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Abstract: In the armamentarium of calcium channel blockers appropriately functionalized 3,4-dihydropyrimidin-2(1H)-

ones have received considerable attention in recent past owing to their structural similarity with 1,4-dihydropyridine based 

drugs. In this review, we highlight detailed investigations in the calcium channel blocking and other activities of this cate-

gory of compounds as well as trace their genesis from 1,4-dihydropyridine based drugs. 
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INTRODUCTION 

 Drug discovery in the late 20
th

 century has increasingly 
focused on the definition and characterization of the molecu-
lar scaffolds that serve as targets for drug design. Genomics 
and molecular biology [1] revolution has permitted the defi-
nition of new drug targets in addition to the understanding of 
the genetic basis of disease states, which is complemented 
with rigorous research input from the chemist community. 
The introduction of powerful new techniques such as high 
throughput screening (HTS) [2] has greatly accelerated the 
pace of new drug discovery and meets the challenge posed 
by genomics by enhancing the potential drug targets. A sali-
ent feature of all these activities has been the advancement in 
the area of modification of the existing drug leads through 
systematic alterations at the key molecular centers, a concept 
that compares well with the design of altogether new mo-
lecular frameworks. 

 In the area of calcium channel blockers (CCBs) (calcium 
antagonists, calcium channel modulators) structurally diverse 
groups of organic compounds have been recognized as cal-
cium channel antagonists [3]. They are known to regulate the 
activity of voltage gated L-type calcium channels through 
binding to specific sites on the channel proteins [4]. CCBs 
bind to L-type calcium channels located on the vascular 
smooth muscle, cardiac myocytes, and cardiac nodal tissue 
(sinoatrial and atrioventricular nodes). These channels are 
responsible for regulating the influx of calcium into muscle 
cells, which in turn stimulates smooth muscle contraction 
and cardiac myocyte contraction. Therefore, by blocking 
calcium entry into the cell, CCBs cause vascular smooth 
muscle relaxation (vasodilation), decreased myocardial force 
generation (negative inotropy), decreased heart rate (negative 
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chronotropy), and decreased conduction velocity within the 
heart (negative dromotropy), particularly at the atrioventricu-
lar node. 

 There are three classes of CCBs e.g., 1,4-dihydropyri-
dines (1,4-DHPs), phenylalkylamines and benzothiazepines. 
They differ not only in their basic chemical structure, but 
also in their relative selectivity toward cardiac versus vascu-
lar L-type calcium channels. The most smooth muscle selec-
tive class of CCBs is the 1,4-DHPs. Because of their high 
vascular selectivity, these drugs are primarily used to reduce 
systemic vascular resistance and arterial pressure, and there-
fore are primarily used to treat hypertension. They are not, 
however, generally used to treat angina because their power-
ful systemic vasodilator and pressure lowering effects can 
lead to reflex cardiac stimulation (tachycardia and increased 
inotropy), which can dramatically increase myocardial oxy-
gen demand. Receptor sites of 1,4-dihydropyridines have 
been most extensively studied to define drug action at the 
cellular level and to rationalize the process of design of 
drugs active at these voltage-gated ion channels. As a result 
of this, a number of 1,4-dihydropyridines have been inducted 
into clinical use. These compounds exert a profound negative 
inotropic effect on heart muscle and a marked relaxation of 
the smooth muscle [4]. 

 Structurally closely related pyrimidines [5] were also 
explored as potential calcium channel blockers but did not 
show promise. However, the resuscitation of 2-oxo-3,4-
dihydro analogues of pyrimidines which were known since 
1893 [6] witnessed an unprecedented activity both in the 
synthesis and biological evaluations. A literature survey [7] 
on these molecules was presented almost eight years ago. 
Since then a renaissance in the structural elaboration of 3,4-
dihydropyrimidinone scaffolds has taken place [8], in search 
of molecules with improved therapeutic efficacy and with 
the hope to find superior CCBs. In the process, in addition to 
the calcium channel antagonistic properties, many additional 
interesting biological effects have been recognized. This 
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mini review complements the existing literature survey [7] 
and additionally a sequential genesis from the first genera-
tion CCBs is presented under the following sub-headings: 

1. 1,4-DHP and dihydropyrimidine CCBs  

2. Structure-activity relationships in 3,4-dihydropyrimidi-
nones 

3. Other biological effects of 3,4-dihydropyrimidinones 

 However, this review is not intended to be a comprehen-
sive treatment on the general synthetic aspects, which are 
excluded in view of earlier published reviews [8, 9]. 

