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1. Introduction

The Pyrimidine ring is a well-known heterocyclic compound found in the struc-
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ture such as Uracil, cytosine and thymine. These bases are part of the composi-
tion of nucleosides forming DNA and RNA, like Uridine, which has Uralic as a
nitrogen base (Figure 1). This Pyrimidine ring is part of a very important new
class of heterocyclic compounds widely used as building blocks of pharmaceuti-
cal agents [1] [2]. It has many biological properties namely antiviral [3], antimi-
crobial [4], anti-tuberculosis [5], analgesic [6] and also is used as an antihyperten-
sive [7] and antitumor agent [8]. Studies showed that poly-substituted Pyrimidines
could be used as potential anti-tumor agents [9] [10] [11]. Indeed, the sulfur de-
rivatives of Uracil which gave 2-thiouracils are used as anti-inflammatory and
virucidal agents [12]. Figure 1 shows 2-thiopyrimidines derivatives resulting from
the replacement of the oxygen atom bonded to C-2 in the uridine base [13] by a
sulfur atom and the replacement of the oxygen in the carbon C-4 by a phenyl
group. A European patent [14] has revealed the importance of 2-thiopyrimdines de-
rivatives in the preparation of cardiotonic drugs. Benzylthiouracil marketed under
the name BASDENE is a synthetic antithyroid drug. Pathak ef al have evaluated
and reported the existence of a primary activity of 2-thiopyrimidine derivatives
against Mycobacterium tuberculosis [15]. Moreover, Biginelli in 1893, synthe-
sized 2-thiopyrimidines [16] which demonstrated several pharmaceutical proper-
ties. The 2-thiopyrimidines was found to have excellent antimicrobial [17] [18]
[19], antiviral [20], anti-inflammatory [21] and antitumor [22] properties. There-
fore, 2-thiopyrimidines gained more attention from worldwide organic chemists
[23]. Furthermore, the benzimidazole ring also had a panel of biological activities
[24] [25] [26]. Among them, the most important which could be quoted are the
antiviral [24], antiplasmodial [25] and anthelmintic [26] (Figure 1). Thus, pyrimi-
dines or thiopyrimidines and benzimidazoles play an important role in cellular
processes making these molecules valuable to become leads for new drug discove-
ries. To investigate new antimicrobial agents, we initiated the synthesis of new py-
rimidines derivatives attaching benzylthio and benzimidazolylthio groups in po-
sition-2 and then evaluated their antibacterial activity.

2. Materials and Methods
2.1. Materials

2.1.1. Materials of Chemistry

Unless otherwise indicated, '"H and *C NMR spectra were recorded at 300
and 75 MHz or 400 and 101 MHz or 600 and 151 MHz, respectively, in CDCl;,
DMSO-d; and Acetone-ds solutions. For '"H NMR assignments, the chemical
shifts are reported in ppm on the & scale. The following notation is used for the
"H NMR spectral splitting patterns: s (singlet), d (doublet), dd (doublet of doub-
let), t (triplet), q (quadruplet), m (multiplet) and further qualified as app (ap-
parent), br (broad) coupling constants, Jare reported in Hz. HRMS were meas-

ured in the electrospray (ESI) mode on a LC-MSD TOF mass analyzer.

2.1.2. Biological Materials
Microbial strains
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Figure 1. Structures of pyrimidine and benzimidazole biological molecules.

The microbial support was composed of clinical strains of £. Coli (Gram neg-
ative bacteria) and . aureus (Gram positive bacteria). Strains were provided by
the National Public Health Laboratory (LNSP) of Ivory Coast. These strains are
all pathogenic and multi-resistants. Strains of S. aureus are resistant to: Amox-
icillin, Ampicillin, Oxacillin, Ceftazidine, Fosfomycin, Vancomycin and Cefsulodine
and those of E. coli were all resistant to: Amoxicillin, Ampicillin, Ceftriazone, Fos-
fomycin, Cefsulodin. The culture medium used was Mueller-Hinton broth (Oxoid)
and Mueller-Hinton agar (Lab.Conda s.a). The synthetic compounds used in the
experiments were eight 2-thiopyrimidine derivatives (6a, 6b, 6¢, 6d, 6h, 6j, 6k,
6m). Dimethylsulfoxide (DMSO) and distilled water were used as solvents for

the solubilization of chemicals.

