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Sirisha, et al.: New Dihydroimidazopyrimidopyrimidines midines for Asthma
A series of new 10-(alkylamino)-8-methyl-2,6-dihydroimidazo[1,2-c]pyrimido[5,4-e]pyrimidine-5(3H)-thiones
(4a-g) were subjected to molecular property prediction (drug-likeness, lipophilicity and solubility parameters)
using Osiris Property Explorer, ALOGPS 2.1, Molinspiration and ACD/Chemsketch 12.0 software programmes.
The calculated drug-related properties of the designed molecules were similar to those found in most marketed
drugs. Amongst the proposed analogues, four promising candidates were chosen (4a-d) for synthesis on the basis of
Lipinski’s ‘Rule of Five’ and drug-likeness scores. The significant biological activity of the test compounds in two
in vitro modes (isolated guinea pig tracheal chain preparation, isolated guinea pig ileum) supports the promise and
accuracy of the prediction. Among them, 4a was the most potent antihistaminic (IC50 value of 30.2 µM; standard,
chlorpheniramine maleate showed an IC50 of 14.1 µM).
Key words: Antihistaminic, asthma, bronchodilator, drug-likeness, pyrimidine

Asthma is primarily a complex, chronic
inflammatory disease of the airways, which
affects more than 300 million people worldwide,
making it a serious global health problem[1]. It is
characterized by recurrent reverse obstruction of
the airways, airway inflammation and bronchial
hyper responsiveness to stimuli which are not
in themselves noxious and which do not affect
non-asthmatic subjects[2]. Bronchial asthma results
from a complex interplay between genetic and
environmental factors[3]. An asthmatic subject suffers
from intermittent attacks of dyspnoea (difficulty in
breathing), wheezing and cough. Epidemiological
studies show that its occurrence has been on a rise
in children and young adults since early 1970’s,
with the greatest incidence in more industrialized
and urbanized societies, worldwide[4,5]. Nearly 7-10%
of the world population suffers from bronchial
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asthma and India alone has an estimated burden of
more than 15 million patients[6].
Currently bronchodilators (anticholinergics, selective
β2-adrenergic agonists, methylxanthines, antihistaminics)
and antiinflammatory agents (inhaled steroids,
leukotriene antagonists, and mast cell stabilizers)
are used in the treatment of asthma[7]. Despite the
availability of a wide range of drugs, asthma control
is poor globally and especially in developing countries
due to the under utilization of these agents in view of
their cost and adverse drug reaction (ADR) profiles[8-10].
Moreover, the relief offered by these drugs is not only
symptomatic but short-lived. Poorly controlled asthma
is associated with significant morbidity, mortality and
consequent socioeconomic issues[11]. Hence, there is
a dire need to search for new, effective and safer
remedies to treat bronchial asthma.
While reviewing the recent perspectives in the
design of antiasthmatic agents, we observed that
different angularly fused heterocyclic ring systems
like imidazoquinolines, imidazonaphthyridines,
thienopyrimidines, triazolothienopyrimidines,
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benzimidazoloquinazolines, imidazoquinazolines,
benzimidazolopyridopyrimidines,
imidazothienopyrimidines and triazinoquinazolines
are potentially useful compounds[12,13]. Among them,
pyrimidopyrimidines, being annelated uracils, attracted
considerable interest in recent years. Numerous
reports have been patented[14] and have delineated the
antiallergic, antiviral, antibacterial, antioxidant and
hepatoprotective properties of fused pyrimidines[15,16].
Furthermore, imidazo[1,2-c]pyrimidines are also
important structural moieties which are known to
exhibit antiinflammatory, antiallergic, bronchodilatory,
antimycobacterial and antiviral activities[17,18]. Thus,
with an effort to capitalize the pharmacological
potential of the above heterocyclic nuclei and to
synthesize biologically potent compounds, an attempt
has been made to bring such important molecular
moieties into a single molecular framework and
evaluate them for their possible bronchodilatory and
H1-antihistaminic activities, and this communication is
a part of such continued efforts.
In modern drug discovery the potential of a new
compound is often investigated initially with virtual
tools. The likelihood of a compound to exhibit
useful therapeutic activity (sometimes called its
‘drug-likeness’) is predicted from its molecular
structure [19,20] . Prediction of bioavailability and
bioavailability related properties, such as solubility,
lipophilicity are important before actual synthesis.
This could be the best way in order to avoid wastage
of expensive chemicals, precious time and above
all the likely environmental issues. In the present
investigation, seven analogues were designed (4a-g)
and were subjected to drug-like molecular properties
prediction using Osiris Property Explorer[21], ALOGPS
2.1 [22] , Molinspiration [23] and ACD/Chemsketch
12.0[24] softwares to select the compounds for further
synthesis and pharmacological evaluation.

