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A series of Dihydropyrimidines (DHPMs) with variable substituents at four positions in pyrimidine nucleus
(I-IV), were prepared and tested for their calcium channel blocker and hypotensive effect using amlodipine as a
reference compound. Molecular alignment revealed a direct correlation between fitting and in-vitro rat ileum
relaxation. A pharmacophore was developed for compounds with hypotensive and/or calcium channel blocking
activity. Series IV showed hypotensive and calcium antagonist effect, while series I and II showed calcium
antagonist activity without hypotensive action. Series III were devoid of either effect.

INTRODUCTION

Chemistry of 4-aryltetrahydropyrimidine-
5-carboxylate of Biginelli type reaction have
been attracting widespread attention in recent
years. The present popularity of these
tetrahydropyrimidines is mainly due to their
close structural relationship to the clinically
important dihydropyridine calcium channel
blockers (DHPs)1-7. Dihydropyrimidines
(DHPMs) and their analogues possess anti-
inflammatory8-11, analgesic11, antitumor12&13,
antibacterial14-16, antifungal17, antioxidant18, α-
1a-antagonist19-23, and FATP4 inhibitory
effects24. Some marine natural products
containing the dihydropyrimidinone-5-
carboxylate scaffold have been found to be
potent HIV inhibitors25-27.

The target of the present work was to
extend variation of substituents at 1,2,5 and 6
positions of the dihydropyrimidine to mimic
the DHP skeleton acting as calcium channel
blockers. The present work was supported by
the study of the conformational alignment of
the prepared compounds with amlodipine as a
reference molecule and correlating the

alignement data with the biological response.
The prepared DHPMs were challenged with the
elaborated pharmacophoric features of DHPs
and correlation in silico data with their
biological activity.

EXPERIMENTS

Melting points were determined on an
electrothermal melting point apparatus (Stuart
Scientific Co.) and were uncorrected.
Elemental microanalyses were performed at the
microanalytical center, Faculty of Science,
Cairo University, and Assiut University Central
Lab, Assiut. Percentage of water was
performed on Karl Fisher Titrino 701 in T3A
company, Assiut. 1H-NMR spectra were run on
Varain Em-360L NMR spectrophotometer (60
MHz) (Varian USA) at the Faculty of
Pharmacy, Assiut University. IR spectra were
recorded as KBr disks on Shimadzue IR 200-
91527 Spectrophotometer at the Faculty of
Pharmacy, Assiut University. Mass spectra
were performed with JEOL JMS600,
Microanalytical center, Cairo University,
Cairo. Biological screening was carried out at
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the Department of Pharmacology, Faculty of
Medicine, Assiut University. Ethyl acetoacetate
was purchased from Adwic Co., 2-
chlorobenzaldehyde and isopropyl
acetoacetate, isobutyl chloroformate,
chloroacetylchloride were purchased from
Fluca Co., ethyl chloroformate is purchased
from Aldrich Co., while 2-fluorobenzaldehyde
purchased from Merk Co. Amlodipine besylate
is curtsy of El Amyria Co. All other chemicals
and solvents are of reagent grade.

A. Chemistry
General procedure for synthesis of alkyl 6-
methyl-4-phenyl (subtituted phenyl) 2-
thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (Ia-f)

A mixture of pure aldehyde (0.1 mole),
alkyl acetoacetate (0.1 mole), and thiourea
(10.0 g, 0.131 mole) in glacial acetic acid (100
mL) was heated at 110°C for 1 hr, then the
temperature was raised to 140°C and
maintained for 45 min at this temperature. The
residue was cooled, crystallized from methanol.

Synthesis of ethyl 6-methyl-4-phenyl-2-
thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (Ia)28

A mixture of pure benzaldehyde (10.6 g,
0.1 mole), ethyl acetoacetate (13.0 g, 0.1 mole),
and thiourea (10.0 g, 0.131 mole) was refluxed
for 1 hr in absolute ethanol (100 mL)
containing hydrochloric acid (1 mL). The
reaction mixture was cooled, filtered under
suction and crystallized from methanol to give
(16.6 g, 60%) of the product, m.p. 203°C. IR
(KBr) 3150, 1660, 1562; 1H-NMR (CDCl3) δ
8.55 (1H, s, N3H); 7.90 (1H, s, N1H); 7.66-
7.33 (5H, m, CH Ar.); 5.53 (1H, s, C4H); 4.40-
3.93 (2H, q, CH2CH3); 2.50-2.30 (3H, bs, CH3);
1.50-1.00 (3H, t, CH2CH3).

Isopropyl 6-methyl-4-phenyl-2-thioxo-1,2,
3,4-tetrahydropyrimidine-5-carboxylate (Ib)

Yield (20.33 g, 70%), m.p. 198-200°C. IR
(KBr) 3150, 1692, 1640, 1584; 1H-NMR
(CDCl3) δ 9.35 (1H, s, N3H); 8.70 (1H, s,
N1H); 8.00-7.56 (5H, m, CH Ar.); 5.80 (1H, s,
C4H); 5.60-5.10 (1H, m, CH(CH3)2); 2.56 (3H,
s, CH3); 1.50-1.30 (3H, d, CH(CH3)2; 1.30-1.00
(3H, d, CH(CH3)2. Anal. Calcd. for
C15H18N2O2S: C, 62.04; H, 6.25; N, 9.65.
Found: C, 61.61; H, 6.28; N, 9.57.

Ethyl 4-(2-chlorophenyl)-6-methyl-2-thioxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate
(Ic)29

Yield (26.42 g, 85%), m.p. 168-170°C. IR
(KBr) 3160, 1700, 1642, 1559; 1H-NMR
(CDCl3) δ 8.96 (1H, s, N3H); 7.76 (1H, s,
N1H); 7.66-7.33 (4H, m, CH Ar.); 6.05 (1H, s,
C4H); 4.40-3.83 (2H, q, CH2CH3); 2.46 (3H, s,
CH3); 1.60-0.83 (3H, t, CH2CH3).

Isopropyl 4-(2-chlorophenyl)-6-methyl-2-
thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (Id)

Yield (24.37 g, 75%), m.p. 239-241°C; IR
(KBr) 3155, 1701, 1644, 1568; 1H-NMR
(CDCl3) δ 9.40 (1H, s, N3H); 8.20 (1H, s,
N1H); 8.10-7.60 (4H, m, CH Ar.); 6.33 (1H, s,
C4H); 5.60-5.00 (1H, m, CH(CH3)2); 2.63 (3H,
s, CH3); 1.50-1.30 (3H, d, CH(CH3)2; 1.30-0.80
(3H, d, CH(CH3)2. M+•: m/e 324. Anal. Calcd.
for C15H17ClN2O2S: C, 55.46; H, 5.28; N, 8.62.
Found: C, 55.19; H, 5.27; N, 8.52. MS (70eV,
EI): m/z (%): 326 (M+• + 2, 18.6); 325 (M+• + 1,
16.9); 324 (M+•, 47.8); m/z 237 (M+• -
[CO2C3H7]

+, 35); m/z 213 (M+• - [C6H4Cl]+,
60.5).

Ethyl 4-(2-fluorophenyl)-6-methyl-2-thioxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate
(Ie)

Yield (20.65 g, 70%), m.p. 169-171°C. IR
(KBr) 3160, 1699, 1642, 1575; 1H-NMR
(CDCl3) δ 9.00 (1H, s, N3H); 8.06 (1H, s,
N1H); 7.80-7.20 (4H, m, CH Ar.); 5.86 (1H, s,
C4H); 4.40-4.00 (2H, q, CH2CH3); 2.50 (3H, s,
CH3); 1.40-1.00 (3H, t, CH2CH3). Anal. Calcd.
for C14H15FN2O2S: C, 57.13; H, 5.14; N, 9.25.
Found: C, 56.83; H, 5.16; N, 9.04.

Isopropyl 4-(2-fluorophenyl)-6-methyl-2-
thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (If)

Yield (13.88 g, 45%), m.p. 210-212°C; IR
(KBr) 3160, 1695, 1643, 1570; 1H-NMR
(CDCl3) δ 9.50 (1H, s, N3H); 8.50 (1H, s,
N1H); 8.10-7.40 (4H, m, CH Ar.); 6.15 (1H, s,
C4H); 5.60-5.00 (1H, m, CH(CH3)2); 2.63 (3H,
s, CH3); 1.60-1.30 (3H, d, CH(CH3)2; 1.30-0.90
(3H, d, CH(CH3)2. Anal. Calcd. for
C15H17FN2O2S: C, 58.42; H, 5.56; N, 9.08.
Found: C, 58.76; H, 5.85; N, 9.00.
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General procedure for synthesis of alkyl 6-
methyl-2-methylthio-4-phenyl(substituted
phenyl)-1,4-dihydropyrimidine-5-
carboxylate (IIa-f)

A mixture of the appropriate alkyl 6-
methyl-4-phenyl (substituted phenyl)-2-thioxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate Ia-
f (0.1 mole) and dimethylsulfate (37.84 g, 0.3
mole) was refluxed in absolute ethanol (150
mL) for 1 hr, then cooled, diluted with water
(300 mL), and filtered. The clear filtrate was
alkalinized by gradual addition of concentrated
ammonium hydroxide solution, and the mixture
was refrigerated for 2 hrs. The formed
precipitate was filtered off, washed with water
and crystallized from suitable solvent (IIa,c,e
(ethanol/water); IIb,d,f (DMF/water)).

Ethyl 6-methyl-2-methylthio-4-phenyl-1,4-
dihydropyrimidine-5-carboxylate (IIa)28

Yield (27.58 g, 95%), m.p. 165°C; IR
(KBr) 3380, 3205, 1692, 1636; 1H-NMR
(CDCl3) δ 7.66-7.30 (5H, s, CH Ar.); 5.80 (1H,
s, C4H); 4.50-4.10 (2H, q, CH2CH3); 2.60 (3H,
s, SCH3); 2.50 (3H, s, C6CH3); 1.50-1.10 (3H,
t, CH2CH3).

