcompounds (+}02, with high binding affinity Ki ) 0.2 nM for
R1a receptor and greater than 1500-fold selectoxgr R1b and R1d adreno receptors. The compougds faund
to be functional antagonists in human, rat, and pagstate tissues. Among these, compoundl(2)-exhibited
excellent selectively to inhibit intraurethral psese (IUP) as compared to lowering diastolic blpogssure (DBP)
in mongrel dogsKb(DBP)Kb(IUP)) suggesting urethra selectivity for R1la-stéle compoundsThe results from a
number ofin vivo andin vitro experiments oi+)-102 and terazosin suggested, terazosin has no subayeetigity
for the R1la receptor, but (482 showed >1000-fold selectivity for the R1a recepeer a number of recombinant
human G-protein coupled receptors such as R2 afid(34, 1B, 1D, and 2A) receptors as well as thelLr#ype
calcium channel. The selectivity for the Rla reoemver the histamine H1 receptor was found to #@-fbld,
based on the binding affinities of ()2 for the cloned human receptors. Further M. R. Maaziaet. al [46]
synthesized several dihydropyrimidinone analoguéth the goal of either minimizing the formation df
methoxycarbonyl-4-phenylpiperidirtey modification of the linker or finding alternaéwiperidine moieties which
when cleaved as a consequence of metabolism wantlgive rise toi-opioid activity. Modification of the linker
gave several compounds with good Rla binding &ffifiii ) < 1 nM) and selectivity (>300-fold over R1b and
R1d). In vitro analysis in the microsomal assayesd®d these modifications did not significantly eaff N-
dealkylation and the formation of the 4-methoxycemyd-4-phenylpiperidine. The second approach, h@mev
yielded several piperidine replacements for 4-megbarbonyl-4-phenylpiperidine, which did not shoigrsficant
i-opioid activity. Then he carried out synthesicompounds (+}03 and (+)404 which on detailedn vitro andin
vivo characterization shown to have excellent selaygti{#880-fold) over R1b and R1d, also showed good
selectivity over several other recombinant humapr@ein coupled receptors. Compounds 183 and (+)104
displayed good functional potency in isolated hurpaostate tissues, witkbs comparable to thein vitro R1la
binding data. In addition, compound (3)3 also exhibited good uroselectivity (DB&/IUP Kb > 20-fold) in than
vivo experiments in dogs, similar i®2. Bharat Lagwet. al.[47] identified compound+)-105 as a lead compound
with a binding and functional profile comparable tthat of 102. The putative metabolite 2-
carboxamidophenylpiperazine has negligible affinity the i-opioid receptor. James C. Barrost. al. [48]
synthesized many compounds and evaluatedvo activity. Few of the compounds found to be moréepbthan
terazosin in both a rat model of prostate tone andbg model of intra-urethral pressure without iSicently
affecting blood pressure. While many of the compsutested displayed poor pharmacokinetics, compdad
was found to have adequate bioavailability (>20%g half-life (>6 h) in both rats and dogs. Duetdelectivity
for the R1a over the R1b and R1d receptors asasgéts favorable pharmacokinetic profil®6 has the potential to
relieve the symptoms of BPH without eliciting effemn the cardiovascular system. It has displaydficent
bioavailability and plasma half-life in animal mdsléo warrant further consideration for the treatinaf BPH.

NH,
MeO
B
—
MeO N N/\
F
NG
107 o
(+)-106 Terazosin

4.11 Antioxidant Activity

Free radicals play an important role in the pathegées of many diseases, accounting for continuitgrést in the
identification and development of novel antioxidarhat prevent radical-induced damaftre humans, several
pathologies involve the overproduction of reactmgygen species (ROS): such as the superoxide taigan (Q)
and hydrogen peroxide ¢B,) areformed in biological system by the partial reductiof molecular oxygen.
Additionally, there are a large number of otherctiw@ species that are formed from the reactiolRGIS with
biological molecules [e.g. polyunsaturated lipitlipls and nitric oxide (NO)]In the pathologic conditions an
overproduction or scavenger diminution of the riea&ctoxygen species (ROS) can occur. In fact, ROS
overproduction has been implicated in the instalfatind/or progression of a variety of human dissamcluding
diabetes and various neurodegenerative diseasts.Alé&tefaniet. al.[49] synthesized different DHPMs. Some

