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Fused 1,4-Dihydropyridines as Potential Calcium Modulatory Compounds 

Cihat afak* and Rahime im ek

Hacettepe University, Faculty of Pharmacy, Department of Pharmaceutical Chemistry, 06100 Ankara, Turkey 

Abstract: 1,4-Dihydropyridine (1,4-DHP) derivatives nifedipine of which the prototype, are the most popular drugs 
having calcium antagonistic activity. Fused 1,4-dihydropyridines (DHPs) have also exhibit calcium modulatory activities. 
In this article, we emphasize calcium channels and fused 1,4-DHP derivatives affecting calcium channels. In addition, the 
basic considerations of synthesis, metabolism, structure-activity relationships and the latest developments on fused 1,4-
DHP derivatives will be reviewed. This review also has extended examples of fused 1,4-DHP derivatives having cited 
activities synthesized by our group.  
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INTRODUCTION 

 The first observation of the importance of Ca2+ ion for the 
maintenance of cellular activity was reported by Ringer in 
1883 [1, 2]. At the end of 1960, Fleckenstein and Godfraind 
initiated experimental studies to alter calcium function in 
excitation-contraction coupling by pharmacological ligands 
in their laboratory. Haas and Hartfelder described verapamil 
in 1962 as a coronary vasodilator [3]. In 1967, Fleckenstein 
and Grun presented evidence that the vasodilating properties 
of verapamil were related to calcium antagonism. Gallopamil 
(D600), which is a verapamil derivative, blocks Ca2+ influx 
through the calcium channel shown by Kohlhardt et al. in 
1972.  

Fig. (1). Structure of verapamil and gallopamil.

 Later, dihydropyridines, diltiazem and flunarizine were 
also shown to be calcium antagonists [4, 5]. In 1972, 
Fleckenstein and co-workers found that 1,4-DHP derivatives 
act by blocking the entry Ca2+ ions into the cardiac and 
vascular muscle through voltage dependent calcium channels 
[6]. Nifedipine, as the most promising drugs for the treat-
ment of cardiovascular diseases, was introduced to medical 
practice in 1975 as Adalat [7].  

 A compound or a drug which alters the cellular function 
of calcium by inhibiting its entry and (or) its release and(or) 
by interfering with one of its intracellular actions which 
compete with Ca2+ for a binding site known as a calcium  
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Fig. (2). Structure of nifedipine.

antagonist. Calcium channel blockers (CCBs) specifically 
inhibit Ca2+ entry into cells due to tissue excitation by 
various stimuli [8].  

 DHPs have many biological features included vasodilator, 
antihypertensive, bronchodilator, antiatherosclerotic, anticon-
vulsant, hepatoprotective, antitumor, antimutagenic, geropro-
tective, antidiabetic, antioxidant, antiradical and controlling 
cellular proliferation [9-24]. Although DHP’s have been 
developed as cardiovascular agents some of them have been 
used for other medical applications. For example, nimodipine 
is used an antiischemic agent in the treatment of Alzheimer’s 
disease and other dementias, migraine and posthemorrhagic 
vasospasm. Nifedipine is also used in the treatment of 
migraine, hypertrophic cardiomyopathy and Raynaud's pheno-
menon, it could also be used in the treatment of diabetic 
neuropathy. Platelet anti-aggregatory DHP series included 
trombodipine, have protective effects against Listeria mono-
cytogenes. Dexniguldipine is a chemosensitizer with low 
hypotensive properties. It is clear that the new generation 
DHP derivatives are a potential source of valuable drug 
candidates with remarkable potential and ongoing interest 
[25]. 1,4-DHP derivatives have great significance as CCBs. 
Today there are many efforts to prepare additional cardio-
selective compounds and many drugs are under clinical 
investigation [26].  