1. 1,4-DHP and DIHYDROPYRIMIDINE CCBs 

 1,4-DHPs (Hantzsch esters) [10] have since 1975 been 
established as the first generation cardiovascular agents such 
as nifedipine (1) (Adalat ), or the second-generation calcium 
antagonists such as nicardipine (2) (Cardene ), nitrendipine 
(3) (Nidrel ), amlodipine (4) (Norvasc ) and felodipine (5)
(Plendil ) etc. and are in clinical use for the treatment of 
cardiovascular disorders such as hypertension, cardiac ar-
rhythmias or angina [11].  

 The proficiency of the pharmacological effects of 1,4-
DHPs has been adequately reviewed in some excellent trea-
tises [12]. Several structure-activity relationships (SAR) 
have been established for these molecules [13]. In the recep-
tor-bound conformation, the substituted aryl ring is posi-
tioned axially, perpendicular to and bisecting the flattened 
boat like conformation of the DHP ring as shown in Fig. (1). 
The C-4 aryl substituent prefers a synperiplanar (relative to 
C-4H) orientation. The ester group (carbonyl) shows prefer-
ence for cis-orientation w.r.t C-5, C-6 double bond. Interest-
ingly, it has been recognized that the absolute configuration 
at the C-4 position of the 1,4-DHP nucleus is indispensable 
for the activity modulation. When the substituents at C-2/C-6 
and the esters at C-3 and C-5 are equivalent, the molecule 
possesses Cs symmetry and is nonchiral. Unsymmetrical sub-

stitution at these positions generates a chiral centre at C-4. 
Indeed, enantiomers of an unsymmetrical 1,4-DHP usually 
differ in their biological properties and sometime they could 
depict exactly opposite action profile [calcium antagonists 
(blockers) vs calcium agonists (activators)] [14]. Distinction 
between the opposing activities has been determined by the 
“port-side” substituent: esters for antagonists e.g., 1 and nitro 
(or fused lactone or simply hydrogen) for activators, e.g., 
(S)-Bay K 8644 (6) [13]. 

 Although highly successful, traditional 1,4-DHP based 
drugs such as 1, face limitation of relatively short plasma 
half-lives [15] attributable to metabolic oxidation to pyri-
dines [16], as a consequence of which these need to be ad-
ministered repeatedly to achieve enough clinical efficacy and 
the requirement of multiple dosages lowers compliance. 2-
Chloro-1,4-dihydropyridine (7) derivatives [17] exhibited 
rather prolonged calcium antagonistic activity in comparison 
to 1,4-DHPs having methyl substituents at C-2 and C-6 posi-
tion (e.g. 3). The activity of e.g., 7 upon oral administration 

Fig. (1). Proposed receptor bound conformation of 1,4-DHPs. 

N
H

Me Me

O O

MeO OMe

NO2

N
H

Me Me

O O

MeO O

NO2

N

Me

N
H

Me Me

O O

MeO OEt

NO2

N
H

Me

O O

EtO OMe

Cl

4

O
H2N

N
H

Me Me

O O

MeO OEt

Cl

5

Cl

N
H

Me Cl

O O

i-PrO OMe

6

NO2

N
H

Me Me

O2N

O

OMe

7

F3C

1 2 3

N

(non-essential)
Right-hand side

(essential)
Left-hand side

Me

O

O

Alkyl H
H bond

Syn carbonyl

Hydrophobic 
interaction

X

X

Phenyl Up-Antagonist
(Normal boat)

Phenyl Down-Agonist
(Capsized boat)



Genesis of Dihydropyrimidinone Calcium Channel Blockers Mini-Reviews in Medicinal Chemistry, 2009, Vol. 9, No. 1    97

in spontaneously hypertensive rats (SHR) was found to be 
similar to 3, however the onset of hypotensive action in the 
case of 7 was slower than the traditional 1,4-DHPs.

 The genesis of partially reduced pyrimidines can be 
traced from pyrimidine nucleus itself, which in addition to 
being essential component of naturally occurring nucleic 
acids, is integral part of such biologically important com-
pounds as antiviral [18], antitumor [19] and cardiovascular 
agents [20]. Contrary to the initial opinion regarding their 
instability, lack of information on stabilization-destabili-
zation parameters, ambiguous structural tautomerism (1,4 
dihydro  3,4-dihydro, Scheme 1) and isomerisation, cred-
itable work on the chemistry and biology of pyrimidines has 
been reported [21]. Because of the structural similarity be-
tween DHPs and dihydropyrimidines, the cardiovascular 
activity of N-3 substituted (alkoxycarbonylated, acylated and 
alkylated)-3,4-dihydropyrimidine (8) has been thoroughly 
investigated. It has been further argued that unlike 1,4-DHPs 
such as 1, which are light sensitive [16] and aromatize, the 
dihydropyrimidines 8 are stable owing to structural charac-
teristics (presence of N-3 substituent). 