MATERIALS AND METHODS
Drug likeness and molecular property prediction:
The drug-related properties for some blockbuster
drugs [25] and newly designed compounds 4a-g
were calculated by Molinspiration, Osiris Property
Explorer, ALOGPs 2.1 and ACD/Chemsketch software
programmes. Molinspiration was used to find the
number of rotatable bonds, H-bond acceptors, H-bond
donors and PSA. Molar refractivity was calculated
using ACD/Chemsketch software. Lipophilicity
520

(log P), solubility (log S), molecular weight, toxicity
risks (mutagenicity, tumorigenicity, irritating effects,
reproductive effects) and the values of drug-likeness
and drug score were calculated by Osiris. ALOGPs
predicted similar values for log P and log S as Osiris.
Chemistry:
Melting points were determined in open capillaries
using Toshniwal electrical melting point apparatus
(Toshniwal Instruments, Amjer, India) and are
uncorrected. IR spectra were recorded on a
Perkin-Elmer FTIR 240-C spectrophotometer using
KBr optics. 1H-NMR spectra were recorded in CDCl3
or DMSO-d 6 with tetramethylsilane (TMS) as an
internal standard on a Bruker 80 MHz FT-NMR
(300 MHz) spectrometer (Bruker Bioscience, USA)
and the chemical shifts are reported as δ (ppm). Mass
spectra were recorded on a GC-MS QP-1100 Shimadzu
instrument (70 eV; Shimadzu, Kyoto, Japan). Elemental
analyses (C, H, N) of the compounds were obtained
from Perkin Elmer 240B analyzer (Perkin Elmer, USA)
and were within ±0.4 of the theoretical value. Reaction
courses and product mixtures were routinely monitored
by thin-layer chromatography (TLC) on precoated
silica gel 60 F254 aluminum plates (Merck, Germany).
Column chromatography was performed on silica gel
(70–230 mesh ASTM, Merck).
The synthetic route for the title compounds is shown in
Scheme 1. The yields of compounds are not optimized.
A reaction of malononitrile with carbondisulfide and
dimethyl sulfate in the presence of potassium hydroxide
and dimethyl formamide afforded di(methylthio)
methylene malononitrile (92%) which when treated
with acetamidine hydrochloride in the presence
of sodium ethoxide, yielded 4-amino-2-methyl-6(methylsulfanyl)pyrimidine-5-carbonitrile 1 in 64%
yield (mp: 258-260°)[26].
General procedure for the synthesis of
6-(alkylamino)-4-amino-2-methylpyrimidine-5-carb
onitriles (2a-d):
A mixture of 4-amino-2-methyl-6-(methylsulfanyl)
pyrimidine-5-carbonitrile (1, 1.8 g, 0.01 mol) and
1 ml of 40% solution of an appropriate aliphatic
amine in water were heated under reflux in 10 ml
alcohol, until the evolution of methylmercaptan
ceased, as detected with sodium nitroprusside solution
(methylmercaptan turns filter paper dipped in sodium
nitroprusside pink). The reaction mixture was cooled,
solid thus obtained was filtered and washed with ice
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cold alcohol, dried and recrystallized from alcohol to
yield compounds 2a-d, respectively.

191 [M+], Anal. calcd. (%) for C9H13N5: C, 56.53; H,
6.85; N, 36.62. Found: C, 56.55; H, 6.82; N, 36.58.

4-Amino-2-methyl-6-(methylamino)
pyrimidine-5-carbonitrile (2a):
% Yield: 88; mp: 242-245°, IR (KBr) v (cm -1 ):
3373 (NH), 2221 (C≡N), 1683 (C=N). 1 H NMR
(CDCl3) δ (ppm): 2.13 (s, 3H, -CH3), 2.47 (d, 3H,
J=5.4 Hz, -NHCH 3 ), 3.71 (s, 2H, -NH 2 ), 5.59
(s, 1H, -NHCH 3). MS m/z: 163 [M +], Anal. calcd.
(%) for C7H9N5: C, 51.52; H, 5.56; N, 42.92. Found:
C, 51.49; H, 5.55; N, 42.95.

4-Amino-6-(butylamino)-2-methylpyrimidine-5carbonitrile (2d):
% Yield: 75; mp: 255-256°, IR (KBr) v (cm -1):
3359 (NH), 2265 (C≡N), 1687 (C=N). 1H
NMR (CDCl 3) δ (ppm): 2.08 (s, 3H, -CH 3),
2.15 (t, 3H, J=7.35 Hz, -NHCH 2CH 2CH 2CH 3),
2.38 (m, 4H, -NHCH 2CH 2CH 2CH 3), 2.48
(m, 2H, -NHCH2CH2CH2CH3), 3.42 (s, 2H, -NH2), 5.32
(s, 1H, -NHCH2-). MS m/z: 205 [M+], Anal. calcd. (%)
for C10H15N5: C, 58.51; H, 7.37; N, 34.12. Found: C,
58.48; H, 7.34; N, 34.16.