2.2. Methods

2.2.1. Methods of Synthesis

Method of synthesis of compounds 4a and 4b

12.5 mmol of thiourea, 13 mmol of benzaldehyde and 19 mmol of ethyl acetoa-
cetate were dissolved in 10 mL of anhydrous ethanol and then ten drops of con-
centrated hydrochloric acid (37%) were added. The reaction mixture was stirred
under reflux in ethanol for 2 h. After that time the reaction was quenched by ad-
dition of ice water. The resulting white precipitate obtained which was filtered
and then washed with cold ethanol. The crystals obtained were purified by re-
crystallization in ethanol.

General procedure for the synthesis of compounds 6a-1

1 mmol of the 2-thiopyrimidine derivative was dissolved in 10 mL of dime-
thylformamide (DMF), then 1.5 mmol of potassium carbonate (K,COs) were add-
ed. The reaction was stirred at room temperature and then 1.3 mmol of substi-
tuted benzyl chloride or bromide were added dropwise.

From 2 h to overnight, the reaction mixture was neutralized with a dilute so-
lution of HCI (2 M). The precipitate formed was filtered and purified by silica
gel chromatography with a mixture of ethyl acetate/ hexane. Compounds 6a-1
was obtained with yields between 50% to 94% yields.

Method of synthesis of compounds 6m and 6n

1.81 mmol of 2-thiopyrimidine were dissolved in 25 mL of tetrahydrofuran
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(THEF), then 2.89 mmol of triethylamine (Et;N) were added. The mixture was
stirred at room temperature for 15 min, then 2.2 mmol of 2-(chloromethyl)-
1H-benzimidazole were added dropwise. After 24 h, solvent was evaporated and
the organic layer was concentrated under vacuo. Then ice was added to the
mixture. The precipitate formed was filtered and purified by silica gel chroma-
tography with a mixture of ethyl acetate/ hexane. Compounds 6m and 6n were
obtained with 60% and 55% yields respectively.

Products characterizations

Ethyl
2-(benzylthio)-6-methyl-4-phenyl-1,4-dihydropyrimidine-5-carboxylate 6a

Yield = 62%; 'H NMR (300 MHz, CDCl;) J (ppm) 11.20 (s, 1H, NH), 7.36 -
6.93 (m, 10H, Hy,), 5.82 (s, 1H, CH), 4.91 (d, J.» = 13.4 Hz 1H,, S-CH,), 4.28 (d,
Jou = 13.4 Hz, 1Hy, S-CH,), 4.22 - 3.82 (m, 2H, O-CH,), 2.57 (s, 3H, CH,), 1.14 (t,
J = 7.1 Hz 3H, CH;).; °C NMR (75 MHz, CDCl;) ¢ (ppm): 164.01, 161.00,
142.95, 139.64, 132.94, 129.10, 129.03, 128.98, 128.51, 127.28, 106.20, 61.05,
54.71, 37.34, 17.28, 13.90. HRMS (ESI): Calc for C;;H,;N,0,S (M+H)": 367.1576.
Found: 367.1570.

Ethyl 2-((4-chlorobenzyl)
thio)-6-methyl-4-phenyl-1,4-dihydropyrimidine-5-carboxylate 6b

Yield = 94%; 'H NMR (300 MHz, DMSO-dy) J (ppm) 7.56 - 6.89 (m, 9H,
Ha:), 5.59 (s, 1H, CH), 4.90 (d, J.» = 16.3 Hz 1H,, S-CH,), 4.38 (d, Jsa = 16.3 Hz,
1H,, S-CH,), 4.10 - 3.99 (m, 2H, CH,-0O), 2.38 (s, 3H, CH;), 1.08 (t, / = 7.1 Hz
3H, CH,); ¥C NMR (75 MHz, DMSO-d,) & (ppm) 164.55, 144.31, 140.62,
135.11, 132.87, 130.96, 129.33, 128.92, 127.24, 104.89, 60.97, 54.98, 34.66, 17.42,
14.30; HRMS (ESI): Calc for C;;H,,CIN,O,S (M+H)*: 401.1017. Found: 401.1015.