Scheme 1.

 N-3 substitution of pyrimidine derivatives to obtain 8 is 
very facile. The N-3 site being sterically less hindered owing 
to the perpendicular disposition of the C-4 aryl ring with 
respect to the ring, generates a stronger nucleophilic centre 
upon treatment with a suitable base and rendering the substi-
tution reaction highly regioselective. However, an ortho sub-
stituent on the C-4 aryl ring often directs the reaction at N-1. 
Reduction of dihydro derivative 8 (Scheme 1) with borohy-
dride furnishes tetrahydropyrimidines (9). Although dihy-
dropyrimidines 8 lack N-1 hydrogen, a prerequisite for good 
affinity for the 1,4-DHP receptor, it was found that some 
derivatives of 8 competitively displaced [

3
H] nitrendipine 

from its binding site on the cell membrane prepared from the 
rat cerebral cortex [5]. 

 N-3 Unsubstituted-1,4/3,4-dihydropyrimidines when 
tested for the potency (ED30) and the duration (t1/2) of the 
vasodilative action on the vertebral artery and were found to 
be ineffective [5]. However, N-3 substituted 8 exhibited very 

potent vasodilative activity (ED30 = 1.0 to 3.0 g/kg) compa-
rable to 2, but the duration of action was short as 1 [5]. Fur-
ther, vasodilative activity was found to be dependant on the 
substituent on the aryl ring which followed the order o-NO2

(ED30 = 3.0 g/kg) >o-Cl/o-Br (ED30 = 5.0 g/kg) >m-NO2

(ED30 = 10.0 g/kg). Further, evaluating the modifications 
such as lengthening the alkyl chain of the alkyl ester, com-
pounds with short chains were found to be potent vasodila-
tors, but exhibited shorter duration of action and the trend 
getting reversed in case of derivatives possessing longer al-
kyl ester chains. Compounds with longer chains at N-3, 
rather than C-5 were more potent. In these compounds, the 
duration of action was observed to increase by increase in 
hydrophobicity of the alkyl chains. Unlike, 1,4-DHPs, the 
replacement of C-6 methyl with Cl did not enhance pharma-
cological activity of the pyrimidine. Further, tetrahydro-
pyrimidines 9 were found to be less potent than their dihydro 
analogues. 

 Out of a number of dihydropyrimidines studied, signifi-
cant vasodilative activity was depicted by derivatives 8 {Ar 
= 2-NO2Ph, R

1
 = Me, R

2
 = i-Pr, R

3
 = COOR

4
 [R

4
 = -

(CH2)2N-benzyl-(2-naphthylmethyl) (8a) (ED30 = 1.8 g/
kg)/-(CH2)2N-benzyl-(3,4-dichlorobenzyl) (8b) (ED30 = 2.1 

g/kg)]}. Oral administration of 8a and 8b (10 mg/kg) 
caused a decrease in mean blood pressure and an increase in 
heart rate similar to those caused by 2 and 3, however, the 
hypotensive activity was found to be maximum after 2h of 
administration of 8a and 8b, unlike 2 and 3, in which it 
started almost immediately. Further, the hypotensive re-
sponse of 8a and 8b for duration more than 2 h was superior 
to 2 and 3 [5].

 2-Heterosubstituted-4-aryl-1,4-dihydro-6-methyl-5-pyri-
midinecarboxylic acid esters (10), which lack Cs symmetry 
of 1,4-DHP CCBs have also been evaluated for biological 
activity [22]. This study on inherently unsymmetrical mole-
cules further substantiated information about the structural 
requirements as well as the effect of absolute stereochemis-
try on CCB activity. Assays using potassium-depolarized 
rabbit arota and radioligand binding techniques showed that 
some of these compounds having combinations of a branched 
ester (i-Pr, s-butyl) and an alkylthio group (e.g., 10 R

3
X = 

SMe) at 2-position are potent mimics of traditional 1,4-DHP 
CCBs [22]. When compared directly with similarly substi-
tuted 2-hetero-1,4-DHPs, these compounds were found to be 
30 fold less active. Evidence of similarity of conformation of 
2-heterosubstituted dihydropyrimidine using X-ray crystal-
lographic analysis further established that these compounds 
exhibit conformational preference similar to 1,4-DHPs al-
though these lack Cs symmetry of 1,4-DHPs. These mole-
cules demonstrated lower affinity for the DHP receptor than 
similarly substituted 2-heteroalkyl 1,4-DHPs. However, re-
gardless of their potency in vitro, for the reasons unknown, 
none of the 2-heterosubstituted dihydropyrimidines 10 or 
DHPs 11 (X = O, S) showed antihypertensive activity when 
administered to SHR at 135 mol/kg po [22]. 