4-Amino-6-(ethylamino)-2-methylpyrimidine-5carbonitrile (2b):
% Yield: 85; mp: 247-249°, IR (KBr) v (cm -1 ):
3345 (NH), 2289 (C≡N), 1677 (C=N). 1 H NMR
(CDCl3) δ (ppm): 2.10 (s, 3H, -CH3), 2.39 (t, 3H,
J=7.1 Hz, -NHCH2CH3), 2.52 (m, 2H, -NHCH2CH3),
3.65 (s, 2H, -NH2), 5.49 (s, 1H, -NHCH2-). MS m/z:
177 [M+], Anal. calcd. (%) for C8H11N5: C, 54.22; H,
6.26; N, 39.52. Found: C, 54.25; H, 6.24; N, 39.56.
4-Amino-2-methyl-6-(propylamino)
pyrimidine-5-carbonitrile (2c):
% Yield: 79; mp: 250-252°, IR (KBr) v (cm -1 ):
3362 (NH), 2257 (C≡N), 1690 (C=N). 1 H NMR
(CDCl 3 ) δ (ppm): 2.11 (s, 3H, -CH 3 ), 2.21
(t, 3H, J=7.3 Hz, -NHCH 2CH 2CH 3), 2.45 (m, 2H,
-NHCH 2CH 2CH 3), 2.54 (m, 2H, -NHCH 2CH 2CH 3),
3.59 (s, 2H, -NH2), 5.36 (s, 1H, -NHCH2-). MS m/z:

General procedure for the synthesis of N-alkyl-5(4,5-dihydro-1H-imidazol-2-yl)-2-methylpyrimidine4,6-diamine (3a-d):
An equimolar mixture of compound 2a (0.02 mol) and
ethylene diamine (0.02 mol) in p-toluenesulfonic acid
(0.22 mol) was heated under reflux at 160° for 48 h.
The reaction mixture was made alkaline with an aqueous
sodium carbonate solution (10%) and extracted with
chloroform. Evaporation of the solvent gave a residue,
which was purified by column chromatography to afford
compound 3a. Compounds 3b-d were prepared similarly.
5-(4,5-Dihydro-1H-imidazol-2-yl)-N,2dimethylpyrimidine-4,6-diamine (3a):
% Yield: 64, mp: 272-274°, IR (KBr) v (cm -1 ):
3391 (NH), 2924 (CH), 1682 (C=N). 1 H NMR

Scheme 1: Synthetic route for the title compounds.
Reagents and conditions: i) R-NH2, reflux, EtOH ii) Ethylenediamine, p-TsOH, D, 160°, 48 h; iii) CS2, alc. KOH, reflux, 12 h.
November - December 2014
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(DMSO) δ (ppm): 1.81 (s, 3H, CH 3 ), 2.06
(d, 3H, J=5.1 Hz, -NHCH 3 ), 2.48 (t, 4H,
J=6.9 Hz, -NCH2CH2N-), 3.07 (s, 1H, -NH), 3.57 (s,
1H, -NHCH3), 3.88 (s, 2H, -NH2). MS m/z: 206 [M+],
Anal. calcd. (%) for C9H14N6: C, 52.41; H, 6.84; N,
40.75. Found: C, 52.45; H, 6.79; N, 40.78.
5-(4,5-Dihydro-1H-imidazol-2-yl)-N-ethyl-2methylpyrimidine-4,6-diamine (3b):
% Yield: 58, mp: 280-282°, IR (KBr) v (cm -1 ):
3387 (NH), 2945 (CH), 1666 (C=N). 1 H NMR
(DMSO) δ (ppm): 1.87 (s, 3H, -CH3), 1.99 (t, 3H,
J=7.3 Hz, -NHCH2CH3), 2.45 (m, 2H, NHCH2CH3),
2.54 (m, 4H, -NCH2CH2N-), 3.05 (s, 1H, -NH), 3.51
(s, 1H, -NHCH2-), 3.76 (s, 2H, -NH2). MS m/z: 220
[M +], Anal. calcd. (%) for C10H 16N 6: C, 54.53; H,
7.32; N, 38.15. Found: C, 54.55; H, 7.29; N, 38.19.
5-(4,5-Dihydro-1H-imidazol-2-yl)-2-methyl-Npropylpyrimidine-4,6-diamine (3c):
% Yield: 47, mp: 289-292°, IR (KBr) v (cm -1 ):
3395 (NH), 2958 (CH), 1674 (C=N). 1 H NMR
(DMSO) δ (ppm): 1.78 (s, 3H, -CH 3 ), 1.92
(t, 3H, J=7.2 Hz, -NHCH 2 CH 2 CH 3 ), 2.35 (m,
2H, -NHCH2CH2CH3), 2.48 (m, 2H, -NHCH2CH2CH3),
2.55 (m, 4H, -NCH2CH2N-), 2.98 (s, 1H, -NH), 3.45
(s, 1H, -NHCH2-), 3.65 (s, 2H, -NH2). MS m/z: 234
[M +], Anal. calcd. (%) for C 11H 18N 6: C, 56.39; H,
7.74; N, 35.87. Found: C, 56.42; H, 7.72; N, 35.85.

