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ABSTRACT. A convenient one pot synthesis of two novel compounds including a stable
phosphorus ylide and an imidazole from electron-poor acetylenes in fairly good yields by the
condensation of triphenylphosphine and acetylene derivatives, in the presence of dimethyl
thiourea from the 1:1:1 addition reactions is described. The structures of the synthesized
compounds were characterized by IR, 1H-NMR, 3C-NMR and elemental analysis. The newly
synthesized compounds were screened for antimicrobial on Staphylococcus aureus, Bacillus
sublitis, Escherichia coli and Pseudomonas aeruginosa and antifungal activities on Candida
albicans, patient isolate Candida glabrata and Candida krusei. The results showed that these
compounds have activity against all the tested bacteria and fungi with a sufficient minimum
inhibitory concentration.
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INTRODUCTION

The chemistry of phosphorus ylides is very significant in the twentieth century which takes part
in many valuable reactions in organic synthesis because of its applications in the synthesis of
organic products [1-5]. Phosphorus ylides are interesting synthetic targets because of their
importance in a variety of industrial, biological and chemical synthetic usages. These
compounds have pharmaceuticals properties, are widely used as anti-inflammatory, anticancer,
analgesic, and antimicrobial activity [6-10]. Imidazole nuclei are also an important heterocyclic
ring and a wide variety of imidazole derivatives are known for their chemotherapeutic
importance especially antifungal activity [11-13]. Phosphorus ylides are reactive systems and
several methods have been developed for the preparation of phosphorus ylides [4, 14, 15]. In
general, phosphorus ylides are usually prepared by deprotonation of phosphonium salts which
can be prepared most often by the reaction of triphenylphosphine and an alkyl halide [16-18]
that often obtained in excellent yields from the 1:1:1 addition reaction between
triphenylphosphine, dialkyl acetylendicarboxylates, in the presence of CH, SH, NH or OH-acid.
Phosphonium salts can also prepared by Michael addition of phosphine to activated olefins.
Michael addition of phosphorus(III) compounds such as triphenylphosphine to acetylenic esters
leads to reactive 1,3-dipolar intermediate betaines which are not detected even at low
temperature [4, 19, 20].

Here we describe a rapid and efficient one-pot synthesis method for the preparation of a
stable phosphorus ylide (I) and an imidazole (II) using triphenylphosphine, acetylene
derivatives (methyl acetylene carboxylate and dibenzoyl acetylene, respectively) and dimethyl
thiourea (Scheme 1) and then synthesized compounds are tested for evaluation of their
antibacterial and antifungal activities, respectively.
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Scheme 1. Synthesis of phosphorus ylides I and imidazole II.

EXPERIMENTAL

Material and equipment. All the chemicals and solvents were obtained from E-Merck
(Darmstadt, Germany), and were used without further purification. All melting points are
uncorrected and were taken with an electrothermal melting point apparatus (Electrothermal Eng.
Ltd, Essex, UK). IR spectra were determinate in KBr on a Shimadzu Dr-8031 instrument. The
'H-NMR and “C-NMR spectra of the synthesized compounds were measured in CDCI; or
DMSO-d¢ solution and TMS as the internal standard using a Bruker 500 MHz and Advance-
Bruker 300 MHz instruments, respectively. All chemical shifts were reported as 6 (ppm) values.
Elemental analyses were carried out using a Perkin-Elmer, CHN elemental analyzer model 2400
and were within + 0.4% of the theoretical values.

2-(N,N-Dimethyl-carbamimidoylsulfanyl)-3-(triphenyl -15-ph0sphanyl idene)-propionic acid
methyl ester (I). To a mixture of 0.312 g (3 mmol) of 1,3-dimethyl-thiourea and 0.252 g (3
mmol) methyl acetylene carboxylate in 5 mL dichloromethane, the 0.834 g (3 mmol) of
triphenylphosphine was added. The resulted mixtures were stirred and heated under reflux for 2
h. After completing the reaction (monitored by TLC), the desired compound was obtained by
solvent evaporating. The yellow precipitate re-crystallized from 1:1 ethyl acetate-n-hexane
mixture. Yield 85%, m.p.: 123-124 °C; IR (KBr, vy, cm™): 1068 (C-N), 1126, 1277 (C-O),
1382 (CH;), 1458, 1600 (C=C aromatic), 1729 (C=0), 2929 (C-H), 3068 (=C-H), 3413 (-NH);
'H NMR (CDCls, 8 ppm): 2.68 (3H, s, =NMe), 3.80 (3H, d, HNMe), 3.82 (3H, s, OMe), 6.08-
6.15 (1H, d, C-H, 1H, d, =C-H), 7.09-7.77 (15H, aromatic); *C-NMR (CDCl;,  ppm): 29.71
(P=CH), 30.96 (HNMe), 31.24 (CH), 38.15 (=NMe), 59.52 (OMe), 128.24-141.65 (aromatic),
167.73 (N=C), 169.71 (C=0). Anal. calcd. for C,;H,;N,0,PS: C, 66.66; H, 6.01; N, 6.22.
Found: C, 66.39; H, 5.90; N, 6.97.