2. STRUCTURE-ACTIVITY RELATIONSHIPS IN 3,
4–DIHYDROPYRIMIDINONES 

 The synthesis of derivatives of 4-aryl-3,4-dihydropyri-
midin-2(1H)-one (DHPM) (12) (X = O) was reported in 
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1978. These compounds depicted moderate antihypertensive 
and coronary vasodilation activity [20, 23]. Direct function-
alization of derivatives of 12 (X = O, NH or S) was either 
unsuccessful or found to be slow and depicted total lack of 
regioselectivity to furnish mixture of products. However, 
using 2-heterosubstituted 1,4-dihydropyrimidines 10 (X = S, 
O) which encompass difference in reactivity of the two nit-
rogens in the pyrimidine ring, selectivity in their reaction 
with an electrophile was achieved. Thus, using appropriate 
10, N-3 acylated DHPM derivatives 13 (X = S, O) have been 
obtained [24].  

 N-3 Substituted 1,4-dihydropyrimidines 13 constitute an 
inherently asymmetric system capable of tolerating a variety 
of substituents such as carbamate, sulfonyl, acyl and alkyl at 
N-3 [25]. Structure-activity studies using potassium depolar-
ized rabbit arota, depicted 13 (R

1
 = i-Pr, R

2
 = m-NO2, R

3
 = 

COOEt, X = S) to be at least 10 fold more potent (IC50 = 1.7 
nM) than the corresponding ethyl ester (R

1
 = Et) (IC50 = 17 

nM) and at least 60 fold more potent than the methyl ester 
(R

1
 = Me) (IC50 = 100 nM), Fig. (2) [25]. Likewise, evaluat-

ing the effect of substituents at N-3 in 13 (R
1
 = Et, R

2
 = m-

NO2, R
3
 = ester, X = S), changing COOMe to COOEt and 

COOi-Pr, in that order as depicted in Fig. (2) [25] saw a 4.7 
and 3.8 fold, respective decrease in potency: both pyrimidi-
none and thione 13 (R

1
 = Et, R

2
 = m-NO2, X = S and O) 

lacking a N-3 substituent (R
3

= H), were found to be devoid 
of potency. A variation at the aryl substituents (R

2
) revealed 

o-, m-disubstituted aryl derivatives to be more potent than o-
and m-monosubstituted analogues, in that sequence. In the 
series of 3-substituted dihydropyrimidinones, it has further 
been found that among individual substituents at the o- or m-
position, the nitro derivatives were more potent than the 
chloro and trifluoromethyl derivatives. Among individual 
enantiomers of 13 (R

1
 = i-Pr, R

2
 = m-NO2, R

3
 = COOEt, X = 

S), (R)-enantiomer was found to be at least 1000 fold more 
potent than the corresponding (S)-enantiomer (Fig. (2)) [25].  

 Thus upon comparison with other CCBs, the order of 
potency among different types of derivatives is 2-hetero-
alkyl-1,4-DHPs (3-5 fold)  3-substituted 1,4-dihydropyri-
midines (5-7 fold)> 2-heteroalkyl-1,4-dihydropyrimidines. A 
comparison of the 2-oxo-, 2-thiono and 2-imino DHPM de-
rivative revealed the thiono derivative to be nearly one order 
of magnitude more potent. 

  From these studies the requirement of an enaminoester 
moiety for the calcium channel binding activity of DHPM 
related systems was ascertained [25]. A direct comparison of 
activity difference between enantiomers of 1,4-DHPs and 
DHPMs reveal that whereas individual enantiomers of the 
former category showed a 10-15 fold difference in activity 
and (S)-enantiomer was more potent than the (R)-enantiomer, 
in DHPM derivatives, the trend is reversed and the differ-
ence between the two enantiomers is of the order of 1000 as 
depicted in Fig. (2). 