Ethyl 6-methyl-2-((3-nitrobenzyl)
thio)-4-phenyl-1,4-dihydropyrimidine-5-carboxylate 6¢

Yield = 50%, '"H NMR (300 MHz, CDCl;) 6 (ppm): 8.17 (s, 1H, Ha,), 8.04 (d,
J =80 Hz 1H, Ha,), 7.57 (s, 1H, Ha,), 7.34 (s, 2H, Ha,), 7.31 - 7.11 (m, 4H, Ha,),
5.56 (s, 1H, CH), 543 (d, / = 45 Hz 1H,, S-CH,), 4.21 - 4.01 (m, 3H, H,,
CH.,-0), 2.38 (s, 3H, CHs), 1.19 (t, / = 7.1 Hz, 3H, CHs).; ®*C NMR (75 MHz,
CDCl;) ¢ (ppm) 166.59, 165.65, 153.28, 148.12, 146.27, 143.70, 140.16, 135.24,
129.21, 128.73, 128.42, 127.98, 126.94, 126.62, 123.99, 122.24, 101.17, 60.06,
55.40, 33.64, 18.59, 14.29.; HRMS (ESI): Calc for C,;H»N;0.S (M+H)*: 412.1716.
Found: 412.1716.

Ethyl 6-methyl-2-((4-methylbenzyl)
thio)-4-phenyl-1,4-dihydropyrimidine-5-carboxylate 6d

Yield = 57%, 'H NMR (400 MHz, CDCl3) S (ppm) 7.36 - 7.27 (m, 4H, Ha,),
7.19 - 7.11 (m, 5H, Hya.), 5.25 (s, 1H, CH), 4.90 (d, J.» = 13.3 Hz, 1H,, S-CH.),
441 (d, Jo = 13.3 Hz 1H,, S-CH,), 4.14 - 3.97 (m, 2H, O-CH,), 2.39 (s, 3H,
CHs), 1.16 (t, / = 9.2 Hz 3H, CH;); *C NMR (101 MHz, CDCl;) J (ppm)
166.72, 161.63, 154.80, 142.40, 137.64, 137.16, 134.38, 132.37, 129.47, 129.21,
129.14, 128.54, 128.01, 127.49, 59.73, 51.78, 36.28, 23.44, 21.19, 14.20; HRMS
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(ESI): Calc for C,,HsN,0,S (M+H)*: 381.1508. Found: 381.1506.

Ethyl 2-((3,5-dichlorobenzyl)
thio)-6-methyl-4-phenyl-1,4-dihydropyrimidine-5-carboxylate 6e

Yield = 51%, 'H NMR (600 MHz, CDCl;) J (ppm) 7.28 - 7.11 (m, 9H, Har),
5.74 (s, 1H, -CH), 4.77 (d, J.,» = 12.3 Hz, 1H,, S-CH.), 4.16 (d, /s = 12.3 Hz 1H,,
S-CH,), 4.13 - 4.06 (m, 2H, CH,-0), 2.51 (s, 3H, CH;), 1.17 (t, / = 7.1 Hz, 3H,
CH;); *C NMR (151 MHz, CDCls); J (ppm) 165.12, 145.15, 141.30, 139.09,
135.01, 128.79, 128.42, 128.23, 127.37, 126.74, 104.72, 60.63, 34.52, 14.10.; HRMS
(ESI): Calc for C;H»CLN,NaO,S (M+Na)*: 457.0725. Found: 457.0729.