CALCIUM CHANNELS 

 Ion channels permit passage of specific ions and play 
important roles in the generation of cellular responses and 
are classified according to ion selectivity and ligand sensi-
tivity. Calcium channels can be classified according to their 
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activation mechanism as receptor operated (ROC) and 
voltage-operated channels (VOC). The former is activated by 
membrane depolarization and leads to change in voltage 
across the membrane. This causes calcium channels to open. 
Ligand gated calcium channels are regulated by binding of 
norepinephrine to receptors. This situation gives the 
regulation of calcium release from intracellular stores [27]. 
Calcium channels are in excitable membranes permitting the 
movement of Ca2+ across plasma membrane. This movement 
exhibited many cellular functions such as muscle contraction, 
enzyme regulation and the secretion of some transmitters and 
hormones [28]. CCBs have a common target of the voltage-
gated Ca2+ channels. These appear across the myocardial and 
vascular smooth muscle cell [29-35]. Calcium ions have an 
important role in the contraction of heart and smooth muscle 
cells. VOC are formed by subunits 1,  and 2-  whereas 
skeletal muscle have DHP receptor containing five protein 
subunit named 1, 2, , , and  [36, 37]. VOCs formed by
L, T, N, P, Q and R subtypes. N, P, Q and R are found in 
central nerveous system. Calcium antagonists bind to the 1
subunits of L-type channel with high affinity. The pores are 
formed by 1 subunits which consists of four homolog 
helices, each of which is composed of six transmembrane 
segments. The identical structural elements lead to primary 
function of the Ca2+ channel pore. This function is the 
regulation of Ca2+ current which included promotion or 
interruption of Ca2+ ions [36, 38]. Cardiac and smooth 
muscle cells are the major binding site being Ca2+ channel 
for 1,4-DHP. Triggle and co-workers demonstrated that 
calcium antagonists such as nifedipine and verapamil have 
an effect on voltage dependent calcium channels [39]. 
Radioligand binding studies showed that dihydropyridine 
agonist and antagonist bind to same receptor site [40].  

CALCIUM CHANNEL MODULATORY COMPOUNDS 

 Many compounds with different structures receptor-
binding characteristics, and features are mentioned as calcium 
antagonists. Although calcium channel antagonists are a 
heterogeneous group, they can be divided to three major 
groups: phenylalkylamine (verapamil), benzothiazepine (dilti-
azem) and 1,4-DHP (nifedipine) in therapy [41]. There are 
some examples of hybridization to take dual effects in 1,4-
DHP derivatives. Liang and co-workers proposed that some 
hybride molecules having 1,4-DHPs with -/ -adreno-
receptor blocker are in the same molecule [42]. It was also 
showed that the hybride molecules carrying 1,4-DHP and 
diazen function in same molecule gave positive results in 
patients with congestive heart failure [43]. 

 Active derivatives can be obtained by introducing the 
1,4-DHP structure into the condensed ring systems [44-54]. 
Some examples are given in Fig. (3). 

 Racemic hexahydroquinolines, furoquinolines and indeno-
pyridines exhibited calcium antagonistic effects on smooth 
muscle and positive inotropic activity on electrically stimu-
lated atria of guinea pigs [55, 56]. 

 Although, it has been proposed that the 2-methyl group 
in 1,4-DHPs and its condensed analogs are required for 
activity, replacement of methyl group with various alkyl 
groups also affords activity. However, the activity of these 
derivatives decreases in comparison with the methyl analogs. 
It has been thought that the ethyl group could affect receptor 
binding of the molecule due to its steric effect [48].  

 The first synthesis of 1,4-DHPs were accomplished by 
the reaction of acetoacetic ester, aldehyde and ammonia by 

Fig. (3). Structures of some fused 1,4-DHPs. 
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Hantzsch in 1882 [57]. This reaction is still widely used for 
1,4-DHP synthesis [58].

Fig. (5). Hantzsch synthesis.

 Bossert and Vater starting with condensed pyrane 
derivative and proceeding via quinoline [59]. 

 There are many reactions which lead to the synthesis of 
condensed 1,4-DHP derivatives. Enamine derivatives can be 
used in this reaction instead of acetoacetic acid ester-
ammonia. In addition, any synthetic routes such as reduction, 
rearrangement and cycloaddition reaction could have been 
applied in the synthesis of 1,4-DHP derivatives [60]. The 
reaction of some oxazinane derivatives with ethyl -
aminocrotonate and dimedone provides unsymmetrically 
condensed 1,4-DHP compounds [61]. 

 The Hantzsch-like three component reactions is the most 
useful and easiest method in order to obtain hexahydro-
quinoline derivatives. 1,3-cyclohexanedione, benzaldehyde 
derivatives, and alkyl -aminocrotonate are useful compo-
nents as described above. It is possible to obtain different 
esters by using different -aminocrotonate or acetoacetate/ 
ammonia with different alkyl substitution.  