 However, the N-3 ester substituted DHPM derivatives 13 

were ineffective in lowering blood pressure in SHR follow-
ing oral administration probably due to metabolic instability 
of some of these derivatives; they generally possessed the 
desired vasorelaxant potency in vitro. Further, upon oral ad-
ministration of these ethyl carbamate derivatives to rats (in
vivo) or employing rat liver homogenates (in vitro), the iden-
tification of the metabolized carbamate hydrolyzed product 
13 (R

3
 = H), explained the lack of antihypertensive activity 

of these compounds in the SHR. In order to overcome this 
limitation, interest was shifted on the N-3 carbamoyl deriva-
tives as potential CCBs [26].  

 Initial screening of N-3 carbamoyl derivatives revealed 
the metabolic conversion of 13a (R

1
 = i-Pr, R

2
 = m-NO2, R

3

Fig. (2). Structure-activity relationship of dihydropyrimidinethione calcium channel blockers. 
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= CONMe2, X = O), into the monodesmethylated derivative 
13b (R

3
 = CONHMe) and demethylated derivative 13c (R

3
 = 

CONH2). The DHPM 13c (SQ-32926) was found to be the 
most potent (IC50 = 12 nM) than 13b (IC50 = 3200 nM) as 
well as 13a (IC50 = 16 nM). The activity of 13a was attrib-
uted to its metabolism into 13c. The effect of size of C-5 
ester on derivatives of 13c was also evaluated. DHPM 13c 

substituted with an isopropyl group at C-5 ester is almost 3 
fold more potent (IC50 = 12 nM) than the corresponding 
ethyl derivative (IC50 = 39 nM), which in turn was found to 
be nearly 22.5 fold more potent than the methyl substituted 
dihydropyrimidine (IC50 = 880 nM) derivative [26]. How-
ever, for the carbamoyl substituent, the decreasing trend in 
the in vitro potency was 13 (R

1
 = i-Pr, R

2
= m-NO2) R

3
 = 

CONHCH2Ph (IC50 = 3 nM) > R
3
 = H (IC50 = 1580 nM). 

Likewise, 13 (R
1
 = i-Pr, R

2
 = m-NO2) R

3
 = CONHMe 

CONHEt (IC50 = 16 and 13 nM, respectively) is more potent 
than R

3
 = CONHi-Pr (IC50 = 60 nM) derivative. Thus the 

lower potency of 13 substituted with i-Pr groups, at ester as 
well as carbamoyl functionality, is indicative of deleterious 
effect of branching on potency. Comparing the effect of the 
aryl substituent on potency, four dihydropyrimidine deriva-
tives 13 R

1
 = i-Pr, R

2
 = o-NO2, m-NO2, m-Cl and 2,3-

oxadiazoyl, R
3
 = CONH2 were recognized with good anti-

hypertensive activity. These derivatives depicted maximum 
reduction in blood pressure in the range 28-34 after 6 h of 
administration in SHR at 45 mol/kg po [26]. Upon resolu-
tion of 13c, the biological activity was found to reside in the 
R-(-)-enantiomer (IC50 = 8 nM) which is both more potent 
(more than 400 fold) than the in vivo inactive, S-(+)-
enantiomer (IC50 = 3790 nM) and longer lasting than 1 as an 
antihypertensive agent in SHR. The in vivo potency and du-
ration of R-(-)-13c is comparable to the long-lasting 4, al-
though it is 3-fold less potent in vitro than both 1 and 4 (IC50

= 2.5 nM). Upon comparison with 1 and 4 for its effect on 
decreasing blood pressure (associated with increase in heart 
rate) in SHR at an oral dose of 15 mmol/kg, R-(-)-13c was 
found to be more potent than 1 and similar to 4, this effect 
lasts for longer duration than 1. Thus R-(-)-13c qualified to 
be a long-acting antihypertensive agent and offered potential 
for single daily dosing regimen for the treatment of hyper-
tension. Further, it is expected to demonstrate an improved 
side-effect profile because of its superior pharmacokinetic 
properties than 1,4-DHPs. 

 Further structural manipulations at various positions in 
line with the structural features of 4 which carry a basic 
amino group in the 1,4-DHP skeleton, a basic amine group 

was introduced into the N-3 carbamate or the C-5 ester moi-
ety of the dihydropyrimidines [27], and a modest improve-
ment of the in vivo antihypertensive activity was observed. 
Out of these basic amine functions, 1-benzyl-4-piperidinyl 
carbamate (N-3) derivative (14) (SQ-32547, Table 1)
emerged as a lead compound and exhibited a remarkable 
enhancement of antihypertensive activity in SHR. In contrast 
to 1, dihydropyrimidine 14 is both more potent and longer 
acting in SHR. Out of the individual isomers of 14, the (R)-
enantiomer compared most favorably with the long-acting 
derivative 4 [27].  