Ethyl 2-((4-(methoxycarbonyl) benzyl)
thio)-6-methyl-4-phenyl-1,4-dihydropyrimidine-5-carboxylate 6f

Yield = 59%, '"H NMR (400 MHz, CDCl;) 6 (ppm) 7.95 - 7.75 (m, 4H, Ha,),
7.39 - 7.17 (m, 5H, Has), 5.66 (s, 1H, -CH-), 4.47 (d, J.»» = 6.9 Hz, 1H,, S-CH,),
4.14 (d, J »a = 6.9 Hz, 1H,, S-CH,), 4.13 - 4.06 (m, 2H, CH,-0), 3.91 (s, 3H,
CH;-0), 2.32 (s, 3H, CHs), 1.2 (t, / = 7.1 Hz, 3H, CH;); .*C NMR (101 MHz,
CDCl3) S (ppm) 166.93, 166.73, 144.49, 143.15, 128.71, 128.39, 128.00, 126.96,
101.65, 59.86, 52.36, 34.64, 22.8, 14.37; HRMS(ESI): Calc for C,;;H»:N,NaO,S
(M+Na)*: 447.1283. Found: 447.1285.

Ethyl
2-(benzylthio)-6-methyl-4-(p-tolyl)- 1,4-dihydropyrimidine-5-carboxylate 6g

Yield = 51%, 'H NMR (300 MHz, CDCls) J (ppm) 7.50 - 6.67 (m, 9H, Ha,),
5.68 (s, 1H, CH), 4.36 (d, J.» = 134 Hz 1H,, S-CH,), 4.13 - 4.09 (m, 3H, H,,
CH,-0), 2.33 (s, 6H, 2 CH3), 1.23 (t, / = 7.1 Hz 3H, CH;); *C NMR (75 MHz,
CDCl3) J (ppm) 167.02, 160.03, 146.63, 134.56, 129.36, 129.24, 128.93, 119.51,
112.52, 60.07, 54.71, 35.04, 21.29, 14.29.; HRMS(ESI): Calc for C»H,sN,O0,S
(M+H)": 381.1839. Found: 381.1842.

Ethyl 2-((4-chlorobenzyl)
thio)-6-methyl-4-(p-tolyl)-1,4-dihydropyrimidine-5-carboxylate 6h

Yield = 75%, 'H NMR (300 MHz, CDCls) J (ppm) 7.26 - 7.04 (m, 8H, Ha,),
5.63 (s, 1H, -CH), 4.36 (d, J.» = 13.6 Hz, 1H,, S-CH.), 4.13 (d, /5. = 13.6 Hz 1H,
S-CH,), 4.10 - 4.00 (m, 2H, CH>-0), 2.36 (s, 6H, 2 CH3), 1.22 (t, / = /.1 Hz 3H,
CH,); ®C NMR (75 MHz, CDCl;) & (ppm) 167.04, 141.98, 136.26, 133.22,
130.37, 129.10, 128.54, 126.91, 60.06, 34.38, 21.28, 14.26.; HRMS(ESI): Calc for
CH,;CIN,NaO,S (M+Na)*: 437.0923. Found: 437.0920.

Ethyl 6-methyl-2-((3-nitrobenzyl)
thio)-4-(p-tolyl)-1,4-dihydropyrimidine-5-carboxylate 61

Yield = 65%, '"H NMR (400 MHz, CDCl;) ¢ (ppm) 8.16 (m, 1H, Hy,), 8.04
(d, /= 7.7 Hz, 1H, Hy,), 7.58 (dd, /= 8.2, 6.8 Hz, 1H, Ha,), 7.34 - 7.24 (m, 1H,
Haw), 7.14 (d, /= 8.0 Hz, 2H, Ha,,), 7.05 (d, /= 7.8 Hz, 2H, Hy,), 5.54 (S, 1H,
CH), 4.49 (d, J» = 13.2 Hz 1H,, S-CH,), 4.22 - 4.01 (m, 3H, H,, CH,-0),), 2.32
(s, 6H, 2CH3), 1.20 (t, / = 7.1 Hz, 3H, CH;). *C NMR (101 MHz, CDCl;) &
(ppm) 166.72, 148.04, 141.55, 140.26, 135.22, 129.15, 126.81, 124.00, 122.13,
59.88, 33.97, 21.10, 14.21. HRMS (ESI): Calc for C»,H,N;0,S (M+H)*: 426.1938.
Found: 426.1942.
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Ethyl 6-methyl-2-((4-methylbenzyl)
thio)-4-(p-tolyl)-1,4-dihydropyrimidine-5-carboxylate 6j