and the residue was neutralized with dilute hydrochloric
acid. The crude product of 4a so obtained was filtered,
washed with water, dried and recrystallized from DMF.
Compounds 4b, 4c and 4d were prepared similarly.
8-Methyl-10-(methylamino)-2,6dihydroimidazo[1,2-c]pyrimido[5,4-e]pyrimidine5(3H)-thione (4a):
% Yield: 52, mp: 310° (decomp.), IR (KBr) v (cm-1):
3430 (NH), 2960 (CH), 1654 (C=N), 1141 (C=S).
1
H NMR (DMSO) δ (ppm): 1.25 (s, 3H, CH 3 ),
2.58 (d, 3H, J=5.6 Hz, -NHCH 3), 3.48 and 3.95
(each t, 2H, J=10.7 Hz, -NCH 2CH 2N-), 4.50 (m,
1H, -NHCH3), 12.35 (bs, 1H, S=C-NH). MS m/z: 248
[M+], Anal. calcd. (%) for C10H12N6S: C, 48.37; H,
4.87; N, 33.85. Found: C, 48.41; H, 4.85; N, 33.82.
10-(Ethylamino)-8-methyl-2,6-dihydroimidazo[1,2-c]
pyrimido[5,4-e]pyrimidine-5(3H)-thione (4b):
% Yield: 55, mp: 314° (decomp.), IR (KBr)
v (cm-1): 3439 (NH), 2972 (CH), 1665 (C=N), 1145
(C=S). 1 H NMR (DMSO) δ (ppm): 1.33 (s, 3H,
CH 3), 2.47 (t, 3H, J=6.9 Hz, -NHCH 2CH 3), 3.52
(m, 2H, -NHCH 2CH 3), 3.60 and 4.05 (each t, 2H,
J=9.2 Hz, -NCH 2CH 2N-), 4.41 (s, 1H, -NHCH 2-),
12.21 (bs, 1H, S=C-NH). MS m/z: 262 [M+], Anal.
calcd. (%) for C11H14N6S: C, 50.36; H, 5.38; N, 32.05.
Found: C, 50.4; H, 5.36; N, 32.02.

N-Butyl-5-(4,5-dihydro-1H-imidazol-2-yl)-2methylpyrimidine-4,6-diamine (3d):
% Yield: 50, mp: 296-298°, IR (KBr) v (cm -1 ):
3372 (NH), 2932 (CH), 1690 (C=N). 1 H NMR
(DMSO) δ (ppm): 1.80 (s, 3H, -CH 3 ), 1.87
(t, 3H, J=7.3 Hz, -NHCH 2 CH 2 CH 2 CH 3 ), 2.08
(m, 4H, -NHCH 2 CH 2 CH 2 CH 3 ), 2.44 (m, 2H,
-NHCH2CH2CH2CH3), 2.53 (m, 4H, -NCH2CH2N-),
2.89 (s, 1H, -NH), 3.27 (s, 1H, -NHCH2-), 3.45 (s,
2H, -NH2). MS m/z: 248 [M+], Anal. calcd. (%) for
C 12H 20N 6: C, 58.04; H, 8.12; N, 33.84. Found: C,
58.06; H, 8.15; N, 33.81.

8-Methyl-10-(propylamino)-2,6dihydroimidazo[1,2-c]pyrimido[5,4-e]pyrimidine5(3H)-thione (4c):
% Yield: 48, mp: 320° (decomp.), IR (KBr)
v (cm-1): 3435 (NH), 2965 (CH), 1662 (C=N), 1151
(C=S). 1 H NMR (DMSO) δ (ppm): 1.29 (s, 3H,
CH 3 ), 2.35 (t, 3H, J=7.3 Hz, -NHCH 2 CH 2 CH 3 ),
2.51
(m,
2H, -NHCH 2 CH 2 CH 3 ),
3.45
(m, 2H, -NHCH2CH2CH3), 3.54 and 4.08 (each t, 2H,
J=10.4 Hz, -NCH2CH2N-), 4.35 (s, 1H, -NHCH2-),
12.4 (bs, 1H, S=C-NH). MS m/z: 276 [M+], Anal.
calcd. (%) for C12H16N6S: C, 52.15; H, 5.84; N, 30.41.
Found: C, 52.12; H, 5.87; N, 30.42.