 In addition to the monocyclic derivatives, bicyclic dihy-
dropyrimidines 15 imitating the in vitro potency of dihydro-
pyridine CCBs have also been described [28]. Structure- 
activity studies have shown that a pyrazole ring can act as an 
effective surrogate and effectively mimic the combined ef-
fect of N-3 substituent and a C-2 heteroatom of the mono-
cyclic dihydropyrimidines. The vasorelaxant potency of sev-
eral analogues is similar to that of the potent 1. These inves-
tigations further affirmed the requirement of the enamino-
ester moiety of 1,4-DHPs for CCB activity and a non-
specific role of both the N-3 substituent as well as C-2 het-

eroatom [28]. 

 A series of dihydropyrimidines 16, 17 and 18 (X = H, 
NO2) have been designed to unambiguously establish struc-
tural and conformational requirements of pyrimidine deriva-
tives for modulation of calcium channel functions [13]. 
These results firmly established a preference for syn- orienta-
tion of an unsymmetrically substituted aryl moiety at the 
dihydropyrimidine receptor. Similar to 1,4-DHPs, dihydro-
pyrimidines have been proposed to adopt boat conformation 
(normal vs capsized) for activity modulation. Other features 
for maximal dihydropyrimidine receptor affinity include cis
orientation of the ester carbonyl and Up and Down orienta-
tion of the C-4 pseudoaxial aryl group to evoke calcium an-
tagonistic and agonistic activities, respectively. Further, (S)-
enantiomers of 18 (X = H) exhibit antagonistic activity, 
whereas the (R)-enantiomers are agonistic. This model also 
explained the observation of chiral inversion and potency 
diminution upon replacement of ester by hydrogen as in 6

[13]. 

 A comparison of the most potent of the DHPM deriva-
tives with clinically used 1,4-DHP based CCBs is summa-
rized in Table 1. The vasorelaxation potency of some of 
these derivatives such as 19 (R

1
 = 3-NO2, R

2
= i-Pr) and 20

N
H

N

Me

R1

R2
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NN
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(R
1
 = 2,3-Cl2, R

2
 = Et) compare favorably well with 1, 3 and 

4, although the antihypertensive effect is not revealed. 

 Likewise, antihypertensive effect of some of these de-
rivatives such as (RS)-13c is comparable to e.g., 1 and that of 
(R)-14 is even better than 1 particularly in terms of duration 
of action. However, none of these potent dihydropyrimidi-
none derivatives are in clinical use. 

 Thus in general accord with the structure-activity rela-
tionships of 1,4-DHP based CCBs, N-3 substituted-2-hetero-

1,4-dihydropyrimidines emerged as potent mimics of 1,4-
DHP CCBs. It has been found that in addition to 2-hetero 
substituent (S>O>N), ortho and/or meta aromatic substitu-
tion (Cl, NO2, CF3) and ester alkyl group (isopropyl> 
ethyl>methyl) was essential for optimal in vitro activity. 
Additionally, a substituent (alkyl, acyl, carbamate, sulfonyl, 
uriedo) on N-3 was required for activity Fig. (3). Finally, 
DHPM CCBs that contain a basic group such as 1-
(phenylmethyl)-4-piperidinyl carbamate attached at N-3 14

are found to be equipotent to 1 and 4 in the rabbit arota 
smooth muscle vasorelaxant assay in vitro. Further, ana-
logues bearing sulphur at the 2-position show greater anti-
hypertensive activity in the SHR than the corresponding 2-
oxo derivatives. 

 Some scattered reports on the calcium channel blocking 
activity of DHPM derivative of the type 21 (5-acetyl) [29] 
and bicyclic 22 (X = O) [30] have appeared in literature 
with-out much discussion on the structure-activity relation-
ships. The DHPMs 22 (X = O) showed activity comparable 
to 2 when tested on rat ileum. Compounds of the type 23 and 
24 exhibited antispasmodic and/or vasodilation activity on 
BaCl2- stimulated rat ileum [31, 32]. 