Yield = 67%, 'H NMR (600 MHz, CDCl;) J (ppm) 11.06 (s, 1H, NH), 7.14
(d, J = 7.9 Hz, 2H, Ha), 7.07 (d, J = 7.9 Hz 2H, Ha), 7.01 (d, J = 7.9 Hz, 2H,
Ha.), 6.84 (d, /= 7.9 Hz 2H, Ha,), 5.79 (s, 1H, -CH-), 4.80 (d, J.,» = 13.3 Hz, 1H,,
S-CH,), 4.28 (d, /s = 13.3 Hz, 1H,, S-CH,), 4.15 - 3.98 (m, 2H, CH,-0), 2.56 (s,
3H, CHs;), 2.31 (s, 3H, CHs3), 2.23 (s, 3H, CH3), 1.13 (t, / = 7.1 Hz 3H, CH;).; *C
NMR (151 MHz, CDCl;) 6 (ppm) 163.95, 161.35, 143.03, 138.68, 138.11, 136.74,
129.75, 129.57, 129.44, 128.97, 127.20, 106.07, 60.94, 54.41, 36.88, 21.23, 21.16, 17.29,
14.01.; HRMS (ESI): Calc for C»;H»;N,0,S (M+H)*: 395.1276. Found: 395.1279.

Ethyl 2-((4-(3, 5-dichloro benzyl)
thio)-6-methyl-4-(p-tolyl)-1,4-dihydropyrimidine-5-carboxylate 6k

Yield = 59%, 'H NMR (400 MHz, DMSO-d,) & (ppm) 7.41 (dd, / = 5.2, 3.5
Hz, 1H, Ha,), 7.33 (d, ] = 1.6 Hz, 2H, Ha,), 7.07 (d, / = 8.1 Hz 2H, Hy4,), 6.99 (d, J
=81 Hz 2H, Ha,), 5.50 (s, 1H, -CH), 4.99 (d, J.» = 14.7 Hz, 1H,, S-CH,), 4.37 (d,
Joa = 14.7 Hz, 1H,, S-CH,), 4.05 (q, / = 7.1 Hz 2H, CH;), 2.28 (s, 3H, CH,), 2.09
(s, 3H, CHs), 1.11 (t, / = 7.1 Hz 3H, CHs); *C NMR (101 MHz, DMSO-d6) ¢
(ppm) 165.85, 163.25, 136.46, 134.76, 132.57, 131.44, 130.97, 129.20, 127.90,
126.69, 106.07, 65.94, 59.41, 31.07, 22.26, 18.11, 14.41; HRMS(ESI): Calc for
Cy,H;CLN,0,S (M+H)™: 449.2329. Found: 449.2327.

Ethyl 2-((4-(methoxycarbonyl) benzyl)
thio)-6-methyl-4-(p-tolyl)-1,4-dihydropyrimidine-5-carboxylate 6]

Yield = 55%, 'H NMR (300 MHz, CDCl;) 6 (ppm) 11.26 (s, 1H, NH), 7.66
(d, /= 8.0 Hz 2H, Hy,), 7.40 - 7.20 (m, 2H, Ha,), 7.07 (d, / = 8.0 Hz 2H, Ha,),
6.98 (d, /= 7.9 Hz, 2H, Ha,), 5.77 (s, 1H, -CH-), 5.22 (d, J.» = 143 Hz 1H,,
S-CH,), 4.21 (d, /o = 14.3 Hz, 1H,, S-CH,), 4.13 - 3.98 (m, 2H, CH,-0), 3.92 (s,
3H, CH;-0), 2.59 (s, 3H, CHs), 2.29 (s, 3H, CH3), 1.13 (t, / = 7.1 Hz, 3H, CHa);
13C NMR (75 MHz, CDCl;) J (ppm) 166.23, 163.82, 160.47, 142.69, 139.13,
138.51, 136.31, 129.93, 129.82, 129.70, 128.93, 127.14, 106.46, 61.13, 54.65, 52.19,
36.40, 21.09, 17.31, 14.02; HRMS (ESI): Calc for C;yH,;N,0.S (M+H)*: 439.1232.
Found: 439.1229.