General procedure for the synthesis of
10-(alkylamino)-8-methyl-2,6-dihydroimidazo[1,2-c]
pyrimido[5,4-e]pyrimidine-5(3H)-thiones (4a-d):
5-(4,5-Dihydro-1H-imidazol-2-yl)-N,2dimethylpyrimidine-4,6-diamine (3a) (0.01 mol) was
heated under reflux with a mixture of alcoholic KOH
solution (10 ml, 0.01 mol) and carbondisulfide (8 ml)
for 12 h. Excess of carbondisulfide was distilled off

10-(Butylamino)-8-methyl-2,6-dihydroimidazo[1,2-c]
pyrimido[5,4-e]pyrimidine-5(3H)-thione (4d):
% Yield: 50, mp: 326° (decomp.), IR (KBr) v
(cm-1): 3427 (NH), 2970 (CH), 1660 (C=N), 1137
(C=S). 1 H NMR (DMSO) δ (ppm): 1.20 (s, 3H,
CH3), 1.88 (t, 3H, J=7.1 Hz,-NHCH2CH2CH2CH3),
2.48 (m, 4H, -NHCH 2 CH 2 CH 2 CH 3 ), 3.35
(m, 2H, -NHCH2CH2CH2CH3), 3.57 and 4.04 (each t,
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2H, J=9.8 Hz,-NCH2CH2N-), 4.28 (s,1H, -NHCH2-),
12.31 (bs, 1H, S=C-NH). MS m/z: 290 [M+], Anal.
calcd. (%) for C13H18N6S: C, 53.77; H, 6.25; N, 28.94.
Found: C, 53.74; H, 6.28; N, 28.92.
Isolated guinea pig tracheal chain preparation:
Albino guinea pigs of either sex weighing 250300 g were obtained from National Institute of
Nutrition, Hyderabad and housed in wire-mesh
cages maintained at 23±2°, 12 h light and dark
cycles. The animals were allowed to acclimatize
to the environment for 3-4 days and supplied
with a standard pellet diet and water ad libitum.
The experimental protocols were approved by the
Institutional Animal Ethical Committee, Kakatiya
University, Warangal, India.
Overnight fasted animals were sacrificed by a head
blow and exsanguination. The trachea was excised
and transferred to a petri dish containing oxygenated
Krebs-Henseleit solution (KHS) consisting of in mM,
NaCl, 113.0; KCl, 4.8; CaCl 2, 2.5; NaHCO 3, 25;
KH2PO4, 1.2; MgSO4, 1.2; glucose 5.7 maintained
at pH 7.4. (This buffer usually gives pH of 7.4 at
37° when bubbled with carbogen (95:5, oxygen:
carbondioxide mixture).
It was cut transversely between the segments of the
cartilage, so as to give a number of individual rings
of trachea. About 5-6 of the rings were tied together
in series with silk threads and mounted in an organ
bath containing KHS, continuously aerated and
maintained at 37±1°. One end of the tracheal chain
was attached to an S-shaped aerator tube and other
attached to an isotonic frontal writing lever to smoked
drum. Tissue was allowed to equilibrate for 45 min
under a load of 0.5 g, during which the bath solution
was replaced every 5 min. Contact time of 30 s. and
15 min time cycle was followed for recording the
response of histamine. The consecutive concentrations
of histamine were added every 2 min (range 0.1–1000
μM); and the graph of percentage of maximum
contractile response (Emax) on ordinate and logarithm
of molar concentration of histamine on abscissa was
plotted to record dose response curve of histamine, in
absence and in presence of test compounds 4a-d (200
and 400 μg/ml)[27].
Isolated guinea pig ileum preparation:
Overnight fasted guinea pig was sacrificed and ileum
was mounted in an organ bath containing Tyrode
November - December 2014

solution (NaCl 8.0, KCl 0.2, CaCl 2 0.2, MgCl2 0.1,
NaHCO 3 1.0, NaH 2PO 4 0.05 and glucose 1.0 g/l),
which was continuously aerated and maintained
at 37±1º. One end of ileum was attached to an
S-shaped aerator tube and other attached to isotonic
frontal writing lever to smoked drum. The tissue was
allowed to equilibrate for 30 min under a load of
0.5 g. Contact time of 30 s and 15 min time cycle
was followed for recording the response of histamine.
After obtaining a dose response curve of histamine on
ileum, the test compounds 4a-d (200 and 400 μg/ml)
were added to the reservoir and same doses of
histamine were repeated. Percent maximum contractile
response (Emax) on ordinate and logarithm of molar
concentration of histamine on abscissa was plotted
to obtain dose response curves of histamine, in the
absence and the presence of test compounds[28].