 Combinatorial chemistry has recently come up with a 
powerful tool for drug discovery. Synthesis of compounds 
on solid supports is the most important feature of 
combinatorial chemistry. Accordingly, it is the prerequisite 
challenge to develop solid-phase synthesis on solid supports 
for biologically active molecules. Afterwards, it is also a 

Fig. (4). Structure of hexahydroquinoline and furoquinoline. 

Fig. (6). Synthesis of hexahydroquinoline. 

Fig. (7). Synthesis of hexahydroquinolines from oxazine derivatives. 

Fig. (8). Schematic representation of solid phase synthesis of 1,4-DHPs. 
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prerequisite challenge to explore the utility of such synthetic 
methodologies for forming of combinatorial libraries. The 
synthesis of nifedipine, nitrendipine and nimodipine has 
been achieved by solid-phase synthesis. Gordeev and co-
workers reported the preparation of a 300-member dihydro-
pyridine library and screened their calcium channel binding 
activity. The same authors also reported the synthesis of 1,4-
DHPs on solid supports which was based on a two or three 
component cyclocondensation [18, 25, 62, 63].  

STRUCTURE-ACTIVITY RELATIONSHIPS 

 Active derivatives can be obtained by replacing ester 
groups with other electron drawing substituents such as acyl, 
amide, nitrile, nitro, and sulfonyl [45, 46, 49, 53, 64-67]. 
Many studies defined the structure-activity relationships of 
1,4-DHPs. These properties summarized by Triggle are 
given in the below figure [68].  

Fig. (9). Outline of structure-activity relationships of 1,4-DHPs.

 The 4-position of 1,4-DHP is critical. If this position is 
chiral, one enantiomer may serve as an agonist and the other 
one as an antagonist. Traditional antagonistic 1,4-DHPs have 
ester groups in both the 3 and 5 positions. However, 1,4-
DHPs with different ester groups at C-3 and C-5 have an 
asymmetric center at C-4. This case causes activity 
differences depending on the isomers [47, 69-71]. Bay K 
8644 and 202-791 are illustrative examples for this case. 

Fig. (10). Isomers of Bay-K and 202-791.

 For example, (-) S Bay K 8644 has calcium agonistic 
properties, whereas (+) R Bay K 8644 shows calcium anta-

gonistic activity. Schramm and coworkers explained that 
nifedipine and Bay K 8644 bind a specific dihydropyridine 
receptor, but Bay K 8644 affects diametrically opposite to 
those of nifedipine. This mechanism leads to the develop-
ment of agonistic dihydropyridines [70, 72, 73].  

 Calcium agonist and antagonists bind to the same 
receptor and replace each other competetively. [74]. 

 Similar findings were obtained in lactone derivatives. 
While the R enantiomer was found to be an agonist, the S-
enantiomer was found to be antagonist, S-enantiomer is 50-
fold more active than R-enantiomer in respect to receptor 
binding [59]. 

Fig. (11). Lactone derivative of 1.4-DHP.

 H 160/51 is an analog of calcium antagonist felodipine. 
In contrast to felodipine, its racemic form showed stimulatory 
properties and was classified as a calcium agonist. Gjorstrup 
et al. showed that the enantiomers of H160/51, is a 1,4-DHP 
derivative, opposing actions in the cat papillary muscle and 
rat portal vein [75]. In addition, racemic PY 202-791 has 
stimulation and inhibition properties on calcium channels. It 
was separated into enantiomers, which behaved as pure 
agonist and antagonist.  

Fig. (12). H160/51 and PY 202-791.

 The axial position of 4-aryl group is required for the 
pharmacological activity of the compounds. If compound has 
a substituent in the ortho or meta position, this substituent 
may be at the same side (synperiplanar-sp) with H-4 or lie 
above the DHP ring (antiperiplanar-ap) [59]. 

 In order to fix the ester group in an antiperiplanar 
orientation, the ester group was converted to a lactone ring. 
The lactone derivatives show agonist-antagonist properties 
[44-50, 56, 69, 76].  

 In vinylogous hexahydroquinoline derivatives, linkage of 
a dihydropyridine ring through a vinyl group resulted in a 
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decrease in positive inotropic activity as compared to the 
directly linked annelated or nonannelated dihydropyridines. 
This activity was attributed to release of catecholamines 
from intracellular stores. It was observed that the anta-
gonistic activity of dihydropyridines with symmetrical ester 
functions reduces with increasing steric effects of these 
groups [77, 78].  