Isopropyl 6-methyl-2-methylthio-4-phenyl-
1,4-dihydropyrimidine-5-carboxylate (IIb)

Yield (28.92 g, 95%), m.p. 142-144°C; IR
(KBr) 3450, 3295, 1644; 1H-NMR (CDCl3) δ
8.10-7.60 (5H, m, CH Ar.); 6.04 (1H, s, C4H);
5.60-5.10 (1H, m, CH(CH3)2); 2.60 (3H, s,
SCH3); 2.50 (3H, s, C6CH3); 1.50-1.30 (3H, d,
CH(CH3)2); 1.30-1.00 (3H, d, CH(CH3)2. Anal.
Calcd. for C16H20N2O2S: C, 63.13; H, 6.62; N,
9.20. Found: C, 62.77; H, 6.57; N, 9.11.

Ethyl 4-(2-chlorophenyl)-6-methyl-2-methyl-
thio-1,4-dihydropyrimidine-5-carboxylate
(IIc)

Yield (29.14 g, 85%), m.p. 71-73°C; IR
(KBr) 3445, 1660, 1631; 1H-NMR (CDCl3) δ
7.70-7.23 (4H, m, CH Ar.); 6.15 (1H, s, C4H);
4.33-3.90 (2H, q, CH2CH3); 2.50 (3H, s,
SCH3); 2.40 (3H, s, C6CH3); 1.30-0.90 (3H, t,
CH2CH3). Anal. Calcd. for
C15H17ClN2O2S.H2O: C, 52.55; H, 5.59; N,
8.17; H2O, 5.25. Found: C, 52.69; H, 5.86; N,
8.10; H2O, 5.32.

Isopropyl 4-(2-chlorophenyl)-6-methyl-2-
methylthio-1,4-dihydropyrimidine-5-
carboxylate (IId)

Yield (33.19 g, 93%), m.p. 71-73°C; IR
(KBr) 3480, 3160, 1632 cm-1; 1H-NMR
(CDCl3) δ 8.20-7.60 (4H, m, CH Ar.); 6.50
(1H, s, C4H); 5.60-5.00 (1H, m, CH(CH3)2);
2.66 (3H, s, SCH3); 2.53 (3H, s, C6CH3); 1.50-
1.30 (3H, d, CH(CH3)2; 1.30-0.80 (3H, d,
CH(CH3)2. Anal. Calcd. for
C16H19ClN2O2S.H2O: C, 53.85; H, 5.93; N,
7.85; H2O, 5.04. Found: C, 53.43; H, 5.79; N,
7.81; H2O, 5.00.

Ethyl 4-(2-fluorophenyl)-6-methyl-2-methyl-
thio-1,4-dihydropyrimidine-5-carboxylate
(IIe)

Yield (25.90 g, 84%), m.p. 71-72°C; IR
(KBr) 3450, 3295, 1643 cm-1; 1H-NMR
(CDCl3) δ 8.00-7.60 (4H, m, CH Ar.); 6.45
(1H, s, C4H); 4.70-4.20 (2H, q, CH2CH3); 2.80-
2.40 (6H, bs, SCH3, C6CH3); 1.50-1.10 (3H, t,
CH2CH3). Anal. Calcd. for C15H17FN2O2S: C,
58.42; H, 5.56; N, 9.08. Found: C, 57.89; H,
5.04; N, 8.87.

Isopropyl 4-(2-fluorophenyl)-6-methyl-2-
methylthio-1,4-dihydropyrimidine-5-
carboxylate (IIf)

Yield (30.64 g, 90%), m.p. 74-75°C; IR
(KBr) 3465, 3125, 1667, 1634 cm-1; 1H-NMR
(CDCl3) δ 8.10-7.60 (4H, m, CH Ar.); 6.46
(1H, s, C4H); 5.60-5.00 (1H, m, CH(CH3)2);
2.63 (3H, s, SCH3); 2.55 (3H, s, C6CH3); 1.46-
1.30 (3H, d, CH(CH3)2; 1.30-0.86 (3H, d,
CH(CH3)2. Anal. Calcd. for
C16H19FN2O2S.H2O: C, 56.45; H, 6.22; N, 8.23;
H2O, 5.29. Found: C, 56.44; H, 6.10; N, 8.26;
H2O, 5.40.

General procedure for synthesis of ethyl 6-
methyl-4-phenyl (substituted phenyl)-2-(2-
substituted aminoethylthio)-1,4-dihydro-
pyrimidine-5-carboxylate (IIg-r)

A mixture of the appropriate ethyl 6-
methyl-4-phenyl (substituted phenyl)-2-thioxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate Ia,
Ic, and Ie (1.0 mmole), 2-chloroethylamine
(cyclic amine) hydrochloride (1.1 mmole), and
sodium hydroxide (1 M, 2.5 mL) in absolute
ethanol (20 mL) was refluxed for 1 hr,
concentrated to the half volume, cooled, poured
onto water (100 mL). The pH was adjusted to
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4-5 by hydrochloric acid 2 M, filtered, and the
clear filtrate was alkalinized to pH 10-12 by
adding sodium hydroxide 5 M, the mixture was
refrigerated overnight. The formed precipitate
was filtered off, washed twice with cold water
and crystallized from suitable solvent
(IIg,k,l,o,p (ethanol/water); IIh,i,j,m,n,q,r
(dissolve in HCl and ppt. with NaOH)).

Ethyl 6-methyl-4-phenyl-2-(2-piperidino-
ethylthio)-1,4-dihydropyrimidine-5-
carboxylate (IIg)

Yield (0.292 g, 72%), m.p. 80°C; IR (KBr)
3110, 1692, 1636; 1H-NMR (CDCl3) δ 7.70-
7.30 (5H, m, CH Ar.); 5.60 (1H, s, C4H); 4.50-
3.90 (2H, q, CH2CH3); 3.20-2.30 (11H, bm,
SCH2-CH2, C6CH3, C2,6-H piperidine); 1.80-
1.50 (6H, m, C3,4,5-H piperidine); 1.50-1.00
(3H, t, CH2CH3). Anal. Calcd. for
C21H29N3O2S.H2O: C, 62.19; H, 7.70; N, 10.36;
H2O, 4.44. Found: C, 61.95; H, 7.81; N, 10.19;
H2O, 4.69.

Ethyl 6-methyl-2-(2-morpholinoethylthio) -4-
phenyl-1,4-dihydropyrimidine-5-carboxylate
(IIh)

Yield (0.234 g, 60%), m.p. sticky; IR
(KBr) 3265, 1679, 1642; 1H-NMR (CDCl3) δ
8.00-7.60 (5H, m, CH Ar.); 6.00 (1H, s, C4H);
4.80-4.16 (2H, q, CH2CH3); 4.16-3.80 (2H, m,
C2,6 H morpholine); 3.50-3.00 (2H, m,
SCH2CH2); 2.96-2.40 (9H, m, SCH2CH2,
C6CH3, C3,5-H morpholine); 1.50-1.10 (3H, t,
CH2CH3). Anal. Calcd. for C20H27N3O3S: C,
61.67; H, 6.99; N, 10.79. Found: C, 61.42; H,
7.24; N, 10.26.

Ethyl 6-methyl-4-phenyl-2-[2-(pyrrolidin-1-
yl)ethylthio]-1,4-dihydropyrimidine-5-
carboxylate (IIi)

Yield (0.274 g, 70%), m.p. 64-66°C; IR
(KBr) 3205, 1692, 1637; 1H-NMR (CDCl3) δ
7.90-7.40 (5H, m, CH Ar.); 5.75 (1H, s, C4H);
4.50-4.00 (2H, q, CH2CH3); 3.10-2.84 (4H, m,
SCH2-CH2); 2.76-2.44 (4H, m, C2,5H
pyrrolidine); 2.35 (3H, s, C6CH3); 1.90-1.56
(4H, m, C3,4 H pyrrolidine); 1.30-0.90 (3H, t,
CH2CH3). Anal. Calcd. for C20H27N3O2S.H2O:
C, 61.35; H, 7.47; N, 10.73; H2O, 4.60. Found:
C, 61.06; H, 7.22; N, 10.62; H2O, 4.28.

Ethyl 2-[2-(dimethylamino)ethylthio]-6-
methyl-4-phenyl-1,4-dihydropyrimidine-5-
carboxylate (IIj)

Yield (0.207 g, 58%), m.p. sticky; IR
(KBr) 3255, 1682, 1638; 1H-NMR (CDCl3) δ
8.00-7.50 (5H, m, CH Ar.); 6.13 (1H, s, C4H);
4.66-4.10 (2H, q, CH2CH3); 3.30-2.93 (2H, m,
SCH2-CH2); 2.93-2.60 (2H, m, SCH2-CH2);
2.60-1.76 (9H, m, C6CH3, CH2CH2-N(CH3)2;
1.46-0.90 (3H, t, CH2CH3). Anal. Calcd. for
C18H25N3O2S.½H2O: C, 60.73; H, 7.36; N,
11.80; H2O, 2.52. Found: C, 61.15; H, 7.50; N,
11.28; H2O, 2.29.

Ethyl 4-(2-chlorophenyl)-6-methyl-2-(2-
piperidinoethylthio)-1,4-dihydropyrimidine-
5-carboxylate (IIk)

Yield (0.308 g, 70%), m.p. 74-75°C; IR
(KBr) 3120, 1703, 1648; 1H-NMR (CDCl3) δ
7.60-7.30 (4H, m, CH Ar.); 6.10 (1H, s, C4H);
4.30-3.90 (2H, q, CH2CH3); 3.20-2.30 (11H,
bm, SCH2-CH2, C6CH3, C2,6-H piperidine);
1.70-1.40 (6H, m, C3,4,5-H piperidine); 1.28-
0.90 (3H, t, CH2CH3). Anal. Calcd. for
C21H28ClN3O2S.H2O: C, 57.32; H, 6.87; N,
9.55; H2O, 4.09. Found: C, 56.84; H, 6.83; N,
9.38; H2O, 3.80. MS (70eV, EI): m/z (%): 423
(M+•+2, 0.3); 422 (M+• +1, 0.9); m/z 310 (M+• -
[C6H4Cl]+, 60.5); 111 (C5H10NCH=CH2, 100).