 To further expand the existing understanding of struc-
ture-activity relationships in DHPMs, structural variants 
through elaboration of diversity oriented sites (C-6, C-4, N-
3, N-1, N-1/N-3 and N1-C6 linked) using rational designs of 
synthetic methodologies have been obtained [33]. Thus a 
variety of substituents could be incorporated at all these posi-
tions to obtain DHPM derivatives 25 and 26. Some of these
newly synthesized compounds were screened for their CCB 
activity based on their ability to relax a membrane depolari-
zation induced contraction of vascular smooth muscle and 

Table 1. Comparison of Calcium Channel Effects of Key 1,4-dihydropyridine and Dihydropyrimidinone Derivatives 

Antihypertensive Effect  

 % Decrease (±  5%) in Blood Pressure in SHR
a

Sr. No. Calcium Channel Blocker 

Vasorelaxation 

IC50 (nM) 

95% CI 
(0-6h) (6-18h) 

1 Nifedipine 1 2 (1-3) 33 22 

2 Nitrendipine 3 1 (0.2-3.0) - - 

3 Amlodipine 4 3 (2-4) 46 37 

4 (RS)- 13c 12 (8-17) 32 30 

5 (R)-13c 8.5 (7-11) - - 

6 (S)-13c 3790 (2140-6730) 5 4 

7 (RS)-14 7(4-11) 51 32 

8 (R)-14 15 (18-27) 60 46 

9 (S)-14 >1000 - - 

10 19 1.5 (1.4-1.9) - - 

11 20 7 (6.3-7.8) - - 

adose level: 45 mol/kg po. 
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results compared against nifedipine. Whereas nifedipine 
completely relaxed the KCl-induced contraction with an IC50

in the 10 M range, the tested DHPMs 25 relaxed the KCl-
induced contractions by only 40% with IC50s ranging from 
100 - 300 M [34]. 

3. OTHER BIOLOGICAL EFFECTS OF 3,4-
DIHYDROPYRIMIDINONES 

3.1. Mitotic Kinesin Inhibitors 

Cancer is considered second only to heart disease as a 
cause of mortality and is linked to uncontrolled proliferation 
of tumor cells which leads to organ failure and eventual 
death through disruption the normal functioning of tissues 
[35]. Drugs used in chemotherapy interrupt the cell cycle 
through intervention in mitosis, during which, chromosomes 
are segregated by the microtubule based spindle. Some can-
cer drugs such as paclitaxel, docetaxel, vinblastine, vincris-
tine are known to perturb microtubule lengthening (polym-
erization) or shortening (depolymerisation) arrest cell cycle 
through inhibition of formation of spindle [36]. As microtu-
bules are also involved in many other cellular processes, 
interference with their formation or depolymerisation often 
leads to dose-limiting side effects. 

 One of the DHPM derivatives: 4-(3-hydroxyphenyl)-6-
methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylic 
acid ethyl ester (monastrol, 27). (RS)-27 was found [37] to 

cause cell cycle arrest by disrupting yet another target, a 
kinesin-related motor protein Eg5 that is necessary for for-
mation of a bipolar spindle. Even human Eg5 has been re-
cently identified as one of the potential targets of (RS)-27.
(S)-27, the biologically active enantiomer is 15 fold more 
potent than (R)-27, and is a more potent inhibitor of Eg5 
ATPase activity [38]. 

 Surprisingly, closely related 4-OMe/OHAr DHPM de-
rivatives of 27 did not effect mitotic kinesin Eg5 or arrest 
cells in mitosis [39]. DHPM 28 also show colchicin like 
property of destabilizing microtubules, in addition to mitotic 
kinesin inhibitor [40]. DHPM analogue 29 has been identi-
fied as a more potent cytotoxic agent than 27 against various 
cancer cell lines [39]. Likewise, it has been reported that 
DHPM 30 is nearly five fold (IC50 = 9.2 M), more potent 
than monastrol (IC50 = 51.3 M) on comparing inhibition of 
Eg5 activity using two in vitro steady-state ATPase assays 
(basal and microtubule simulated) as well as a cell based 

assay [41]. 

 Recently, derivatives of DHPM 22 (R
1
 = 3-OH, R

2
 = R

3

= H and Me, X = S) have been reported to be 10 and 100 
fold, respectively, more potent than 27 (R = m-OH) in inhib-
iting Eg5 [42]. 

3.2. 1a-Adrenergic Receptor Antagonists 

 Benign prostatic hyperplasia (BPH) is a urological disor-
der in the aging male population which leads to an obstruc-
tive urination from a combination of mechanical constriction 
of the urethra due to increased prostatic mass and a dynamic 
component attributable to increased nonadrenergic tone in 
the hyperplasic prostate [43]. 

 Of the selective and non-selective 1a antagonists, the 
selective antagonists are able to effectively block the con-
traction of prostatic smooth muscle without significant ef-
fects on blood pressure; the non-selective antagonists show 
significant effects on lowering blood pressure at the required 
dose level. Certain 1,4-DHP based antagonists such as SNAP 
5089 and SNAP 5540, selectively bind to the 1a subtype 
[44] and have structural resemblance with a known calcium 
channel antagonist niguldipine, but show negligible affinity 
for L-type calcium channel blockers. However, DHPM de-
rivatives 31 (a, R

1
 = OMe, R

2
 = Me and b, R

1
 = NH2, R

2
 = 

Et) depicted better pharmacokinetic profile [44] owing to 
their structural stability.  