Ethyl 2-(((1H-benzo/d]imidazol-2-yl)
methyl)thio)-6-methyl-4-phenyi-1,4-dihydropyrimidine-5-carboxylate 6m

Yield = 60%, 'H NMR (300 MHz, CDCl;): d (ppm) 7.51 - 7.15 (m, 9H, Ha,),
5.80 (s, 1H, CH), 4.53 (d, J.» = 14.7 Hz, 1H,, S-CH,), 4.22-4.07 (m, 2H, 1H,,
S-CH,, CH,-0), 2.41 (s, 6H, 2CHs), 1.20 (t, / = 7.1 Hz, 3H, CH;). *C NMR (75
MHz, Acetone-dy); ¢ (ppm) 166.22, 166.22, 152.08, 152.08, 152.08, 145.49,
145.49, 145.49, 128.49, 128.49, 127.10, 127.10, 126.19, 126.19, 121.96, 115.01,
100.80, 59.06, 58.84, 27.28, 17.94, 13.67; HRMS (ESI): Calc for C;;H»,N4NaO,S
(M+Na)*: 429. 1407. Found: 429.1410.

Ethyl 2-(((1H-benzo[d]imidazol-2-yl) methyl)
thio)-6-methyl-4-(p-tolyl)- 1,4-dihydropyrimidine-5-carboxylate 6n

Yield = 55%, 'H NMR (300 MHz, CDCl;) 6 (ppm) 7.75 - 6.97 (m, 8H, Ha,),
5.76 (s, 1H, CH), 4.55 (d, J.» = 14.7 Hz, 1H,, S-CH,), 4.28 - 4.03 (m, 3H, H,,
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CH,-0), 2.41 (s, 6H, 2CHj3), 1.22 (t, / = 6.8 Hz 3H, CH;); *C NMR (75 MHz,
Acetone-dy). J (ppm) 165.99, 151.97, 142.64, 136.92, 129.25, 126.96, 121.86,
114.85, 59.38, 58.40, 20.30, 13.68; HRMS(ESI): Calc for C;;H24N,;NaO,S (M+Na)*:
443.2035. Found: 443.2038.

2.2.2. Biological Methods

In this study, the evaluation of antibacterial activity was carried out according to
the macro dilution technique reported by Marc et al [27] and Moroh et al. [28],
with some modifications. A series of dilution in Muller Hinton broth of the
synthetic chemicals was carried out followed by a colony count on agar medium.
Thus a 1000 pg/mL mother solution of the chemical was prepared by dissolving
0.1 g of powder of each synthetic chemical in 100 ml of a DMSO/water mixture
(50/50). The mother solution of 1000 pg/mL of the DMSO/water mixture (50/50)
was incorporated into Muller Hinton broth in six test tubes to make final dilu-
tions with concentrations ranging from: 500; 250; 125; 62.5; 31.250 to 15.6250
ug/mL with a dilution factor of 1/2. Each tube contained 10 mL of the mother
chemical-Muller Hinton broth mixture. Control tubes, ie without synthetic
chemicals and containing only Muller Hinton broth were also prepared. All
these solutions (media without synthetic chemicals and media with synthetic
chemicals) were sterilized in an autoclave for 15 min at 121°C. Then a bacterial
inoculum estimated at 106 CFU/mL was prepared from a 16 hour-old colony of
multidrug resistant strains of E. coli and S. aureus and adjusted by opacimeter
with the standard Mac Farland. All the media (tests and controls) were inocu-
lated with 0.2 ml of the inoculums, then incubated at 37°C for 18 to 24 hours.
The tests were repeated 3 times. Then the contents of the different tubes were
transferred into Petri dishes containing 15 mL of Mueller-Hinton agar. This op-
eration consisted of taking 1 mL of the broth contained in the tubes and added
to 9 mL of sterile distilled water in order to have a 107" dilution. ImL of the 10
dilution is taken again and added to 9 mL of sterile distilled water to obtain the
1072 dilution. This operation was repeated until to get a 10™* dilution solution. A
bactericidal test was carried out by inoculating 0.1 mL of dilutions of 10°, 107,
107,107 and 107* by spreading on 15 mL of Mueller-Hinton agar, in a Petri box
and incubated at 37°C.