Ethyl 4-(2-chlorophenyl)-6-methyl-2-(2-
morpholinoethylthio) -1,4-dihydro-
pyrimidine-5-carboxylate (IIl)

Yield (0.332 g, 75%), m.p. 72-74°C; IR
(KBr) 3100, 1697, 1638, 1593; 1H-NMR
(CDCl3) δ 7.60-7.31 (4H, m, CH Ar.); 6.20
(1H, s, C4H); 4.40-4.00 (2H, q, CH2CH3); 4.00
(4H, m, C2,6 H morpholine); 3.30-3.00 (2H, m,
SCH2CH2); 2.90-2.00 (9H, m, SCH2CH2,
C6CH3, C3,5H morpholine); 1.30-0.90 (3H, t,
CH2CH3). Anal. Calcd. for
C20H26ClN3O3S.H2O: C, 54.35; H, 6.39; N,
9.51; H2O, 4.07. Found: C, 54.19; H, 6.62; N,
9.48; H2O, 4.02.

Ethyl 4-(2-chlorophenyl)-6-methyl-2-[2-
(pyrrolidin-1-yl)ethylthio]-1,4-dihydro-
pyrimidine-5-carboxylate (IIm)

Yield (0.222 g, 52%), m.p. 83-85°C; IR
(KBr) 3110, 1680, 1634; 1H-NMR (CDCl3) δ
7.2-7.00 (4H, m, CH Ar.); 6.13 (1H, s, C4H);
4.33-3.90 (2H, q, CH2CH3); 3.20-2.40 (11H, m,
SCH2-CH2, C6CH3, C2,5H pyrrolidine); 2.00-
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1.70 (4H, m, C3,4 H pyrrolidine); 1.35-0.90
(3H, t, CH2CH3). Anal. Calcd. for
C20H26ClN3O2S.H2O: C, 56.39; H, 6.63; N,
9.86; H2O, 4.23. Found: C, 56.46; H, 5.94; N,
9.51; H2O, 4.71.

Ethyl 4-(2-chlorophenyl)-2-[2-(dimethyl-
amino)ethylthio]-6-methyl-1,4-dihydro-
pyrimidine-5-carboxylate (IIn)

Yield (0.216 g, 54%), m.p. 62-64°C; IR
(KBr) 3125, 1689, 1637; 1H-NMR (CDCl3) δ
7.80-7.60 (4H, m, CH Ar.); 6.13 (1H, s, C4H);
4.50-4.10 (2H, q, CH2CH3); 3.20-1.90 (13H, m,
SCH2-CH2N(CH3)2, C6CH3); 1.35-0.90 (3H, t,
CH2CH3). Anal. Calcd. for
C18H24ClN3O2S.H2O: C, 54.06; H, 6.55; N,
10.51; H2O, 4.50. Found: C, 53.76; H, 6.11; N,
10.34; H2O, 4.45.

Ethyl 4-(2-fluorophenyl)-6-methyl-2-(2-
piperidinoethylthio)-1,4-dihydropyrimidine-
5-carboxylate (IIo)

Yield (0.283 g, 66%), m.p. 78-79°C; IR
(KBr) 3180, 1693, 1630; 1H-NMR (CDCl3) δ
8.00-7.40 (4H, m, CH Ar.); 6.30 (1H, s, C4H);
4.55-4.10 (2H, q, CH2CH3); 3.23-2.96 (4H, m,
SCH2-CH2); 2.90-2.40 (7H, m, C6CH3, C2,6-H
piperidine); 1.90-1.40 (6H, m, C3,4,5-H
piperidine); 1.40-1.00 (3H, t, CH2CH3). Anal.
Calcd. for C21H28FN3O2S.1¼H2O: C, 58.92; H,
7.18; N, 9.82; H2O, 5.26. Found: C, 59.44; H,
6.97; N, 9.81; H2O, 5.75.

Ethyl 4-(2-fluorophenyl)-6-methyl-2-(2-
morpholinoethylthio) -1,4-dihydro-
pyrimidine-5-carboxylate (IIp)

Yield (0.353 g, 83%), m.p. 72-74°C; IR
(KBr) 3390, 3210, 1697, 1641; 1H-NMR
(CDCl3) δ 8.20-7.60 (4H, m, CH Ar.); 6.45
(1H, s, C4H); 4.70-4.20 (2H, q, CH2CH3); 4.20-
3.90 (4H, m, C2,6 H morpholine); 3.50-3.20
(4H, t, SCH2CH2); 3.10-2.50 (7H, m, C6CH3,
C3,5H morpholine); 1.50-1.10 (3H, t,
CH2CH3). Anal. Calcd. for C20H26FN3O3S.H2O:
C, 56.45; H, 6.63; N, 9.88; H2O, 4.23. Found:
C, 56.15; H, 6.61; N, 9.77; H2O, 4.52.

Ethyl 4-(2-fluorophenyl)-6-methyl-2-[2-
(pyrrolidin-1-yl)ethylthio]-1,4-dihydro-
pyrimidine-5-carboxylate (IIq)

Yield (0.340 g, 83%), m.p. 66-68°C; IR
(KBr) 3375, 3210, 1689, 1634; 1H-NMR
(CDCl3) δ 7.80-7.10 (4H, m, CH Ar.); 6.03

(1H, s, C4H); 4.40-3.90 (2H, q, CH2CH3); 3.20-
2.90 (4H, m, SCH2-CH2); 2.90-2.56 (4H, m,
C2,5H pyrrolidine); 2.50-2.30 (3H, s, C6CH3);
2.10-1.70 (4H, m, C3,4H pyrrolidine); 1.40-
0.96 (3H, t, CH2CH3). Anal. Calcd. for
C20H26FN3O2S.H2O: C, 58.66; H, 6.89; N,
10.26; H2O, 4.40. Found: C, 59.20; H, 6.33; N,
9.59; H2O, 4.28.

Ethyl 2-[2-(dimethylamino)ethylthio]-4-
(2-fluorophenyl)-6-methyl-1,4-dihydro-
pyrimidine-5-carboxylate (IIr)

Yield (0.192 g, 50%), m.p. 70-71°C; IR
(KBr) 3380, 3225, 1693, 1639; 1H-NMR
(CDCl3) δ 8.00-7.33 (4H, m, CH Ar.); 6.40
(1H, s, C4H); 4.66-4.16 (2H, q, CH2CH3); 3.33-
3.10 (2H, m, SCH2-CH2); 3.10-2.73 (2H, m,
SCH2-CH2); 2.73-2.20 (9H, m, C6CH3,
CH2CH2-N(CH3)2; 1.53-0.90 (3H, t, CH2CH3).
Anal. Calcd. for C18H24FN3O2S. H2O: C, 56.38;
H, 6.83; N, 10.96; H2O, 4.69. Found: C, 56.68;
H, 7.00; N, 11.31; H2O, 4.64.

General procedure for synthesis of diethyl 4-
methyl-2-methylthio-6-phenyl (substituted
phenyl)-1,6-dihydropyrimidine-1,5-
dicarboxylate (IIIa, IIIe and IIIi)

A mixture of the appropriate ethyl 6-
methyl-2- methylthio-4-phenyl (substituted
phenyl)-1,4-dihydropyrimidine-5-carboxylate
IIa, IIc, and IIe (20 mmole), pyridine (5.54 g,
70 mmole) and ethyl chloroformate (6.5 g, 60
mmole) in acetonitrile (100 mL) was refluxed
for 1 hr, cooled, poured onto water (500 mL)
with vigorous shaking. The formed precipitate
was filtered off and crystallized from methanol.

Diethyl 4-methyl-2-(methylthio)-6-phenyl-
1,6-dihydropyrimidine-1,5-dicarboxylate
(IIIa)30

Yield (6.16 g, 85%), m.p. 87-89°C; IR
(KBr) 1722, 1694, 1629, 1508 cm-1; 1H-NMR
(CDCl3) δ 7.60-7.40 (5H, bs, CH Ar.); 6.45
(1H, s, C6H); 4.70-4.05 (4H, m, 2(CH2CH3);
2.70-2.40 (6H, bs, SCH3, C4CH3); 1.60-1.10
(6H, q, 2(CH2CH3).

Diethyl 6-(2-chlorophenyl)-4-methyl-2-
methylthio-1,6-dihydropyrimidine-1,5-
dicarboxylate (IIIe)

Yield (5.56 g, 70%), m.p. 105-108°C; IR
(KBr) 1715, 1694, 1602, 1512 cm-1; 1H-NMR
(CDCl3) δ 7.70-7.20 (4H, m, CH Ar.); 6.83
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(1H, s, C6H); 4.63-4.03 (4H, m, 2(CH2CH3);
2.53 (6H, bs, SCH3, C4CH3); 1.60-1.10 (6H, q,
2(CH2CH3). Anal. Calcd. for C18H21ClN2O4S:
C, 54.47; H, 5.33; N, 7.06. Found: C, 54.48; H,
5.44; N, 7.00.

Diethyl 6-(2-fluorophenyl)-4-methyl-2-
methylthio-1,6-dihydropyrimidine-1,5-
dicarboxylate (IIIi)

Yield (4.56 g, 60%), m.p. 126-128°C; IR
(KBr) 1724, 1695, 1606, 1513 cm-1; 1H-NMR
(CDCl3) δ 8.00-7.30 (4H, s, CH Ar.); 6.94 (1H,
s, C6H); 4.80-4.13 (4H, m, 2(CH2CH3); 2.80-
2.40 (6H, bs, SCH3, C4CH3); 1.60-1.10 (6H, q,
2(CH2CH3). Anal. Calcd. for C18H21FN2O4S: C,
56.53; H, 6.06; N, 7.32. Found: C, 56.72; H,
5.43; N, 7.34.