Fig. (14). 4-Vinylogous hexahydroquinoline derivative.

 Various 4-arylhexahydroquinoline derivatives showed 
positive inotropic effects in stimulated left guinea pig atrium, 
whereas barium chloride induced contractions are suppressed 
in a dose dependently manner in guinea pig ileum [67]. 
Similar results were obtained in 5-oxo-1,4-indenopyridine (I) 
and furoquinoline (II) derivatives [66, 79]. 

Fig. (15). Indenopyridine (I) and furoquinoline (II) derivatives.

 The 4-arylhexahydroquinoline derivatives having an 
electron withdrawing substituent on the phenyl ring showed 
high calcium antagonist activity. In addition, using naphtha-
lene and heteroaromatic rings instead of the phenyl ring 
increases activity [46]. It has also been reported that some 
dihydropyridines having any substituents at the 2 and 6 
positions showed calcium agonist activity [80].  

 Optimal biological activity for 1,4-DHP derivatives: 

1. Nitrogen atom should beunsubstituted in the 1,4-DHP ring.  

2. The substituents in 2. and 6. position should be lower 
alkyl groups. 

3. The compounds having ester groups in the 3. and 5. 
positions are the most effective compounds. Ester groups 
can be replaced by other electron-withdrawing groups 
such as acetyl, nitro and nitrile.  

4. The aryl group in the 4 position of 1,4-DHP ring is the 
basic requirement for optimal activity. In addition, 
substituent position on the benzene ring is of great 
importance. Ortho and meta substitution is prefered to 
para substitution.  

 The 1,4-DHP ring has a boat form with the 4-aryl 
substituent being at the axial position and orthogonal to the 
plane of the dihydropyridine nucleus. The substituent on the 
aryl ring is positioned on the same side of the hydrogen atom 
of C(4)-aryl bond. The synperiplanar rotamer is favorable. 
The ester groups are at the equatorial positions. In this case, 
carbonyls of the ester groups are in a cis position relative 
located to the 2 and/or 6 substituents of the DHP ring. This 
situation ensures the optimal activity. The position of the 4-
aryl substituent has importance on the activity. Ortho 
substituent exists as synperiplanar orthogonal arrangement of 
the aryl substituent, as well as cis/cis conformation of ester 
groups at the 3- and 5 positions [81]. The Hansch analysis 
was applied to DHP derivatives to elucidate structural 
requirements for the binding to their receptor and to develop 
the new analogs [74].  

PHOTOSTABILITY 

 The photooxidation of 1,4-DHPs results in the conver-
sion of a 1,4-DHP structure to pyridine ring [82, 83]. The 
photochemical stability of 2,6,6-trimethyl-3-carbmethoxy-4-
aryl-5-oxo-1,4,5,6,7,8-hexahydroquinoline derivatives have 
been examined. The photodegradation rate was found to 
depend on the type and position of the substituent in the aryl 
ring. The compounds with alkyl and trifluoromethyl substi-
tuent showed the greatest photochemical stability [83, 84]. In 
addition, the compounds having substituents in the ortho 
position were found much less photostable than the meta 
isomers. 

Fig. (16). Hexahydroquinoline derivative.

 The photodegradation of some complexes forming 1,4-
DHP compounds and -cyclodextrin were studied in the 
liquid phase and their photodegradation rates were 
compared. The results showed that photochemical stability 
can be reduced by replacing nitro group in the compounds 
with halogeno and cyano group [74]. 

BIOTRANSFORMATION 

 In biotransformation studies of 1,4-DHPs, the main 
products are pyridine analogs, monoacid, and lactone [85-

Fig. (13). Synperiplanar and antiperiplanar conformation of 4-aryl-
1.4-DHP derivative. 

ROOC

ROOC CH3

H

N
CH3

A

ROOC

ROOC CH3

H

N
CH3

A

sp ap

NH3C

H3C

O

H

CH3

COOCH3

Ar

N

O Ar

COOCH3

CH3

H

I

N

O Ar

O

O

H

II
N

H3C

H3C

O

COOCH3

CH3

H

R



752 Mini-Reviews in Medicinal Chemistry, 2006, Vol. 6, No. 7 afak and im ek

Fig. (17). Main pathways in the biotransformation of nifedipine.