This operation was repeated three (3) times for each compound and each
germ. After 24 hours of observation, the count of the colony count was done by
direct counting. It is expressed as a percentage inhibition relative to the control.
The method of calculation of the percentage inhibition could be summarized by

the following formula:

Rate of inhibition (Ti)(%)

1 mean number of colonies for a given concentration(CX) 100
=|1- X
mean number of colonies for a growth indicator(TC)

N(CX
Rate of inhibition (Ti)(%) = {1—L)]x100

N(TC)
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MIC: This is the lowest concentration of synthetic chemical that inhibits 99%
of bacteria calculated compared to the control.
The ICsp was determined graphically from the sensitivity curve as a function

of the concentrations of the synthetic chemicals.

3. Results and Discussion
3.1. Chemistry

The synthesis of the new thiopyrimidine molecules (6a-n) was achieved by
reacting 2-thiopyrimidines (4) with benzyl halides or 2-(chloromethyl)- 7 H-benzi-
midazole in the presence of a base [29] (Scheme 1). The starting 2-thiopyridines
were obtained by a stereospecific process between ethyl acetoacetate, thiourea
and p-alkylbenzaldehydes under reflux of ethanol in the presence of hydrochlor-
ic acid [16]. From the two precursors, we got twelve new 2-benzylthio-pyrimidines
(6a-1) by nucleophilic substitution reaction between 2-thiopyrimidines (4) and
benzyl halides in dimethylformamide (DMF) in the presence of potassium car-
bonate (K,COs3) as base. The originality of these compounds lied in introduction
of diverse groups on the aromatic ring such as methyl (Me), fluorine (F), chlo-
rine (Cl), methyl carboxylate (CO,Me) and nitro (NO,). The molecules were ob-
tained with yields between 50% - 95%. Likewise, for the benzimidazole deriva-
tives (6m, 6n), we obtained them by interaction of 2-thiopyrimidines (4a, 4b)
with 2-(chloromethyl)- /H-benzimidazole in tetrahydrofuran (THF) in the pres-
ence of triethylamine such as base. Both compounds were obtained with 60%
and 55% yields respectively. The '"H NMR spectrum of the 2-benzylthio-pyrimi-
dines (6a-1) revealed the presence of two doublets between 4.13 and 5.43 ppm
that we attributed to the two protons of the methylene group of benzyl bond to
the sulfur atom (S-CH,). The appearance of twice protons in two doublets could
be explained by the tetrahedral geometry of the molecule. Protons behave as if
they were neighbors to an asymmetric carbon. For compounds 6m and 6n, the
"H NMR spectrum revealed the presence of a doublet at 4.53 ppm corresponding
to a proton of the methylene group (CH,-S) and the second proton appeared
between 4.28 and 4.03 ppm as a multiplet.

3.2. Biology

The average of the results obtained is given in Table 1.

R
H2N>=
S =+

H

H,N 24"
Rl

1 0" H
2

Scheme 1. Synthesis of compounds 6a-n. Reagents and operating conditions: (i): HCl/ethanol
(reflux); (ii) K2COs/DMF or Et:N/THF.
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Table 1. Antibacterial activity of 2-benzylthiopyrimidines and 2-benzimidazolylme-
thylthiopyrimidines derivatives (rate of inhibition (T1i) and ICso).