General procedure for synthesis of dialkyl 4-
methyl-2-methylthio-6-phenyl(substituted
phenyl)-1,6-dihydropyrimidine-1,5-
dicarboxylate (IIIb,c,d, IIIf,g,h and IIIj,k,l)

A mixture of the appropriate alkyl 6-
methyl-2-methylthio-4-phenyl(substituted
phenyl)-1,4-dihydropyrimidine-5-carboxylate
IIa-f (5.0 mmole), pyridine (1.38 g, 17.5
mmole) and alkyl chloroformate (15.0 mmole)
in chloroform (30 mL) and acetonitrile (20 mL)
was refluxed for 1 h, and the solvents were
evaporated under reduced pressure. The residue
was dissolved in dimethylsulfoxide (10 mL),
poured onto cold water (100 mL) with vigorous
shaking. The mixture was refrigerated for 3 hrs,
carefully decanted, and the residue was
dissolved in methanol (20 mL) and kept in the
freezer overnight. The formed precipitate was
filtered while cold and dried in air, crystallized
from methanol.

5-Ethyl 1-isobutyl 4-methyl-2-(methylthio)-
6-phenyl-1,6-dihydropyrimidine-1,5-
dicarboxylate (IIIb)

Yield (1.02 g, 52%), m.p. 60°C; IR (KBr)
1719, 1694, 1606, 1505 cm-1; 1H-NMR
(CDCl3) δ 7.90 (5H, s, CH Ar.); 6.90 (1H, s,
C6H); 4.80-4.30 (4H, m, CH2CH3,
CH2CH(CH3)2); 2.70 (6H, bs, SCH3, C4CH3);
2.40-1.80 (1H, m, CH2CH(CH3)2); 1.60-1.20
(3H, t, CH2CH3); 1.20-0.96 (6H, d,
CH2CH(CH3)2). Anal. Calcd. for C20H26N2O4S:
C, 61.51; H, 6.71; N, 7.17. Found: C, 61.20; H,
6.94; N, 7.12.

1-Ethyl 5-isopropyl 4-methyl-2-(methylthio)-
6-phenyl-1,6-dihydropyrimidine-1,5-
dicarboxylate (IIIc)

Yield (1.15 g, 61%), m.p. 62°C; IR (KBr)
1720, 1667, 1604, 1504 cm-1; 1H-NMR
(CDCl3) δ 8.26-7.70 (5H, bs, CH Ar.); 6.84
(1H, s, C6H); 5.70-5.20 (1H, m, CH(CH3)2);
5.00-4.43 (2H, q, CH2CH3); 2.90-2.50 (6H, bs,
SCH3, C4CH3); 1.70-1.10 (9H, m, CH(CH3)2,
CH2CH3). Anal. Calcd. for C19H24N2O4S: C,
60.62; H, 6.43; N, 7.44. Found: C, 60.54; H,
6.31; N, 6.89.

1-Isobutyl 5-isopropyl 4-methyl-2-(methyl-
thio)-6-phenyl-1,6-dihydropyrimidine-1,5-
dicarboxylate (IIId)

Yield (0.974 g, 48%), m.p. 52-54°C; IR
(KBr) 1717, 1692, 1610, 1504 cm-1; 1H-NMR
(CDCl3) δ 7.90 (5H, s, CH Ar.); 6.90 (1H, s,
C6H); 5.80-5.20 (1H, m, CH(CH3)2); 4.60-4.20
(2H, d, CH2CH(CH3)2); 2.70 (6H, s, SCH3,
C4CH3); 2.40-1.90 (1H, m, CH2CH(CH3)2);
1.60-0.90 (12H, m, CH2CH(CH3)2, CH(CH3)2).
Anal. Calcd. for C21H28N2O4S: C, 62.35; H,
6.98; N, 6.93. Found: C, 61.95; H, 7.32; N,
6.84.

5-Ethyl 1- isobutyl 6-(2-chlorophenyl)-
4-methyl-2-(methylthio)-1,6-dihydro-
pyrimidine-1,5-dicarboxylate (IIIf)

Yield (1.34 g, 63%), m.p. 70-2°C; IR
(KBr) 1721, 1695, 1600, 1505 cm-1; 1H-NMR
(CDCl3) δ 8.10-7.70 (4H, m, CH Ar.); 7.30
(1H, s, C6H); 4.80-4.30 (4H, m, CH2CH3,
CH2CH(CH3)2); 2.70 (6H, bs, SCH3, C4CH3);
2.40-1.80 (1H, m, CH2CH(CH3)2); 1.60-1.20
(3H, t, CH2CH3); 1.20-0.96 (6H, d,
CH2CH(CH3)2). Anal. Calcd. for
C20H25ClN2O4S: C, 56.53; H, 5.93; N, 6.59.
Found: C, 56.52; H, 5.82; N, 6.47.

1-Ethyl 5-isopropyl 6-(2-chlorophenyl)-
4-methyl-2-(methylthio)-1,6-dihydro-
pyrimidine-1,5-dicarboxylate (IIIg)

Yield (1.44 g, 70%), m.p. 62-64°C; IR
(KBr) 1723, 1680, 1599, 1510 cm-1; 1H-NMR
(CDCl3) δ 8.10-7.60 (4H, m, CH Ar.); 7.20
(1H, s, C6H); 5.73-5.13 (1H, m, CH(CH3)2);
4.90-4.40 (2H, q, CH2CH3); 2.90-2.50 (6H, bs,
SCH3, C4CH3); 1.70-1.00 (9H, m, CH(CH3)2,
CH2CH3). Anal. Calcd. for C19H23ClN2O4S: C,
55.54; H, 5.64; N, 6.82. Found: C, 55.31; H,
5.40; N, 6.75.
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1-Isobutyl 5-isopropyl 6-(2-chlorophenyl)-4-
methyl-2-(methylthio)-1,6-dihydropyrimi-
dine-1,5-dicarboxylate (IIIh)

Yield (1.10 g, 50%), m.p. 54-56°C; IR
(KBr) 1721, 1693, 1600, 1507cm-1; 1H-NMR
(CDCl3) δ 8.20-7.70 (4H, m, CH Ar.); 7.30
(1H, s, C6H); 5.73-5.20 (1H, m, CH(CH3)2);
4.60-4.20 (2H, d, CH2CH(CH3)2); 2.70 (6H, s,
SCH3, C4CH3); 2.50-2.00 (1H, m,
CH2CH(CH3)2); 1.60-0.90 (12H, m,
CH2CH(CH3)2, CH(CH3)2). M+•: m/e 438. Anal.
Calcd. for C21H27ClN2O4S: C, 57.46; H, 6.20;
N, 6.38. Found: C, 57.70; H, 6.31; N, 6.37.
(70eV, EI): m/z (%): 439 (M+• + 1, 12.1); 438
(M+•, 11.6); m/z 327 (M+• - [C6H4Cl]+, 26.9);
m/z 57 (•C4H9, 100).

5-Ethyl 1-isobutyl 6-(2-fluorophenyl)-
4-methyl-2-(methylthio)-1,6-dihydro-
pyrimidine-1,5-dicarboxylate (IIIj)

Yield (1.02 g, 50%), m.p. 64-66°C; IR
(KBr) 1697, 1605, 1511 cm-1; 1H-NMR
(CDCl3) δ 8.10-7.40 (4H, m, CH Ar.); 7.20
(1H, s, C6H); 4.80-4.20 (4H, m, CH2CH3,
CH2CH(CH3)2); 2.70 (6H, bs, SCH3, C4CH3);
2.43-1.80 (1H, m, CH2CH(CH3)2)); 1.50-1.13
(3H, t, CH2CH3); 1.13-0.80 (6H, d,
CH2CH(CH3)2). Anal. Calcd. for
C20H25FN2O4S: C, 58.81; H, 6.17; N, 6.86.
Found: C, 58.84 H, 6.07; N, 6.85.

1-Ethyl 5-isopropyl 6-(2-fluorophenyl)-
4-methyl-2-(methylthio)-1,6-dihydro-
pyrimidine-1,5-dicarboxylate (IIIk)

Yield (0.950 g, 48%), m.p. 74°C; IR (KBr)
1720, 1689, 1606, 1504 cm-1; 1H-NMR
(CDCl3) δ 8.00-7.30 (4H, m, CH Ar.); 7.00
(1H, s, C6H); 5.70-5.10 (1H, m, CH(CH3)2);
4.90-4.33 (2H, q, CH2CH3); 2.90-2.40 (6H, bs,
SCH3, C4CH3); 2.00-1.00 (9H, m, CH(CH3)2,
CH2CH3). Anal. Calcd. for C19H23FN2O4S: C,
57.85; H, 5.88; N, 7.10. Found: C, 57.82; H,
5.60; N, 7.07.

1-Isobutyl 5-isopropyl 6-(2-fluorophenyl)-
4-methyl-2-(methylthio)-1,6-dihydro-
pyrimidine-1,5-dicarboxylate (IIIl)

Yield (0.950 g, 45%), m.p. 70°C; IR (KBr)
1723, 1694, 1605, 1505 cm-1; 1H-NMR
(CDCl3) δ 8.30-7.40 (4H, m, CH Ar.); 7.20
(1H, s, C6H); 5.80-5.20 (1H, m, CH(CH3)2);
4.60-4.30 (2H, d, CH2CH(CH3)2); 2.70 (6H, s,

SCH3, C4CH3); 2.40-1.90 (1H, m,
CH2CH(CH3)2); 1.60-0.90 (12H, m,
CH2CH(CH3)2, CH(CH3)2). Anal. Calcd. for
C21H27FN2O4S: C, 59.70; H, 6.44; N, 6.63.
Found: C, 59.14 H, 6.19; N, 6.57.

General procedure for synthesis of alkyl 1-
(2-chloroacetyl)-6-(2-chlorophenyl)-4-
methyl-2-methylthio-1,6-dihydropyrimidine-
5-carboxylate (IIIm and IIIn)

A mixture of the appropriate alkyl 4-(2-
chlorophenyl)-6-methyl-2-methylthio-1,4-
dihydropyrimidine-5-carboxylate IIc, and IId
(20 mmole), pyridine (5.54 g, 70 mmole) and
chloroacetylchloride (6.78 g, 60 mmole) in
acetonitrile (100 mL) was stirred for 1 hr at
room temperature then in ice bath for 20 min.
The formed precipitate was filtered off, washed
with hexane, dried in air and crystallized from
hexane-ethyl acetate mixture.