Fig. (18). Biotransformation of nitrendipine. 
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88]. In phase I reactions, dehydrogenation of 1,4-DHP system, 
oxidative o-demethylation, ester cleavage, hydroxylation of 
the methyl groups at 2 and 6-position occur. Conversion of 
the 1,4-DHP ring to pyridine gives inactive analogs. Biotrans-
formation was catalyzed by cytochrome P-450 mixed 
function oxidase system and these studies have been shown 
in man as well as animals. This dehydrogenation, that occurs 
via stepwise electron transfer is catalyzed by cytochrome P-
450. This step is followed by ester cleavage and lactone 
formation. P-450 oxidation is also involved in the ester 
cleavage and hydroxylation of the methyl groups. Another 
pathway is relatively independent of the substitution on the 
aryl ring at the 4-position. P-450NF is the form of P-450 that 
oxidizes nifedipine. In the nifedipine biotransformation, the 
first step of metabolism is the formal 2-electron oxidation of 
the nifedipine dihydropyridine ring. In principle, such an 
oxidation could be catalyzed by a number of oxidoreduc-
tases, but some oxidation was formed by P-450s. The primary 
metabolite is further followed by ester saponification and 
ring methyls’ hydroxylation [89]. Characterization of rat and 
human liver microsomal cytochrome P-450 forms involved 
in nifedipine oxidation is a prototype for genetic polymor-
phism in oxidative drug metabolism [88-97].  

 Nitrendipine, which is a 1,4-DHP derivative with anti-
hypertensive activity has been subjected to bioequivalance 
and biotransformation studies on healthy volunteers by Kann 
et al. The authors explained the metabolic pathways of 
nitrendipine as shown in Fig. (18) [98]. 

 Nimodipine, which is another 1,4-DHP derivative has 
also potent inhibitor effect on vascular and other smooth 
muscles contractions. The (-)-isomer of nimodipine is more 
active than the (+) isomer. The known metabolites of 
nimodipine are less potent than the parent compound [99].  

 Biotransformation of benidipine, also gives metabolic 
products similar to nimodipine and these are detected by 
HPLC, LC and GC in human plasma [100, 101]. 

 The biotransformation of fused 1,4-DHPs gives similar 
metabolites. In vitro hepatic microsomal biotransformation 
of 2,6,6-trimethyl-4-(2-bromophenyl)l-5-oxo-1,4,5,6,7,8-
hexahydroquinoline produced 1,3,4,5,6,7,8,9,-octahydro-7,7-
dimethyl-9-(2-bromophenyl)furo[3,4-b]quinoline-1,8-dione, 
and this biotransformation was proved by HPLC [50, 76].  

Fig. (19). Metabolic conversion of hexahydoquinolines to 
furoquinolines.

 Glucuronidation is a main phase II reaction. Metabolites 
were identified in comparison with the reference substances 
using instrumental techniques such as HPLC, MS, GC-MS 
and 1H-NMR spectroscopy [76, 102, 103].  

CONCLUSION 

 Hypertension is an important health problem and is one 
of major cause of morbidity and mortality in the world. 
Although there are many efficacious antihypertensive drugs, 
but they have different side effects. Furthermore, there is a 
need to design new drugs with less side effects and long-
term safety. 

 Clinical trials pointed out that calcium antagonistic drugs 
are effective in the prevention of cardiovascular events. 
Calcium channel antagonists are also used for the treatment 
of angina and arrhythmia. These drugs were introduced as 
fast-acting vasodilators exhibiting powerful antihypertensive 
activities. They are also preferred due to their smooth onset 
and long duration of action.  

 Developing molecular biology techniques has increased 
our knowledge of calcium channel types and their functions. 
This has led to the developed of CCBs which are specific for 
these channels. Thus, it could be possible to treat diseases 
that resulted from raised calcium channel function. In 
addition, binding studies, biotransformation experiments and 
the elucidation of metabolites will be guided for the 
development of new and effective drugs [104-110]. 

ABBREVIATIONS 

CCBs = Calcium channel blockers 

DHP =  Dihydropyridine

DHPs =  Dihydropyridines 

VOC =  Voltage operated channel 

ROC = Receptor operated channel 
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