S. aureus1174 E. coli1178
Concentration of compounds
(ug/mL) Ti (%) ICso Ti (%) ICso
(ng/mL) (pg/mL)
500 91.16 82.35
250 83.33 76.47
125 75 70.58
6a 26.04 29.68
62.5 66.66 58.82
31.25 58.33 52.94
15.625 33.33 23.52
500 83.33 82.35
250 75 70.58
125 66.66 64.7
6b 61.07 57.06
62.5 50 52.94
31.25 41.66 35.29
15.625 25 23.52
500 100 70.58
250 100 58.82
125 100 52.94
6¢c 25.83 116.55
62.5 91.66 35.29
31.25 51.66 35.29
15.625 41.66 29.41
500 91.66 76.47
250 91.66 76.47
125 83.33 70.58
6d 15.625 45.86
62.5 83.33 52.94
31.25 66.66 47.05
15.625 50 41.17
500 91.66 94.11
250 91.66 88.23
125 91.66 82.35
6h 15.625 13.02
62.5 66.66 76.47
31.25 66.66 70.58
15.625 50 52.94
500 83 76.47
250 75 70.58
125 66.66 64.7
6j 41.3 55.15
62.5 58.33 52.94
31.25 48.5 47.05
15.625 41.66 35.29
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Continued
500 83.33 76.47
250 83.33 58.82
125 75 47.05
6k 8.27 211
62.5 66.66 35.29
31.25 66.66 29.41
15.625 55.33 23.52
500 100 100
250 83.33 88.23
125 83.33 82.35
6m 9.95 13.02
62.5 83.33 76.47
31.25 75 70.58
15.625 56.66 52.94

Data processing allowed to plot the sensitivity curves of the germs (inhibition
rate as a function of the product concentrations) and the concentration at which
the substances inhibit the germs by half (ICs,) was determined graphically.

Multidrug-resistant strains of both E. coliand S. aureus showed good sensitiv-
ity to the eight 2-thiopyrimidine derivatives with a better sensitivity to S. aureus.
Compounds 6c, 6d, 6h and 6m were more active against S. aureus, while com-
pounds 6h and 6m were more active against E. coli. The presence of the benzyl
and benzimidazolyl groups in position-2 of 2-thiopyrimidines demonstrated
good antibacterial activity. In this series of compounds, the presence of the nitro
group (NO,) at the 3-position and methyl group at the 4-position of the benzyl
enhanced the biological activity on S. aureus. Likewise, the attachment of chlo-
ride group at the 4-position of the benzyl enhanced the inhibition activity on E.
coli. Introduction of benzimidazole ring to the sulfur atom at position-2 of the
pyrimidine ring enhanced the biological activity against both S. aureus and E.
coli. Compound 6¢ with the nitro group in position-3 on the phenyl was more
active on 8. aureus with a MIC = 125 ug/mL while compound 6m was more ac-
tive on both §. aureusand E. coli with a MIC = 500 pg/mL.

4. Conclusion

In this work, it is showed through a number of experimental evidence that be-
tween fourteen (14) new 2-thiopyrimidines derivatives (6a-n) obtained in yields
ranging from 50% to 94%, eight of them were submitted to antibacterial tests on
multidrug-resistant strains of £. coli and S. aureus. They showed good activities
on both resistant bacteria. Moreover, compounds 6¢ (MIC = 125 pug/mL) and
6m (MIC = 500 pg/mL) were efficiently active on S. aureus and similarly com-
pound 6m (MIC = 500 pg/mL) was active on E. coli. Furthermore, these results
validated our approach on the design of new 2-thiopyrimidine derivatives by the

attachment of benzyl and benzimidazolyl groups in the 2 position. This ap-
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proach could be an addressing contribution to the development of new antibio-
tics. The next challenge to access antibiotic-resistant is to bring the active com-

pounds into a large spectrum of bacteria.
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