of the synthesized compounds were testeditro for their antioxidant activity. All of the selectecompounds
showed some antioxidant activity. Analogues compisut08 and 109 exhibited a strong activity against lipid
peroxidation induced by Fe + EDTA, while compouri@8 and109 were the most potent in reducing ROS levels.
Again Bernard Refouveleet. al. [50] synthesized new hexahydropyrimido[5,4-c]quinet2,5-diones and 2-
thioxohexahydropyrimido[5,4-c]quinoline-5-ones. Trhantioxidant properties were evaluated by two hods:
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scavenging effect on 2,2-diphenyl-1-picrylhydragglPPH) radicals and scavenging effect on hydromglicals.
The results show that the compounds containingitbe moietyl13, have better activity.

X
| R
—
HN
Ph\/N\/\ H NH Y /IL-I
N X

108; R=H, 109; NO2 110 111; X=0, R=7-Cl,R1=Me
112;X=0, R=7-CI,R1=Et
113; X=S, R=8-Cl,R1=Me

Anti- hepatitis B virus (HBV) agents

More than 350 million people around the world aheoaically infected with the hepatitis B virus (HBVand
estimated one million patients die each year duthédong-term complications of liver cirrhosis leepatocellular
carcinomas. So far, six antiviral agents have teggproved for treating chronic hepatitis B (CHB):otwmmmune
modulators (IFNe and peglFNg), and four polymerase inhibitors (lamivudine, eatdr, telbivudine and adefovir).
However, there are several disadvantages of cutreatmentssuch as the emergence of resistant mutants, poor
tolerability, and the inefficiency of eradicating3M from CHB patients. Therefore, development of eneffective
therapeutic agents for HBV infection is still hightecessary. Xuejun Zhet. al. [51] synthesized a series of novel
2, 4-diaryl-4, 6, 7, 8-tetrahydroquinazolin-5(1H)eoderivatives were designed and synthesized astpiohibitors
of HBV capsid assembly. These compounds arose fedforts to rigidify an earlier series of heteroaryl
dihydropyrimidines (HAPs), and compoufii4, showed potent inhibition of HBV capsid assemblith I1C5o value
at sub-micromolar rangeStephen J. Stragt. al.[52] observed that heteroaryl dihydropyrimidines (HABS) a
new class of antivirals inhibiting production offagitis B virus (HBV) virions in tissue culture. Heamined the
effect of a representative HAP molecdl#5, methyl 4-(2-chloro-4-fluorophenyl)-6-methyl-2-(igin-2-yl)-1, 4-
dihydropyrimidine-5-carboxylate (HAP-1) on tle vitro assembly of HBV capsid protein (Cp). HAP-1 enhances
the rate and extent of Cp assembly over a broadettration range. Aberrant particles, dominatechéyagonal
arrays of Cp, were observed from assembly reactidtis high HAP-1 concentrationsDereset. al.[53] reported
that the 1G, and theKd of BAY 39-5493 i.e117, another HAP, for capsid were very similar (30 nit)ggesting
that the biological effect is exerted at substaiahétric concentrations. Reduced secretion of matuios in tissue
culture was reported with treatment using low [BAY9-5493] (less than thkd of drug for capsid), whereas a
significant reduction of total Cp levels requireytter drug concentrations. At low HAP-1, apparemitymal
capsids were assembled more rapidlyitro; large-scale misdirection of assembly requiredsabarably higher
drug concentrations. The pure active isomer of BAY409 i.e116 shows similar activity to racemic HAP-1 in our
in vitro assays, but at one-fifth the concentration. Thumsply deregulating the rate of assembly may beicefit

to reduce the production of normal virus particl&milarly, F97L, a common, naturally occurring ot
associated with replication defects and secretfommature virus particles in some cell lines, eased rates and
extents of assembiwn vitro.

116; Bay 41-4109 117; Bay 39-5493

CONCLUSION

In the current chapter, we have collectively re@gdwDHPMs having novel biological activity. This rew also
throws light on the past to present developmentha synthesis of medicinally useful DHPMs using iBédji
reaction, which can lead towards identificatioruofque lead drug candidates useful against vatifeithreatening
diseases and saving life of every affected humamgben our society surrounding us.
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