(1,3-Dimethyl-2-thioxo-2,3-dihydro-1H-imidazol-4,5-diyl) bis (phenyl-methanone) (II). To a
mixture of 0.104 g (1 mmol) of 1,3-dimethyl-thiourea and 0.234 g (1 mmol) dibenzoyl acetylene
(DBA) in 5 mL dioxane, the 0.278 g (1 mmol) of triphenylphosphine was added. The resulted
mixtures were stirred and heated under reflux for 2 hours. After completing the reaction
(monitored by TLC), the desired compound was obtained by solvent evaporating. The yellow
precipitate re-crystallized from 4:1 ethyl acetate-n-hexane mixture. Yield 80%, m.p.: 145-148
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°C; IR (KBr, Vyy cm™): 540, 727 (=C-H aromatic (mono subst. oop)), 1109 (C-N), 1191 (C=S),
1409-1600 (C=C aromatic, alkene), 1699 (C=0), 2909 (C-H), 3087 (=C-H); 'H NMR (CDCl,, &
ppm): 2.16 (6H, s, NMe), 7.47- 7.68 (10 H, aromatic); *C-NMR (CDCls, 6 ppm): 29.81 (NMe),
128.43- 132.17 (aromatic), 133.21 (C=C ethylene), 157.30 (C=S), 188.76 (C=0). Anal. calcd.
For C,4yH;(N,0,S: C, 67.86; H, 4.76; N, 8.33. Found: C, 67.20; H, 4.45; N, 8.10.

Screening for antibacterial activity. The antimicrobial activities were determined using disc
diffusion method [21] by measuring the zone of inhibition in mm. Newly synthesized
compound was screened in vitro for its antibacterial activity against two Gram-positive strains
(Staphylococcus aureus and Bacillus sublitis) and two Gram-negative strains (Escherichia coli
and Pseudomonas aeruginosa) at concentration of 500 pg/mL. Ciprofloxin (10 ug/disc) was
used as a standard drug for antibacterial screening. New synthesized compound exhibited
sufficient antibacterial activities. Each experiment was done in triplicate and the average reading
was taken. The results are tabulated in Table 1.

Table 1. Results of antimicrobial activity of the tested compound.

Compound Antibacterial activity

S.aureus B.subtilis E.Coli P.aeruginosa
C25H27N202PS ++ ++ - -
Ciprofloxacin +++ +++ +++ +++

Key to symbols: Highly active = +++ (inhibition zone > 12 mm). Moderately active = ++ (inhibition zone
9-12 mm). Slightly active = + (inhibition zone 6—9 mm). Inactive = - (inhibition zone < 6 mm).

Screening for antifungal activity. The yeasts Candida albicans, patient isolate Candida glabrata
and Candida krusei were grown on Sabouraud Dextrose Broth (Difco); the yeasts were
incubated for 48 h at 25.91 °C. The antifungal activity test was carried out at pH 7.4 in
Sabouraud Dextrose Broth and the 2-fold dilution was applied. A set of tubes containing only
inoculated broth was kept as controls. After incubation for 48 h at 25.91 °C, the last tube with
no yeast growth was recorded to represent minimum inhibitory concentration (MIC), expressed
in pg/mL. The results are given in Table 2. Antifungal activities of imidazole compound were
carried out by Disc Diffusion Technique [22].