Ethyl 1-(2-chloroacetyl)-6-(2-chlorophenyl)-
4-methyl-2-methylthio-1,6-dihydro-
pyrimidine-5-carboxylate (IIIm)

Yield (6.83 g, 85%), m.p. 154-156°C; IR
(KBr) 1696, 1601, 1513 cm-1; 1H-NMR
(CDCl3) δ 8.10-7.60 (4H, m, CH Ar.); 7.42
(1H, s, C6H); 4.96 (2H, s, COCH2Cl); 4.80-
4.26 (2H, q, CH2CH3); 2.70 (6H, s, SCH3,
C4CH3); 1.50-1.10 (3H, t, CH2CH3). M+•: m/e
400. Anal. Calcd. for C17H18Cl2N2O3S: C,
50.88; H, 4.52; N, 6.98. Found: C, 50.45; H,
4.69; N, 6.83. MS (70eV, EI): m/z (%): 402
(M+• + 2, 7.9); 401(M+• + 1, 6.3); 400 (M+•,
6.9); m/z 323 (M+• - [COCH2Cl]+, 19.9); m/z
291 (M+• - [C6H4Cl]+, 9.8); m/z 77
([COCH2Cl]+, 27.4).

Isopropyl 1-(2-chloroacetyl)-6-(2-chloro-
phenyl)-4-methyl-2-methylthio-1,6-dihydro-
pyrimidine-5-carboxylate (IIIn)

Yield (6.65 g, 80%), m.p. 128-131°C; IR
(KBr) 1682, 1590, 1513 cm-1; 1H-NMR
(CDCl3) δ 8.10-7.50 (4H, m, CH Ar.); 7.40
(1H, s, C6H); 5.60-5.10 (1H, m, CH(CH3)2);
4.90 (2H, s, COCH2Cl); 2.70 (6H, s, SCH3,
C4CH3); 1.50-1.30 (3H, d, CH(CH3)2); 1.30-
1.10 (3H, d, CH(CH3)2. Anal. Calcd. for
C18H20Cl2N2O3S: C, 52.05; H, 4.85; N, 6.74.
Found: C, 52.47; H, 4.57; N, 6.77.
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General procedure for synthesis of alkyl
6-(2-chlorophenyl)-4-methyl-2-methylthio-
1-(2-morpholinoacetyl)-1,6-dihydro-
pyrimidine-5-carboxylate (IIIo and IIIp)

A mixture of the appropriate alkyl 1-(2-
chloroacetyl)-6-(2-chlorophenyl)-4-methyl-2-
methylthio-1,6-dihydropyrimidine-5-carboxy-
late IIIm, and IIIn (2.0 mmole), pyridine (0.79
g, 10.0 mmole), potassium iodide (100 mg) and
morpholine (0.2 g, 2.3 mmole) in dry acetone
(20 mL) was stirred for 1 hr at room
temperature. The reaction mixture was poured
onto ice water (100 mL) with stirring for 15
min, and set aside for 1 hr. The formed
precipitate was filtered off, dried in air and
crystallized from hexane-ethyl acetate mixture.

Ethyl 6-(2-chlorophenyl)-4-methyl-2-methyl-
thio-1-(2-morpholinoacetyl)-1,6-dihydro-
pyrimidine-5-carboxylate (IIIo)

Yield (0.68 g, 75%), m.p. 141-143°C; IR
(KBr) 1690, 1592, 1509 cm-1; 1H-NMR
(CDCl3) δ 8.10-7.50 (4H, m, CH Ar.); 7.30
(1H, s, C6H); 4.70-4.20 (2H, q, CH2CH3); 4.20-
3.60 (6H, m, COCH2, C2,6 H morpholine);
3.00-2.40 (10H, m, SCH3, C4CH3, C3,5 H
morpholine); 1.50-1.00 (3H, t, CH2CH3). Anal.
Calcd. for C21H26ClN3O4S: C, 55.81; H, 5.80;
N, 9.30. Found: C, 56.00; H, 5.93; N, 9.14.

Isopropyl 6-(2-chlorophenyl)-4-methyl-2-
methylthio-1-(2-morpholinoacetyl)-1,6-
dihydropyrimidine-5-carboxylate (IIIp)

Yield (0.662 g, 71%), m.p. 135°C; IR
(KBr) 1692, 1589, 1508 cm-1; 1H-NMR
(CDCl3) δ 8.10-7.60 (4H, m, CH Ar.); 7.48
(1H, s, C6H); 5.70-5.20 (1H, m, CH(CH3)2);
4.20-3.70 (6H, m, COCH2, C2,6 H
morpholine); 3.00-2.30 (10H, m, SCH3,
C4CH3, C3,5H morpholine); 1.60-1.30 (3H, d,
CH(CH3)2); 1.30-1.00 (3H, d, CH(CH3)2). Anal.
Calcd. for C22H28ClN3O4S: C, 56.70; H, 6.06;
N, 9.02. Found: C, 56.70; H, 5.69; N, 8.90. MS
(70eV, EI): m/z (%): m/z 337 (M+• -
[COCH2C4H8NO]+, 10.0); m/z 128
([COCH2C4H8NO]+, 2.4); 100 ([C5H10NO]+,
100).

General procedure for synthesis of dialkyl 4-
methyl-2-oxo-6-phenyl (substituted phenyl)-
1,2,3,6-tetrahydropyrimidine-1,5-
dicarboxylate (IVa-l)

A solution of the appropriate dialkyl 4-
methyl-2-methylthio-6-phenyl (substituted
phenyl)-1,6-dihydropyrimidine-1,5-dicarboxy-
late IIIa-l (5.0 mmole) in ethanol (90.0%, 30
mL) containing hydrochloric acid (2 mL) was
refluxed for 3 hrs. The reaction mixture was
cooled, poured onto ice water (100 mL),
alkalinized with concentrated ammonia
solution with shaking, then refrigerated 2 hrs.
The formed precipitate was filtered off, dried
in air and crystallized from hexane-ethyl
acetate mixture.

Diethyl 4-methyl-2-oxo-6-phenyl-1,2,3,6-
tetrahydropyrimidine-1,5-dicarboxylate
(IVa)

Yield (1.23 g, 74%), m.p. 138-140°C; IR
(KBr) 3235, 1757, 1697, 1631 cm-1; 1H-NMR
(CDCl3) δ 8.73 (1H, s, NH); 7.60-7.10 (5H, m,
CH Ar.); 6.40 (1H, s, C6H); 4.66-4.00 (4H, m,
2(CH2CH3); 2.40 (3H, s, C4 CH3); 1.60-1.10
(6H, m, 2(CH2CH3). Anal. Calcd. for
C17H20N2O5: C, 61.44; H, 6.07; N, 8.43. Found:
C, 61.58; H, 6.19; N, 8.33.

5-Ethyl 1-isobutyl 4-methyl-2-oxo-6-phenyl-
1,2,3,6-tetrahydropyrimidine-1,5-
dicarboxylate (IVb)

Yield (1.352 g, 75%), m.p. 162-164°C; IR
(KBr) 3210, 1705, 1634 cm-1; 1H-NMR
(CDCl3) δ 9.70 (1H, s, NH); 7.93 (5H, s, CH
Ar.); 6.90 (1H, s, C6H); 4.80-4.30 (4H, m,
CH2CH3, CH2CH(CH3)2); 2.60 (3H, bs,
C4CH3); 2.50-1.80 (1H, m, CH2CH(CH3)2);
1.60-1.20 (3H, t, CH2CH3); 1.20-0.80 (6H, d,
CH2CH(CH3)2). Anal. Calcd. for C19H24N2O5:
C, 63.32; H, 6.71; N, 7.77. Found: C, 63.50; H,
6.62; N, 7.76.

1-Ethyl 5-isopropyl 4-methyl-2-oxo-6-
phenyl-1,2,3,6-tetrahydropyrimidine-1,5-
dicarboxylate (IVc)

Yield (1.212 g, 70%), m.p. 180-182°C; IR
(KBr) 3210, 1701, 1639 cm-1; 1H-NMR
(CDCl3) δ 9.43 (1H, s, NH); 8.20-7.70 (5H, bs,
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CH Ar.); 6.84 (1H, s, C6H); 5.80-5.20 (1H, m,
CH(CH3)2); 5.00-4.43 (2H, q, CH2CH3); 2.90-
2.50 (3H, s, C4CH3); 1.70-1.06 (9H, m,
CH(CH3)2, CH2CH3). Anal. Calcd. for
C18H22N2O5: C, 62.42; H, 6.40; N, 8.09. Found:
C, 62.10; H, 6.77; N, 8.03.

1-Isobutyl 5-isopropyl 4-methyl-2-oxo-6-
phenyl-1,2,3,6-tetrahydropyrimidine-1,5-
dicarboxylate (IVd)

Yield (1.273 g, 68%), m.p. 128-130°C; IR
(KBr) 3215, 1707, 1635 cm-1; 1H-NMR
(CDCl3) δ 9.70 (1H, s, NH); 8.00 (5H, s, CH
Ar.); 6.93 (1H, s, C6H); 5.80-5.30 (1H, m,
CH(CH3)2); 4.60-4.30 (2H, d, CH2CH(CH3)2);
2.60 (3H, s, C4CH3); 2.40-1.90 (1H, m,
CH2CH(CH3)2); 1.60-0.90 (12H, m,
CH2CH(CH3)2, CH(CH3)2). Anal. Calcd. for
C20H26N2O5: C, 64.15; H, 7.00; N, 7.48. Found:
C, 64.21; H, 6.86; N, 7.52.

Diethyl 6-(2-chlorophenyl)-4-methyl-2-
oxo-1,2,3,6-tetrahydropyrimidine-1,5-
dicarboxylate (IVe)

Yield (1.376 g, 75%), m.p. 161-162°C; IR
(KBr) 3200, 1774, 1696, 1627 cm-1; 1H-NMR
(CDCl3) δ 9.00 (1H, s, NH); 7.83-7.10 (4H, m,
CH Ar.); 6.67 (1H, s, C6H); 4.66-4.06 (4H, m,
2(CH2CH3); 2.50 (3H, s, C4 CH3); 1.60-1.10
(6H, m, 2(CH2CH3). Anal. Calcd. for
C17H19ClN2O5: C, 55.67; H, 5.22; N, 7.64.
Found: C, 55.45; H, 5.60; N, 7.59.