RESULTS AND DISCUSSION
Molecular properties such as membrane permeability,
hydrophobicity and bioavailability are associated with
some basic molecular descriptors such as log P (partition
coefficient), log S (solubility), molecular weight, number
of hydrogen bond acceptors and donors in a molecule.
Lipinski’s rule of five[29] is widely used as filter to
estimate molecular drug-likeness. According to the rule,
a drug like molecule has log P≤5, molecular weight
<500 g/mol, hydrogen bond acceptors ≤10, hydrogen
bond donors ≤5 and molar refractivity between 40-130.
Molecules violating more than one of these rules are not
expected to be viable drug candidates.
The solubility parameter, log S, is another important
parameter for determining drug likeness. The
absorption of a compound is considerably influenced
by its solubility. Generally, high log S values
correspond to good absorption. Over 80% of the
marketed drugs have log S >-4, which corresponds
to the solubility of 0.1 mmol/l[21,30]. Molecular polar
surface area (PSA) is a very useful parameter for
the prediction of drug transport properties (PSA must
be ≤140 Å2). It is used to estimate the percentage
of absorption using the expression %ABS=1090.345PSA [31] . PSA and volume are inversely
proportional to %ABS. Number of rotatable bonds
dictates the conformational changes of molecules
under study, which consequently decides binding of
receptors or channels. They should be ≤10 to have
good oral bio availability.
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TABLE 1: DRUG RELATED PROPERTY PROFILES OF SOME BLOCKBUSTER DRUGS, CALCULATED BY
MOLINSPIRATION, OSIRIS PROPERTY EXPLORER, ALOGPS 2.1 AND ACD/CHEMSKETCH SOFTWARES
Generic drug
Aripiprazole
Atorvastatin
Azelastine
Clopidrogel
Duloxetine
Esomeprazole
Fluticasone
Montelukast
Quetiapine
Rosuvastatin
Salbutamol
Salmeterol
Terbutaline

Therapeutic use
Antipsychotic antidepressant
Cholesterol regulator
Asthma, Allergy
Antiplatelet agent
Antidepressant, anxiolytic
Antiulcerant
Chronic asthma
Asthma, seasonal allergies
Antipsychotic
Cholesterol regulator
Asthma, lung diseases
Chronic asthma
Asthma, chronic bronchitis

MW
448
558
381
321
297
345
444
586
383
481
239
415
225

LogP
4.58
5.55
4.49
2.95
4.22
2.48
2.12
8.63
2.80
2.29
0.92
4.36
1.24

LogS HBA HBD MR (cm3) nrotb PSA (Å2)
−5.14 5
1 120.3±0.3
7
44.80
−6.92 7
4 155.2±0.5 12
111.78
−4.82 4
0 109.9±0.5
3
38.13
−3.22 3
0
85.4±0.3
4
29.54
−4.4
2
1
91.1±0.3
6
21.26
−2.72 6
1
94.0±0.4
5
77.11
−4.42 4
2 106.9±0.4
3
74.59
−8.53 4
2 173.7±0.3 12
70.41
−2.46 5
1 110.1±0.5
6
48.83
−5.73 9
3 119.9±0.4 10
140.91
−1.43 4
4
67.7±0.3
5
72.71
−3.62 5
4 121.8±0.3 16
81.94
−1.25 4
4
63.1±0.3
4
72.71

% ABS Drug likeness Drug score (%)
93.54
4.88
48
70.43
1.03
22
95.84
5.52
57
98.80
1.33
74
101.6
2.35
51
82.39
1.52
51
83.26
4.33
66
84.70
0.77
14
92.15
2.97
80
60.38
3.45
49
83.81
5.80
96
80.73
−8.28
32
83.81
6.95
58

MW: molecular weight, P: partition coefficient, S: solubility, HBA: hydrogen bond acceptors, HBD: hydrogen bond donors, MR: molar refractivity, nrotb: number
of rotatable bonds, PSA: polar surface area, ABS: absorption

TABLE 2: DRUG‑RELATED PROPERTIES OF THE NEWLY DESIGNED COMPOUNDS 4a‑g, CALCULATED BY
MOLINSPIRATION, OSIRIS PROPERTY EXPLORER, ALOGPS 2.1 AND ACD/CHEMSKETCH SOFTWARES

Compd.
4a
4b
4c
4d
4e
4f
4g

R
−CH3
−C2H5
−C3H7
−C4H9
−C5H11
−C6H13
−C7H15

MW
248
262
276
290
304
318
332

LogP
1.14
1.58
2.04
2.51
2.97
3.43
3.9

LogS
−2.16
−2.46
−2.73
−3.0
−3.27
−3.54
−3.81

HBA
6
6
6
6
6
6
6

HBD
2
2
2
2
2
2
2

MR (cm3)
67.16±0.5
71.77±0.5
76.38±0.5
80.99±0.5
85.60±0.5
90.20±0.5
94.81±0.5

nrotb
1
2
3
4
5
6
7

PSA (Å2)
54.24
53.72
53.94
53.94
53.94
53.94
53.94

% ABS
90.29
90.47
90.39
90.39
90.39
90.39
90.39

Drug likeness
3.34
3.26
3.28
1.4
−2.04
−6.46
−11.6

Drug score (%)
92
91
88
78
46
39
36

MW: molecular weight, P: partition coefficient, S: solubility, HBA: hydrogen bond acceptors, HBD: hydrogen bond donors, MR: molar refractivity, nrotb: number
of rotatable bonds, PSA: polar surface area, ABS: absorption