RESULTS AND DISCUSSION

Chemistry. On the basis of the well established chemistry of trivalent phosphorus nucleophiles it
is reasonable to assume that phosphorus ylides result from the initial addition of
triphenylphosphine to the electron-poor acetylenes and a concomitant protonation of the 1:1
adduct by dimethyl thiourea. The reaction between methyl acetylene carboxylate and 1,3-
dimethyl-thiourea in the presence of triphenylphosphine proceeded in dichloromethane and
dioxane and was complete after 2 hours. The yellow powders separated from the reaction
mixture were identified as phosphorus ylide (I) and imidazole (II). The 'H and "C NMR
spectra of the crude product clearly indicated the formation of stable phosphorus ylide and
imidazole. No product other than I and II could be detected by NMR spectroscopy. The
structures of compounds I and II were deduced from their elemental analyses, IR, 'H and °C
NMR spectra. The ylide moiety of these compounds is strongly conjugated with the adjacent
carbonyl group.

The 'H NMR spectrum of I exhibited singlet (for CH;-N=, imine group, & = 2.68 ppm) and
(for CH;-O-, methoxy group, & = 3.82 ppm), doublet (for CH;-NH-, amine group, 6 = 3.80 ppm)
and (for C-H and =C-H, § = 6.08-6.15 ppm). The phenyl residues gave rise to characteristic
signals in the aromatic region (& = 7.09-7.77 ppm) of the spectrum. The '"H NMR spectrum of II
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exhibited singlet (for CH;-N, imide group, 6 = 2.16 ppm). The phenyl residues gave rise to
characteristic signals in the aromatic region (8 = 7.47-7.68 ppm) of the spectrum.

The “C NMR spectrum for I showed eight distinct resonances and for II showed five
distinct resonances, as expected for the phosphorus ylide and imidazole structures. Partial
assignment of these resonances is given in the Experimental section. The structural assignment
of compound I and II made on the basis of the 'H NMR and “C NMR spectra is supported by
its IR spectrum, which in the carbonyl region displayed distinct absorption bands for the
stretchings of the C=0 groups.

Pharmacology. To check the biological activity of the compounds, the two compounds I
and II were screened for in vitro antimicrobial activity and antifungal against a variety of
bacteria and fungi. The antimicrobial activity was determined using disc diffusion method [21]
by measuring the zone of inhibition in mm. The compound I was assayed for antibacterial
activity against two Gram-positive strains (Staphylococcus aureus and Bacillus sublitis) and two
Gram-negative strains (Escherichia coli and Pseudomonas aeruginosa). From the data
presented in Table 1, the preliminary screening results for the compound I established that
compound I was showing a sufficient activity against all the tested bacteria.

The in vitro antifungal activity of the compound II was tested by the tube dilution technique
[22]. The test compound and standards Miconazole, Fluconazole and Cotrimoxazole were
dissolved in 10% DMSO, at concentrations of 100 pg/mL. Further dilutions of the compound
and standards in the test medium were prepared at the required quantities of 50, 25, 12.5, 6.25,
3.125, 1.5 and 0.78 pg/mL concentrations. The final inoculums size was 10° CFU/mL. The
MICs were defined as the lowest concentrations of the compounds that prevented visible
growth. It was determined that the solvent had no antifungal activity against any of the test
microorganisms. All the compounds were tested for their in vitro growth inhibitory activity
against C. albicans, patient isolate C. glabrata and C. krusei (Table 2). Compounds II
possessed comparable activity to Fluconazole and Cotrimoxazole against C. albicans with a
MIC of 12.5 pg/mL. However the compound was not superior to the standards used against any
fungi.

Table 2. Antifungal activities of the synthesized compound (MIC, pug/mL).

Compound C. albicans C. glabrata C. krusei
C19H6N>02S 12.5 12.5 12.5
Fluconazole 12.5 3.125 3.125
Miconazole 6.25 3.125 1.5
Cotrimoxazole 12.5 3.125 3.125
CONCLUSION

The present method may be considered as a practical route for the synthesis of the stable
phosphorus ylides and imidazole using a one-pot reaction between triphenylphosphine and
acetylenes in the presence of NH compounds such dimethyl thiourea. This procedure has
advantages of high yield, mild reaction conditions, and simple experimental and work-up
conditions and may be an acceptable method for the preparation of phosphorus ylide and
imidazole. Our studies clearly demonstrate that novel synthesized compounds had significant
pharmaceutical properties. As a consequence, we can conclude that newly synthesized can be
used for the development of new drugs in future.
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