5-Ethyl 1-isobutyl 6-(2-chlorophenyl)-4-
methyl-2-oxo-1,2,3,6-tetrahydropyrimidine-
1,5-dicarboxylate (IVf)

Yield (1.382 g, 70%), m.p. 138-140°C; IR
(KBr) 3220, 1699, 1634 cm-1; 1H-NMR
(CDCl3) δ 10.13 (1H, s, NH); 8.40-7.70 (4H, m,
CH Ar.); 7.10 (1H, s, C6H); 4.80-4.26 (4H, m,
CH2CH3, CH2CH(CH3)2); 2.62 (3H, s, C4CH3);
2.40-1.90 (1H, m, CH2CH(CH3)2); 1.60-1.20
(3H, t, CH2CH3); 1.20-0.80 (6H, d,
CH2CH(CH3)2). Anal. Calcd. for
C19H23ClN2O5: C, 57.80; H, 5.87; N, 7.09.
Found: C, 58.01; H, 5.87; N, 7.17.

1-Ethyl 5-isopropyl 6-(2-chlorophenyl)-4-
methyl-2-oxo-1,2,3,6-tetrahydropyrimidine-
1,5-dicarboxylate (IVg)

Yield (1.334 g, 70%), m.p. 152-154°C; IR
(KBr) 3210, 1734, 1697, 1642 cm-1; 1H-NMR

(CDCl3) δ 9.63 (1H, s, NH); 8.30-7.60 (4H, bs,
CH Ar.); 7.10 (1H, s, C6H); 5.70-5.10 (1H, m,
CH(CH3)2); 4.90-4.40 (2H, q, CH2CH3); 2.90-
2.40 (3H, s, C4CH3); 1.70-0.80 (9H, m,
CH(CH3)2, CH2CH3). M+•: m/e 380. Anal.
Calcd. for C18H21ClN2O5: C, 56.77; H, 5.56; N,
7.36. Found: C, 57.12; H, 5.29; N, 7.75. MS
(70eV, EI): m/z (%): 383 (M+• + 3, 3.4); 382
(M+• + 2, 10.8); 381 (M+• + 1, 21.7); 380 (M+•,
13.9); m/z 309 (M+• - [CO2C2H5]

+, 18.5); m/z
269 (M+• - [C6H4Cl]+, 7.6); 155 (M+•- [CO2C2H5

+ (C6H4Cl)+ + CH3CN], 100).

1-Isobutyl 5-isopropyl 6-(2-chlorophenyl)-4-
methyl-2-oxo-1,2,3,6-tetrahydropyrimidine-
1,5-dicarboxylate (IVh)

Yield (1.39 g, 68%), m.p. 134-135°C; IR
(KBr) 3210, 1724, 1697, 1633 cm-1; 1H-NMR
(CDCl3) δ 10.05 (1H, s, NH); 8.40-7.70 (4H, s,
CH Ar.); 7.20 (1H, s, C6H); 5.80-5.20 (1H, m,
CH(CH3)2); 4.60-4.30 (2H, d, CH2CH(CH3)2);
2.63 (3H, s, C4CH3); 2.40-1.90 (1H, m,
CH2CH(CH3)2); 1.60-0.90 (12H, m,
CH2CH(CH3)2, CH(CH3)2). Anal. Calcd. for
C20H25ClN2O5: C, 58.75; H, 6.16; N, 6.85.
Found: C, 58.55; H, 6.10; N, 6.79.

Diethyl 6-(2-fluorophenyl)-4-methyl-2-
oxo-1,2,3,6-tetrahydropyrimidine-1,5-
dicarboxylate (IVi)

Yield (1.226 g, 70%), m.p. 164-165°C; IR
(KBr) 3305, 7156, 1698, 1633 cm-1; 1H-NMR
(CDCl3) δ 9.20 (1H,s, NH); 8.00-7.13 (4H, m,
CH Ar.); 6.77 (1H, s, C6H); 4.80-4.10 (4H, m,
2(CH2CH3); 2.53 (3H, s, C4CH3); 1.60-1.10
(6H, m, 2(CH2CH3). Anal. Calcd. for
C17H19FN2O5: C, 58.28; H, 5.47; N, 8.00.
Found: C, 57.94; H, 5.12; N, 8.01.

5-Ethyl 1-isobutyl 6-(2-fluorophenyl)-4-
methyl-2-oxo-1,2,3,6-tetrahydropyrimidine-
1,5-dicarboxylate (IVj)

Yield (1.230 g, 65%), m.p. 136-138°C; IR
(KBr) 3220, 1713, 1634 cm-1; 1H-NMR
(CDCl3) δ 9.83 (1H, s, NH); 8.20-7.50 (4H, m,
CH Ar.); 7.06 (1H, s, C6H); 4.80-4.26 (4H, m,
CH2CH3, CH2CH(CH3)2); 2.60 (3H, s, C4CH3);
2.40-1.90 (1H, m, CH2CH(CH3)2); 1.70-1.20
(3H, m, CH2CH3); 1.20-0.80 (6H, d,
CH2CH(CH3)2). Anal. Calcd. for C19H23FN2O5:
C, 60.31; H, 6.13; N, 7.40. Found: C, 60.19; H,
5.86; N, 7.33.
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1-Ethyl 5-isopropyl 6-(2-fluorophenyl)-4-
methyl-2-oxo-1,2,3,6-tetrahydropyrimidine-
1,5-dicarboxylate (IVk)

Yield (1.20 g, 66%), m.p. 148-150°C; IR
(KBr) 3215, 1703, 1639 cm-1; 1H-NMR
(CDCl3) δ 9.36 (1H, s, NH); 8.20-7.30 (4H, bs,
CH Ar.); 6.94 (1H, s, C6H); 5.70-5.00 (1H, m,
CH(CH3)2); 4.90-4.40 (2H, q, CH2CH3); 2.80-
2.40 (3H, s, C4CH3); 1.70-0.90 (9H, m,
CH(CH3)2, CH2CH3). Anal. Calcd. for
C18H21FN2O5: C, 59.33; H, 5.81; N, 7.69.
Found: C, 59.69; H, 5.51; N, 8.12.

1-Isobutyl 5-isopropyl 6-(2-fluorophenyl)-4-
methyl-2-oxo-1,2,3,6-tetrahydropyrimidine-
1,5-dicarboxylate (IVl)

Yield (1.26 g, 64%), m.p. 134-137°C; IR
(KBr) 3225, 1714, 1635 cm-1; 1H-NMR
(CDCl3) δ 9.70 (1H, s, NH); 8.30-7.50 (4H, s,
CH Ar.); 7.10 (1H, s, C6H); 5.70-5.20 (1H, m,
CH(CH3)2); 4.60-4.30 (2H, d, CH2CH(CH3)2);
2.60 (3H, s, C4CH3); 2.36-1.70 (1H, m,
CH2CH(CH3)2); 1.70-0.80 (12H, m,
CH2CH(CH3)2, CH(CH3)2). Anal. Calcd. for
C20H25FN2O5: C, 61.21; H, 6.42; N, 7.14.
Found: C, 61.38; H, 6.65; N, 7.16.

B. Pharmacology
Hypotensive activity

Groups of three Adult Boscat healthy
rabbits (1.5-2 Kg) were used. Animals were
anaesthetized first with an i.p. injection of
urethane solution (25%) in a dose of 1.6 g/Kg.
Arterial blood pressure was recorded via the
carotid artery; the latter was cannulated to
elcomatic EM 751 blood pressure transducer.
The tip of the cannula was dipped in heparin to
prevent clotting. Blood pressure was recorded
by using a universal oscillograph (Harvard
apparatus limited, Kent, U.K.). A dose of 2
µmole of the tested compounds in aqueous
ethanol 1:3 was injected intravenously through
the ear vein. Blood pressure was recorded
before and after administration of the dose over
a period of 4 hrs.

Calcium channel blocker activity on isolated
rat ileum preparation
Test solutions
1) Stock solution A: 0.1 mmole of the tested

compound was dissolved in 10 mL absolute
ethanol.

2) Diluted stock solution B: 0.1 mL of stock
solution A was diluted to 10 mL distilled
water.

Method
Male and female albino rats weighing

between 150 and 200 g were used in this study.
Animals entered the test having fasted
overnight. After the animals had been scarified
by cervical dislocation, the ileum (10-15 cm
terminal portion) was immediately removed,
discarding the 5-8 cm segment proximal to the
ilio-caecal junction. Segments 1.5-2 cm long
were mounted vertically in a 100 mL organ
bath containing Tyrode solution of the
following composition / liter NaCl (8.0 g), KCl
(0.2 g), CaCl2 (0.2 g), NaHCO3 (1.0 g),
MgCl2.6H2O (0.1 g), NaH2PO4 (0.05 g), and
Glucose (1.0 g). The bath contents were
maintained at 37 °C and aerated by 95% O2 and
5% CO2. The isometric tension generated by
ileum muscle was recorded using a universal
oscillograph. After equilibration, 0.25 mL of
1% barium chloride solution was added and the
generated contraction was recorded. The rat
ileum was washed three times with the Tyrode
solution. The substances to be tested were
investigated using the single-dose technique.
Barium chloride contractions were induced
after addition of the test substances at the
different concentrations (0.1, 1, 10 µmole) and
5 min exposure time. The responses to the
barium chloride in presence and in absence of
the tested compounds were recorded and
compared. Only one compound was tested in
each preparation. Because the solvent effect
100 µmole concentration can not done, the
control responses were taken after the addition
of the same amount of the solvent free
compounds. The responses of the compounds
were compared to those of amlodipine besylate.