 Dihydropyrimidinone (+)-31a displayed better binding 
affinity and improved selectivity than a corresponding 1,4-
DHP analogue. DHPM (+)-31b showed more than 1000 fold 

Fig. (3). General structure-activity relationship of dihydropyrimidine CCBs. 
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selectivity for the 1a-receptor over a number of recombinant 
human G–protein coupled receptors such as 2a, 2b, and 2c-
adrenoceptors, histamine H2 and 5HT (1A, 1B, 1D and 2A) 
and for the rat L-type calcium channel. Difluoro analogue 
32a (R = 3,4-F2, SNAP 6201) showed high affinity and se-
lectivity for the 1a-adrenoceptor subtype and no cardiovas-
cular side effects, 32b (R = 2,4-F2) was devoid of 1a-
antagonist activity. 
 To further improve the therapeutic potential, modifica-
tions on the linker as well as piperidine moieties led to the 
synthesis of DHPM derivatives 33 and 34 [44], and the latter 
showed binding affinities similar to 32.

3.3. Miscellaneous Biological Effects 

 Some DHPM derivatives of the type (35-38) show anti-
bacterial [45] and antifungal activity [46] against appropriate 
strains. Several potent, cell permeable 4-aryl dihydro-
pyrimidinones of type 39, as inhibitors of fatty acid trans-
porter [(S)-enantiomer approximately 100 times more potent 
than (R)-enantiomer] have been reported [47].  

 Structure features such as a lipophilic ester substituent at 
the 5- position and presence of preferably a p-NO2 and CF3

at 4-aryl group led to active compounds. Boronic acid substi-
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tuted DHPM derivatives, especially 40 has been found to be 
active against breast cancer cell lines (MCF7) [48]. Appro-
priately ester modified DHPMs of type 41 and 42 display 
antioxidant ability against lipid peroxidation induced by Fe + 
EDTA, when studied on male adult albino Wistar rats [49].  

 DHPM derivatives of the type 43 were identified as calci-
tonin mimetic (EC50 = 6  M), active in vivo in the Weanling 
rat model when administered subcutaneously [50]. Com-
pound of the type 44 plays a role in the activation of molecu-
lar chaperones that are responsible for a variety of protective, 
anti- apoptotic functions [51, 52]. The activation of molecu-
lar chaperones blocks A  aggregation and thus might have a 
favorable effect on neurodegenerative diseases like the Alz-
heimer disease. DHPM 45 (R

1
 = Et, R

2
 = 4-OH) have been 

found to display cardiovascular effects when studied on iso-
lated perfused frog heart and found to be more active than a 
well known drug digoxin [53]. Compounds of the type 45 

(R
1
 = Me, R

2
 = 2-Cl) and 45 (R

1
 = Et, R

2
 = 2-Cl) showed -

adrenergic receptor antagonistic activity [53]. 

 DHPM derivatives of type 46 are high affinity ligands for 
peroxisomes proliferations activated receptor  and show 
antidiabetic activity [54] and compounds of type 47 exhib-
ited moderate activity against Aspergillus fumigatus [55].  

4. CONCLUDING REMARKS 

 Ever since the discovery of DHPMs in 1893 by P. Bigi-
nelli and resurgence of interest of the medicinal as well as 
organic chemist community, the research in the structure 
diversification of this heterocyclic species has witnessed an 
unprecedented activity. In this review, the genesis of this 
class of compounds from traditional 1,4-dihydropyridines 
has been traced. Overcoming the limitation such as short 
plasma half lives of 1,4-DHPs, DHPMs have convincingly 
established their superior therapeutic potential not only as 
calcium channel blockers, but also for other biological ef-
fects. It is hoped that with the emergence of advanced tech-
niques such as combinatorial chemistry and high throughput 
synthesis (HTS), many more interesting biological effects of 
this important heterocycle shall be discovered. 
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ABBREVIATIONS 

CCB = Calcium channel blocker 

BPH =  Benign prostatic hyperplasia

DHP = 1,4-Dihydropyridine 

DHPM =  3,4-Dihydropyrimidinone 

HTS = High throughput screening 

PMB =  p-Methoxybenzyl 

SAR =  Structure-activity relationship 

SHR = Spontaneously hypertensive rats 
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