Tables 1 and 2 show the calculated drug-related
properties of some blockbuster drugs[25] and newly
designed compounds 4a-g, respectively. All of them
showed no predicted toxicity, overall drug scores
ranging from 36 to 92%, and optimal values for all
other drug-related estimated properties.
The values of log P ranged from 1.14 to 3.90 for
all designed molecules, while the values of log S
were between -2.16 and -3.81. Both of these set of
values are well within the accepted ranges for drug
like molecules, as described. The polar surface areas
(PSA) of all 7 molecules are less than 55 Å2 (well
below the “drug like” value of 140 Å2). The percentage
of absorption (% ABS) calculated was found to be
greater than 90 for all the molecules. They are small
in size (molecular weights are less than 332 g/mol)
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also. All designed molecules have rotatable bonds
between 1 and 7, 6 H-bond acceptors, and 2 H-bond
donors. Compounds 4a-d showed positive drug-likeness
values, ranging from 1.4 to 3.34 and compounds 4e-g
gave negative values for drug-likeness between -2.04
and -11.60. Osiris calculations for 15000 nondrug like
chemicals and 3300 marketed drugs found that about
80% of the marketed drugs had positive values of the
drug likeness parameter, while almost all the nondrug
like chemicals had negative values [21]. A positive
value of drug likeness indicates that the molecule
consists mostly of building blocks (fragments) that are
commonly found in marketed drugs.
Fig. 1 shows the distributions of the logP, logS,
molecular weight, and drug likeness values for
marketed drugs, non-drug like chemicals, and
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c

d

Fig. 1: Graphical analysis of some molecular properties for marketed drugs, non-drug like chemicals, and designed molecules (4a-g).
a-Distribution of logP values; b-distribution of logS values; c-distribution of molecular weight; d-distribution of drug likeness. The vertical
bars indicate the values for marketed drugs in graphs a-d (normal) and non-drug like chemicals in graph d (dotted); horizontal bars indicate
the approximate ranges of the values obtained for the designed molecules in graphs a-c (normal) and graph d (dotted).

compounds 4a-g designed in this study. Statistical
relations (graphs) for marketed drugs and non-drug
like chemicals were created using information from
the Osiris Property Explorer website. The horizontal
lines in the graphs indicate the approximate ranges
of the values obtained for the designed molecules.
As can be seen from fig. 1 the logP, logS, molecular
weight, and drug likeness values for compounds 4a-g
were comparable to those of the majority of marketed
drugs. Maximum drug likeness values and drug
scores were found to be 3.34 and 92% respectively
for compound 4a. Next to it, compounds 4b-d were
predicted to have drug likeness values between
3.26 and 1.4 and drug scores between 91 and 78%.
Compounds 4e, 4f and 4g having pentyl, hexyl and
heptyl substitution respectively on amino group in
one of the pyrimidine moieties gave negative drug
likeness values and low drug scores (<50%). Hence
they could not be treated as potential candidates even
though they complied with the Lipinski’s rule. It
could be observed from the results that amongst the
homologous series 4a-g, the drug likeness decreased
with increase in bulkiness of the alkyl amino group
in pyrimidine ring. On the basis of drug likeness
model score, compounds 4a-d were predicted as
November - December 2014

potential therapeutic candidates and selected for
synthesis.
Nucleophilic replacement of 6-methylthio moiety
in 4-amino-2-methyl-6-(methylsulfanyl) pyrimidine5-carbonitrile 1 by different amines afforded
the corresponding 6-alkylamino derivatives 2a-d
(Scheme 1). The IR spectra of compound 2 showed
characteristic band around 3350 cm-1 corresponding
to the amino group. The incorporation of alkylamino
group was further confirmed by the 1H NMR spectra
with a singlet at around δ 5.45 ppm (exchangeable
with D2O), corresponding to –NH group and by mass
spectra.
Treatment
of
6-(alkylamino)-4-amino-2methylpyrimidine-5-carbonitriles 2a-d with ethylene
diamine in presence of 4-toluene sulfonic acid,
led to the formation of N-alkyl-5-(4,5-dihydro-1Himidazol-2-yl)-2-methylpyrimidine-4,6-diamines
3a-d, respectively. Compound 3 was confirmed by the
presence of a characteristic signal as multiplet around
δ 2.52 ppm in 1H NMR spetrum, corresponding to
the –CH2-CH2- of the dihydroimidazo ring system.
Heating under reflux of compounds 3a-d with a
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mixture of alcoholic potassium hydroxide solution
and carbon disulfide afforded the corresponding
10-(alkylamino)-8-methyl-2,6-dihydroimidazo[1,2-c]
pyrimido[5,4-e]pyrimidine-5(3H)-thiones 4a-d. The
title compounds 4 showed a band at around 3430
cm -1, corresponding to the amino group (IR) and
the other IR signals were at around 2960 cm -1
(–CH stretch), 1650 cm-1 (–C=N stretch) and 1140
cm-1 (–C=S group). The 1H NMR spectrum showed a
singlet at around δ 1.28 ppm corresponding to methyl
protons at C-8. A signal appeared at around δ 2.353.52 ppm corresponding to the alkyl protons at C-10.
Also, two triplets appeared at around δ 3.55 ppm
and δ 4.05 ppm, corresponding to >N–CH 2- and
=N-CH2-  protons respectively, of the dihydroimidazo
ring system. The aliphatic NH proton could be
recorded at around δ 4.35 ppm and the cyclic NH
proton could be recorded at around δ 12.35 ppm
(D 2O exchangeable). The mass spectra of all the
compounds 4a-d have shown the molecular ion peaks
[M+], which further confirmed their formation.
The purity of all the newly synthesized compounds
was verified using TLC and elemental analysis