Acute toxicity
Groups of adult albino mice of either sex,

each of six animals (25-30 g) were injected i.p.
with graded doses of the tested compounds and
the reference drug. The percentage of
mortality, in each group of animals, was
determined 24 h after the injection. Calculation
of the LD50 was processed by graphical method.
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Molecular modeling
All the molecular modeling studies were

carried out on an Intel Pentium 1.6 GHz
processor, 512 MB memory with Windows XP
operating system using Molecular Operating
Environment (MOE 2005.06; Chemical
Computing Group, Canada)31 as the
computational software. All the minimizations
were performed with MOE until a RMSD
gradient of 0.05 Kcal.mole-1 A˚-1 with
MMFF94X force-field and the partial charges
were automatically calculated.

General methodology
Flexible alignment
1) The structures of amlodipine and the

DHPM compounds that will be aligned
were loaded into MOE page.

2) A collection of similarity field terms is
selected as a field of the alignment.
However, H-bond donor, H-bond acceptor,
atomicity, polar hydrogen are selected as
similarity terms.

3) Flexible alignment technique of flexible
body type is the choice for the alignment
procedure.

4) After finishing of the calculation, load the
aligned conformers of the molecule that
having the lowest S value with amlodipine.

Pharmacophore searching
i- Generation of 3D structures of tested set

and training set molecules
1) The structures of the tested set molecules

which include the entire synthesized
compounds are loaded into MOE page and
from which create tested set database.

2) The structure of the training set molecules
that include nifedipine, amlodipine,
nitrendipine, nicardipine, nisoldipine,
fleodipine, nimodipine, isradipine,
elgodipine, and benidipine are loaded into
new MOE page.

3) Flexible alignment technique are applied
for the chosen training set molecules

4) The best one aligned conformers that
having the lowest S value for the aligned
training set molecules are browsed into the
new MOE page.

ii- Assignment of the pharmacophoric
features

5) The pharmacophoric features is generating
on the functional groups of the best aligned

training set conformers to build
pharmacophoric query.

6) The suggested features of the
pharmacophoric query are selected as the
features of 100% score that expressed as
3D sphere features. The features fields are
aromatic ring (Aro), hydrogen donor (Don),
hydrogen acceptor (Acc), hydrophobicity
(Hyd), and metal ligator (ML). Each
Pharmacophoric feature is composed of one
or more feature from the feature field.

iii- Conformational searching of databases
for new structures matching the
generated pharmacophoric features

7) Pharmacophore query is searched in the
tested set database that matched the query.

8) When the search is completed the numbers
of hit (match) molecules are shown as a
database query and from the database
query, one of the hit compounds was
selected and browse it through the matches.

RESULTS AND DISCUSSION

A. Chemistry
The synthones alkyl 6-methyl-4-

phenyl(substituted phenyl)-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate Ia-f were
synthesized according to Biginelli reaction
condition by heating at 105-110°C a mixture of
araldehyde, alkyl acetoacetate, and thiourea in
glacial acetic acid30&32 for 1 hr then at 130-
140°C for 45 min as depicted by scheme 1.

1H-NMR spectra of these compounds
showed two singlets attributed to N3H and
N1H at δ (9.50-8.55), (8.50-7.76) ppm
respectively. The signal of C4-H appeared as
singlet at (6.30-5.53) ppm where the chemical
shift was affected by o-substituent on the
phenyl ring. The C6-CH3 signal appeared at
(2.63-2.46) ppm.

S-alkylamines IIg-r were prepared by
reacting Ia, Ic and Ie with 2-
chloroethylamine(cyclic amines) hydrochloride
in presence of sodium hydroxide28&30 (Scheme
1). The free bases were mostly separated as
hydrates.

1H-NMR spectra of these compounds
revealed the disappearance of the one NH
signals in the parent compound and appearance
of ethylamine signals overlapping the C6-CH3

signal which appeared as multiplet at 3.20-1.50
ppm.
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Scheme 1: Synthetic pathway for DHPMs I and II.

2-Methylthio derivatives IIa-f were
synthesized by reaction of the synthones Ia-f
with excess dimethylsulfate33. The formed
compounds were precipitated by addition of
dilute ammonium hydroxide. This method
afforded better yields than the reported method
in which alkylation occurs by alkyl halide in
the presence of base30 or by addition of
equivalent amount of dimethylsulfate in
presence of sodium hydroxide. N1 alkylation
can occur if the dimethylsulfate is more than
the equivalent amount and in presence of
excess base28. In our case SCH3 derivative was
obtained in quantitative yield in presence of
excess dimethylsulfate and absence of a base.

1H-NMR spectra of these compounds
revealed the disappearance of the one NH
signals and the appearance of SCH3 singlet at
(2.63-2.50) ppm.

The N1 carbamoylation2,28&30 was
undertaken through reaction of compounds
IIa-f with excess alkyl chloroformate in
presence of pyridine to yield IIIa-l (Scheme 2).
Most of these compounds were separated as
oily residues that solidified from methanolic
solution at freezer temperature overnight.

1H-NMR spectra of these compounds
revealed the most characteristic difference
from the precursors IIa-f where the signals of
SCH3 and C4-CH3 appeared as singlet at (3.00-
2.40) ppm, in addition to the signals of the two
alkyl esters.

Reaction of compounds IIc and IId with
chloroacetylchloride28,30&34 in presence of
pyridine yielded the chloroacetyl derivatives
IIIm and IIIn (Scheme 2).

1H-NMR spectra of these compounds
revealed the deshielding effect of the
chloroacetyl group on C6-H that appeared as
singlet at 7.40 ppm; and signal of CH2Cl
appeared as singlet at 4.90 ppm.

Next step was the trial to replace the
chlorine in 2-chloroacetyl moiety with different
primary or secondary aliphatic (or aromatic)
amines. All the trials were unsuccessful except
with morpholine that easily reacted at room
temperature with IIIm and IIIn in dry acetone
in presence of excess pyridine and a crystal of
potassium iodide to give alkyl 1-(2-
morpholinoacetyl) derivatives IIIo and IIIp.
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acetonitrile; iv, morpholine, KI, pyridine, dry acetone.

Scheme 2: Synthetic pathway for DHPMs III and IV.

On the other hand reaction of IIIm and
IIIn with amines like triethylamine, yielded the
deacetyled product IIc and IId (Scheme 2).

1H-NMR spectra of morpholino
derivatives IIIo,p revealed a multiplet at 4.20-
3.60 ppm integrated by 6 protons assigned to
C2 and C6 morpholine plus NCH2CO protons.
An upfield multiplet at 3.00-2.40 ppm
integrated by 10 protons was attributed to
SCH3,C4-CH3 and four protons of C3 and C5
in morpholine nucleus.

Desulforization28&30 of compounds IIIa-l
by refluxing in ethanol containing hydrochloric
acid gave the 2-oxo compounds of IVa-l
(Scheme 2).

1H-NMR spectra of series IV were
differentiated from their precursors III by the
appearance of NH signal at 10.13-8.73 ppm
and the disappearance of SCH3 signal.

Attempted desulforization of compounds
IIIm-p with hydrochloric acid, was
unsuccessful since deacylatoin took place and
IIc and IId were regenerated.

EI-Mass spectra of the 4-(2-chlorophenyl)
compounds Id, IIk, IIIh, IIIm, IIIp, and IVg,
exhibited the characteristic bond cleavage

sites35-39. In addition to other fragments related
to each individual compound according to
nature of substituents35,36&39.

B. Pharmacology
Hypotensive activity

Thirty compounds, IIg-r, IIIe,m,o,
IIIh,n,p and IVa-l were evaluated for
hypotensive effect in comparison to amlodipine
besylate according to the reported method1&2.
The assessment of the hypotensive activity for
the aforementioned compounds was carried out
by measuring the percentage decrease in the
mean blood pressure of anesthetized
normotensive rabbits after i.v. injection of 2
μmol/kg dose in aqueous ethanol (1:1 for the
compounds IIIe,m,o and IIIh,n,p and 1:2 for
the other compounds). Only 2-oxo-
tetrahydropyrimidine-1,5-dicarboxylate IVa-l
showed hypotensive effect with different
potencies and duration of action.

A strong and transient high onset of action
that faded within 5-30 min was the common
pattern showed by the four members in the
series IVa-d (Table 1).
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Uneven distribution of bulkiness of the
ester groups at N1 and C5 as in IVb (CO2Et,
CO2i-Bu) and IVc (CO2i-Pr, CO2Et) was
accompanied by relative decrease in the onset
of action that was still higher than that of
amlodipine. On the other hand balanced
bulkiness of both carboxylates as in IVa
(CO2Et, CO2Et) and IVd (CO2i-Pr, CO2i-Bu)
showed the relative high onset that reached
twice the value shown by amlodipine.

Compounds IVe-h revealed an onset of
action pattern similar to that noticed in IVa-d
(Table 2). In other words it is the extent of
matched bulkiness attached to the carboxylates
that played the main impact on the onset of
hypotensive potential. Thus IVh (CO2i-Pr,
CO2i-Bu) and IVe (CO2Et, CO2Et) showed
higher decrease in blood pressure (twice that of
amlodipine), while the unbalanced distribution
in IVf (CO2Et, CO2i-Bu) and IVg (CO2i-Pr,
CO2Et) elicited less activity than the other
compounds in this series.

It seem worthy to comment on the
behavior of the most active compound IVg
(CO2i-Pr, CO2Et). Under our experimental
conditions the obseved hypotensive effect
matched that of amlodipine at the first 60 min
and continued to decrease blood pressure to
reach more than 1.5 times that of amlodepine at
the end of the experiment at 240 min. The other
three compounds IVe, IVf, IVh are much less
active than amlodipine and showed rapid
decline of the hypotensive effect that abolished
completely after 30-60 min.

Pattern of onset of action of members IVi-
l was not much different from that revealed by
IVa-d and IVe-h. Compounds IVi,j,l showed
an onset of action that faded rapidly to reach a
sustained maximum value that continued for
additional 3 hrs (Table 3).

An exception was compound IVk that
displayed a weak and short hypotensive effect
that completely abolished at 60 min.

Calcium channel blocker activity
The calcium channel blocker effect on the

isolated contracted rat ileum was done for all
the synthesized compounds in a dose of 1, 10
µmole/liter in comparison to amlodipine
besylate as a reference drug3,4&40.

All the tested compounds including
amlodipine besylate don’t show any relaxant
effect on the isolated contracted rat ileum in a

dose of 1 µmole. On the other hand most of the
tested compounds including amlodipine
besylate were able to depress the rat ileum
contraction at a dose level 10 µmole. The
derivatives IIIa-l, and IIIo and IIIp were
exception since they did not show appreciable
depression of contracted rat ileum at this dose
level (Fig. 1).

Acute toxicity
Acute toxicity of the most active

compounds; IVg, and IVl was determined by
calculating their median lethal dose (LD50)
using graphical method41. Solutions of IVg,
and IVl in 0.1 mL DMSO were used in our
test. The dosed amount of DMSO did not elicit
appreciable effect on the animal's control. LD50

of compounds IVg and IVl were found to be 45
and 60 mg/kg, respectively (Table 4, Fig. 2),
while LD50 of amlodipine besylate in the same
solvent at the same condition was found to be
37.5 mg/kg (reported 31 mg/kg)42.

Molecular modeling
Flexible alignment

Conformational analyses of automated
flexible alignments between amlodipine and
the entire synthesized compounds of series I-
IV have been performed with the MOE
2005.06 software suite.

A collection of similarity field beside the
energy strain is selected as parameters in the
alignment.

However, H-bond donor, H-bond acceptor,
aromaticity, polar hydrogen are selected as
similarity terms.

The output of flexible alignment
containing the following data: U, the average
strain energy of the molecules in the alignment
in kcal/mole; F, the total mutual similarity
score, –kTlogF, of the configuration; S, the
alignment score of the configuration. This is
calculated as –kTlogF + U, the flexible
alignment experiment was carried to
investigate degree of molecular
superimposition of the synthesized compounds
on amlodipine. It was observed that the
aromatic ring 4-phenyl (or substituted phenyl)
is placed in a plane perpendicular to the
dihydropyrimidine ring, that was already
acknowledged for amlodipine and DHP
congeners (Fig. 3a-c are representative
examples).
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Table 1: Decrease in B.P. by time induced by compounds IVa-d in normotensive rabbits in a dose 2
μmole/Kg body weight.

Mean decrease in blood pressure (%)Time
(min) IVa IVb IVc IVd Amlodipine

1 36.60 ± 0.60 27.60 ± 2.20 18.35 ± 0.25 31.10 ± 1.20 15.16 ± 2.27
5 13.70 ± 0.90 10.95 ± 0.95 11.55 ± 0.95 13.62 ± 0.98 17.97 ± 1.88

15 0 10.4 0± 0.90 0 12.85 ± 0.55 17.97 ± 1.88
30 10.40 ± 0.90 0 17.17 ± 1.35
60 0 17.17 ± 1.35

120 17.17 ± 1.35
180 15.67 ± 1.27
240 12.78 ± 0.95

Table 2: Decrease in B.P. by time induced by compounds IVe-h in normotensive rabbits in a dose 2
μmole/Kg body weight.

Mean decrease in blood pressure (%)Time
(min) IVe IVf IVg IVh Amlodipine

1 30.10 ± 1.90 18.50 ± 1.80 20.53 ± 2.10 32.40 ± 2.10 15.16 ± 2.27
5 13.46 ± 0.84 12.90 ± 0.60 15.4 0± 0.80 13.55 ± 0.25 17.97 ± 1.88

15 13.46 ± 0.84 12.90 ± 0.60 16.90 ± 0.78 12.95 ± 0.85 17.97 ± 1.88
30 10.70 ± 0.90 0 18.63 ± 0.90 12.65 ± 0.55 17.17 ± 1.35
60 6.0 ± 0.10 18.30 ± 1.0 0 17.17 ± 1.35

120 0 19.20 ± 1.59 17.17 ± 1.35
180 20.93 ± 2.02 15.67 ± 1.27
240 22.13 ± 2.13 12.78 ± 0.95

Table 3: Decrease in B.P. by time induced by compounds IVi-l in normotensive rabbits in a dose 2
μmole/Kg body weight.

Mean decrease in blood pressure (%)Time
(min) IVi IVj IVk IVl Amlodipine

1 23.40 ± 2.34 13.90 ± 0.80 19.10 ± 1.72 39.17 ± 2.07 15.16 ± 2.27
5 12.23 ± 0.55 14.75 ± 0.45 12.40 ± 0.25 20.30 ± 2.05 17.97 ± 1.88

15 10.87 ± 0.69 13.55 ± 0.45 9.57 ± 0.52 14.70 ± 1.08 17.97 ± 1.88
30 10.70 ± 0.46 14.21 ± 0.15 10.07 ± 0.87 13.46 ± 1.23 17.17 ± 1.35
60 13.77 ± 1.19 16.25 ± 0.75 0 17.23 ± 1.56 17.17 ± 1.35

120 13.77 ± 1.19 14.75 ± 0.75 17.23 ± 1.56 17.17 ± 1.35
180 14.13 ± 1.48 16.25 ± 0.75 16.93 ± 1.60 15.67 ± 1.27
240 17.93 ± 1.54 16.25 ± 0.75 17.62 ± 1.80 12.78 ± 0.95

Ia Amlodipine

Fig. 1: Representative illustration of the Ia and amlodipine on the contraction of the isolated rat ileum
muscle in a dose of 1 and 10 μmole/liter organ bath concentration.
• Chart speed = 0.5 mm/sec. for all the experiments, • N: Normal muscle contraction
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Table 4: Acute toxicity of IVg, IVl, and
amlodipine.

Percentage of mortality (%)Drug
concentration
((mg/kg mice) IVg IVl Amlodipine

10 - - 0

20 0 0 16

30 16 16 33

45 50 33 67

60 67 50 100

80 83 83 -

100 100 100 -

0 20 40 60 80 100 120
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Fig. 2: Acute toxicity of IVg, IVl and
Amlodipine besylate.

a) IVg (S= 148.54) b) IIl (S= 176.78)

c) IIIo (S= 226.92)

Fig. 3a-c: Illustration of conformational alignment of representatives IVg, IIl and IIIo with
amlodipine.
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According to goodness of molecular
alignment with amlodipine it was possible to
classify the tested set of compounds into three
categories. Namely compounds with the least S
range values 142-150, were those found for
series IV, those of moderate range 155-177,
were series I, and II, while series III showed
the highest range 192-226. A clear correlation
between the three ranges of alignments and the
observed pharmacological activity can be
established. Thus the most aligned series IV
revealed hypotensive and calcium antagonist
effect, while members of series I and II with
the moderate alignment range revealed only
calcium antagonist activity without
hypotensive action. Finally series III with
highest alignment score were devoid of either
effect. Compounds IIIm and IIIn with high
alignment score (200-205) were exceptional
since they demonstrated calcium antagonist
effect.

Pharmacophore search
Pharmacophore query is 3D arrangement

of molecular features. These features are
electrostatic and steric features of different
compounds that have the same biological target
structure. In the absence of receptor
information, pharmacophore query try to relate
the feature geometries to the biological
response  of these compounds and also relate

the bound conformation of the actives and the
receptor.

There are continual steps for the
computerized pharmacophore building (Fig. 4).

Ten DHP derivatives that have reported
remarkable calcium channel antagonist and
hypotensive effects are used to create the
pharmacophore query namely nifedipine,
amlodipine, nitrendipine, nicardipine,
nisoldipine, fleodipine, nimodipine, isradipine,
elgodipine, and benidipine. These compounds
were aligned together and from the conformers
with lowest S value, initial pharmacophore
query was created by MOE program. Six
pharmacophoric features were assigned,
hydrogen acceptor and metal ligator (Acc &
ML), aromatic ring (Aro), hydrophobicity
(Hyd), hydrogen acceptor and metal ligator
(Acc & ML), hydrophobicity and hydrogen
donor (Hyd/Don), and metal ligator, hydro-
phobicity, and hydrogen acceptor (ML/Hyd/
Acc). To examine the initial pharmacophore
query, the synthesized compounds of the series
I-IV were challenged as test set and were
searched to investigate the number of hit
compounds with the query. At first the results
of search did not agree with the results from
the biological experiments, and modifications
of the query were practiced to obtain the
consensus query. Our trials yielded two
consensus pharmacophore queries A and B.

Fig. 4: General steps of Pharmacophore building.
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Consensus query A with six
pharmacophoric features hit 12 compounds that
possess calcium channel blocker with
hypotensive effect (Fig. 5). While the
consensus query B with the pharmacophoric
features Aro, Hyd, Acc & ML, Don, and
ML/Hyd/Acc hit 36 compounds (Fig. 6)
eventually possess calcium channel blocker
activity with probable hypotensive effect. In
the other words consensus query B can be
considered the general pharmacophore query
for the calcium channel blocker effect. The two
exceptions IIIm and IIIn didn’t hit the query B
although they possess calcium antagonist effect
only.

Fig. 5: Matching of compound IVg with
consensus query A.

Fig. 6: Matching of compound IVi with
consensus query B.

Conclusion
Mono and dicarboxylic acid esters of

DHPMs were prepared through variation at 2-
and 6-positions in addition to tuned bulkiness
of the alkyl ester moiety. Their activities as
hypotensive and Ca+2 channel blockers were

challenged using normotensive rabbits and rat
elium tests. The most active compounds in the
series IVg and IVl revealed hypotensive
activity more than that of amlodepine mesylate
over a scaning period of 4 hrs. Acute toxicity
estimated by determination of LD50 were
found 45 and 60 mg/kg body weight of rats.
Developed pharmacophore A outlined by six
features hit 12 compounds that possessed
hypotensive and Ca+2 channel blocking
activities. On the other hand the
pharmacophore B outlined by five features hit
36 compounds eventually possess Ca+2 channel
blocking activity.

Two derivatives IIIm,n did not fit the
pharmacophore B in spite of their prominent
Ca+2 channel blocking activity. This apparent
anomaly can be attributed to the readily
eliminated N1-chloroacetyl moiety leaving
monocarboxylated derivatives.
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