(C, H, N). The structures of the synthesized
compounds were assigned on the basis of spectral
data. All the newly synthesized compounds were in
full agreement with the proposed structures.
Compounds 4a-d were screened for their in vitro
bronchodilatory activity on isolated guinea pig tracheal
chain preparations[27]. Aminophylline (10 ng/ml) (Sigma
Chemical Ltd. UK) was used as standard drug for
comparison. They were also evaluated for in vitro
H 1-antihistaminic activity on isolated guinea pig
ileum [28] using chlorpheniramine maleate (CPM)
(10 nM) (Sigma Chemical Ltd. UK) as standard.
The inhibitory effect of the test compounds 4a-d on
histamine H1 receptors was examined by producing
the cumulative log concentration–response curve
(CRC) of histamine acid phosphate (Hi-Media
Laboratories Pvt. Ltd., India) induced contraction of
guinea pig tracheal chains and ileum, 10 min after
the exposure of tissue to each solutions: standard,
two concentrations of test compounds 4a-d (200
and 400 μg/ml microsuspension in water), or saline
(control). In both the experimental models, the CRCs

a

b

c

d

Fig. 2: CRCs of histamine-induced contraction of guinea pig tracheal chains in the presence of saline (control) (-□-), aminophylline (standard)
(-Δ-), test compound (4) at two doses of 200 µg/ml (-О-) and 400 µg/ml (-◊-), respectively. Graph a is for 4a; graph b is for 4b; graph c is for
4c; graph d is for 4d.
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Fig. 3: CRCs of histamine-induced contraction of guinea pig ileum in presence of saline control (-□-), chlorpheniramine maleate (standard)
(-Δ-), test compound (4) at two doses of 200 µg/ml (-О-) and 400 µg/ml (-◊-) respectively. Graph a is for 4a; graph b is for 4b; graph c is for 4c;
graph d is for 4d.

of histamine obtained in the presence of both the
concentrations of test compounds 4a-d and standard
drugs, aminophylline and chlorpheniramine maleate
showed clear rightward shift compared to control
(figs. 2 and 3) indicating their antihistaminic activity.
In the isolated guinea pig tracheal chain method,
all the tested compounds 4a-d exhibited significant
bronchodilatory activity, however less than the
standard (aminophylline).
In the isolated guinea pig ileum method, all the test
compounds were also found to inhibit histamineinduced contractions of ileum. The concentration of
the test compounds which inhibited 50% of response
(median inhibitory concentration), IC50 was determined
from the graph plotted of percent inhibition versus log
dose and the results are presented in Table 3.
Amongst the series tested, compound 4a was found to
be relatively more potent with IC50 value of 30.241 µM
compared to the standard, chlorpheniramine maleate
(IC 50 =14.1 µM). Next to it, compound 4b was
found to possess moderate antihistaminic activity
(IC50=44.6 µM). Compounds 4c and 4d exhibited a
November - December 2014

TABLE 3: IN VITRO H1‑ANTIHISTAMINIC ACTIVITY OF
TEST COMPOUNDS 4a‑d
Compound
4a
4b
4c
4d
CPM

R

IC50 (µM)

−CH3
−C2H5
−C3H7
−C4H9
_

30.2
44.6
62.7
80.1
14.1

CPM: Chlorpheniramine maleate

weak antihistaminic activity with IC50 values of 62.7
and 80.1 μM, respectively. Thus, results in above two
models suggest the antihistaminic (H1-antagonist) effect
of compounds 4a-d.
Results obtained from each group were expressed as
mean±SEM (n=6). The data was analyzed by one way
ANOVA. P<0.05 were considered to be statistically
significant.
In
conclusion,
a
series
of
novel
2,6-dihydroimidazo[1,2-c]pyrimido[5,4-e]
pyrimidine-5(3H)-thiones were designed as possible
bronchodilators and subjected for the prediction of
molecular properties and drug-likeness by different
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software to identify their likely therapeutic potential.
Amongst the series, only four compounds (4a-d)
were selected on the basis of molecular properties
and drug likeness score for oral bioavailability. They
were synthesized and screened for antihistaminic
and bronchodilatory activities by adopting standard
protocols. All the test compounds exhibited
bronchodilatory and H1-antihistaminic activities in
in vitro evaluation. Further studies are in progress to
determine the exact mechanism of these molecules,
and to explore other possible isosteres.
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